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Prologue

Does nature care about how you feel? Do her actions spring from any concern for your joys and sorrows? Prevailing scientific theory says ‘No’, but recent high-profile experiments suggest that contemporary science may be wrong on this particular point. Extensive new data indicate that certain choices that play a central role in contemporary physical theory, and are asserted to be completely random, are in fact not random, but sometimes depend on human feelings.  Such a dependence could significantly increase the capacity of our thoughts to influence the unfolding of   physical reality.

Before the rise of science many people believed that nature, while often acting in ways disastrous to human welfare, occasionally responded positively to our thoughts and emotions. Then, early in the eighteenth century, scientists, building on the ideas of Isaac Newton, proclaimed nature to be a purely mechanical process that grinds out our destinies with utter disregard for all mental realities.  

This mechanistic conception of nature grew out of an idea promoted by the French philosopher and mathematician René Descartes,  who argued that reality is divided into two different kinds of elements: physical things and mental things. Physical things can be described in terms of mathematical properties attached to points in space at instants of time, whereas the mental things include our thoughts, ideas, and feelings. A typical physical reality is the location of a tiny particle in three-dimensional space at a particular instant of time, whereas two typical mental realities are your feeling of pain when you touch a hot stove, and your experience of the color “red” when looking at a red-painted fire engine. 

Descartes believed that the mental events occurring in a person’s stream of consciousness are associated with physical events occurring in that person’s brain. But he maintained that these mental realities are fundamentally different in kind from the corresponding activities in the brain. This difference is the famous Cartesian separation between mind and body.

Isaac Newton, building on this Cartesian division of nature into these two parts, focused his attention on the physical aspects. He formulated mathematical “laws of motion” that accounted in a detailed way for the motions of the planets in the solar system, for the orbit of the moon around earth, for rising tides and falling apples, and for a host of other observed features of the physically described universe. 

By virtue of these laws, a classical Newtonian-type universe is “deterministic”. This means that the entire history of the physical universe is fixed for all time, once the initial physical conditions and the mathematical laws of motion are specified. The needed inputs into the physical universe are thereby limited to the choosing of the initial physical conditions, and the selection of the (assumed timeless) laws of motion. These two inputs then determine the evolution of the physical universe for all eternity: nothing is left to chance, or to the willful intent of either Man or Nature. This way of understanding reality is called “materialism”, and its expression in accordance with the ideas of Isaac Newton, is called “classical physics”, or “classical mechanics”.

Philosophers have been tormented for several centuries by this apparent verdict of science, which reduces human beings to mechanical automata. Our rational thoughts and moral sentiments are rendered incapable of deflecting, in any way, our bodily actions from the path ordained at the beginning of time by the purely physical aspects of nature alone.  

Then, during the first quarter of the twentieth century, a host of experiments were performed that were sensitive to properties of the atomic constituents of matter. The results turned out to be incompatible not merely with the details of the existing classical physics, but with the basic precepts of that theory as well. 

Scientists, responding to this calamitous breakdown of classical physics, created a new theory called quantum mechanics. It is based on concepts radically different from those of classical physics, yet yields extremely accurate predictions of the outcomes of both the old and the new experiments. 

Perhaps the most important of the rejected classical ideas is the notion that the foundational scientific theory should be fundamentally about the properties of the physically described universe. The founders of quantum mechanics adopted the contrary view that science, properly conceived, is fundamentally about relationships between human experiences. The word “science” comes from the latin word “scire”, which means “to know”. Hence science ought to be about “knowledge”. But knowledge is a mental aspect of nature, and classical mechanics had reduced all such things to causally inert bystanders to the deterministic flow of physical events. So what had formerly been regarded as impotent side effects, became the core realities of the new theory. This shift converted human beings, as seats of knowledge, into causally active agents.  

The essential fact that drove the founders to this radical break with prior science was the totally bizarre way in which, according to the rules of the pragmatically successful new theory, an increase in a person’s knowledge about the physical world is related to that world itself. Whereas in the older classical theory our streams of conscious experience were essentially a sequence of snap-shots of what was going on in the independently evolving physical world, in the new theory each new experience had the effect of resolving physical ambiguities created by quantum uncertainties. This profound revision of the role of man in nature is succinctly capture by the oft-made remark of Niels Bohr, a principal founder of quantum mechanics, that in the drama of existence we are both actors and spectators.

According to the classical precepts, a physical property localized in a tiny region evolves over the course of time in a smooth and continuous way that is completely determined by neighboring physical properties. But, according to quantum mechanics, the evolution of such a property can be abrupt and jumpy, and can depend not only on neighboring physical properties, but also on “free choices” made by experimenters. These experimenter choices are not determined, within the theory, by physical properties.  Thus quantum mechanics allows, and in fact requires, elements of freedom, related to acquisitions of knowledge, to enter into the flow  of physical events. And they enter  in discrete and jumpy ways not determined, at least within the theory, by physical properties.                

Belief in the power in the physical world of one’s own intentional mental acts is the rational basis of a person’s active involvement in the physical world. A rational person  who accepts, instead of fallible intuition, the classical physics claim of the complete physical impotency of his mental intentions jeopardizes sanity itself. How can a person rationally summon the energy and effort to promote any value while truly believing that everything that happens  -- or will ever happen -- was determined at the birth of the universe by a mechanical process that totally ignores everything mental?

I shall, in this book, explain the huge gulf between the rationally coherent orthodox quantum mechanical conception of reality and the classical mechanistic conception. The former agrees with all unquestioned empirical data, and nicely explains how our mental intentions can influence our bodily actions in the ways that we mentally intend. The latter is incompatible with vast amounts of unquestionably valid data, and entails that the incessantly validated capacity of our thoughts to influence our actions is an illusion.  Yet, still today, almost a century after its falsification, the mechanistic classical conception continues to dominate claims of what science tells us about ourselves. 

Describing the rationally coherent orthodox quantum mechanical conception of reality, and our role within it, may seem tangential to the task implied by the title of this work. But to appreciate the significance of the mentioned recent  experiments one needs to understand them within a context. Outside of the pertinent context they have no meaning. 

This first chapters explain, therefore, the orthodox understanding of ourselves. This supplies the foundation for understanding the significance of the cited recent paper. That paper reports on nine different experiments. Eight of them give, independently, statistically significant evidence for violations of the standard quantum mechanical predictions. All nine experiments point toward the same conclusion: an inclination of nature  to favor the occurrence of positive emotional feelings, and to disfavor the occurrence of negative feelings. The existence of such a basing could further enhance the power of our minds to influence the course of physical events.  

Chapter 1 : Waves, Particles, and Minds

Western civilization is based, intellectually, on two mutually contradictory foundations. On the one hand, there is an ancient religious tradition that claims the existence of an all-powerful deity that created us in His image, and granted us the free will to do what we want, but nevertheless wants us to follow His rules, and may punish us for transgressions. 

On the other hand, both the structure of our society, and the way we think about ourselves in relation to the universe around us, is deeply influenced by ideas stemming from the seventeenth century scientific works of Isaac Newton and Galileo Galilei. Those works culminated in what is now called classical mechanics, or classical physics. According to the classical precepts, the entire universe, including the human race, is basically a physical mechanism that churns out the course of physical events in accordance with microscopically implemented mechanical laws that make no mention of our thoughts, ideas, and feelings. According to that science-based conception of nature, our conscious experiencing of the unfolding of physical reality is essentially like the viewing of a movie that we helplessly watch, unable to affect in any way what happens before our eyes.

Caught in the cross-fire of these conflicting world-views, no sane involvement with the world can be sustained. Classical mechanics undermines the claim of the authenticity and authority of the religious concepts, which appear, from this viewpoint, to be simply the product of human exploitation of human gullibility. Yet this classical conception of reality, if accepted, renders irrational any mental effort to create a future better for oneself or one’s  progeny, or to promote any other value. For the laws of classical physics mandate that mechanically described processes, acting alone, unaffected by any mental effort, completely determine every physical action: each of us is reduced to a mechanical automaton, mysteriously endowed with a stream of conscious thoughts that deludes us into believing that our conscious efforts can influence our physical actions.

This complete suppression by the laws of classical mechanics of the physical effectiveness of our mental efforts was revoked by twentieth century developments in science. An understanding of this fundamental change in science’s conception of reality, and of our role in it, may constitute  an offering of science as important to us in the end as its engineering achievements, for it is our idea of ourselves, as parts of an enveloping whole, that determines how we use our power.  

Classical Mechanics

Classical mechanics developed during the nineteenth century -- due principally to the work of James Clerk Maxwell -- into a form that involved two different kinds of physical stuff: “particles” and “waves”. Electrons are the prime example of particles, whereas “light”, in the form of the electromagnetic field, is the prime example of a wave. Particles are tiny highly-localized structures, each with a center that, at each instant of time, is situated at one precise point in three-dimensional space, with the rest of the particle lying nearby. A wave, on the other hand, tends to spread out over a large region in space, and to exhibit interference patterns due to the cancellations or reinforcements of moving crests and troughs.  

Particles and waves have, therefore, contradictory structures: particles always stay tiny, whereas waves tend to spread out. Thus Planck’s discovery in 1900 that light , which had seemed to be a wave, had a corpuscular nature came as quite a shock. Light of a given frequency appeared to be emitted in chunks, each carrying a quantity of energy that is directly proportional to the frequency of the light wave, with a universal proportionality factor called Planck’s constant. Einstein won the Nobel prize for his explanation, five years later, of the photo-electric effect: Empirically, a metallic surface radiated by light of a definite frequency emits electrons with energies equal -- after a correction for the energy needed to get the electron out of the metal -- to the energy of the incoming quantum of light, now understood to be localized like a particle.

The concepts of classical physics were unable to cope adequately with either this wave-particle-duality problem, or a large number of other problems concerning the properties of atoms. A new understanding of nature was needed. 

Quantum Mechanics

These problems of wave-particle duality and atomic structure seem to be completely physical in character. But the founders of quantum mechanics were men of profound philosophical bent. Niels Bohr’s father was an eminent physiologist familiar with the writings of William James, and Wolfgang Pauli was the godson of the philosopher Ernst Mach. Werner Heisenberg, whose father was also a professor, was greatly influenced by the views of Bohr and Pauli, and all three were strongly influenced by the view of Albert Einstein that science rests in the end on empirical findings, and that our theories are human inventions that help us deal with the empirically experienced world. Bohr, concurring, announced at the start of his 1934 book, Atomic Theory and the Description of Nature, that “In physics...our problem consists in the coordination of our experiences of the external world...” 

The founders of quantum theory offered their theory not as what would normally be called a description of the existing and evolving reality itself, but rather as merely a mathematical methodology for making testable predictions about future experiences on the basis of knowledge gleaned from prior experiences. This conceptual shift allowed the founders to cope with the issues of wave-particle duality and atomic structure in a pragmatically useful way that accounted beautifully for the existing empirical data, and moreover made many other testable predictions. But, considered as a description of reality, it was not logically coherent. 

