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World Perspectives

What This Series Means

It is the thesis of World Perspectives that man is in the
process of developing a new consciousness which, in spite of his
apparent spiritual and moral captivity, can eventually lift the
human race above and beyond the fear, ignorance, and isolation
which beset it today. It is to this nascent consciousness, to this
concept of man born out of a universe perceived through a fresh
vision of reality, that World Perspectives is dedicated.

Only those spiritual and intellectual leaders of our epoch who
have a paternity in this extension of man’s horizons are invited
to participate in this Series: those who are aware of the truth
that beyond the divisiveness among men there exists a primor-
dial unitive power since we are all bound together by a common
humanity more fundamental than any unity of dogma; those
who recognize that the centrifugal force which has scattered and
atomized mankind must be replaced by an integrating structure
and process capable of bestowing meaning and purpose on exist-
ence; those who realize that science itself, when not inhibited by
the limitations of its own methodology, when chastened and
humbled, commits man to an indeterminate range of yet un-
dreamed consequences that may flow from it.

This Series endeavors to point to a reality of which scientific
theory has revealed only one aspect. It is the commitment to this
reality that lends universal intent to a scientist’s most original
and solitary thought. By acknowledging this frankly we shall

X
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restore science to the great family of human aspirations by which
men hope to fulfill themselves in the world community as think-
ing and sentient beings. For our problem is to discover a prin-
ciple of differentiation and yet relationship lucid enough to
justify and to purify scientific, philosophic and all other knowl-
edge, both discursive and intuitive, by accepting their inter-
dependence. This is the crisis in consciousness made articulate
through the crisis in science. This is the new awakening.

Each volume presents the thought and belief of its author
and points to the way in which religion, philosophy, art, science,
economics, politics and history may constitute that form of
human activity which takes the fullest and most precise account
of variousness, possibility, complexity and difficulty. Thus World
Perspectives endeavors to define that ecumenical power of the
mind and heart which enables man through his mysterious great-
ness to re-create his life.

This Series is committed to a re-examination of all those sides
of human endeavor which the specialist was taught to believe
he could safely leave aside. It interprets present and past events
impinging on human life in our growing World Age and en-
visages what man may yet attain when summoned by an un-
bending inner necessity to the quest of what is most exalted in
him. Its purpose is to offer new vistas in terms of world and
human development while refusing to betray the intimate cor-
relation between universality and individuality, dynamics and
form, freedom and destiny. Each author deals with the increas-
ing realization that spirit and nature are not separate and apart;
that intuition and reason must regain their importance as the
means of perceiving and fusing inner being with outer reality.

World Perspectives endeavors to show that the conception of
wholeness, unity, organism is a higher and more concrete con-
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ception than that of matter and energy. Thus an enlarged mean-
ing of life, of biology, not as it is revealed in the test tube of the
laboratory but as it is experienced within the organism of life
itself, is attempted in this Series. For the principle of life consists
in the tension which connects spirit with the realm of matter.
The element of life is dominant in the very texture of nature,
thus rendering life, biology, a trans-empirical science. The laws
of life have their origin beyond their mere physical manifesta-
tions and compel us to consider their spiritual source. In fact,
the widening of the conceptual framework has not only served to
restore order within the respective branches of knowledge, but
has also disclosed analogies in man’s position regarding the
analysis and synthesis of experience in apparently separated do-
mains of knowledge suggesting the possibility of an ever more
embracing objective description of the meaning of life.

Knowledge, it is shown in these books, no longer consists in a
manipulation of man and nature as opposite forces, nor in the
reduction of data to mere statistical order, but is a means of
liberating mankind from the destructive power of fear, pointing
the way toward the goal of the rehabilitation of the human will
and the rebirth of faith and confidence in the human person.
The works published also endeavor to reveal that the cry for
patterns, systems and authorities is growing less insistent as the
desire grows stronger in both East and West for the recovery of
a dignity, integrity and self-realization which are the inalienable
rights of man who may now guide change by means of conscious
purpose in the light of rational experience.

