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Abstract
R.F. Streater has written a critique [1] of my paper [2] entitled “Why classical mechanics cannot naturally accommodate consciousness but quantum mechanics can”. He alleges that I have made three errors that collectively render my approach to brain dynamics a “lost cause”. I point out here that the alleged errors are not errors at all.
Introduction

In the abstract of [2] I say: 
“It is argued on the basis of certain mathematical characteristics that classical mechanics is not constitutionally suited to accommodate consciousness, whereas quantum mechanics is. These mathematical characteristics pertain to the nature of the information represented in the brain, and the way that this information enters into the dynamics.” 
The focus of my paper is thus on the dynamical role of our conscious thoughts. I am claiming that classical mechanics has no natural dynamical place for our conscious thoughts, whereas quantum mechanics does. The reason, in brief, is that quantum mechanics is built directly upon such thoughts, and their essential dynamical role in the unfolding of our psychophysical future, whereas classical mechanics contains no hint of the existences of such thoughts, and provides no way for these alien elements to enter into the dynamics, which is fixed without any mention of them. It is within that context that I examine Streater’s three claims. 
I. The speed at which concepts are formed

Within classical mechanics the physical world, including each person’s physical brain, simply evolves according to local physical laws.  As Streater correctly points out, the information corresponding to our streams of conscious experiences is gathered from various sites via the local mechanical laws. When computer simulations of human subjects are questioned they will mechanically spew out words that respond to our questions. And these physical/mechanical actions are again determined by the local laws acting on simple conglomerations of local properties. In quantum mechanics this process of gathering of information from various sites in the brain is governed by the Schroedinger equation. Hence the process is, like the corresponding classical process, locally deterministic. 
But the further question is: How are our associated conscious thoughts represented? Although the mechanical processes of assembling physically represented information are, within classical mechanics, completely determined by the local mechanical process, our actual conscious thoughts and spoken words are, we know, often associated with psychologically felt meanings that express our understanding of functional properties of large systems. These functional properties are consequences of the conglomerations of the local properties and the local laws. But where in this simple sum of micro-local physical structures is the representation of our conscious understanding of the functional properties of various large systems that are built out of these tiny parts? 
In classical mechanics these meanings are meaningless, because they can make no difference in what will happen.

This classical account can be contrasted to what quantum mechanics gives. There the purely physical evolution specifies not what the person will consciously experience, but only potentialities for what he or she might possibly experience. A key element of the dynamics is the “freely chosen” (by the observer) Process-1 probing action, which picks out a possible bodily action. If nature’s response is positive (Yes), then the devices that are recording what is going on in the brain in the lead-up to the conscious event, and the verbal report of that event, will reveal the prior Schroedinger-controlled gathering of information from the diverse brain sites, and their movement to the site of the “template for action”, which is both the macroscopic site for the physical process that will control the upcoming bodily action and also the site of the physical structure that is associated, in orthodox quantum theory, with the conscious intention to perform that action. 
This orthodox quantum mechanical conception of what is going on is in complete accord with the empirical data cited by Streater, which constitutes the evidence for what was going on before the occurrence of the conscious event. This conscious event, in the context of quantum brain dynamics, occurs in conjunction with an instantaneous “collapse” event that brings the global physical state into concordance with the conscious experience. This instantaneous collapse event does not “bring information together from far apart locations” as Streater alleges: the local Schroedinger-equation-directed local dynamics has, prior to the conscious event, already done that. The instantaneous action, occurring in conjunction with the “collapse of the wave function” associated with the eventual conscious experience, actualizes, as a macroscopic whole, the “template for action” that is both the physical correlate of the actually occurring whole conscious thought, and the executive part of the brain that is controlling the bodily action. This collapse event actualizes – converts from potentiality to actuality – the entire macroscopic template for action, together with all records associated the prior local dynamical processes that led to the actualized template for action.
In short, Streater’s idea that instantaneous collapse is what gathers the information from different parts of the brain is erroneous. It is the local deterministic Schroedinger governed physical process that does that gathering. The nature-directed global instantaneous action then actualizes, in association with a conscious thought, the part of the previously existing physical state of potentialities that is consistent with the conditions represented in that conscious thought. 
II. The claimed absence of correlations in classical field theory.