Difficulties with Quantum Mechanics

The logical difficulty was that the connection between the mathematical description of the physically described world and our mental experiences of that world was achieved by treating measuring devices, and other macroscopic objects, as if they were classical describable objects. But that approach endows these devices and objects with properties that contradict various properties that they acquire by virtue of being conglomerations of their atomic quantum constituents. Big objects are not really classical objects: they must be treated as conglomerations of quantum constituents in order to deduce their physical properties such as rigidity and electrical conductivity. So there is a basic question of how to reconcile the quantum aspects of nature with classical appearances. There is also the closely related question of how large does a system have to be in order to be “classical”: where does nature draw the line? 

A third problem is that the explicit quantum rules for computing predictions involve an instantaneous change in the quantum mechanical state in one experimental region due to effects associated with an experiment being performed very far away. 

These problems were resolved, or evaded, by the founders by their proclaiming that their quantum replacement of classical mechanics was merely a procedure for making predictions about observable phenomena; by then arguing that no theory can be more complete in this respect; and, finally, by maintaining that theoretical efforts to do more than what this pragmatically successful set of rules can do take one outside the domain of science: they dodged the problem of “reality” by calling it “metaphysics”.

Science and the Nature of Reality

One problem with this rules-exhaust-science approach is that science is more than an adjunct to engineering. The findings of science are important to us in many ways. The verdicts of science are accepted by others as truths about the nature of things, including ourselves and our relationships with the world about us. A science that consists basically of  rules that mysteriously work at the pragmatic level, with no understanding of the underlying reality, is not a reliable source of information about, for example, the relationship of a person’s mental faculties to the environment in which he is embedded. In the face of this silence, or asserted mystery, classical ideas, which are known to be fundamentally incorrect, are nevertheless widely accepted as the best that fundamental science can offer about the nature of the mind-brain connection. But this is far from true.

Also, there is no good reason to be confident that science has now reached its final understanding of nature, instead of having merely exposed the tip of an iceberg still mostly concealed.  There is a huge amount of empirical data, claimed to be acquired by scientific methods, that goes under the name of “Psi Phenomena”. It consists of recurrent reports of similar events that have not been satisfactorily incorporated into the current science-based understanding of nature, except by claiming fraud, gullibility, or scientific incompetence. Yet insofar as contemporary science is based merely on rules that work, with no understanding of how they could possibly work, it is unclear why one should blame the failure of these rules to accommodate reported phenomena on the non-validity of the data, rather than on the possibility that the current rules are valid only in an approximation that excludes the features of nature’s process that produce the phenomena that violate these rules. 

In a broad context, a science that consists of merely a set of rules that mysteriously work, without any understanding of the reality behind those rules is not good enough. The immediate first task of bringing science to bear on pressing empirical, philosophical, and moral issues is to reconcile the science-based rules with a rationally coherent conception of an underlying psycho-physical reality. 

Chapter 2 :  Orthodox Quantum Mechanics

The Hungarian-American mathematician and logician John Von Neumann developed a formulation of quantum mechanics [1] that is mathematically more rigorous and logically more cohesive than what had appeared before. Von Neumann’s version allows the our descriptions of the physical and mental aspects of nature to be combined into a single rationally coherent dynamical system that can reasonably be thought to represent a partial description of reality itself. 

Von Neumann’s formulation of quantum mechanics is called the “orthodox” interpretation to distinguish it from the original “Copenhagen” interpretation. It partially reverses the position of the founders.  It features a quantum state of the universe that represents all things composed of physically described quantum constituents. This physically described state is dynamically connected to the minds of observing psycho-physical agents by specified quantum mechanical rules.  

The Free Choice of the Observer

According to these rules, every conscious experience is related to a physically described probing action. This physical action is initiated by a mental intention of an agent. In concordance with the ideas of Descartes, this physical action begins in the brain of the initiating agent, and extends to the body of this agent via the quantum physical laws. Thus the mental intentions of agents influence the course of physical events in the way specified by the laws of quantum mechanics. 

In quantum mechanics, in either its Copenhagen or Orthodox form -- but in contrast to the claims of classical mechanics -- the physical world does not determine what the impeding mental choice will be. These initiating mental choices are called “free choices” to emphasize the important fact that they are not determined by any law or rule of the presently existing theory. Nor are they constrained by any known statistical rule. 

The existence of these element of freedom constitutes a ‘causal gap’ in the theory. It is this causal gap that allows our minds to influence the physical world in ways not predetermined by the prior physical world. Consequently, according to orthodox quantum mechanics, but in sharp contrast to the claim of classical mechanics, the mind-matter connection is not an action of the physical world upon passive minds. The causal flow is in the opposite direction; from mental to physical.

These probing actions, which play this essential dynamical role in the determination of our experiences, are generalizations of elements in Copenhagen quantum mechanics that were called “free choices” on the part of the experimenters. Von Neumann’s analysis of the problem of measurement in quantum mechanics  pushed these choices out of the physical world and into what he called an “abstract ego”. Just as the choices made by a human experimenter are, in the Copenhagen view, not determined by the physical properties of what he is observing, but are determined rather by his motives and intentions, so, in the orthodox view, are the free choices determined by motives and intentions residing in an “abstract ego”, here called the mind of the observing agent. 

Quantum Mechanics and Mind-Brain Problem

This revised understanding of the mind-brain connection, though absolutely antithetical to the classical-physics understanding, is in very close accord with our common-sense understanding, a circumstance that facilitates applications of the theory.

“The overwhelming question in neurobiology today is the relationship between the mind and the brain.” These are the words of Francis Crick [2], written about ten years ago. In the same venue, Antonio Damasio [3] writes that the mind-brain question “towers above all others in the life sciences”. 

Given this recognized major importance of the mind-brain problem, you might think that the most up-to-date, powerful, and appropriate tools would be brought to bear upon it. But the opposite is true. Most of the neuro-scientific studies of this problem are based on the precepts of nineteenth century classical physics, which are known to be fundamentally false. They have been replaced by a theory that pays scrupulous attention to the connection between the mind and the brain, and that basically reverses the direction of the causal flow. Yet this presumably highly pertinent replacement of the patently false and inadequate classical concepts is largely ignored by most neuroscientists and philosophers engaged with this problem. Their occasional references to quantum mechanics are concerned mainly with small-scale behaviour at the molecular level, rather than with the main issue of the dynamical connection of the large-scale wavelike activities in a person’s brain to that person’s conscious thoughts. 

The core problem is that most scientists and philosophers interested in the mind-brain problem tend to assume that the big “observable” aspects of nature can be described in terms of the concepts of  classical physics, and that only tiny atomic-sized things need be described in terms of the concepts and laws of quantum physics. But, as emphasized by Einstein [4], big observable things are built, in a very important sense, out of small atomic-sized things. That idea is needed to explain various physical properties of big observable things, such as their rigidity and electrical conductance.

The Schroedinger Equation and the “Smearing” of Reality

Atomic-sized things normally evolve in accordance with a quantum generalization of the classical laws of motion called the Schroedinger equation. Using this equation, and treating big things as conglomerations of atomic-sized things, leads to one of the two core problems that need to be faced: big things generally evolve via the Schroedinger equation into “smears” of structures of the kind we actually observe. (The second core problem, nonlocality, will be thoroughly dealt with later.)

A simple example of this smearing effect was described by Einstein [5]. Suppose a radio-active nucleus is surrounded by a detection device. Suppose that when the device detects the decay of the nucleus it causes a movable pen to make a blip on a moving scroll. The location of the blip on the scroll will then be a record of the time of the detection of the decay. Suppose, now, that the entire system evolves in accordance with the Schroedinger equation. Then the blip on the scroll will not be confined to a single location corresponding to some single definite time of the decay. The blip will, instead, be smeared out over a continuum of locations, with each such location corresponding to a different possible time of the decay.

Moreover, the brain of an observer who is looking at the scroll, in order to find out the time of the decay of the nucleus, will, according to a universally applied Schroedinger equation, evolve into a smeared out continuum of classically describable brain states, with each component of this smear corresponding to a different time of the decay. If mental experiences were to simply bubble up from corresponding activities of the brain, as they are imagined to do in classical mechanics, then the experience of the observer would be a continuous blur of the possible times of the decay, rather than the essentially one single time that would actually be experienced by a human observer in such a situation. Thus the unrestricted validity of the Schroedinger equation would lead to brain states that fail to correspond even roughly to the form of a human experience, where each visible object has a fairly well defined experienced location, rather than being smeared out over a large collection of distinguishable locations. 

A second example mentioned by Einstein concerns a mouse and the moon. Suppose there had been, since the birth of the universe, nothing that interrupted its evolution in accordance with the Schroedinger equation. Then the quantum state of the moon would be smeared out over the entire night sky, until the first observer, say a mouse, looked. Indeed, the mouse itself would be a smear of possible mouses, and the city he inhabits would be a smear of all possible cities, and similarly for the earth, for the solar system, for the galaxies, etc. etc.. 

Acts of Observation

To cope with the gross mismatch between human experience and the wave-like properties of the quantum world, the founders of quantum theory broke away from the basic precepts of classical physics in certain definite ways. As already stressed, they introduced into the quantum dynamics specific “acts of observation”, each associated with a psycho-physical part of nature identified as an observing agent. 

Each such act is the initiation by the agent of a particular probing action. This probing action “puts to nature” a particular question. As in the game of twenty questions, each question is of the kind  that is answered by either a “Yes”, or a “No”. (Multiple choice questions can be accommodated by successively decomposing answers “No” into a “Sub-Yes” and a “Sub-No” etc.). 

Thus we have a question-and-answer scenario, where the questions are freely chosen. But what is the character of the process that delivers the answers?

Nature’s Random Choices

According to quantum mechanics, the answer to the question is determined by “a choice on the part of Nature”. The answer “Yes” is revealed to the probing agent by the pertinent experience. For example, if the question is “Is that fire engine ‘red’?” then Nature’s positive answer will be revealed to the agent by an experience of redness added onto the previously existing form of the fire engine. In the version considered here, negative answers are not experienced. This allows many negative responses to occur between each positive response. In any case, experienced reality is created by dialogs between localized probing agents and a global aspect of reality called “Nature”. This answering process has certain characteristic properties that will be discussed presently. 

The agent’s choice of question is, as mentioned, determined by no known rule, and is thus “free”. But Nature’s choice of response is subject to certain definite conditions. According to the orthodox theory, Nature’s choice is “random”. This means that in each individual instance the answer is indeterminate, but that there are statistical conditions on long strings of instances. For example, the predicted ratio of answers “Yes” to answers “No” in a long string of effectively equivalent instances is, according to the theory, determined by mathematical properties of the physical state of the system being probed. 

The infamous quantum element of “randomness” enters quantum mechanics precisely in this way -- and only in this way -- through statistical conditions on Nature’s choices. Although the mathematically determined evolution of the physical state via the Schroedinger equation plays a very  important role in quantum theory, the empirical content of the theory depends strongly on these two choices, the first of which is “free”, and the second of which is “random”. 

The Importance of Free Will

The linkage between the free question and the random answer, if straightforwardly interpreted in the orthodox way described by John von Neumann, ties the mental and physical aspects of nature into a single cohesive dynamically evolving reality, in which the mental actions of observers play a dynamically important initiating role.

But why should you care about such a recondite matter? Why does it matter whether you believe your mind to be a causally inert helpless spectator of a universe that evolves in a completely mechanical way, with no input from your conscious feelings and efforts -- as classical physics claims -- or whether your mind is, instead, an active participant in the psycho-physical process that creates your future?

