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Preface to the Third Edition

The basic problem in the interpretation of quantum mechanics is to reconcile
the quantum features of the mathematics with the fact that our perceptual
experiences are described in the language of classical physics. Observed
physical objects appear to us to occupy definite locations, and we use the
concepts of everyday life, refined by the ideas of nineteenth-century physics,
to describe both our procedures for obtaining information about the systems
we are studying, and also the data that we then receive, such as the reading
of the position of a pointer on a dial. Yet our instruments, and our physical
bodies and brains, are in some sense conglomerates of atoms. The individual
atoms appear to obey the laws of quantum mechanics, and these laws include
rules for combining systems of atomic constituents into larger systems.
Insofar as experiments have been able to determine, and these experiments
examine systems containing tens of billions of electrons, there is no apparent
breakdown of the quantum rules. Yetif we assume that these laws hold all the
way up to visible objects such as pointers, then difficulties arise. The state
of the pointer would, according to the theory, often have parts associated
with the pointer’s being located in visibly different places. If we continue to
apply the laws right up to, and into, our brains, then our brains, as represented
in quantum mechanics, would have parts corresponding to our seeing the
pointer in several visibly different locations. Inclusion of the effects of the
environment does not remove any of these parts, although it does make it
effectively impossible to empirically confirm the simultaneous presence of
these different parts.

The orthodox solution to this problem is simply to postulate, as a basic
precept of the theory, that our observations are classically describable. This
postulate is incorporated into the theory by asserting that any conscious
observation will be accompanied by a “collapse of the wave function” or
“reduction of the wave packet” that will simply exclude from the prior
physically described state all parts that are incompatible with the conscious
experience. This prescription works beautifully. When combined with the
rule that the probability that this perception will occur is the ratio of the
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quantum mechanical weighting of the reduced state to the quantum me-
chanical weighting of the prior state, one gets predictions never known to
fail. This ad hoc injection, in association with “consciousness”, of “classi-
cal” concepts into a theory that is mathematically incompatible with those
concepts, is the origin of the mysteriousness of quantum mechanics.

There is mounting evidence from neuroscience that our conscious
thoughts are associated with synchronous oscillations in well-separated sites
in the brain. This opens the door to a natural way of understanding, simulta-
neously, both the mind-brain and quantum—classical linkages. Oscillatory
motions play a fundamental role in quantum mechanics, and they embody an
extremely tight quantum—classical connection. This connection allows the
quantum—classical and mind-brain connections to be understood together
in a relatively simple and direct way.

Chapters 13 and 14 are new in this edition. Both describe simple models
that achieve a simultaneous solution of these two problems. The first pa-
per, entitled “Physicalism Versus Quantum Mechanics”, is concerned more
with the philosophical aspects, whereas the second, entitled “A Model of
the Quantum—Classical and Mind-Brain Connections, and the Role of the
Quantum Zeno Effect in the Physical Implementation of Conscious Intent”
focuses more on technical matters pertaining to the question of the time
scales associated with the quantum-mandated influence of our conscious
intentional actions upon our physically described brains. These two papers,
and the second one in particular, involve more equations than any of the
other papers in the book. But these equations describe properties of simple
geometric structures, and the meanings of the equations are described also
in geometric terms.

To make room for the new articles without appreciably lengthening the
book, the old chapter 5 has been removed. Its content significantly over-
lapped that of other chapters, so its removal mainly eliminates redundancies.

The two new chapters describe in terms meant to be generally under-
standable to nonphysicists who are not uncomfortable with mathematics the
technical foundations of the approach to the mind—brain connection pursued
in this book and further developed in its sequel, the Springer volume Mindful
Universe: Quantum Mechanics and the Participating Observer.

Berkeley, October 2008 Henry P. Stapp
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I have been besieged by requests for copies of this book, particularly since
the publication of The Mind and the Brain by Jeffrey Schwartz and Sharon
Begley. That book gave a popular-style account of the impact of these
quantum-based considerations in psychiatry and neuroscience. This is just
one example of the substantial progress that has been made during the decade
since the publication of the first edition of Mind, Matter, and Quantum
Mechanics in understanding the relationship between conscious experience
and physical processes in the brain.

Von Neumann’s Process I has been identified as the key physical process
that accounts, within the framework of contemporary physical theory, for the
causal efficacy of directed attention and willful effort. It is now understood
how quantum uncertainties in the micro-causal bottom—up physical brain
process not only open the door to a consciously controlled top—down process,
but also require the presence of this process, at least within the context of
pragmatic science.

These new developments fit securely onto the general framework pre-
sented in the first edition. They are described in a chapter written for this
new edition and entitled “Neuroscience, Atomic Physics, and the Human
Person”. This chapter integrates the contents of three lectures and a text
that I have prepared and delivered during the past year. Those presentations
were aimed at four very different audiences, and I have tried to adopt here
a style that will make the material accessible to all of those audiences, and
hence to a broad readership.

The material covered in that chapter is essentially scientific. The broader
ramifications are covered in a second new chapter entitled “Societal Rami-
fications of the New Scientific Conception of Human Beings”.

Berkeley, July 2003 Henry P. Stapp



Preface to the First Edition

Nature appears to be composed of two completely different kinds of things:
rocklike things and idealike things. The first is epitomized by an enduring
rock, the second by a fleeting thought. A rock can be experienced by many
of us together, while a thought seems to belong to one of us alone.

Thoughts and rocks are intertwined in the unfolding of nature, as
Michelangelo’s David so eloquently attests. Yet is it possible to under-
stand rationally how two completely different kinds of things can interact
with each other? Logic says no, and history confirms that verdict. To form
a rational comprehension of the interplay between the matterlike and mind-
like parts of nature these two components ought to be understood as aspects
of some single primal stuff. But what is the nature of a primal stuff that can
have mind and matter as two of its aspects?

An answer to this age-old question has now been forced upon us. Physi-
cists, probing ever deeper into the nature of matter, found that they were
forced to bring into their theory the human observers and their thoughts.
Moreover, the mathematical structure of the theory combines in a mar-
velous way the features of nature that go with the concepts of mind and
matter. Although it is possible, in the face of this linkage, to try to maintain
the traditional logical nonrelatedness of these two aspects of nature, that
endeavor leads to great puzzles and mysteries. The more reasonable way, [
believe, is to relinquish our old metaphysical stance, which though temporar-
ily useful was logically untenable, and follow where the new mathematics
leads.

This volume brings together several works of mine that aim to answer
the question: How are conscious processes related to brain processes? My
goal differs from that of most other quantum physicists who have written
about the mind-brain problem. It is to explain how the content of each
conscious human thought, as described in psychological terms, is related
to corresponding processes occurring in a human brain, as described in
the language of contemporary physical science. The work is based on a
substantial amount of empirical data and a strictly enforced demand for
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logical coherence. I call the proposed solution the Heisenberg/James model
because it unifies Werner Heisenberg’s conception of matter with William
James’s idea of mind.

The introduction, . . . and then a Miracle Occurs”, was written specially
for this volume. It is aimed at all readers, including workers in psychol-
ogy, cognitive science, and philosophy of mind. Those fields, like physics,
have witnessed tremendous changes during the century since William James
wrote his monumental text. My introduction places the Heisenberg/James
model in the context of that hundred-year development.

The main features of the model are described in “A Quantum Theory of
the Mind-Brain Interface”. This paper is an expanded version of a talk I gave
at a 1990 conference, Consciousness Within Science. The conference was
attended by neuroanatomists, neuropsychologists, philosophers of mind,
and a broad spectrum of other scientists interested in consciousness. The
talk was designed to be understandable by all of them, and the paper retains
some of that character. Together with the introduction and appendix (“A
Mathematical Model”) it is the core of the present volume.

“The Copenhagen Interpretation” is an older paper of mine, reprinted
from the American Journal of Physics. It describes the Copenhagen inter-
pretation of quantum theory. That interpretation held sway in physics for
six decades, and it represents our point of departure.

The other papers deal with closely related issues. Many of the ideas
are to be found in my first published work on the problem, the 1982 paper
“Mind, Matter, and Quantum Mechanics”, from which this volume takes
its title. An overview of the model is given in “A Quantum Theory of
Consciousness”, which summarizes a talk I gave at a 1989 conference on
the mind—brain relationship.

The theory of the mind—brain connection described above is based on
Heisenberg’s ideas, and it accepts his position that the element of chance
is to be regarded as primitive. Einstein objected to this feature of orthodox
quantum thought, and Wolfgang Pauli eventually tried to go beyond the
orthodox view, within the context of a psychophysical theory that rested in
part on work of C. G. Jung. The possibility of extending the present theory
in this way is discussed in “Mind, Matter, and Pauli”.

“Choice and Meaning in the Quantum Universe” first describes some
attempts by physicists to understand the nature of reality, and then attempts
to discern, tentatively, a meaning intrinsic to natural process itself from an
analysis of the form of that process alone, without tying meaning to any
outside thing.

The mind—body problem is directly linked to man’s image of himself,
and hence to the question of values. The Heisenberg/James model of mind
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and man is separated by a huge logical gulf from the competing Cartesian
model, which has dominated Western philosophic and scientific thought
for three centuries. Two of the included papers, “Future Achievements to
Be Gained through Science” and “A Quantum Conception of Man”, were
presented at international panels dealing with human issues, and they explore
the potential societal impact of replacing the Cartesian model of man by the
Heisenberg/James model. The second of these papers is the best introduction
to this book for readers interested in seeing the bottom line before going
into the technical details of how it is achieved.

The final chapter, “Quantum Theory and the Place of Mind in Nature”, is
a contribution to the book Niels Bohr and Contemporary Philosophy, which
is to appear this year. It examines the question of the impact of quantum
theory upon our idea of the place of mind in nature. This article can serve
as a short philosophical introduction to the present volume, although it was
a subsequent development in the evolution of my thinking.

In the above works I have tried to minimize the explicit use of math-
ematics. But in an appendix prepared for this volume I have transcribed
some key features of the model from prose to equations.

Among the scientists and philosophers who have suggested a link be-
tween consciousness and quantum theory are Alfred North Whitehead, Er-
win Schrodinger, John von Neumann, Eugene Wigner, David Albert and
Barry Loewer, Euan Squires, Evans Harris Walker, C. Stuart, Y. Takahashi,
and H. Umezawa, Amit Goswami, Avshalom Elitzur, Alexander Berezin,
Roger Penrose, Michael Lockwood, and John Eccles. Only the final two
authors address in any detail the problem addressed here: the nature of the
relationship between the physical and physiological structures. Eccles’s
approach is fundamentally different from the present one. Lockwood’s ap-
proach is more similar, but takes a different tack and does not attain the same
ends.

Berkeley, February 1993 Henry P. Stapp
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1 ... and then a Miracle Occurs

A satisfactory understanding of the connection between mind and matter
should answer the following questions: What sort of brain action corre-
sponds to a conscious thought? How is the content of a thought related to
the form of the corresponding brain action? How do conscious thoughts
guide bodily actions?

Answers to these questions have been heretofore beyond the reach of
science: the available empirical evidence has been unable to discriminate
between alternative theories. Recently, however, mind/brain research has
provided powerfully discriminating data that lift these questions from the
realm of philosophy to that of science and lend strong support to definite
answers.

In attempts to understand the mind—matter connection it is usually as-
sumed that the idea of matter used in Newtonian mechanics can be applied
to the internal workings of a brain. However, that venerable concept does
not extrapolate from the domain of planets and falling apples to the realm of
the subtle chemical processes occurring in the tissues of human brains. In-
deed, the classical idea of matter is logically incompatible with the nature of
various processes that are essential to the functioning of brains. To achieve
logical coherence one must employ a framework that accommodates these
crucial processes. A quantum framework must be used in principle.

Quantum theory is sometimes regarded as merely a theory of atomic
phenomena. However, the peculiar form of quantum effects entails that or-
dinary classical ideas about the nature of the physical world are profoundly
incorrect in ways that extend far beyond the properties of individual atoms.
Indeed, the model of physical reality most widely accepted today among
physicists, namely that of Heisenberg, has gross large-scale nonclassical
effects. These, when combined with contemporary ideas about neural pro-
cessing, lead to a simple model of the connection between mind and brain
that is unlike anything previously imagined in science. This model accom-
modates the available empirical evidence, much of which is highly restrictive
and from traditional viewpoints extremely puzzling.
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Competing theories of the mind—brain connection seem always to have
a logical gap, facetiously described as . . . and then a miracle occurs”. The
model arising from Heisenberg’s concept of matter has no miracles or special
features beyond those inherent in Heisenberg’s model of physical reality
itself. The theory fixes the place in brain processing where consciousness
enters, and explains both the content of the conscious thought and its causal
efficacy.

This model of the mind/brain system is no isolated theoretical develop-
ment. It is the rational outcome of a historical process that has occupied
most of this century, and that links a series of revolutions in psychology and
physics. Although the model can be discussed in relative isolation, it is best
seen within the panorama of the twentieth-century scientific thought from
which it arose.

The historical and logical setting for these developments is the elucida-
tion by William James, at the end of nineteenth century, of the clash between
the phenomenology of mind and the precepts of classical physics. I shall
presently describe some of James’s key points, and will then review, from
the perspective they provide, some of the major twentieth-century develop-
ments in psychology: the behaviorist movement, the cognitive revolution,
and the dominant contemporary theme, materialism. On the physics side,
the crucial developments are Einstein’s special theory of relativity, quan-
tum theory, the Einstein—Podolsky—Rosen paradox, and the development
of some models of physical reality that meet the demands imposed by the
nature of quantum phenomena. Among these models the one proposed by
Heisenberg is, in my opinion, the best. Coupled to James’s conception of
mind it produces a model of the mind—matter universe that realizes within
contemporary physical theory the idea that brain processes are causally in-
fluenced by subjective conscious experience.

This model of the mind/brain links diverse strands of science, principally
physics, psychology, and brain physiology. I shall endeavor to provide the
necessary background in all three areas. However, I do not follow historical
order but construct instead a rational narrative.

The first critical point, which underlies everything else, is the fact that the
peculiarities of nature revealed by quantum phenomena cannot be dismissed
as esoteric effects that appear only on the atomic scale. The Einstein—
Podolsky—Rosen paradox, by itself, makes manifest the need for a radical
restructuring of our fundamental ideas about the nature of physical reality.
It also shows that this restructuring cannot be confined to the atomic scale.
Quantum physicists have for years been proclaiming this need for a profound
revision of ordinary ideas about the nature of the physical world. But their
reasons have usually been based upon interpretations of atomic phenomena
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that are accessible only to experts in the field. To outsiders the whole
business has remained shrouded in mystery. But the EPR paradox is a
puzzle that can be expressed wholly in terms of behaviors of objects that are
directly observable to the unaided eye.

To convince the reader that something is fundamentally wrong with
ordinary ideas about nature I shall begin with a description of this paradox.

1.1 The Einstein-Podolsky-Rosen Paradox

In 1935 Albert Einstein, Boris Podolsky, and Nathan Rosen wrote a fa-
mous paper! that led to what is now seen to be an unexpected property
of nature: an apparent need, at some deep level, for strong instantaneous
actions over large distances. This conclusion, which is diametrically op-
posed to Einstein’s own ideas about nature, is deduced from the predictions
that quantum theory makes in certain special kinds of experimental circum-
stances. Typically, these are situations in which two experimenters perform
at the same time, but in well-separated regions, independent measurements
upon a single extended system. Each experimenter is allowed to freely
choose—and then immediately perform—one of two alternative possible
measurements on the large system. The combination of the two measure-
ments, one performed by each of the two experimenters, is called here a
pair of measurements.

In this situation there are four alternative pairs of measurements that
might be performed. For each of these four pairs quantum theory makes an
assertion about the connection between the outcomes of the two measure-
ments. Einstein and his collaborators showed that these assertions, taken
together, conflicted with strongly held ideas about the nature of physical real-
ity. Over the years important generalizations of the original EPR arguments
have been constructed, and the conflict has been sharpened considerably.

The most recent version of the EPR paradox is based on an experiment
devised by Lucien Hardy.? The experimental details are unimportant in the
present context. What is important is that a certain experimental procedure
is used to produce a large collection of similarly prepared systems, and that
each of these systems is then subjected to a pair of measurements. These
two measurements are performed at the same time in two far-apart regions.
The measurement performed in each region will be one of two alternative
possible measurements, and the outcome of each performed measurement
will be one of two alternative possible outcomes.

To make the description more pictorial, without changing the logic,
I shall say that one of the two alternative measurements in each region
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Region 1 Region 2
Small Large Small Large
— —625%__ __ __

Size Size

2
%_g_ Small Large
Size
White  Black 100% White  Black
Color Color

Figure 1 A diagrammatic representation of the predictions of quantum theory for
the Hardy version of the EPR experiment.

measures “color” and the other measures “size”. These two words are just
a graphic shorthand for the two particular measurements that have been
described in detail by Hardy. The device that measures “color” fills a one-
cubic-foot box, and has a visible pointer that swings either to a position
marked “black” or to a position marked “white”. The device that measures
“size” is a similar device, with positions marked “large” and “small”. One
or the other of the two possible measurements can be performed in each
region, not both.

Quantum theory, transcribed into our language, makes four assertions
pertaining to this situation. It will be shown that these four assertions,
taken together, are logically incompatible with the following reasonable-
sounding locality assumption: the last-minute choice by the experimenter
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in one region about which of the two measurements he will perform in that
region cannot affect an outcome that appears far away at the same time under
a fixed faraway experimental condition. This assumption is similar to the
key locality assumption used by Einstein, Podolsky, and Rosen.

The four assertions of quantum theory are these (see Figure 1):

1 If “size” were to be measured in region 1 and the outcome there were to
be “large”, then if “color” were to be measured in region 2 the outcome
there would be “white”.

2 If“color” were to be measured in region 2 and the outcome there were to
be “white”, then if “color” were to be measured in region 1 the outcome
there would be “black”.

3 If “color” were to be measured in region 1 and the outcome there were
to be “black”, then if “size” were to measured in region 2 the outcome
there would be “small”.

4 If “size” were to be measured in both regions, then, in a large collection
of paired measurements, both outcomes will be “large” in approximately
one-sixteenth of the instances.

I shall now show how these four assertions of quantum theory, combined
with our assumption of no action at a distance, lead to a logical contradic-
tion. Readers not interested in following though the details of the logical
argumentation can skip to the end of the section in small type.

The argument goes as follows. Suppose predictions 1 and 2 of quantum theory
are correct. And suppose that no matter which of the two alternative possible mea-
surements is performed in region 1 the outcome appearing there must be independent
of which measurement is performed in region 2. And suppose a similar property
with regions 1 and 2 interchanged also holds. Then the following conclusion holds:

Conclusion A. Suppose “size” is measured in region 1 and the outcome there
is “large”. Then if “color” instead of “size” had been measured in region 1,
the outcome there would necessarily have been “black”.

To verify this result suppose that “size” is measured in region 1 and that the
outcome there is “large”, just as the supposition of conclusion A demands. Suppose,
moreover, that “color” is measured in region 2, just as the condition of prediction 1 of
quantum theory demands. Then this prediction implies that the result in region 2 must
be “white”. Given this result “white”, and the assertion that this outcome in region 2
cannot depend upon which measurement is performed in region 1, prediction 2
of quantum theory implies that if “color” instead of “size” had been measured in
region 1, then the outcome there would necessarily have been “black”.

This is the claimed conclusion. However, one extra assumption was used: it
was assumed that “color” was measured in region 2. That condition can be dropped.
For one of our assumptions is that no matter which measurement is performed in
region 1 the outcome there must be independent of which measurement is performed
in region 2. Hence the connection established between results in region 1 cannot be
disturbed by changing what we do in region 2.
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The natural interpretation of conclusion A is that, under the conditions of the
experiment, whatever is measured in region 1 is “black” if it is “large”. However,
that inference goes beyond what is actually proved, for it depends on the additional
assumption that there is an existing “something” that “has” the properties that are
measured. But one idea in quantum theory is that there may be nothing in nature that
possesses simultaneously the two properties that are represented here by the words
“large” and “black”. We do not wish to prejudge that idea, and hence will stick with
our more conservative conclusion A.

Conclusion A combined with prediction 3 of quantum theory yields:

Conclusion B. Suppose “size” is measured in region 1 and the outcome
appearing there is “large”. Then if “size” is measured also in region 2, the
outcome appearing in region 2 must be “small”.

The assumption here is exactly the assumption of conclusion A. Hence we can
use the conclusion: if “color” instead of “size” had been measured in region 1, then
the outcome in region 1 would necessarily have been “black”. But then prediction 3,
coupled with the assertion that the result in region 2 cannot depend on which mea-
surement is performed in region 1, implies that the result of the measurement of
“size” in region 2 must be “small”. This is what conclusion B asserts.

Conclusion B contradicts prediction 4 of quantum theory. Thus the predictions
of quantum theory are logically incompatible with the assertion that the outcome
of any measurement performed on one part of a quantum system must be indepen-
dent of which measurement is performed simultaneously on a faraway part: large
quantum systems seem to behave, at least in some special situations, as if they were
instantaneously linked-up wholes.

The entire argument refers only to large visible objects, namely the
macroscopic positions of devices and their pointers. Indeed, the predic-
tions of orthodox quantum theory are, in principle, always assertions about
such observable things. The details of the procedure by which these predic-
tions are derived is not germane to our conclusion, which is simply that the
predictions themselves are incompatible with the EPR assumption that no
influence can act instantaneously over large distances.

EPR-type paradoxes are not just freak anomalies in quantum theory:
they pervade the theory. Discovered in the mid-1930s by Schrodinger and
Einstein, they have been, ever since, a chief focal point of the study of
the foundations of physics. Numerous international conferences of physi-
cists and philosophers have centered on the EPR problem, and references to
“EPR” are ubiquitous in the foundational literature. The EPR-type phenom-
ena apparently entail the need for strong instantaneous influences, at some
deep level, and this evidently entails, in turn, the need for a major restruc-
turing of our ideas about the fundamental nature of the physical universe.

Physicists have devised three alternative possible ways of understanding
how the predictions of quantum theory can be valid. I shall describe these
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three models later. All are “radical”’: none conform to conventional ideas
about the nature of the physical world.
I revert now to historical order.

1.2 James’s Conception of Mind

James defines psychology as the science of mental life, where the latter
includes such things as “feelings, desires, cognitions, reasonings, decisions,
and the like”.> He immediately distinguishes two possible ways of unifying
the material, the spiritualistic, and the associationistic approaches. The
former seeks to “affiliate the divers mental modes . .. upon a simple entity,
the personal soul”, whereas the latter seeks “common elements in the divers
mental facts rather than a common element behind them”. In chapter I,
after describing a host of disparate facts about mental life he says of the
spiritualistic approach that

our explanation becomes as complicated as the crude facts with which we
started. Moreover there is something grotesque and irrational in the supposi-
tion that the soul is equipped with elementary powers of such an ingeniously
intricate sort.*

On the other hand, he argues that

the pure associationist’s account of our mental life is almost as bewildering
as that of the pure spiritualist. This multitude of ideas, existing absolutely,
yet clinging together, and weaving an endless carpet of themselves, like
dominoes in ceaseless change, or the bits of glass in a kaleidoscope,—
whence do they get their fantastic laws of clinging, and why do they cling
in just the ways they do?’