Other vital questions explored relate to problems of inter-
national understanding as well as to problems dealing with
prejudice and the resultant tensions and antagonisms. The grow-
ing perception and responsibility of our World Age point to the
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new reality that the individual person and the collective person
supplement and integrate each other; that the thrall of totali-
tarianism of both left and right has been shaken in the universal
desire to recapture the authority of truth and human totality.
Mankind can finally place its trust not in a proletarian authori-
tarianism, not in a secularized humanism, both of which have
betrayed the spiritual property right of history, but in a sacra-
mental brotherhood and in the unity of knowledge. This new
consciousness has created a widening of human horizons be-
yond every parochialism, and a revolution in human thought
comparable to the basic assumption, among the ancient Greeks,
of the sovereignty of reason; corresponding to the great efful-
gence.of the moral conscience articulated by the Hebrew proph-
ets; analogous to the fundamental assertions of Christianity; or
to the beginning of a new scientific era, the era of the science of
dynamics, the experimental foundations of which were laid by
Galileo in the Renaissance.

An important effort of this Series is to re-examine the contra-
dictory meanings and applications which are given today to such
terms as democracy, freedom, justice, love, peace, brotherhood
and God. The purpose of such inquiries is to clear the way for
the foundation of a genuine world history not in terms of nation
or race or culture but in terms of man in relation to God, to
himself, his fellow man and the universe, that reach beyond im-
mediate self-interest. For the meaning of the World Age consists
in respecting man’s hopes and dreams which lead to a deeper
understanding of the basic values of all peoples.

World Perspectives is planned to gain insight into the mean-
ing of man, who not only is determined by history but who also
determines history. History is to be understood as concerned not
only with the life of man on this planet but as including also
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such cosmic influences as interpenetrate our human world. This
generation is discovering that history does not conform to the
social optimism of modern civilization and that the organization
of human communities and the establishment of freedom and
peace are not only intellectual achievements but spiritual and
moral achievements as well, demanding a cherishing of the
wholeness of human personality, the “unmediated wholeness of
feeling and thought,” and constituting a never-ending challenge
to man, emerging from the abyss of meaninglessness and suffer-
ing, to be renewed and replenished in the totality of his life.

Justice itself, which has been “in a state of pilgrimage and
crucifixion” and now is being slowly liberated from the grip of
social and political demonologies in the East as well as in the
West, begins to question its own premises. The modern revolu-
tionary movements which have challenged the sacred institutions
of society by protecting social injustice in the name of social
justice are examined and re-evaluated.

In the light of this, we have no choice but to admit that the
unfreedom against which freedom is measured must be retained
with it, namely, that the aspect of truth out of which the night
view appears to emerge, the darkness of our time, is as little
abandonable as is man’s subjective advance. Thus the two
sources of man’s consciousness are inseparable, not as dead but
as living and complementary, an aspect of that “principle of
complementarity”’ through which Niels Bohr has sought to unite
the quantum and the wave, both of which constitute the very
fabric of life’s radiant energy.

There is in mankind today a counterforce to the sterility and
danger of a quantitative, anonymous mass culture, a new, if
sometimes imperceptible, spiritual sense of convergence toward
world unity on the basis of the sacredness of each human person
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and respect for the plurality of cultures. There is a growing
awareness that equality may not be evaluated in mere numerical
terms but is proportionate and analogical in its reality. For when
equality is equated with interchangeability, individuality is
negated and the human person extinguished.

We stand at the brink of an age of a world in which human
life presses forward to actualize new forms. The false separation
of man and nature, of time and space, of freedom and security,
is acknowledged and we are faced with a new vision of man in
his organic unity and of history offering a richness and diversity
of quality and majesty of scope hitherto unprecedented. In re-
lating the accumulated wisdom of man’s spirit to the new reality
of the World Age, in articulating its thought and belief, World
Perspectives seeks to encourage a renaissance of hope in society
and of pride in man’s decision as to what his destiny will be.