The answer is that your belief about this matter can make a big difference in your life. Classical mechanics reduces your mind to a helpless spectator to a passing parade of physical events. This self image has a tendency to produce attitudes of resignation, depression, hopelessness, pointlessness, and  amorality; whereas the quantum self image, which makes your conscious efforts causally effective, tends to create a dynamic, elevated, hopeful, forward-directed, moral attitude.  Recent experiments [Jonathan W. Schooler] reveal a positive empirical correlation between people’s belief in free will and the morality of their actions. Quite generally your choices of your actions, and your outlook on life, depend strongly on your idea of yourself in relation to the reality that surrounds you.

Chapter 3 : The Physical Effectiveness of Conscious Intent

Classical mechanics says your thoughts cannot effect the physical world: quantum mechanics shows how they can. It explains how something as unsubstantial as a mental intent can cause your material leg to move.

Your choices of which probing actions you perform, and when you perform them, are not determined by any quantum mechanical law: these choices enter the theory as free choices. Yet those free choices can profoundly affect your future experiences, and the experiences of those around you. 

How can this come about? How can something as intangible as a thought, or a mental intention, move tangible objects such as your arms and legs. By what process can the motions of your fingers come to express the complex thoughts that you intend to express in written words?

The Quantum Zeno Effect

Within the orthodox quantum mechanical understanding of nature this physical power of your conscious thoughts can naturally arise from a well-known property of quantum mechanics known as the quantum Zeno effect. This effect is sometimes called the “Watched-Pot-Never-Boils Effect” and sometimes the “Watch-Dog Effect”. The latter is more accurate. The basic idea is that a rapid probing of whether a system has a certain property that it originally had will tend to keep that property in place, even though it would rapidly change if were observed only occasionally. 

As an illustration of the watch-dog effect, consider a burglar standing at a gate, a house that he intends to burgle, and a watch dog, Fido, who is watching for the burglar. Fido first sees the burglar at the gate. This happens at time t=0. Then at time t=1 Fido poses the probing question: “Do I, Fido, see the burglar standing at the gate.” If the answer is “Yes”, which is possible, then Fido will perceive the burglar standing at the gate, and so will all passers-by. Fido can en at time t=2 again pose the same question, and may again receive the same response “Yes”. This can be repeated at times t=3, at t=4, at t=6, and so on.

Quantum mechanics gives, under suitable conditions the probability that, at time T, all of the answers are “Yes” for all times t less than or equal to T, but then a No at the first observation after T. This probability is 100% at T=0, and decreases as T increases, if the burger, unobserved, would move. One can then ask:  “What is the time T.99, such that this probability first falls to be less than 99% ?”

The answer depends upon the details of the situation. But quantum mechanics makes a prediction that (under idealized perfect conditions) is independent of the fine details. If the times t at which Fido poses his questions are not {1, 2, 3, …} but rather {1/n, 2/n, 3/n, …} then as n gets bigger and bigger without limit, T.99 also gets bigger and bigger without limit. And this holds also in the case in which .99 is replace by .99999, or any other number less that 100. 

This result means, roughly speaking, that increasing the repetition rate of the probing action, tends to keep exactly in place the physical property that is being probed. 

A slight variation takes the questions at the sequence of times {1/n, 2/n, 3/n,  ... } to be not all precisely the same, but to be the exactly timed sequence of questions corresponding to some particular trajectory of the burglar from gate to house. If such a sequence of precisely specified probing actions could be achieved, for a sufficiently large value of n, then according to the standard rules of quantum mechanics, Fido’s probing actions would result in himself, and all passers-by, seeing the burglar move along the path that Fido’s sequence of probing actions specify.

A real burglar does not have the quantum characteristics that would make this scenario realizable. But a conscious person’s living brain has processes that are generating huge amounts of quantum uncertainty. If the person’s stream of consciousness consists of a fairly rapid experiences, then the evolving quantum state of that person’s brain needs to be repeatedly reduced to a succession of states compatible with that person’s sequence of conscious experiences. 

Templates for Action

A person’s stream of conscious experiences might, in some circumstance, be focused on an intended bodily action. Suppose, for example, you are walking alone at night along a dark path, and a shadowy figure suddenly jumps out of the darkness. Will your bodily response be fight or flight? What goes on in your brain, and what role does your mind play?

It is reasonable to suppose that, in this situation, your quantum mechanically described brain will construct, via bio-physical processes, a quantum mixture of several patterns of neurological activity corresponding to alternative possible bodily responses to the situation. These patterns are called templates for action. If such a brain pattern is actualized and held stably in place for a sufficient period of time then it will send out a sequence of timed neural signals that will tend to produce both the chosen physically described action, and, later, an experiential confirmation that the chosen action has actually occurred, if it has indeed actually occurred. 

But which of the two templates for action, fight or flight,  will be actualized, and how is that pattern held stably in place, in case you really commit to performing this action?

The Mind-Brain Connection

According to orthodox quantum mechanics these question pertaining to the mind-brain connection must be answered by a combination of your free choices of probing actions and nature’s (immediate) choice of response to each of your chosen questions. 

The basic philosophical and scientific question is this: How is the connection established between a mental intention to do some envisioned physical action and the template for action that, if actualized and stabilized, can cause that action to occur. The mental image of the intended action and its neurologically described counterpart are described in very different terms, and there is no intrinsic connection between the conceptual realms in which these two descriptions lie. So how does the mental image of the intended bodily action get hooked up to the pattern of neurological activity that will cause that intended bodily action to occur? 

The lack of a logical linkage between the differently described mental and physical aspects of our understanding of nature has been a core problem in philosophy since its inception. Classical mechanics renders a science-based non-mystical understanding of this question beyond reach, because it forbids what we think to affect what we do.

But given the quantum mechanical framework there is a natural way to establish the needed linkage: the probing mind of the agent can learn, by trial-and-error, what the experiential responses to its various possible freely chosen probing action are likely to be.                                                                                                                                                                                                 

Beginning in the womb, the agent’s mental aspect can begin to map out the experiential feel of the “Yes” responses to its various possible freely chosen probing actions. 

On the basis of this “empirical” examination, the experiential responses to various freely chosen probing actions that the mind of an agent can gradually acquire the knowledge it needs in order to select a template for action that is likely to achieve a mental intent. Then a commitment to actualizing this mental intent can activate a rapid sequence of probing actions that will hold the selected template for action in place by means of the quantum Zeno effect.  

In a classical model in which the brain simply creates an appropriate mental image, there is no comparable check: the brain could create a mental image that is completely off track, and it would not matter one iota: the brain would just do the “right” thing regardless of how off track the mental image or mental intent became. The classical idea, on the other hand, is absurd and unnatural: there is no reason to have a mental world that does nothing, and if it does nothing then there is no natural way to keep it on track. 

Orthodox quantum mechanics constitutes, contrastingly, a physical theory that accommodates, in one rationally coherent package, not only the findings of atomic physics, in the mathematically rigorous formulation of von Neumann, but also a reasonable account of how our minds are linked to our brains . 

.

Chapter 4 : Reality and Faster-Than-Light Transfer of Information          

Non-Locality

Quantum mechanics has an amazing “nonlocality” property that Einstein called “Spooky action at a distance.”. Under some circumstances, the information about which experiment is freely chosen and performed in one region must be immediately present for the determination of outcomes in a faraway region. This result rules out the possibility that the process by which Nature selects outcomes is purely physical -- in any sense of the term “purely physical” that excludes instantaneous long-range transfers of information about these free choices. 

A simple proof of this nonlocality property is given in Appendix 1. The proof is discussed in Appendix 2. The need for these instantaneous transfers follows merely from the validity of certain empirically validated predictions of quantum theory, in this context in which, in accordance with basic quantum precepts, the choices of what experimenters do to their devices are free choices. The need to accommodate this nonlocality property places profound restrictions on the possible rationally coherent conceptions  of reality.

Attempts to Defend a Classical View of Reality

The account given in the previous chapters of the connection between mind and matter conforms to the view of the founders of quantum theory that science should be based on what we know, and hence on knowledge derived from empirical data. More specifically, the account is based on von Neumann’s recasting of the original formulation into a version both more rigorous, and better suited to be the science-based foundation for understanding psycho-physical reality itself, rather than a mere tool for making statistical predictions about connections between observations The realistically interpreted orthodox approach has the merit of bringing the bedrock philosophical problem of the connection between mind and matter into the domain of data-based science. 

The conception of the physical universe offered by orthodox quantum mechanics is profoundly different at the scale of visible objects from the classical idea of the physical universe: basically a collection of very tiny pebble-like physical objects called “particles”. That classical idea works well for certain limited purposes, but the quantum mechanical conception is far superior because it explains the visible facts in a way that extends in a rationally coherent way to phenomena that depend sensitively on the behavior of individual atoms. Nevertheless, the historical success of classical physics in the domain of the visible, coupled with the simplicity of the classical concepts, buttresses the opinion of some commentators that the classical conception of nature is fundamentally correct at the level of visible objects.

The superficially easy way to cling to the classical conception of reality at the macroscopic scale is to assert, emphatically, that the classical concepts are certainly valid at the level of visible objects, and hence that any abstract reasoning based on theoretical ideas about invisible things that leads to a contrary view must be incorrect. 

That intuition-based argument is refuted by proving the failure of classical ideas about visible objects by an argument that depends only upon empirically validated quantum predictions about connections between observed visible outcomes, and that, in particular, makes no assumptions at all about any underlying invisible substructure.  That is precisely the nature of the proof that is given in Appendix 1. 

A science-based way to challenge the idea that orthodox quantum mechanics provides a valid description of macroscopic physical reality is to allege that quantum mechanics, like classical statistical mechanics, is merely a statistical description pertaining to our knowledge, not a description of physical reality itself. Then the abrupt quantum jumps would very naturally be associated with increments in our knowledge, and would not entail any similar behavior of the underlying physical reality. This “statistical” point of view is essentially the position espoused by Einstein. 

The Faster-Than-Light Problem and EPR

The immediate general problem of understanding quantum mechanics is the blatant fact that the basic quantum mechanical rules explicitly entail faster-than-light transfers of information. The quantum state of the universe is defined essentially at each instant of time, and it represents the physical state of affairs over all of space at that instant of time. If, at some moment, Nature makes a choice of response to a probing action localised in some confined spatial region then, according the basic rules of quantum mechanics, the quantum state changes not just in that local region, but over all of space at that instant of time. This abrupt change is called a “collapse” of the wave function, or a “reduction” of the quantum state. Under appropriate experimental conditions, this collapse abruptly changes the quantum state in a very faraway spatial region, where another experiment is just about to be performed. Thus Nature’s choice of which outcome appears in one region can, according to the standard quantum rules, instantly change the physical state of affairs in that faraway experimental region. Here “the physical state of affairs” is whatever it is that the quantum state represents. 