James, in his answer, cites numerous instances of evident mind—brain
connection to support the conclusion that

the spiritualist and the associationist must both be “cerebralists”, to the
extent of at least admitting that certain peculiarities in the way of working
of their own favorite principles are explicable only by the fact that the brain
laws are a codeterminant of the result.®

This conclusion elevates the problem of the mind-brain interaction into a
place of central importance in Jamesian thought.

After an extensive review of habit and reflex action, James raises the
issue of the automaton theory:

The conception of reflex action is surely one of the best conquests of psy-

chological theory; why not be radical with it? Why not say that just as
the spinal cord is a machine with a few reflexes, so the hemispheres are a
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machine with many, and that that is all the difference? The principle of
continuity would press us to accept such a view.”

... so simple and attractive is this conception from the consistently physio-
logical point of view, that it is wonderful to see how late it was stumbled on
in philosophy, and how few people, even when it is explained to them, fully
and easily realize its import.?

Descartes made a step in the direction of this “conscious automaton theory”,

but it was not till 1870, I believe, that Mr. Hodgson made the decisive step,
by saying that feelings, no matter how intense they may be present, can have
no causal efficacy whatever.’

James goes on to recount hearing a most intelligent biologist say:

“It is high time for scientific men to protest against the recognition of any

such thing as consciousness in a scientific investigation.”'

James’s rejoinder:

Inaword, feeling constitutes the “unscientific” half of existence, and any one
who enjoys calling himself a “scientist” will be only too happy to purchase
an untrammeled homogeneity in terms of the studies of his predilection,
at the slight cost of admitting a dualism which, in the same breath that it
allows to mind an independent status of being, banishes it to a limbo of
causal inertness, from which no intrusion or interruption on its part need
ever be feared.!!

James cites, nevertheless, one reason for accepting the causal inertness
of consciousness:

Over and above this great postulate that things must be kept simple, there
is, it must be confessed, still another highly abstract reason for denying
causal efficacy to our feelings. We can form no positive image of the modus
operandi of a volition or other thought affecting the cerebral molecules.!?

He quotes, from an “exceedingly clever writer”, a passage that ends with
the sentences:

“Try to imagine the idea of a beefsteak binding two molecules together. It

is impossible. Equally impossible is it to imagine a similar idea loosening

the attractive forces between two molecules.”!?

This seeming impossibility of even imagining how an idea, or a thought,
could influence the motions of molecules in the brain is certainly a main
support for the highly counterintuitive notion that mind cannot influence
matter. If there were a simple model showing how such an influence could
occur, in a completely natural way, and within the framework of the estab-
lished laws of physics, then the notion that our thoughts cannot effect our
actions would undoubtedly lose much of its appeal.
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James continues to quote the same author:

“Having firmly and tenaciously grasped these two notions, of the absolute
separateness of mind and matter, and of the invariable concomitance of a
mental change with a bodily change, the student will enter on the study of
psychology with half his difficulties surmounted.”!*

James retorts:

Half his difficulties ignored, I should prefer to say. For this “concomitance”
in the midst of “absolute separateness” is an utterly irrational notion. It is to
my mind quite inconceivable that consciousness should have nothing to do
with a business to which it so faithfully attends. And the question, “What
has it to do?” is one that psychology has no right to “surmount”, for it is her
plain duty to consider it."”

James makes a positive argument for the efficacy of consciousness by
considering “the particulars of the distribution of consciousness”. He says
that the study made throughout the rest of his book “will show that con-
sciousness is at all times primarily a selecting agency”. It is present when
choices must be made between different possible courses of action. Such a
distribution would be understandable if consciousness plays a role in mak-
ing, or actualizing, these selections; otherwise this distribution makes no
sense.

Beyond this crucial issue of the efficacy of consciousness, James’s prin-
cipal claim, at the fundamental level, is the wholeness, or unity, of each
conscious thought. Each thought has components, but the whole is, he
claims, more than than just a simple collection of its components. The com-
ponent thoughts are experienced together in a particular way that makes the
experienced whole an essentially new entity. It is these whole thoughts that
are the proper fundamental elements of psychological theory, not some col-
lection of “elementary components” out of which our thoughts are assumed
to be formed by simple aggregation.

The object of every thought, then, is neither more nor less than all that the
thought thinks, exactly as the thought thinks it, however complicated the
matter, and however symbolic the manner of thinking may be.

... however complex the object may be, the thought of it is one undivided
state of consciousness.'¢

An analogous property holds for the brain:

The facts of mental deafness and blindness, of auditory and optical aphasia,
show us that the whole brain must act together if certain conscious thoughts
are to occur. The consciousness, which is itself an integral thing not made
of parts, “corresponds” to the entire activity of the brain, whatever that may
be, at the moment."”



12 1 ... andthen a Miracle Occurs

The main conclusion of the present work is that James’s ideas about
mind and its connection to brain accord beautifully with the contemporary
laws of physics. But between the writings of James and this conclusion lie
the monumental twentieth-century revolutions in science.

1.3 The Special Theory of Relativity

The special theory of relativity was announced by Einstein in 1905. It is
pertinent here for two reasons. First, it caused an important shift in the gen-
erally accepted idea of the nature of science. The simple mechanical picture
of the universe that had been developing so successfully during the preced-
ing three centuries had beguiled scientists into believing that this simple
idea of nature was an accurate image of the real thing. That classical picture
involved, as Newton himself had specified, an absolute and homogeneous
space, within which things changed in an absolute and homogeneous time.
The Newtonian picture entailed the concept of a universal “now”: a present
instant of time defined unambiguously for every point in space. By over-
turning, in the minds of scientists, this intuitive idea of the instant “now”, on
the grounds that it could not be empirically tested, Einstein gave credence
to the the idea that every concept in physics should be empirically testable.
Einstein himself later strongly opposed that interpretation, as we shall see,
but the idea lived on: the broad view that the task of science was to enlarge
man’s “understanding” of nature gave way, temporarily, to a “positivistic”
attitude, which tended to shun, and even scorn, any component idea that was
not directly testable empirically.

The rejection of the idea of the instantaneous “now” entailed also re-
jection of the Newtonian idea of instantaneous action at distance —for “in-
stantaneous” lost all meaning. This led to the second pertinent consequence
of the special theory of relativity, the idea that no influence originating at a
point “A” could produce an effect at a point “B” before something traveling
at the speed of light could reach B from A. This idea of no faster-than-light
influence, like positivism, was also later to come into question, as we shall
see.
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1.4 The Behaviorist Movement

William James, and other nineteenth-century psychologists, took conscious-
ness to be the core subject matter of psychology, and introspection a neces-
sary tool for investigating it. He recognized that “introspection is difficult
and fallible”, and he apparently recognized that the problem of the con-
nection of conscious process to brain process was irresolvable within the
framework of the classical physics of his day. He foresaw, accordingly,
important changes in physics. Others, less patient, embraced the radical
solution: redefine psychology so as to exclude these difficulties. In 1913
John B. Watson launched the behaviorist movement with just such an aim:
The time seems to have come when psychology must discard all reference

to consciousness; when it no longer need delude itself into thinking that it
is making mental states the object of observation.

Its theoretical goal is the prediction and control of behavior. Introspection
forms no essential part of its methods . . .!3

Referring to the functionalist approach to psychology Watson says:

One of the difficulties in the way of a consistent functional psychology
is the parallelistic hypothesis. If the functionalist attempts to express his
formulations in terms which make mental states really appear to function,
to play some active role in the world of adjustments, he almost invariably
lapses into terms that are connotative of interaction. When taxed with this
he replies that it is more convenient to do so and that he does it to avoid
the circumlocutions and clumsiness that are inherent in a thoroughgoing
parallelism. As a matter of fact I believe that the functionalist thinks in terms
of interaction and only resorts to parallelism to give expression to his views.
I feel that behaviorism is the only consistent and logical functionalism. In it
one avoids both the Scylla of parallelism and the Charybdis of interaction.'®

This passage discloses the clouding of the thinking of a psychologist
by the dogmas of classical physics: the idea of an active interplay between
mind and matter was dismissed as not even in contention.

The behaviorists sought to explain human behavior in terms of certain
relatively simple mechanisms, such as stimulus and response, habit for-
mation, habit integration, and conditionings of various kinds. It is now
generally agreed that the simple mechanisms identified by the behaviorists
cannot adequately account for the full complexity of human behavior. It is,
of course, a completely proper part of the scientific method to try simple
ideas first. However, in the light of the tremendous complexity of the human
brain, it seems now naive to expect that its operation could be fully reduced
to things significantly simpler than consciousness. Rather, consciousness is
a comparatively simple aspect of the complex brain process. The availabil-
ity to us of these glimpses, however flawed and fallible, into the complex



14 1 ... andthen a Miracle Occurs

workings of the brain provides scientists with insights that can be exploited.
These “seemings” are data to be explained, and the need to explain them
constrains our theories.

1.5 Quantum Theory

Explaining consciousness in terms of quantum theory is no help to a person
to whom quantum theory is a mystery. Since most scientists in the field of
mind/brain research are not quantum physicists, I must, to make this work
broadly useful, dispel the mystery of quantum theory. That is my intention.

Quantum theory is a statistical theory: it deals with probabilities. If
a particle is in box, and we don’t know where, but we do know that every
possible location is equally likely, then we can imagine dividing the box into
ahuge number of little cubes of equal size, and assigning an equal probability
to each one. If more information becomes available then the probabilities
assigned to the various little cubes might be changed. For each such little
cube we might also have probabilistic information about the velocity that
the particle would have, if it were in that little cube. To represent this
further information we could imagine defining little six-dimensional regions
in position-and-velocity space and assigning a probability to each one. This
collection of probabilities would define a “probability distribution” for the
particle: it would specify, for each of these little regions in position-and-
velocity space, a probability for the “particle and its velocity” to be in that
little region. This probability distribution would, in general, change with
the passage of time.

If there is a device that detects these particles, then one can define a
distribution that is similar to the one just described, but that specifies not the
probability for the particle to be in each little six-dimensional region, but
rather the detection efficiency for that region: i.e., the probability (per unit
time) that if the particle is in that little region then the detector will register
a “detection event”. By combining these two distributions one can compute
the full probability (per unit time) for a detection event to occur under the
condition specified by the initial probability distribution.

The description just given applies to the case of a classical particle. How-
ever, the same formula for the “probability of a detection event” holds also in
the quantum case. The only differences are these: first, the evolution of the
probability distribution during the passage of time is governed by a different
equation of motion; second, the quantity that was interpreted in the classical
calculation as the probability in a little region in position-and-velocity space
can be negative. This second difference shows that interpretations of the
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two individual parts of the detection probability formula cannot be the same
as they were in the classical case. However, it is only the whole formula that
really counts anyway: only it can be compared directly to experiment. What
goes on unobserved, and unobservable, at the atomic level is unimportant
to the practical man of science.

This practical, or pragmatic, approach to quantum theory is called the
Copenhagen interpretation. It avers that we scientists should be content
with rules that allow us to compute all empirically verifiable relationships
between our observations. This view claims that no “deeper understanding”
is really a proper part of science. The key issue, however, is whether by
seeking to “understand” what is happening unobserved we might be able to
extend the scope of the theory to include relationships that formerly were
not perceived to exist, or that seemed to lie beyond the reach of science.
This was the issue raised by Einstein when he said:

It is my opinion that the contemporary quantum theory . .. constitutes an

optimum formulation of [certain] connections [but] . . . offers no useful point
of departure for future developments.?’

In this connection it is interesting to reflect upon a conversation between
Einstein and Heisenberg, recounted by the latter.

1.6 Conversation between Einstein and Heisenberg

Early in 1926 Heisenberg described the new quantum theory at a symposium
in Berlin attended by Einstein. Later, in private, Einstein objected to the
feature that the atomic orbits were left out. For, he argued, the trajectories
of electrons in cloud chambers can be observed, so it seems absurd to allow
them there but not inside atoms. Heisenberg, citing the nonobservability of
orbits inside atoms, pointed out that he was merely following the philosophy
that Einstein himself had used. To this Einstein replied:

Perhaps I did use such a philosophy earlier, and even wrote it, but it is
nonsense all the same.?!

Heisenberg was “astonished”: Einstein had reversed himself on the idea
with which he had revolutionized physics!

To find the probable cause of this astonishing reversal one need only look
at what Einstein had done between the 1905 creation of special relativity
and the 1925 creation of quantum theory. He created, in 1915, the general
theory of relativity. That theory welded the absolute space and absolute
time of Newton into an absolute spacetime. There are no observers or
measurements. Rather there is an entire plenum of unobservable spacetime
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points bound together by differential equations. In his ten-year search for
the general theory Einstein was driven, not by any effort to codify data,
but rather by demands for rational coherence, and an abstract “principle
of equivalence”. He sent the finished work to his friend Max Born saying
that no argument in its favor would be given, because once the theory was
understood no such argument would be needed. The critical tests were
carried out, and the predictions of the theory were confirmed.

The general theory of relativity, as an intellectual achievement, surpassed
by far the special theory. The general theory also undermined the two general
conclusions of the special theory mentioned earlier, namely the claim of the
virtue in science of strict adherence to positivism, and of the absence in
nature of a preferred instant “now”. As regards this latter point, many
solutions of the equations of general relativity do have a preferred sequence
of instantaneous “nows”. Furthermore, the universe we are living in has a
global preferred rest frame, which defines instantaneous “nows” empirically.
This frame has recently been empirically specified to within several parts
per million.

Certain important gains in science have arisen from adherence to pos-
itivistic philosophy. But if Einstein’s experience is a good guide, then the
demand for rational coherence can be expected to carry us still further.

In spite of the reservations of Einstein and others, the Copenhagen view
appeared to satisfy most quantum physicists during the first half of the
century. This was surely due in part to widespread acceptance of the belief
that it was impossible to comprehend what was going on behind the visible
phenomena. However, during the 1950s three possible models of “what
was actually happening in nature” were devised, and the third was due to
Heisenberg himself.

1.7 Contemporary Models of Physical Reality

In 1952 David Bohm propounded a model of the physical world that explains
the predictions of quantum theory in an essentially mechanical way.?> One
key assumption is the existence of a preferred rest frame. This frame defines
“instantaneous nows”, and it permits the introduction of an instantaneous
action at a distance. The second key assumption is that the “probability
distribution” appearing in quantum theory exists as a real thing in nature
herself, rather than as merely a construct in the minds of scientists. In
classical physics the probability distribution is merely a construct in human
minds, but in all models of reality that conform to the demands imposed by
quantum theory the probability distribution, or something very similar to it,
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exists in nature herself, outside the minds of men. The third key assumption
in Bohm’s model is the existence of a classical world of point particles
(and/or classical fields). This classical world is a physical world of the same
kind that is postulated in classical physics.

Given these assumptions Bohm was able to devise an instantaneous extra
force that depends on the (objectively existing) probability distribution, and
that “maintains” this probability distribution, in the following sense: for
any given probability distribution, imagine an ensemble of classical worlds
originally distributed in position and velocity so as to conform to this given
probability distribution; then this imaginary ensemble will continue forever
to conform to this evolving distribution, provided each of the various worlds
in this ensemble evolves under the influence of Bohm’s force.

How does Bohm’s model explain the EPR paradox described above?

Suppose that the device that measures color is constructed so the out-
come “black” is indicated by a swinging of the pointer on the device to the
right, and the outcome “white” is indicated by a swinging of the pointer to
the left. Suppose, similarly, that the device that measures “size” will indicate
“large” or “small” by a swinging of its pointer to the right or left, respec-
tively. Then after the measurement interaction has occurred the pertinent
macroscopic pointer will be in one location or the other, either swung to the
right or swung to the left. It will not be anywhere in between. The prob-
ability distribution will, therefore, be separable into two distinct branches,
one corresponding to each of the two alternative possible outcomes of the
measurement. These two branches will be confined to two different regions,
in terms of the position of the pointer. These two regions must be well sep-
arated, on the scale of visibly detectable differences, if the two alternative
possible outcomes are to be readily distinguishable by direct observation of
the pointer.

But which of the two alternative possible outcomes “actually occurs”?

That is determined, in Bohm’s model, by where the classically described
pointer ends up, after the measurement operation has been completed. For
example, the outcome is identified as being “black” if the classical pointer
ends up in the swung-to-the-right region, or “white” if the classical pointer
ends up in the swung-to-the-left region. This final position of the pointer
will depend, of course, upon the forces that have been acting on the pointer.
However, the forces needed to make the observable outcomes of the various
alternative possible measurements conform to the assertions of quantum
theory must be “nonlocal”, in the following sense: the forces acting on
objects in one region must, in some cases, depend upon which experiment
is performed in the other region. But if one allows forces of this nonlocal
kind then there is no problem in resolving the EPR paradox. For the paradox
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arises from a tacit assumption (made very explicit by Einstein, Podolsky, and
Rosen) that what happens in one time and place must be independent of what
an experimenter, acting at the same time in a faraway region, decides to mea-
sure. However, Bohm’s force involves instantaneous action at a distance,
and it leads to an explicit violation of this plausible-sounding no-faster-than-
light-influence assumption, which is part of our ordinary classical idea about
how nature operates.

In spite of this occurrence of faster-than-light influences, Bohm’s model
can reproduce all of the predictions of a relativistic quantum field theory.
Moreover, it permits no faster-than-light control of events in one region by
human decisions made in another. Thus the nonlocal character of Bohm’s
model of reality is veiled: the nonlocal character of the force, although
explicit in the model, is inaccessible to us at the practical level.

The key features of Bohm’s model are that the probability distribution
exists objectively, and decomposes dynamically at the level of the macro-
scopic variables, during certain ‘“measurement-type” physical processes,
into distinguishable branches, one of which is singled out by a nonlocal
mechanism. It is postulated that only this one singled-out branch is experi-
enced in human consciousness.

The second kind of model of physical reality proposed by quantum
physicists is one in which the probability distribution again exists objec-
tively, and decomposes, just as before, into distinguishable branches at the
macroscopic level. However, no mechanism selects one of these branches
as the unique branch that is experienced in human consciousness: there
exists, in the fullness of nature, a conscious experience corresponding to
each of the alternative possible outcomes of each of the measurements. The
fact that, for example, a certain pointer appears to any community of com-
municating observers to have swung only one way, or only the other way,
not both ways at once, is understood in terms of the idea that the universe
splits, at the macroscopic level, into various noncommunicating branches.
I shall not endeavor to explain here how this works. But the fact that such
an imaginative model is under serious consideration by mainline physicists
indicates that it is a nontrivial task to devise a coherent model of the physical
world that conforms, even at the macroscopic level, to the demands imposed
upon models of physical reality by the nature of quantum phenomena.

The present work is based on Heisenberg’s model of physical reality, or
rather upon my elaboration of his model, which he did not describe in great
detail. Heisenberg’s model is simpler than either of the others. It dispenses
with Bohm’s classical physical world. However, it retains the idea that
the probability distribution that occurs in quantum theory exists in nature
herself. Indeed, in Heisenberg’s model this probability distribution, and
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its abrupt changes, becomes the complete representation of physical reality.
This shift from Bohm’s manifestly dualistic representation of physical reality
to a somewhat more homogeneous one is compensated, however, by a shift
to a dualistic dynamics. The dynamical evolution of the physical world—
as represented by this probability distribution—proceeds by an alternation
between two phases: the gradual evolution via deterministic laws analogous
to the laws of classical physics is punctuated, at certain times, by sudden
uncontrolled quantum jumps, or events.

The essential features of the Heisenberg model of reality can be exhib-
ited by considering again the EPR paradox. During the first phase of the
measurement process the orderly evolution in accordance with the determin-
istic law of motion causes the probability distribution to develop in the same
way as in Bohm’s model: the probability associated with the macroscopic
pointer position becomes concentrated in the two separated regions, where
each region is associated with one of the two alternative possible outcomes
of the measurement. Thus if a device that measures “color” is in place
then the “probability” will become concentrated in two regions, one where
the pointer on that device has swung to the right, to signify the outcome
“black”, and one where the pointer has swung to the left, to signify the
outcome “white”. In Bohm’s model there is, in addition to this probability
distribution, a real classical world, and the determination of which of the
two alternative possible outcomes actually occurs is specified by whether the
classical pointer ends up in the swung-to-the-right or the swung-to-the-left
region. In Heisenberg’s model there is no such classical world. Rather, it is
postulated that after the deterministic laws of motion have decomposed the
probability distribution into the two well-separated branches a “detection
event” occurs. This event is a quantum jump, and it actualizes one or the
other of these two alternative macroscopic possibilities, and eliminates the
other. These Heisenberg events are considered to be the things that “actu-
ally occur” in nature: they are actual happenings, and they determine, by
the selections they actualize, the course of physical events.

Heisenberg’s model is structurally simpler than Bohm’s because it does
not involve plotting out the intricate motion of a classical world under influ-
ence of the nonlocal force. Also, once a Heisenberg detection event occurs
the branch of the probability distribution that represents the undetected pos-
sibility is eradicated. In Bohm’s model it awkwardly continues to exist.

The quantum jump actualizes, then, one or the other of the two macro-
scopic possibilities previously generated by the deterministic laws of mo-
tion. According to Heisenberg’s idea the strength of the “tendencies” for
the actualizations of the various alternative possibilities is specified by the
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(objectively existing) probability distribution itself. This ensures that the
predictions of quantum theory will be satisfied.

Heisenberg’s model of physical reality, as elucidated here, has three
characteristics that are important in what follows: (1) the model postulates
the existence in nature of “events”, which are identified as the actual hap-
penings in nature; (2) each such event actualizes a large-scale happening;
it saves an entire macroscopic pattern of activity, and eradicates the alterna-
tives; (3) such an event can occur only affer an initial mechanical phase has
constructed the distinct alternative macroscopic possibilities between which
the choice is to be made.

The model of the mind/brain to be introduced here is based on the phys-
ical similarity between brains and measuring devices. Certain Heisenberg
events that actualize large-scale patterns of neuronal activity in human brains
will be identified as the physical correlates of human conscious events. The
critical condition for such an identification is that the two correlated events
(i.e., the physical event in the brain and the psychic event in the mental
world) be images of each other under a mathematical isomorphism that is
described in one of the papers that follow. This isomorphism maps con-
scious events in a psychological realm to corresponding Heisenberg events
in a physicist’s description of a brain.

To link this model of mind and brain to contemporary ideas in psychol-
ogy I shall mention briefly the cognitive revolution in psychology and then
examine some works of influential writers who have argued against dualism.

1.8 The Cognitive Revolution

The development in physics during the 1950s of models of what might be
going on behind the visible macroscopic phenomena was matched a decade
later by a parallel development in psychology. Advances in linguistics made
it clear that the concepts identified by the behaviorists were too simple to
account adequately for all of the complexities in human behavior. The
examples of huge computing machines with complex software provided
illustrations of how “cognitive”, i.e., thoughtlike, processes can be generated
in complex, albeit mechanical, ways by using internal representations of
things external to the computer. These symbols for outside things can be
created by the computer and interpreted by it. The brain could thus be
imagined to be analogous to a computer, and the mathematics developed
in connection with artificial intelligence imported into psychology. But the
connection between cognition and consciousness was left unresolved by this
development, and “mental” came to mean cognitive rather than conscious,
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because cognition was what could be dealt with. However, our concern is
with consciousness.