World Perspectives is committed to the recognition that all
great changes are preceded by a vigorous intellectual reevalua-
tion and reorganization. Our authors are aware that the sin of
hybris may be avoided by showing that the creative process itself
is not a free activity if by free we mean arbitrary, or unrelated
to cosmic law. For the creative process in the human mind, the
developmental process in organic nature and the basic laws of
the inorganic realm may be but varied expressions of a universal
formative process. Thus World Perspectives hopes to show that
although the present apocalyptic period is one of exceptional
tensions, there is also at work an exceptional movement toward
a compensating unity which refuses to violate the ultimate moral
power at work in the universe, that very power upon which all
human effort must at last depend. In this way we may come to
understand that there exists an inherent independence of
spiritual and mental growth which though conditioned by cir-
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cumstances is never determined by circumstances. In this way
the great plethora of human knowledge may be correlated with
an insight into the nature of human nature by being attuned to
the wide and deep range of human thought and human ex-
perience.

In spite of the infinite obligation of men and in spite of their
finite power, in spite of the intransigence of nationalisms, and in
spite of the homelessness of moral passions rendered ineffectual
by the scientific outlook, beneath the apparent turmoil and up-
heaval of the present, and out of the transformations of this
dynamic period with the unfolding of a world consciousness, the
purpose of World Perspectives is to help quicken the “unshaken
heart of well-rounded truth” and interpret the significant ele-
ments of the World Age now taking shape out of the core of that
undimmed continuity of the creative process which restores man
to mankind while deepening and enhancing his communion
with the universe.

Rure NANDA ANSHEN
New York, 1958
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Introduction

by F. S. C. Northrop

Sterling Professor of Philosophy and Law,
The Law School, Yale University

There is a general awareness that contemporary physics has
brought about an important revision in man’s conception of the
universe and his relation to it. The suggestion has been made
that this revision pierces to the basis of man’s fate and freedom,
affecting even his conception of his capacity to control his own
destiny. In no portion of physics does this suggestion show itself
more pointedly than in the principle of indeterminacy of quan-
tum mechanics. The author of this book is the discoverer of this
principle. In fact, it usually bears his name. Hence, no one is
more competent to pass judgment on what it means than he.

In his previous book, The Physical Principles of the Quantum
Theory,* Heisenberg gave an exposition of the theoretical
interpretation, experimental meaning and mathematical appa-
ratus of quantum mechanics for professional physicists. Here
he pursues this and other physical theories with respect to their
philosophical implications and some of their likely social conse-
quences for the layman. More specifically, he attempts here
to raise and suggest answers to three questions: (1) What do
the experimentally verified theories of contemporary physics
affirm? (2) How do they permit or require man to think of
himself in relation to his universe? (3) How is this new way of

* University of Chicago Press, Chicago, 1930.
1



2 PHYSICS AND PHILOSOPHY

thinking, which is the creation of the modern West, going to
affect other parts of the world?

The third of these questions is dealt with briefly by Heisen-
berg at the beginning and end of this inquiry. The brevity
of his remarks should not lead the reader to pass lightly over
their import. As he notes, whether we like it or not, modern
ways are going to alter and in part destroy traditional customs
and values. It is frequently assumed by native leaders of non-
Western societies, and also often by their Western advisers, that
the problem of introducing modern scientific instruments and
ways into Asia, the Middle East and Africa is merely that of
giving the native people their political independence and then
providing them with the funds and the practical instruments.
This facile assumption overlooks several things. First, the instru-
ments of modern science derive from its theory and require a
comprehension of that theory for their correct manufacture or
effective use. Second, this theory in turn rests on philosophical,
as well as physical, assumptions. When comprehended, these
philosophical assumptions generate a personal and social men-
tality and behavior quite different from, and at points
incompatible with, the family, caste and tribally centered men-
tality and values of the native Asian, Middle Eastern or African
people. In short, one cannot bring in the instruments of modern
physics without sooner or later introducing its philosophical
mentality, and this mentality, as it captures the scientifically
trained youth, upsets the old familial and tribal moral loyalties.
If unnecessary emotional conflict and social demoralization are
not to result, it is important that the youth understand what is
happening to them. This means that they must see their ex-
perience as the coming together of two different philosophical
mentalities, that of their traditional culture and that of the new
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physics. Hence, the importance for everyone of understanding
the philosophy of the new physics.

