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PREFACE

THis coLLECTION of most of my non-technical writ-
ings has, 1 believe, a certain inner unity which
might not be guessed from the titles themselves.
None of these papers was written earlier than three
years after the writing of my book The Logic of
Modern Physics in 1926. In this book I was prima-
rily concerned with an analysis of the new attitude
toward physical concepts with which the physicist
was meeting the crisis brought about by the dis-
covery of new facts in the domains of relativity and
quantum phenomena. This new attitude I charac-
terized as “operational”. The essence of the attitude
is that the meanings of one’s terms are to be found
by an analysis of the operations which one performs
in applying the term in concrete situations or in
verifying the truth of statements or in finding the
answers to questions. It was apparent that the opera-
tional approach was pertinent in a much wider set-
ting than the physical phenomena to which I ap-
plied it in the book. In fact, clarification might be
expected in all situations in which obscurity of
meanings is one of the factors with which we have
to contend, and what situations are there which do
not have at least a modicum of this component?
v



PREFACE

The papers of this collection are the result of apply-
ing this method in a wider setting. The operational
approach will be found explicitly and consciously
applied in a number of the papers, but I think that
it is implicit in all of them, and that none of them
could have been written before I became operation-
ally self-conscious. I am conscious of a new way of
handling my mind—my thinking has a different
“feel” from what it had before. Perhaps this collec-
tion will serve the purpose of enabling the reader,
as he could not from the isolated papers as they ap-
peared over a span of years, to get a little of the
“feel” for himself, and to attempt to apply it to his
own questionings.

The best grouping of such a variegated collection
was not easily determined. I have finally classified
them in five groups, although the relations within
any one group are not always as close as could be
wished, and arranged them chronologically within
the group. 'The first group includes a couple of
papers discussing more specifically some of the
characteristics of the operational method, and a
couple in which is examined in detail what I be-
lieve to be perhaps the single most drastic revision
in point of view brought about by the operational
approach, namely an altered appraisal of the role
of the individual. The second group includes six
papers in which are discussed, without mathematics
or other technical apparatus, various specific appli-
cations to scientific situations outside the scope of

my Logic. There might also have been included
vi



PREFACE

here the General Principles of Operational Anal-
ysis of the first group since the burden of that paper
was the application to psychology. I was much
tempted to include here a paper on Mengenlehre
published in Scripta Mathematica in 1934, since in
this paper a different conception than the conven-
tional one of the nature of numbers is used to give
conclusions about infinite numbers which one camp
of mathematicians regards as heretical. However, 1
resolved not to include this paper anywhere in this
collection because it is on the whole rather too
technical for what I conceive to be the present audi-
ence. My regret at omitting it is assuaged by the
fact that in a forthcoming article scheduled for
publication in the Revue Internationale de Philo-
sophie in the fall of 1949 I take up again the ques-
tion of the nature of numbers. The third group in-
cludes six papers in which the social environment
of the scientist appears more or less prominently.
These papers may be regarded as an amplification
of various topics treated in my Intelligent Indi-
vidual and Society Macmillan, 1938. The fourth
section contains four papers dealing with one or an-
other specific situation brought about by recent
political changes on either the national or the inter-
national stage. These papers are not so obviously
influenced by the operational approach, although I
am convinced that without it I could not have writ-
ten even these. Finally the last section contains two
papers of a semi-prophetic character in which I ex-
amine some of the possibilities in store for the hu-
vii
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man race if it ever succeeds in developing its intelli-
gence up to its full potentiality. I have been made
keenly conscious of the need for such a development
of intelligence by my own attempts to apply the
operational method. For a consistent and uninhib-
ited application of the method is not easy, and the
attainment of the full potentialities of the method
is only too obviously limited by inadequate intel-
lectual power. Along the same lines as these two
papers may be mentioned The Potential Intelligent
Society of the Future, which has appeared as a chap-
ter in the book published in 1949 edited by F. S. C.
Northrup entitled Ideological Differences and
World Order.

Perhaps the most important result of the applica-
tion of the method in the social field is the emer-
gence of a vitalized vision of the fundamental and
necessary role of the individual, for the operations
in terms of which all our thinking finds its mean-
ings are operations by the individual. This results
in a conception of the relation of the individual to
society and of the society to the individual which
affords that complete refutation of the totalitarian
ideology for which we are so earnestly groping in
this era. In the papers of this collection perhaps the
extreme practical expression of this view of the role
of the individual is contained in the “Manifesto”
(page 314). Although this received some support
at the time in the popular press, the consensus
among my professional and academic colleagues
was overwhelmingly one of disapproval. There were

viii
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various reasons for this disapproval. One, which
appealed to my friends of a legal turn of mind, was
that in a democracy it is not appropriate that any
individual should arrogate to himself the privilege
of acting in this way. Such action was felt not to be
in accord with the “democratic process”, to which
I further pay my respects in Scientific Freedom and
National Planning (page 320), and it was claimed
that it would have been more effective and more
suitable if such a statement, if it was issued at all,
had been issued as the joint opinion of a represen-
tative group of physicists. It seems to me that this
legalistic conception of what may be done by the
individual with propriety in our political frame-
work betrays a conception of both the state and the
individual which to say the least is not operational.

I am indebted to the editors and the publishers
of the various sources in which these papers were
first published for their kind permission to repub-
lish. Three of the papers are here published for the
first time: The Strategy of the Soctal Sciences, Scien-
tific Freedom and National Planning, and Sentimen-
tal Democracy and the Forgotten Physicist.

Jury 1949.
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OPERATIONAL ANALYSIS*

IN THE OctoBER 1937 NUMBER of Philosophy of
Science Lindsay has made certain criticism of the
adequacy of the “operational method” of analyzing
and giving meaning to the concepts of physics, doc-
umenting his criticisms chiefly from my own writ-
ings. In these criticisms he has made statements as
to the method which I would by no means accept.
This is not characteristic of his paper only, for I
have seldom indeed seen a printed discussion of the
method which I would accept as being an adequate
or sometimes even fair representation of what I
understand by it. It will perhaps pay therefore if I
attempt to state what I conceive it to be all about,
particularly since I have never attempted such a
comprehensive statement and since my own ideas
on the subject have been developing since I first
wrote in the Logic of Modern Physics. For one rea-
son I have hesitated to do this, for fear of seeming
to subscribe to the not uncommon idea that we are
dealing with some elaborate and profound new the-

ory of the nature of knowledge or of meanmg I
*Reprinted from Philosophy of Science, 5, 114, 1938. :
I



REFLECTIONS OF A PHYSICIST

believe that I myself have never talked of “opera-
tionalism” or *‘ operationism”, but I have a distaste
for these grandiloquent words which imply some-
thing more philosophic and esoteric than the simple
thing that I see. What we are here concerned with
is an observation and description of methods which
at least some physicists had already, perhaps uncon-
sciously, adopted and found successful—the practise
of the methods already existed. What I have at-
tempted is to analyze these successful methods, not
to set up a philosophical system and a theory of the
properties that any method must have if it hopes to
be successful. Since I was concerned with a tech-
nique already extant, my principal method of get-
ting others to see what the technique involved has
been to exhibit examples of the technique in action,
rather than to attempt any exhaustive characteriza-
tion of the technique itself.

It is probably pertinent to mention the personal
background of my own work. My discussion of the
operational technique came only after at least ten
years of more or less continuous pondering in the
effort to see what was really-happening in branches
of physics that puzzled me. In this way I had
thought through the situation in dimensional anal-
ysis, a comparatively simple field, but in which
nevertheless there was a great deal of mysticism,
and afterwards I had tried to see what is really
involved in electromagnetic field theory, relativity
theory, and those parts of quantum theory which

had been developed by 1926. It was only then, after
2 ,



OPERATIONAL ANALYSIS

this background of my own attempts at analysis and
of reading the analyses of others, that I began to see
what successful analysis consists in, so that my ideas
about the operational technique resulted from ob-
servation and practise of analysis. The analysis
which was the object of my observation was an
analysis made by physicists at a certain epoch in
history, with the backgrocund of assumption and
presupposition prevalent at that epoch, and with
the unexpressed purposes inherent in the scientific
activitics of the epoch.

The analysis that was the object of observation
was made for the general purpose of getting better
understanding, and this in turn was seen to demand
the maximum awareness of every conceivable thing
that could be found in the situation. In analyzing
one seeks to become aware of all the details of the
physical manipulations or other happenings, and
also of the details of his own thinking about these
happenings in attempting to reduce them to under-
standability. It is a simple result of observation that
the subject matter of all these attempts at under-
standing is activity of one sort or another, either in
the perception and recognition by us of sense im-
pressions, or in the performance by us of deliberate
physical manipulation or of deliberate thought. In
any event the subject of analysis is activity, and one
object of analysis is to discover activities of which
we had not previously been aware, and to find rela-
tionships between activities. The fact that we are
concerned only with activities is reflected in a

3
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broad sense in which this matter of operations can
be understood, as opposed to a more important
narrow sense to be discussed presently. In this broad
sense any analysis of activity is an analysis of opera-
tions. This is tautological; operations and activity
here mean the same thing. The word “‘operation”
accents the fact that the activity is usually directed
activity. I report as a matter of observation that I
have never come across a situation in physics, or in
other fields either for that matter, in which a com-
plete analysis of activity would not have satisfied
me. We need not discuss whether there may possibly
be other things to analyze, but if there are, they have
not proved necessary for my purpose. Consider in
particular the question of meanings, which are
evidently of the greatest concern for any analytical
enterprise. T'o know the meaning of a term used by
me it is evident, I think, that I must know the con-
ditions under which I would use the term, and
conversely, to know the meaning of a term which
my fellow uses, I must be able to reconstruct the
conditions which compelled the use of the term by
him. Analysis of the conditions attendant on the
use of the term is an analysis of operations. From
this point of view, meanings are operational.

Notice that we are not attempting to set up any
theory of meaning, and do not maintain that mean-
ing involves nothing more than operations. We are
dealing with a necessary as distinguished from a
sufficient characterization, in the sense of the mathe-
matician. We are saying that unless one knows the

4
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operations one does not know the meaning. It is
perhaps possible to see other elements in the com-
plex covered by “meaning”. One may perhaps be
concerned with trying to account for why it is that
in a given situation one should want to separate
out certain particular aspects to accent by meaning.
Again experience and observation determine our
course. In the sorts of sitwation that have been of
interest to me, and I judge to other physicists also,
it is not necessary to be concerned with other than
operational aspects of meaning. From this point of
view the statement “meanings are operational”
comes to be used carelessly as a sufficient description
of the whole situation. In fact, I myself have doubt-
less gone further in some of my printed statements
than would be justified when the statement is taken
out of context. For instance, my statement on page
5 of the Logic of Modern Physics that meanings are
synonymous with operations, was obviously going
too far when taken out of context; it was in any
event going farther than necessary. My own dictum
is applicable to this statement of mine, namely that
what 2 man means by a term is to be found by
observing what he does with it, not by what he says
about it.

The statement “meanings are operational” is so
broad and general as to be tautological, and further-
more to be of little value. Operational analysis does
not begin to be important until we impose certain
restrictions. The situations that we analyze are
practically always situations in which we are inter-

5
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ested in accomplishing certain purposes; at the very
least it is our purpose to understand. Experience
has shown that certain sorts of operation are no
good for accomplishing certain purposes, but that
we can hope to encompass our end only by the use
of restricted operations. Some of the necessary re-
strictions on the operations are so obvious and intui-
tive that we unconsciously limit the operations
which we will permit ourselves in definite situa-
tions, so that if analysis discloses that the operations
which we actually use in giving our meanings are
drawn from outside the permitted repertory, we
describe the situation by saying that the term is
meaningless “‘because the operations do not exist”.
Obviously this is a narrow and a technical use of
“meaningless”, because from the broad point of
view every term has some sort of meaning and the
performance of some sort of operation was ante-
cedent to its use. It is profitable nevertheless to per-
mit ourselves to talk about “meaningless” terms in
the narrow sense if the preconditions to which all
profitable operations are subject are so intuitive
and so universally accepted as to form an almost
unconscious part of the background of the public
using the term. Physicists of the present day do
constitute a homogeneous public of this character;
it is in the air that certain sorts of operation are
valueless for achieving certain sorts of result. If one
wants to know how many planets there are one
counts them but does not ask a philosopher what is

the perfect number.
: 6
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It is obvious that a great deal of experience is
back of the conviction that certain sorts of opera-
tion are not good operations and that others are
probably safe, and as one’s experience changes one’s
repertory of permissible operations changes also.
The Greek philosophers esteemed highly certain
operations which today are heneath contempt. I
suppose the intellectual attitude of the present time
differs most from that of the time of the Greeks in
its position toward experiment and experience.
Hundreds of years of attempting to find inside our
own heads the necessary pattern of the external
world has proved a dismal failure; we have come to
feel that we can only take experience as it comes
and must try to get our thinking into conformity
with it.

Since experience follows no prescribable pattern,
an indispensable part of the task of attempting to
reduce experience to understandability is to find
how to describe or reproduce that experience as
accurately as possible. No detail is to be neglected
as trivial until the proof has been given that it is
trivial, and the only acceptable proof of triviality is
an appeal to experience. In describing a *“‘physical”
experience (we all have a sufficiently common back-
ground so that the meaning of “physical” is sharp
enough), observation shows that we recognize cer-
tain sorts of activity on our part as being much
more definite and getting closer to what we may
call the primary experience than other sorts of
activity. There are certain sorts of operation that

7
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seem to us simple in the sense that when we are
told to perform the operation we can go and do it
unequivocally, whereas there are other operations
which have perhaps just as simple a verbal expres-
sion but which nevertheless, the moment that it
comes to the actual doing of them, are found to
involve imprecisions and ambiguities. Thus if we
are told to determine the time at which some event
occurs, we can do it without ambiguity if the event
occurs here beside a clock. But if the event occurs
on Mars we have complications arising from correc-
tions for the velocity of light and the distance of
Mars, if we elect to determine the time on our own
clock, and also ambiguities when we ask whether the
time is more properly determined from our own
clock or from a clock on Mars, whose rate and set-
ting we will have to check by some sophisticated
procedure. Observation shows that ambiguity is
latent in any operation defined in terms of its prop-
erties, because of the inherent experimental error
with which properties can be established. It seems
evident enough that we should seek to reduce our
descriptions of experience to unambiguous kinds of
operation, and that the terms or concepts in which
we frame our descriptions should be specified by
such operations. Otherwise we cannot uniquely re-
produce the original situation, and our attempt at
description has failed. Hence arises the demand
that the concepts or terms used in the description of
experience be framed in terms of operations which
can be unequivocally performed.
8
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We have here no esoteric theory of the ultimate
nature of concepts, nor a philosophical championing
of the primacy of the “operation”. We have merely
a pragmatic matter, namely that we have observed
after much experience that if we want to do certain
kinds of things with our concepts, our concepts had
better be constructed in certain ways. In fact one
can see that the situation here is no different from
what we always find when we push our analysis to
the limit; operations are not ultimately sharp or
irreducible any more than any other sort of crea-
ture. We always run into a haze eventually, and all
our concepts are describable only in spiraling ap-
proximation. We can, if we want, analyze the oper-
ation which our physical experience allows us to
accept for certain purposes as unanalyzable. We
find that no operation is ultimately simple. We can
always ask ourselves how we are sure that we are
correctly performing the operation that we assume,
or how we shall describe the operation to our fellow
who has not had our experience. We shall probably
find that in attempting to get our fellow to acquire
intuitive command of our operation we have de-
scribed our operation in terms of its properties,
something that we must avoid wherever possible.
Experience shows that the things we do can be
arranged in hierarchies of complication and cer-
tainty. We analyze as far back as necessary for our
purposes, and frame our concepts in terms of opera-
tions which experience suggests are simple enough
for our purposes. Modern physics finds that certain

9
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operations are simple enough for its purposes while
others are too complex. For the geometrical descrip-
tion of the objects of ordinary experience and for
all the geometrical descriptions of relativity theory,
the operation of determining a coincidence is ac-
cepted as an operation intuitively performable,
which it is not necessary to analyze further. We en-
deavor as far as possible to build up other opera-
tions from this simple operation. Some day the dis-
covery of new physical facts may force us to analyze
the coincidence operation, but at present we do not
see the necessity for it, and in fact do not see how
the analysis can be made, and feel a certain security
in any analysis which is reduced to this fundamen-
tal operation. In particular, we define the length of
a body in terms of operations involving making
coincidences of the ends of a meter stick moved
successively along a body. At first every step of the
procedure by which the length is measured must be
uniquely specified if we are to be surc that our
result is unique. We may not leave out as unessen-
tial a single detail of procedure until experience
has shown that that detail makes no difference. For
example, a length specified by moving the meter
stick from one position to the next maintaining it-
self always parallel to itself must at first be distin-
guished from a length determined by rotating the
stick through 180° for each successive position. Our
present day attitude is that it is not safe to assume
that the results of the two procedures are the same
until we have proved them the same by experience.
10
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The Greek perhaps could convince himself in his
head that the two procedures must give the same
result; we have lost his confidence in our ability to
foresee the results of experience, and find it almost
impossible to recapture the feeling of the Greek
that he had a right to expect that he could do this
sort of thing. Of course again we ultimately encoun-
ter haze; for no operation can be uniquely specified
in all its details. We ultimately have to assume
from sheer weariness, if nothing else, that it is not
necessary to carry our specifications beyond a cer-
tain degree of refinement; the place where we draw
the line is again dictated by experience. But experi-
ence has sufficiently shown that refinements which
at one time were unthinkingly assumed to be with-
out importance are actually important when the
range of our experience is extended or the accuracy
of our measurements is improved. Thus at one time
no one thought of the necessity of distinguishing be-
tween a tactual length or an optical length. Rela-
tivity theory now shows the necessity for distinction.

This matter of different operations which give
very nearly or perhaps the identical result brings up
one of the strongest objections that have been made
to the view of the relation of operations and con-
cepts just described. Thus at the end of the last
paragraph we spoke of a ‘“‘tactual length” and an
“optical length”. Many people would say that these
expressions are merely paraphrases for ‘length
measured by a tactual procedure” and ‘‘length

measured by an optical procedure”, and would un-
11
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derstand by the concept “length” whatever it is that
is denoted by the common word ‘“length” in the
two expressions. This is a perfectly possible point
of view, but is to a large extent verbal, for every
one must agree that experience shows that there are
a great many cases in which obviously different
operations yield the same result, and that in prac-
tise we call by a single name the common result of
all the different equivalent operations. Further-
more, I think everyone would agree that for a great
many practical purposes this is a most useful thing
to do, and that one would be merely going out of
his way to invent and use different names for differ-
ent equivalent operations. But on the other hand,
when one’s purposes are not immediate practical
applications, but when one is trying to analyze and
to understand, one must seek to recover the com-
plexity of the primitive situation. If one has shown
that “optical length” and ‘“tactual length” are equi-
valent, then for the purposes of analysis this is
something to be remembered, perhaps by the inven-
tion of a special nomenclature like length, and
length,, rather than something to be deliberately
forgotten by the adoption of a single term. The
reason that this is something to be remembered
rather than to be forgotten is that it is not safe to
forget. The equivalence of two operations is estab-
lished by experiment, and we must always adopt
the attitude that the results of such an experimental
proof may be subject to revision when the range or
accuracy of our experience is increased.
12
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The feeling that is is not safe to forget distin-
guishably different procedures is in the atmosphere
of present day physics; it is the result of a wide
experience and is not shared by anyone like the
Greek whose experience is so narrow that he can
still think that all experience must conform to the
pattern of something that he finds in his head. All
that anyone can maintain here is that for purposes
of analysis and understanding it is better at first to
employ concepts deliberately framed so as to keep
in view recognizable differences of procedure. Of
course later, perhaps for the purposes of some
special theory, one may find it convenient to fuse
the results of recognizably different operations un-
der a single name, but it is never safe to completely
forget what one has done.

Some people are made uncomfortable by insist-
ence on the operational aspect of concepts because
they want to make “concept” cover somehow the
fact that the results of the operations have been
found useful, and also the precise way in which
they prove useful. This again is largely a verbal
matter and a matter of taste. Perhaps “‘concept” can
be given this extended connotation, but one cer-
tainly enormously complicates the situation by try-
ing to do so and furthermore does not escape uncer-
tainties arising from experimental error, for the
precise use which one will make of a concept in
dealing with experience may be expected to change
as the range of experience changes.