1.9 Gilbert Ryle and Category Errors

Daniel C. Dennettis an influential author, and philosopher of mind. His book
Consciousness Explained has a section entitled “Why Dualism Is Forlorn”.
It begins with the words:

The idea of mind as distinct. . . from the brain, composed not of ordinary
matter but of some other, special kind of stuff, is dualism, and it is deservedly
in disrepute today ... Ever since Gilbert Ryle’s classic attack on what he
called Descartes’s “dogma of the ghost in the machine”, dualists have been
on the defensive. The prevailing wisdom, variously expressed and argued
for, is materialism: there is one sort of stuff, namely matter —the physical
stuff of physics, chemistry, and physiology—and the mind is somehow
nothing but a physical phenomenon. In short, the mind is the brain.>

Bernard Baars, in his book A Cognitive Theory of Consciousness, also
cites Ryle:

... philosopher Gilbert Ryle presented very influential arguments against
inferred mental entities, which he ridiculed as “ghosts in the machine” and
“humunculi”. Ryle believed that all mentalistic inferences involved a mixing
of incompatible categories, and that their use led to infinite regress.2*

Because Ryle’s 1949 arguments are still influential it is incumbent upon
us to see how his proofs impact upon our model. The first preliminary step
is to distinguish between two different kinds of mind: ghost-in-the-machine
mind, and Jamesian mind.

James, at the end of his long chapter entitled “The Consciousness of
Self”, gives his conclusions:

The consciousness of Self involves a stream of thought, each part of which
as “I” can (1) remember those that went before, and know the things they
knew; and (2) emphasize and care paramountly for certain ones among
them as “me”, and appropriate to these the rest. .. This me is an empirical
aggregate of things objectively known. The I that knows them cannot itself
be an aggregate. Neither for psychological purposes need it be considered
to be an unchanging metaphysical entity like the Soul, or a principle like the
pure Ego, viewed as “out of time”. It is a Thought, at each moment different
from that of the last moment, but appropriative of the latter, together with all
that the latter called its own . . . thought is itself the thinker, and psychology
need not look beyond.?

It is this “Jamesian mind” that our quantum model explains: it involves
no “knower” that stands behind the thoughts themselves. Hence it is less
susceptible to infinite regress.
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Ryle gives several infinite-regress arguments. The first deals with in-
telligence and knowing. He distinguishes between intelligent behavior and
the operation of thinking about what one is doing.

This point is commonly expressed in the vernacular by saying that an action
exhibits intelligence, if, and only if, the agent is thinking what he is doing
while he is doing it, and thinking what he is doing in such a manner that he
would not do the action as well if he were not thinking what he is doing . . . I
shall argue that the intellectualist legend is false and that when we describe a
performance as intelligent, this does not entail the double operation of con-
sidering and executing . . . The crucial objection to the intellectualist legend
is this. The consideration of propositions is itself an operation the execution
of which can be more or less intelligent, less or more stupid. But if for any
operation to be intelligently executed a prior theoretical operation had first
to be performed intelligently, it would be logically impossible for anyone to
break into the circle . .. The regress is infinite, and this reduces to absurdity
the theory that for an operation to be intelligent it must be steered by a prior
intellectual operation. What distinguishes sensible from silly operations is
not their parentage but their procedure, and this holds no less for intellectual
than for practical performances. .. “thinking what one is doing” does not
connote both “thinking what to do and doing it”. When I do something in-
telligently, i.e. thinking what I am doing, I am doing one thing not two. My
performance has a special procedure or manner, not special antecedents 2

In general, according to this view, mind refers to a way a body can
behave, for example intelligently, not to some thing that belongs to the
same category as a body.

Ryle’s argument does not confute our dualistic model. For in this model
the thinking and the doing do not occur in tandem. The thought and the
physical act that implements it are two faces of a single mind/brain event.
“Thinking what one is doing while one is doing it” is just that: the thought
and doing are two aspects of a single event; hence they do not occur in
tandem. Heisenberg’s conception of physical reality leads to a mind/brain
action, which, by combining the intellectual and functional aspects of the
executive act into a single event, evades Ryle’s attack on dualism.

Only the first of Ryle’s infinite-regress arguments has been dealt with
here, but all of those arguments fail for similar reasons to cover to the
Heisenberg/James model. The essential point is that Ryle’s arguments are
directed against ghost-in-the-machine mind: they do not carry over to the
Jamesian type of mind that occurs in the H/J model, in which the thought is
the thinker is the feel of the actual brain event.
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1.10 Dennett’s Consciousness Explained

Daniel Dennett’s book Consciousness Explained approaches the problem
of consciousness from the materialist point of view. He announces that

it is one of the main burdens of this work to explain consciousness without
ever giving in to the siren song of dualism. What, then, is so wrong with
dualism? Why is it in such disfavor??’

His answer cites the problem of understanding how mind can interact
with matter:

A fundamental principle of physics is that any change in the trajectory
of a particle is an acceleration requiring the expenditure of energy . . . this
principle of conservation of energy . ..is apparently violated by dualism.
This confrontation between quite standard physics and dualism has been
endlessly discussed since Descartes’s own day, and is widely regarded as
the inescapable flaw of dualism.?®

This objection does not apply to the Heisenberg/James model. This
model makes consciousness causally effective, yet it is fully compatible
with all known laws of physics, including the law of conservation of energy.

Dennett adopts “the apparently dogmatic rule that dualism is to be
avoided at all costs”. He thus strips mind away from Cartesian dualism
and arrives at a notion that plays a key role in his arguments: Cartesian
materialism. This is the idea that there is

a central [but material] Theater where “it all comes together”...a place
where the order of arrival equals the order of “presentation” in experience
because what happens there is what you are conscious of 2

Later he speaks of the audience, or witness, to presentations in this Cartesian
Theater; or of the Ego, or Central Executive, or Central Meaner as the witness
to such a presentation. These references to a “witness” seem to bring “mind”
back in. But what Dennett wishes to confute, in order to buttress his own
counterproposal, is the stripped-down idea of a “presentation” in a central
Cartesian Theater, regardless of who, if anyone, is watching it.

Dennett’s chief argument against the idea of a presentation in the Carte-
sian Theater is based on some experiments by Kolers and von Griinau: “Two
different colored spots [separated by, say, 4 degrees] were lit for 150 msec
each (with a 50 msec interval); the first spot seemed to begin moving and
then change color abruptly in the middle of its illusory passage toward the
second location.” The puzzle is: “How are we able. . . to fill in the spot at
the intervening place-times along a path running from the first to the second
flash before that second flash occurs” This timing inversion is difficult to
reconcile to the Cartesian Theater model of mind and brain. For within that
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model the information required to put the show on apparently arrives at the
Theater only at the end of the show.

Dennett uses this difficulty with the Cartesian Theater model to justify
his own approach, which he calls the Multiple Drafts model. That model
rejects the intuitive idea of a single stream of consciousness.

Instead of such a single stream (however wide), there are multiple channels
in which specialist circuits try, in parallel pandemoniums, to do their various
things, creating Multiple Drafts as they go.*

This claim that the stream of consciousness that “seems to exist” does
not really exist is the crux of Dennett’s theory. Responding to this surprising
claim his fictional interlocutor, “Otto”, exclaims:

It seems to me that you’ve denied the existence of the most indubitably
real phenomena there are: the real seemings that even Descartes in his
Meditations couldn’t doubt.’!

Dennett replies:

In a sense, you’re right; that’s what I'm denying exist.*?

He elaborates by referring to a certain optical illusion in which there “seems
to be a pink ring” even though there is no such ring in the external object
being viewed. He asserts that

there is no such thing as a pink ring that merely seems to be.*

There seems to be phenomenology . .. But it does not follow from this un-
deniable, universally attested fact that there really is phenomenology.>*

Dennett denies that experience is what it seems to be. He needs a strong
argument to support such a counterintuitive claim. His argument is that the
failure of the Cartesian Theater model rules out the stream of consciousness:

There is no single, definitive “stream of consciousness”, because there is no
central Headquarters, no Cartesian Theater where “it all comes together”
for a Central Meaner.”

That argument is not logically sound: the absence of a central place
where order of arrival equals order of presentation does not logically entail
that there can be no stream of complex unified thoughts of the kind we seem
to have.

The fundamental problem here is how can one logically form entities
that are intrinsically—i.e., strictly within themselves, without the help of
some outside binding agent—complex wholes, within a logical framework
that is fundamentally reductionistic—i.e., within a framework in which ev-
erything is asserted to be nothing but an aggregation of simple parts. Such a
feat is a logical impossibility, and that is why James despaired of resolving
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the problem of mind within the framework of classical physics. In order to
accommodate an intrinsically unified thought, as distinct from an aggrega-
tion that is interpreted as an entity by something else, one must employ a
logical framework that is not strictly reductionistic: a framework that has
among its logical components some entity or operation that forms wholes. A
Heisenberg event is just such an element, and the Heisenberg/James model
provides an explicit counterexample to Dennett’s claim. This model has
no Cartesian Theater, but it accommodates a stream of consciousness of
the kind described by James. The empirical evidence that undermined the
possibility of a Cartesian Theater is easily accommodated in the H/J model,
so Dennett’s line of argument is refuted by counterexample. In particular,
the Kolers—von Griinau result is easily explained, as are all of the other
“puzzling” experimental results he cites, such as Grey Walter’s precognitive
carousel, Geldard and Sherrick’s cutaneous rabbit, and Libet’s subjective
delay.

Let me explain. First, the rudiments of brain dynamics must be under-
stood. In a normal computing machine the currently active information is
stored in a generally small number of registers. But in the brain a huge
number of separate patterns of neural excitations can be present at one time.
These patterns can become correlated to stimuli and responses, and can me-
diate the behavior of the organism. In a manner discussed in some detail
in one of the following papers, the structure of these neural patterns can
form representations of the body and its environment, with a history of the
occurring representations becoming stored in memory. The main postulate
of the model is that every conscious event is the psychological counterpart
of a certain special kind of Heisenberg event in the brain, namely an event
that actualizes a pattern of neuronal activity that constitutes a representa-
tion of this general kind. However, any such representation must be formed
before it can be selected: the representation must be constructed by un-
conscious brain activity, governed by the preceding mechanical phase of
the dynamical evolution, before it can be actualized. During this prelimi-
nary mechanical phase a superposition of many such representations must
inevitably be generated. During the subsequent actualization phase one of
these representations will be selected.

This general picture, applied to the Kolers—von Griinau case, means
that the massive unconscious parallel processes of the brain will strive to
construct a coherent picture of the changing environment, compatible with
the available clues, before it is presented for possible adoption by a con-
scious event. In any good organization the executive action functions in
this same way. In this process of constructing a coherent representation
of the environment there is no central place in the brain where order of
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arrival equals order of “presentation” in consciousness. The representations
of the evolving environment are constructed by fitting patterns of neuronal
activity together in ways that conform to the rules for forming coherent rep-
resentations of the evolving environment, but constrained by incoming data.
The final patterns are essentially global, relative to the brain. A conscious
event actualizes only a fully constructed and coherent representation of “the
evolving self-and-surroundings”, after it has has been formed by uncon-
scious processes. The Kolers—von Griinau result is simply an instance of
this general mode of mind/brain functioning. It arises naturally from this
dualistic model that (1) is compatible with the laws of physics, (2) makes
consciousness functional, and (3) identifies each conscious event, as de-
scribed by James, as the image in a psychological realm of a special kind of
Heisenberg event in the brain.

To understand more fully the character of these Heisenberg events con-
sider a materialist’s picture of a man in a “black box”, isolated from all
outside influences and observers. If this system is to be described in terms
of strict laws of physics, and no observation or detection event occurs, then
the system will evolve in accordance with the purely mechanical aspect of
the law of motion. The parallel processors in the brain will churn out their
various determinations, and the system will evolve, just like Schrodinger’s
notorious cat, into a superposition of macroscopically distinguishable sys-
tems. Whereas that famous cat developed into a superposition of an “alive
cat” and a “dead cat”, so the man-in-the-box will develop, under the action
of the purely mechanical laws, into a superposition of, for example, a “stand-
ing man” and a “sitting man”. However, if the man then observes himself,
and a detection event occurs, then one of the two alternative possibilities
will be selected, and the other will disappear from the realm of possibilities.
This “observation” is not necessarily visual: “seeing” is not singled out as
the unique way of fixing the macroscopic facts. The man could, instead,
merely feel himself to be standing, or to be sitting: that sort of sensing also
constitutes an “observation”.

The H/J model postulates that this sensing event can be pushed back into
the brain to the point where the brain’s representation of the “standing man”,
or of the “sitting man”, is fully formed. The sensing event then actualizes,
in the brain, one or the other of these two representations. The associated
experience is an image of this representation. This isomorphic connection,
which is described in detail, is the core of the model.

This Heisenberg event actualizes precisely the sort of entity that is needed
to guide effective action. Indeed, according to James’s ideomotor theory,
it is just this sort of sensed representation of bodily position and action,
projected into the future, that acts as the mind/brain’s template for bodily
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action. The book by Baars, A Cognitive Theory of Consciousness, presents
contemporary empirical support for James’s theory. Thus this second, or
actualizing, phase of the dynamical process goes beyond the mechanical
parallel-processing phase. It fixes a structure in the brain that, in the case of
simple attention, is the brain’s representation of the self and its surroundings,
and, in the case of an intention to act, is the representation that serves as the
template for the chosen course of action.

Another piece of empirical evidence cited by Dennett as contrary to the
Cartesian Theater model, and hence evidence against the actual occurrence
of the phenomenal stream of conscious events that seems to occur, is Grey
Walter’s precognitive carousel. In this experiment the subject views a se-
quence of slide projections, and is told that he can, when he wishes, advance
to the next slide by pressing a button. But what actually advances the slide is
an amplified signal from an electrode implanted into the subject’s (patient’s)
motor cortex. The subjects “reported that just as they were ‘about to’ push
the button, but before they had actually decided to do so, the projector would
advance the slide”.

This phenomenon is completely in line with the H/J model, which spec-
ifies that voluntary bodily actions are initiated by the actualization of a
projected representation—a representation of what the forthcoming repre-
sentations of the body and its environment are expected to be. Because the
neural signal that is supposed to inaugurate the proceedings is intercepted,
and the intended action initiated prematurely, the monitored representa-
tions of what actually takes place will fail to match this expectation. This
mismatch will be experienced as a temporal anomaly in the subject’s repre-
sentation of “Self and Surroundings”. The subject will be surprised at the
“premature” motion of the slide, which he is, of course, unable to veto.

How different is the H/J model from Dennett’s? The former, on the one
hand, is far more specific about the connection between brain events and
conscious events. It accepts the Jamesian stream of consciousness as raw
data, and tries, with apparent success, to explain both the form of this data
and its connection to brain processes. Dennett’s theory, on the other hand,
rather than explaining the data, seeks to circumvent it. By challenging the
existence of the phenomenology, on the theoretical ground that there can be
no Cartesian Theater, he tries to discredit all introspective data that is not
backed up by objective data. However, Dennett’s theoretical argumenta-
tion, like Ryle’s, is directed essentially against Cartesian mind, rather than
against Jamesian mind. Once the idea of “the witness” is replaced by the
idea that each unified conscious experience simply occurs, in conjunction
with a complex global brain event that constitutes a complex “judgement”,
one arrives at a “dualism” that may not be irreconcilably different from Den-
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nett’s “materialism”. The latter does admit the existence of consciousness,
and hence, to be complete, it must eventually describe how the relatively
simple contents of conscious thoughts are related to the exceedingly com-
plex processes that are occurring in the brain. Dennett will have to embrace
quantum theory if he is to have a fully coherent model of the brain. Thus his
“materialistic” model, with these details adequately filled in, could evolve
into the H/J model.

The remnants of positivism have survived better in psychology than in
other branches of science. Yet the merit of a scientific theory lies not in
the verifiability of its individual parts. It lies in its internal consistency
and economy, its scope and adequacy, and its cohesiveness with the rest of
science. The Heisenberg/James model, though still in it infancy, does well
on all these counts.

1.11 Comparison with Penrose

Two other physicists have written books propounding ideas related to those
developed here. The central theme of both works is that the emergence of
consciousness in association with brain processes is closely tied up with the
quantum character of physical reality. Since that thesis is the core also of
the works collected here, a comparison of my works with theirs is in order.

The first of the two books is Roger Penrose’s The Emperor’s New Mind.
It describes quantum theory in some detail, focusing on the two very differ-
ent ways in which a quantum system can evolve. The first is by the smooth
deterministic development in accordance with the basic quantum law of
motion, the Schrodinger equation. The second is by the sudden and unpre-
dictable quantum jumps. In Penrose’s terminology, the smooth development
is called the “unitary” process U, and the abrupt one is called the “collapse”
or “reduction” process R. Each quantum jump effects a “choice” or “de-
cision” that picks out and actualizes one of the many “linearly superposed
possibilities” previously generated by the unitary process U.

Near the end of his book Penrose arrives at the main conclusion:

I am speculating that the action of conscious thinking is very much tied up
with the resolving out of alternatives that were previously in linear super-
position. This is all concerned with the unknown physics that governs the
borderline between U and R . . %

Penrose’s book can be viewed as a detailed attempt to justify this idea.
If Penrose’s conclusion is correct then several questions immediately
arise: How are the structural features of our conscious thoughts related to the
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structural features of what is going on in the brain? Can conscious thoughts
direct the course of brain activity? If so, how does a conscious thought
produce, in some natural and understandable way, without invoking any
magical or mystical transcription process, precisely the brain activity that
promotes the goal represented in the thought? Penrose makes no attempt to
answer these questions. They are, however, precisely the ones that I address.
Thus my works begin where Penrose’s book leaves off.

One of Penrose’s main reasons for believing that the quantum charac-
ter of reality is essential to the occurrence of consciousness is the shared
“global” character of conscious thoughts and quantum states. I, also, have
emphasized this point, but it may be useful to reinforce it by using Penrose’s
words.

Penrose cites many examples from the worlds of mathematics and music
in which a thought seems to grasp an entire complex whole. One example
is Mozart’s description of how he creates a musical composition:

“I keep expanding it, conceiving it more and more clearly until I have the
entire composition finished in my head though it may be long. Then my
mind seizes it as a glance of my eye a beautiful picture or a handsome youth.
It does not come to me successively, with various parts worked out in detail,
as they will later on, but in its entirety that my imagination lets me hear it.”’

Penrose goes on to say that

it seems to me that this accords with a putting-up/shooting-down scheme
of things. The putting-up seems to be unconscious (“I have nothing to do
with it”) though, no doubt, highly selective, while the shooting-down is the
conscious arbiter of taste (“those which please me I keep . . .”"). The globality
of inspirational thought is particularly remarkable in Mozart’s quotation (“It
does not come to me successively . . . butin its entirety”). Moreover, I would
maintain that a remarkable globality is already present in our conscious
thinking generally.?®

Penrose cites a number of similar occurrences in the lives of Poincaré,
Hadamard, and himself: after appropriate preparation the answer pops into
consciousness as a complete unit.

To physicists who have long wrestled with the fundamental questions in
quantum theory this “globality” of conscious thoughts is reminiscent of the
“globality” of quantum states. Although this latter property is essentially
technical it is worthwhile trying to convey its essence.

The “globality” of quantum states is revealed most strikingly in the
Einstein—Podolsky—Rosen paradox mentioned earlier. Penrose correctly
stresses that this paradox is not similar to the correlations between distant
events that are understandable in the framework of ordinary classical ideas
about the nature of the physical world.*® In that classical way of thinking
you can contemplate a situation in which two balls are shot out in opposite
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directions from a central region, and in which you know that one of the balls
is white and the other is black. If you then find out that the ball appearing
in your vicinity is white you can immediately infer that the ball appearing
in the other vicinity must be black. There is no puzzle or paradox in any of
this.

The EPR situation is quite different. There the combined system of two
far-apart particles acts as a single global entity, in the sense that it is not
possible to impose the following causality requirement: “What a scientist
decides to do to one part of a system cannot affect in any way how the
system will respond at the same instant to a measurement performed upon
it far away.” Thus a quantum system seems able to behave as a unified
entity: What you do fo it in one place can influence how it will react to a
simultaneous probing far away.

The profoundness and irrevocability of this collapse of the classical
local-reductionistic conception of the physical universe was not fully rec-
ognized even by Einstein, Podolsky, and Rosen: it became clear only after
John Bell had prepared the way with his famous “Bell’s theorem”. The basic
message of Penrose’s book, as of mine, is that the enormous changes that
have been wrought by quantum theory in our ideas about the fundamental
nature of matter have altered radically the problem of the connection of mind
to matter.

Penrose begins his book with a look at the popular question “Can a
computing machine think?” Back in 1950 Alan Turing proposed that this
question be replaced by a substitute, which is essentially this: “Can a com-
puting machine behave as if it thinks, in the sense that it can normally answer
questions from a human interlocutor well enough to fool that interlocutor
into believing that the answers might be coming from a human being?”

The substitute question appears on the face of it to be inequivalent to
the original: thinking is not idential to behaving as if thinking. But Turing
believed that the original question was “too meaningless to deserve discus-
sion”. His principal point was that if the original question were converted
into the less ambiguous form “Is this machine conscious, i.e., ‘aware’?”,
then the issue is untestable. For the only way one can be sure about whether
a machine is conscious is to be that machine! Consequently, the demand
for intersubjective agreement, which is deemed essential to science, cannot
be met: only one machine can actually be the given machine.

Turing’s proposal was influential during the reign of behaviorism, but
the fault with this kind of approach is now apparent: it limits theoretical
creativity too severely. The concept of consciousness might be useful in the
construction of a theory that economically, adequately, and comprehensively
organizes the many kinds of empirical data pertaining to human behavior.
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Hence the concept of consciousness ought not be summarily banned from
science by a philosophical prejudice.

Penrose goes even further. He says that when he speaks of such things
as thinking, feeling, understanding, or above all consciousness,

I take the concepts to mean actual objective “things” whose presence or ab-
sence we are trying to ascertain, not to be merely conveniences of language .*°

He says that he has in mind

that at some time in the future a successful theory of consciousness might
be developed—successful in the sense that it is a coherent and appropri-
ate physical theory, consistent in a beautiful way with the rest of physical
theory, and such that its predictions correlate precisely with human beings’
claims as to when, whether, and to what degree they themselves seem to be
conscious—and that this theory might indeed have implications regarding
the putative consciousness of our computer.*!

In the margin in my copy of Penrose’s book, next to this passage, I have the
annotation “Bravo!”: Penrose and I are in close agreement on this point.

A good portion of Penrose’s book is spent developing two arguments that
I believe to be flawed, or at least inconclusive. The first argument attempts
to justify the idea that the quantum reduction process R mentioned earlier—
and hence also consciousness—is closely connected to gravity. The other
argument is intended to support the thesis that human consciousness must
access in some direct way the Platonic realm of abstract mathematical truth.