But it may be asked, Isn’t physics quite independent of
philosophy? Hasn’t modern physics become effective only by
dropping philosophy? Clearly, Heisenberg answers both of these
questions in the negative. Why is this the case?

Newton left the impression that there were no assumptions in
his physics which were not necessitated by the experimental
data. This occurred when he suggested that he made no hypoth-
eses and that he had deduced his basic concepts and laws from
the experimental findings. Were this conception of the relation
between the physicist’s experimental observations and his theory
correct, Newton’s theory would never have required modifica-
tion, nor could it ever have implied consequences which experi-
ment does not confirm. Being implied by the facts, it would be
as indubitable and final as they are.

In 1885, however, an experiment performed by Michelson
and Morley revealed a fact which should not exist were the
theoretical assumptions of Newton the whole truth. This made
it evident that the relation between the physicist’s experimental
facts and his theoretical assumptions is quite other than what
Newton had led many modern physicists to suppose. When,
some ten years later, experiments on radiation from black bodies
enforced an additional reconstruction in Newton’s way of think-
ing about his subject matter, this conclusion became inescapable.
Expressed positively, this means that the theory of physics is
neither a mere description of experimental facts nor something
deducible from such a description; instead, as Einstein has
emphasized, the physical scientist only arrives at his theory by
speculative means. The deduction in his method runs not from
facts to the assumptions of the theory but from the assumed
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theory to the facts and the experimental data. Consequently,
theories have to be proposed speculatively and pursued de-
ductively with respect to their many consequences so that they
can be put to indirect experimental tests. In short, any theory of
physics makes more physical and philosophical assumptions than
the facts alone give or imply. For this reason, any theory is sub-
ject to further modification and reconstruction with the advent
of new evidence that is incompatible, after the manner of the
results of the Michelson-Morley experiment, with its basic as-
sumptions.

These assumptions, moreover, are philosophical in character.
They may be ontological, i.e., referring to the subject matter of
scientific knowledge which is independent of its relation to the
perceiver; or they may be epistemological, i.e., referring to the
relation of the scientist as experimenter and knower to the
subject matter which he knows. Einstein’s special and general
theories of relativity modify the philosophy of modern physics
in the first of these two respects by radically altering the philo-
sophical theory of space and time and their relation to matter.
Quantum mechanics, especially its Heisenberg principle of
indeterminacy, has been notable for the change it has brought
in the physicist’s epistemological theory of the relation of the
experimenter to the object of his scientific knowledge. Perhaps
the most novel and important thesis of this book is its author’s
contention that quantum mechanics has brought the concept of
potentiality back into physical science. This makes quantum
theory as important for ontology as for epistemology. At this
point, Heisenberg’s philosophy of physics has an element in
common with that of Whitehead.

It is because of this introduction of potentiality into the
subject matter of physics, as distinct from the epistemological
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predicament of physicists, that Einstein objected to quantum
mechanics. He expressed this objection by saying: “God does
not play dice.” The point of this statement is that the game of
dice rests on the laws of chance, and Einstein believed that the
latter concept finds its scientific meaning solely in the epistemo-
logical limitations of the finite knowing mind in its relation to
the omnicomplete object of scientific knowledge and, hence, is
misapplied when referred ontologically to that object itself. The
object being per se all complete and in this sense omniscient,
after the manner of God, the concept of chance or of probability
is inappropriate for any scientific description of it.

This book is important because it contains Heisenberg’s
answer to this criticism of his principle of indeterminacy
and of quantum theory by Einstein and by others. In under-
standing this answer two things must be kept in mind: (1) The
aforementioned relation between the data of experimental
physics and the concepts of its theory. (2) The difference be-
tween the role of the concept of probability in (a) Newton’s
mechanics and Einstein’s theory of relativity and in (b) quan-
tum mechanics. Upon (1), Einstein and Heisenberg, and rela-
tivistic mechanics and quantum mechanics, are in agreement.
It is only with respect to (2) that they differ. Yet the reason for
Heisenberg’s and the quantum physicist’s difference from Ein-
stein on (2) depends in considerable part on (1) which Einstein
admits.