This theoretically explicit, and essentially instantaneous, transfer of information between two far-apart experimental regions poses a seeming conflict with Einstein’s two theories of relativity, which limit the motion of physical matter, and hence also the physical transfer of information, to the speed of light. The founder’s of quantum mechanics did not want to admit or suggest that, in defiance of the theory of relativity, information could really be transmitted faster-than-light. Hence they were essentially forced into the pragmatic position of saying that the “physical state of affairs” represented by the quantum state was not physical reality itself, but was something more akin to knowledge than to classically conceived matter. Being also unwilling to defend the idea that the physical state represents some absolute, objective kind of knowledge, which would mean a retreat to an “idealism” deemed antithetical to science, the founders adopted the pragmatic position that the quantum mechanical state was merely part of a practical procedure for making predictions about upcoming empirical findings. Thus Heisenberg says that the quantum state represents “our knowledge”. 

That position is a half-way house to idealism, but not a full capitulation. Yet in spite of such metaphysical posturings and cloakings, the basic fact is that the standard quantum mechanical rules do explicitly entail essentially instantaneous faraway consequences of what quantum theory treats as a “choice on the part of nature”. Thus if quantum mechanics were to be realistically interpreted then “Nature” would not respect the demand of the theory of relativity that information cannot be transferred faster than the speed of light.

Einstein seized upon this feature of quantum mechanics in order to justify his claim that quantum mechanical description could not be a complete description of physical realty. In 1935 he wrote, in collaboration with two young colleagues, Boris Podolsky, and Nathan Rosen, one of the most renowned scientific papers of all time [6]. Entitled “Can Quantum Mechanical Description of Physical Reality Be Considered Complete?”, it is usually identified by the initials EPR of its three authors. It argues that quantum mechanics does not describe physical reality itself. 

Bohr’s Response to EPR

A possible easy response to EPR by the founders would be simply to admit that quantum mechanics does not describe physical reality itself. However, a response of that kind would have sparked, among scientists that aspire to be more than high-level engineers, intense efforts to find a more complete theory. That is exactly what Einstein believed scientists interested in basic questions ought to be doing, but what the founders of quantum mechanics believed productive scientists ought not to be doing. Thus Niels Bohr, the senior founder of quantum mechanics, chose to answer EPR by focusing on the slippery question of what constitutes physical reality.

So what, exactly, is “physical reality”? A logically sound argument pertaining to “physical reality” requires giving some definite meaning to that phrase. But our ideas about physical reality are deeply influenced by our experiences of the world around us. Thus any proposed characterization of physical reality is in jeopardy of being challenged as resting on intuitive classical ideas alien to the quantum precepts, and hence as being prejudicial:  as begging the question.

The EPR paper was erected, therefore, not upon some notion of “physical reality” that could be attacked as obscure, unscientific, or question-begging. It rested on the demand -- enshrined in Einstein’s theory of relativity -- that information cannot be transmitted faster than light. The opening for using this demand was slipped by EPR into their famous “criterion of physical reality”, which asserts that “If, without in any way disturbing a system, we can predict with certainty (i.e., with probability unity) the value of a physical quantity, then there exists an element of physical reality corresponding to that quantity.”  

The EPR argument that quantum mechanics cannot be a description of physical reality rests on an examination of an experimental situation involving two essentially simultaneous experimental regions, say R and L, that are very far apart, compared to the distance that light travels during the duration of the longer of the two experiments. Suppose in region R there are two specified alternative possible experiments, R1 and R2, and that the experimenter in that region is free to choose which one  will be performed. There are experimental situations such that if the experimenter in region R chooses to perform R1, and observes the outcome, then the rules of quantum mechanics will allow him to predict, essentially with certainly, the value of a property L1 that can be measured in region L. Similarly, if the experimenter in region R chooses to perform R2, and observes the outcome, then he will be able to predict, essentially with certainty, the value of a different property L2 that can be measured in region L. Einstein and his collaborators then argue that since the experimenter in region R can freely choose to predict with certainty the value of either L1 or L2, and since the choice of an action performed in region R cannot, due to the assumed impossibility of transmitting information faster than light, disturb values in L that can be predicted with certainty, the values of  L1 and L2 must both be elements of physical reality. But the structure of quantum mechanics cannot accommodate well defined values for both L1 and L2, Thus EPR conclude that quantum mechanics cannot be a complete description of physical reality.

Bohr [7] dissented! He allowed the choice in region R to be a free choice, but asserted that changing the choice in region R changes 

“the very conditions which define the possible types of measurements regarding the future behaviour of the system. Since these conditions constitute an inherent element of the description of any phenomena to which the term ‘physical reality’ can be properly attached, we see that the argumentation of the mentioned authors does not justify their conclusion that quantum mechanical description is essentially incomplete.” 
Bohr went on to argue that quantum mechanics was pragmatically complete, which, in the end, is what matters most to most physicists, who could now respond, if challenged about the failure of science to talk about physical reality, to Bohr’s reply to the EPR argument pertaining to that issue.

The subtlety of Bohr’s response dampened enthusiasm for the topic of physical reality until John Bell wrote a paper [8] based on  “hidden-variables”. Bell’s approach brought in a “reality” condition by the presumption of an essentially ‘classical statistical mechanics’ substructure. But this approach seriously begs questions about the properties of quantum mechanics itself, by demanding consistency with some essentially classical ideas that are absolutely alien to the basic precepts of quantum mechanics. Thus hidden-variable-based proofs  -- that the validity of the quantum rules entail the existence of faster-than-light influences --  fail to prove that such influences are required by the validity of quantum mechanics itself.

In examining these matters it is important to recognize that the mere existence of correlations between outcomes in two far-apart regions does not entail faster-than-light transfer of information. Such correlations might be created simply by transfers of correlated information from a common origin in the past. For example, sending correlated pairs of billiard balls, one black and one white, to the two regions allows an observer who sees the ball in his region to predict with certainty the color of the paired ball in the other region. This capacity of an observer in one region to instantly know the color of the faraway ball is not a “spooky action at a distance” of the kind that Einstein objected to, and that the EPR argument assumed did not exist. Indeed, the EPR argument exploits the fact that quantum mechanics makes predictions of the colored billiard-ball kind.  The spooky -type action was banned  by demanding that changing a free choice between which of two experiments is done here cannot disturb values measurable in a faraway region if those values can be deduced by  examining outcomes of the possible experiments that can be performed here. The combination of the colored-ball-type assumption,

the no-spooky-action assumption, the free-choice assumption, and the validity-of-the-quantum-predictions assumption  are incompatible with the “Complementarity” assumption that the values of  “complementary”  physical properties cannot simultaneously be real.

The most straightforward conclusion to be drawn from the EPR argument is that the validity of the basic quantum precepts entails the existence of actions of the kind that Einstein called “Spooky”.

In order to prove, simply from the assumption of the validity of several empirically validated quantum prediction, and the “free choice” property, the need for faster-than-light transfer, one needs to combine the conditions from (at least) four alternative possible experimental set-ups. But at most one (freely chosen) member of such a quartet can actually be performed. 

Quantum mechanics considers the choices between alternative possible measurements to be “free choices”, and asserts that it can give definite predictions for each of the four alternative possible choices, valid under the condition that that particular experiment is actually performed. The problem is to tie the four predictions together in a logically acceptable manner.

This can be done by using the locality hypothesis  -- of no faster than light transfer of information about our free choices --  to establish specific relationships between the predictions pertaining to different experimental conditions, and showing that these relationships lead to a contradiction. This is done in the appendices, which require no knowledge of quantum mechanics. The appendices are included for readers who want not simply an overview, but an understandable actual proof of this result, which allows quantum mechanics to be understood not merely as a set of mysterious rules pertaining to statistical features of our knowledge, but as a description pertaining to the structure of psycho-physical reality itself. 

It should be added that this transfer of information is, according to the theory, not accompanied by any transfer of matter or energy, and, according to the theory, is not affected in any way by filling up the region that separates the two region at the time of the experiments by a wall of solid lead. It is this exclusion of possible physical conveyances  of the transferred information that justifies the claim that Nature’s choices are not produced by any “purely physical” mechanism.

Chapter 5 : Backward-In-Time Causation?

The recent experiments mentioned at the outset appear to involve backward-in-time causation: effects of events occurring at one time on what happened earlier. But asserting that what happened in the past did not happen in the past violates laws of logic. Such blatant irrationality has no place in science.  

Experiments that seem to involve backward-in-time causation have already been encountered in quantum physics, and they have been resolved without introducing any real backward-in-time action. It will be instructive to look at the earlier cases.

The Delayed Choice Experiment

John Archibald Wheeler [9] described an experiment that seemed to show that an experimenter’s free choice about which experiment he or she performs at one time can affect what happened at an earlier time. The essential point can be illustrated by the following idealized version. 

Suppose you have acute vision and can detect individual photons falling upon your retina. Imagine that you are looking through one eye at a screen with two small holes through which light of a visible frequency is passing. Quantum mechanics says that if you focus your vision on the screen, and the light is sufficiently weak, and your vision is sufficiently acute, you will see the individual photons passing essentially one at a time through either one hole or the other. But if you focus, instead, on a location far behind the screen then the photons will still come one at a time, but will build up an interference pattern that depends on the distance between the two holes, showing that the light associated with each individual photon has in some sense passed through both holes: what happened earlier seems to depend on what you choose to do later.

Essentially the same experiment can be performed with devices that act so fast that the choice between the two alternative possible observations can be made after the photon has passed through the screen. Thus it would appear that, in some sense, the photon either passes exclusively through one slit or the other, but not both; or, alternatively, through both together, depending on which kind of observation was chosen after the photon has already passed through the screen. 

This kind of experiment is called a “Delayed Choice” experiment, and various refinements of it have been designed and successfully carried out by Scully and colleagues [10].  The observed phenomena certainly conform to the just-described predictions of quantum theory, but the causal implications need further discussion.    

The “Bohmian” Approach

For example, one way to understand quantum mechanics, favored by some physicists, was proposed in the early days of quantum mechanics by Louis de Broglie, then pretty much abandoned due to criticisms by Pauli, but resurrected and developed by David Bohm [11] in the 1950s. This way of understanding the success of quantum mechanics asserts that there really is a classical-type world of tiny particles, but also a wavelike quantum state of the universe that evolves always in accordance with the Schroedinger equation, and hence never “collapses” in association with an increase in “our knowledge”, as specified by both the Copenhagen and Orthodox versions of quantum mechanics. [Note that everyone’s future experiences are affected by anyone’s increase in knowledge. This maintenance of inter-subjective agreement indicates that quantum mechanics is not about purely subjective personal knowledge, but pertains to some more global kind of knowledge.] In Bohm’s no-collapse quantum mechanics the function of the wave is to “guide” the particles, which are assumed to be the aspects of nature that control our conscious experiences. 

In this “Bohmian” model of reality the changes made in the focusing of your eyes influences the evolution of the quantum wave within your eyeballs, and this influences the trajectory of the photon (particle of light) when it reaches your eye. This theory correctly accounts for the phenomena without invoking any notion of backward-in-time action or causation. 

This Bohmian approach fails, however, to adequately resolve the measurement problem. It fails to bring in the crucial elements of discreteness and definiteness that the Copenhagen and orthodox interpretations bring in via the experimenters’ free choices. These choices pick out discrete aspects of nature that will be either actualized or rejected by Nature’s choice. The Bohmian treatment of the measurement process assumes that some particular measurement setup is in place, whereas in a world described by a quantum state that never collapses no such discrete setup exists: the conditions for the applicability of the quantum rules for making predictions about observations are never satisfied. It is the essential definite choice of  a specific probing action that, in orthodox quantum mechanics, sets the stage, mathematically, for the logically subsequent statistically conditioned choice on the part of Nature. Without the prior choice of probing action the quantum mathematics cannot be applied. 