The first of these arguments is based on the assumption that if black
holes exist, and if phase space disappears into them, then some other process
must create compensating amounts of phase space in regions devoid of black
holes. This is an awkward assumption that I find artificial and uncompelling.
Even if it were accepted I doubt that the quantum process R would correctly
achieve the end that it demands. For the process R casts out some of the
classical branches of phase space populated by the flow generated by the
unitary U. Hence R seems, if anything, effectively to eliminate phase space
rather than create it.

In the papers assembled here I adhere to the more conventional idea
that the process R is not connected in a special way to either gravity or the
associated Planck mass of 107> grams, but that rather the quantum jumps
effect choices between possibilities that are distinguishable at the level of
directly observable phenomena. The deep questions why the jumps occur
at this level, and which of the allowed possibilities is actually chosen in
any individual quantum event, are not addressed here: the present form of
the proposed quantum theory of the mind/brain interface —like the present
orthodox quantum theory of matter—does not seek to answer either of these
deep and still unresolved questions.
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Penrose’s second argument is intended to buttress his belief that human
consciousness directly accesses the Platonic realm of abstract mathematical
truth. Within the framework of contemporary scientific ideas this proposal
must be classified as a “mystical” notion. I adhere instead to a “naturalistic”
position that restricts theoretical entities to the union of the physical world
of particles and fields, as it is described by quantum theorists, and the expe-
rienced world of thoughts and feelings, as it is described by psychologists.

Penrose’s argument in favor of direct conscious access to the Platonic
realm of abstract truth proceeds essentially as follows: he argues that since
mathematicians can come to agreement about the truth or falsity of mathe-
matical statements either they must all be appealing ultimately to the same
“algorithm” (i.e., finite set of step-by-step rules) for determining mathemat-
ical truth, or they must sometimes use nonalgorithmic methods. The first
possibility is ruled out because either the algorithm is known to the mathe-
maticians or it is not, and if it were known to them then they could, by using
the celebrated construction devised by Kurt Godel, be able to prove the truth
of a certain proposition that their algorithm cannot validate, which would
mean that this algorithm cannot be their final arbiter of mathematical truth;
but if the algorithm were not known to them then they would be accepting
the verdicts of an algorithm whose validity they cannot have established,
and this contradicts the mathematicians’ conviction that they can be certain
that the truths which they prove to be true must indeed be true. This leaves
open only the second possibility, which is that nonalgorithmic methods must
sometimes be used. But what is the nature of this nonalgorithmic way of
divining the truth of mathematical statements?

If the physical universe indeed behaves in accordance with rules of quan-
tum theory, then it acts in some sense algorithmically, provided the quantum
element of chance is simulated by a (pseudo) random number generator.
Thus there would be, in principle, at least in a closed quantum universe
containing only a finite number of particles, and in some discrete step-by-
step approximation, a universal algorithm controlling all brain processes,
and hence, in our “naturalistic” theory, all conscious processes as well. Of
course, our conscious thoughts contain representations of only a tiny part of
what would be represented in a complete quantum-mechanical description
of the brain. Thus it is at most only the general principles governing the
activities of our mind/brain, not the full detailed description, that can ever be
actually known to us. Yet from these general principles, expressed in terms
of comprehensible mathematical rules, we ought to be able to understand
quite well how the parts of our brain processes that correspond to certain
“mathematical” portions of our thought processes can conform to logical
rules, and hence produce correct algorithmic reasoning. However, the math-
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ematical algorithms produced in this way are only a minor by-product of the
general quantum algorithm that is controlling our mind/brain process, and
they consist not of one single universal algorithm, but rather of an expand-
ing collection of algorithms, which grows as mathematicians create more
and more of these things. The question at issue is therefore this: How can
we, at any stage in the development of mathematics, validate the truth of a
mathematical statement whose truth is not implied by the rules that we have
already validated?

This problem is to some extent a bootstrap one of demonstrating consis-
tency: i.e., of proving the absence of any possibility of contraction. Yet, on
the other hand, the system of mathematical truths consisting of true state-
ments about the unending sequence of integers 1,2, 3,. .. seems to be more
than just a matter of human creative prowess. We “know” that the properties
of this set that we have proved to be true are indeed true. But how do we
know it?

There does indeed seem to be some sort of “insight” or “intuition” in-
volved here. But do we therefore really have to admit to divination via non-
naturalistic access to a nonphysical realm of abstract mathematical truth?
Might not “insight” be understood in terms of the quantum-mechanically
described brain process?

Consider a simple example: What is the general formula for the sum
14+2+43+---4+ (N —1)+ N? One way to arrive at the answer is to imagine
a big square checker board that has N little squares along each side. Then
imagine coloring in the bottom little square in the first (i.e., leftmost) column,
the bottom two squares in the second column, the bottom three squares in
the third column,. .., and finally the N little squares in the Nth column. In
all we will have colored in the entire lower-right-half triangular portion of
the big square, plus the upper-left-half triangular portions of each of the N
little squares on the diagonal, for a total of (N?/2) + N/2 = N(N +1)/2
little squares. The total number of little squares filled in is the desired sum.

This process in our imagination allows us to “know” that the sum in
question is N(N + 1)/2, no matter how big the number N is, without
having previously formulated in any precise way the rules about how we
actually know this to be true.

In this example it is not clear that we have any need to access any
nonphysical realm of absolute truth. The argument seems to arise from the
exercise of certain powers of manipulation and abstraction of visual images,
and such powers might conceivably develop in a natural physical way from
interactions, since birth, of our brains and bodies with our actual physical
environment. This possibility seems to mesh well with the assertion by
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Einstein cited by Penrose that in his (Einstein’s) case the psychical entities
of abstract thought are “of visual and some muscular type” *?

Penrose’s argument fails to really close off the possibility of this kind
of physical explanation of mathematical insight. The reasoning process,
like all mental processes, might be controlled by the universal quantum-
mechanical rules, and hence be “mechanical” and (in some approximation)
“algorithmic” and “naturalistic” although following rules unknown to the
mathematician himself. The problem, then, is the origin of the mathemati-
cian’s sense of certainty that certain conclusions produced by this process
“must necessarily be true”.

The answer might conceivably be that the mathematician, through an
accumulation of experience involving cross-checking and continual testing
of ways of manipulating images originating ultimately in common sensa-
tions, comes to have an exceedingly secure feeling about the “correctness”
of certain procedures —correctness in the sense that these procedures always
do lead to conclusions that hang together in a coherent and consistent way.
The feeling of certainty could arise from the fact that the consistency of
the way that a certain imagined sequence of visual images hangs together
is “visually” obvious in the simplest instances, and it becomes apparent
through experience that one can “increase N by one” without disrupting
the relationships that were obvious in the simplest case. This explanation
would demand certain powers to manipulate imagined visual images, and
to discriminate which sequences hang together in a consistent way, but such
powers with respect to visual imagery could be expected to arise from the
interaction of the members of our species with the world about them, over
an evolutionary epoch. There is no clear need, in the development of such
powers, for access to some nonphysical realm of abstract mathematical truth.

This account of the origin of mathematicians’ sense of certainly is not
conclusively ruled out by Penrose’s argument. In fact, this possibility is not
actually addressed by that argument: it slips through the net of his logic
because the reasoning process is in the physical sense “algorithmic” being
based on the universal quantum rules, but in the mental sense “insightful”
being based on the mathematician’s almost “hands-on” experience with the
manipulation of visual and other sensory images. Thus the process does not
have a clean “algorithmic or nonalgorithmic” status.

For this account of “insight” to be acceptable as a viable possibility it
must be placed in a context where the close connection between experiential
processes and brain processes is understood in naturalistic terms. Otherwise,
there will be an impulse to resolve this gap in understanding by reverting,
as Penrose did, to prequantum ways of thinking. That is, we need the very
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sort of theory of consciousness that Penrose said he had in mind, and that I
endeavor to deliver.

1.12 Comparison with Lockwood

The second of the two books is Michael Lockwood’s Mind, Brain, and
the Quantum. Lockwood argues strongly that traditional philosophical ap-
proaches to the problem of the connection between mind and matter suffer
seriously from inflexible adherence to a “material” conceptualization of
matter that is not supported by scientific knowledge:

This prejudice in favour of the material seems to me devoid of any sound sci-
entific foundation. Quantum mechanics has robbed matter of its conceptual
as much as its literal solidity. Mind and matter are alike in being profoundly
mysterious, philosophically speaking. And what the mind-body problem
calls for, almost certainly, is a mutual accommodation: one which involves
conceptual adjustment on both sides of the mind—body divide.**

Lockwood argues that just as philosophers concerned with the mind—body
problem are, in large measure, inclined to leave the concept of matter in
an antiquated state, so physicists concerned with the central question of
“measurement” are, in large measure, unwilling to deal with the problem of
mind:
What the quantum-mechanical measurement problem is really alerting us
to, I shall argue, is a deep problem as to how consciousness (specifically the
consciousness of the observer) fits into, or maps on to, the physical world.

And that, of course, is the question that lies at the heart of the traditional
philosophical mind-body problem.*

Lockwood and I are in close agreement on these basic points. However,
we adopt technically different stances as regards the status of the random
process R mentioned above. In order to avoid the puzzling instantaneous
influences, and to maintain, at the basic level, various symmetry properties
that quantum theory exhibits, he assumes that R is not a physically real
process, but is rather a sort of illusion, arising from the fact that “conscious-
ness” is continually separating into noncommunicating branches: each “I”
separates, from time to time, into a collection of “Is” each with a different
ongoing succession of experiences. This is the so-called “many-worlds” or
“many-minds” interpretation of quantum theory, and it has many things to
recommend it. It has also many technical problems to overcome. Much of
Lockwood’s book is an attempt to describe, and to some extent deal with,
these problems. This shifts the focus of his book generally away from the
sort of questions that I address. But Lockwood’s book, like Penrose’s, gives
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a glimpse into the philosophical and historical setting that underlies the
works assembled here.

1.13 Comparison with Eccles

John Eccles has proposed a theory of the relationship between mind and
matter that makes an appeal to quantum theory.** That appeal is minimal:
it exploits the breaking of determinism that quantum theory entails, without
going into the tremendous changes in the conception of matter that consti-
tutes the core of the theory.

The basic aim of Eccles’s theory is quite different from that of the present
works, which is to see how far one can go in explaining the data pertaining
to the mind—matter relationship without bringing in any structural forms
that are not represented within the quantum-mechanical description of the
brain. Eccles’s theory, on the contrary, brings in a kind of “soul”, which
constitutes a “knower” and “controller” of what is going on in the brain.
The thoughts reside in this nonphysical structure, rather than being an in-
tegral part of the brain itself. The question of how the “knower” is able to
transcribe the complex patterns of neural firings into thoughts is not really
tackled in any serious way: the “knower” would seem to have to possess a
tremendous analytical capacity comparable to that of the brain itself. This
would involve an uneconomical redundancy in nature: two computers, one
material, and one in some mysterious other realm. The aim of the present
works is precisely to show how in a quantum-mechanical nature, which
therefore contains among its characteristics both mindlike and matterlike
qualitites, one single computer, the mind/brain, suffices.

References

1 A.Einstein, B. Podolsky, and N. Rosen, Is Quantum Mechanical Description of
Physical Reality Complete?, Phys. Rev. 47, 777-780 (1935).

2 L.Hardy, Phys. Rev. Lett. 71, 1665— (1993).

3 W.James, The Principles of Psychology (Dover, New York, 1950; reprint of 1890
text), vol. 1, p. 1.

4 Ref.3,p.3.

5 Ref.3,p.3.

6 Ref.3,p. 4

7 Ref.3,p. 129.

8 Ref. 3, p. 129.

9 Ref.3,p. 130



10
11
12
13
14
15
16
17
18

19
20

21
22

23

24

25

26
27
28
29
30
31
32
33
34
35
36

37
38
39
40
41
42
43

44
45

References 37

Ref. 3, p. 134.

Ref. 3, pp. 134-135.

Ref. 3, p. 135.

Ref. 3, p. 135.

Ref. 3, pp. 135-136.

Ref. 3, p. 136.

Ref. 3, p. 276.

Ref. 3, pp. 176-177.

J. B. Watson, Psychology as the Behaviorist Views It, Psychol. Rev. 20, 158-177
(1913).

Ref. 18.

A. Einstein, in Albert Einstein: Philosopher-Scientist, edited by P. A. Schilpp
(Tudor, New York, 1951), p. 87.

W. Heisenberg, Tradition in Science (Seabury Press, New York, 1983), p. 114.
D. Bohm, A Suggested Interpretation of the Quantum Theory in Terms of “Hid-
den” Variables, Phys. Rev. 85, 166—193 (1952).

D. C. Dennett, Consciousness Explained (Little, Brown and Company, Boston,
1991), p. 33.

B. Baars, A Cognitive Theory of Consciousness (Cambridge University Press,
Cambridge, 1988), p. 8.

W.James, The Principles of Psychology (Dover, New York, 1950; reprint of 1890
text), vol. 1, p. 400.

G. Ryle, The Concept of Mind (Barnes and Noble, New York, 1949).

Ref. 23, p. 33.

Ref. 23, p. 35.

Ref. 23, p. 107.

Ref. 23, p. 253.

Ref. 23, p. 363.

Ref. 23, p. 363.

Ref. 23, p. 363.

Ref. 23, p. 366.

Ref. 23, p. 257.

R. Penrose, The Emperor’s New Mind (Oxford University Press, New York,
1989), p. 438.

Ref. 36, p. 423.

Ref. 36, p. 423.

Ref. 36, p. 281.

Ref. 36, p. 10.

Ref. 36, p. 10.

Ref. 36, p. 423.

M. Lockwood, Mind, Brain, and the Quantum (Basil Blackwell, Cambridge MA,
1989), p. x.

Ref. 43, p. x.

J. Eccles, How the Mind Controls the Brain (Springer, Berlin Heidelberg, 1993).



2 A Quantum Theory of Consciousness

2.1 Introduction

Classical physics has no natural place for consciousness. According to the
classical precepts, the sole ingredients of the physical universe are particles
and local fields, and every physical system is completely described by spec-
ifying the dispositions in space and time of these two kinds of localizable
parts. Furthermore, the dispositions of these parts at early times determine,
through certain “laws of motion”, their dispositions at all times. The system
is logically complete in the sense that it does not logically require, for its
description of nature, any things beyond the dispositions of the particles and
local fields.

The two cited features of classical physics, namely its local-reductionistic
and deterministic aspects, do not entail that there can be no conglomerates
that act cohesively as unified wholes. Nor do they entail that such conglom-
erates cannot control in large measure the motions of their own parts. But
these two features of classical physics do entail that, to the extent that classi-
cal physics is valid, the motions of material things can be controlled only by
things that are themselves deterministically controlled, and, moreover, dy-
namically equivalent to the forces of classical physics. In particular, because
subjective conscious experience is not logically entailed by the concepts of
classical physics, any control over brain activity exercised by a conscious
experience is, to the extent that classical physics is valid, dynamically equiv-
alent to the control exercised by the classical forces. This equivalence ren-
ders conscious experience superfluous, in the sense that the evolution of the
physical universe would be exactly the same whether subjective conscious
experience exists or not.

The condition “to the extent that classical physics is valid” is critical.
It is not satisfied in nature. Classical physics is unable to explain the basic
properties of materials, even in inorganic, nonliving, unconscious systems.
Yet the operation of the brain depends critically upon the subtle properties of
the tissues that make it up. Hence there is no scientific basis for supposing
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that classical physical theory could provide an adequate conceptual founda-
tion for understanding the dynamics of the mind—brain system. On the other
hand, there are ample philosophical reasons to reject the notion that classi-
cal physical theory is adequate for this task. Without going here into these
reasons I merely cite the complete failure of the three-century-old effort to
reconcile the properties of mind with the concepts of classical physics.

Scientists other than quantum physicists often fail to comprehend the
enormity of the conceptual change wrought by quantum theory in our basic
conception of the nature of matter. For example, it has been claimed, in
connection with the mind-brain problem, that the switch to the quantum
ideas is “incremental”. That is hardly the case. The shift is from a local, re-
ductionistic, deterministic conception of nature in which consciousness has
no logical place, and can do nothing but passively watch a preprogrammed
course of events, to a nonlocal, nonreductionistic, nondeterministic, concep-
tion of nature in which there is a perfectly natural place for consciousness,
a place that allows each conscious event, conditioned, but not bound, by
any known law of nature, to grasp a possible large-scale metastable pattern
of neuronal activity in the brain, and convert its status from “possible” to
“actual”.

Two revisions in physics lead to the possibility of this profound change
in the role of subjective conscious experience in mind—brain dynamics.
The first is the opening up, by Heisenberg’s indeterminacy principle, of at
least the logical possibility that some entity not strictly controlled by the
mechanical laws of physics could exercise supervenient downward control
over the course of physical events. The second is the introduction into
physics of physical events that are appropriate counterparts to conscious
events, in the critical sense that each such physical event can actualize,
as a whole, a complex large-scale metastable pattern of physical activity
generated within a complex physical system by the action of the mechanical
laws.

2.2 Heisenberg’s Picture of the Physical World

According to the strictly orthodox view, quantum theory provides no ordi-
nary sort of picture of the physical world itself. Its principal founders, Bohr
and Heisenberg, insisted that the theory must, strictly speaking, be viewed
as merely a set of rules for making predictions about observations obtained
under certain special kinds of experimental conditions.' The detailed form
of these quantum predictions is such as to render quantum theory logically
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incompatible with any local-reductionistic physical world of the kind pos-
tulated in classical physics.> However, Heisenberg did eventually offer a
highly nonclassical kind of picture of the physical world itself.> Heisen-
berg’s picture may not be the only possible conception of nature compatible
with the predictions of quantum theory,* but it is certainly a possible one,
and it is, [ believe, the image currently favored by the majority of the prac-
ticing quantum physicists who allow themselves the luxury of a coherent
conception of the physical world itself.

My proposal regarding consciousness is based on Heisenberg’s picture of
the world, or, more accurately, upon my elaboration upon his picture, which
he did not describe in great detail. The central idea in Heisenberg’s picture
of nature is that atoms are not “actual” things. The physical state of an atom,
or of an assembly of atoms, represents only a set of “objective tendencies”
for certain peculiar kinds of “actual events” to occur. These events are things
of a new and entirely different kind. Moreover, the fundamental dynamical
process of nature is no longer one single uniform process, as it is in classical
physics. It consists rather of two different processes. One of these processes
is a continuous, orderly, deterministic evolution. This process is controlled
by fixed mathematical laws that are direct generalizations of the laws of
classical physics. However, this process does not control the actual things
themselves. It controls only the propensities, or objective tendencies, for
the occurrence of the actual things. The other dynamical process consists of
a sequence of unruly “quantum jumps”. These jumps are not individually
controlled by any known law of physics. Yet collectively they conform
to strict statistical rules. These quantum jumps are considered to be the
“actual” things in nature. They are Heisenberg’s actual events.

Heisenberg described his picture of the world in connection with the
behavior of a quantum measuring device. In that context it is important to
recognize that quantum theory naturally accommodates transformations of
variables. Thus in the description of large objects one need not use directly
the coordinates of the individual particles. Itis often more useful to introduce
variables that represent various “observable” features of the object.

Our direct sensory perceptions of a macroscopic object containing a
huge number of particles can be represented by a relatively small number of
“observable” variables. Each of these variables can be confined by the data
obtained by our direct sensing of the object only within an interval that is
generally so large that quantum effects become irrelevant. Of course, one
might try to use some device to probe those features not describable in terms
of these observable variables, but then our direct sensory impressions would
be of the observable characteristics of that device. Thus we human beings
are effectively imprisoned in the physical world described by observable
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variables: we can access the rest of the physical world only through this
extremely limited set of variables. This fact is crucial to the application of
quantum theory.

In the typical measurement situation discussed by Heisenberg there is a
measuring device that is being used to measure some property of an atomic-
sized quantum system. The device must be in a state of unstable equilibrium,
so that a small signal from the atomic-sized system can trigger a chain of
events leading to a change of certain observable features of the device.

In this situation there is the possibility of a change of the observable
macroscopic state of the device from one metastable configuration to an-
other. Here Heisenberg introduces his key idea, the notion of an “actual
event”. The possibility of introducing into physical theory this new concept
of an actual event arises from the fact that the deterministic part of the quan-
tum dynamics is expressed in terms of a quantity that, from a mathematical
point of view, ought to represent probabilities. Yet within the mathematics
itself there is no clear indication of exactly what these probabilities refer
to—what these probabilities are probabilities of.

Heisenberg supplied an answer by proposing, in effect, that certain prob-
abilities defined by the theory be interpreted as the “objective tendencies”, or
propensities, for corresponding actual events to occur. Each of these actual
events is the actualization of one of the distinct metastable configurations of
the observable degrees of freedom generated by the mechanical laws of mo-
tion, and the eradication of all those remaining patterns of physical activity
that might have been actualized, but were not.

The introduction of these actual events carries quantum theory far be-
yond the ontologically neutral stance of the strictly orthodox interpretation.
In the orthodox interpretation the quantum probabilities are interpreted as
simply the probabilities that the community of human observers will “ob-
serve” particular ones of these distinct metastable states. The difference
between this orthodox interpretation in terms of observations and Heisen-
berg’s ontological interpretation in terms of actual events is, at the practical
level, completely negligible in all experimental situations that have yet been
examined. Yet there is an important theoretical difference: Heisenberg’s
picture allows quantum theory to be viewed as a coherent description of the
evolution of physical reality itself, rather than merely a set of stark statistical
rules about connections between human observations.
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2.3 Brain Dynamics

The human brain is a device that can process sensory inputs, formulate
possible responses to the sensed situation, select a response, and oversee
the execution of that response. This activity is dependent on the momentary
physical state of the brain, which is a product of many factors, such as genetic
structuring, conditioning, learning, and self-organization (e.g., reflection),
among many others. The brain contains a huge network of neurons linked at
synapses. These synaptic links allow electrical pulses in neurons to tend to
produce or inhibit similar pulses in other neurons. The complex feed-back
and feed-forward linkages allow the occurrence of an immense number
of alternative possible metastable reverberating patterns of neural pulses.
The persistence for a short time of such a pattern apparently conditions the
synaptic junctions in a way that facilitates the excitation of this pattern as a
component of subsequent metastable patterns of reverberation.’

In the formulation and execution of a bodily response a key role must be
played by the body schema, which is the brain’s representation of the dis-
positions of the parts of the body that it is supervising. This body schema is
associated with an external-world schema, which is the brain’s representa-
tion of the environment of the body that is represented by the body schema.
These two schema are essentially stable: they do not change spontaneously;
they are changed only by a particular process, which replaces the “current”
schema by a new one, and places the old one into an appropriate slot in a
historical schema.

In addition to the body schema and the external-world schema there is
a belief schema, and these three representations are parts of the “self and
world” schema. This latter schema lies at the “current” end of a general
historical schema, into which each “self and world” schema is placed when
it is displaced by a new one.