We have not as yet made any explicit limitations

13
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on the sort of operations that we should employ ex-
cept that they should be unambiguous, but it has
happened that our examples have involved simple
“physical” manipulations such as can be performed
in the laboratory, as, for example, in our descrip-
tion of the meaning of length. This has led to what
I regard as the most wide-spread misconception with
regard to the operational technique. It is often
stated that the operational point of view demands
that all the concepts of physics, for example, find
their meaning in terms only of physical operations
performed in the laboratory. Thus Lindsay states
in the second paragraph of his paper: “The essential
meaning of operationalism in physics is that phys-
ical concepts should be defined in terms of actual
physical operations”. It is true that he later quali-
fies this slightly, but he evidently regards the quali-
fication as unimportant. Nothing could be further
from my own attitude, in fact I think examination
of my writings will show that “mental” operations
have been often mentioned. It seems to me that the
most superficial examination of what we do in any
situation, even a situation which we might perhaps
describe as predominantly “physical”, shows at once
that “‘mental” operations are involved, and further
that no sharp distinction is possible between ‘‘phys-
ical” and “mental” operations. For instance, we
measure the length of an object by counting the
number of times that a meter stick can be brought
into coincidence in a special way with the object.
Is the operation of counting a “mental” or a “phys-
14
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ical” operation’ My own use of language would
make the counting operation “mental”, yet this is
an integral part of many “physical” procedures.

By an extension of this same point of view it is
often maintained (Lindsay does it) that the opera-
tional point of view demands that the physicist use
no constructs in his theorizing, or in general in his
efforts to understand, which do not find their mean-
ing in exclusively physical operations. This seems
to me to be a restriction for which the only justifi-
cation could be that experience had shown it to be
a useful restriction. But the most superficial exami-
nation of what physicists do when they theorize
shows that as a matter of fact they do find it very
useful to employ all sorts of constructs not defined
by purely physical operations. Most of these non-
physical operations are the operations of mathemat-
ics or logic; it is particularly obvious in the case of
modern wave mechanics that many of the constructs
are of this sort. “Paper and pencil” operations is
perhaps a suggestive name for many such opera-
tions. The variety of such possible “paper and
pencil” operations is doubtless greater than the
variety of conventional operations of the laboratory;
the enormous wealth of such operations makes them
a most fertile field for the invention of intermediate
constructs. Many of the “paper and pencil” models
constructed in this way are of great value. For ex-
ample, my analysis of the concept of probability
showed that it was to a very large extent a “paper
and pencil” concept. Lindsay seems to feel that I

IS
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implied that therefore it was not a useful or per-
missible concept, but such was by no means my
intention. Of course when the ultimate object of
the theory is the description of a concrete physical
situation, we must demand that the ultimate out-
come of the theory be expressible in terms of opera-
tions applicable in the concrete physical situation,
but I can see no reason why one should not allow
himself any latitude whatever in his intermediate
constructions.

Whatever the nature of the concept, whether it
involves the “‘physical” operations of the laboratory
or the “paper and pencil” operations of one or an-
other kind of construct, we must demand that the
operations be such that they can be unambiguously
and straightforwardly performed. This is a practical
matter; no operation can be specified with complete
sharpness “‘unambiguously and straightforwardly”,
but observation of what we do in meeting the situ-
ations of experience shows that as a matter of fact
there are certain operations about whose perform-
ance we have no hesitation. This is true of the
operations of mathematics no less than of the opera-
tions of the laboratory. One such operation, for ex-
ample, is that of increasing any given integer by
unity. I believe that no mathematician has the
slightest question but that this operation can always
be performed. There are other operations in mathe-
matics which cannot be performed so unambigu-
ously, such as operations involving infinity; these

operations are often specified by their properties.
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In mathematics much the same situation arises that
arises in physics; in foundation studies, in which
one wants to secure the maximum awareness of
what one is doing and the maximum security that
he is not involving himself in contradiction, one
would do well to use only concepts whose meaning
is found in such unambiguously performable oper-
ations. For in this way, just as in physics, the de-
scription of a situation in mathematics reduces to
the description of an actual experience, namely the
performed operations, and actual experience is not
self-contradictory. Even this procedure cannot give
absolute security, for there is no method of guaran-
teeing the future of the operations we now accept.
In particular one can never be sure that at some
time in the future he will not think of something
which had not previously occurred to him which
will make operations unsatisfactory in which no
flaw is at present suspected. Even the operation of
adding unity to an integer is subject to this limita-
tion. It is merely that this technique is the best
which we have.

I think there are at least two reasons why an oper-
ational analysis is important. The first is that we
usually have preconceived ideas about the opera-
tional situation, picked up perhaps by imitating the
assumptions which our fellows make in their use of
concepts, and the analysis often shows these precor
ceptions to be incorrect, so that we discover that we
had been trying to do things that we had not real-
ized. The second reason is that having found what
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the situation is we are then in a position to utilize
our experience. Experience shows that certain kinds
of operation are good for certain purposes, and if
our concepts do not.involve the kind of operation
that we had supposed, then we revise our opinion of
what the concept is good for, and the use which we
accordingly make of it.

Verbalizing plays an important part in the think-
ing of most people and, correspondingly, verbal
operations are very extensively employed in think-
ing. Apparently most of our verbalizing arises from
the endeavor to make adequate connection with ex-
perience, and accordingly, many of our verbal oper-
ations are of the greatest value in dealing with ex-
perience. In particular, practise has shown us how
to use various blank verbal forms with effectiveness,
as, for example: “What shall I do next?”, or “Who
said that?” etc., etc. Substituting in verbal forms
constitutes one sort of verbal operation. The use
of such verbal forms may be of great value in ana-
lyzing the operational make-up of our concepts, for
in this way we can make ourselves aware of the con-
ditions under which we would use a term. We may,
for example, ask ourselves, “Would you say this or
that about such and such a term?” By asking our-
selves this sort of question not only do we uncover
bits of “objective” knowledge of the situation which
we may have in the back of our heads, but I think
we also discover that we often unthinkingly try to
force a concept into such a mold that we can say

certain things about it. That is, we often make
18



OPERATIONAL ANALYSIS

unsuspected verbal demands of our concepts. Sup-
pose, for example, we are trying to make more pre-
cise to ourselves what we mean by “life” and
“death”. Various criteria that might be applied in
the laboratory are proposed, but then someone says
“Would you say that an organism was dead if it
could be brought back to admitted life by the
administration of any drug, known or unknown?”
I think a great many people have a strong impulse
to answer this question in the negative. By making
this verbal experiment we discover that we unthink-
ingly use the concept of “life and death” as if it
admitted certain verbal operations. But we also
demand that the concept be defined in terms of
“objective” operations. Common usage of language
seems to show that many people have the primitive
feeling that some ‘“‘objective” criterion of life and
death can eventually be found corresponding to the
verbal demand, but I think as we grow in experi-
ence we lose the feeling that there must be some
laboratory operation corresponding to the verbal
demand. Such a feeling can have only vicious results
when we want to achieve the maximum security.

It is thus evident that there may be “good” or
“bad” verbal operations. Here, as always, there is no
evidence that a sharp distinction can be drawn be-
tween ‘““good” and ‘“bad”. It is, I think, the tacit
understanding back of the usage of most terms that
the meanings can eventually be reduced to non;
verbal operations. In describing the situation, “‘ver-
bal” may be used in the broad sense, including all
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sorts of verbalization, or in the narrower sense of
“bad” verbalization, that is, a verbalization not
adapted to its tacit purpose. A concept which is
predominantly verbal only in the “bad” sense is
often described as a ““verbal” concept without quali-
fication, and the sense in which “verbal” is used
often has to be judged from the context.

A great many of our common inherited concepts
turn out to be predominantly verbal in the narrow
or bad sense, such as all the old absolutes of physics.
“Absolute” length, for example, has actually been
defined as “length perceived in the mind of God”.
Analysis will show I think that “perceived in the
mind of God” is almost entirely verbal—the opera-
tions which determine its meaning are mainly the
operations of saying certain things about it. To the
modern physicist it is so obvious that concepts de-
fined only in terms of verbal operations are unsuit-
able for meeting “‘objective” situations that he auto-
matically does not consider such operations, so that
he would describe the concept of “absolute” length
as one for which “no operations exist”, and there-
fore ‘“meaningless”. This leads to a certain ambi-
guity or even self-contradiction in talking about the
operational technique. From the broad point of
view all meanings are operational, and the meaning
of ‘“‘absolute” length is to be found in the corre-
sponding operations, which here turn out to be
verbal, whereas from the narrower point of view of
the present day physicist the operations correspond-
ing to the concept “‘do not exist”. I think if isolated
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parts of my writings are juxtaposed, it would be
possible to find such contradictions. Thus I have
talked about the contrast between what one says
about what one does and what one actually does,
with the implication that what one says is not a
form of doing, whereas in other places it is very
definitely recognized that talking or verbalizing is
certainly an activity. I think, however, that if one is
on the lookout it should always be easy to judge
from the context whether the broad or narrow
meaning of operation is to be understood.

We have seen that as long as one is concerned
only with physical or similar applications the profit-
able application of the operational technique is so
obviously restricted to its narrower aspect that in
practise one is inclined to forget the broader aspects.
But when one comes to make applications to less
precise situations, as to economics or law or in gen-
eral to situations of predominantly social complex-
ion, one encounters more importantly the verbal
aspects and the necessity for adopting the broader
point of view. In a book just issued I have discussed
social matters with this technique, and I have some-
times felt my hands somewhat tied by the narrower
usage of “operations” to which consistency with my
earlier writings would sometimes seem to commit
me. However, I do not think that there can be a
serious source of misunderstanding, and that the
context always makes it plain whether operation is
to be understood in the broader sense of anything,
mental, manual, or verbal, that can be recognized
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as activity, or in the narrower sense of activity that
is obviously adapted to the tacit purpose.

I think that trial will convince one that no less
important results are to be obtained by the applica-
tion of the operational technique to sacial questions
than to physical questions. For we nearly always
have preconceptions as to what our social concepts
are good for and the character of the underlying
operations, and we use the concepts subject to those
preconceptions, whereas analysis will often disclose
that the operations which build up the concept are
such that we have no right to our expectations.
Analysis will often disclose that the only operations
which can be found in a concept are verbal opera-
tions. There are many cases of open verbal chains;
the meaning of a term is to be found in the fact
that it can be combined verbally in a certain way
with another term, and the meaning of the new
term in its verbal combinations with still another,
and so on endlessly, with never an exit into some-
thing “objective”, that we do with our hands or see
with our eyes or feel. [ Notice that “objective” is not
being used in the sense of contrasted to “subjective”,
but may include certain aspects of the “subjective”.]
The implication in the usage of a great many of
our terms, however, is that ultimately there is emer-
gence into something “objective”. I think there can
be no question but that we use such words as “jus-
tice” or “truth” with the implication of such ulti-
mate objective emergence of meaning. The discov-
ery that such emergence often does not occur, but
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the only operations are verbal, will I think pro-
foundly modify our practical attitude toward the
social situations to which we have been accustomed
to apply the concept.

It must not be at once assumed that any concept
which is almost completely verbal in this way can
be of no value and must be discarded. I think there
are many concepts of this character, most useful as
intermediate terms in our thinking, and not to be
discarded because of their verbal character, any
more than the ¢ function of wave mechanics is to
be discarded because its value cannot be assigned at
every point of space and time with the instruments
of the laboratory. Clean-cut classification of terms
into those which are purely verbal is not to be ex-
pected here any more than anything clean-cut is to
be expected anywhere. In particular there is obvi-
ously no sharp distinction between “paper and pen-
cil” operations and verbal operations. But there are
certainly terms in which the verbal element is much
more important than we would have guessed with-
out analysis, and some of these may be of the greatest
utility in every day usage. For example, if we ana-
lyze what we mean by “the past” we discover that a
large part of the meaning is verbal. Most people
would say that the past is such a thing that there are
“facts” with respect to the past, as for example, it is
a “fact” that the sun rose this morning. But if some-
one says to us ‘“There is no way of proving that the
entire universe was not created five minutes ago,
every part of it being created in the condition that
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you think it had reached five minutes ago as the re-
sult of age-long evolution” we can find no method
of controverting him and are made to see that the
operations defining ‘“the past” are more largely ver-
bal than we had supposed. Although we have a con-
cept that is to a certain extent verbal, it is neverthe-
less useful. This shows incidentally that our verbal-
isms have no automatic method of ensuring self-
consistency, and that we do well to be cautious in
our handling of predominantly verbal concepts.

One can envisage here a new discipline, as yet
hardly begun, of the detailed analysis of the opera-
tions involved in every-day concepts. Such a discip-
line will involve in the first place the selection of
those operations which are to be recognized as fun-
damental—probably the selection of the best opera-
tions for this purpose will involve a good deal of
trial, and there will be delicate decisions to make.
For instance, in giving meaning to the future I
think the operations of making plans or drawing up
programs or forming expectations for the future
must be recognized. It will be easy to fritter away a
good deal of analytical energy in discussing to what
extent this operation of planning is verbal, a ques-
tion which it seems to me is unimportant.

Not only may there be verbal terms useful as
intermediates in our thinking, but in society as at
present constituted a great many terms about which
we are mistaken in feeling that the operations are
“objective”, whereas examination shows that they
are verbal, are nevertheless of the greatest social use
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because by the use of them with their mistaken
implications we can procure the action from our
fellows which we desire. However, in spite of their
usefulness, I think that the common tacit ideals
with respect to language are such that most people
would feel that such terms are illegitimate, and that
they should be discarded, once their operational
makeup had been recognized. Most usage of such
terms may perhaps eventually disappear if the race
ever achieves a higher intellectual plane, but that it
will be a slow process one may see by imagining
with what enthusiasm demagogues would welcome
the abolition of such terms.

In summary, it appears that we are not dealing
with anything new or definite enough to be digni-
fied by being called any kind of an “ism”. It would
be difficult to exhaustively characterize the opera-
tional technique of analysis; it is more of the nature
of an art to be learned by the practise of it and by
observation of its practise by others. It certainly
does not attempt to set up a theory of meaning or to
be an epistemology. In so far as it is concerned with
meanings it is concerned with necessary as distin-
guished from sufficient conditions. So far as it is
anything definite at all, it is a technique of analysis
which endeavors to attain the greatest possible
awareness of everything involved in a situation by
bringing out into the light of day all our activity or
operations when confronted with the situation,
whether the operations are manual in the labora-
tory or verbal or otherwise “mental”. It is an art to
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make the analysis emphasize the significant opera-
tions. The conviction that such an analysis of opera-
tions is important is to a certain extent character-
istic of the scientists of the present epoch—the old
Greek philosophers would not have felt this way.
The value of an operational analysis is often to be
found in the fact that it allows us to profit more
easily by our general experience—our experience
has shown us that certain sorts of operation are good
for certain purposes. If the analysis shows that we
have been mistaken in the operations which we had
supposed were involved in certain concepts, as it
often does, then our experience enables us to revise
our estimate of the adequacy of the concept to
accomplish what we wanted. Operational analysis is
valueless without a background of experience, and
the conclusions from such an analysis can have no
validity which is not already conditioned by the
experience. The situation here on a larger stage is
much the same as on a smaller stage with regard to
dimensional analysis, for this too enables us to
capitalize certain sorts of experience, but without
the experience it is impotent.
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SOME GENERAL PRINCIPLES OF
OPERATIONAL ANALYSIS*

‘I'nE READER NEED hardly be warned that as regards
specific applications of any of the following to psy-
chology 1 have only the competence of an outsider.

I shall not attempt to answer the questions in
order but shall rather give a more or less general
exposition in which many of the topics touched in
the questions naturally present themselves, but in
a different order. Questions 9, 10 and 11 touch on
fundamental matters which may be answered inci-
dentally in a general discussion.

It will, I think, not be unduly restrictive to con-
sider definitions as applied to terms. A term is de-
fined when the conditions are stated under which
I may use the term and when I may infer from the
use of the term by my neighbor that the same condi-
tions prevailed. Any method of describing the con-
ditions is permissible which leads to a characteriza-
tion precise enough for the purpose in hand, mak-
ing possible the recovery of the conditions to the
necessary degree of approximation. Terms used in

*See Note at end of text, p. 385.
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a scientific context must be subject to the presup-
positions of scientific enterprise. One of the most
important of these is the possibility of checking or
verifying the correctness of any statement; in fact,
this may be taken as characteristic of any serious
enterprise. Checking that the conditions are satisfied
is done by performing certain operations, so that for
all essential purposes the definition may be specified
in terms of the checking operations. These opera-
tions usually involve some element of deliberate
direction by the checker; this deliberate direction
may not be any more articulate than placing one-
self in such a position that one’s sense organs may
be acted on and in paying attention to the resulting
sensations. In any event the process of checking in-
volves activity of some sort, so that from the point
of view of utmost generality, in which the operation
is understood in the sense of any conscious activity,
definitions must be operational and it is tautological
to speak of operational definitions. However, such
great generality is of little use. In order to be of
practical value, the operations must, at the very
minimum, be such that they are repeatable and per-
formable on demand; in fact, this would seem im-
plied in the idea of checking. Whether there are
such operations or not can be found only by experi-
ment, and, as in every experimental situation, abso-
lute precision is not attainable. No operation can
be specified with absolute precision, and no attempt
to repeat an operation can be proved to have been

completely successful. But in practise there are oper-
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ations which can be repeated by the same person or
different persons under the same or different con-
ditions without hesitation and with the accompani-
ment of no phenomena which demand the assertion
that there has been failure to repeat. Definitions
should be framed in terms of operations of this sort.
It is not necessary that such operations be especially
simple, or that they be analyzed into all discernible
components—merely that they be repeatable with
assurance.

One of the greatest advantages of an operational
breakdown of a situation is that it reduces it to a
description of an actual happening—of something
that has actually been done or that has actually
occurred—and therefore it has the validity of actual
experience. In particular, there is no room for con-
cealed contradictions. ‘“Hypothetical operations”
(Question 3) may be of doubtless value, but the full
operational meaning of ‘hypothetical’ is complex.
A hypothetical operation must have its meaning in
terms of a program of actual operations, into which
it can be broken down. It is to be regarded as a
shorthand statement indicating that if certain oper-
ations are performed and certain results obtained,
then certain other activities will be engaged in, but
the program, if valid or even meaningful, must be
capable of being broken down into operations which
we now know how to perform. The meaning of
“the other side of the moon” (Question 3, [a]) is
complex and indirect, but expressible in terms of
presently performable operations, such as observing
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the change in illumination of Mars when the other
side of the moon shines on it.

It is my personal opinion that the paradoxes of
the infinite in mathematics (Question 3, [c]) arisc
precisely because in mathematics infinity is some-
times defined in terms of impossible operations, and
that in all cases where the concept of infinity is
legitimately handled its definition can be reframed
in terms of actual operations.

One of the chicf advantages of making definitions
operational is that it increases precision (Question
1). I find that I myself use terms without either pre-
cisely formulating the conditions which demand
their use, or without, in certain cases, having more
than a vague fecling that the conditions arc now
such that the term may be appropriately used. When
my neighbor uses the term, I observe only too fre-
quently that I cannot deduce from his use of it the
occurrence of certain antecedent or subsequent oc-
currences which I believe are implied in his use of
it. In such cases reduction of definitions to opcra-
tional terms increases precision, so that operational
definitions are called for when increased precision
is called for. Furthermore, by exposing the nature
of the underlying operations, we discover whether
our terms are really good for what we thought they
were good for. To do this we capitalize any experi-
ence we may have had. In this way we often find
that we have been mistaken in our uncritical opin-
ion of what went into the term. This procedure is
cespecially valuable in exposing verbalisms.
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A strict application of these ideas means that one
never has the ‘samc’ construct defined by two inde-
pendent operations (Question 2), but in this case
therc are properly two constructs which may be
proved by experiment to give results indistinguish-
able within certain margins of experimental error
and within certain ranges of phenomena. But it
is never safe o assume that they will continue to
be equivalent in a new range as yet unexplored.
In fact, this is one of the advantages of the opera-
tional method; it ensures against a repetition of the
situation in physics which led to the adoption of the
theory of relativity. This situation arose from the
uncritical assumption of the equivalence of opera-
tions at high velocities which had been shown to be
cquivalent within experimental error at low veloc-
ities.

Whether ‘experience’ is a proper construct for
operational definition (Question 4) is a question
for experiment. One has to ask in the first place
whether a definition is necessary in the sense that
misunderstandings arise because of its usage in dif-
ferent ways by different people. One then has to ask
whether an operational breakdown into simpler
components is possible, and this question has to be
answered by experiment, which in general will in-
volve actually producing the simpler components.

Operational definition certainly may-and often
does form a regress (Question 1 [b]), but I can see
no reason for thinking that it may be an infinite
regress. It seems to me that the situation may be
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more like the situation presented in mathematics
by semi-convergent series, in which the goodness of
the approximation can be improved up to a certain
point, but beyond that divergence begins. The
specification of operations within operations I be-
lieve may presently pass beyond the range of verbal
language and reach a situation where one can only
point at an operation and imitate it. The attain-
ment of further precision on this level must be diff-
cult to say the least, and we may find ourselves
stymied in trying to make indefinite progress.