In [2] I distinguish “intrinsic” and “extrinsic” descriptions. The “logically independent” variables are the local values of the several fields at the fine lattice of space-time points. The “intrinsic” descriptions are formed by a conglomeration of localized descriptions, each of which is a small cluster local variables centered a space-time point. They permit local first and second derivatives to be formed. This is the part of the physical state that is needed to provide the foundation for the part of the dynamics that is, in quantum mechanics, governed by the Schroedinger equation. The “extrinsic” part of the physical description gives information about the longer-range aspects of the physical structure, which will be important when considering things related to “our knowledge”. For example, the piston’s and drive-shafts of a classical description of a locomotive, considered as more than just a conglomeration of locally interacting localized parts, but rather, for example, as functional entities, are classified as “extrinsic” aspects of the description. We have these “extrinsic” properties at our disposal when we want to consider knowledge-related things.
“2.10  … In the framework of classical mechanics such nonlocal ‘entities’ play no actual role in determining the course of action taken by the computer/brain: this course of action is completely controlled by local entities and local effects”.
In section 2.7 of [2] I speak about the intrinsic part of the classical description, and Streater responds: “This is a deficient description of classical physics.” 
But I have emphasized that this intrinsic part of the classical description is only part of the full description: there is also, as I repeatedly stress, the part that I call the “extrinsic” part. So the intrinsic part taken alone is of course deficient.
Streater’s criticisms that follow appear to stem from his assumption that I have identified classical mechanics with its intrinsic part. But I have not. There is also the important “extrinsic” part! In classical mechanics the basic underlying physical dynamics is independent of the extrinsic aspects of the physical state, whereas in quantum mechanics, where our knowledge is essential, that is not the case.
The fact that in some particular physical state pixel 1000 and the distant pixel 1256 have the same color is in no way denied. That fact is part of the extrinsic description, which can become dynamically significant if one brings into the dynamics things, such as the knowledge of an observer, that depend on extrinsic properties. But the basic (relativistic) classical physical process does not (need to) bring such properties into the dynamics.
Streater says “However, the author is quite wrong to suppose that classical field theory cannot have states with correlations.” 
I do not suppose that! Streater’s description of what I suppose, or supposed, about absence of correlations in classical field theory has no resemblance in my mind to anything that I ever thought or said.
III. Supposed non-localities within quantum theory
Streater claims to have shown that quantum mechanics does not suffer from the property of being non local. But looking at the arguments that lead to that conclusion reveals only well known and essentially trivial facts that do not touch upon the arguments that entail the need for nonlocality –  the need for essentially instantaneous transfers of information over large distances.
The first of Streater’s arguments is essentially the famous “no faster-than-light-signaling” property: If two correlated particles are sent to far-apart experimental regions, then the choice of which measurement is performed in one region has absolutely no effect upon the probabilities of the outcomes of experiments that might be performed in the other region. Thus the experimenter in the first region cannot – by choosing which measurement to perform in his region -- use the properties of the correlated particles to send a message of his choosing to the experimenter/observer in the other region. The reason is that if the experimenter/observer in the second region has initially no information about what is happening in the first region then the quantum rules say that he must take a partial trace over the variables associated with the particle in that first region. But the action of performing a measurement has no effect on that trace, which is unity (i.e., one) independently of which experiment he (the experimenter in the first region) chooses to perform. Thus no signal or transfer of information can be sent in this way to the other region.
There is also the simple example in which there are, in an earlier source region, a pair of billiard balls, one black and one white, which are sent to the two far-apart regions. An observer in the first region who knows about the earlier preparation and who sees the ball in his region knows “instantaneously” the color of the ball in the faraway other region. This is not a case of faster-than-light transfer of information: the observer is merely finding out about what is already physically present in the faraway region. 
These two example, and some others, might render a person confident to conclude that there are in relativistic quantum mechanics (relativistic quantum field theory), just as in relativistic classical mechanics, no near-instantaneous long-range transfers of information about the experimenters free choices of which measurements he or she performs.
To prove the need for near-instantaneous transfers of information about free choices of experiments it is sufficient to consider certain experimental arrangements involving binary free choices made by two experimenters about which experiments they will perform, at about the same time, in their two far-apart experimental regions. The demand for no near-instantaneous transfer of information is imposed by requiring the outcome in each region be independent of which free choice is made by the faraway experimenter. There are eight such conditions: In each of the four alternation possible experimental set-ups in the two regions, there is the condition that the outcome in each of the two regions be independent of which experiment is chosen in the other region. 
In relativistic classical mechanics these eight conditions are simultaneously satisfied. But in quantum mechanics, for certain choices of the experimental parameters, these conditions cannot be simultaneously satisfied without violating some empirically validated basic predictions of the theory. The proof(s)  involve nothing other than macroscopically described experimental set-ups and outcomes, and the quantum mechanical predictions pertaining to these macroscopically observable things.