On the other hand, the results of delayed-choice experiments are neatly explained within forward-in-time orthodox quantum mechanics. But this orthodox explanation involves two different conceptions of the past.

Chapter 6 : Actual Past And Effective Past

Orthodox quantum mechanics is based on a forward-in-time process that creates an actual past that continually grows, and is never revised. But it creates also, at each collapse, a new effective past.  

The point is that, insofar as expectations about future events are concerned, one must take into account what has just happened. But what has just happened has, according to the orthodox collapse interpretation, created for the upcoming interval of time a state that is not the smooth continuation of past. So as regards expectations, the actual past, though it did indeed exist, and was never revised, is not the most pertinent conception of the past. The pertinent conception of the past, namely the one directly relevant to predictions about the future, is the “past” that smoothly evolves, according to the continuous laws of motion, into the state that has just been created. This  pertinent state of the past  is called the effective past. 

This important aspect of quantum mechanics is succinctly captured by an assertion made in the recent book "The Grand Design" by Stephen Hawking and Leonard Mlodinow: "We create history by our observations, history does not create us" [12]. 

According to orthodox quantum mechanics, we do indeed create, by our observations, the history that is relevant to our future. And the effects of these observations are global. In particular, they change potentialities pertaining to systems that have interacted in the past with the systems that are directly affected by our observations.

In order to think about what really exists in a rationally coherent way that is compatible with the empirically verified predictions of quantum mechanics, and with the quantum notion of free choices, we should think that the evolving quantum state of orthodox quantum mechanics represents the physical aspects of reality itself. We can, of course, never be really certain about the nature of reality, but this way of thinking about it is logically compatible with all the established empirical data, with the quantum idea of our free choices, and with the evidence of every-day life that our mental intentions can influence our bodily actions: we do not have to change our idea of reality when we leave the lab, or make a moral decision.

According to this realistic interpretation of orthodox quantum mechanics our local observations can, therefore, have immediate faraway effects: the classical correlated-billiard-balls example  is misleading when the correlated systems are quantum mechanically entangled instead of classically correlated.  

Consider now the delayed choice experiment. At the moment that the pulse of light is passing through the holes the quantum wave is divided between the two holes. If, at a later time, the observer sees the photon coming through the left-hand hole then, according to the rules of orthodox quantum mechanics, a global collapse will occur: the parts of the quantum state incompatible with the observation will be obliterated. The new state, representing the potentialities for the future experiences of all observers, will be the continuation into the future of the new state. The continuation of the new state backward in time, using the Schroedinger equation in reverse, is the effective past. It is, as Hawking and Mlodinow state, created by our observations. All future experiences of all observers will be concordant with the new “empirical fact” that the photon was seen to pass through the left-hand hole. 

The situation during the time that the pulse of light was passing through the screen was that the wave was passing through both holes. That fact is fixed and settled: it is never revoked. But if the observer poses the question do I see the light coming through the left-hand hole, and Nature’s response is “Yes”, then the quantum state collapses to the part compatible with the observer’s experience. This state, extended backward in time via the Schroedinger equation acting in reverse will have the light wave passing through the left-hand hole, and the effect of this reduction will be incorporated into all future experiences of all observers.

This orthodox way of understanding the apparent backward-in-time effects uses only strictly forward-in-time evolution of the actual state, but achieves an explanation of apparent retrocausation by using the orthodox rules to trim away from the created sequence of effective pasts the parts that become irrelevant to the future, because they led to possibilities that were probed, and ruled out by Nature’s choice.

This orthodox way of understanding how nature works provides a secure foundation for considering the results reported by Bem. Those reports indicate certain departures of what was observed from what the orthodox rules predict. These differences can, however, be incorporated into the strictly orthodox theory by a change that is technically minor, but perhaps very important pragmatically.

Chapter 7 : The Principle of Sufficient Reason
There is one aspect of contemporary quantum theory that I have long regarded as unnatural and unreasonable: its violation of the Principle of Sufficient Reason. This principle asserts that nothing happens without a sufficient reason: no definite fact can just pop out of the blue, with no reason at all to be what it turns out to be. This principle is often ascribed to Gottfried Leibniz, who Bertrand Russell called “one of the supreme intellects of all time”. But the first recorded statement of this principle in Western Philosophy was by the Ionian philosopher Anaximander of Miletus. Thus this principle has a long and distinguished philosophical lineage. Demanding that quantum mechanics should honor this principle is neither unnatural nor unreasonable.

The feature of quantum mechanics that violates this principle is the notion that Nature’s choices of what actually happens are purely random. This is the idea that the rules of quantum theory specify the “probability” that a particular event will occur under specified conditions, but what actually happens in any individual case is determined by absolutely nothing at all! 

It is, of course, completely reasonable that a pragmatic theory should be basically statistical. Such a theory is designed to make practical predictions about what will happen in a real situation, where many pertinent facts may be unknown to the user of the theory. But a theory that aspires to be a rationally coherent description of reality itself should, in my opinion, not have things  suddenly become definite with no reason at all to be what they turn out to be. 

Orthodox quantum mechanics, as I construe it, aspires to provide a rationally coherent description of reality. Thus, on the basis of the Principle of Sufficient Reason, it is completely natural and reasonable to suggest that, contrary to the usual precepts of strictly orthodox quantum mechanics, Nature’s choices are not fundamentally random, but have sufficient reasons to be what they turn out to be. Bem’s empirical findings provide statistically significant scientific support for this possibility. 

Chapter 8 : An Overview of Bem’s Experiments
There is a huge body of literature pertaining to Psi Phenomena.. It contains many reports of widely differing qualities, along with challenges to their credibility. Describing and assessing the significance of this mass of data is a monumental task. To define a limited endeavor suitable for treatment in a thin volume aimed at general readers unfamiliar with these phenomena, and who do not wish to invest major amounts of time, I shall consider here the content of one single published article. It has passed the tough scrutiny of a major science journal, and was performed at a prestigious university, Cornell,  by a professor of high repute, DaryI J. Bem. His paper is topical, having created a furor that reached the pages of the New York Times opinion page (Jan 7, 2011), where cognitive scientist and author Douglass Hofstadter claimed that “If any of Professor Bem’s claim’s were true, then we would have to rethink everything about the nature of the universe”.  Outraged scholars called for this paper to be banned from scientific journals, while other noted that all major advances contravene prevailing ideas..

The thrust of the present work is that although Bem’s results are indeed incompatible with current basic physics, they can be explained in a rationally coherent way by making a technical modification of those rules that leaves the prior successes of quantum mechanics essentially unaffected. This modification makes nature’s supposedly random choices not random. It allows nature’s choices of outcomes  to favor the actualization of certain positive feelings of an observer, or  to disfavor the actualization of certain negative  feelings.     

Bem’s paper [13] describes nine different experiments. Each is a variation of a standard psychology experiment involving a “cause”, generated by a random number generator (RNG), and an “effect”, consisting of an action performed by the experimental subject/participant. In this variation, the RNG-generated event identified as the cause occurs after the subject’s action identified as its effect. The RNG is shielded from actions upon it by the subject-system, and it acts on the subject-system only after the subject completes his or her action. So no correlation between the putative cause and the observed effect is expected. 

It is arranged that a later participant-experience will be generated. This experience occurs after the cause and the effect have both occurred. This experience can be either pleasing, displeasing, or neutral. It occurs if and only if the cause and effect are correlated in a specified way. Bem’s result is that the specified correlation occurs more often, less often, or as often as what is predicted by chance, according to whether the associated experience is pleasing, displeasing, or neutral. Thus it appears that the participant’s experienced mood is acting as a cause that acts backward in time. 

My intention here is to show how orthodox quantum mechanics can be converted to a rationally coherent quasi-orthodox form that naturally accounts for the new data without upsetting the successes of the orthodox theory. The experiments purport to exhibit backward-in-time causation, but the explanation proposed here preserves the basic forward-in-time causal structure that has long been a main pillar of science.

Prior to the central part of most of the experiments the participants were given a short questionnaire. They were then identified, on the basis of their answers, as either “stimulus seeking” (SS) or “not stimulus seeking”. In four of the experiments the subjects in the SS group produced “retro-causal” effects that had probability p=0.002  or less of occurring by chance; and in two of these four the probability of occurring by chance was p=0.0003 or less. 

All but two of the experiments involved the viewing of emotion-generating pictures. There were no significant deviations from normal expectations in the control experiments in which the emotion-generating pictures viewed by the subjects were replaced by emotionally neutral pictures. 

Insofar as these various probability estimates are accurate, it seems prohibitively unlikely that the reported anomalies could occur by virtue of a statistical fluke. Nor does the possibility of experimenter errors sufficiently gross to account for the reported anomalies seem likely. Thus I believe that these reports warrant being regarded, at least provisionally, as science-based empirical evidence about the nature of reality.

Chapter 9: Details of the Bem Experiments

Bem’s article describes nine experiments, each of which is a variation of a standard psychology experiment. Each experiment has three elements: a choice made by a random number generator (RNG), a choice made a human subject, who is the “participant” in the experiment, and finally and a feeling experienced by the participant ,in accordance with the design of the experiment. 

The choice made by the RNG in the standard experiments occurs first, and it is regarded as the randomly chosen “cause” of what follows. But in Bem’s altered version this RNG “cause” occurs after the participant’s choice. 

The choices made by the RNG and by the participant are both essentially binary, namely a choice between a ‘Yes’ and a ‘No’. If the choices made by the RNG and by the participant agree -- if both are ‘Yes’ or both are ‘No’-- then the action made on the participant is designed to induce an emotion, which, in accordance with the specific design of the individual experiment, will be either positive (very pleasing), negative (very displeasing), or neutral (non-emotional.). If the two choices disagree, then the action on the participant will be such as to induce no strong emotion 

Neutral Cases

The overall result of the nine experiments is that in the neutral cases, where no appreciable emotional response of the participant is expected, the measured ratio of the observed fraction of instances in which the choices made by the RNG and by the participant agree, to the observed fraction of instances in which these two choices disagree, is unity (one). This is the completely expected consequence of the equal likelihoods of ‘Yes’ and ‘No’ for the RNG: in any instance the choice made by the RNG (which is shielded from all physical influences from the participant) is equally likely to be the same as the choice made by the participant as to be opposite to the choice made by the participant. Thus the empirical result that the ratio of the two cases is unity is in complete accord with the predictions of both classical mechanics and orthodox quantum mechanics.

A Startling Result

In a baffling contrast to the result found in emotionally neutral cases, in cases which the action made upon the participant is designed to induce an emotional reaction, this measured ratio changes. It is no longer unity. It is greater than one when the later induced emotional response of the participant is positive and less than one when this later induced emotional response is negative. This is puzzling, from a classical point of view, because the RNG is seemingly prevented by the design of the experiment from being influenced by what the participant has decided to do; and the emotional reaction of the participant, upon which the ratio depends, is not determined until later, and then only via some arbitrary procedure designed by the experimenters. If we accept that these results are correct, how can they be achieved in any reasonable natural way?