2.4 Consciousness

My proposal for identifying conscious events with certain specific kinds of
brain events in Heisenberg’s quantum-mechanical picture of physical reality
is based upon three observations:

1 The schema described above are “classical” in the sense that they can be
examined and manipulated in ways analogous to the ways that we exam-
ine and manipulate macroscopic objects: the schema are not appreciably
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disturbed by a mere examination, and they can be “manipulated” by ap-
propriate kinds of processing. It is therefore reasonable to suppose that
these schema are represented by physical structures that are describable
in terms of variables of the type that in measuring devices were called
observables. In fact, these brain structures are the only structures that
can ever really be “observed”: sensory inputs must be converted into
the external-world schema (including affiliated buffers) before they can
be perceived.

Brain processes involve chemical processes, and hence must, in prin-
ciple, be treated quantum mechanically. In particular, the transmission
process occurring at a synaptic junction is apparently triggered by the
capture of a small number of calcium ions at an appropriate release site.
In a quantum-mechanical treatment, the locations of these calcium ions
must be represented by a probability function. This effectively smears
these particles over large regions, in a quantum-statistical sense. Thus
the question of whether or not a given synapse will transmit a signal
is a problem that must be treated quantum mechanically: a quantum-
mechanical component must be added to the other uncertainties, such
as those generated by thermal noise, that enter into the decision as to
whether or not the synapse will fire.

There are hundreds of billions of synapses coupled together in a highly
nonlinear fashion. And there must be a huge number of metastable
reverberating patterns of pulses into which the brain might evolve.
Computer simulations of brain networks in the classical case indicate
that the final stable state into which a brain evolves is strongly depen-
dent upon the synaptic parameters.® Although analogous computations
are needed for the quantum case it appears to me exceedingly probable,
by virtue of (1) the inherent sensitivity of nonlinear systems of this kind
to variations in parameters, (2) the strong dependence of the process at
the synaptic junction upon the locations of small numbers of calcium
ions, and (3) the large number of possible metastable states into which
the brain might evolve, that, in the absence of any quantum jumps, a
brain will generally evolve quantum mechanically from one metastable
configuration into a quantum superposition of many metastable configu-
rations, and sometimes into a superposition that ascribes non-negligible
quantum probabilities to several alternative possible metastable states
of the “self and world” schema. Note that the fatigue characteristics
of the synaptic junctions will cause any given metastable pattern to be-
come, after a short time, unstable:> the system will thus be forced to
search for a new metastable configuration, and will therefore continue
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to evolve, if unchecked by a quantum jump, into a superposition of states
characterized by increasingly disparate self and world schemas.

3 The situation described above is, from the physical point of view, es-
sentially the same as the one considered by Heisenberg, with the human
brain in place of his measuring device. Thus if one accepts his picture of
the world, then one must accept also that if the brain evolves into a su-
perposition of states characterized by different “self and world” schema
then an actual event must select and actualize one of these “observable”
states, and eradicate the others. I propose to identify each such actual
brain event with a conscious event, and, conversely, to identify each
conscious event with an actual brain event of this particular kind.

The only relativistically invariant way to represent a Heisenberg actual
event is by a change in the Heisenberg state of the universe. In the interim
between actual events there is, in the Heisenberg picture, only a global struc-
ture of potentialities that extends uniformly over all of spacetime. There is,
in keeping with the special theory of relativity, no structure that connects
a spacetime point to another point that is “simultaneous with it” in any fa-
vored physical sense. However, each actual event is localized: each actual
event is associated with a local spacetime region in which a certain classi-
cally describable metastable pattern of activity is actualized. This event is
represented by a sudden jump in the global Heisenberg state of the universe.

Within the general framework of the Heisenberg picture an actual event
could occur already at the level of the firing of an individual neuron: an ac-
tual event could fix whether a certain individual neuron does or does not fire.
However, von Neumann’s analysis of the process of measurement shows that
the actual events in the brain need not occur at the level of the individual
neurons: an actual event can perfectly well actualize the entire large-scale
integrated pattern of neural excitations associated with the metastable state
of the brain that goes along with a particular conscious thought. Indeed,
von Neumann’s words seem to suggest that all actual events are events
of this kind.” However, in the Heisenberg ontology adopted here the ac-
tual events are not exclusively conscious events. On the other hand, every
conscious event is an actual event: it is an event that selects one of the alter-
native possible high-level metastable configurations of brain activity from
among the host of such patterns mechanically generated by the Schrodinger
equation. Each conscious event corresponds, therefore, to an entity that
supervenes over the quantum-mechanical laws analogous to the laws of
classical physics: the conscious event corresponds to a Heisenberg event
that actualizes the classically describable metastable quantum state of the
brain that represents this conscious experience in the physicist’s description
of nature.
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2.5 Remarks

1 The purpose of conscious thought is to guide the organism. This must
be done by forming a projection into the future, and, more specifically,
by forming a projected “self and world” schema. Thus, one step ahead
of the current “self and world” schema is the projected “self and world”
schema. This is the thing that is selected by a conscious act. It is the
template that directs the subconscious processes that control, among
other things, the motor activities.

2 The physical event is “functionally equivalent” to the corresponding
psychological event. The physical event selects a projected “self and
world” schema that acts as the template for brain action, whereas the
corresponding psychological event selects the associated imagined pro-
jected “self and world”. Thus the identification of these events is neither
ad hoc nor arbitrary: it is an expression of their functional equivalence.

3 To justify this claim of “equivalence” an isomorphism must be estab-
lished between the intrinsic structure of a conscious thought, as it is
described by psychologists such as James, and the intrinsic structure
of the “projected self and world schema”, which is the template that
directs the unconscious processes of the brain in the way specified by
that conscious thought. This key issue is addressed in reference 8.

4 The model shows how experiences exhibiting the empirically established
features of conscious experience can arise essentially automatically out
of quantum theory, provided the brain operates in the way suggested by
Heisenberg’s picture of nature. The theory is predictive in that it entails
that brain process must be controlled by a top-level process having the
specific dynamical and structural features, expressed in terms of self and
world schema and memory, described in reference 8.
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3 The Copenhagen Interpretation

3.1 Introduction

Scientists of the late 1920s, led by Bohr and Heisenberg, proposed a con-
ception of nature radically different from that of their predecessors. The
new conception, which grew out of efforts to comprehend the apparently
irrational behavior of nature in the realm of quantum effects, was not simply
a new catalog of the elementary spacetime realities and their modes of op-
eration. It was essentially a rejection of the presumption that nature could
be understood in terms of elementary spacetime realities. According to the
new view, the complete description of nature at the atomic level was given
by probability functions that referred not to underlying microscopic space-
time realities but rather to the macroscopic objects of sense experience. The
theoretical structure did not extend down and anchor itself on fundamental
microscopic spacetime realities. Instead it turned back and anchored itself
in the concrete sense realities that form the basis of social life.

This radical concept, called the Copenhagen interpretation, was bitterly
challenged at first but became during the 1930s the orthodox interpretation
of quantum theory, nominally accepted by almost all textbooks and practical
workers in the field.

Recently, perhaps partly in response to the severe technical difficul-
ties now besetting quantum theory at the fundamental level, there has been
mounting criticism of the Copenhagen interpretation. The charges range
from the claim that it is a great illogical muddle to the claim that it is in any
case unnecessary, and hence, in view of its radical nature, should be rejected.
Reference 1 contains some stoutly worded attacks on the Copenhagen in-
terpretation. Reference 2 is a more moderately worded review article that
firmly rejects the Copenhagen interpretation. Reference 3 is a list of articles
in the physical literature that espouse a variety of views on the question.

The striking thing about these articles is the diversity they reveal in
prevailing conceptions of the Copenhagen interpretation itself. For exam-
ple, the picture of the Copenhagen interpretation painted in reference 1 is
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quite different from the pictures painted in references 2 and 3 by practicing
physicists. And these latter pictures themselves are far from uniform.

The cause of these divergences is not hard to find. Textbook accounts
of the Copenhagen interpretation generally gloss over the subtle points. For
clarification readers are directed to the writings of Bohr* and Heisenberg’.
Yet clarification is difficult to find there. The writings of Bohr are extraor-
dinarily elusive. They rarely seem to say what you want to know. They
weave a web of words around the Copenhagen interpretation but do not say
exactly what it is. Heisenberg’s writings are more direct. But his way of
speaking suggests a subjective interpretation that appears quite contrary to
the apparent intentions of Bohr. The situation is perhaps well summarized
by von Weizsicker, who, after expressing the opinion that the Copenhagen
interpretation is correct and indispensable, says he must

add that the interpretation, in my view, has never been fully clarified. It
needs an interpretation, and that will be its only defense.®

Von Weizsicker is surely correct. The writings of Bohr and Heisenberg
have, as a matter of historical fact, not produced a clear and unambigu-
ous picture of the basic logical structure of their position. They have left
impressions that vary significantly from reader to reader. For this reason
a clarification of the Copenhagen interpretation is certainly needed. My
aim here is to provide one. More precisely, my aim is to give a clear ac-
count of the logical essence of the Copenhagen interpretation. This logical
essence should be distinguished from the inhomogeneous body of opinions
and views that now constitute the Copenhagen interpretation itself. The
logical essence constitutes, I believe, a completely rational and coherent
position.

The plan of the work is as follows. First, quantum theory is described
from the point of view of actual practice. Then, to provide contrast, several
non-Copenhagen interpretations are considered. Next, to provide back-
ground, some philosophical ideas of William James are introduced. The
pragmatic character of the Copenhagen interpretation is then discussed, and
the incompatibility of the completeness of quantum theory with the external
existence of the spacetime continuum of classical physics is noted. Finally,
the question of the completeness of quantum theory is examined.
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3.2 A Practical Account of Quantum Theory

Quantum theory is a procedure by which scientists predict probabilities
that measurements of specified kinds will yield results of specified kinds in
situations of specified kinds. It is applied in circumstances that are described
by saying that a certain physical system is first prepared in a specified manner
and is later examined in a specified manner. And this examination, called
a measurement, is moreover such that it can yield, or not yield, various
possible specified results.

The procedure is this: The specifications A on the manner of preparation
of the physical system are first transcribed into a wave function ¥4 (x). The
variables x are a set of variables that are characteristic of the physical system
being prepared. They are called the degrees of freedom of the prepared
system. The description of the specifications A is couched in a language
that is meaningful to an engineer or laboratory technician. The way in which
these operational specifications A are translated into a corresponding wave
function W4 (x) is discussed later.

The specifications B on the subsequent measurement and its possible
result are similarly couched in a language that allows a suitably trained
technician to set up a measurement of the specified kind and to determine
whether the result that occurs is a result of the specified kind. These spec-
ifications B on the measurement and its result are transcribed into a wave
function ¥y (x), where y is a set of variables that are called the degrees of
freedom of the measured system.

Next a transformation function U (x; y) is constructed in accordance
with certain theoretical rules. This function depends on the type of system
that was prepared and on the type of system that was measured, but not on
the particular wave functions ¥4 (x) and ¥ (y). The “transition amplitude”

(A|B) = / WA U (x; W3 () dxdy

is computed. The predicted probability that a measurement performed in the
manner specified by B will yield a result specified by B, if the preparation
is performed in the manner specified by A, is given by

P(A, B) = [(A|B)]*.

The experimental physicist will, I hope, recognize in this account a
description of how he uses quantum theory. First he transforms his infor-
mation about the preparation of the system into an initial wave function.
Then he applies to it some linear transformation, calculated perhaps from
the Schrodinger equation, or perhaps from the S matrix, which converts the
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initial wave function into a final wave function. This final wave function,
which is built on the degrees of freedom of the measured system, is then
folded into the wave function corresponding to a possible result. This gives
the transition amplitude, which is multiplied by its complex conjugate to
give the predicted transition probability.

In a more sophisticated calculation one might use density matrices
pa(x’; x™) and pp(y'; y”) instead of ¥4 (x) and Wg(y) to represent the pre-
pared system and the possible result. This would allow for preparations and
measurements that correspond to statistical mixtures. But this generaliza-
tion could be obtained also by simply performing classical averages over
various ¥4 (x) and Yg(y).

The above account describes how quantum theory is used in practice.
The essential points are that attention is focused on some system that is first
prepared in a specified manner and later examined in a specified manner.
Quantum theory is a procedure for calculating the predicted probability that
the specified type of examination will yield some specified result. This
predicted probability is the predicted limit of the relative frequency of oc-
currence of the specified result, as the number of systems prepared and
examined in accordance with the specifications goes to infinity.

The wave functions used in these calculations are functions of a set of
variables characteristic of the prepared and measured systems. These sys-
tems are often microscopic and not directly observable. No wave functions
of the preparing and measuring devices enter into the calculation. These
devices are described operationally. They are described in terms of things
that can be recognized and/or acted upon by technicians. These descriptions
refer to the macroscopic properties of the preparing and measuring devices.

The crucial question is: How does one determine the transformations
A — Y, and B — Wg? These transformations transcribe procedural de-
scriptions of the manner in which technicians prepare macroscopic objects,
and recognize macroscopic responses, into mathematical functions built on
the degrees of freedom of the (microscopic) prepared and measured sys-
tems. The problem of constructing this mapping is the famous “problem of
measurement” in quantum theory.

The problem of measurement was studied by von Neumann.” He begins
with the idea that one should describe the combined system composed of the
original systems plus the original measuring devices in terms of a quantum-
mechanical wave function, and use quantum theory itself to calculate the
needed mappings. This program has never been carried out in any practical
case. One difficulty is that actual macroscopic devices are so complicated
that qualitative calculations lie beyond present capabilities. The second
problem is that such calculations would, in any case, provide only connec-
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tions between the wave functions @ of the preparing and measuring devices
and the wave functions ¥ of the original system. There would remain the
problem of finding the mappings A — @4 and B — ®p.

Von Neumann'’s approach is not the one that is adopted in actual practice;
no one has yet made a qualitatively accurate theoretical description of a
measuring device. Thus what experimentalists do, in practice, is to calibrate
their devices.

Notice, in this connection, that if one takes N, different choices of
A and Np different choices of B, then one has only N4 + Np unknown
functions A and B, but N4 x Np experimentally determinable quantities
|(A|B)|*. Using this leverage, together with plausible assumptions about
smoothness, it is possible to build up a catalog of correspondences between
what experimental physicists do and see, and the wave functions of the
prepared and measured systems. It is this body of accumulated empirical
knowledge that bridges the gap between the operational specifications A
and B and their mathematical images ¥4 and Wg.

The above description of how quantum theory is used in practice will
be used in the account of the Copenhagen interpretation. Before describing
that interpretation itself I shall, to provide contrast, describe several other
approaches.

3.3 Several Other Approaches

3.3.1 The Absolute-¥ Approach

Von Neumann'’s lucid analysis of the process of measurement is the origin
of much of the current worry about the interpretation of quantum theory.
The basic worrisome point can be illustrated by a simple example.

Suppose a particle has just passed through one of two slits. And suppose
a 100%-efficient counter is placed behind each slit, so that, by seeing which
counter fires, a human observer can determine through which slit the particle
passed.

Suppose the particle is represented initially by a wave function that as-
signs equal probabilities to the parts associated with the two slits. And
consider a quantum-theoretical analysis of the process of measurement in
which both the particle and the two counters are represented by wave func-
tions.

It follows directly and immediately from the superposition principle
(i.e., linearity) that the wave function of the complete system after the mea-
surement necessarily will consist of a superposition of two terms. The first
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term will represent the situation in which (1) the particle has passed through
the first counter, (2) the first counter has fired, and (3) the second counter
has not fired. The second term will represent the situation in which (1) the
particle has passed through the second counter, (2) the second counter has
fired, and (3) the first counter has not fired. These two terms evolve from
the two terms in the wave function of the initial particle. The presence of
both terms is a direct and unavoidable consequence of the superposition
principle, which ensures that the sum of any two solutions of the equation
of motion is another solution.

Notice now that the counters are macroscopic objects and that the wave
function necessarily contains a sum of two terms, one of which corresponds
to the first counter’s having fired but not the second, and the other of which
corresponds to the second counter’s having fired but not the first. Thus the
wave function necessarily corresponds to a sum of two logically incompat-
ible macroscopic possibilities.

To dramatize this situation, suppose the human observer now looks at
the counters and runs upstairs or downstairs depending on which counter
he sees firing. Then the wave function of the entire system of particle plus
counters plus human observer will consist, eventually, of a sum of two terms.
One term will represent the human observer running upstairs, and the other
term will represent this same human observer running downstairs. Both
terms must necessarily be present in the wave function, simply by virtue of
the superposition principle.

This fact that the wave function necessarily develops into a sum of parts
that correspond to incompatible macroscopic possibilities must be squared
with the empirical facts. The human observer does not run both upstairs
and downstairs. He does one or the other, not both. Therefore the wave
function must collapse to a form that is consistent with what actually does
happen. But such a collapse is definitely incompatible with the superposition
principle.

This violation of the superposition principle bothers some thinkers.
Wigner calls the existence of the two modes of change of the wave function—
i.e., the smooth causal evolution and the fitful statistical jumps associated
with measurements—a strange dualism, and says that the probabilistic be-
havior is almost diametrically opposite to what one would expect from
ordinary experience.® He and Ludwig speculate that quantum theory may
have to be modified by the addition of a nonlinear effect in the macroscopic
realm in order to arrive at a consistent theory of measurements.” Wigner
even speculates that the nonlinearity may be associated with the action of
mind on matter.'?
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An even more radical proposal was made by Everett!! and supported
by Wheeler'? and Bryce DeWitt'?. According to this proposal the human
observer actually runs both upstairs and downstairs at the same time. When
the human observer sees the counter fire he breaks into two separate editions
of himself, one of which runs upstairs while the other runs down. However,
the parts of the wave function corresponding to these two different possi-
bilities move into different regions of the multiparticle configuration space
and consequently do not interfere. Therefore the two editions will never
be aware of each other’s existence. Thus appearances are saved without
violating the superposition principle.

This proposal is, I think, unreasonable. A wave function times its com-
plex conjugate has the mathematical properties of a probability function.
Probability functions for composite systems are naturally defined on the
product of the spaces of the individual component systems; it is this prop-
erty that allows different statistical weights to be assigned to the various
logically alternative possibilities. A decomposition of a wave function into
parts corresponding to different logical alternatives is thus completely nat-
ural. In the example described—with the initial specification as described
there —there is a finite probability that the observer will be running upstairs,
and a finite probability that he will be running downstairs. Thus the wave
function necessarily must have both parts. If it collapsed to one part or the
other, it would no longer correctly describe the probabilities corresponding
to the original specifications.

Of course, if the original specifications are replaced by new ones that
include now the specification that the observer is running upstairs, not down-
stairs, then the original wave function will naturally be replaced by a new
one, just as it would be in classical statistical theory.

In short, the mathematical properties of the wave functions are com-
pletely in accord with the idea that they describe the evolution of the prob-
abilities of the actual things, not the actual things themselves. The idea
that they describe also the evolution of the actual things themselves leads to
metaphysical monstrosities. These might perhaps be accepted if they were
the necessary consequences of irrefutable logic. But this is hardly the case
here. The basis of Everett’s whole proposal is the premise that the superpo-
sition principle cannot suddenly fail. This premise is sound. But the natural
and reasonable conclusion to draw from it is that the wave functions describe
the evolution of the probabilities of the actual things, not the evolution of
the actual things themselves. For the mathematical form and properties of
the wave function, including its lawful development in accordance with the
superposition principle, are completely in accord with the presumption that
it is a probability function. The addition of the metaphysical assumption
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that the wave function represents the evolution of not only the probabilities
of the actual things, but of also the actual things themselves, is unreasonable
because its only virtue is to save the superposition principle, which, however,
is not in jeopardy unless one introduces this metaphysical assumption.

Everett’s proposal, and also those of Wigner and Ludwig, are the out-
growth of a certain tendency to ascribe to the wave function a quality of
absoluteness that goes beyond what is normally and naturally attached to a
probability function. This tendency can perhaps be traced to what Rosenfeld
calls “aradical difference in conception (going back to von Neumann) . . .”,'4
this radical difference being with the ideas of Bohr. Von Neumann’s appli-
cation of quantum theory to the process of measurement itself, coupled
with his parallel treatments of the two very different modes of develop-
ment of the wave function—i.e., the smooth dynamical evolution, and the
abrupt changes associated with measurement—tend to conjure up the image
of some absolute wave function developing in time under the influence of
two different dynamical mechanisms. The living, breathing scientist who
changes the wave function he uses as he receives more information is re-
placed by a new dynamical mechanism. The resulting picture is strange
indeed.

In the Copenhagen interpretation the notion of an absolute wave function
representing the world itself is unequivocally rejected. Wave functions, like
the corresponding probability functions in classical physics, are associated
with the studies by scientists of finite systems. The devices that prepare and
later examine such systems are regarded as parts of the ordinary classical
physical world. Their spacetime dispositions are interpreted by the scientist
as information about the prepared and examined systems. Only these lat-
ter systems are represented by wave functions. The probabilities involved
are the probabilities of specified responses of the measuring devices under
specified conditions.

New information available to the scientist can be used in two different
ways. It can be considered to be information about the response of a mea-
suring device to the system being examined. In this case the probability of
this response is the object of interest. On the other hand, the new informa-
tion can also be regarded as part of the specification of a new preparation.
The wave function that represents this new specification will naturally be
different from the wave function that represented the original specifications.
One would not expect the superposition principle to be maintained in the
change of the wave function associated with a change of specifications.

This pragmatic description is to be contrasted with descriptions that
attempt to peer “behind the scenes” and tell us what is “really happening”.
Such superimposed images can be termed metaphysical appendages insofar
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as they have no testable consequences. The pragmatic interpretation ignores
all such metaphysical appendages.

The sharp distinction drawn in this section between probabilities and the
actual things to which they refer should not be construed as an acceptance
of the real-particle interpretation which is described next.

3.3.2 The Real-Particle Interpretation

The real-particle interpretation affirms that there are real particles, by which
is meant tiny localized objects, or disturbances, or singularities, or other
things that stay together like particles should, and do not spread out like
waves. According to this interpretation, the probability functions of quan-
tum theory describe, typically, the probability that a real particle is in such-
and-such a region. This real-particle interpretation is defended by Popper
in reference 1, and by Ballentine in reference 2.

Confidence in the existence of real particles was restored by Bohm’s il-
lustration of how nonrelativistic Schrodinger theory can be made compatible
with the existence of point particles.'” The price paid for this achievement
is this: All the particles in the (model) universe are instantly and forcefully
linked together. What happens to any particle in the universe instantly and
violently affects every other particle.

In such a situation it is not clear that we should continue to use the term
“particle”. For the entire collection of “particles” in Bohm’s universe acts as
a single complex entity. Our usual idea of a particle is an abstraction from
experience about macroscopic objects, and it normally carries, as part of
the idea of localization, the idea that the localized entity is an independent
entity, in the sense that it depends on other things in the universe only through
various “dynamical” effects. These dynamical effects are characterized by
a certain respect for spacetime separations. In particular, they are “causal”.
If the connections between particles radically transcend our idea of causal
dynamical relationships, then the appropriateness of the word “particle” can
be questioned.