Streater complains that both Penrose and I, in our discussions of these matters, emphasize that these locality conditions are all automatically satisfied in relativistic classical mechanics, while stressing that the situation is quite different in quantum mechanics, without explaining why. This complaint may be justified, since we have not always cited the basic works upon which those conclusions are based, namely my paper “Are superluminal connections necessary? Nuovo Cimento 40B, 191 (1977)”, and 

“Whiteheadian approach to quantum theory and generalized Bell’s theorem, Foundations of Physics, 9, 1 (1979)”. Penrose cites and reproduces in his book “The Road to Reality” the argument given in the second of these papers, and I append here a greatly expanded account of the proof given in the first of these papers. This appendix is Appendix 1 of a book in preparation entitled “On the Nature of Things: Human Presence in the World of Atoms”.   
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APPENDIX 1: Proof That Information Must Be Transferred Faster Than Light

Consider an experimental situation that involves two experimental space-time regions that are situated such that no information in either region can get to the other region without traveling faster than light. In each region the experimenter (or a device that the experimenter has set up) freely chooses, and causes to be performed, one or the other of two alternative possible experiments. Each experiment has two alternative possible outcomes. For each of the four alternative possible pairs of experiments, and for each of the four alternative possible pairs of outcomes of that pair of experiments, quantum mechanics predicts the probability that that pair of outcomes will be found by the two observers Thus sixteen probabilities, each lying in the closed interval between zero and one, are specified by quantum mechanics. 

The combined demands 

1) that each of the choices made by the experimenters, or by their devices, be treatable as a local free choice, 

2) that the no-faster-than-light travel condition on the locations of the two regions be satisfied,

3) that the no-faster-than-light-transfer condition on the information about a local free choice be satisfied, and 

4) that the outcome appearing in a region R cannot depend on a local free choice made in a region R’ unless the information about that free choice made in R’ is present the region R where the outcome appears 

entail that for either region, and for either of the two alternative possible experiments in that region, if that experiment is chosen by the experimenter in that region then the outcome appearing in that region cannot depend upon the local free choice made in the other region.  Thus if the two regions are labeled left and right, and the space-time coordinate system is chosen so that the experiments in those two regions are performed at essentially the same time, then the four condition listed above entail that, for either of the two alternative possible experiments on the left, if that experiment is chosen by the experimenter on the left then the outcome appearing on the left cannot depend upon the local free choice of experiment made at essentially the same time in the faraway region on the right; and that for either of the two alternative possible experiments on the right, if that experiment is chosen by the experimenter on the right then the outcome appearing on the right cannot depend upon the local free choice of experiment made at essentially the same time faraway on the left. Moreover, because in each region there is no information about the free choice made in the other region, the consequences of changing both of these two independent free choices cannot depend on the order in which these two free choices are changed. (This corresponds to the condition in relativistic quantum field theory that the operators that effect these two far-apart measurement operations commute.)

.

The EPR argument uses half of the above conclusion, the part in just one direction, to claim, on the basis of the locality (no-faster-than-light-transfer) assumption that quantum mechanics is incomplete. The present argument uses the conditions in both directions to claim that the locality assumption is invalid, not in the weak sense that it leads to a contradiction with some “completeness” precept of quantum mechanics, but rather in the strong sense that it is incompatible with certain empirically validated predictions of quantum mechanics. 

David Bohm, in his 1951 book, Quantum Theory, described an experiment much more practical than the one considered by Einstein, Podolsky, and Rosen. This Bohm experiment, together with a very similar one involving photons (light quanta) instead of spin-1/2 particles, has been the basis of most of the subsequent experimental and theoretical work pertaining to the faster-than-light question. In the following proof of the need for faster-than-light transfer of information, I will use the experiment discussed by Bohm.

In the design of this experiment the physicists are imagining that a certain initial preparation procedure will produce a pair of tiny invisible (spin 1/2) particles in what is called the singlet state. These two particles are sent out in opposite directions to two faraway experimental regions. Each of these experimental regions contains two detection devices. Each device will produce a visible signal if the invisible particle reaches it. 

Each region has a “preferred axis” that is perpendicular to the common initial line of flight of the two particles. The two detectors in each region are displaced by a fixed amount in opposite directions along this preferred axis. Thus the location of each detector can be specified by an angle Փ that specifies the direction of its displacement away from the common initial line of flight of the two particles. Clearly, the two angles Փ that specify the locations of the two detectors in a region differ by 180 degrees. For example, if one detector is displaced “up” (Փ = 90 degrees} then the other is displaced “down” (Փ = minus 90 degrees).
Under these experimental conditions, quantum theory predicts that, if the detectors are 100% efficient, and if, moreover, the geometry is perfectly arranged, then for each created pair of particles -- which are moving in opposite directions to the two different regions -- exactly one of the two detectors in each region will produce a signal (i.e.,“fire”). The key prediction of quantum theory for this experimental setup is that the fraction F of the pairs for which the detectors that fire in the first and second regions are located at angles Փ1 and Փ2, respectively, is given by the formula F = (1-Cosine(Փ1-Փ2))/4. 