Since operations are usually used in a context of
purpose of some sort, one may if one likes spcak of
good or bad operations (Question 5), but I person-
ally would usually prefer to speak of useful or non-
useful operations. It certainly must be recognized
that some operations are more useful than others.

Operational analysis is mostly restricted to ques-
tions of meaning and as such can have only partial
congruence with the universe of experimental
method (Question 6).

I can see no reason why the operational method
should have any inhibiting effect on any legitimate
theorizing (Question 7), and in so far as it has any
effect at all, it can be only beneficial because it in-
creases precision. Pratt’s objection that all theoret-
ical explanation is circular amounts to an argument
that induction is circular, which I believe to be
true and to be particularly obvious in the light of
an operational analysis of what is involved in an in-
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duction. The fact of circularity need in no wise
detract from usefulness.

Part of Question 11, “Can a phenomenon be iden-
tified or its properties be defined in terms of the
events (operations) which are effective to produce
‘1t?” is closely related to the dictum of Question 8
that “intelligence is what the intelligence test tests’.
Without doubt it is possible to apply the procedure
suggested here, but I believe that the situation sel-
dom arises which one would be content to treat
finally by any such method as this. Such procedures
should be used only in the preliminary stages while
the phenomena are still incompletely explored and
many correlations remain to be found. In fact, it
seems to me at least debatable whether even in the
preliminary stages other procedures might not some-
times be better. “T'o define a phenomenon by the
operations which produced it” involves unproved
assumptions. It implies that performance of the
same operations will always be followed by the oc-
currence of the same phenomenon, and this state-
ment is operationally meaningless unless there is
some method of checking the truth of the statement.
This again implies that it means something to say
‘same’ phenomenon, which implies, unless we are
here dealing with a pure convention, that there is
some other method of recognizing the phenomenon
when it recurs than through the operations of the
definition. Operational definitions, in spite of their
precision, are in application without significance un-
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less the situations to which they are applied are suffi-
ciently developed so that at least two methods are
known of getting to the terminus. In the situation
above, definition of a phenomenon by the opera-
tions which produced it, taken naked and without
further qualification, has an entirely specious preci-
sion, because it is a description of a single isolated
event, without even the existence of a criterion to
determine when it recurs or whether the description
of the event is complete.

With regard to the intelligence test, the assertion
as it stands begs the question. The question-begging
word is the humble ‘what’. The assertion that the
intelligence test tests a ‘what’ implies the repeated
application of the test and the discovery that the
results of the test have the properties of a ‘what’. It
seems to me that the actual situation here is one of
spiral approximation, as it so often is. We use the
word intelligence to describe certain aspects of the
behavior of ourselves or our fellows, but with unde-
sirable vagueness and subject to conditions which
we do not fully realize ourselves, and which we dis-
cover only by experimenting with ourselves by ask-
ing whether we would call such and such concrete
behaviors examples of intelligence or not. On the
other hand, we have the practical problem of dis-
covering some simple procedure or test which, when
it is applied and gives certain results, will give the
same answer as the more vague procedure which
we often cannot formulate in advance. Our attempts
to do this are at first unsuccessful. We discover
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modifications in the test which give greater success,
but at the same time, by checking in a large number
of instances we refine our original conception of
what we will be willing to call intelligence, or may
even discover that what we were trying to do cannot
be carried through. But if it can be carried through
we have come out with at least two different meth-
ods of getting to the same place, one of which is
presumably so much easier to apply than the other
that we shall use it when feasible.

With regard to the analysis of experience into dis-
criminatory responses, it seems to me that this must
be only a preliminary stage which must eventually
be split into simpler components. The complete
operational specification of the antecedents of the
response includes an operational description of the
subject of the test, and since the directions for the
test at present have to be given linguistically, all the
questions of language and complete cultural back-
ground of the subject are involved. We should ev-
tually be able to answer such questiouns as to
extent the discriminatory response is c¢
by the cultural background of the subje
cannot be done, or at any rate has not
with present methods of procedure. 1
becomes especially pressing in connecti
discoveries as, for instance, the ability
nate a ‘volume’ characteristic of sound d
its physical intensity.
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REJOINDERS

THE vArioUs piscussions have forced again on my
attention the curious and almost universal reluc-
tance to accept what seems to me one of the most
immediate consequences of the operational point of
view. Several of the contributors have referred to
science as of necessity being public in character; 1
believe on the other hand that a simple inspection
of what one does in any scientific enterprise will
show that the most important part of science is
private. I have elaborated this position at some
length in a paper and will not repeat here the con-
siderations presented there.

The question with regard to the public or private
character of science is only part of the larger ques-
tion of public versus private in general, which has
also been a subject of some discussion in this sym-
nosium. An analysis of what I do discloses that in

"' -ations in which I am concerned with distinctions
“2en mine and thine my operations are patently
" aracter. The operations which justify me

My tooth aches”, are different from those

y me in saying, ‘“‘Your tooth aches”. The

vhich justify me in saying ‘“the tooth-

I now have feels like the one which I

:ek” are recognizably not the same as

h might justify me in making a similar

about your tooth-aches. Going further,

_ -sations which give whatever meaning they

y have to statements like ““my toothache feels like
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your toothache” are obviously compounded of the
operations which separately give meaning to my
toothache and your toothache. In fact, this situation
is so obviously a compound of heterogeneous ele-
ments that it is coming to be a rather common point
of view that the best way to treat such questions as
“does your toothache feel like my toothache?” is to
call them pseudo questions. In general, the opera-
tions by which I know what I am thinking about
are different from the operations by which I con-
vince myself of what you are thinking about. The
question never arises, “Am I deliberately deceiving
myself with regard to what I am thinking about?”
but the question often arises as to whether you arc
deliberately deceiving me with regard to what you
are thinking about.

The whole linguistic history of the human race is
a history of a deliberate suppression of the patent
operational differences between my feelings and
your feelings, between my thought and your
thought. A language which reproduced the dualistic
character of what happens would have different
words for your thought and my thought. The reason
for the suppression of the distinction and the use of
a single word is doubtless social. We understand and
manage to get along with our fellows by the device
of saying “my neighbor has feelings exactly like
mine”. It is easy to imagine that the possession of
this linguistic device may have been of universally
decisive survival value. It by no means follows,
however, that a linguistic usage which has arisen
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under the stimulus of an immediate social necessity
is the most advantageous or is even adequate to meet
the complete scientific requirements. There is little
connection between survival value and truth.

The topic to which Professor Skinner devotes the
major part of his discussion is obviously intimately
related to what we are considering here, but it is
recognizably not the same. Professor Skinncr is con-
cerned with how to treat the reactions of my neigh-
bor to stimuli which we would all describe as private
to him. I think it must be conceded that Professor
Skinner is right in his contention, if I understand
him correctly, that the only possible way of dealing
with this problem is to convert “private for my
neighbor” into “public for me”. I think, however,
that there is danger that his scheme of procedure
may involve the tacit thesis that it is possible to go
further and establish the full operational equiva-
lence of “public for me” and “private for me”. This
equivalence may conceivably ultimately be estab-
lished, perhaps by an elaboration of methods sug-
gested by Professor Skinner, but it is at any rate
plain that the equivalence has not yet been estab-
lished. The most superficial observation is sufficient
to show that the operations by which I now deal
with the “public for me” are qualitatively different
from the operations by which I now deal with the
“private for me”. To ignore this difference, or to
set up the thesis that the difference is unimportant
until it is proved, is opposed to the entire spirit of
the operational approach. It may be objected that it
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would lead to impossible complication to insist on
the differences between public and private—that a
strict application of this point of view would mean
that there are as many “sciences” as there are people
engaged in “sciencing”. This may indeed be the
case, but if it is we can do nothing about it but
accept it. The first consideration must be “what is
true?” not “what is simple?”’ I believe that nearly
always the first results of a careful operational anal-
ysis will be to bring complication rather than sim-
plification. The conceptual structure which we have
inherited is a conventionalized and simplified struc-
ture, in which we usually do not know what the
simplifications are or what are their consequences.
The first task of the operational approach is usually
to recover the full complexity of the primitive situ-
ation.

I suspect that most persons with a ‘practical’
frame of mind will have little patience with these
considerations, because they believe they already
know the answer, and that considerations of this
sort can in the end make little or no difference with
any of our procedures. This attitude is of course an
exceedingly dangerous attitude and has often led to
disaster in the past. It is my own considered opinion
that the matter is of transcendent importance. The
entire human race, ever since the appearance of
articulate speech, has been so conditioning itself to
suppress the difference between me and thee that
most members of the race have lost any capacity
they may ever have had to recognize even the exist-
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ence of the issue. Simple observation shows that I
act in two modes. In my public mode I have an
image of myself in the community of my neighbors,
all similar to myself and all of us equivalent parts
of a single all-embracing whole. In the private mode
I feel my inviolable isolation from my fellows and
may say, “‘My thoughts are my own, and I will be
damned if I let you know what I am thinking
about”.

All government, whether the crassest totalitarian-
ism or the uncritical and naive form of democracy
toward which we are at present tending in this
country, endeavors to suppress the private mode as
illegitimate, as do also most institutionalized relig-
ions and nearly all systems of philosophy or cthics.
Yet the private mode is an integral part of each one
of us, ready to flare into action under the stimulus
of any new exploitation of the individual. I believe
that no satisfactory solution will be found for our
present social and political difficulties until we find
how to handle together as of equal importance the
social and the private modes of each of us. Each of
us, in moments of clarity or stress, reverts to the pri-
vate mode in spite of millennia of exhortation and
instruction. In these moments of clarity we know
that the private mode is as justifiable as the social
mode and even more inescapable. It seems to me
that only when I deal with both modes do I become
capable of achieving complete rationality. No gov-
ernment or social order can be ultimately successful,
if its members are intelligent and allowed to follow
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their own intellectual processes to their logical con-
clusions, until a reconciliation has been achieved
between these two modes. In fact, it seems to me
that this is the supreme justification for the sort of
democracy toward which we ought to be heading
but unfortunately are not, namely, that it alone
makes sense from the point of view of the com-
pletely rational behavior oi the individuals who
compose it.

The extent to which any discipline suffers by its
failure to recognize and insist on the social and the
private modes of individual behavior depends on
the subject matter. In physics the question hardly
presents itself. But in psychology it seems to me that
we do want to deal with topics which demand a clear
recognition of the operational duality with which at
present we are constrained to deal with all questions
of me and thee. To assume that this operational
duality may be ignored assumes the result of what
is at present only a program for the future. In the
light of present accomplishment this assumption
seems to me exceedingly hazardous. Until it has
been shown that the program has reasonable pros-
pects of being carried through the operational ap-
proach demands that we make our reports and do
our thinking in the freshest terms of which we are
capable, in which we strip off the sophistications of
millennia of culture and report as directly as we can
what happens. Among other things this demands
that I make my reports always in the first person
and in a language which reproduces the structure
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of my universe. Since one aspect of the structure of
my universe is the operational difference between
mine and thine, I must make my report in a lan-
guage which recognizes this operational duality.
Since such a language does not at present exist, one
must be devised. For the present it will probably
be sufficient never to use such words as thought or
feeling without qualification, but always to qualify,
as “‘my thought”, “your thought”, or “my feeling”,
“your feeling”. It may be that eventually we shall
be able to take account of the operational dicho-
tomy in the universes of each one of us in some
simpler way. But until that time, it seems to me that
by ignoring the dichotomy psychology is engaging
in an unnecessary gamble, and is probably riding
for a fall.
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ONE THING WHICH has struck me most as I have
read the articles of the Encyclopedia of Unified
Science is the complexity that can be discerned in
many of the operations which for the purpose of the
article are treated as elementary. It is apparent that
Unity of Science, like every other discipline, has its
own stock of “atoms of discourse”, suited to its own
purposes. Experience in physics would prepare one
to expect that for certain purposes it may be profit-
able to attempt to analyze these atoms further. The
atom of discourse, or presupposition commonly
made by most adherents of the Unity of Science
movement, with which I shall be chiefly concerned,
is with regard to the nature of “science”. My pres-
ent concern with this matter has arisen from my
extreme difficulty in communicating my meaning
to other people. The difficulty has been a genuine
puzzle to me, until quite recently a discussion with
one of my colleagues disclosed a difference of atti-
tude on fundamental matters so revelatory that I
am encouraged to return again to the attack.

*From Philosophy of Science, 7, 36, 1940. Paper read at the Fifth

International Congress for the Unity of Science in Cambridge, Mass.
on Sept. 4, 1939.
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My point of view is that science is essentially
private, whereas the almost universal counter point
of view, explicitly stated in many of the articles of
the Encyclopedia, is that it must be public. I pur-
posely do not stop at the beginning to attempt a
precise definition of the terms, although it is obvi-
ous enough that there is a certain amount of hazi-
ness in the ordinary usage of “science”, and “pub-
lic” and “private”, and although it is perhaps also
obvious that if we defined these words exactly at
the beginning there would then be no disagree-
ment. For I think everyone does as a matter of fact
use these words with enough definiteness so that he
unhesitatingly says either ‘‘science is public” or
“science is private”, and it is primarily the implica-
tions back of this usage that I want to bring out. I
hope that after this analysis it will appear that the
usual point of view gives greater weight to certain
features than one perhaps might after more detailed
consideration.

It is to be remarked that the view that science is
essentially public is in perfect accord with the intel-
lectual fashion of the times of emphasizing that all
our activities are fundamentally social in nature. In
support of this view it is evident enough that not
only all our institutions, but also all the tools of
thought of any of us have developed in social sur-
roundings, and in the construction of any of them,
such as language in general, or logic or arithmetic
or other forms of mathematics in particular, many
people have made mutually dependent contribu-
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tions. There is therefore no doubt that in arriving
at their present form the social factor has as a mat-
ter of fact been decisive. This is by many felt to be
so important that the public nature of science is
often made a matter of definition.

The subject may be approached by noting the
answers we give when we ask what we would do in
various situations, for the thing that we say science
is has got to be consistent with all the things we can
say about it. I begin by reporting the answer of my
colleague which started this discussion and which
I found so revelatory. He is a psychologist, and 1
asked him how he would react if his report of some
observational fact of psychology was in direct con-
tradiction to that of his qualified fellows. His im-
mediate and unhesitating answer was that he would
have to accept the report of his fellows as correct.
For, said he, what is “correct” except the consensus
of qualified observers? thus accepting by implica-
tion the usual definition of science as public. This
answer of his was to me so unexpected that some-
thing like a cry of dismay escaped me. We then dis-
cussed the matter, and presently my colleague was
saying that he hadn’t thought about this sort of
thing very much, that what he had said was his
natural and instinctive answer, and that he supposed
that in the business of psychology one had to be
particularly suspicious of his own judgment and
rely to an especial degree on the report of his
neighbors.

This experience suggests the question of whether
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it is a fact that the instinctive attitude of most
people is that the overwhelming majority of their
fellows must be right because of the very nature of
right, so that confirmation or verification by their
individual selves is superfluous. Such an attitude
would certainly fit in with the present fashion of
emphasizing the social nature of everything that a
man does; it is as natural an attitude in a society
committed to the virtue of democracy as in one
committed to totalitarianism. If this attitude is typ-
ical of competent scientists, then it is easy for me
to understand why I find such great difficulty in
making my point that science is essentially private.
I believe, however, that in so far as this attitude is
typical, it has been adopted without due considera-
tion.

Since the situation in psychology is rather com-
plicated, let us in further examination of what is
involved take elementary arithmetic or logic as rep-
resentative of science. What do I do when I an-
nounce a certain result on adding a column of
figures, but my neighbor, looking over my shoulder,
assures me that I am wrong? I am sure that I, and
I believe most of my audience also, am not content
to accept this simple statement, but check my neigh-
bor’s claim by any of a variety of methods, and do
not in the end accept his claim unless I can check
it for myself independently of him. My experience
is that in almost all cases I have in the end been able
to reach agreement with my neighbor. There are,
however, exceptional cases; in some of these my
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neighbor may turn out to have made an escape from
an asylum. However, I always get agreement with
my neighbor if he is what I call “normal”. It follows,
of course, that if I and any one normal neighbor
agree, all my normal neighbors must agree with
each other. It is a natural consequence of this situa-
tion that I often reverse the relations; if ten of my
normal neighbors independently assure me that the
sum of a column of figures is 137, it is highly prob-
able that I will accept 137 as the “correct” result,
without making the addition myself.

Emphasis on the importance of these facts of
observation and this aspect of the situation I think
influences most people to describe science as public.
But in what spirit and with what purpose do I
accept the report of my fellows that the correct
result is 1377 Examination of what I do shows me
that I accept the verdict of my neighbors only as
an easier method of getting the result to which my
own activity would have led me, or as a means of
checking against my own mistakes, which I can
guard against otherwise, if I choose, by more
troublesome procedures. That is, there are other
criteria which I can apply than the criterion of
publicity, and I am sure that I would retain these
criteria even if the criterion of publicity should
fail. My arithmetic must enable me to deal with
my own experience with consistency and success in
certain respects; for example, I must be able to buy
and sell and not run into bankruptcy. Or, passing
beyond the field of simple arithmetic, the require-
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ment that I impose on myself in general is that I
be able to adapt myself with success to my environ-
ment, and the decision as to whether I have made
the adaptation is one which I make and which no
other can possibly make for me. If my neighbor says
“Go to, you have not successfully met your environ-
ment because you are now dead”, it moves me only
to derision. If my neighbor tells me that he himself
is successfully adapting himself to his environment
at the moment that I see him fall into the water, 1
can only retort by quoting my own experience, that
is, what I have seen and heard.

A necessary but not a sufficient characterization
of what I want to call science is that it is an activity
which satisfies certain criteria with regard to success
in meeting the environment. The important thing
is not the precise form of the criterion, but that the
criterion is applied by me. This I take to be a
simple matter of observation. It is further a matter
of observation that the science at which I arrive in
this way is in agreement with what my fellows say
and do, but this is an additional fact, and is not
vital to the situation. If I define science as that
which satisfies my criteria and at the same time as
that which is public, I am guilty of an over-defini-
tion. The feeling that this wide-spread agreement
between my fellows and myself requires explana-
tion, and that by saying that science is public we
have in some way explained this fact is, I think,
partly responsible for the wide-spread insistence
that science is necessarily public. If one carefully
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examines what is involved in such an explanation,
I venture to suggest that he will uncover a streak of
verbalism or of metaphysics.

Another reason that I call the publicity aspect of
science less vital is that if I maintain the publicity
requirement I cannot say certain things that I would
like to say. If, for example, I had always lived alone
on a desert island, and had found how to anticipate
the seasons or the phases of the moon, I would want
to call certain aspects of my activity scientific. Or if
I and my neighbors could not agree on arithmetic,
and they were continually falling into bankruptcy
while I prosecuted my own business successfully, 1
would want to call my arithmetic scientific in dis-
tinction from theirs.

There are aspects of my private science which are
tinged with publicity. If, in order to save myself
time, I accept what you tell me without detailed
examination, as I often must, then I naturally will
try to safeguard myself in every way as to your reli-
ability. Experience has shown me that one of the
best possible safeguards is that other people should
agree with you. That is, although my science is priv-
ate, I am very likely to demand that your science be
public. If one wants to define science as “‘your sci-
ence”, then it must be admitted that in almost all
cases it is public, in this sense.

It has been implicit in all that we have done
hitherto that we have treated science as an activity.
This does indeed seem to be essential and should
be emphasized. Science considered as a “body of
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knowledge” as it often is when its role of publicity
is emphasized, seems to be an abstraction on a level
which is predominantly verbal. But I should not,
for example, want to say that science is contained
in libraries or in any sort of written document. The
printed page consists of marks which are capable of
guiding activities in me which under the proper
conditions may be scientific activities. Science does
not begin until my activities begin. A recent writer
in Philosophy of Science has said “science is scienc-
ing”. With this I would heartily agree. The reason
that I often find it convenient to describe the con-
tents of a book as science is that I am convinced
that if I allowed the marks in the book to guide my
activity I would then find that these activities of
mine satisfied my criteria for being scientific. This
conviction may arise from a long and complex ex-
perience.

The process that I want to call scientific is a
process that involves the continual apprehension of
meaning, the constant appraisal of significance, ac-
companied by a running act of checking to be sure
that T am doing what I want to do, and of judging
correctness or incorrectness. This checking and
judging and accepting, that together constitute un-
derstanding, are done by me and can be done for
me by no one else. They are as private as my tooth-
ache, and without them science is dead.