A Possible Explanation

This finding suggests, at first, that either the RNGs are being influenced in a mysterious way by the participant’s earlier actions; or that the participant’s earlier actions are being affected in a mysterious retrocausal (backward-in-time causal) way by the choices made by the RNG.  But the kinds of actions made by the participants, and also those controlled by the RNGs, vary greatly over the nine experiments. And neither of these two choices have any logical connection to the emotions of the participant. Thus the choice made by the participant is, for example in the first Bem experiment, a choice between two very similar side-by-side screens, and the choice made by the RNG is a choice between a ‘Yes’ bit and a ‘No’ bit. The connection to the participant’s emotions arises only later by virtue of the arbitrary procedures introduced by an experimenter. How this arbitrary contrivance of the experimenter, which gets injected into the experiment only later, gets fed into the connections between the earlier choices between neutral elements made by participant and by the RNG, respectively, is a bigger mystery than the original ones of how the subject’s choice could influence the RNG, or the RNG could influence the subject’s choice. The more rational possibility is that the difference in the probabilities is a consequence of Nature’s choice depending on the emotions that become actualized by that choice.

Quantum mechanics provides a simple way to achieve this: replace the “irrational” notion that Nature’s choices ‘pop out of nothing at all’ by the assumption that Nature’s choices are based on reasons, and that these reasons cause Nature to favor the occurrence of positive feelings relative to neutral ones, and to disfavor the occurrence of negative feelings relative to neutral ones. Then two major problems, the origins of Nature’s choices in the individual instances, and the explanation of the Bem result, are resolved, within the general existing quantum formalism, by a single reasonable change. Why must Nature necessarily be insensitive to mental realities in a quantum world that, as explained in the earlier chapters, must be sensitive to global relationships, involving human mental states, that seem to be incomprehensible in purely physical terms?

In the first Bem experiment the subject is seated before a screen with a pair of side-by-side curtains, and is told that behind one curtain there is a picture, and behind the other curtain a blank wall. The subject is asked to choose the curtain behind which he or she feels the picture lies. Then either a picture or the image of a blank wall appears at the location, left or right, that the subject has chosen. This picture will turn out to be either erotic or nonerotic.

Actually, at the time of the subject’s choice between left and right it has not yet been decided whether the picture that will appear is erotic or nonerotic, or whether it will be assigned to the left or right position. After the subject makes his or her choice, two random number generators (RNGs) are consulted. The first (actually a pseudo random number generator--PRNG) chooses randomly between an erotic picture and a nonerotic picture, whereas the second RNG (a true RNG) chooses randomly the left or right location. The play of pure chance would tend to make the subject’s choice correct 50% of the time. That is essentially what happens for the nonerotic pictures. But for erotic pictures the subjects chose the correct location  53.1% of the time, with the probability that this would occur by chance being 1%. For the SS group of subjects, the correct choice of location was made 57.6% of the time, with probability p=.00002 that this would occur by chance.

How can such a departure from chance be explained in a way that leaves intact most of the principles that work so well in normal situations?

In the light of the understanding of orthodox quantum mechanics developed in the earlier chapters the solution is obvious: shift from the strictly orthodox theory in which Nature’s choices are governed by “pure chance” to a quasi-orthodox quantum mechanics in which Nature’s choices are governed by reasons, which lead in particular to a slight biasing that favors positive emotional experiences and disfavors negative emotional experiences of the agents who are freely choosing the questions.

In the second Bem experiment the subject chooses from a pair of neutral mirror images a “preferred” picture. After this choice of preference is made, a RNG chooses one of the two pictures as the “target”. If the preferred picture is not the target then a highly arousing negative picture is subliminally flashed. Thus the preferred picture becomes associated, after it is chosen as preferred, with a strong negative subliminal stimulation if this “preferred” picture is subsequently not chosen as the target. Since the RNG choice of target is made only after subject’s choice of preference, the target status should not, according to ordinary ideas about causation, influence the earlier choice of preference. But for subjects in the SS category the preferred picture turns out to be the target picture 53.5% of the time, with the probability p=0.002 that this would occur by chance. Thus the empirical deviation from normal causal expectations is a decrease in the proportion of observed instances in which the participant is subjected to strong negative subliminal stimulation.  

According to orthodox quantum mechanics, the non-experienced quantum mechanical processes, such as the unexperienced activity of the RNG, merely generate “potentialities” or “possibilities” for future psycho-physical events. According to that idea, the effect of the choice made by the RNG is to separate the quantum state of the universe into two equally weighted branches within which different subliminal stimuli are mechanically applied to the subject. After the strong negative subliminal stimulus is applied to the subject in one branch and not applied in the other,  the potential brain state of the subject will temporarily be split into two parts that would presumably correspond to two different moods or emotional states. Nature must then decide which of these two states will become actualized. When Nature chooses between these two branches, it must, in order to fit the empirical data, choose less frequently than the quantum rules specify the branch in which the negative subliminal stimulus is applied, and in which the mood is presumably more negative. Thus, Bem’s empirical findings can again be explained within quasi-orthodox quantum theory by allowing Nature’s choice to deviate slightly from the predictions of orthodox quantum mechanics. In this case the deviation must tend to suppress the actualization of the brain state in which the participant is subjected to the strongly negative subliminal stimulus -- which can be expected to depress his or her emotional state.

Bem’s third experiment is retrocausal priming. In a typical normal priming experiment, participants are asked to judge as quickly as they can whether a displayed picture is pleasant or unpleasant, and the time that it takes the subject to respond is then recorded. Normally, a positive or negative word (e.g., beautiful, ugly) is flashed briefly on the screen just before the picture appears. This word is called the prime. Individuals typically respond more quickly when the valences of the prime and the picture are congruent (both are positive or both are negative) than when they are incongruent. In Bem’s retroactive version of the procedure, the prime appeared 300ms after the participants reported their judgments of the pictures, hence after the reaction time is measured. 

The effect of the later priming on the previously measured reaction time is statistically significant. The precise numbers depend weakly on details of how the data is treated, but the quoted probability is p=0.007 that the empirically observed “retrocausal” effects are due to a statistical fluctuation. Experiment 4 is a similar experiment with p=0.014 the probability that the positive result is due to a chance fluctuation. 

These results would be explained if, in the instances in which the reaction time is longer and the picture is positive, the output of the random number generator that chooses the ‘word’ were biased, so that it tended to favor choosing a positive word. But that kind of explanation raises the question of how a random number generator can become sensitive to the faraway reaction time of the human subject, and to the later matching or non-matching experiential qualities of a picture and a word in the mind of the participant. 

The quasi-orthodox explanation is that nature’s choice between the two alternative possible potential brain states -- created by the action of the RNG -- favors slightly (relative to the orthodox quantum prediction) the state in which the tandem inputs of the picture and the word feel harmonious,  rather than discordant. The order in which these two inputs enter into the determination of the subject’s final mood should not be a critical factor. It is the final feeling of harmony or disharmony that presumably leads to nature’s biased choice.  

Bem’s fifth retrocausal experiment is subliminal retrocausal habituation: the reduction, induced by repeated subliminal exposure to a negative emotional picture, of a person’s emotional response to a conscious viewing of that negative picture. The subject is shown a pair of strongly arousing negative pictures (or, as a control, a pair of emotionally neutral pictures), and then chooses a preferred one. A computer then randomly chooses one of the two pictures to be the ‘target’, and subliminally flashes it several times. The empirical effect of this subliminal flashing is to make the negative target picture, which was randomly chosen by the computer after the choice of preference, and then subliminally shown to the subject, more likely to be preferred by the subject at the earlier time. For negative pictures the preferred picture was the target picture 53.1% of the time, compared to the statistically expected 50%, with p=.014. For the neutral control pictures there was no significant deviation from normal expectations.

Again the quasi-orthodox explanation is that because there was no direct experience of which choice was made by the random number generator, the quantum state after the action of the RNG will have two branches, in one of which the emotional negative response to the negative picture is diminished by the repetitious flashes. Hence, if nature’s choices tend to avoid producing negative emotions then the instances in which the flashing reduces the eventually experienced negativity will be more likely to occur.

The sixth experiment was similar to the fifth with, however, the addition of experiments with positive (erotic) pictures to the negative ones. In the normal erotic case, in which the flashing occurs before the picture is evaluated, this repetitious exposure tends to diminish the erotic effect. The quasi-orthodox explanation is that the erotic picture will be less preferred also when the flashing is chosen and performed later. This is borne out: the target is preferred 48.2% of the time, with p=.039. For the subjects classified (on the basis of questionnaire responses) as “erotic stimulus seekers” the target was retroactively preferred 43.1% of the time, with p=.002, compared to the expected 50%. For the subjects not pre-classified as “erotic stimulus seekers” the results did not deviate significantly from normal chance expectations.

Experiment seven tested the idea that the repetitious flashing of a picture produces boredom with respect to that picture, and hence that flashing that picture supraliminally 10 times should make it less preferred. In this experiment the pictures were also chosen to be less emotional, and they were a mixture of erotic and negative pictures. 

For the full set of two hundred subjects the outcome did not deviate significantly from chance. But in the SS subset of subjects the randomly chosen target, which was selected after the choice of the preferred picture, was the preferred picture 47.9% of the times, with p=.019. The quasi-orthodox explanation is the same.

Experiment eight is “Retroactive Facilitation of Recall”. Bem’s description is this: “The current experiment tested the hypothesis that memory can ‘work both ways’ by testing whether rehearsing a set of words makes them easier to recall—even if the rehearsal takes place after the recall test has occurred. Participants were first shown a set of words and given a free recall test of those words. The participants were then given a set of practice exercises on a randomly selected subset of those words. The psi hypothesis was that the practice exercises would retroactively facilitate the recall of those words, and hence that participants would recall more of the to-be-practiced words than the never-to be practiced words.” In short, the hypothesis is that it helps to study for an exam after the exam.

The empirical result was that the hypothesis was confirmed: a certain measure of success was 2.27% with p=.029, and for the pre-selected subset of the subjects with a high “stimulus seeking” score the measure of success was 6.46% with p=.0003.

Experiment nine was like experiment eight, but with an extra added practice. The results were stronger. The measure of success for the full set of subjects was  4.21%, with p=.002.

Insofar as the random number generator is functioning properly and nature’s choices are in statistical accord with the predictions of orthodox theory, the conclusion to be drawn from the data would indeed be that the post-exam cramming has improved the exam performance. But orthodox quantum theory asserts that the empirical facts become fixed and settled when the psycho-physical event happens: the actual past cannot be changed. A second option is that the random number generator has become corrupted, and somehow gives outcomes that bias the supposedly random choices of what words are re-presented, so that they tend to match the words formerly remembered on the test, thereby accounting for the positive correlation between what was originally remembered and what was later re-presented. But by what mechanism does the random number generator become informed of what the participant recalled; and how can the simple mechanical RNG correlate its output to what the participant remembered and recorded on the earlier test? 