(1) affirms that the experimental data of physics do not
imply its theoretical concepts. From this it follows that the object
of scientific knowledge is never known directly by observation or
experimentation, but is only known by speculatively proposed
theoretic construction or axiomatic postulation, tested only
indirectly and experimentally via its deduced consequences. To
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find the object of scientific knowledge we must go, therefore,
to its theoretical assumptions.

When we do this for (a) Newton’s or Einstein’s mechanics
and for (b) quantum mechanics, we discover that the concept
of probability or chance enters into the definition of the state of
a physical system, and, in this sense, into its subject matter, in
quantum mechanics, but does not do so in Newton’s mechanics
or Einstein’s theory of relativity. This undoubtedly is what
Heisenberg means when he writes in this book that quantum
theory has brought the concept of potentiality back into physical
science. It is also, without question, what Einstein has in mind
when he objects to quantum theory.

Put more concretely, this difference between quantum me-
chanics and previous physical theories may be expressed as
follows: In Newton’s and Einstein’s theory, the state of any
isolated mechanical system at a given moment of time is given
precisely when only numbers specifying the position and mo-
mentum of each mass in the system are empirically determined
at that moment of time; no numbers referring to a probability
are present. In quantum mechanics the interpretation of an
observation of a system is a rather complicated procedure. The
observation may consist in a single reading, the accuracy of
which has to be discussed, or it may comprise a complicated set
of data, such as the photograph of the water droplets in a cloud
chamber; in any case, the result can be stated only in terms of a
probability distribution concerning, for instance, the position or
momentum of the particles of the system. The theory then pre-
dicts the probability distribution for a future time. The theory is
not experimentally verified when that future state arrives if
merely the momentum or position numbers in a particular ob-
servation lie within the predicted range. The same experiment
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with the same initial conditions must be repeated many times,
and the values of position or momentum, which may be different
in each observation, must similarly be found to be distributed ac-
cording to the predicted probability distribution. In short, the
crucial difference between quantum mechanics and Einstein’s or
Newton’s mechanics centers in the definition of a mechanical
system at any moment of time, and this difference is that quan-
tum mechanics introduces the concept of probability into its
definition of state and the mechanics of Newton and Einstein
does not.

This does not mean that probability had no place in Newton’s
or Einstein’s mechanics. Its place was, however, solely in the
theory of errors by means of which the accuracy of the Yes or
No verification or nonconfirmation of the prediction of the
theory was determined. Hence, the concept of probability and
chance was restricted to the epistemological relation of the
scientist in the verification of what he knows; it did not enter
into the theoretical statement of what he knows. Thus, Einstein’s
dictum that “God does not play dice” was satisfied in his two
theories of relativity and in Newton’s mechanics.

Is there any way of deciding between Einstein’s contention
and that of Heisenberg and other quantum theorists? Many
answers have been given to this question. Some physicists and
philosophers, emphasizing operational definitions, have argued
that, since all physical theories, even classical ones, entail human
error and uncertainties, there is nothing to be decided between
Einstein and the quantum theorists. This, however, is (a) to
overlook the presence of axiomatically constructed, constitutive
theoretic definitions as well as theory-of-errors, operational
definitions in scientific method and (b) to suppose that the
concept of probability and the even more complex uncertainty
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relation enter into quantum mechanics only in the operational-
definitional sense. Heisenberg shows that the latter supposition
s false.

Other scientists and philosophers, going to the opposite ex-
treme, have argued that, merely because there is uncertainty in
predicting certain phenomena, this constitutes no argument
whatever for the thesis that these phenomena are not completely
determined. This argument combines the statical problem of
defining the state of a mechanical system at a given time with
the dynamical or causal problem of predicting changes in the
state of the system through time. But the concept of probability
in quantum theory enters only into its statics, i.e., its theoretical
definition of state. The reader will find it wise, therefore, to keep
distinct these two components, i.e., the statical theoretical
definition-of-state component and the dynamic, or causal, theo-
retical change-of-state-through-time component. With respect to
the former, the concept of probability and the attendant un-
certainty enter theoretically and in principle; they do not refer
merely to the operational and epistemological uncertainties and
errors, arising from the finiteness of, and inaccuracies in, human
behavior, that are common to any scientific theory and any
experimentation whatsoever.