Perhaps after all this to-do some of my audience
will be willing to grant my original contention,
namely my conviction that if the situation were
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sufficiently considered and the terms suitably de-
fined my fellows would grant that it goes deeper
to describe science as private rather than public.
But even granted this modicum of success, what
shall I say to the reproach of triviality? After the
point has been seen and made, is it important? As
a matter of fact I do frequently use the report of my
neighbors in deciding what my own action shall be,
and in the overwhelming majority of cases I do
impose the criterion of publicity on my own logical
processes in order that I may privately accept them,
as is shown by my desire to make this paper con-
vincing. Why insist then on such a purely academic
distinction, one which is almost never applied in
practise?

To this reproach I would return a general and a
particular reply. In particular reply I could attempt
to point out places where it seems to me that a rec-
ognition of the ultimately private nature of science
is important. For example, it seems to me impor-
tant with regard to our whole point of view respect-
ing the nature of logic and mathematics. It is cus-
tomary to think of these disciplines as purely “for-
mal” in character, in distinction to such ‘“‘applied”
disciplines as physics or the geometry of actual space.
Consider, for example, what is involved in the syl-
logism in its simplest form “All a is b. All b is c.
Therefore all a is ¢”’. It is obvious enough that this is
not just a static array of marks on paper, which
might. be photographed, but with which one can do
nothing else. That these marks guide me in a proc-
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ess is evident enough when I reflect that the thing
involves an order. But there is more to it than
following the marks in the right sequence; the
marks have significance, and the fact of significance
involves a background that is not contained in what
I see on the paper. There are various aspects to the
significance of these marks. At the very minimum
I recognize it as the essence of the pattern, regarded
as purely “formal” in the conventional sense, that
certain marks recur: “a”’, “b”, and ‘“‘c”’ occur twice.
That is, I think of the second “a” as the “‘same” as
the first “a”. Without this recognition and under-
standing the marks on paper would indeed be some-
thing merely to be photographed. But what do I
mean by this “‘same”? How do I recognize ‘“‘same-
ness”’? Does it ever actually occur, and if it does
where do I find it? It is obvious that the “‘sameness”
does not reside in what I see on paper, because
microscopic differences could certainly be found in
the two “a’s”.

Furthermore, the “a”, “b”, and ‘“‘c” are restricted
in other ways; they are symbols for things which
may be substituted for them, and there are restric-
tions which would be very difficult to formulate
precisely on the sort of substitution permissible.

It appears then that the reduction of the syllog-
ism to a formalism is a very incomplete reduction;
beyond the formalism there is an enormous amount
of complexity, and this complexity cannot be ex-
pressed in what is written on paper or even said. I
think it is suggestive to apply the same word to this
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complex of tacit restrictions and conditions which
I have previously used in discussing the equations
of theoretical physics, and say that every syllogism
involves implicitly a “text” or body of comments as
to meaning and use. As with the equations of phys-
ics, because this text is practically never made ex-
plicit, one has to make his own text, perhaps at first
by watching how other peopic use the syllogism,
but eventually by observing what conditions must
be fulfilled in order that the syllogism must serve
his purposes.

The text imposes conditions. I have to be aware
of these conditions as I perform the process in which
I am guided by the marks on paper, and I have to
be continually checking myself to be sure that the
conditions are being met. This checking and aware-
ness is private; no one can do it for me. Nevertheless
I can do it with confidence, and I may accept it for
my purposes as “atomic”. Although performable
with confidence, it is, it seems to me, something in
which the attribute of certainty in no wise inheres,
but it is sicklied o’er with the pale cast of human
fallibility. The syllogism as a whole, formal part
plus text, is something which by no means has the
certainty that is commonly associated with the pure-
ly formal. Since the text has such a preponderating
part in any logical enterprise, the practical value
of emphasizing the formal aspects of logic cannot
reside in any resulting certainty, but must be sought
in directions connected with methodology.

If the activity which is logic involves a text, then
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it is a consequence that when the text changes the
logic changes, although the guiding marks on paper
may remain constant. This is consistent with my
own experience. I have no adequate acquaintance
with conventional symbolic logic, and I could not
read the simplest technical paper without extensive
preparation, but I think that nevertheless I have
done enough mathematics and have looked into
enough papers on symbolic logic to have some gen-
eral conception of what it is all about. I observe
that as I get older my attitude changes in a way
which I think is significant. When I was younger 1
had a certain facility in reading a formal logical
analysis, which I could do with satisfaction and
with conviction that everything was in order. But
as I get older I lose my sense of ease in the opera-
tions of logic. I do not think this loss is due to senile
decay, but I believe that it is rather because I now
see more than I did before. I am continually bog-
ging down at the beginning, even with so admirably
written an exposition as Tarski’s Mathematische
Logik. I can’t let myself go as I am obviously ex-
pected to; too many questions keep intruding them-
selves. Take the simplest theorem in the calculus
of propositions. Some universal statement is made
about propositions p, q, r etc. I look at the state-
ment to see whether it seems right and checks with
my own experience. Have all propositions p, q, and
r which I have made had the relation stated? Before
I can answer I have to know what this thing is that
is called a “proposition”. Are there concealed condi-
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tions which I have not thought of? Does it by any
chance happen that all the “propositions” which I
may have used up till now have certain common
properties which may not be possessed by the pro-
positions I may make tomorrow? It is not easy to
think through exhaustively all the propositions one
has ever made and see their common characteristics.
Then what is this tacit quality of “sameness’” in a
proposition? for the theorem to which I am trying
to give my assent uses ‘‘p”’ in more than one place
and thereby implicitly ascribes a meaning to the
sameness of a proposition made with identical or
even different words at different times and places.

My process of giving assent to a theorem of logic
may be described as finding a text which I can ac-
cept as complete. That this text is .complicated is
evident when one considers the matter of paradox.
Paradox 1s evidence of inadequacy in the text. The
game of logic may be played only with certain kinds
of counters; if one uses the wrong sort of counter
paradox may arise. The specifications for the coun-
ters are made in the text so that an inadequate text
means possible paradox. Now there is never any
defense against paradox. I have no way of being sure
that tomorrow 1 may not think of something that
had not occurred to me before, even though the text
I am using today has the sanction of immemorial
public acceptance. Furthermore, as a matter of fact,
paradoxes are unearthed every now and then; the
inadequacy of texts hitherto thought adequate is
thcreby made evident and by implication the comy
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plexity of the text. Any particular paradox is in the
first instance discovered by some individual, who
thereby discovers the inadequacy of his private text,
which may of course also have been in part publicly
accepted. It is, I think, particularly evident that
advances into new territory are the result of private
activity and therefore of private science.

So far, I have been concerned with various rami-
fications of my particular reply to the reproach of
triviality. I now consider what reply may be made
in general. In general I do not believe it is safe to
discard as trivial any feature of a situation until it
has been proved to be trivial. It is certainly highly
dangerous to comfortably assume that a considera-
tion is trivial until one has seen what the issue is
here. The issue is not just whether it is more profit-
able to emphasize the private or the public aspect
of science. The issue is the deeper one of the un-
avoidable dual character of many of the words that
we use in describing what happens to us and our
fellows. The words denoting sensation obviously
have this character: “my pain” and “your pain”, or
“my consciousness” and ‘“your consciousness’ are
evidently different because the experiences are
different, and the things that we do in order to
decide whether to say “my pain” or “your pain” are
different. The same duality extends to many words
dealing with our activities: “I think” is different
from “‘you think”, and “I desire” from “‘you desire”.
In so far as science is an activity we have to recog-

nize the same duality: “my science” is different from
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“your science”. If we were willing to deal with this
situation by completely reforming our language so
as to emphasize the dual character of all these
words, then we would not be concerned very much
with whether science is private or public, for the
situation would be dealt with well enough by the
existence of two words, one for “my-science”, and
another for “your-science”. But language has not
been so reformed, and we are constrained to get
along with a single word. It is my point that the
differences between ‘“my science” and “your sci-
ence” are peculiarly important and necessary to
emphasize. It is only “my science” that is alive.
Until “your science” becomes ‘“my science” it is as
dead and sterile as substitution of numbers into a
formula by a high school student. I have preferred,
therefore, as long as language has not developed the
machinery for dealing with this duality, to say that
science is “ultimately” or “essentially” private. Per-
haps there are other verbal methods of dealing with
the situation that would have been more happy.

A linguistic problem that must sometime be
solved is to develop a machinery for dealing with
these dualities. It is in the general scientific tradi-
tion, and in particular, I think, it is one of the
presuppositions of the Unity of Science movement,
to ignore these dualities. The ideal appears to be a
non-personal language, in which such expressions
as “I think”, “I feel”, “I know” never occur. We
need not go in detail into the reasons for this, but
the possibility of getting along with such a non-
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personal language has become an assumption at the
bottom of most of our scientific activity. The valid-
ity of this assumption has never, I believe, been
adequately examined. In suppressing these personal
expressions I am doing an unnatural thing, that
sometimes demands obvious circumlocutions and
always involves an element of convention and con-
struction. If I want to express what obviously occurs,
I have got to usc the first person. Has it ever been
adequately proved, or has ever the assumption been
adequately examined, that in forcing myself to
speak non-personally I have not thrown away some-
thing vital? The point of view that emphasizes the
public character of science is closely allied to the
point of view that postulates that I have not, but 1
very much question whether this postulate can be
maintained over a wide enough field of activity to
be sufficiently profitable. There are certainly things
which I can say to myself that do not come within
the scope of such a postulate, but which I can never-
theless say with all the certainty with which I can
say that there is a chair over yonder or that two
times two is four or any other statement of science.
The thesis that science is adequately treated as pub-
lic is the thesis that such private statements can be
dispensed with in scientific activity. But I think I
have shown above that this is almost certainly not
true. When I follow the marks on paper that con-
stitute a treatise on symbolic logic, I am not willing
to call my activity scientific unless I can say at each
stage of the process “I understand”, a statement
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which is just as private as when I say “my tooth
aches”.

It seems to me that we are doing things in the
wrong order. The contention that if I want to
reproduce what happens I have to use the first
person seems to me so obvious that it needs only to
be said. All our experience emphasizes the impor-
tance of reproducing what happens; any scientific
enterprise must begin with adequate description.
The development of a linguistic technique for the
exclusive use of the first pefson not only has becn
shirked, but it appears to be regarded as an un-
worthy object of endeavor. This is in accord with
the scientific tradition of the last 300 years. I do not
know to what extent this is deliberate.

The thesis of at least a part of the Unity of Sci-
cnce movement that everything can be expressed in
the physical language apparently involves, to judge
by what is done, the assumption that the physical
language 1is itself necessarily non-personal, with
never the use of the first person. On the contrary, I
can sec no reason why one should despair of a phys-
ical language which is also a language of the first
person. A language of the first person, in which one
does not hesitate when necessary to talk about his
own purposes and judgments, need not be a “men-
talistic” language, and may have all the definiteness,
certainty, and reproducibility that one demands in
a language suited to scientific use. One has just as
much certainty in stating his conviction that two
plus two makes four is a correct statement as he has
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in stating the fact that two plus two makes four.
This shows that the dividing line between state-
ments about facts and statements about feelings
may get pretty nebulous. Is one not going out of
his way to attempt to maintain a sharp dividing
line? In a subject like physics it is perhaps easy not
to cross the line, but even here I have found as I
push my analysis of what is involved in the accepted
operations of physics that I do continually want to
cross the line. But in other disciplines it may be-
come highly artificial to maintain the distinction. I
believe an example is Professor Dewey’s article on
the Theory of Valuation which has just appeared
in the Encyclopedia. A guiding motif of this expo-
sition is obviously to discuss all aspects of valuation
in the physical, public and also non-personal lan-
guage. This attempt may be conceded to have been
successful, but as I read it I could not help feeling
how much better it would have gone if Professor
Dewey had permitted himself the use of the simple
perpendicular I. In general I think that the thesis
of Unity of Science cannot be overthrown if this
thesis is merely that one will never get into contra-
diction by using only a non-personal physical lan-
guage. In fact I would expect that this thesis cer-
tainly could be maintained by the exercise of suffi-
cient virtuosity simply because the dividing line
between the public and private cannot be made
sharp, but at what cost in complication, artificiality
and clumsiness in the practise dictated by the thesis!

It appears to me that a linguistic technique of
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the first person not only has got to be attempted,
but it has also got to be successful, merely because
such a technique would reproduce what palpably
happens in our scientific activity, and this is admit-
tedly already largely successful. There are obvious
difficulties to be overcome in developing such a
technique. Over against the difficulties there are
certain immediate felicities in the use of the first
person. For example, exposition written in the first
person becomes more patently merely a collection
of marks on paper to guide me in my own activities.
One thing in the development of such a technique
is certain, and this may allay some of the natural
misgiving at turning our backs on the line of devcl-
opment of 300 years, namely that a distinction has
got to be made between my-feeling and your-feeling,
something which at present is almost never done,
and which has enormous social implications. I think
Professor Dewey would not have hesitated to write
his article in the first person if he had had at his
command a linguistic device for making this dis-
tinction.
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THE LAsT THING that the average human being wants
to be made to see is that as a matter of fact he 1s
already inescapably free. This obviously does not
mean free economically or politically, for these
forms of freedom have not yet been generally at-
tained and are still the object of passionate en-
deavor. What is meant is that inner freedom in vir-
tue of which every individual leads his own life
eternally free from his fellows within the walls of
his own consciousness. So obstinate is man’s refusal
to admit this elemental fact that his social institu-
tions and even his language, the tool of his thought,
have from time immemorial assumed such a struc-
ture as to obscure recognition of the fact and to
make even utterance of the fact well-nigh impos-
sible. All the intellectual machinery which an indi-
dual receives as his heritage and with which he
strives as best he can to adapt himself to his environ-
ment is a tissue of rationalization inspired by fear
lest he see that he is really free. The oldest and the
grimmest jest that man has perpetrated against him-

*From Freedom: Its Meaning, cdited by Ruth Nanda Anshen, Har-
court Brace and Co., Inc., 1940.
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sclf is the jest that Adam and Eve in the Garden of
Eden really wanted to eat the fruit of the tree of
knowledge.

Everyone soon comes to realize and accept certain
special aspects of freedom. Everyone who ever gets
anywhere knows that he has to make his own deci-
sions for himself. Everyone finds that no one is so
much concerned with his own problems as himself,
and that if he wants to be sure of getting a thing
right he has to do it for himself. He finds that he has
no right to the intercst or even the sympathy or
understanding of others. He finds that whether or
not he is free from other people, other people are
free from him, and that the various devices he em-
ploys to control the actions of others are not neces-
sarily successful. He is not certain of getting safely
to the other side if he walks blindly across when the
traffic light is in his favor, and if he does not arrive
safely it is really on him not on the man who has
illegally run him down.

But although adaptation to certain of the aspects
of freedom has got into the unconscious practise of
most people, an adequate intellectual and emotional
realization of the implications is most rare. We may
attempt to obtain such a realization by reflecting on
some of the commonest features of experience. No
one would attempt to make a blind man experience
one’s sensations when confronted with a sunset. In
a situation like this it is easy to say that there
is- something incommunicable about a sensation

when the corresponding organ does not exist. But
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when the organ does exist, is the sensation then
communicable? Does the red of the sunset sky
appear to my seeing neighbor the same as to me?
What shall I do to find out? Examination discloses
that I can only analyze his behavior in certain situa-
tions, -including in his behavior his spoken words.
There is never a comparison of his sensation with
mine. My sensation is private, forever incommuni-
cable. This is sometimes, but not often, recognized,
as in a recent Readers’ Digest one of the examples
of “a more picturesque speech” was “private as
pain”. Because my sensation is private, ‘‘my-sensa-
tion” cannot have the same meaning as ‘‘your-sensa-
tion”, so that it is meaningless to ask whether your
sensation is the same as mine.

Here we encounter one of the obstinate infelici-
ties of language. ‘‘Sensation” is usually used without
qualification by a “my” or a “your”, as if there were
a unique meaning, making qualification unneces-
sary. But analysis shows that the situation is irre-
ducibly two-fold. I know what I mean by ‘“my-
sensation’’; for my present purpose it is not neces-
sary to analyze further. But what shall I mean by
“your-sensation’”’? When it comes right down to it,
how do I know that you have sensations anyway?
Certainly what I do to establish that you have sen-
sations is different from what I do to establish that
I have sensations, and since what I do is different,
the meaning is different. What I do to establish that
you have sensations is indirect and complicated and
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involves argument of one sort or another with my-
self. I see that you have organs similar to mine, and
I observe that you behave similarly in similar situa-
tions. Would I not then be merely going out of my
way to assume that you do not have sensations like
me? The answer is that for certain purposes I would
be going out of my way to assume a difference be-
tween you and me, and becausc these purposes con-
trol so many of the situations of ordinary life the
convenience of a single word is accepted. For a very
important concern in most of my contacts with my
fellows is to anticipate how my fellow is going to act,
and the best way I have been able to invent for
predicting the actions of my fellow is to say to my-
self “How would I act in a similar situation?”, of
course modifying my action to take account of such
considerations as “if I were as sick as he” or “if I
were as stupid as he”. My answer as to how I would
act depends on what I imagine my sensations would
be. Hence it comes that what I mean by my fellow’s
sensations is what I imagine my own would be in
the same situation. This act of imagining myself in
the other fellow’s place is done so easily that I for-
get what I am doing and presently find myself using
a single word, “sensation”, covering both my- and
your-, and still a little later materializing my dual-
istic linguistic creation by attaching meaning to
“sensation” as such, unqualified by “my”’ or “your”.
Hence we finally come to handle “sensation” in a
largely verbal way, to gratify impulses of verbaliza-
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tion. This uncritical use of the word “‘sensation” is
not something that you and I have come to by our-
selves, but it is something that we have inherited.
But however we came by it, there is no question but
that we do use the word in this way. If we did not,
we would not in the first place have tried to force
into our question “is my fellow’s sensation of red
the same as mine?” a meaning different from that
which analysis disclosed.

Language, then, presents sensation as something
in common between my fellow and myself, a bond
of union, whercas my sensation is inexorably pri-
vate, and eternally separates me from my fellow.

“Sensation’’ has been used In a broad sense; it
includes not only what is correlated with the con-
ventional scnse organs, but embraces all that I un-
derstand by “conscious activity”, including all con-
scious thought. There is grave danger here of being
misunderstood; ‘‘conscious’” and ‘‘consciousness’
have such a history of metaphysical abuse, partic-
ularly by professional psychologists, that implica-
tions are almost certain to be read that I do not
intend, or of which I am not even aware. My use
of the word is without these professional and con-
ventional implications. “I am conscious” is only
another way of saying “I-think”, “I-feel”, “I-am-
aware”. I do not say that I have consciousness;
neither can I say without extension and alteration
of meaning that you are conscious. In the primitive
meaning there is as little sense in saying that you are

conscious as in saying that your sensation of red is
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the same as mine. For what do I do to establish that
you are conscious?

Most of the words with which I describe the
actions of my fellows are as irreducibly dual in
meaning as is ‘‘sensation” or ‘“‘conscious”’. These
words have an altered and derived meaning in addi-
tion to their primitive meaning, which is obtained
by imagining what I would be doing in the same
situation. For instance, what do I mean when I ask
“I wonder what you are really thinking about?”
Here, as in so many cascs, we have to distinguish
between what the analysis, when we actually carry
it out, discloses must be the meaning, and the nebu-
lous anticipation that we usually have as to what
the analysis will disclose. It is often the latter that
we have in mind when we talk about “meaning”. I
think an analysis will show that all that I can mean
by asking what you are really thinking about is
what I imagine I myself would be thinking about if
I were in the same situation as you, including in
“same situation” all the enormously complicated
things covered by what I can see, or hear other
people say, or can get you to say by questioning or
other methods, including taking account of such
things as your imagined inferior or different intelli-
gence. But when I have finished, I see that I have
merely projected myself. I think this result does mot
agree with what most people would say their vague
anticipations are as to what the meaning will turn
‘out to be; they probably anticipate that the analysis

can be made to disclose something in which there is
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no mention of “me”. We can express the fact that
the analysis does not come out as we had anticipated
by saying that it is impossible to give the desired
meaning to “‘your real thoughts”; we are trying to
impart a meaning that is impossible.

Common usage is infested with situations in
which we want to have certain meanings and in
which we verbalize on the assumption that these are
the meanings, but in which analysis shows that the
desired meanings are impossible. This is particu-
larly true of almost all the “me-your” situations. For
instance, what is the meaning of “we”’? We love to
say ‘“we” and “our”; it gives a cozy and all-together
feeling that is most comforting. Evidently what I
mean by “we” is “you and I; this is to be said
slowly so that one can appreciate that the “and” in
this expression is the “and” of merely formal con-
junction only. It is a symbol that one is to do two
different kinds of thing, one to the “you” part and
another to the “I"” part. Thus, “we feel happy” is a
contraction for “You feel happy and I feel happy”,
with a different meaning for “feel” and “happy” in
the two parts of the sentence.