For example, if the locations of the two detectors (one in each ragion) that fire are both specified by the same angle, Փ1 = Փ2, then, because Cosine 0 =1, for each created pair these two specified detectors will never both fire: if one of these two specified detectors fires, then the other will not fire.  If Փ1 is some fixed angle and Փ2 differs from it by 180 degrees then, because Cosine 180 degrees = --1, these two specified detectors will, under the ideal measurement conditions, fire together for half of the created pairs. If Փ1 is some fixed angle and Փ2 differs from it by 90 degrees then these two specified detectors will fire together for ¼ of the pairs. If Փ1 is some fixed angle and Փ2 differs from it by 45 degrees then these two specified detectors will fire together, in a long run, for close to 7.3% of the pairs. If Փ1 is some fixed angle and Փ2 differs from it by 135 degrees then these two specified detectors will fire together, in a long run, for close to 42.7% of the created pairs.
I have listed these particular predictions because they are assumed to be valid in the following proof of the need for near-instantaneous transfer of information between the two far-apart, but nearly simultaneous, experimental space-time regions. These predictions have been massively confirmed empirically.

The second assumption is “localized free choices”. The point here is that physical theories make predictions about experiments performed by experimenters with devices that detect or measure properties of the systems whose properties are being probed by these devices. The theory entails that the various settings of the devices will correspond to probing associated properties of the system being probed.  

Of course, in an actual situation these specified parts of the experimental setup are all parts of a universe that includes also the experimenter and whatever the experimenter uses to actually fix the experimental settings. Such a “choosing” part of the universe could, however, conceivably be linked not only to the associated measuring device but, say, via the distant past, to other parts of the experiment. Those unsuspected linkages could then be responsible for systematic correlations between the empirical conditions in the two regions -- correlations that are independent of how the experimental setups are chosen. 

In view of the limitless number of ways one could arrange to have the experimental setup determined, and the empirically verified fact that the predictions are found to be valid independently of how the setup is chosen, it is reasonable to assume that the choices of the experimental setups can be arranged so that they are not systematically connected to the specified empirical aspects of the experiment except via these choices of the experimental setup. This is the assumption of “localized free choices.” It is needed to rule out the (remote) possibility that the choice of the setup is significantly and systematically, but independently of its form, entering the dynamics in some way other than just the localized fixing of the experimental setup.

Suppose, then, we have the two far-apart experimental regions, and in each region an experimenter who can freely choose one or the other of two alternative possible experimental set-ups. Suppose we have, in a certain region called the source region, a certain .mechanical procedure to which we give the name “creation of N individual experimental instances, where N is a large number, say a thousand.  At an appropriate later time the experimenters in the two regions make and implement their “localized free choices” pertaining to which of the two alternative possible experiments will be set up in their respective experimental regions. At a slightly later time each of the two experimenters looks at and sees, in each of the N individual instances, which one of his two detection devices has fired, and then records the angle Փ that labels that detector, thereby recording the outcome that occurs in that individual instance, 

There are altogether two times two, or four, alternative possible experimental setups. Diagram 1 gives, for each of these four alternative possible setups, the number of individual instances where the angles Փ that label the detectors that fired have the values pictorially displayed along the boundary.  For example, the four little boxes in the first two row and the first two columns correspond to the case in which experimenter in the left-hand region sets his two detectors at  “up” (Փ1=90 degrees) and “down” (Փ1= minus 90 degrees)., while the experimenter in the right-hand region sets his two detectors also at “up” (Փ2= 90 degrees) and “down” (Փ2= minus 90 degrees). In this case the expected distribution (modulo fluctuations) of the thousand instances is 500 in the box in which Փ1= 90 degrees and Փ2= minus 90 degrees and the other 500 in the box in which Փ1= minus 90 degrees and  Փ2= 90 degrees.

The fluctuations become relatively smaller and smaller as N get larger and larger. So I will, for simplicity, ignore them in this discussion and treat the predictions to be exact for N=1000.