The third option is that the participant’s recollections and consequent behavior during the initial test are fixed and settled at that earlier time, as the orthodox theory requires, and that the random number generator functions properly, but that nature’s choice associated with the experiencing of the re-presentation is biased, relative to the orthodox prediction, in favor of collapsing the quantum state to the branch in which a re-presentation matches a memory formed earlier. According to this third option, experiencing something familiar is favored over experiencing something unfamiliar. As usual, the apparent biasing tends to favor psycho-physical events helpful to the preservation of life, in the present case this being the recognition of something familiar embedded in a background of things unfamiliar.

This capacity to recognize familiar things is, of course, something that we do very well. This ability is not usually thought to involve any quantum effect. Yet this facility is apparently enhanced in the quasi-orthodox quantum mechanics being advanced here, where nature’s choices are slightly biased in favor of producing emotionally positive experiences

It is, of course, highly anti-intuitive that the two macroscopically different brain states should co-exist, even briefly, after the computer has done its work. But if no experiential determination of the actualized branch has been made then the strictly orthodox position is that no reduction to one branch or the other has yet occurred. This is the notorious “Schroedinger Cat” problem. Einstein used this anti-intuitive feature of quantum theory to ridicule it by noting that, according to that idea, the moon would be smeared out over the night sky until the first observer, say a mouse, observes it. This issue has remained unresolved, empirically: it seemed to be a purely metaphysical question.  But now a simple empirical test is available: in these Bem experiments the apparent retrocausal effects should disappear if another observer witnesses the outcome of the random choice before the participant does! For then Nature’s choice of outcome should be associated with the experience of the other observer, thereby muting the dependence on the participant’s  emotional state.

Chapter 10 : Conclusions 

The overall effect of twentieth century efforts to bring physical theory into concordance with empirical data was to reverse the previously believed causal primacy of the physical over the mental. Our mental aspects were elevated from causally inert by-products of physical brain activities to active participants in the unfolding of psycho-physical reality. The new laws of physics allow each person to engage in a dialog with Nature. The person’s mental intention  initiates a probing action, to which Nature responds. Thus man’s science-based self-image was, as often emphasized by Niels Bohr, changed from spectator to actor and spectator. 

The explicit rules of quantum mechanics entail instantaneous long-distance transfer to faraway regions of information about which experiment is freely chosen nearby. This instantaneous effect is altogether different from the superficially similar instantaneous effect in classical statistical mechanics, which merely allows one to infer immediately, from information gleaned locally, knowledge about what already exists faraway. In the classical case this instantaneous change in expectations concerning faraway events certainly does not involve any “spooky action at a distance”. But it is shown here that in the quantum case the validity merely of several macroscopic predictions of quantum mechanics, coupled with the quantum concept of “free choice”, entails an essentially instantaneous faraway effect that seems inimical to any purely physical understanding of Nature’s process. 

The orthodox quantum mechanical rules make Nature’s responses completely random. But the single psi-type experiment examined here suggests that this is merely a good approximation. The evidence from this single experiment indicates, with high statistical weight, that Nature’s supposedly random choices actually tend to favor the actualization of certain kinds of observer feelings over other kinds of observer feelings. The actual existence of such a biasing of natural processes could perhaps, if suitably exploited, enlarge the capacity of our minds to influence the course of physical events.
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Appendix 1:  Proof of That Information Must Be Transferred Faster Than Light
David Bohm described in his 1951 book, Quantum Theory, an experiment much more practical than the one considered by Einstein, Podolsky, and Rosen. This Bohm experiment, together with a 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. 

Bohm’s version involves a certain kind of preparation procedure called “the creation of a pair of spin-1/2 particles in a spin-singlet state”. The experimental set-up involves what is imagined to be the creation of a pair of particles in this particular spin configuration. The two “particles” of the correlated pair are sent in opposite directions to two measuring devices of the Stern-Gerlach type. Each device has a preferred axis that is perpendicular to the common initial line of flight of the two particles, and it has two “particle detectors”, which are displaced oppositely along this preferred axis. The location of each detector is specified by an angle Փ that specifies the direction, relative to an arbitrary but fixed reference direction, of its displacement away from the common initial line of flight of the two particles. 

Quantum theory predicts that, if the detectors are 100% efficient, and if, moreover, the geometry is perfectly arranged so that, for each created-and-sent pair of oppositely directed particles, one, and only one, of the two detectors in each device fires (detects a particle), then the fraction of the created-and-sent pairs for which the detectors that fire in the first and second devices are located at angles Փ1 and Փ2, respectively, is (1-Cosine(Փ1-Փ2))/4. 

For example, if the locations of the two detectors that fire are both specified by the same angle, Փ1 = Փ2, then, for each created-and-sent pair, these two specified detectors will never both fire. If  Փ1 is some fixed angle and Փ2 differs from it by 180 degrees then these two specified detectors will, under the ideal measurement conditions, fire together for half of the created-and-sent 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 created-and-sent 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 created-and-sent 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-and-sent pairs.

.

I have listed these particular examples because they enter into the following proof, which shows that the locality hypothesis -- that information cannot be transferred faster than light -- is logically incompatible with the validity of these four empirically validated predictions of quantum mechanics, in a conceptual framework that includes the quantum mechanical idea of “free choices”. This idea of “free choices”  is the idea that the choice made by the experimenter about which probing action (which measurement) he will perform can be regarded as a free variable whose input into the dynamics is localized in the region where his or her action occurs. In other words, in a quantum framework that allows (in the analysis of these experiments) the choices made by experimenters in the two regions to be regarded as free variables, the validity of the predictions displayed in Diagram 1 is logically incompatible with the Locality Hypothesis, LH, that, for each of the two regions,  the information about the experimenter’s choice in that region cannot get to the other.

The two regions can be very far apart, and the two experiments essentially simultaneous. So the required information transfer is not merely faster than light, it is essentially instantaneous!  

The experimenter in the first region chooses between to  experimental setups. In the first setup the two displacements are “up” (Փ1=0 degrees) and “down” (Փ1=180 degrees). In the second possible setup in the first region the displacements of the two detectors are “right” (Փ1=90 degrees) and “left” (Փ1 = -90 degrees). In the first possible experimental setup in the second region the displacements of the two detectors are “up” (Փ2= 0 degrees) and “down” (Փ2= 180 degrees), respectively. In the second possible setup in the second region the displacements of the two detectors are specified by Փ2= 45 degrees and Փ2=-135 degrees. These angles specify the 16 numbers appearing in the sixteen little boxes in this diagram, for a case in which the total number of generated-and-sent pairs is 1000.
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In Diagram 1, the first two rows correspond to the two detectors in the first setup in the first region. The second two rows correspond to the two detectors in the second setup in the first region. The four columns correspond in the analogous way to the detectors in the second region, The arrows on the periphery  show the directions of the displacements of the detectors associated with the corresponding row or column. The number, 1000, of created-and-sent pairs can be increased to, say, a billion, with the number in the box the number of millions, rounded off, to decrease the expected statistical error. So we can assume that the numbers in the boxes are essentially accurate. The predicted fractions have been empirically validated to high accuracy in scores of high quality experiments.

The argument then goes as follows. Let the pairs in the ordered sequence of the 1000 created-and-sent 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 device, the displacements of the two detectors are “up” and “down”. Under this condition, quantum theory predicts, and experiment can confirm, that some  particular 500-member subset of the full set of 1000 created-and-sent pairs are such that the outcomes conform to the condition associated with the little box labelled A. The corresponding 500 member subset of the full set of 1000 intergers is called Set A. This Set A  is specified by string of 500 integers, all less than 1001. The first 4 elements in this Set A might be, for example, {1,3,4, 7}. 

If, at the last minute, the free choice in the second region had gone the other way, then the prediction of quantum mechanics is that the thousand integers would be distributed among the four little boxes that lie in one of the first two rows and also in one of the last two columns, with the number of integers lying  in each of these four boxes (or, equivalently, the number of created-and-sent pairs assigned to this box) being the number written in the box in the diagram.  

But if we now add the locality condition, then the demand that the macroscopic situation in the first region be left undisturbed by the reversal of the free choice made by the experimenter in the second (faraway) region means that set of integers in Set A must be distributed between the two little boxes standing to the right of the little box A. Thus the Set B, consisting of the integers in box B, would contain 427 of the 500 integers in Set A. This assertion is analogous to the EPR assertion that changing the experimenter’s choice in one region leaves the situation in the other region undisturbed. 

Given this condition on what would have happened if the choice in the second region had gone the other way we can inquire next about what would have happened if the choice in the first region had gone the other way, and can conclude, by virtue of the locality hypothesis, that the integers in box C, must include at least  427-73=354  of the integers in the set A, which are specified by what actually happened.  

If we repeat the argument, but reverse the order in which the two reversals are made, then we can conclude, from the same line of reasoning, that the number of elements in Set C that belong to Set A can be no greater than 250. Thus the conditions on Set C that arise from different orderings the two reversals are contradictory!

The key assumption is again the locality hypothesis that the outcome that appears in a region (in this case the first region) cannot depend upon which experiment the experimenter in the faraway region chooses to perform. For this requirement means that the 250 elements of set D must be distributed among the two boxes standing to its right, one of which is box C.

In the argument given above there is a reversal, in each of the two far-apart regions, of the original choice of which of two alternative possible experiments is performed in that region. A contradiction is establish between the consequences of the two alternative ways of ordering these two reversals. Because, according 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 the orderings of these two reversals. 

It must therefore be concluded that the faster-than-light feature of the quantum mechanical rules is not some unreal and deceptive mathematical quirk that has to do essentially with peculiarities of the quantum mechanical description of microscopic aspects. The present argument uses only empirically validated macroscopic predictions of quantum mechanics, without any reference to the micro-structure from whence they came, or to any other assumption about micro-structure, to demonstrate the  failure of the hypothesis of no faster-than-light transfer to an experimental region of the information about which of the two alternative possible measurements is free chosen and performed in a faraway experimental region.

Note that this argument does not go through if one considers the four experiments considered by EPR, whose arguement depends both on some characterization of “physical reality”, and also on some conflict with ideas about the details of the quantum formalism. It also does not depend upon extra “reality” conditions imposed by demanding that the predictions be compatible with a “hidden-variable” condition. The locality hypothesis is stated directly in terms of the condition that outcomes a region cannot depend on which experiment is performed faraway.

The situation can be described in more picturesque language. Suppose a preparation is carried out in a central region, and measurements are carried out in two far-apart regions L and R. Suppose the preparation consists of 1000 instances, numbered from 1 to 1000. Suppose the observer in each region can choose to measure either “color” or “shape”, but not both. Suppose that if he measures color he finds for each instance either “blue” or “yellow”. And suppose that if he measure shape he finds for each instance either “spherical” or “cubic”. 

Suppose that if the two observers choose to measure color, then each observer finds Blue half of the time and Yellow half of the time, with the observations in the two regions perfectly anti-correlated: in each instance, Blue in one region appears together with Yellow in the other. Then there will be a subsequence of 500 of the 1000 integers such that the observer in L finds Blue and the observer in R finds Yellow. This subsequence is called Set A. 