There is one curious situation in which the usual
relations are reversed, in which I experience what
is yours and never what is my own. This is with
respect to death. I know what the death of animals
and other people means. I have definitions that tell
me what to do to determine whether another is dead
or not. But this never applies to my own death,

although I always talk of my own death as if it were
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something on the same footing as the death of
another. We are careless of this distinction, and
perhaps partly because of it, although doubtless for
other reasons also, we think of our death as a form
of our experience. This attitude toward our own
death is I believe back of the many utter irrational-
ities of society in everything that pertains to death,
and is therefore of enormous social significance.
The dichotomy of meaning of all these words has
been so obscured by social and linguistic usage that
many people find it almost impossible to see what
is behind the verbalism. And because our language
makes it difficult to see the dichotomy of meaning,
we find it almost impossible to realize the dichotomy
of the actual situation—the essential difference be-
tween me and thee—the essential isolation of each
of us from our fellows. Right here is an example of
the inaccuracy into which our linguistic habits are
continually leading us. Of course all that I can say
is that I am inexorably isolated from my fellows; to
say that my fellows are isolated from me or from
each other involves an extension and alteration of
meaning like that we have already analyzed.
There are at least two reasons why it is so difficult
to realize the underlying dichotomy of meaning in
all these social words. In the first place the tech-
nique of using words in this dual fashion has been
drummed into us by all our social training. It was
an invention of the very first magnitude when man
first learned how to anticipate the actions of his

neighbor by saying to himself “How would I feel
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and act if I were in the same situation?” We, at this
epoch, find it difficult to appreciate the magnitude
of this invention; the very meaning of the subjunc-
tive mood in which we express what to do; our “if
I were”, involves the invention itself. The invention
was at first a complex thing, demanding as part of
it the simultaneous development of a suitable lan-
guage. But the invention having flowered, it proved
most congenial to the genius of the race; it was no
trick at all for one to imitate another as he saw him
use this invention. It has grown to enormous useful-
ness, and is the universal and practically the only
method by which each of us adapts himself to the
action of his fellows; it is used in every act of social
adjustment. No wonder that the short-hand expres-
sion for what we do, namely “‘my neighbor has fecl-
ings just like mine”, should get accepted at its face
value. In fact, acceptance of it has got made into a
social virtue, and the point of view becomes a
primary motivation for acceptable social conduct,
as for example, in the golden rule.

The second reason we find it so difficult to realize
the dichotomy of our language is that it is so very
pleasant to ignore it. The picture which fits in so
easily with our language, namely of our fellows and
ourselves all being similar pieces in one large pat-
tern, all having similar feelings and thinking similar
thoughts and appealed to by the same motives, is
one which is very pleasant for other than reasons of
linguistic convenience, for it harmonizes with our
nature as social animals. We like to be surrounded
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by our fellow beings, and to feel that we are all
harmoniously striving for the same ends and afford-
ing each other mutual support. This feeling must
go far back into thc history of the race, and have
been bred into the race by the survival value of
cooperative effort. The fact, then, that linguistic
convenience fits in so patly with the primitive social
urge makes it all the more inevitable that the lin-
guistic urge, with all its consequences, will be fol-
lowed without critical analysis, for most people are
incorrigible rationalizers.

It is very much the fashion at present to empha-
size the potency of the social motive in molding
human institutions. But I think the thesis can be
and is carried too far, when it is claimed, as so often
it is, that the only important molding factor has
been the social. It is, however, natural that the
thesis should be over-emphasized, because in so do-
ing we satisfy the fundamental craving for support
from without. The sciences have been contaminated
by this over-emphasis on the social factor no less than
have the other disciplines; it is very much the
fashion at present to say that science is essentially
“public”. In fact, the name of science is often
applied by definition only to that which is publicly
demonstrated and accepted. But what does one find
when he examines what he actually does? In making
this examination it will be sufficient to typify science
by logical reasoning, since logical reasoning is part
of all scientific activity. The value of logical reason-
ing lies in the assurance of the correctness of the
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conclusion that one has when he has properly gone
through the logical processes. Now everyone knows
that the conviction of the correctness of a proof or
an argument can be obtained only by oneself, after
he has made and understood the proper analysis.
No one else can make me see or understand, no
matter what pressure he may exert on me. I may
say that I understand when I do not, in order to
silence too vociferous an instructor, but “he who
consents against his will is of the same opinion still”.
The feeling of understanding is as private as the
feeling of pain. The act of understanding is at the
heart of all scientific activity; without it any osten-
sibly scientific activity is as sterile as that of a high
school student substituting numbers into a formula.
For this reason, science, when I push the analysis
back as far as I can, must be private.

In spite of our stricture, it is evident enough that
there is an enormous public aspect to all scientific
activity. I usually accept what my qualified neigh-
bor assures me is a scientific fact, and I more often
than not defer to my qualified neighbor’s scientific
judgment. Particularly do I defer to the consensus
of the scientific judgment of a large number of my
fellows whose scientific attainments I respect. There
are at least two reasons for this. In the first place I
know that I am likely to make mistakes, so that a
necessary part of any scientific activity of my own
in which I can feel confidence is to check what I
have done to see that I have not made a mistake. I
often enough do discover mistakes of my own, and I
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can also discover mistakes in what my fellows have
done. Conversely, when my fellow tells me that I
have made a mistake I frequently find, by checking
again myself, that he is right. Particularly when a
number of my fellows independently say that I have
made a mistake I almost always find that they are
right. It comes, then, that I use the consensus of
opinion of my fellows as a method of checking
against my own mistakes. In the second place, my
time 1s limited. I have time to think through for
myself only a limited number of conclusions, and
particularly I have time to collect and verify for
myself only a limited amount of scientific data. I
therefore accept the statement of my fellow with
regard to an enormous number of scientific facts
and an enormous number of conclusions drawn by
him by logical processes. These results of my fellows
are collected in libraries and classified, where I may
get at them when I need them. But I accept this
work of my fellows only because it is my potential
experience; if I were not convinced that if I repeated
his observations and measurements and his logieal
processes I would check his results, the record of his
activity would be of little interest to me. Hence I
demand as a condition in any valid scientific publi-
cation that it be recorded in such a form that I can
repeat it and verify it. The spirit in which I demand
that the scientific activity of my fellows be public is
therefore paradoxically that in this way I ensure
that what they have done may become my private
possession, and it is only in so far as it has the poten-
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tiality of becoming my private possession that it is
of interest to me. The essence of science is private;
science as a living thing is my science.

If I now step back a little for a comprehensive
look at what I have been doing in analyzing my
activities, I see that there are two levels at which I
operate, the public and the private level. When
I say “we”, and think of myself and my fellow in the
same terms, or use as meaningful such expression as
“my fellow has feelings just like mine”, or think of
objects as eternally existing in their own right inde-
pendent of any observer, or when I talk about the
body of scientific “‘truth’ as a thing that anyone may
apprehend by the proper approach, I am on the
public level. But when I say “It means nothing to
ask whether the feelings of my fellows are the same
as mine for all I can know is what he says and does”,
or when I ask under almost certain danger of being
accused of solipsism “What do I mean when I say
that things exist eternally independent of any act
of observation?”, or when I recognize that “truth”
without a vitalizing act of understanding by me is
dead, I am on the private level. The public level is
tremendously important, and most of our individ-
ual and social living is done on this level. Our lan-
guage is so constructed that we are almost forced to
talk on this level. As we have seen, before the dawn
of history the discovery of the public level consti-
tuted an invention, perhaps the very most important
invention ever made; by it we achieve an economy
of intellectual effort without which existence under
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present conditions might well be utterly impossible.
But always beyond the public level, waiting for a
deeper analysis, is the private level. It is on the
private level that I realize my essential isolation;
here is my awful freedom that I can hardly face.

It looks to me as though most people manage to
spend almost all their lives exclusively on the public
level. We begin life not conscious of any level at all;
we presently find ourselves on the public level be-
causc of our whole scheme of education, and socicty
does its best to keep us there for the rest of our
lives. If some method could be devised by which it
could be guaranteed that everyone would always
live only on the public level, a possible satisfactory
existence might be ensured. But of course it is im-
possible by fiat or education to suppress a vision that
is waiting for anyone to see. Right here is, I believe,
the tap root of most of our difficulties; everyone of
us has the potentiality when pushed far enough of
discovering for himself the private level. This dis-
covery is almost always the result of some bitter
experience. Curiously, one usually discovers his own
freedom, I think, by discovering that other people
are free from him. Someone else refuses to abide by
a social convention which I had always treated as
binding, and I make the disconcerting discovery
that there is no way of compelling the other fellow
to accept the assumption back of the convention and
so to act of his own free will in accord with the
convention. The converse consideration then re-
veals itself, namely that my fellows are powerless to
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compel me to accept their interests and purposes. If
the conflict of interests is too great and other condi-
tions are right, a gangster is born. There is some-
thing of the gangster in all of us, as we discovered
during prohibition. The gangster is vividly aware of
the existence of the private level; it seems to me that
he thinks straighter than many of the good people
who deplore his existence. Or one discovers that
there are things that cannot be said and questions
that cannot be asked. A child who fears that he was
adopted, and who is also convinced that his osten-
sible parents would feel justified in falsehood in
order to keep the knowledge from him, sees that he
is estopped in asking them whether he is their own.
The bitterness of realization of isolation in such a
situation may force a premature maturity.

The discovery of the existence of the private level
thus means at the same time a discovery of one’s
own essential isolation, and therefore of the impos-
sibility of anyone else getting a hold on one without
one’s consent. But society does claim to have a hold
on one through all sorts of sanctions, and language
is constructed in this atmosphere. The almost inevi-
table first reaction when one realizes the situation
is for one to think that people and society have been
saying things that they don’t do, that they don’t in-
tend to do, and that they can’t do. Hence arises a
conflict with that very deep human need for consist-
ency between what we do and what we say. People
feel abused, disillusioned, and hurt when they dis-

cover that things are different from what everyone
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is saying. It is the perennially pathetic will to be-
lieve that a reconciliation between what we do and
say is now at last being accomplished that makes
possible the propaganda of dictators. The attempt
to adapt oneself to what one sees to be the actual
situation is a further embittering experience, and
society does not thrive on bitterness.

The most important and the ultimate problem
of education is to get people to see that there is a
private level beyond the public level, and to learn
how to live with this realization, or in other words
to learn to live with their freedom. The solution of
the educational problem demands fundamental re-
visions. Language, now adapted almost exclusively
to the public level, will have to be modified and
adapted to permit expression of what one sees on
the private level. Deep-seated social instincts and
taboos will have to be recognized for what they are,
and their field of meaning and application delim-
ited. For instance, one of the very obstinate things
to overcome will be the impulse to carry over to the
private level all the associations of the “selfishness”
complex. So strongly are many people conditioned
to.the necessity for unselfishness that their intellec-
tual exploration automatically stops when they sniff
the faintest whiff of the odor of selfishness. I cannot
say to my conventional neighbor “On the private
level everything must be self-centered” without his
retorting automatically “But isn’t that terribly self-
ish?”’, and the discussion has closed before I can
reply. But every sophomore in his bull sessions
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knows and delights to say this so obvious thing; it is
only later when he begins selling bonds that he
realizes that this is one of the things that he then
cannot say.

The education of the future will meet the situa-
tion by making us conscious of the two levels of use
of language. On the public level selfishness refers to
a reprehensible code of conduct; on the private
level it expresses a simple fact, no more to be argued
with than any other fact of observation. Probably in
order to deal with this matter it will be necessary to
invent two different words, but there is far more to
it than anything so simple.

Future education will have to show the individ-
ual how to live in the midst of his social isolation,
but perhaps it will be even more difhcult to awaken
a realization of all the implications of intellectual
isolation and to devise a method of adaptation. All
the supernatural paraphernalia, which for many
people is all that makes life tolerable, will simply
have to go. There is no possibility of continuing to
feel that one is in a sympathetic world, which is
evolving according to some purpose with which one
may feel oneself congenial, after one has seen that
it does not make sense to say of even his fellow
human being ‘“He has feelings like mine”. It is not
that the world is really neither beneficent or malign
but instead neutral; it is that it is meaningless to
think of the world in terms of beneficence. We are
trying to apply an intellectual category that is inap-
plicable; we are trying to do something with our
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minds that cannot be done. Much of the machinery
of thought on the public level has to be ruthlessly
discarded. On the level on which one is asking
“What do I mean when I say that objects exist?”
one has neither principles or truths, for these are
inhabitants of the public level. But nearly everyone
derives intellectual support from a feeling of the
existence of everlasting principles in the back-
ground. It is hard to see that these are my devices
and to give them up and accept that it is impossible
to do what I was trying to do when I invented them.
It is hard to admit that there are no certainties, and
that the probabilities with which I would fain re-
place them cannot have the meaning I would desire.
Intellectual activity is ultimately as isolated as are
my feelings, and all these things have got to be done.

I stand alone in the universe with only the intel-
lectual tools I have with me. I often try to do things
with these tools of which they are incapable, and 1
have often been misinformed and have delusions as
to what they are capable of, but nevertheless it is
my concern and mine only that I get an answer. An
individual trying to wrench himself free from the
comfortable support of all the ages into an adequate
realization of what his freedom means will probably
feel that the only virtue applicable to the situation
is fortitude. But fortitude is necessary only as long
as he stands on the traditional public level. A gener-
ation properly educated from the beginning to rec-
ognize the private level will not have to gird itself
with fortitude, for never having had the feeling of
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intellectual support, it will have to indulge in no
heroics in giving it up, but will be as objective with
its freedom as the most correct scientist is today in
his limited field. The uncertainty and the difficulty
is in the transition. Will you and I be strong enough
and wise enough to get across?
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THE NEW VISION OF SCIENCE*

THE ATrIrupe which the inan in the street uncon-
sciously adopts toward science is capricious and va-
ried. At one moment he scorns the scientist for a
highbrow, at another anathematizes him for blas-
phemously undermining his religion; but at the
mention of a name like Edison he falls into a coma
of veneration. When he stops to think, he does rec-
ognize, however, that the whole atmosphere of the
world in which he lives is tinged by science, as is
shown most immediately and strikingly by our mod-
ern conveniences and material resources. A little
deeper thinking shows him that the influence of
science goes much farther and colors the entire
mental outlook of modern civilized man on the
world about him. Perhaps one of the most telling
evidences of this is his growing freedom from super-
stition. Freedom from superstition is the result of
the conviction that the world is not governed by
caprice, but that it is a world of order and can be
understood by man if he will only try hard enough

and be clever enough. This conviction that the
*From Harper’s Magazine, March, 1929.
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world is understandable is, doubtless, the most im-
portant single gift of science to civilization. The
widespread acceptance of this view can be dated to
the discovery by Newton of the universal sway of
the law of gravitation; and for this reason Newton
may be justly regarded as the most important single
contributor to modern life.

The point of view for which Newton is respon-
sible is well exemplified by the remark often made
that every particle of matter in the universe attracts
to some extent every other particle, even though
the attraction is almost inconceivably minute.
There is thus presented to the mind a sublime pic-
ture of the interrelatedness of all things; all things
are subject to law, and the universe is in this respect
a unit. As a corollary to this conviction about the
structure of the universe, an equally important
conviction as to man’s place in the universe has
been growing up; man feels more and more that he
is in a congenial universe, that he is part and parcel
of everything around him, that the same laws that
make things outside him go make him go; there-
fore, he can, by taking pains, understand these
laws. These two theses so closely related—that the
world is a world of order and that man can find the
guiding motif of this order—have come to be the
tacit cardinal articles of faith of the man of science,
and from him have diffused through the entire so-
cial structure, so that now some such conviction es-
sentially colors the thinking of every educated per-

son. It is to be emphasized that the justification for
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this conviction is entirely in experience; it is true
that, as man has grown older and acquired more
extensive acquaintance with nature and pondered
more deeply, he has been increasingly successful
in reducing the world about him to order and un-
derstandability. It has been most natural to gener-
alize this experience into the conviction that this
sort of thing will always be possible, and to believe
that as we delve constantly deeper we shall always
be able to give a rational account of what we find,
although very probably the difficulties will become
continually greater.

The thesis of this article is that the age of New-
ton is now coming to a close, and that recent scien-
tific discoveries have in store an even greater revo-
lution in our entire outlook than the revolution
effected by the discovery of universal gravitation
by Newton. The revolution that now confronts us
arises from the recent discovery of new facts, the
only interpretation of which is that our conviction
that nature is understandable and subject to law
arose from the narrowness of our horizons, and that
if we sufficiently extend our range we shall find
that nature is intrinsically and in its elements
neither understandable nor subject to law.

The task of the rest of this article is twofold. In
the first place I shall try to give some suggestion of
the nature of the physical evidence and of the rea-
soning that has forced the physicist to the conclu-
sion that nature is constituted in this way. This task
is by no means easy; for not only is it impossible to
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indicate more than very partially the physical evi-
dence, but it is often necessary to compress into a
few sentences steps in the reasoning that can be
completely justified only by long and difficult ma-
thematical or logical analysis. The second part of
the task is to envisage a few of the far-reaching con-
sequences on the whole outlook of mankind of the
acceptance of the view that this is actually the struc-
ture of nature. This aspect of the situation can be
appreciated without a detailed grasp of the prelimi-
nary analysis.

II

The new experimental facts are in the realm of
quantum phenomena. Comparatively little has been
written for popular consumption about this new
realm which has opened in the last fifteen years. The
man in the street has been much more interested
in relativity, which to him has seemed extremely in-
teresting and revolutionary. Occasionally, however,
there has filtered down to him the news that nearly
all the theoretical physicists are occupied with a
new order of phenomena which they find very
much more exciting and revolutionary than any
in the realm of relativity. For after all is said and
done, the practical effects of relativity, measured in
dollars and cents or in centimeters and grams, are
exceedingly small, and require specially designed
experiments executed by men of the highest skill to
show their existence at all. The phenomena with
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which quantum theory deals, on the other hand, are
of the greatest practical importance and involve the
simplest aspects of everyday life. For example, be-
fore the advent of quantum theory no one could ex-
plain why a tea kettle of water boiling on the stove
should not give out enough light in virtue of its
temperature to be visible in the dark; the accepted
theories of optics demanded that it should be vis-
ible, but every burned child knew that it was not.

One reason that the man in the street has not
sensed this new domain is that it is much more difh-
cult to explain than relativity; this is partly due to
the nature of the subject, and partly also to the fact
that the physicist himself does not understand the
subject as well. I shall not in this article rush in
where the angels have not ventured, but it is, never-
theless, necessary to try to give a glimmering of an
idea of what it is all about.

Although all the phenomena of ordinary life are
really quantum phenomena, they do not begin to
stand out unequivocally in their quantum aspect
and admit of no other interpretation until we have
penetrated very far down into the realm of small
things and have arrived at the atoms and electrons
themselves. It must not be pretended that the na-
ture of the quantum phenomena met in this realm
of small things is by any means completely under-
stood; but a suggestive characterization of the gen-
eral situation is that atomicity or discontinuity is
an even more pervading characteristic of the struc-
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ture of the universe than had been previously sup-
posed. In fact the name, “quantum”, was suggested
by the atomicity.

We were a long time in convincing ourselves of
the atomic structure of ordinary matter; although
this was guessed by the poets as early as the begin-
ning of the Christian era, it was not generally ac-
cepted as proved, even by physicists, until the be-
ginning of this century. The next step was the dis-
covery of the atomic structure of electricity; there
are indivisible units of positive and negative elec-
tricity, and the atoms of matter are constructed of
atoms of electricity. This situation was not even
guessed until about 1890; the proof and acceptance
of the doctrine have taken place within the mem-
ory of the majority of the readers of this article.
Finally comes the discovery that, not only is matter
doubly atomic in its structure, but that there is an
atomicity in the way in which one piece of matter
acts on another. This is perhaps best understood in
the case of optical phenomena. It used to be
thought that light was infinitely subdivisible—that
I could, for example, receive at pleasure on the film
of my camera either the full intensity of the sun’s
radiation, or, by interposing a sufficiently small
stop, that I could cut the intensity of the light down
to anything this side of nothing at all. This is now
known not to be true; but the light which we re:
ceive from the sun is atomic in structure, like an
almost inconceivably fine rain composed of indivis-

ible individual drops, rather than like the continu-
86



THE NEW VISION OF SCIENCE

ous flood of infinitely subdivisible radiation that we
had supposed. If I close the stop of my camera too
much I may receive nothing at all on the film, or I
may receive a single one of the drops in the rain
of radiation, but there is no step between one drop
and nothing. The recognition that radiation has
this property means that in some respects we have
come back very close to Newton’s ideas about light.