The two experimental regions are arranged to be essentially simultaneous, very far apart, and very tiny relative to their separation. These two regions will be called the “left” and “right” regions. The no-essentially-instantaneous-transfer of information about localized free choices “Locality Hypothesis” is that a last-second change in the localized free choice in either of the two regions can have no effect on the outcome appearing in the other region. This is essentially the EPR condition that a last-second change the experimenter’s choice of the experiment performed in one region leaves the macroscopic physical situation in the other region undisturbed.
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In Diagram 1, the first and second rows correspond to the two detectors in the first possible set-up in the left-hand region. The third and fourth rows correspond to the two detectors in the second possible set-up in the left-hand region. The four columns correspond in the analogous way to the detectors in the right-hand region. The arrows on the periphery show the directions of the displacements of the detectors associated with the corresponding row or column. 

The argument then goes as follows. Let the pairs (individual instances) in the ordered sequence of the 1000 created pairs be numbered from 1 to 1000. Suppose the actually chosen pair of measurements corresponds to the first two rows and the first two columns in the diagram. This is the experiment in which, in each region, the displacements of the two detectors are “up” and “down”. Under this condition, quantum theory predicts that for some  particular 500-member subset of the full set of 1000 individual instances (created pairs) the outcomes conform to the specifications associated with the little box labeled A. The corresponding 500 member subset of the full set of 1000 integers is called Set A. This Set A is particular string of 500 integers, all less than 1001. The first 4 elements in Set A might be, for example, {1, 3, 4, 7}. 

If the local free choice in the right-hand region had gone the other way, then the prediction of quantum mechanics is that the thousand integers would be distributed in the indicated way among the four little boxes that lie in one of the first two rows and also in one of the second two columns, with the integer lying in each of these four little boxes specifying the number of instances in the subset of the original set of 1000 individual instances that lead to that specified outcome. Each such outcome consists, of course, of a pair of outcomes, one in each region.   

If we now add the Locality Condition, then the demand that the macroscopic situation in the left-hand region be undisturbed by the reversal of the localized free choice made by the experimenter in the (faraway) right-hand region means that the set of 500 integers in Set A must be distributed between the two little boxes standing directly to the right of the little box A. Thus the Set B, consisting of the 427 integers in box B, would be a 427 member subset of the 500 integers in Set A. This assertion is analogous to the EPR condition that changing the experimenter’s choice in one region leaves the physical situation in the other region undisturbed. 

The above conclusions were based on the condition that the localized free choice of experiment on the left was the first exercised option. It singles out the top two rows of diagram 1. We now apply the locality hypothesis to conclude that changing the localized free choice on the left must leave the outcomes on the right undisturbed. That means that the 427 elements in the box B must get distributed among the two boxes that lie directly beneath it.  Thus box C must include at least 427-73=354 of the 500 integers in box A.

Repeating the argument, but reversing the order in which the two reversals are made, we conclude, from exactly the same line of reasoning, that box C can contain no more than 250 of the 500 integers box A, Thus the conditions on Set C that arise from the two different orderings of the two reversals are contradictory!

A contradiction is thus established between the consequences of the two alternative ways of ordering these two reversals of localized free choices. Because, due to the locality hypothesis being examined, no information about the choice made in either region is present in the other region, no information pertaining to the order in which the two experiments are performed is available in either region. Hence nothing pertaining to outcomes can depend upon the orderings of these two reversals. 

This argument uses only macroscopic predictions of quantum mechanics -- without any conditions on the micro-structure from whence they came, or to any other assumption about micro-structure -- to demonstrate the logical inconsistency of combining a certain 16 predictions of quantum mechanics with the locality hypothesis that, for each of the two experimental regions, there is no faster-than-light transfer to the other region of information about localized free choices made in it. 

The meaning of “is independent of”

A key assertion made by Einstein [5] is:

”But on one supposition we should in my opinion absolutely hold fast: the real factual situation of a system S2 is independent of what is done with the system S1, which is spatially separated from the former”.



“The real factual situation” of a system at a given instant of time is a fact. But a fact is a fact is a fact: it cannot be changed by anything. Thus an assertion it is independent of something is in jeopardy of being a tautology. The normal and natural way to give meaning to the claim that something in a certain region “is independent of” a freely chosen action made faraway is to consider the evolution in time of that “something”, and  assert that this evolution is independent of what is being done with the faraway system. 

This is essentially what “is independent of” means in the argument of EPR:

the emerging observable outcome in one region does not depend upon what is being simultaneously done to the measuring devices in the other region. 

The assumption underlying this “sameness” property is the presumption/postulate of “no faster-than-light transfer of information about local free choices”. The argument in this appendix shows that this assumption, applied in tandem in both directions, leads to a contradiction with the predictions of quantum mechanics. The no-faster-than-light-transfer condition holds equally well in both directions. Hence the property “is independent of” should hold in both directions. There is no rational reason why this sameness condition cannot be applied in tandem in the two directions. 