Bell has shown that the statistical predictions of quantum theory are
definitely incompatible with the existence of an underlying reality (that
resembles the observed world at the macroscopic level) whose spatially
separated parts are independent realities linked only by causal dynamical
relationships.'® The spatially separated parts of any underlying reality must
be linked in ways that completely transcend the realm of causal dynamical
connections. The spatially separated parts of any such underlying reality
are not independent realities, in the ordinary sense.
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Bell’s theorem does not absolutely rule out the real-particle interpreta-
tion, if one is willing to admit these hyperdynamical connections. But they
fortify the opinion that a dynamical theory based on such a real entity would
have no testable dynamical consequences. For the strong dependence of
individual effects here on Earth upon the fine details of what is happening
all over the universe apparently rules out any ordinary kind of test of such a
theory.

3.4 The Pragmatic Conception of Truth

To prepare the mind for the Copenhagen interpretation it is useful to recall
some ideas of William James.!” James argued at length for a certain concep-
tion of what it means for an idea to be true. This conception was, in brief,
that an idea is true if it works.

James’s proposal was at first scorned and ridiculed by most philosophers,
as might be expected. For most people can plainly see a big difference
between whether an idea is true and whether it works. Yet James stoutly
defended his idea, claiming that he was misunderstood by his critics.

It is worthwhile to try to see things from James’s point of view.

James accepts, as a matter of course, that the truth of an idea means its
agreement with reality. The questions are: What is the “reality” with which
a true idea agrees? And what is the relationship “agreement with reality”
by virtue of which that idea becomes true?

All human ideas lie, by definition, in the realm of experience. Reality,
on the other hand, is usually considered to have parts lying outside this
realm. The question thus arises: How can an idea lying inside the realm of
experience agree with something that lies outside? How does one conceive
of a relationship between an idea, on the one hand, and something of such a
fundamentally different sort? What is the structural form of that connection
between an idea and a transexperiential reality that goes by the name of
“agreement”? How can such a relationship be comprehended by thoughts
forever confined to the realm of experience?

The contention that underlies James’s whole position is, I believe, that a
relationship between an idea and something else can be comprehended only
if that something else is also an idea. Ideas are eternally confined to the
realm of ideas. They can “know” or “agree” only with other ideas. There
is no way for a finite mind to comprehend or explain an agreement between
an idea and something that lies outside the realm of experience.

So if we want to know what it means for an idea to agree with a reality
we must first accept that this reality lies in the realm of experience.
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This viewpoint is not in accord with the usual idea of truth. Certain of
our ideas are ideas about what lies outside the realm of experience. For
example, I may have the idea that the world is made up of tiny objects called
particles. According to the usual notion of truth this idea is true or false
according to whether or not the world really is made up of such particles.
The truth of the idea depends on whether it agrees with something that lies
outside the realm of experience.

Now the notion of “agreement” seems to suggest some sort of similarity
or congruence of the things that agree. But things that are similar or con-
gruent are generally things of the same kind. Two triangles can be similar
or congruent because they are the same kind of thing: the relationships that
inhere in one can be mapped in a direct and simple way into the relationships
that inhere in the other.

But ideas and external realities are presumably very different kinds of
things. Our ideas are intimately associated with certain complex, macro-
scopic, biological entities—our brains—and the structural forms that can
inhere in our ideas would naturally be expected to depend on the structural
forms of our brains. External realities, on the other hand, could be struc-
turally very different from human ideas. Hence there is no a priori reason
to expect that the relationships that constitute or characterize the essence
of external reality can be mapped in any simple or direct fashion into the
world of human ideas. Yet if no such mapping exists then the whole idea of
“agreement” between ideas and external realities becomes obscure.

The only evidence we have on the question of whether human ideas
can be brought into exact correspondence with the essences of the external
realities is the success of our ideas in bringing order to our physical expe-
rience. Yet the success of ideas in this sphere does not ensure the exact
correspondence of our ideas to external reality.

On the other hand, the question of whether ideas “agree” with external
essences is of no practical importance. What is important is precisely the
success of the ideas—if ideas are successful in bringing order to our experi-
ence, then they are useful even if they do not “agree”, in some absolute sense,
with the external essences. Moreover, if they are successful in bringing or-
der into our experience, then they do “agree” at least with the aspects of our
experience that they successfully order. Furthermore, it is only this agree-
ment with aspects of our experience that can ever really be comprehended by
man. That which is not an idea is intrinsically incomprehensible, and so are
its relationships to other things. This leads to the pragmatic viewpoint that
ideas must be judged by their success and utility in the world of ideas and
experience, rather than on the basis of some intrinsically incomprehensible
“agreement” with nonideas.
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The significance of this viewpoint for science is its negation of the idea
that the aim of science is to construct a mental or mathematical image of the
world itself. According to the pragmatic view, the proper goal of science is
to augment and order our experience. A scientific theory should be judged
on how well it serves to extend the range of our experience and reduce it
to order. It need not provide a mental or mathematical image of the world
itself, for the structural form of the world itself may be such that it cannot be
placed in simple correspondence with the types of structures that our mental
processes can form.

James was accused of subjectivism—of denying the existence of ob-
jective reality. In defending himself against this charge, which he termed
slanderous, he introduced an interesting ontology consisting of three things:
(1) private concepts, (2) sense objects, (3) hypersensible realities. The pri-
vate concepts are subjective experiences. The sense objects are public sense
realities, i.e., sense realities that are independent of the individual. The
hypersensible realities are realities that exist independently of all human
thinkers.'®

Of hypersensible realities James can talk only obliquely, since he rec-
ognizes both that our knowledge of such things is forever uncertain and that
we can moreover never even think of such things without replacing them
by mental substitutes that lack the defining characteristics of that which
they replace, namely the property of existing independently of all human
thinkers.

James’s sense objects are curious things. They are sense realities and
hence belong to the realm of experience. Yet they are public: they are
independent of the individual. They are, in short, objective experiences.
The usual idea about experiences is that they are personal or subjective, not
public or objective.

This idea of experienced sense objects as public or objective realities
runs through James’s writings. The experience “tiger” can appear in the
mental histories of many different individuals. “That desk” is something
that I can grasp and shake, and you also can grasp and shake. About this
desk James says:

But you and I are commutable here; we can exchange places; and as you
go bail for my desk, so I can go bail for yours. This notion of a reality
independent of either of us, taken from ordinary experience, lies at the base
of the pragmatic definition of truth.'

These words should, I think, be linked with Bohr’s words about classical
concepts as the basis of communication between scientists. In both cases the
focus is on the concretely experienced sense realities—such as the shaking
of the desk—as the foundation of social reality. From this point of view
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the objective world is not built basically out of such airy abstractions as
electrons and protons and “space”. It is founded on the concrete sense
realities of social experience, such as a block of concrete held in the hand,
a sword forged by a blacksmith, a Geiger counter prepared according to
specifications by laboratory technicians and placed in a specified position
by experimental physicists.

This brief excursion into philosophy provides background for the Copen-
hagen interpretation, which is fundamentally a shift to a philosophic per-
spective resembling that of William James.

3.5 The Pragmatic Character
of the Copenhagen Interpretation

The logical essence of the Copenhagen interpretation is summed up in the
following two assertions:

1 The quantum-theoretical formalism is to be interpreted pragmatically.
2 Quantum theory provides for a complete scientific account of atomic
phenomena.

Point 1 asserts that quantum theory is fundamentally the procedure de-
scribed in the practical account of quantum theory given in section 3.2. The
central problem for the Copenhagen interpretation is to reconcile this asser-
tion with the claim that it is complete, i.e., to reconcile assertions 1 and 2.
This problem is discussed in section 3.7.

The aim of the present section is to document point 1 by the words of
Bohr. This fundamental point needs to be definitely settled, for critics often
confuse the Copenhagen interpretation, which is basically pragmatic, with
the diametrically opposed absolute-¥ interpretation described in section 3.3.
In what follows, particular attention will be paid to the possible conflict of
the pragmatic viewpoint with (i) the element of realism in Bohr’s attitude
toward the macroscopic world, and (ii) any commitment to a fundamental
stochastic or statistical element in nature itself.

The quotations from Bohr that follow are taken from his three major
works: 1. Atomic Theory and the Description of Nature; 11. Atomic Physics
and Human Knowledge; and 111. Essays 1958/1962 on Atomic Physics and
Human Knowledge *

The pragmatic orientation of the Copenhagen interpretation is fixed in
the opening words of Bohr’s first book:

The task of science is both to extend the range of our experience and reduce
it to order. .. (I.1)
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In physics . . . our problem consists in the co-ordination of our experience
of the external world. .. (I.1)

In our description of nature the purpose is not to disclose the real essence of
phenomena but only to track down as far as possible relations between the
multifold aspects of our experience. (1.18)

This commitment to a pragmatic view of science runs through all of
Bohr’s works. He later links it to the crucial problem of communication:

As the goal of science is to augment and order our experience, every analysis
of the conditions of human knowledge must rest on considerations of the
character and scope of our means of communication. (I1.88)

In this connection it is imperative to realize that in every account of physical
experience one must describe both experimental conditions and observations
by the same means of communication as the one used in classical physics.
(11.88)

The decisive point is to recognize that the description of the experimental
arrangement and the recordings of observations must be given in plain lan-
guage, suitably refined by the usual terminology. This is a simple logical
demand, since by the word “experiment” we can only mean a procedure
regarding which we are able to communicate to others what we have done
and what we have learnt. (II1.3)

... we must recognize above all that, even when phenomena transcend the
scope of classical physical theories, the account of the experimental arrange-
ment and the recording of observations must be given in plain language, suit-
ably supplemented by technical physical terminology. This is a clear logical
demand, since the very word “experiment” refers to a situation where we
can tell others what we have done and what we have learned. (I1.72)

Bohr’s commitment to a pragmatic interpretation of the quantum-mech-
anical formalism is unambiguous:

... the appropriate physical interpretation of the symbolic quantum-mechan-
ical formalism amounts only to predictions, of determinate or statistical
character, pertaining to individual phenomena appearing under conditions
defined by classical physical concepts. (I1.64)

... the formalism does not allow pictorial representation on accustomed
lines, but aims directly at establishing relations between observations ob-
tained under well-defined conditions. (I1.71)

The sole aim of [the quantum-mechanical formalism] is the comprehension
of observations obtained under experimental conditions described by simple
physical concepts. (I1.90)

Strictly speaking, the mathematical formalism of quantum mechanics and
electrodynamics merely offers rules of calculation for the deduction of
expectations about observations obtained under well-defined experimental
conditions specified by classical physical concepts. (II1.60)
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Throughout Bohr’s writings there is a tacit acceptance of the idea that
the external world exists, and that our physical experiences are caused, in
part, by the course of external events. This is quite in accord with prag-
matism: James admits the existence of hypersensible realities. But there
is no commitment by Bohr to the idea that the macroscopic world really is
what we naively imagine it to be. The focus is on the descriptions of our
physical experiences and the demand that they secure unambiguous com-
munication and objectivity. Referring to the experimental arrangements and
observations he says:

The description of atomic phenomena has in these respects a perfectly objec-
tive character, in the sense that no explicit reference is made to any individual
observer and that therefore, with proper regard to relativistic exigencies, no
ambiguity is involved in the communication of information. As regards all
such points, the observation problem of quantum physics in no way differs
from the classical physical approach. (IIL.3)

Bohr’s closest approach to a commitment to the idea that the macroscopic
world actually is what it appears to be is, I think, the statement:

The renunciation of pictorial representation involves only the state of atomic
objects, while the foundation of the description of the experimental condi-
tions is fully retained. (I1.90)

The commitment here is, I believe, to the appropriateness, in quantum theory,
of a classical description of the experimental conditions, rather than to the
fundamental accuracy of classical ideas at the macroscopic level. This
position is in complete accord with pragmatism.

In regard to the irreducible statistical element in quantum theory, Bohr
was at first ambivalent. An initial acceptance of the notion of a fundamental
element of randomness or indeterminism on the part of nature is suggested
by the statement:

... we have been forced . . . to reckon with a free choice on the part of nature
between various possibilities to which only probability interpretations can
be applied. .. (1.4)

However, he soon qualifies this idea (I.19) and later on says that at a Solvay
conference

an interesting discussion arose about how to speak of the appearance of
phenomena for which only statistical predictions can be made. The question
was whether, as to the occurrence of individual effects, we should adopt the
terminology proposed by Dirac, that we were concerned with a choice on the
part of “nature”, or as suggested by Heisenberg, we should say that we have
to do with a choice on the part of the “observer” constructing the measuring
instruments and reading their recording. Any such terminology would,
however, appear dubious since, on the one hand, it is hardly reasonable
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These statements indicate a turning away by Bohr from picturesque no-
tions of an inherent random element in nature itself, and the adoption of an
essentially pragmatic attitude toward the statistical character of the quantum-
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to endow nature with volition in the ordinary sense, while on the other
hand it is certainly not possible for the observer to influence the events
which may appear under the conditions he has arranged. To my mind
there is no other alternative than to admit in this field of experience, we are
dealing with individual phenomena and that our possibilities of handling the
measuring instruments allow us only to make a choice between the different
complementary types of phenomena that we want to study. (IL.51)

Later he says:

The circumstance that, in general, one and the same experimental arrange-
ment may yield different recordings is sometimes picturesquely described
as a “choice of nature” between such possibilities. Needless to say, such a
phrase implies no allusion to a personification of nature, but simply points
to the impossibility of ascertaining on accustomed lines directives for the
course of a closed indivisible phenomenon. Here, logical approach cannot
go beyond the deduction of the relative probabilities for the appearance of
the individual phenomena under given conditions. (I1.73)

Corresponding to the fact that different individual quantum processes may
take place in a given experimental arrangement these relations (between
observations obtained under well-defined conditions) are of an inherently
statistical character. (I.71)

The very fact that repetition of the same experiment, defined on the lines
described, in general yields different recordings pertaining to the object,
immediately implies that a comprehensive account of experience in this
field must be expressed by statistical laws. (II1.4)

The fact that in one and the same well-defined experimental arrangement
we generally obtain recordings of different individual processes makes in-
dispensible the recourse to a statistical account of quantum phenomena.
(I11.25)

mechanical predictions.

It is worth noting that Bohr’s notion of complementarity is altogether
pragmatic: Ideas should be judged by their utility; physical ideas should be
judged by their success in ordering physical experiences, not by the accuracy
with which they can be believed to mirror the essence of external reality.
The use of complementary ideas in complementary situations is a natural

concomitant of pragmatic thinking.
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3.6 Spacetime and the Completeness
of Quantum Theory

In spite of doubts cast on our intuitive notions of space and time by the
theory of relativity, the idea lingers on that persisting physical objects occupy
spacetime regions that can be divided into ever finer parts. A basic premise
of classical physics is that this classical concept of the spacetime continuum
is the appropriate underlying concept for fundamental physical theory.

It is important to recognize that quantum theory has nothing in it that
can be regarded as a description of qualities or properties of nature that are
located at the point or infinitesimal regions of the spacetime continuum. On
one hand, the descriptions of the experimental arrangements and observa-
tions are basically operational descriptions of what technicians can see and
do. They are not, strictly speaking, descriptions of the external things in
themselves. Moreover, they are not descriptions of microscopic qualities or
properties. On the other hand, the wave functions are merely abstract sym-
bolic devices. They do not describe qualities or properties of nature that
are located at points or infinitesimal regions of the spacetime continuum.
The abrupt change of a wave function in one region of spacetime when a
measurement is performed far away at the same time makes any such in-
terpretation unreasonable. The wave functions of quantum theory are to be
interpreted as symbolic devices that scientists use to make predictions about
what they will observe under specified conditions. As Bohr says it:

In the treatment of atomic problems, actual calculations are most conve-
niently carried out with the help of a Schrodinger state function, from which
the statistical laws governing observations attainable under specified con-
ditions can be deduced by definite mathematical operations. It must be
recognized, however, that we are here dealing with a purely symbolic pro-
cedure the unambiguous physical interpretation of which in the last resort
requires a reference to the complete experimental arrangement. (II1.5)

In fact, wave mechanics, just as the matrix theory, represents on this view
a symbolic transcription of the problem of motion of classical mechanics
adapted to the requirements of quantum theory and only to be interpreted
by an explicit use of the quantum postulate. (1.75)

The fact that quantum theory contains nothing that is interpreted as a
description of qualities located at points of an externally existing spacetime
continuum can be construed as evidence of its incompleteness. However, all
we really know about the spacetime continuum is that it is a concept that has
been useful for organizing sense experience. Man’s effort to comprehend
the world in terms of the idea of an external reality inhering in a spacetime
continuum reached its culmination in classical field theory. That theory,
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though satisfactory in the domain of macroscopic phenomena, failed to
provide a satisfactory account of the microscopic sources of the field. The
bulk of Einstein’s scientific life was spent in a frustrated effort to make these
ideas work at the microscopic level.?® The rejection of classical theory in
favor of quantum theory represents, in essence, the rejection of the idea that
external reality resides in, or inheres in, a spacetime continuum. It signalizes
the recognition that “space”, like color, lies in the mind of the beholder.

If the classical concept of the spacetime continuum were accepted, then
quantum theory could not be considered complete, i.e., if it were accepted
that the persisting objects of nature literally reside in a spacetime continuum,
with their various parts definitely located in specific regions, then a complete
scientific account of atomic phenomena would, by virtue of the natural
and normal meanings of these words, in this framework, be required to
describe whatever it was that is located at the points or infinitesimal regions
of that continuum. Quantum theory does not do this, and hence a claim of
completeness would be an abuse of language.

In a pragmatic framework the claim of completeness has a different natu-
ral meaning. The natural meaning of the claim that quantum theory provides
for a complete scientific account of atomic phenomena is that no theoretical
construction can yield experimentally verifiable predictions about atomic
phenomena that cannot be extracted from a quantum-theoretical descrip-
tion. This is the practical or pragmatic meaning of scientific completeness
in this context.

The second essential ingredient of the Copenhagen interpretation is the
claim that quantum theory provides for the complete scientific account of
atomic phenomena. During the more than thirty years spanned by his three
books* Bohr polished and refined his views on this point. His final, and I
think best, summary is as follows:

The element of wholeness, symbolized by the quantum of action and com-
pletely foreign to classical physical principles, has . . . the consequence that
in the study of quantum processes any experimental inquiry implies an in-
teraction between atomic object and the measuring tools which, although
essential for the characterization of the phenomena, evades a separate ac-
count if the experiment is to serve its purpose of yielding unambiguous
answers to our questions. It is indeed the recognition of this situation which
makes recourse to a statistical mode of description imperative as regards the
expectations of the occurrence of individual quantum effects in one and the
same experimental arrangement. (I11.60)

This statement is augmented and clarified by an earlier statement:

The essentially new feature in the analysis of quantum phenomena is . . . the
introduction of a fundamental distinction between the measuring apparatus
and the objects under investigation. This is a direct consequence of the
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necessity of accounting for the functions of the measuring instruments in
purely classical terms, excluding in principle any regard to the quantum of
action. On their side, the quantal features of the phenomena are revealed
in the information about the atomic objects derived from the observations.
While within the scope of classical physics the interaction between the
object and apparatus can be neglected or, if necessary, compensated for,
in quantum physics this interaction thus forms an inseparable part of the
phenomena. Accordingly, the unambiguous account of proper quantum
phenomena must, in principle, include a description of all relevant features
of the experimental arrangement. (I11.3)

The basic point here is that well-defined objective specifications on the
entire phenomenon are not restrictive enough to determine uniquely the
course of the individual processes, yet no further breakdown is possible
because of the inherent wholeness of the process symbolized by the quantum
of action.

This way of tracing the need for a statistical account of atomic phenom-
ena back to the element of wholeness symbolized by the quantum of action
appears to take one outside the pragmatic framework, since it refers to the
measuring device, the atomic object, and their interaction. Also, it is not
immediately clear how one is to reconcile the separate identification of these
three things with the

impossibility of any sharp separation between the behaviour of the atomic
objects and the interaction with the measuring instruments which serve to
define the conditions under which the phenomena appear. (I1.39)

In this connection it is important to recognize that the “atomic object”
and “measuring instruments” are, within the framework of quantum think-
ing, idealizations used by scientists to bring order into man’s experience
in the realm of atomic phenomena. I develop this point in reference 21.
Bohr’s words emphasize that these separate idealizations are inseparably
linked by quantum thinking in a way that is completely foreign to classical
thinking. The idealization “the measuring instrument” is a conceptual entity
used in the description of the experimental specifications; the idealization
“the atomic object” is a conceptual entity that is represented by the wave
function. These are inseparably linked in quantum theory by the fact that the
specifications described in terms of the measuring instrument are mapped
onto wave functions associated with the atomic object: the atomic object
represented by the wave function has no meaning in quantum theory except
via its link to experience formulated in terms of specifications that refer to
the measuring instruments.

Bohr evidently believed that there is in atomic processes an element
of wholeness—associated with the quantum of action, and completely for-
eign to classical physical principles —that curtails the utility of the classical
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idealizations of the measuring instruments and atomic objects as separate,
interacting entities, and that the resulting inseparability of the atomic object
from the whole phenomenon renders statistical description unavoidable.

This way of reconciling the pragmatic character of quantum theory with
the claim of completeness seems rational and coherent. Itis, of course, based
on quantum thinking itself and is therefore essentially a self-consistency
consideration. The validity of quantum-mechanical thinking as a whole
must, of course, be judged on the basis of its success, which includes its
coherence and self-consistency.

The question of the completeness of quantum theory was debated by
Bohr?? and Einstein??. Einstein’s counterarguments come down to the fol-
lowing points: (1) It is not proven that the usual concept of reality is un-
workable; (2) quantum theory does not make “intelligible” what is sensorily
given; and (3) if there is a more complete thinkable description of nature,
then the formulation of the universal laws should involve their use.

Bell’s theorem'¢ deals a shattering blow to Einstein’s position. For it
proves that the ordinary concept of reality is incompatible with the statistical
predictions of quantum theory. These predictions Einstein was apparently
willing to accept. Einstein’s whole position rests squarely on the presump-
tion that sense experience can be understood in terms of an idea of some
external reality whose spatially separated parts are independent realities, in
the sense that they depend on each other only via connections that respect
spacetime separation in the usual way: instantaneous connections are ex-
cluded. But the existence of such areality lying behind the world of observed
phenomena is precisely what Bell’s theorem proves to be impossible.

Einstein’s second point, about whether quantum theory makes intelligi-
ble what is sensorily given, is taken up in the next section.

Einstein’s third point raises two crucial questions. The first is whether
a complete description of nature is thinkable. Can human ideas, which are
probably limited by the structural form of human brains, and which are
presumably geared to the problem of human survival, fully know or com-
prehend the ultimate essences? And even if they can, what is the role in
nature of universal laws? Is all nature ruled by some closed set of mathe-
matical formulas? This might be one possibility. Another, quite compatible
with present knowledge, is that certain aspects of nature adhere to closed
mathematical forms but that the fullness of nature transcends any such form.
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3.7 Quantum Theory and Objective Reality

The Copenhagen interpretation is often criticized on the grounds that it is
subjective, i.e., that it deals with the observer’s knowledge of things, rather
than those things themselves. This charge arises mainly from Heisenberg’s
frequent use of the words “knowledge” and “observer”. Since quantum
theory is fundamentally a procedure by which scientists make predictions,
it is completely appropriate that it refer to the knowledge of the observer.
For human observers play a vital role in setting up experiments and in noting
their results.