The proof that this is the structure of light can
be given in many ways. Perhaps the most illuminat-
ing for our purpose is that discovered by Arthur
Compton, for which he received the Nobel prize.
Compton’s discovery consisted in finding that the
drops of radiation behave in certain ways like the
material drops of ordinary rain; they have energy
and mass and momentum, which means that when
they collide with matter they behave in some re-
spects very much as ordinary bodies do. The laws
which govern the interaction or collision of ordi-
nary bodies are known to any graduate of a high-
school course in physics; he could calculate what
would happen after two billiard balls had collided
provided we would tell him exactly how each of
the balls was moving before the collision, and what
were the elastic properties of the materials of which
the balls are composed. In making the calculation
he would use, among other things, the two funda-
mental principles of the conservation of energy and
the conservation of momentum. Now Compton
showed that what happens when a drop, or better
a bullet, of radiation collides with an electron is
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also governed by the same two fundamental prin-
ciples. The proof consisted in showing that the way
in which the electron rebounds is connected with
the way in which the bullet rebounds by equations
deduced from these principles; this is one of the
features which makes Compton’s discovery of such a
fundamental importance.

But Compton’s experiment contains another fea-
ture, and it is this which seems destined to revolu-
tionize the thinking of civilization. Go back to the
billiard-ball analogy: An expert billiard player can,
by proper manipulation of the cue ball, make the
two balls rebound from the collision as he wishes;
this involves the ability to predict how the balls will
move after collision from their behavior before col-
lision. We should expect by analogy to be able to
do the same thing for a collision between a bullet
of radiation and an electron; but the fact is that it
never has been done and, if our present theories are
correct, in the nature of things never can be done.
It is true that, if someone will tell me how the elec-
tron bounces away, I can tell, on the basis of the
equations given by Compton’s theory, how the bul-
let of radiation bounces away, or conversely; but
no one has ever been able to tell how both will
bounce away. Billiards, played with balls like this,
even by a player of infinite skill, would degenerate
into a game of pure chance.

This unpredictable feature has been seized and
incorporated as one of the corner stones in the new

theory of quantum mechanics, which has so stirred
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the world of physicists in the last three years. It has
received implicit formulation in the “Principle of
Uncertainty” of Heisenberg, a principle which I
believe is fraught with the possibility of greater
change in mental outlook than was ever packed into
an equal number of words. The exact formulation
of the principle, which is very brief, is framed in
too technical language to reproduce here, but I
shall try to give the spirit of the principle. The es-
sence of it is that there are certain inherent limita-
tions to the accuracy with which a physical situation
can be described. Of course we have always recog-
nized that all our physical measurements are neces-
sarily subject to error; but it has always been
thought that, if we took pains enough and were
sufficiently clever, no bounds could be set to the
accuracy which we might some day achieve. Heisen-
berg’s principle states, on the other hand, that the
ultimately possible accuracy of our measurements
is limited in a curious and unsuspected way. There
is no limit to the accuracy with which we can de-
scribe (or measure) any one quality in a physical
situation, but if we elect to measure one thing ac-
curately we pay a price in our inability to measure
some other thing accurately. Specifically, in Comp-
ton’s experiment, the principle states that we can
measure the position of the electron as accurately
as we choose, but in so doing we must sacrifice by a
compensating amount the possibility of accurately
measuring its velocity. In particular, if we measure
with perfect accuracy the position of the electron,
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we have thereby denied ourselves the possibility of
making any measurement at all of its velocity.

The meaning of the fact that it is impossible to
measure exactly both the position and velocity of
the electron may be paradoxically stated to be that
an electron cannot have both position and velocity.
The justification of this is to be found in the log-
ical analysis of the meaning of our physical concepts
which has been stimulated by the relativity theory
of Einstein. On careful examination the physicist
finds that in the sense in which he uses language no
meaning at all can be attached to a physical con-
cept which cannot ultimately be described in terms
of some sort of measurement. A body has position
only in so far as its position can be measured; if its
position cannot in principle be measured, the con-
cept of position applied to the body is meaningless,
or in other words, a position of the body does not
exist. Hence if both the position and velocity of the
electron cannot in principle be measured, the elec-
tron cannot have both position and velocity; posi-
tion and velocity as expressions of properties which
an electron can simultaneously have are meaning-
less. To carry the paradox one step farther, by
choosing whether I shall measure the position or
velocity of the electron I thereby determine
whether the electron has position or velocity. The
physical properties of the electron are not absolu-
tely inherent in it, but involve also the choice of
the observer.

Return to the analogy of the billiard ball. If we
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ask our high-school physicist what he must be told
before he can predict how the billiard balls will re-
bound after collision, he will say that, unless he is
told both how fast the balls are traveling when they
collide, and also what their relative positions are at
the moment of collision he can do very little. But
this is exactly the sort of thing that the Heisenberg
principle says no one can ever tell; so that our
high-school computer would n<ver be able to pre-
dict how a bullet of radiation and an electron be-
have after collision, and no more could we. This
means that in general when we get down to fine-
scale phenomena the detailed results of interaction
between the individual elements of which our phys-
ical world are composed are essentially unpredic-
table.

This principle has been built into a theory, and
the theory has been checked in many ways against
cxperiment, and always with complete success. One
of the consequences of which the man in the street
has heard a good deal is that an electron has some
of the properties of waves, as shown so strikingly in
the experiments of Davisson and Germer. Of course
no one can say that some day a fact may not be dis-
covered contrary to the principle, but up to the
present there is no evidence of it; and it is certain
that something very much like this principle, if not
this principle exactly, covers an enormously wide
range of phenomena. In fact the principle probably
governs every known type of action between differ-
ent parts of our physical universe. One reason that
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this principle has not been formulated before is
that the error which it tells us is inherent in all
measurement is so small that only recently have
methods become accurate enough to detect it. The
error is unimportant, and indeed immeasurably
small when we are dealing with the things of ordi-
nary life. The extreme minuteness of the effect can
be illustrated again with the billiard balls. Suppose
that at the instant of collision the position of the
balls is known with an uncertainty no greater than
the diameter of a single atom, a precision very much
higher than has ever been attained. Then the prin-
ciple says that it is impossible to measure the veloc-
ity of the balls without a related uncertainty; but
on figuring it out we find that this uncertainty is so
small that after the lapse of one hundred thousand
years, assuming a billiard table large enough for
the balls to continue rolling for one hundred thou-
sand years, the additional uncertainty in the posi-
tion of the balls arising from the uncertainty in the
velocity would again be only the diameter of a
single atom. The error becomes important only
when we are concerned with the ultimately small
constituents of things, such as the action between
an atom of radiation and an electron.

ITI

It is easy to see why the discovery that nature is
constituted in this way, and in particular is essenti-
ally unpredictable, has been so enormously upset-
ting. For the ability to predict a happening is tied
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up with our ideas of cause and effect. When we say
that the future is causally determined by the pres-
ent we mecan that if we are given a complete de-
scription of the present the future is completely de-
termined, or in other words, the future is the effect
of the present, which is the cause. This causal re-
lation is a bilateral relation; given the cause, the
effect is determined, or given the effect, the cause
may be deduced. But this means, in the particular
case that we have been considering of collision be-
tween a bullet of radiation and an electron, that
the causal connection does not exist, for if it did
the way in which the electron rebounds after the
collision would be determined, that is, it could be
predicted, in terms of what happens before the col-
lision. Conversely, it is of course impossible to re-
construct from the way in which the electron and
the radiation rebound the way in which they were
moving before collision. Hence the rebound of the
clectron is not causally connected with what goes
before.

The same situation confronts the physicist every-
where; whenever he penetrates to the atomic or
electronic level in his analysis, he finds things acting
in a way for which he can assign no cause, for which
he never can assign a cause, and for which the con-
cept of cause has no meaning, if Heisenberg’s prin-
ciple is right. This means nothing more nor less
than that the law of cause and effect must be given
up. The precise reason that the law of cause and
effect fails can be paradoxically stated; it is not that
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the future is not determined in terms of a complete
description of the present, but that in the nature
of things the present cannot be completely de-
scribed.

The failure of the law of cause and effect has
been exploited by a number of German physicists,
who have emphasized the conclusion that we are
thus driven to recognize that the universe is gov-
erned by pure chance; this conclusion does not, I
believe, mean quite what appears on the surface,
but in any event we need not trouble ourselves
with the further implications of this statement, in
spite of their evident interest.

One may be sure that a principle as revolution-
ary in its implications as this, which demands the
sacrifice of what had become the cardinal article of
faith of the physicist, has not been accepted easily,
but there has been a great deal of pondering and
searching of fundamentals.

The result of all this pondering has been to dis-
cover in the principle an inevitableness, which
when once understood, is so convincing that we
have already almost ceased to kick against the
pricks. This inevitableness is rooted in the struc-
ture of knowledge. It is a commonplace that we can
never know anything about anything without get-
ting into some sort of connection with it, either di-
rect or indirect. We, or someone else, must smell
the object, or taste it, or touch it, or hear it, or sec
it, or it must affect some other object which can
affect our senses cither directly or indirectly, before
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we can know anything about it, even its existence.
This means that no knowledge of any physical prop-
erty or even mere existence is possible without in-
teraction; in fact these terms have no meaning apart
from interaction. Formerly, if this aspect of the sit-
uation was thought of at all, it would have been
dismissed as merely of academic interest, of no per-
tinence at all, and the justification of this would
have been found in the suppn:cd possibility of mak-
ing the inevitable interaction as small as we pleased.
The defender of the old point of view might have
flippantly remarked that a cat may look at a king,
by which he would have meant that the act of ob-
servation has no effect on the object. But even in
the old days a captious critic might have objected
to this easy self-satisfaction by pointing out that
light exerts a pressure, so that light cannot pass
from the king to the cat without the exercise of a
certain amount of mechanical repulsion between
them. This remark of the captious critic now
ceases to be merely academic because of the discov-
ery that light itself is atomic in structure, so that at
least one bullet of radiation must pass if any light at
all passes, and the king cannot be observed at all
without the exertion of that minimum amount of
mechanical repulsion which corresponds to a single
bullet.

This evidently alters the entire situation. The
mere act of giving meaning through observation to
any physical property of a thing involves a certain
minimum amount of interaction. Now if there are
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definite characteristics associated with the mini-
mum interaction, it is conceivable that no observa-
tion of anything whatever can be made without en-
training certain universal consequences, and this
turns out to be the case. Let us return again to the
useful billiard-ball analogy. What must our high-
school calculator know in order complctely to cal-
culate the behavior of the balls after collision? Evi-
dently, if he is to give a complete description of the
motion, that is, give in addition to direction and
velocity of motion the exact time at which the balls
are in any particular location, he must know how
long the collision lasts. This means that the act of
collision itself must be analyzed. This analysis 1s
actually possible, and in fact rapid-moving pictures
have been taken, showing in detail how the balls
are deformed during their contact together.
Returning now to the collision between a bullet
of radiation and an electron, in order to determine
completely the behavior after collision we must
similarly analyze the details of the process of colli-
sion. In particular, if we want to predict where the
electron is after collision we must analyze the colli-
sion sufficiently to be able to say how fast the elec-
tron is moving at each instant of the collision. But
how shall this analysis be made? If the analysis
means anything, it must involve the possibility of
observation; and observation involves interaction;
and interaction cannot be reduced below a mini-
mum. But the collision, or interaction, between the

electron and radiation that we are analyzing is it-
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self the minimum interaction. It is obvious that we
cannot discover fine details with an instrument as
coarse as the thing that we are trying to analyze, so
that the necessary analysis of the minimum inter-
action can never be made, and hence has no mean-
ing, because of our fundamental dictum that things
which cannot in principle be measured have no
meaning. Therefore, the act of collision cannot be
analyzed, the electron and raliation during colli-
sion have no measurable properties, and the ordi-
nary concepts, which depend on these properties,
do not apply during collision, and have no meaning.
In particular, the ordinary concept of velocity does
not apply to the act of collision, and we are pre-
pared to expect something curious as the result of
the collision. In fact, the detailed working out of
the theory shows that the meaninglessness of veloc-
ity during the act of collision carries with it the
consequence that the electron emerges from the
collision with a certain nebulosity or indefiniteness
in properties such as position, which according to
the old point of view depend on the velocity, and
it is precisely this nebulosity which is described in
Heisenberg’s principle.

The infinitesimal world thus takes on a com-
pletely new aspect, and it will doubtless be a long
while before the average human mind finds a way
of dealing satisfactorily with a situation so foreign
to ordinary experience. Almost the first necessity is
a renunciation of our present verbal habits and of
their implications. It is extraordinarily difficult to
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deal with this new situation with our present forms
of expression, and the exposition of this paper is no
exception. The temptation is almost irresistible to
say and to think that the electron really has both
position and velocity, only the trouble is that our
methods of measurement are subject to some limi-
tation which prevents us from measuring both sim-
ultaneously. An attitude like this is justified by all
the experience of the past, because we have always
been able hitherto to continue to refine our meth-
ods of measurement after we had apparently
reached the end. But here we are confronted by a
situation which in principle contains something
entirely novel, and the old expectations are no
longer valid. The new situation cannot be ade-
quately dealt with until long-continued familiarity
with the new facts produces in our subconsciousness
as instinctive a grasp as that which we now have of
the familiar relations of everyday experience.

IV

The implications of this discovery are evidently
most far-reaching. Let us first consider the scientific
implications and, in particular, the implications for
physics. The physicist is here brought to the end of
his domain. The record of physics up to the pres-
ent has been one of continued expansion, ever pe-
netrating deeper and deeper, and always finding
structure on a finer and finer scale beyond previous
achievement. Several times in the past even emi-
nent physicists have permitted themselves the com-
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placent announcement that we were in sight of the
end, and that the explanation of all things was in
our hands. But such predictions have always been
set at naught by the discovery of finer details, until
the average physicist feels an instinctive horror of
the folly of prediction. But here is a situation new
and unthought of. We have reached the point
where knowledge must stop because of the nature
of knowledge itself: beyond this point meaning
ceases. It may seem that we are getting back pretty
close to the good Bishop Berkeley, but I think that
actually nothing could be wider of the mark. We
are not saying that nothing exists where there is no
consciousness to perceive it; we are saying that ex-
istence has meaning only when there is interaction
with other existence, but direct contact with con-
sciousness need not come until the end of a long
chain. The logician will have no trouble in showing
that this description of the situation is internally
self-contradictory and does not make sense; but I
believe that, nevertheless, the sympathetic reader
will be able to see what the situation is, and will
perhaps subscribe to the opinion that to describe
it the development of a new language is necessary.

The physicist thus finds himself in a world from
which the bottom has dropped clean out; as he
penetrates deeper and deeper it eludes him and
fades away by the highly unsportsmanlike device of
just becoming meaningless. No refinement of meas-
urement will avail to carry him beyond the portals
of this shadowy domain which he cannot even men-
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tion without logical inconsistency. A bound is thus
forever set to the curiosity of the physicist. What
is more, the mere existence of this bound means
that he must give up his most cherished convictions
and faith. The world is not a world of reason, un-
derstandable by the intellect of man, but as we
penetrate ever deeper, the very law of cause and
effect, which we had thought to be a formula to
which we could force God Himself to subscribe,
ceases to have meaning. The world is not intrinsic-
ally reasonable or understandable; it acquires these
properties in ever-increasing degree as we ascend
from the realm of the very little to the realm of
everyday things; here we may eventually hope for
an understanding sufficiently good for all practical
purposes, but no more.

The thesis that this is the structure of the world
was not reached by armchair meditation, but it is
the interpretation of direct experiment. Now all ex-
periment is subject to error, and no one can say
that some day new experimental facts may not be
found incompatible with our present interpreta-
tion; all we can say is that at present we have no
glimmering of such a situation. But whether or not
the present interpretation will survive, a vision has
come to the physicist in this experience which he
will never forget; the possibility that the world may
fade away, elude him, and become meaningless be-
cause of the nature of knowledge itself, has never
been envisaged before, at least by the physicist, and
this possibility must forever keep him humble.
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When this view of the structure of nature has
once been accepted by physicists after a sufficiently
searching experimental probe, it is evident that
there will be a complete revolution in the aspect of
all the other physical sciences. The mental outlook
will change; the mere feeling that boundaries are
set to man’s inquiry will produce a subtle change of
attitude no less comprehensive in its effects than the
feeling, engendered by Newton’s conquest of celes-
tial mechanics, that the universe was a universe of
order accessible to the mind of man. The immediate
effect on scientific inquiry will be to divert effort
away from the more obviously physical fields back
to the fields of greater complication, which have
been passed over by the physicist in his progress to-
ward the ultimately little, especially the field of
biology.

Another important result of the realization of the
structure of the world is that the scientist will see
that his program is finite. The scientist is perhaps
only a passing phase in the evolution of man; after
unguessable years it is not impossible that his work
will be done, and the problems of mankind will be-
come for each individual the problem of best order-
ing his own life. Or it may be that the program of
the scientist, although finite, will turn out to need
more time than the life of the world itself.

But doubtless by far the most important effect of
this revolution will not be on the scientist, but on
the man in the street. The immediate effect will be
to let loose a veritable intellectual spree of licenti-
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ous and debauched thinking. This will come from
the refusal to take at its true value the statement
that it is meaningless to penetrate much deeper than
the electron, and will have the thesis that there s
really a domain beyond, only that man with his
present limitations is not fitted to enter this do-
main. The temptation to deal with the situation
in this way is one that not many who have not been
trained in careful methods of thinking will be able
to resist—one reason is in the structure of language.
Thought has a predisposition to certain tendencies
merely because of the necessity of expressing itself
in words. This has already been brought out sufli-
ciently by the discussion above; we have seen how
difficult it is to express in words the fact that the
universc fades away from us by becoming meaning-
less without the implication that there really is
something beyond the verge of meaning.

The man in the street will, therefore, twist the
statement that the scientist has come to the end of
meaning into the statement that the scientist has
penetrated as far as he can with the tools at his
command, and that there is something beyond the
ken of the scientist. This imagined beyond, which
the scientist has proved he cannot penetrate, will
become the playground of the imagination of every
mystic and dreamer. The existence of such a do-
main will be made the basis of an orgy of rational-
izing. It will be made the substance of the soul; the
spirits of the dead will populate it; God will lurk

in its shadows; the principle of vital processes will
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have its seat here; and it will be the medium of
telepathic communication. One group will find in
the failure of the physical law of cause and effect
the solution of the age-long problem of the freedom
of the will; and on the other hand the atheist will
find the justification of his contention that chance
rules the universe.

Doubtless generations will be needed to adjust
our thinking so that it will spentaneously and freely
conform to our knowledge of the actual structure
of the world. It is probable that new methods of
education will have to be painfully developed and
applied to very young children in order to inculcate
the instinctive and successful use of habits of
thought so contrary to those which have been na-
turally acquired in meeting the limited situations
of everyday life. This does not mean at all that the
new methods of thought will be less well adapted
than those we now have to meet the situations of
everyday life, but on the contrary, since thought
will conform to reality, understanding and conquest
of the world about us will proceed at an accelerated
pace. I venture to think that there will also eventu-
ally be a favorable effect on man’s character; the
mean man will react with pessimism, but a certain
courageous nobility is needed to look a situation
like this in the face. And in the end, when man has
fully partaken of the fruit of the tree of knowledge,
there will be this difference between the first Eden
and the last, that man will not become as a god, but
will remain forever humble.
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PERMANENT ELEMENTS IN THE FLUX
OF PRESENT-DAY PHYSICS*

MANyY oF us couLp, I believe, confess to a feeling of
breathlessness at the rapid changes of our present
physical progress, and some of us might even, in a
moment of candor, admit a little resentment at our
shortness of breath. Let us discuss together what we
may perhaps best do to recover our poise.

The changing situation which is responsible for
our discomfort is complex. First and foremost there
is our changing experimental knowledge, reaching
over the entire range from the infinitely small to the
infinitely large. The upsetting feature here is not so
much that we have discovered an enormous array of
new facts, which in themselves are difficult enough
to keep pace with, as that these facts have proved in
many cases to be irreconcilable with our previous
expectations of what was possible, so that we have
been forced to change our entire conceptual atti-
tude. These conceptual changes have in many cases
been associated with mathematical theories, which

are being continually formulated at an ever-accel-

*From Science, 71, 19, 1930. Address of the retiring vice-president
and chairman of Section B — Physics — A.A.AS., Des Moines, Iowa,
Dec. 1929.
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erating tempo and in a complexity and abstractness
increasingly formidable. Some of the more impor-
tant landmarks in this progression are: The electro-
magnetic theory of light, the special theory of rela-
tivity, the general theory of relativity, the quantum
theory of Bohr, the matrix calculus of Heisenberg,
the wave mechanics of Schrédinger, the transforma-
tion theory of Dirac and Jordan, the group theory
of Weyl and now the double quantization theory of
Jordan and others. These have come crowding on
cach other’s heels with ever-increasing unmannerli-
ness, until the average physicist, for whom I venture
to speak, flounders in bewilderment.