But, why, it may be asked, should the concept of probability
be introduced into the theoretic definition of the state of a me-
chanical system at any statical moment t* in principle? In mak-
ing such a theoretical construct by axiomatic postulation, do not
Heisenberg and quantum theoreticians generally beg the ques-
tion at issue between themselves and Einstein? This book makes
it clear that the answer to these questions is as follows: The
reason for the procedure of quantum mechanics is thesis (1)
above, which Einstein himself also accepts.
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Thesis (1) is that we know the object of scientific knowledge
only by the speculative means of axiomatic theoretic construc-
tion or postulation; Newton’s suggestion that the physicist can
deduce our theoretical concepts from the experimental data
being false. It follows that there is no a priori or empirical mean-
ing for affirming that the object of scientific knowledge, or, more
specifically, the state of a mechanical system at a given time t%,
must be defined in a particular way. The sole criterion is, which
set of theoretic assumptions concerning the subject matter of
mechanics when pursued to their deduced experimental conse-
quences is confirmed by the experimental data?

Now, it happens that when we theoretically and in principle
define the state of a mechanical system for subatomic phe-
nomena in terms solely of numbers referring to position and
momentum, as Einstein would have us do, and deduce the
consequences for radiation from black bodies, this theoretical
assumption concerning the state of a mechanical system and the
subject matter of atomic physics is shown to be false by experi-
mental evidence. The experimental facts simply are not what the
theory calls for. When, however, the traditional theory is modi-
fied with the introduction of Planck’s constant and the addition
in principle of the second set of numbers referring to the proba-
bility that the attached position-momentum numbers will be
found, from which the uncertainty principle follows, the experi-
mental data confirm the new theoretical concepts and principles.
In short, the situation in quantum mechanics with respect to
experiments on black-body radiation is identical with that faced
by Einstein with respect to the Michelson-Morley experiment. In
both cases, only by introducing the new theoretical assumption
in ‘principle is physical theory brought into accord with the ex-
perimental facts. Thus, to assert that, notwithstanding quantum
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mechanics, the positions and momenta of subatomic masses are
“really” sharply located in space and time as designated by one
pair of numbers only and, hence, completely deterministic caus-
ally, as Einstein and the aforementioned philosophers of science
would have one do, is to affirm a theory concerning the subject
matter of physical knowledge which experiments on black-body
radiation have shown to be false in the sense that a deductive
experimental consequence of this theory is not confirmed.

It does not follow, of course, that some new theory compatible
with the foregoing experimental facts might not be discovered in
which the concept of probability does not enter in principle into
its definition of state. Professor Norbert Wiener, for example,
believes that he has clues to the direction such a theory might
take. It would, however, have to reject a definition of state in
terms of the four space-time dimensions of Einstein’s theory and
would, therefore, be incompatible with Einstein’s thesis on other
grounds. Certainly, one cannot rule out such a possibility.
Nevertheless, until such an alternative theory is presented, any-
one, who does not claim to possess some a priori or private
source of information concerning what the object of scientific
knowledge must be, has no alternative but to accept the defini-
tion of state of quantum theory and to affirm with the author of
this book that it restores the concept of potentiality to the object
of modern scientific knowledge. Experiments on black-body
radiation require one to conclude that God plays dice.

What of the status of causality and determinism in quantum
mechanics? Probably the interest of the layman and the human-
ist in this book depends most on its answer to this question.

If this answer is to be understood, the reader must pay par-
ticular attention to Heisenberg’s description of (a) the afore-
mentioned definition of state by recourse to the concept of
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probability and (b) the Schrédinger time-equation. The reader
must also make sure, and this is the most difficult task of all, that
the meaning of the words “causality” and “determinism” in his
mind when he asks the above question is identical with the
meaning these words have in Heisenberg’s mind when he speci-
fies the answer. Otherwise, Heisenberg will be answering a
different question from the one the reader is asking and a com-
plete misunderstanding upon the reader’s part will occur.