Heisenberg’s wording, interpreted in a superficial way, can be, and has
been, the source of considerable confusion. It is therefore perhaps better to
speak directly in terms of the concrete social realities, such as dispositions
of instruments, etc., in terms of which the preparations, measurements,
and results are described. This type of terminology was favored by Bohr,
who used the phrase “classical concepts” to signify descriptions in terms of
concrete social actualities.

On the other hand, Bohr’s terminology, though blatantly objective, raises
the question of how quantum theory can be consistently constructed on a
foundation that includes concepts that are fundamentally incompatible with
the quantum concepts.

Perhaps the most satisfactory term is “specifications”. Specifications are
what architects and builders, and mechanics and machinists, use to commu-
nicate to one another conditions on the concrete social realities or actualities
that bind their lives together. It is hard to think of a theoretical concept that
could have a more objective meaning. Specifications are described in tech-
nical jargon that is an extension of everyday language. This language may
incorporate concepts from classical physics. But this fact in no way implies
that these concepts are valid beyond the realm in which they are used by the
technicians.

In order to objectify as far as possible our descriptions of the specifi-
cations on preparations and measurements we can express them in terms
of the “objective” quantities of classical physics. The meaning of these
“objective” quantities for us is tied to the fact that we conceive of them as
the qualities of an external world that exists independently of our percep-
tions of it. The formulation of the specifications in terms of these classical
quantities allows the human observer to be eliminated, superficially at least,
from the quantum-theoretical description of nature: the observer need not be
explicitly introduced into the description of quantum theory because the con-
nection between his knowledge and these classical quantities is then shifted
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to other domains of science, such as classical physics, biology, psychology,
etc.

But this elimination of the observer is simply a semantic sleight of
hand. Since the conceptual structure of classical physics is recognized as
fundamentally an invention of the mind that is useful for organizing and
codifying experience, the knowledge of the observer emerges, in the end,
as the fundamental reality upon which the whole structure rests. The terms
“knowledge of the observer”, or “classical description”, or “specifications”
are just different ways of summing up in a single term this entire arrangement
of ideas, which follows from the recognition of the limited domain of validity
of classical concepts.

Bohr cites certain ideas from biology and psychology as other examples
of concepts that work well in certain limited domains. And he notes that
there have been repeated attempts to unify all human knowledge on the basis
of one or another of these conceptual frameworks.?* Such attempts are the
natural outgrowth of the absolutist viewpoint, which holds that the ideas of
man can grasp or know the absolute essences. The pragmatist, regarding
human concepts as simply tools for the comprehension of experience, and
averring that human ideas, being prisoners in the realm of human experience,
can “know” nothing but other human ideas, would not be optimistic about
the prospects of complete success in such ventures. For him progress in
human understanding would more likely consist of the growth of a web of
interwoven complementary understandings of various aspects of the fullness
of nature.

Such a view, though withholding the promise for eventual complete
illumination regarding the ultimate essence of nature, does offer the prospect
that human inquiry can continue indefinitely to yield important new truths.
And these can be final in the sense that they grasp or illuminate some aspect
of nature as it is revealed to human experience. And the hope can persist
that man will perceive ever more clearly, through his growing patchwork of
complementary views, the general form of a pervading presence. But this
pervading presence cannot be expected or required to be a resident of the
three-dimensional space of naive intuition, or to be described fundamentally
in terms of quantities associated with points of a four-dimensional spacetime
continuum.



3.8 Appendix A. Philosophic Addenda 73

3.8 Appendix A. Philosophic Addenda

Several questions of a philosophic nature have been raised by a critic. This
appendix contains my replies.

Question 1: How does one reconcile the commitment of James and Bohr
to the public character of sense objects with the radical empiricist doctrine
that ideas can agree only with other ideas? Russell’s Analysis of Matter
indicates the difficulty in performing this reconciliation.

Reply: Russell’s arguments do not confute the ideas of James and Bohr as
I have described them. Both of the latter authors would, I think, readily
admit that human experiences are probably not the whole of reality but are
probably merely a part of the whole that is related to the rest via some sort of
causal-type connection. The critical question, however, is not whether there
is in fact a world “out there”, but rather what the connection is between the
world “out there” and our ideas about it.

Russell argues, essentially, that we can make plausible inferences, based
on the structure of our experiences, and build up a reasonable idea of the
outside world. James would insist that this whole structure is nothing but a
structure of abstract ideas built upon our common experiences, and that the
transexperiential world that may somehow “cause’” our common experiences
never enters into this structure at all.

James evidently believes that his idea of a table is similar to yours
and mine. In general, different people’s ideas about sense objects are not
identical, but they are similar enough to form the basis of effective social
communication. There exists, in this sense, a realm of public or shared
experiences that form the basis of interpersonal communication. This realm
constitutes the primary data of science. The aim of science is to construct
a framework of ideas that will link these common, or public, or shared,
experiences together in ways that reflect various aspects of the empirical
connections that exist between them. Thus the whole structure of science
is, quite obviously, a structure that is wholly confined to the world of ideas.

Russell would presumably grant this. But he would argue that we can,
nonetheless, make plausible inferences about the world based on the struc-
ture of experience. Yet his commitment to rationality requires him, I think,
to admit that our ideas might not be able to fully comprehend the realities that
are the causes of our experience. And if the evidence of science indicates
that this possibility is the one realized by nature, then I think his rational ap-
proach, based on plausible inferences drawn from available evidence, would
require him to admit that this possibility has a good “probability” of being
correct.
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Although the arguments of Russell do not confute the position of James,
as I have described it, there is definitely a basic difference in orientation.
Russell embarks on a quest for certainty about the external world, but settles
for an account to which he assigns high “probability”. James views the quest
for certainty about the external world as totally misdirected. Certainty in
such matters is clearly unattainable. The truly rational course of action is
to admit at the outset that our aim is to construct a framework of ideas that
is useful for the organization of our experience—and for the conduct of our
lives—and to put aside the whole vague question about the connection of
ideas to nonideas, and the equally vague question about the “probability”
that a certain scheme of ideas gives us a true or valid picture of the world
itself.

In any case, the claim that we can make valid inferences about the world
itself acquires credibility only to the extent that a truly adequate picture
of the world itself can be constructed. No such picture exists at present.
And the difficulties in constructing a scientific view of the world itself are
precisely those admitted by Russell himself, namely the incorporation of
quantum phenomena and infinitesimal spacetime intervals. It is precisely
these difficulties that force us to fall back to the position of James.

In short, the position of Bohr and James, as I have described it, is not a
denial of the causal theory of perception. It is simply a recommendation that
we view science not as a quest for a metaphysical understanding of that which
lies outside the world of ideas, but rather as an invention of the human mind
that man constructs for the purpose of incorporating into the world of human
ideas abstract structural forms that capture certain aspects of the empirical
structure of man’s experience. In this undertaking an important class of
data are those experiences that are common to different human observers,
such as our common or shared experience of the table about which we all
sit. The level of experience at which these common experiences are most
similar is the level at which a round table is experienced as a round table,
not as an oval two-dimensional visual pattern that depends upon where one
sits, or a set of tactile sensations that depend on where one’s hand rests.
In science we need “objective” descriptions of the experienced world. We
need descriptions that do not depend on who it is that has the experience.
Operational specifications fill this need. They are descriptions of possible
human experiences that do not refer specifically to any particular individual.
They allow us to create a science that is thoroughly objective, yet securely
rooted in the realm of ideas and experience.

Question 2: In your article’! on the S-matrix interpretation of quantum
theory it was admitted that the pragmatic interpretation of quantum the-
ory leaves unanswered deep metaphysical questions about the nature of the
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world itself. And it was noted that the apparent absence of unanalyzable
entities in quantum theory suggests a “web” structure of nature that some-
what resembles the structure proposed by Whitehead. Does the absence of
similar remarks in the present work signify a retraction of the earlier views?

Reply: The aim of the present work is to describe the Copenhagen interpre-
tation. More precisely, the aim is to describe this author’s understanding of
the essential common ground of Bohr and Heisenberg on the question of the
interpretation of quantum theory. The author’s own views are an elaboration
upon his understanding of the Copenhagen interpretation, and are given in
the S-matrix article.

3.9 Appendix B. Correspondence
with Heisenberg and Rosenfeld

The views that have been put forth as representations of the Copenhagen in-
terpretation differ widely. Thus the question arises whether my description
succeeds in capturing the essence of the Copenhagen interpretation as un-
derstood by Bohr and Heisenberg. To shed light on this question I inquired
of Heisenberg whether the description given in a first version of this paper
seemed to him basically in accord with the views of himself and Bohr, or
whether it seemed different in any important way.
Heisenberg replied:

Many thanks for your letter and for your paper on the Copenhagen inter-
pretation. I think that your text is a basically adequate description of the
Copenhagen interpretation, and you probably know that Niels Bohr was very
interested in the ideas of William James. I would, however, like to mention
one point where you seem to describe the Copenhagen interpretation too
rigorously. On p. 35 you ask the question “Can any theoretical construction
give us testable predictions about physical phenomena that cannot be ex-
tracted from a quantum theoretical description?” and you say that according
to the Copenhagen interpretation no such construction is possible. I doubt
whether this is correct with respect to, for example, biological questions.
Logically it may be that the difference between the two statements: “The cell
is alive” or “The cell is dead” cannot be replaced by a quantum theoretical
statement about the state (certainly a mixture of many states) of the system.
The Copenhagen interpretation is independent of the decision of this point.
It only states that an addition of parameters in the sense of classical physics
would be useless. Besides that it may be a point in the Copenhagen inter-
pretation that its language has a certain degree of vagueness, and I doubt
whether it can become clearer by trying to avoid this vagueness.

The paper was revised so as to make it absolutely clear that the claim of
completeness of quantum theory refers specifically to atomic phenomena.
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Some superfluous material was eliminated, and the present sections 3.5 and
3.7, with their extensive quotations from Bohr, were added. Heisenberg’s
comments on the revised version were as follows:

Many thanks for sending me the new version of your paper on the Copen-
hagen interpretation. It is certainly an improvement that you quote Bohr
extensively, and your whole paper has become more compact and more
understandable after these changes. There is one problem which I would
like to mention, not in order to criticize the wording of your paper, but for
inducing you to more investigation of this special point, which is however a
very deep and old philosophical problem. When you speak about the ideas
(especially in [section 3.4]), you always speak about the human ideas, and
the question arises, do these ideas “exist” outside of the human mind or only
in the human mind? In other words: Have these ideas existed at the time
when no human mind existed in the world?

I am enclosing the English translation of a passage in one of my lectures
in which I have tried to describe the philosophy of Plato with regard to this
point. The English translation was done by an American philosopher who,
as | think, uses the philosophical nomenclature correctly. Perhaps we could
connect this Platonic idea with pragmatism by saying: It is “convenient”
to consider the ideas as existing even outside of the human mind because
otherwise it would be difficult to speak about the world before human minds
have existed. But you see at these points we always get easily at the limitation
of language, of concepts like “existing”, “being”, “ideas”, etc. I feel that you
have still too much confidence in the language, but that you will probably
find out yourself.

I replied:

Regarding the question of nonhuman ideas it seems to me unlikely that
human ideas could emerge from a universe devoid of idealike qualities.
Thus I am inclined to the view that consciousness in some form must be a
fundamental quality of the universe. [However] It is difficult to extract from
Bohr’s writings any commitment on Platonic ideals. Indeed, Bohr seems to
take pains to avoid all ontological commitment: He focuses rather on the
question of how we as scientists are to cope with the limited validity of our
classical intuitions.

In view of Bohr’s reluctance to speculate (in print at least) on the nature
of the ultimate essences it has seemed to me that the consideration of these
matters should not be considered a proper part of the Copenhagen interpre-
tation. If the Copenhagen interpretation is considered to be an overall world
view that coincides with the complete world views of both you and Bohr,
then there is danger that the Copenhagen interpretation may not exist; for it
is not clear (from your respective writings at least) whether you and Bohr
are in complete agreement on all ontological and metaphysical questions.
Moreover, in your work Physics and Philosophy you discuss many of these
deeper philosophical questions, yet have a separate chapter entitled “The
Copenhagen Interpretation”. This suggests that “The Copenhagen Interpre-
tation” should be interpreted in a restricted way. I have interpreted it to he
not the complete overall joint world view of Bohr and yourself, but rather
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the essential common ground of you and Bohr on the specific question of
how quantum theory should be interpreted.

My practical or pragmatic account of quantum theory was based on the
account given in your chapter “The Copenhagen Interpretation”. This con-
crete account jibes completely with the abstract pronouncements of Bohr,
as the quotations of Bohr in my [section 3.5] bear witness. Thus I think it
correct and proper to regard the pragmatic interpretation of the formalism
as an integral part of the Copenhagen interpretation. Similarly, I drew from
our conversations at Munich an understanding of your commitment to the
position that quantum theory provides for a complete description of atomic
phenomena, and this position seems completely in accord with that of Bohr.
Thus I think it correct and proper to regard also this position as an essential
part of the Copenhagen interpretation. But in view of Bohr’s silence on
Platonic ideals I would hesitate to include considerations on that question
in my account of the “logical essence of the Copenhagen interpretation”.
This is not meant to suggest that the Copenhagen interpretation bans further
search for a comprehensive world view. It indicates only that the Copen-
hagen interpretation is, in my view, not itself a complete overall world view:
It is merely part of an overall world view; the part that establishes the proper
perspective on quantum theory. I emphasized in the closing passages of my
paper that man’s search for a comprehensive world view is not terminated
by the Copenhagen interpretation. Rather it is significantly advanced.

Heisenberg replied:

Many thanks for your letter. May I just briefly answer the relevant questions.
I agree completely with your view that the Copenhagen interpretation is not
itself a complete overall world view. It was never intended to be such a
view. I also agree with you that Bohr and I have probably not looked upon
the Platonic ideals in exactly the same way, and therefore there is no reason
why you should go more into the problems of the Platonic ideals in your
paper. Still there is one reservation which I have to make in connection with
your paper and which I mentioned in my last letter. I think that you have too
much confidence in the possibilities of language. I think that the attitude
which is behind the Copenhagen interpretation is not compatible with the
philosophy of Wittgenstein in the Tractatus. It may be compatible with the
philosophy contained in the later papers of Wittgenstein. As you probably
know, Bertrand Russell liked the Tractatus of Wittgenstein, but disapproved
of the later papers, and therefore I could never come to an agreement with
Russell on these philosophical questions.

I replied:

Thank you for your very informative letter. I had not previously fully
appreciated the point you were making, which as I now understand it, is this:
You regard recognition of imperfectability of language to be an important
element of the attitude that lies behind the Copenhagen interpretation. This
point was not brought into my account of the Copenhagen interpretation,
and is indeed somewhat at odds with its avowed aim of clarity ... [But]
scientists must strive for clarity and shared understandings, since without
striving even the attainable will not be achieved.. . .
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Your words on the matters raised in our correspondence would certainly
be extremely valuable to readers of my article. And any paraphrasing I might
make would diminish this value. Thus, with your approval, I would like to
include the full content of your letters (apart from personal openings and
closings) in an appendix to my paper, along with certain connecting excerpts
from my own letters. I have enclosed a copy of the proposed appendix, apart
from your reply to the present letter.

Heisenberg replied:

Many thanks for your letter. I agree with your intention to publish my letters
in the appendix to your paper.

I inquired also of Rosenfeld, as the close companion and coworker of
Bohr, and prime defender of his views, for an opinion of the extent to which
my description succeeded in capturing the essence of the Copenhagen inter-
pretation as it was understood by Bohr. Rosenfeld expressed full agreement
with my account, and gave hearty approval. He went on to comment on
the relationship of Bohr to James. I include his remarks because of their
historical interest:

It may interest you to know that I several times endeavoured to persuade
Bohr to make explicit mention of the affinity between his attitude and that
of James, but he firmly refused to do so; not because he disagreed, but
because he intensely disliked the idea of having a label stuck onto him.
Indeed you may have noticed that some philosophers are already busy tracing
imaginary influences of various philosophers upon Bohr. With regard to
William James, I am quite sure that Bohr only heard of him from his friend,
the psychologist Rubin, and from myself in the *30’s. He then expressed
enthusiastic approval of James’ attitude, which he certainly felt akin to his
own; but it is a fact—a very significant one, I think—that James and Bohr
developed a pragmatic epistemology independently of each other.

It might be advisable to add somewhere in your paper a remark to that
effect in order to avoid further misunderstanding. As a matter of fact, I have
never myself in the papers I wrote on complementarity brought the pragmatic
aspect of Bohr’s thinking in explicit relation with James, precisely in order
to avoid such misunderstanding.

He went on to say:

I notice from your further letters with new title pages that you hesitate about
the best title for your essay. I have no very strong view about this, but I
would incline to prefer your March 31 title [“Quantum Theory, Pragmatism,
and the Nature of Spacetime”], the reason being that it does not contain the
phrase “Copenhagen interpretation”, which we in Copenhagen do not like at
all. Indeed, this expression was invented, and is used by people wishing to
suggest that there may be other interpretations of the Schrodinger equation,
namely their own muddled ones. Moreover, as you yourself point out, the
same people apply this designation to the wildest misrepresentations of the
situation. Perhaps a way out of this semantic difficulty would be for you
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to say, after having pointed out what the difficulty is, that you make use
of the phrase “Copenhagen interpretation” in the uniquely defined sense in
which it is understood by all physicists who make a correct use of quantum
mechanics. Surely, this is a pragmatic definition.
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4 Mind, Matter, and Quantum Mechanics

4.1 Introduction

The purpose of this work is to resolve together four basic questions concern-
ing the nature of nature. These questions are: (1) How is mind related to
matter? (2) How is quantum theory related to reality? (3) How is relativity
theory reconciled globally with that which locally we experience directly,
namely the coming of reality into being or existence? (4) How is relativity
theory reconciled with the apparent demand of Bell’s theorem that what
happens in one spacetime region must, in certain situations, depend on de-
cisions made in a spacelike-separated region? These four questions will
be discussed in detail later. They are probably the four most fundamental
questions in science.

The resolution of these questions proposed here is based on a modified
Whitehead—Heisenberg ontology according to which all that exists is cre-
ated by a sequence of creative acts or events, each of which brings into being
one possibility from the multitude created by prior acts. The focus of the
present work is on those special creative acts that correspond to conscious
experiences, and a testable model of the relationship between conscious
experiences and neural events is proposed. This proposed solution of the
mind-body problem requires no ad hoc distortion of the laws of physics.
Instead, it arises naturally from the simplest way of conceiving a universe
in which the laws of relativistic quantum theory hold. The nature of the
proposed mind-body connection is in general accord with some ideas ad-
vanced by the neurobiologists R. W. Sperry and J. C. Eccles, but is much
more specific.

The organization of the paper is as follows. Section 4.2 introduces the
mind-body problem through the words of William James, Charles Sher-
rington, and R. W. Sperry. Section 4.3 gives a brief account of the basic
conceptual framework of quantum theory as it relates to the mind—body prob-
lem and to the present work. Section 4.4 gives a sharpened version of the
author’s earlier formulation of Bell’s theorem, with a detailed discussion of
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the key assumption about the effective freedom of the experimenters. These
first four sections provide the necessary background for the main body of the
work, which is the theory of psychophysical reality presented in section 4.5.

Section 4.5 is divided into 18 subsections. The first 11 describe the basic
ontology, which is similar to Whitehead’s: reality is created by a sequence
of self-determining creative acts; the physical world, as represented by the
waveform (i.e., the wave function) of quantum theory, represents tenden-
cies for the creative acts; each creative act is represented in the physical
world (as represented in quantum theory) by a collapse of the waveform.
Section 4.5.12 shows how this ontology accounts quantitatively for the non-
local transfer of information apparently demanded by Bell’s theorem.

Section 4.5.13 explains how this theory can be reconciled with the the-
ory of relativity. It is noted that relativity theory and quantum theory are
both based on Einstein’s conceptualization of physical theory as a struc-
ture of mathematical relationships between the elements of Einstein’s static
realm of readings of devices. The notion of process, i.e., of the ongoing
process of the unfolding of nature, has no place in this realm, whose el-
ements have, moreover, an ambivalent status as regards their assignment
to the worlds of mind and matter. The fact that the statistical regularities
described by relativistic quantum theory can be formulated within the lim-
ited framework provided by Einstein’s realm of readings does not imply
that the full understanding of nature must be formulated in this limited way.
Indeed, the unreasonableness of imposing upon process conditions drawn
from Einstein’s static realm of readings is noted, and the apparent logical in-
consistencies that arose in Whitehead’s attempt to do this are analyzed. This
analysis provides the rational basis for the fundamental assumption made
here that the creative acts are arranged in a well-ordered linear sequence.
This ordering of the creative acts does not disrupt the Lorentz invariance
of the statistical predictions of quantum theory, which arises naturally from
general properties of the creative process.

Section 4.5.14 applies the general ontological structure developed in
the earlier subsections to the problem of the connection between brains
and consciousness. On the basis of the results of recent neurobiological
research a model of a system of mutually exclusive self-sustaining patterns of
neural excitations is proposed. This primary system is linked to a secondary
system, the memory system, which records, by enduring structural changes,
images of the self-sustaining patterns that occur in the primary system.
Neurological mechanisms are postulated that can, by using the templates
stored in memory, activate within the primary system patterns having parts
that resemble parts of patterns whose images were previously stored.
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The dynamical evolution of the physical brain according to the dynami-
cal laws of quantum theory generates in the conscious brain a superposition
of many different mutually exclusive self-sustaining patterns with different
statistical weights. The image in physical theory of the conscious act is the
act of selecting one of these patterns. The information content of the con-
scious thought is contained in the self-sustaining pattern of neural excitation
that is selected by this conscious act.

Sections 4.5.15 and 4.5.16 describe some ideas of the neurobiologists
R. W. Sperry and J. C. Eccles. According to these ideas, consciousness
exercises top-level control over the neural excitations of the brain. This
feature is incorporated into the present theory in sections 4.5.17 and 4.5.18,
where it is specified that the brain functions as a self-programming computer,
that the aforementioned mutually exclusive self-sustaining patterns of neural
excitations constitute the top-level code, and that each human experience
is a conscious act that is represented in the physical world as described
by quantum theory by the selection of a top-level code that is functionally
equivalent to the experience. Thus, conscious experience, as represented
in the physical world described by quantum theory, exercises precisely the
top-level control that is consciously experienced. The theory is thus in
accord with the main thrust of the ideas of Sperry and Eccles, but is much
more detailed and specific, and overcomes the main objections to their ideas,
which is the lack of a clear reconciliation with the laws of physics. In the
present theory consciousness enters neither as a mere collective action nor as
an ad hoc supernatural agent still to be reconciled with the laws of physics.
It enters rather as a process actually demanded by the contemporary laws
of physics if the physical world represented by the waveform of quantum
theory is to be kept in line with the world we experience.

Section 4.6 discusses tests, applications, and implications of the theory.
Section 4.7 contrasts the understanding of the mind—matter connection ob-
tained here to the lack of understanding provided by some other ways of
interpreting quantum theory.