Are there not some general principles disclosed
in all this welter of mathematical reconstruction in
which the average physicist may find a sense of
comparative peace, of some security that his en-
deavors to reconstruct his conceptual attitude will
not have to begin over again next week and of some
assurance that his program of future activity lies
along lines of real significance?

One very broad generalization from past experi-
ence is that whenever we extend the domain of ex-
periment we must be prepared for unexpected new
facts. If we whole-heartedly accept this generaliza-
tion as of real significance, important conclusions
follow which apply to both our experimental activ-
ity and our conceptual outlook. On the experimen-
tal side it follows that every real extension of our
present experimental range is worth while and ne-
cessary. An increase of accuracy of measurement
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constitutes an increase of range, so that any one
who can increase the precision of any sort of meas-
urement makes an important contribution. Not
every one may be interested to increase by a factor
of ten the precision of weighing, for example, but
there are persons to whom this sort of refinement is
congenial, and who can now pursue the line in
which they are most skilful, while the others of us
can enthusiastically applaud their skill.

Further, in formulating to ourselves what the
present situation actually is, we should cultivate a
more deliberate self-consciousness of the accuracy
of our present experimental knowledge. This
should get into our courses of instruction, certainly
into those for our graduate students if not into the
elementary courses. We should all know the limits
of accuracy obtainable, for example, in measuring
a length or a weight or an interval of time or a tem-
perature; we should know how accurately the in-
verse square law of gravitation has been established,
or how accurately the gravitation constant or the
velocity of light or the gas constant has been de-
termined.

Our point of view gives added importance not
only to every increase of precision but also to other
sorts of increase of the experimental range, and
those who take a constitutional satisfaction in push-
ing our experiments to higher temperatures or to
higher electric or magnetic fields or to higher pres-
sures or to higher light intensity or to higher gravi-
tational or accelerational fields may feel a renewed
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sense of the importance of their contribution. But
although experiments over greater ranges or with
increased precision acquire an increased impor-
tance, it does not follow that all results here are
equally interesting or significant, or that the pro-
spective experimenter can expect to make his choice
with his eyes shut and be awakened by the knocking
of the postman bearing the Nobel prize. The post-
man is more likely to knock a: the door of the man
who in extending our range reaches qualitatively
new effects, such as the wave-like structure of
matter.

On the conceptual side, perhaps the most impor-
tant principle disclosed by our continual discovery
of strange new facts whenever we extend the do-
main of experiment is that the actual experimental
world transcends all our efforts to get into perfect
mental contact with it. We must by now feel that it
is a little naive continually to hope that our last
theoretical formulation will prove to have arrived
at the long-sought goal, when in the past our hopes
have been continually shattered by each new dis-
covery. Acceptance of this situation carries with it
the conviction that in the last analysis any adequate
scheme of getting into touch with experiment can
be only descriptive, for no theoretical scheme of ex-
plaining nature can be regarded as secure until
verified by every possible experiment, and when
every such possible experiment check has been ap-
plied, the theory degenerates into a description.
The fact that every acceptable description of nature
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is rational might at first be thought to have some
deeper significance, but I believe that analysis will
show that this means simply that we refuse to ac-
cept any description which is not framed in such
terms as to be adapted to our mentality, a require-
ment so inevitable as to be almost without signi-
ficance.

Another suggestion which may be of value in our
search for elements of stability in our attitude is
afforded by our ever-increasing appreciation of the
importance of the unavoidable subjective element
in any account which we can give of our experi-
ence. We used to demand that the ultimate goal of
physical theories should be nothing less than the
discovery of the underlying realities. To-day our
demand for reality is much less insistent, in large
- part because we are much less confident that the
ultimate reality, which we thought to be our goal,
has any meaning. The meaning to be attached to
reality is to a large extent a personal matter and
changes with time, but I believe it is fair to say that
the sense in which every one used reality a few
years ago and the sense in which the majority use it
to-day has “uniqueness” as a minimum connotation.
It would not have been admitted that two entirely
different explanations of the universe could each
be equally real, but to-day we see that uniqueness
in an explanation is an impossible ideal, and the
quest for reality, in so far as reality connotes
uniqueness, must be abandoned as a meaningless

quest. A sufficient basis for this change of attitude
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could be found in the proof of Poincaré that any
aggregation of phenomena, no matter how compli-
cated, is always susceptible of an infinite number of
purely mechanical explanations. The reason that
we are not interested in giving an explanation of
quantum phenomena on a purely mechanical basis
is that any such explanation would involve the as-
sumption of a prohibitively complicated amount of
detail concealed beyond the¢ reach of any contact
with experiment. It is natural, therefore, to find
that the demand that our theories reproduce reality
is becoming replaced by the demand of convenience
and simplicity. Another requirement in a satisfac-
tory theory has recently been much emphasized by
Heisenberg and his school, namely, that our theo-
ries should contain only observable quantities. This
involves so modifying the concept of reality as to
make it closely associated with the possibility of
direct observation. But although this alternative
formulation of the reality concept has at first a
most satisfying aspect, I believe that in the actual
working out it is less satisfactory than in anticipa-
tion. In fact, I am inclined to think that Heisen-
berg’s demand that only observable quantities en-
ter the theory played only a suggestive role in lead-
ing to one of the many possible solutions and was
as sterile in actually compelling the adoption of
his form of theory as was the corresponding demand
of Einstein that the law of gravitation be written in
an invariant form. For if one examines how the

principle works in practice, it will be seen that all
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that is demanded is that the raw material which is
fed into the calculating machine and the final re-
sults which are taken out shall connect with direct
observations. All the intermediate processes and
operations, the internal pistons and gears of the
theory, have as much the character of pure inven-
tions as anything which Poincaré might have pro-
posed. However much one might have been in-
clined fifty years ago to see some warrant for ascrib-
ing physical reality to the internal processes of a
theory because of its success in meeting the ob-
served situation, certainly no one of the present
generation will be capable of so naive an attitude
after our illuminating experience of the physical
equivalence of the matrix calculus and the wave
mechanics.

As a consequence of all this, the attitude of the
physicist to-day is changing toward mathematical
theory. As a whole, he takes it far less seriously,
recognizes that it contains less of reality and more of
a purely suggestive character than he had realized,
and lays more emphasis on the demands of simplic-
ity and convenience. There are puzzling questions
to be answered and instinctive reactions to be over-
come in adopting this point of view. It is hard to
resist the conviction that there is some deep under-
lying significance in the fact that the mathematical
operations of the matrix calculus of Heisenberg, for
example, make such wonderful contact with experi-
ment. But what the precise significance of this may
be eludes formulation, and in the meantime the
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physicist must fortify himself with somewhat skep-
tical considerations like the following:

On the one hand, mathematics is a study of cer-
tain aspects of the human thinking process; on the
other hand, when we make ourselves master of a
physical situation, we so arrange the data as to con-
form to the demands of our thinking process. It
would seem probable, therefore, that merely in ar-
ranging the subject in a form suicable for discussion
we have already introduced the mathematics—the
mathematics is unavoidably introduced by our
treatment, and it is inevitable that mathematical
principles appear to rule nature.

What do these general considerations have to do
with our program of action? In the first place, we
are going to be exceedingly cautious in ascribing
any finality to the details of the present mathemat-
ical theories. There is among the younger and more
enthusiastic members of the physical community a
tendency to regard the present theories as final
which the more sedate members must combat, even
in the face of all the successes of the present theo-
ries. One of the most certain lessons of the past- is
that no amount of success in the youth of a theory
is any guarantee of a hale and hearty old age; this
is to be expected and is a consequence of the tran-
scendence of nature. Against this view, an enthusi-
astic protagonist of the new theories might with
considerable justification, I believe, urge that there
are certain elements of genuine novelty in our pres-
ent outlook which offer a basis for the belief that
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we may be on the point of breaking away from our
often-repeated cycles of revision and reformulation.
But although there may be distinctly encouraging
signs of a brighter future, I believe that neverthe-
less there are specific elements of weakness in the
present situation which justify the suspicion that
our present theories still need thoroughgoing modi-
fication. Perhaps one of the most serious weaknesses
of the present theory is the way in which it deals
with static effects. One important consequence of
the Heisenberg principle is that an electron can not
stand still, yet a potential energy is substituted into
the fundamental equations of the theory which re-
tains the old fiction of an inverse square force
emanating from a stationary center, and which pal-
pably has no meaning in terms of direct experi-
ment. Such a thing is entirely opposed to the spirit
of our new outlook. We are to expect that presently
the apparently static inverse square law of force
will be described in statistical terms. Another sug-
gestion that the present theory marks only a half-
way stage of progress is to be found in its treatment
of the universal constants, such as the gravitation
constant, the velocity of light, the charge and the
mass of the electron and the quantum h. No one, I
suppose, is yet so pessimistic as to give up the hope
that eventually we will be able to give an account
of these constants, instead of always having to carry
them in our equations as elements imposed from
without. One may also hope to have sometime a

112



ELEMENTS IN THE FLUX OF PRESENT-DAY PHYSICS

theory of the equality of the charge on proton and
electron.

Perhaps these misgivings about the permanence
of our present theories seem of too vague and gen-
eral a character to be of much significance, but I be-
lieve that in the past we have been many times too
willing to forget any very broad general objections
to which our theories may have been subject, in
our satisfaction with their success in dealing with
fairly wide classes of special phenomena. For ex-
ample, the fact that the classical principle of equi-
partition of energy demanded that the atoms be ma-
thematically rigid should in itself have been suffi-
cient to show that any attempt to reduce all action
to pure mechanics was certain to fail.

All this must not be allowed in any way to mini-
mize our convicton of the very great importance of
carrying through the analysis of all possible conse-
quences of our many new mathematical points of
view, but it does suggest that many physicists who
are not professionally interested in making new
contributions to new mathematical developments,
but rather want to understand what there is of per-
manent significance in present developments, may
with a clear conscience omit to work through the
details of much of recent mathematics, in the con-
viction that it is of more or less transient character.
But apart from the mathematical details, and per-
haps sometimes not intimately connected with them,
there are certain broad qualitative points of view
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characteristic of the new theories which every phys-
icist should grasp and incorporate into his thinking.
Perhaps the two most important of these points of
view are (1) that the measurable properties of elec-
trons embrace some phenomena which we find con-
venient to describe in terms of the wave phenom-
ena of ordinary experience, in addition to the older
and more familiar phenomena which we have satis-
factorily dealt with in terms of a particle picture;
and (2) that there is some essential limitation to the
sorts of measurement that can be made simultane-
ously on elementary things, which is formulated in
Heisenberg’s principle of uncertainty. In speaking
of these points of view as two I do not wish to im-
ply that they are not logically connected, for they
are very intimately related.

It is possible to direct just criticism at the mathe-
matical deduction of these two principles from the
logical premises. The wave mechanics is open to
various objections, one of the chicf of which to my
mind is that it provides no way of dealing with
transient phenomena; this fact constitutes to a cer-
tain extent a failure of the fundamental principle,
for it is only transient phenomena which are direct-
ly observed. Further, the deduction of the Heisen-
berg principle as a necessary consequence of the
fundamental assumptions has failed to satisfy many
and does indeed scem to contain a certain feature
inserted arbitrarily into the theory. But I believe
that in spite of these criticisms these two points of
view transcend the mathematics by which they
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were derived, and that, inspired and guided by the
mathematics, we have come upon a point of view
which is of more permanent value than the ma-
thematics itself.

These two points of view, if I understand cor-
rectly the claims made for them, should be suffici-
ent, in conjunction with other physical knowledge
which we already have, to determine the nature of
the elementary processes and entities which analysis
of our physical experience discloses to us. Here we
reach the actual frontiers of physical exploration,
and doubtless the most fundamental problem con-
fronting us is to acquire understanding of these
things. The more complicated things, such as the
chemical properties of molecules, involve processes
of mathematical synthesis which we need not expect
to grasp intuitively and which will not be com-
pletely worked out for some time in the future, but
of the qualitative nature of the underlying elemen-
tal processes and entities all physicists should now
attempt to acquire some intuitive command. Since
the new theories are formulated so as to be con-
sistent with the cardinal principle that the proper-
ties of a thing have no meaning which is not con-
tained in some describable experience, our intui-
tions should be able to tell us what to expect in
various experimental situations involving elemen-
tary things. This does not mean that the experience
in terms of which our intuition thinks is necessarily
an experience so closely connected with actuality
that we could go into the laboratory and make the
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experiments, but the experiments must be such as
are allowed in principle by the new theories. For
instance, w2 can conceive ourselves in principle de-
termining the frequency of a single photon by find-
ing the location on a photographic plate of a single
developed grain exposed in a spectroscope of infi-
nite resolving power, although we may perfectly
well recognize that to make such a measurement is
beyond our present experimental skill. Our intui-
tive grasp of an elementary situation may, then, be
tested by our ability to describe what to expect in
terms of conceptual experiments. I believe that in
the devising and discussing of such conceptual ex-
periments there is an important field which may
be cultivated, particularly at the present time, with
much profit. It should be possible to build up a for-
mal structure in which the properties of photons
and electrons and other elemental things, such as
quantum interactions, are described in terms of
conceptual experiments, and from simple proper-
ties deduce more complicated properties in much
the fashion of Euclid. In fact, the resemblance be-
tween this ideal and Euclid is a rather close one,
for that part of the analysis of Euclid which consists
in moving figures about and comparing them by
superposition amounts to nothing more than con-
ceptual experiments with geometrical figures. A
systematic development of the conceptual experi-
ment would be found by many, I believe, to give a
more illuminating insight than a painful acquisition

of the details of the present mathematical picture.
116



ELEMENTS IN THE FLUX OF PRESENT-DAY PHYSICS

As suggestive of what may be done here, I ap-
pend a list of questions which are to be answered in
terms of conceptual experiments allowed by the
new point of view.

(1) Are experiments on single ‘“naked” elec-
trons possible? How may one be sure that he has a
single electron in his apparatus? Are there any
methods of detecting the presence of an electron
that do not demand that the electron be traveling
with fairly high velocity? Can a stationary electron
be detected?

(2) How may the charge of a single electron be
measured? Is there any theoretical limit to the ac-
curacy with which a single measurement of charge
may be made? Or is an accurate value of e obtain-
able only from statistical measurement?

(3) What is the evidence that an electron has
independent existence in empty space? May one
electron stream receive a deflection on impinging
on another?

(4) Is the equivalence of the charge on elec-
trons and protons a statistical or an individual ef-
fect? How accurately may the charge of an individ-
ual electron and proton be proved equal?

(5) How may the magnetic moment of a single
electron be found?

(6) What properties may an electron have sim-
ultaneously? We know that it can not simultaneous-
ly have position and velocity. May the charge, the
mass, the momentum and the energy be simultane-
ously determined?
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(7) Is a single electron subject to a gravita-
tional field?

(8) To what extent does an electron have iden-
tity? May it be observed continuously, or is there a
minimum time between successive observations?

(9) How do the measurable properties of an
electron in those places where, according to the
wave mechanics, the kinetic energy is negative differ
from those of a classical electron?

(10) How may the frequency of a single photon
be measured?

(11) May the frequency of a single photon be
measured without at the same time compelling it to
have some direction, that is, are frequency and di-
rection independent properties?

(12) May the energy of a single photon be meas-
ured independently of its frequency?

(18) Does a single photon have a plane of polar-
ization, that is, may the plane of polarization of a
single photon be measured? (I have been able to
discover no method of doing this.)

(14) Can the velocity of a single photon be
measured? All experimental determinations of the
velocity of light have been essentially measurements
on a steady state.

(15) What experimental method is there of de-
tecting the motion of a single photon?

(I16) How many properties does an individual
photon have simultaneously? For example, may the
velocity, the frequency, the direction, the momen-

tum and the energy be measured simultaneously?
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(17) Does a photon have independent existence
in empty space? Can two crossed streams of photons
be made to disturb each other?

(18) To what extent does a photon have identity?

(19) Is there any method by which the emission
of a photon from an atom may be detected which
does not involve receiving the emitted photon?

(20) What sort of a constanr is h? May it be de-
termined from a single quantinn process, or is it es-
sentially statistical? The six methods for determin-
ing h listed by Birge are all essentially statistical.

(21) Is there any evidence that two quantum
processes ever interfere with each other, or that one
begins before the other has ended?

It will very probably be found that the answers
to some of these questions can not at present be
given without a rather intimate acquaintance with
mathematical theory, but I believe that this is
merely a temporary phase and that ultimately we
shall be able to demand that our theories be so for-
mulated that we can answer these and other ques-
tions intuitively without recourse to formal ma-
thematics. In the meantime, I believe that any one
who attempts to devise the conceptual experiments
by which these questions may be answered is not
only increasing his own understanding of funda-
mentals but is also making an important contribu-
tion to physical progress.
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THE RECENT CHANGE OF ATTITUDE
TOWARD THE LAW OF CAUSE
AND EFFECT*

NEARLY EVERY EDUCATED person, brought up in
present-day society and under the influence of the
scientific ideas and spirit which pervade our intel-
lectual life, prides himself in the belief that nothing
happens without there being some cause for it. We
may briefly characterize this attitude of ours by say-
ing that we believe in the law of cause and effect or
in the causality principle. To many of not too cyn-
ical a temperament this attitude will seem the
most sweeping characteristic of the mental differ-
ence between the superstitious savage and the cul-
tivated product of a hard-won civilization.

It is now becoming common knowledge that one
of the most startling developments of the altogether
surprising progress of physics in the last few years
has been a weakening of the belief of the physicist,
at least, in the validity of the causality principle. I

want to examine with you this situation—to inquire

*From Science 73, 539, 1931. Delivered at the University of Wiscon-
sin, April 21, 1931.
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in what sense we are losing our conviction of the
validity of the causality principle, and to discover
some of the implications. I want especially to em-
phasize that I am concerned only with the objective
aspects of the situation. The idea of causality which
we shall discuss is as remote as possible from the
subjective questions of free will or determinism
which are often associated with it, both in popular
discussions and in a number of recent more tech-
nical discussions by scientific men. We shall be con-
cerned only with the domain accessible to experi-
ment, and the causality principle, in the sense in
which I use the term, is a principle dealing with the
findings of actual experiments.

We shall not be able to get very far without try-
ing to make a little more precise what we mean by
the causality principle. What do we mean in any
concrete situation by saying that the event A is the
cause of the event B? There is at least one obvious
condition to be satisfied; B must occur later than A,
for no one would think of saying that something
happening now was the cause of something which
had already occurred in the past. But mere se-
quence in time is not enough. For instance, in soci-
ety as at present constructed one’s education is al-
most always completed before embarking on the sea
of matrimony. But do we therefore say that the
cause of our getting married is that we are edu-
cated? That is, there may be sequences in time
which we recognize as due to accidental and irrel-
evant associations. What more then, is necessary
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than mere sequence in time? I believe that exami-
nation will show that we must at least have invari-
able sequence—the event B must always follow the
event A under all sorts of conditions. But this in-
volves being able to repeat the experiment, and it
seems to me that the idea of invariable recurrence
on repetition is indeed essentially involved in the
notion of causality and perhaps comes closest to
what is usually meant by causality. For example,
suppose that I have a heavy weight attached to a
support by a string; then I shall find that whenever
I cut the string the weight falls, so that my defini-
tion in terms of invariable sequence would lead me
to assert that the cause of the falling of the weight
was the cutting of the string. But the situation is not
quite as simple as this, for in the repetition of the
experiment as ordinarily performed a number of
the conditions are not varied, and who shall say
that some one of these invariable conditions is not
responsible, and therefore the true cause, of the
weight falling? For instance, if I could by some he-
roic means remove the earth, then we are all con-
vinced that the weight would no longer fall when
the string is cut, and so we could justify the conten-
tion that the true cause of the falling of the weight
was not the cutting of the string but the presence of
the earth. But a still more critical analyst might con-
tend that even the presence of the earth would not
be sufficient to make the weight fall if it were not
for the law of gravitation, and that therefore the
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true cause of the weight falling is the law of gravi-
tation.