The situation is further complicated by the fact that modern
physics permits the concept of causality to have two different,
scientifically precise meanings, the one stronger than the other,
and there is no agreement among physicists about which one of
these two meanings the word “causality” is to be used to desig-
nate. Hence, some physicists and philosophers of science use the
word to designate the stronger of the two meanings. There is
evidence, at times at least, that this is Professor Heisenberg’s
usage in this book. Other physicists and philosophers, including
the writer of this Introduction, use the word “causality” to
designate the weaker of the two meanings and the word “de-
terminism” to designate the stronger meaning. When the former
usage is followed, the words “causality” and “determinism”
become synonymous. When the second usage is followed, every
deterministic system is a causal system, but not every causal
system is deterministic.

Great confusion has entered into previous discussion of this
topic because frequently neither the person who asks the ques-
tion nor the physicist who has answered it has been careful to
specify in either question or answer whether he is using the word
“causality” in its weaker or in its stronger modern scientific
meaning. If one asks “Does causality hold in quantum me-
chanics?” not specifying whether one is asking about causality
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in its stronger or in its weaker sense, one then gets apparently
contradictory answers from equally competent physicists. One
physicist, taking the word “causality” in its stronger sense, quite
correctly answers “No.” The other physicist, taking “causality’
in its weaker sense, equally correctly answers “Yes.” Naturally,
the impression has arisen that quantum mechanics is not specific
about what the answer is. Nevertheless, this impression is er-
roneous. The answer of quantum mechanics becomes unequiv-
ocal the moment one makes the question and the answer
unambiguous by specifying which meaning of “causality” one is
talking about.

It is important, therefore, to become clear about different
possible meanings of the word ““causality.”” Let us begin with the
layman’s common-sense usage of the word “cause” and then
move to the more exact meanings in modern physics, considering
the meaning in Aristotle’s physics on the way.

One may say “The stone hit the window and caused the glass
to break.” In this use of “causality” it is thought of as a relation
between objects, i.e., between the stone and the windowpane.
The scientist expresses the same thing in a different way. He
describes the foregoing set of events in terms of the state of the
stone and the windowpane at the earlier time t* when the stone
and the windowpane were separated and the state of this same
system of two objects at the later time t* when the stone and the
windowpane collided. Consequently, whereas the layman tends
to think of causality as a relation between objects, the scientist
thinks of it as a relation between different states of the same
object or the same system of objects at different times.

This is why, in order to determine what quantum mechanics
says about causality, one must pay attention to two things: (1)
The state-function which defines the state of any physical system
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at any specific time t. (2) The Schrédinger time-equation which
relates the state of the physical system at the earlier time t* to its
different state at any specifiable later time t*. What Heisenberg
says about (1) and (2) must, therefore, be read with meticulous
care.

It will help to understand what quantum mechanics says
about the relation between the states of a given physical object,
or system of physical objects, at different times if we consider the
possible properties that this relation might have. The weakest
possible case would be that of mere temporal succession with no
necessary connection whatever and with not even a probability,
however small, that the specifiable initial state will be followed
in time by a specifiable future state. Hume gives us reasons for
believing that the relation between the sensed states of im-
mediately sensed natural phenomena is of this character. Cer-
tainly, as he pointed out, one does not sense any relation of
necessary connection. Nor does one directly sense probability. All
that sensation gives us with respect to the successive states of any
phenomenon is the mere relation of temporal succession.

This point is of great importance. It means that one can
arrive at a causal theory in any science or in common-sense
knowledge, or even at a probability theory, of the relation be-
tween the successive states of any object or system, only by
speculative means and axiomatically constructed, deductively
formulated scientific and philosophical theory which is tested
not directly against the sensed and experimental data but only
indirectly by way of its deductive consequences.

A second possibility with respect to the character of the rela-
tion between the states of any 