4.2 Mind and Matter

The idea that nature has two parts, one containing feelings and thoughts,
the other material objects in motion, was created in antiquity. Revived in
modern times by Descartes, it became the foundation for classical physics.
But man, having thus put nature asunder, was then unable to see her whole.
The problem was well described by William James:
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Everyone admits the entire incommensurability of feeling as such with ma-
terial motion as such. “A motion became a feeling!” —no phrase that our
lips can form is so devoid of apprehensible meaning. Accordingly, even the
vaguest of evolutionary enthusiasts, when deliberately comparing material
with mental facts, have been as forward as anyone else to emphasize the
“chasm” between the inner and outer worlds.

“Can the oscillations of a molecule,” says Mr. Spencer, “be represented
side by side with a nervous shock [he means a mental shock], and the two
recognized as one? No effort enables us to assimilate them. That a unit of
feeling has nothing in common with a unit of motion becomes more than
ever manifest when we bring the two into juxtaposition.”

And again

“Suppose it to have become quite clear that a shock in consciousness and a
molecular motion are the subjective and objective faces of the same thing;
we continue utterly incapable of uniting the two, so as to conceive that reality
of which they are the opposite faces.”

In other words, incapable of perceiving in them any common character.
So Tyndall, in that lucky paragraph which has been quoted so often that
everyone knows it by heart:

“The passage from the physics of the brain to the corresponding facts of
consciousness is unthinkable. Granted that a definite thought and a definite
molecular action in the brain occur simultaneously; we do not possess the
intellectual organ, nor apparently any rudiment of the organ, which would
enable us to pass, by a process of reasoning, from one to the other.”

Or in this other passage:

“We can trace the development of a nervous system and correlate with it
parallel phenomena of sensation and thought. But we soar into a vacuum the
moment we seek to comprehend the connection between them . . . there is
no fusion between the two classes of facts—no motor energy in the intellect

of man to carry it without logical rupture from one to the other.”!

In a similar vein R. W. Sperry writes in 1952:

The comment of Charles Sherrington remains as valid today as when he
wrote it more than eighteen years ago: “We have to regard the relation of
mind to brain as still not merely unsolved but still devoid of a basis for its
very beginning.” It is not a solution which we aspire to but only a basis on
which to begin.?

This aspiration motivates the present work.

The difficulty encountered by the authors quoted above in the task of
reconciling the conceptions of mind and matter stems from their tacit ac-
ceptance of the conceptualization of matter provided by classical physics,
and from the absence of a natural place for thoughts in the physical world
as conceived in classical physics. According to classical physics, the phys-
ical world consists of particles and fields that evolve in accordance with
deterministic laws of motion. Any additional real thing that is related to
the physical world must be related to configurations of the particle and field
motions. But any such addition is gratuitous: there is no reason for any such
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addition, and no natural place for it. And the physical world would evolve
in the same way with or without it.

The physical configuration associated with a thought may play an im-
portant role in the evolution of the physical world. But the integrated holistic
experienced thought is conceptually nonidentical to the associated state of
motion of the billions of particles. What confers special status to these
particular configurations of motions of billions of particles? How are they
singled out to be experienced as a whole? And what is the relationship of
the experienced content of the integrated thought to the individual motions
of the billions of particles?

The theme of this work is that these questions, though unanswerable
in any satisfactory way within the conceptualization of the physical world
provided by classical physical theory, have a natural answer within the
quantum-theoretic conceptualization.

4.3 Quantum Theory and Mind-Matter

Classical physics works well in many situations, but is inadequate for prob-
lems involving the atomic or subatomic structure of objects and materials.
For problems of this kind one must use quantum theory, which supercedes
classical theory in that it reproduces all the experimentally validated predic-
tions of classical theory, and covers the atomic and subatomic domains as
well.

The conceptual framework of quantum theory is profoundly different
from that of classical physics, and it allows mind and matter to be seen as the
natural parts of a single whole. Indeed, the basic change wrought by quantum
theory is precisely a transformation of the physical world from a structure
lying outside of mind to one that reaches into mind. This metamorphosis is
now explained.

The logical structure of quantum theory is closely tied to the way it
is used in practice. To use quantum theory a scientist defines a set of
operational specifications A on the devices that are going to prepare some
system, and a set of operational specifications B on the responses of devices
that are going to detect some properties of this system. The specifications
A are transformed into a weight function p4(x, p), and the specifications B
are transformed into an efficiency function pg(x’, p’). Quantum-theoretic
rules are then used to calculate the propagation function U (x’, p'; x, p),
which transforms the function p4(x, p) from the spacetime location of the
preparation to the spacetime location of the detection. Then the probability
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P (B, A) that the response will satisfy specifications B if the preparations
satisfy specifications A is calculated from the formula®

P(B, A) = /dX’dp’dxdp pp(x', pYUag(x', p's x, p)palx, p).

This formula is identical to the one used for the same purpose in classical
statistical mechanics. There the quantity p4(x, p) is the phase-space proba-
bility density associated with the initial specification A, and pg(x’, p’) is the
probability that the response of the detectors will meet specifications B if
the detected system is characterized by the phase-space point (x’, p’). (For
an n-particle system x’ is a set of 3n variables that specifies the positions of
the n particles, and p’ is a set of 3n variables that specifies the momenta of
these particles.)

The description given above stresses the close connection between quan-
tum theory and classical statistical mechanics. But important differences
also exist. Most important are interference effects, which are exhibited, for
example, in the double-slit experiment.

The double-slit experiment is well known: light from a tiny monochro-
matic source is allowed to pass through a first screen containing two narrow
slits and fall onto a second screen. The distribution of light on the second
screen is grossly different from the sum of the distributions that would be
obtained if each slit were opened separately. This difference is explained
quantitatively by assuming that light has a wave structure: the parts of the
wave traveling through the two slits can interfere constructively in some
areas of the second screen and destructively in other areas to produce the
observed interference pattern. But a second aspect of the experiment is the
quantization of light: the energy is emitted from the source in discrete units
called quanta, which are absorbed as units in tiny regions of the second
screen.

The double-slit experiments provide prima facie evidence that light con-
sists of both particles and waves. The idea that the energy is carried by tiny
particles that are guided by waves that pass through both slits can account
quantitatively for both the quantization and interference effects. This guider-
wave idea was studied by de Broglie* and successfully completed, in the
nonrelativistic approximation, by Bohm?.

Bohm’s model has both waves and particles. The particles are conceptu-
ally identical to the point-particles that occur in classical physics. However,
the probabilities P (B, A) can be calculated from a knowledge of the waves
alone. These probabilities P(B, A) are the only quantities of the theory
that can be directly compared to experiment. Thus from a practical point of
view the particles are superfluous: they add no content that can be tested or
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verified, or has any practical use. Indeed, there now exist many variations
of Bohm’s deterministic model that have superimposed stochastic elements,
but that are empirically indistinguishable from Bohm’s.®

The orthodox interpretation of quantum theory dispenses altogether with
these superfluous classical particles. It represents any physical system by
a waveform alone. Thus an atom is represented by a stable or quasi-stable
waveform. The emission of light from an atom is represented by a change of
its waveform to one that represents a less energetic state, accompanied by the
creation of a waveform that corresponds to the quantum of light. This latter
waveform interacts with the waveform of any atom that lies in the region
it transverses to provide a waveform having a part that corresponds to the
absorption of the quantum of light by that atom. In this part the waveform
representing the atom changes to a form representing a more energetic state,
while the waveform representing the light quantum disappears.

This orthodox view rests basically on the fact that the information con-
cerning the amount of energy in the quantum of light can be carried just
as well by a wave as by a particle. But the particle concept demands in-
formation far beyond that of the magnitude of the quantum of energy. It
demands also the specification of an exact spacetime path from the emitting
atom to the absorbing atom, and even of exact paths of the particles within
these atoms. Most physicists believe that this demand for exact spacetime
paths originates in our experience with macroscopic phenomena and classi-
cal physics, and need not be met by nature itself in the microscopic domain
of atomic and subatomic physics. The observed phenomena are represented
far more economically and aesthetically without using the notion of classical
particles.

The elimination of classical particles means that the functions p4(x, p)
and pp(x’, p’) cannot be interpreted conceptually in the same way as in
classical physics. Indeed this possibility was excluded already by the fact
that these functions can become negative, which is not compatible with their
classical meanings. However, it is only the probabilities P (B, A) thatcan be
directly compared to experience, and these are guaranteed non-negative by
the mathematical structure of the theory. The waveforms, and the essentially
equivalent quantities p(x, p) and pg(x’, p’), are not given individual or
separate meanings in orthodox quantum theory: their meanings arise solely
from their roles as parts of the formula for the probabilities P(B, A). These
probabilities are, empirically, the probabilities that the observed responses
will conform to operational specifications B under operational conditions A.
No further meaning is to be ascribed to the symbols occurring in the theory.
Thus the physical laws represented by quantum theory are not a set of laws
governing an independent entity that exists apart from observations. Rather,
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they define a mathematical structure of statistical relations among observa-
tions. In this sense quantum theory, and the physical world represented by
quantum theory, reaches into mind.

Although quantum theory, according to the orthodox view, provides
merely a set of mathematical rules for calculating the probabilities P(B, A),
rather than a detailed picture of what is actually happening in the external
world, it does impose through these rules stringent conditions on the char-
acter of the underlying reality. The most interesting and important of these
is discussed in the following section.

4.4 Bell’s Theorem

Bell’s theorem’ imposes stringent conditions on the nature of reality. It
arises from an examination of the statistical predictions of quantum theory
in certain particular experimental situations. These situations involve two
experimenters who, within the confines of two spacelike-separated space-
time regions, first choose some experimental settings and then observe some
experimental results. The theorem shows thatitis impossible to reconcile the
general validity of the statistical predictions of quantum theory with the idea
that the results observed by each experimenter could in principle be indepen-
dent of the apparently free choice of setting made in the spacelike-separated
region by the other experimenter: the general validity of the predictions of
quantum theory appears to demand strong nonlocal connections that extend
over macroscopic distances.

To obtain this conclusion one may consider the following experiment:
suppose a pair of low-energy, spin—% particles are allowed to scatter off each
other in a small spacetime region that is surrounded by an array of fast elec-
tronic detectors. These detectors are arranged to cover almost completely
a sphere centered on the scattering region. Only two small holes are left
uncovered, and these lie at polar extremities of the sphere. The two particles
are detected by the fast electronics upon entering the sphere. Thus if they
are not detected shortly afterward by the spherical array, then they have
escaped through the two holes and, by virtue of the geometric setup, are
traveling on trajectories that will lead one into a Stern—Gerlach device D
and the other into a Stern—Gerlach device D,. The arrival times at D; and
D, are such that the devices D, and D, are confined, during the passage of
the particles through them, to the spacetime regions R; and R, respectively.
The spacetime region R; contains also a process that generates from some
physical numbers that have been brought into R; a “random” number that
will be used to select one of several predetermined directions along which
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the axis of the Stern—Gerlach device will be mechanically aligned. A similar
arrangement selects the setting of the axis of the device in R,. The entire
process consisting of the selection of the direction of the axis of the device
Dy, the deflection of the particle by the device Dy, the subsequent detection
of this particle, and the final recording of the result in some memory bank
(or in the brain of a human observer) takes place in the spacetime region
R;. The similar set of processes associated with the device D, is confined
to the spacetime region R;.

A Stern—Gerlach device has the property of deflecting the particle by a
finite amount in one of two directions: the deflection is either in the direction
of the (directed) axis of the device or in the opposite direction. The recorded
result tells us which of these two possibilities actually occurred.

If the two particles are of the same kind and their energies are sufficiently
small, then the particles will emerge from the scattering in what is called
the singlet state. This state is recognized experimentally by the fact that if
the directions of two axes of the two devices D and D, are identical (in an
appropriate frame), then the directions of the deflections in D and D, are
opposite: if the common direction of the two axes is called “up”, then one
of the two deflections is “up” and the other is “down”.

We come now to the crucial point. Suppose the axis in D; is chosen by
our procedure to lie in some particular direction d, and that the subsequent
deflection in D is then observed to lie in some particular direction—which
must be either along d or opposite to d. Suppose this particular direction
d is also one of the small set of preassigned directions allowed for D,. We
can arrange that there be a large number of conceivable ways in which the
direction d might be chosen for D,. To be definite, suppose that the physical
numbers brought into R, include the arrival time of a photon from a distant
galaxy, the latest teletype Dow—Jones average, and the temperature at the
Chicago airport. A computer in R, first picks one of these three numbers “at
random” and then computes from it a random number that is used to specify
the setting of D,. We suppose this setting has a good chance to be d.

There are many conceivable ways that the direction d could be selected
for D,. But no matter which of these ways is actually used, the direction of
the deflection at D, will be the same: it must be opposite to the observed
direction of deflection at D;. That is, given the observed direction of de-
flection at D;, the deflection at D, must be independent of the particular
course of events leading to the choice in region R, of d.

This independence of the result at D, on the manner in which the di-
rection d of D, is chosen suggests that in the analysis of the correlations
between the directions of the deflections at D; and D, it is the directions
of Dy and D, that are important, not the manner in which these directions
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are selected or brought into existence. This suggests that in the analysis of
these deflections the directions of D; and D, can be treated as independent
free variables.

These heuristic considerations support the key underlying assumption
of Bell’s theorem, which is that in the analysis of the correlations between
the directions of the deflections in D; and D, one can consider the choices
between the several preassigned directions of the axes of these two devices
to be independent free variables. This assumption is not that these choices
are literally free, in the sense that they have no causal basis whatever, but
merely that they are essentially accidental and can be considered free in the
analysis of the correlations in the directions of deflection in this experiment.

Of course, we ordinarily take for granted that variables determined by the
whimsical choices of experimenters via processes that are left completely
unspecified in the description of the experiment under consideration should
be considered free variables. But in the case of Bell’s theorem this assump-
tion must be emphasized, for it is the only assumption needed to derive a
profound conclusion.

The need to regard these choices as effectively free arises from the need
to distinguish cause from effect, and to allow the consideration of alternative
possibilities.

Suppose now that the regions R; and R, are spacelike separated. This
means that no information can travel from R; to R, (or from R, to R;)
without traveling either faster than light or backward in time. According
to the theory of relativity no signal can travel either faster than light or
backward in time. This suggests that the information about the free choice
of setting made in each region will be unable to reach the other region, and
hence that the result observed in each region should be independent of the
free choice of setting made in the other region. The principles of relativity
also entail that the “order” in which the two choices of settings are made
should have no physical significance: the scenario in which D, is fixed
“before” D is required to be physically equivalent to the scenario in which
D, is fixed “after” D,, since “before” and “after” have no invariant meaning
for spacelike-separated events.

The foregoing discussion concerns a single pair of particles. Consider
next a set of n such pairs that can be separately analyzed by fast electronics,
but that are bunched together so that all n particles going to D; arrive
essentially together, on the scale of the region R, and hence that the setting
of D; is the same for all of them. The analogous conditions are imposed for
D2 and R2.

A “set of conceivable results S;” of the n-particle experiment is repre-
sented by a list that specifies for each of the n pairs the directions of the
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deflections at both D and D,. For any given number 7, any given setting of
D and D,, and any set of conceivable results S; of the experiment, quantum
theory prescribes a probability P(S;). For any collection C; of distinct sets
of conceivable results S; the probability that the observed set of results will
correspond to some unspecified member of the collection C; is, of course,
the sum of the probabilities P (S;) of the individual members S; of the col-
lection. This probability is called the probability P (C;) associated with the
collection.

To derive the desired result, consider two possible settings of D; (spec-
ified by certain angles ¢; = 0° and ¢; = 90° ), and two possible settings
of D, (specified by the angles ¢, = 0° and ¢, = 135°). Let the four com-
binations of settings be labeled by the index i (= 1, 2, 3, or 4). Then the
following mathematical result holds:® For any positive number ¢, there is
an integer n and four collections C; (i = 1,2, 3, or 4), one for each of the
four combinations of settings of D; and D,, such that the following two
properties hold:

1 For each of the four collections C; (i = 1,2, 3, or 4), the probability
P (C;) associated with C; is less than €.

2 For any conceivable combination of four sets S; (i = 1, 2, 3, or 4), one
for each of the four possible combinations of the setting of D; and D;,
the requirement that the set of results in each of the two regions R; and
R, be independent of the choice of setting in the other region can be
satisfied only if at least one of the four sets of conceivable results S;
belongs to the corresponding collection C;.

This mathematical fact entails that there is no way to reconcile the valid-
ity of the statistical predictions of quantum theory for all four combinations
of settings with the requirement that what happens in each region could in
principle be independent of the choice of setting made in the other region.
For suppose we start with a conceivable set of results S; for some one of the
four combinations of settings. If the above-stated independence property is
satisfied, then a change in the setting of D; (but not D,) can give a new set
of results in R, but will leave unchanged the original set of results in R;.

Alternatively, a change of the setting of D, (but not D;) can give a new
set of results in R,, but will leave unchanged the original set of results in
R;.

The full set of results for three of the four combinations of settings is
thereby fixed. To obtain the results in the fourth case (where both D; and
D, are changed) one can follow up the original change of D; by a change of
the setting of D,. Alternatively, one can follow up the original change of D,
by a change of the setting of D;. The principles of the theory of relativity
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assert, as already mentioned, that the order in which choices of settings are
made in the two spacelike-separated regions has no physical significance.
Thus these two ways of ordering the choices should lead to the same final set
of results in the final case, in which D, and D, are both changed. But this
condition fixes uniquely the results in the fourth case to be the combination
of the changed set of results in R, (obtained from changing D, and not D)
with the changed set of results in R, (obtained by changing D, and not D).

The four sets S; constructed in this way satisfy the independence prop-
erty stated in part 2 of the mathematical result stated above. Hence that
mathematical result 2 entails that for at least one of the four combinations of
settings i the associated set of results S; lies in the specified set C; of conceiv-
able results. The probability for this is less than the arbitrarily small positive
number €. Thus there is no way in which what happens in each region could
be independent of the free choice of setting made in the spacelike-separated
region without violating the predictions of quantum theory. Moreover, this
violation can be made as large as one likes, by choosing € sufficiently small.
And there is no way to re-establish the validity of the quantum predictions
by taking a still larger value of n. For, by taking n larger, one can make
€ still smaller: the magnitude of the violation of the quantum predictions
increases beyond any bound as the number n of instances in the sample
tends to infinity.

This argument is more intricate than those of Bell and of Clauser and
Horne, but the result is much stronger. For there are no assumptions about
determinism, hidden variables, or objective reality. The conclusion is simply
that there is no way for nature to select results that are compatible with both
the predictions of quantum theory and the condition that the results observed
in each region be independent of the choice of experiment made in the other
region.

The appearance of words like “particle” and “device” in the above argu-
ments does not entail any essential use of the notion of objective reality. The
argument can be reformulated purely in terms of the experiences of human
observers, as was discussed in detail in reference 9.

Section 4.5 will explain, among other things, how the strong nonlocal
connections apparently demanded by Bell’s theorem can be understood in
a natural way without violating the essential principles of the theory of
relativity.
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4.5 The Psychophysical Theory

The aim of this section is to set forth a theory of psychophysical phenomena
that accords with relativity theory and quantum theory, with some recent
ideas from the field of neurobiology, and with certain metaphysical prin-
ciples I find compelling. The central idea is this: the physical world de-
scribed by the laws of physics is a structure of tendencies in the world of
mind. This general idea is latent in Heisenberg’s idea of Potentia,' and in
von Neumann'’s description of quantum processes.!! It has been previously
advanced by Whitehead,'? by myself,'* and by Wigner.'* In the following
subsections this general idea is developed in detail, with particular attention
to relativistic and neurobiological aspects.

4.5.1 Mind: The Creative Process

Mind is identified with the process of creation. Everything that exists is
created by this process, which consists of a well-ordered sequence of creative
acts called events. Any event is prior to all those that follow it in this
sequence, and is subsequent to all those that come before it in this sequence.
Each creative act is a grasping, or prehension, of all that has been created
by prior acts in a novel but unified way. Whitehead’s book Process and
Reality'? is essentially an elaboration of roughly this idea.

4.5.2 Necessity and Chance

“Naught happens for nothing, but everything from a ground and of necessity”
(Leucippus; see, e.g., Russell'”). This is the law of necessity. Some writers
claim to be comfortable with the idea that there is in nature, at its most
basic level, an irreducible element of chance. I, however, find unthinkable
the idea that between two possibilities there can be a choice having no
basis whatsoever. Chance is an idea useful for dealing with a world partly
unknown to us. But it has no rational place among the ultimate constituents
of nature.

4.5.3 Necessity and Free Will

Man’s free will is no illusion. It constitutes his essence. And it rests upon
the law of necessity. Any play of chance would falsify the idea that I, from
the ground of my essential nature, make a true choice.
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4.5.4 Necessity and Predetermination

The law of necessity entails that the process of creation is internally deter-
mined. But it is not externally predetermined.

A system is externally predetermined if its development can in principle
be predetermined by first forming outside of itself a representation of the
system and its laws of development, and then, by applying these laws to that
representation, determining, before the fact, how the system will develop.

A system is internally determined if its development is determined by
its internal constitution.

The creative process is internally determined. But owing to its whole-
ness, neither it nor its laws of development can be represented outside of
itself. Hence it is not externally predetermined.

Whitehead’s similar formula asserts that the world is internally deter-
mined and externally free. Both in principle and in practice the only way to
determine precisely how nature will unfold is to let it unfold.

4.5.5 Tendency, Propensity, and Probability

An example of tendency is the tendency for “six” to come up on the throw of
aloaded die. The number that actually comes up is determined by unknown
factors. But the “loading”, combined with the conditions of the throw,
and some a priori distributions of unspecified variables, create a tendency
(or propensity) for “six” to come up. This idea of tendency or propensity
can be made quantitative by associating it with the mathematical theory
of probability. Popper has developed this “propensity” interpretation of
probability and strongly advocated its use in quantum theory.'¢

4.5.6 Emergent Qualities

Each creative act brings into existence something fundamentally new: it
creates a novel “emergent” quality.

4.5.7 Consciousness

At the apex of a hierarchical structure in the decision-making process as-
sociated with human brains is a subprocess that enjoys two characteristic
properties: a record of its acts is stored in the human memory; and it ex-
ercises a partial functional control over both its own development and that
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of other human biological processes. This subprocess is called human con-
sciousness. It is part of a larger subprocess called consciousness, which
includes the conscious processes associated with other creatures.

Consciousness is part of the full creative process. The present work is
concerned mainly with human consciousness.

4.5.8 Color

Everything that exists was created by the world process called mind. For
example, “greenness” is a collection of emergent qualities that play a promi-
nent part in human consciousness. These qualities came into being during
the phase of the creative process associated with the growth of conscious-
ness. Prior to that they did not exist.

4.5.9 Spacetime

Spacetime, like color, is an emergent quality that plays a prominent role in
human consciousness, and in a certain theoretical activity within conscious-
ness called physics. The success of physics indicates that the concept of
spacetime bears an important relationship to the structural properties of the
creative process.

4.5.10 Dynamics

To understand the dynamics of the world process it is helpful to consider first
the classical approximation. Suppose the force laws and initial boundary
conditions were given. Then Newton’s laws would completely determine
the development of the system. But what determines the initial conditions?
The law of necessity demands that everything be determined by necessity.
Hence “free” in