Suppose  we have a Locality Hypothesis, LH, which asserts that the information about what the observer in one region decides (at the last moment) to measure cannot  get to the other region. Then, if LH is valid, a last minute change in what is done (i.e.,measured) in R, with no change of what is done in L, must result in the instances labelled by set A being distributed in some way among two sets “Blue and Spherical” and “Blue and Cubic”. That is, if what is done in L is not changed, and the information about what is done in R cannot get to region L then the outcomes in L, namely Blue, cannot be changed. 

Having this condition on what must appear if what is done in R were to be reversed, but is done in L were to be left the same, we can now inquire, under the condition that LH is valid, about what would happen if, now, what is done in R were to be left the same, but what is done in L were to reversed, Then those instances that give Blue in L and Cubic in R must become distributed among the two sets that give Cubic in R, namely the set “Sherical in L and Cubic in R” and the set “Cubic in L and Cubic in R.

We can also deduce, under the same hypothesis, LH, the constraints on the set “Spherical in L and Cubic in R” if the first reversal is done in L and the second is done in R. The LH condition that no information about what is done in either region can get to the other region precludes the possibility that the conditions on this set “Spherical in L and Cubic in R” derived in these two ways should be contradictory. But the predictions of quantum theory about macroscopic outcomes do lead, under the  measurement conditions displayed in Diagram 1, to contradictory conditions. Thus the locality hypothesis LH, though completely compatible with the predicted outcomes in the classical case, is incompatible with the (macroscopic) predictions of quantum mechanics. 

The upshot is that the notion that classical intuition is basically correct at the macro-level cannot be correct: rational analysis disproves the locality hypothesis. Von Neumann’s orthodox quantum mechanics gives a rationally and mathematically coherent theory of reality that is compatible with all established data. It evades the inconsistency obtained here by accepting that nature’s choices of macroscopic outcomes must have the nonlocal (essentially instantaneous) features that the quantum rules explicitly entail, in spite of the fact that Einstein found them to be too “Spooky” to be true. 

Essentially instantaneous transfers of such information are not consistent with the intuitive idea of a purely physical process. Thus this violation of the no-faster-than-light hypothesis opens the door to further empirical explorations of the details of the non-physical aspects of nature’s process.

Appendix 2:  Counterfactual Reasoning
The argument in Appendix 1 is based on statements of the form:

“If Experiment E is performed and the outcome is O, then 

if, instead of E,  the experiment E’ were performed, then the outcome would be O’. ” 

Statements of this kind can be definitely true or definitely false in the context of a physical theory that has logically consistent laws that allow “free choices” between which of several experiments is performed. Orthodox quantum mechanics is such a theory.

Logical reasoning is aided by having a “mechanical” way checking the truth or falsity of statements. Then all competent users of the logic can agree on the truth or falsity of the propositions.  

Robert Griffiths [15] has invented such a “mechanical” procedure for counterfactual reasoning. It is a graphical procedure. It involves a tree graph that, reading from left to right, has branches that branch at branch points into more branches. Some branch points represent the occurrence of events where a choice must be made between two (or more) alternative possible experiments. Other branch points represent events where some particular outcome of some particular experiment must be chosen (by nature). If, as in our case, there are two far apart experimental regions, then the full graphical part that represents the possible events in the later region must be hooked onto each of the branches representing an outcome in the first region, in order for the graph, reading from left to right, to represent all possible possible sequences of the macroscopic events. 

Griffiths allows graphs that include branch points corresponding microscopic (invisible) events, but I exclude all such branch points and consider only visible events..

Diagrams 2 and 3 give the graphical representations of the two parts of the argument in Appendix 1. The part of the graph that corresponds to the part of the process labelled L (for left-hand region) stands to the left  of the parts labeled R (for right-hand region). The left-to-right ordering in the graph corresponds to increasing time. Thus the L part of the physical process is earlier than the R part.      

The argument in Appendix 1 involves two different orderings of the reversals. So one might consider a second graph with the L-R ordering reversed. But a key requirement  of Griffiths’ formalism is that a valid argument must be expressed by using only one single graph. So, within Griffiths’ theory, the counter-factual reasoning in Appendix 1 must be justified by using only one the single graph. Consequently, the two parts of the argument must use the same graph. The superposed lines in the two diagrams represent the propositions in the two parts of the argument. 
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Diagram 2. The Griffiths Diagram Corresponding to the part of the argument given in Appendix 1 in which the reversal R1 to R2 in region R precedes the reversal L1 to L2 in region L .

Diagram 2 represents the case in which the reversal from experiment R1 to experiment R2 comes first. Keeping track of the 500 elements of Set A under this reversal, which leaves everything in region L unchanged, we see that 427 of the 500  elements a Set A go to Set B. Next comes the reversal L1 to L2 in region L, with the experimenter’s choice of R2 in region R left unchanged.  We are interested in how many of the 427 elements in set A end up in set C, which corresponds to L2+. Because at most 73 of these elements can go to R2+, at least 427-73= 354 must end up in set C. This is just a diagrammatic representation in the pertinent Griffiths graph of the first half of the argument given in Appendix 1.
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Diagram 3. The Griffiths Diagram Corresponding to the part of the argument given in Appendix 1 in which the reversal L1 to L2 in region L precedes the reversal R1 to R2 in region R. 

.

Diagram 3 represents the second half of the argument given in Appendix 1, the part in which the first reversal is the reversal of L1 to L2 with the choice in region R of R1 held fixed. This takes at most 250 of the 500 elements in Set A that end up in L2+ into  Set D. Then the reversal of R1 to R2 keeping the choice in region L of L2 unchanged takes at most 250 of the elements in Set A  into Set C. Thus the conclusions deduced in Appendix 1 by using the common-sense understandings of the meanings of the words is confirmed within Griffiths’ theory of counterfactual reasoning.

Given the predictions of quantum mechanics shown in the three diagrams, one can give another kind of proof of the failure of LH.

If the choice in L is the “upper” choice L1,  then the following statement SR is true: 

SR: “If the choice in region R were to be R1, and the outcome were to be R1-, then if, instead, R2 were to be performed in R the outcome in R would most likely be R2-.

But if the choice in L is the “lower” choice L2, then SR is not true.

Thus the truth of SR, which refers only to observables in region R depends upon which experiment is performed in the faraway region L, in violation of the locality hypothesis LH.

A variation of this argument based on experiments of the kind proposed by Julian Hardy has been discussed in  [16, 17,18,19]..


The entire idea of using counterfactual statements of the form:

If E1 is done and O1 appears, 

then if, instead, E2 is done then O2 must appear.

might seem objectionable. But in the context of a theory that has definite laws that specify what will appear under various conditions that are controlled by a free choice between E1 and E2, this kind of statement can be made completely well defined in a way that faithfully captures the intuitive meaning of the statement. 

Consider, as an illustration, a classically describable situation in

which a particle of known charge and mass and velocity direction (but not speed), enters a region in which a fixed electric field, but no other cause of velocity change, is present. Suppose the expermenter/physicist sets the electric field at value E1, perpendicular to the initial velocity of the particle, so that if the particle ends up in detector O1, he can know what the initial speed was, and hence know that if the  field were to be set, instead, at value E2 then the particle would, by virtue of the laws of electromagnetism, end up in detector O2.

Under these condition the counterfactual statement displayed above would be true! 

There is an implicit understanding that nothing is to be changed except the experimenter’s free choice. In a deterministic classical world this could not realistically be achieved. But quantum mechanics is perfectly suited to this idea of a “free choice”. There are no laws of quantum mechanics that bar this idea of a free choice. And, indeed, Bohr often emphasizes this notion of a “free choice”, because it meshes with his “Complementarity” idea that any one of the alternative possible choices could be made, and they collectively exhaust the meaning of the quantum mechanical state of the observed system. Also, the predictions of quantum mechanics depend strongly of which measurement is performed, but depend in no way on which of billions of ways the experimenter might use to make this choice. So it is reasonable, within quantum mechanics, to treat the experimenter’s choice of what he will do as a free variable.    

Suppose, next, that we allow the possibility of two possible speeds. Then there be four possible outcomes, 01, 02, 03, and 04, instead of just two. 

Suppose, next, that each particle was emitted together with a partner that went in the opposite direction to a laboratory with a similar apparatus, Then there are 4x4=16 paired combinations of outcomes, and given the details of the initial production process one could fill in the numbers in the table analogous to Diagram 1. 

Insofar as the experimenter’s choice in one region has no effect upon what appears in the other region, one can carry through the argument described in Appendix 1, and obtain no contradiction in this (or any) classical physics example -- that exclude instantaneous action at a distance.

But  suppose now that each of the experimenters must choose which of two alternative possible speeds will be detected in his laboratory. And suppose that his choice affects, for example  reverses, the outcomes that appear in the other lab, unless that outcome has already appeared. Then the ordering in which the choices of experiments (and their essentially immediately appearing outcomes) occur can matter. Under these circumstances contradictions of the kind obtained in Appendix 1 occur.

The capacity of counterfactual reasoning to express the intended meaning can thus be easily illustrated by classically conceived examples. But the logical concepts are more general, and are perfectly suited to quantum mechanics, which admits no classical modeling, but has, inherently, the crucially needed property of free choices. Consequently, the logical consequence of the argument given in these two appendices is, I believe, that no rationally coherent conception of reality can accommodate several empirically confirmed  elementary predictions of quantum mechanics about visible macroscopic phenomena without allowing the free choice of what is done in one of two very far-apart, and at rest, detection devices to affect outcomes that could under various locally specified conditions appear in the other. 

The contorted efforts to “interpret” quantum mechanics by claiming that it cannot understood realistically, but must be regarded as merely a statistical account pertaining to our knowledge of reality, have clearly stemmed directly from the relativity-theory-based conviction of most twentieth-century physicists that information about our free choices cannot, in spite of the contrary explicit form of the quantum rules themselves, be transferred instantaneously to a distant region.  But Einstein’s “spooky action at a distance”  can be accommodated without difficulty in the rationally coherent realistically interpreted orthodox quantum mechanics, and on the basis of the arguments presented here, will be difficult to avoid in any rationally coherent understanding of reality.

=======================================================

Blurb

Henry P. Stapp, theoretical physicist at the University of California’s famed Lawrence Berkeley Laboratory, associate of quantum theory founders Werner Heisenberg and Wolfgang Pauli, and long-time expositor and developer of the Orthodox Quantum Mechanics created by John von Neumann, examines the recent much-discussed experimental results of Cornell Psychologist  Daryl J. Bem. In nine separate experiments, Bem finds that some standard psychology experiments continue to show relationships between computer-selected causes and human-subject reactions when the order of cause and effect are reversed. The phenomena depends upon the occurrence of an emotional feeling in the mind of the subject, with the effect  depending on whether the feeling is pleasing or displeasing. Stapp shows how Bem’s findings can be explained by a quasi-orthodox quantum mechanics in which the supposedly random elements that control quantum mechanical processes occurring in the brain of the subject are not completely random. They are biased by emotions. Orthodox quantum mechanics already explains the capacity of mental intent to influence bodily behavior, and the deviations from quantum randomness indicated by Bem’s results could enhance the power of mental intentions to influence physical properties. Stapp also shows that the validity merely of several empirically verified macroscopic predictions of quantum mechanics, coupled with the quantum concept of “free choice”, entails the existence of essentially instantaneous long-range actions that seems inimical to any purely physical understanding of Nature’s process. 