An impartial examination of the various argu-
ments would convince us that there is much to be
said for each of them; if we should decide that one
of the claimants was correct and the others wrong,
I think we should find it impossible to defend our
decision against the objections of the losers. This
sort of dilemma occurs very irequently. Sometimes
one tries to save the day by the introduction of such
idcas as that of immediatec and remote or primary
and secondary causes, but no such compromise ever
works satisfactorily, as may be seen in our simple
example by selecting some definite feature as the
primary cause of the falling of the weight, to the
exclusion of all others.

The conclusion to be drawn from these difficul-
ties is, I think, that the notion of causality is not
sharp and can not be made logically precise, but it
1s only a common-sense notion, used in describing
many situations of daily life with sufficient accuracy
for ordinary needs. I believe that analysis will show,
however, that all situations which may be described
from the common-sense point of view as those to
which the law of cause and effect applies have cer-
tain more general properties. Whenever our knowl-
edge of a situation has become sufficiently deep for
us to attempt an analysis of its various events intq
cause and effect, we find that we have merely had
sufficient experience with the situation to observe
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certain uniformities of behavior, certain regulari-
ties in the sequence of events, of the sort that when
certain events occur other definite events follow.
This characteristic of uniformity I take to be the
fundamental feature in the situation. The analysis
of events into sequences which are causally related
is simply one of the ways of exhibiting certain uni-
formities and recurrences.

What now is the criterion that in a given physical
system one has mastered the essential uniformities
and has not merely stumbled on something acci-
dental? I think that every one will admit that the
supreme test is the ability to predict; if our neigh-
bor is always able to accurately predict the future
behavior of any physical system, I believe that we
should all admit that he had completely mastered
the uniformities of the system. Conversely, I think
that we shall easily admit that without uniformities
in the past behavior of a system no conceivable basis
for predicting the future exists. The essential thing,
however, is the ability to predict; granted this we
have comparatively little concern with the language
or system of philosophy in terms of which our
neighbor may choose to describe his feelings in the
matter. Furthermore, we shall all, I think, admit
that in a system completely governed by the law of
cause and effect the future should be predictable if
we know the complete past history of the system,
and conversely, if we know how to predict the fu-
ture from the past, we should expect to be able to
formulate some sort of statement as to the unifor-
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mities of the system which could be put into the
form of a law of cause and effect.

It appears, then, that uniformity, causality and
predictability all have certain common aspects, and
for rough purposes may be treated as more or less
equivalent. It will suit the purposes of this exposi-
tion to lay the emphasis on predictability and I
shall in the future be concerned with this aspect of
the situation. We may now reformulate our state-
ment of the beginning that nearly every civilized
person believes in the law of cause and effect by
saying that nearly every civilized person believes
that the future of a system is in principle predic-
table when we know all about its past behavior. To
avoid argument, I am perfectly willing to make the
qualification that this discussion shall be limited
to the realm of purely inanimate things, leaving out
altogether biological phenomena.

As a historical fact, classical physics has been
committed to a much more restricted formulation
of the possibilities of prediction in stating that the
future could be predicted if the present position
and velocity of each particle is known. This convic-
tion arose from the belief that the laws of Newton-
1an mechanics, which can be formulated in terms of
differential equations of the second order, com-
pletely govern the motion of the actual physical
universe. This formulation, however, is much more
restricted than we need to make it for our arguf
ment and in fact there are difficulties with the New-
tonian conception of predictability when attention
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is paid to various propagation effects which are dis-
cussed in elementary expositions of relativity the-
ory. The essence of the situation for our purposcs
is that we have become convinced that the behavior
of nature exhibits regularities of such a kind that
from observation of the events of the past we can
predict those of the future.

What now is the basis of this belief of ours in the
thorough-going uniformity of nature or in the es-
sential predictablity of future events? It must at
once be admitted that this belief in its wide-spread
acceptance is largely an outgrowth of the last few
hundred years. Savage and superstitious man sees in
nature nothing but the capricious; it is only after
long experience and observation that the simple
uniformities begin to emerge, first the regularities
in the motions of the heavenly bodies and then the
same regularities in the simpler terrestrial mechan-
ical systems. It was a tremendously stimulating dis-
covery to find that simple uniformities in the mo-
tions of the planets which could be formulated in
simple mechanical laws recurred also in the motion
of terrestrial systems, and to find that as we acquired
skill in analyzing systems of increasing complication
these same simple uniformities continued to de-
scribe the uniformities being newly discovered. It
is no wonder that after physics had experienced
success after success in mastering systems of increas-
ing complication it came to look on this success as no
accident but the expression of an underlying prin-
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ciple. In some such way arose the conviction of the
essential uniformity and predictability of nature; it
was of course recognized that in the walks of daily
life, as distinguished from the artificial situations of
the laboratory, the power to predict was more con-
spicuous by its absence than its presence, but this
was ascribed merely to the enormous complication
of actual physical systems. and the conviction be-
came general that by sufficien:ly refining the accur-
acy of our measurements and increasing their scope
we might some day hope to reduce the most com-
plicated system to predictability with any desired
degrce of accuracy.

It is to be emphasized that although the justifica-
tion for this conviction arose entirely from experi-
ence of the external world, it constituted, neverthe-
less, even in the simplest possible case, an idealiza-
tion of that experience. For any concrete physical
situation a prediction about a future event could
be verified only within the limits of experimental
error. The conviction that the future is predictable
down to the last detail arose entirely from the ex-
perience that whenever the precision of measure-
ments was increased the predictions which it was
possible to make on the basis of the measurements
always became better. But the uncertainty arising
from experimental error could never be eliminated,
and even in the most favorable cases the jump from
the actual experiment to the ideal formulation of it
involved a process which the mathematician or the
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physicist would describe as a long range extra-
polation.

But now in the last few years all these expecta-
tions have changed, and the change has arisen pri-
marily from the discovery of new experimental
facts. Nothing previously found by experiment
ceases to be true. Physics never has to retract state-
ments about experimental facts when these state-
ments are made with sufficient care to reproduce
the physical situation with fidelity, that is, when
due regard is paid to the limits of experimental er-
ror. Thus the law of gravitation should not be for-
mulated baldly as the law of the inverse square, but
rather that the attraction varies as the inverse
square within certain limits of error, perhaps one
part in a million, or whatever the greatest precision
happens to be at present. The only genuine retrac-
tions which physics or other science has to make are
in its statements about what it anticipates may in
the future be found to be true about experimental
realms not yet entered. So in the present situation,
physics finds that it must retract a hope or expecta-
tion which it had based on previous experience, but
it has not had to retract any statement about actual
experiment. The expectation was that by increas-
ing the accuracy of measurement indefinitely we
would be able to make predictions about the future
with indefinite precision. This turns out not to be
true, for we have recently found that when we in-
crease the refinement of our measurements beyond

a certain point and enter a domain of small things
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not before accessible, the new domain is full of the
most capricious irregularities, unlike the regulari-
ties in the domain of ordinary experience, so that
in the new domain no refinement of measurement
enables us to predict the future. The new domain
in which this disturbing state of affairs holds is the
domain in which the motions of single electrons or
atoms are concerned, and is, of course, enormously
remote from the domain of everyday affairs, in
fact, so remote that only within the last few years
have physical methods been sufficiently refined to
enable us to enter this domain at all. The situation
is not unlike that presented by the semi-convergent
series of the mathematician. Situations are not un-
common in mathematics in which the goodness of
the answer to a problem may be improved up to a
certain point by increasing the labor of computa-
tion, but if labor is put into the calculation beyond
this point the answer becomes poorer instead of
better.

Our new understanding of the experimental sit-
uation can be made in the following bald statement:
“As a matter of fact, events are not predictable in
the realm of small things.” This is practically equi-
valent to saying that in the realm of small things
the law of cause and effect does not operate.

Some little experience has proved to me that this
bald statement is likely to awaken in many persons
the most active hostility, and this audience would
indeed be unique if it did not contain an appreci-
able number of persons who positively bristle with
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animosity at such a statement. The reaction which
this statement is most likely to produce is this: “You
have not proved that in the realm of small things
the future is not predictable, but all you are justi-
fied in saying is that you have not yet found how to
predict the future. In fact, judging by past experi-
ence, there is every reason to think that if we keep
on trying we shall eventually discover how to pre-
dict in this domain which at present seems so hope-
less”. This objection, I am sure, will appeal to many
as entirely sound, but I believe that nevertheless it
can not be maintained, and one of the points which
I am most anxious to make this afternoon is my
reason for thinking this position not to be sound. I
hope that the positiveness of the assurance of the
physicist in this matter will not give the unpleasant
impression of mental arrogance which it easily
might. I believe that every physicist recognizes that
one can never say with complete assurance that his
present theory is correct. There is nevertheless at
least one statement which, when it can be made at
all, can be made with absolute assurance, and that is
that we are now taking into consideration ideas
which had not previously occurred to us. All that
the physicist is maintaining is that we have now at
our command new experimental facts and new ideas
and that in the light of them our former ideas must
be modified.

It must be conceded that certain parts of the ob-
jection of our bristly critic are well taken. We have

not, of course, proved that the future is not predic-
130



ATTITUDE TOWARD THE LLAW OF CAUSE AND EFFECT

table, and we can say only that we are not at present
able to predict and do not believe that we shall ever
be able to. In fact, in the very nature of logic, it can
never be proved that an entirely unexpected dis-
covery may not be made some day which will enable
us to predict the apparently unpredictable. We shall
have to admit that from this point of view the tac-
tics of the objection is very clever. From another
point of view also the tactics is clever in that it puts
the burden of proof on the advocate of the new
point of view in effectively asking him “by what
right do you expect that no one ever will find out
how to do what to-day we do not know how to do?”
I believe that nevertheless, in spite of the superficial
strength of the objection, it is fallacious.

Let us in the first place examine what the experi-
mental situation is which leads us to say that events
in the realm of small things are unpredictable.
When, in the domain of large things, we fail to pre-
dict, it is usually because of the extreme complica-
tion of the physical system, as, for example, in our
endeavors to predict the weather or mob psychol-
ogy. In the domain of small things, however, the
element of complication is lacking and our failure
arises from another reason. The reason we fail is be-
cause those regularities which are the basis on
which we are able to make predictions in the sim-
pler situations of large scale experience are entirely
lacking in the domain of small things. Let us
imagine the simplest possible large scale situation—
a billiard ball rolling without friction or other in-
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terference on a table top. Let us imagine the table
top marked with lines a foot apart. Then we all
know that if we observe the ball to be at the zero
mark when the second hand of our watch points to
zero, and to be at the one foot mark when the sec-
ond hand points to one second, when the second
hand points to two seconds we shall find the ball at
the two-foot mark. This is the simplest example
well conceivable in which we project into the future
a uniformity of behavior in the past, and, parenthe-
tically, is doubtless the origin of the ordinary con-
cept of velocity. But experiment shows that if we
were dealing with an electron instead of a billiard
ball the experiment would entirely fail, and if the
electron had been observed at zero at zero seconds
and at one foot at one second, at two seconds we
might sometimes find it at seven feet and sometimes
at five feet, or sometimes at minus one foot, and in-
deed sometimes at two feet, like the billiard ball.
As a matter of fact this ideally simple experiment
probably has not been performed, but inference
from the results in less simple cases leads us to be
convinced that such would be found to be the state
of affairs if the experiment were made.

If capricious results like those just described for
the electron happened in the experiment with the
billiard ball we would almost certainly say that the
initial conditions had not all been the same the
time the ball appeared at the seven foot mark as
when it appeared at five feet, and we should en-
deavor to find something that we had failed to take
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proper account of in specifying the initial condi-
tions. Furthermore, we are convinced that this pro-
cedure would be successful in the case of the billi-
ard ball, and that search would disclose the missing
feature. We are also convinced that it would need
some rather striking feature to account for the bil-
liard ball sometimes turning up at seven feet and
sometimes at five feet. But in the case of the elec-
tron, all our experience indicates that the missing
feature does not exist, but that in systems in which
the initial conditions are completely identical the
electron will sometimes appear in one place and
sometimes in another. Anything more unlike ordi-
nary experience would be difficult to conceive, and
the consequence is that there is very little basis in-
deed for making a successful prediction of the fut-
ure position of an individual electron.

The experimental evidence, then, apparently
forces us to the conclusion that if some basis for
predicting the behavior of a single electron is to be
found, it must be entirely different from the basis
of prediction for ordinary events. Why is it that the
majority of physicists at present believe that there
is good reason to think that this basis for prediction
will never be found, but that on the contrary we
shall always have to treat the motions of single elec-
trons as beyond the reach of prediction, that is, be-
yond the law of cause and effect? The reason is not.
that the physicist is either lazy or a quitter. Part of
the reason is rather to be found in the quite sur-
prising success achieved within the last few years
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by that body of physical theory variously described
as “quantum theory” or “wave mechanics”. The
very foundations of this theory contain as an integ-
ral part the hypothesis that the individual electrons,
as also the indivisible units of radiation, have the
fundamental property that in any specific situation
their behavior as individuals can not be predicted,
but only the average behavior of large numbers.
One explicit deduction from the theory which is
directly concerned with predictability has been
much discussed, namely the Heisenberg Principle
of Uncertainty. This is usually formulated as a
statement about the accuracy of measurement, the
fundamental idea being that if we strive to increase
the accuracy with which we make one kind of
measurement we¢ must pay a price in a necessary
decrease in the accuracy of some other kind of meas-
urement. Specifically, I can not measure the posi-
tion and the simultaneous velocity of the electron
with any desired accuracy, but if I increase the ac-
curacy of my measurement of position, my measure-
ment of velocity becomes less accurate in such a
way that the probable value of the product of the
two inaccuracies is of the order of magnitude of
Planck’s constant, k, divided by the mass of the
electron. The principle applies equally well to the
measurement of the position and velocity of an or-
dinary body. The reason why the principle is im-
portant for the electron and not for ordinary bodies
is that the mass of the electron is so very much less
than that of any ordinary body that when I divide
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Planck’s constant, &, by the mass of the electron I
get a comparatively large number, that is, a com-
paratively large uncertainty, whereas the quotient
of h by the mass of an ordinary body is so much
smaller as to represent an uncertainty below ordi-
nary methods of detection.

The Heisenberg principle, as I have just formu-
lated it, does not seem to make statements about
predictability, but that it reaily does may be seen
by considering the significance of the velocity about
which we are talking. To make the problem con-
crete, go back to moving electron. If I observe it at
the one-foot mark at a certain time and then one
second later at the two-foot mark, I know that its
velocity during this second was exactly one foot per
second. It is not this velocity with which the Hei-
senberg principle is concerned, and indeed the
Heisenberg principle sets no limit to the accuracy
with which this velocity may be determined. The
velocity with which the Heisenberg principle is
concerned is the velocity to be ascribed to the elec-
tron after, not before, the second observation. Now
the only way I have of checking whether any state-
ment about this second velocity is correct is to pre-
dict where I shall find the electron at a later instant
of time. If the Heisenberg principle is correct, this
prediction can not be made with precision; we thus
see that the Heisenberg principle is really a state-
ment about the impossibility of accurately predict-
ing the course of the electron.

There is a point here which it will pay to em-

13§



REFLECTIONS OF A PHYSICIST

phasize because there has been considerable miscon-
ception about it. The modus operandi by which the
uncertainty gets into the situation is through the
act of observation—the electron can not be observed
without bouncing an atom of radiation from it or
doing something equivalent, and whatever the pro-
cess of observation, the motion is interfered with.
The essential fact is not that the act of observation
interferes with the motion; if this were the only ef-
fect we could allow for the amount of interference
by calculation. The essential fact is that the act of
observation interferes with the motion by an unpre-
dictable and incalculable amount. The fact that the
amount of interference is unpredictable is an in-
tegral part of the theory.

Those persons who for one reason or another are
anxious to save the face of the causality principle
have often stated the conclusion from the Heisen-
berg principle in another way. They say that the
causality principle is still valid, only it turns out
that we are unable to make the measurements which
are demanded in applying the causality principle,
that is, in making a prediction. This contention it
seems to me may easily degenerate into a mere mat-
ter of words, and become highly unprofitable. The
essential fact is that it appears to be due to a law of
nature and not to any temporary failure of ours
that we can not make the measurements that we de-
mand for our attempted predictions. In this situa-
tion it seems to me that we are keeping as close as
possible to the actual facts in making the bald state-
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ment that experiment now makes it highly improb-
able that the future is predictable.

Not only is the Heisenberg principle checked by
experiment, but apparently all other deductions
from the wave mechanics theory are also checked
with equal success. In fact, the success of theory has
been so great that the statement is often made by its
enthusiastic advocates that in no case where it has
been correctly applied, that is, without blunders in
the calculation, has it failed, and that no experi-
mental facts are known which are in contradiction
with it. The average physicist now takes the next
step, and draws the conclusion that because of the
success of the theory the fundamental hypotheses
on which it rests must also be very probably correct.
It must be admitted that this last step is rather du-
bious from the logical point of view, because it does
not follow at all that because our conclusions are
correct our reasoning or our premises must be cor-
rect, and in fact there are a number of instances in
physics in which the fundamental hypotheses have
been changed without changing at all the super-
structure as shown, for example, by the change in
attitude toward the physical reality of the ether.

I think we would have to admit that if the sole
argument of the physicist were the success of the
theory as at present formulated we would have some
ground for scepticism as to how long the present at-
titude would last. But the physicist has other reasons
for his attitude. Along with his experimental activ-
ity he has been active in critically examining the
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fundamental concepts of physics. Among other
things he has examined the grounds on which rest
our conviction that nature is uniform or predictable
and has come to the conclusion that at least the
burden of proof is now on the side of those who
maintain that nature is uniform and can be de-
scribed in terms of a causality principle. The rea-
sons for this conclusion I have already intimated,
but they are worth repeating. The physicist recog-
nizes that belief in uniformity or predictability is
a belief compelled by no inner necessity, but is a
belief that has gradually grown up as a gencraliza-
tion from large scale experiences; that as long as
experience was confined to the large scale things of
daily life an ever increasing number of phenomena
could be brought under the approximate sway of
the principle, but that as soon as physical methods
became sufficiently refined so that we could deal
with small scale phenomena, uniformities became
less and less conspicuous, until we finally arrived at
electrons and photons, the ultimate structural ele-
ments of the physical world as we know it where
we would expect the utmost in the way of simplicity
and uniformity but where, on the contrary, experi-
ment shows that uniformity in its original sense has
entirely vanished.

The situation thus contains two elements: There
is in the first place the recognition that the notion
of causality, in the sense in which I am using it, was
an outgrowth of experience, and that the extent to
which the causality principle is valid is solely for

138



ATTITUDE TOWARD THE LAW OF CAUSE AND EFFECT

experiment to decide. This attitude I believe must
now be accepted by every one who will take the
pains to examine the argument. In the second place
there is the conclusion from experiment that as a
matter of fact nature is very far from predictable or
that the causality principle fails by large amounts
to be valid for small-scale events. If the first point
is accepted, then the second may be accepted as a
summary of the best experimental knowledge at
present, without resentment or antagonism or rebel-
liousness. This willingness to accept the findings of
cxperiment must remain permanently a part of our
attitude, whether or not future experiment justifies
present optimism about the complete adequacy of
wave mechanics. This, then, is the chief idea that I
hope you will carry away from this talk; that it is
purcly a matter for experiment to decide whether
nature is predictable in the domain of small things
or not; that until some at present totally unlooked-
for development turns up to prove predictability or
to make it plausible, we must assume that the cau-
sality principle does not apply in this domain, and
that this conclusion is to be accepted without pre-
judice or passion just as any other experimental
result is accepted.

What difference is the recognition of this situa-
tion now going to make to us? As far as actual
action in most concrete situations of daily life goes,
it will make practically no difference at all. Large-
scale phenomena will remain for all practical pur-
poses just as predictable as they ever were. The rea-
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son for this is that in no case have we ever been
able to predict large-scale phenomena with more
than a certain degree of approximation; the good-
ness of the approximation has been fixed by the
accuracy of the measurements. Furthermore, in
nearly all cases, the inaccuracies of our measure-
ments arise from the ordinary imperfection of our
instruments, recognized and well understood long
before the Heisenberg principle was formulated,
and these inaccuracies are so great that the uncer-
tainty in our predictions arising from them is much
greater than the uncertainty arising from the action
of the Heisenberg principle. In most practical situ-
ations the Heisenberg uncertainty is so very far
beyond the reach of detection by ordinary means
that from the practical point of view its effects will
in nearly all situations remain forever of purely
academic interest.

There is a difficult point here which we may stop
to examine for a moment. At first sight it is not
easy to see how it is that if large-scale phenomena
are built up from small-scale phenomena and if the
small-scale phenomena are essentially unpredictable,
the large-scale phenomena acquire approximate
predictability. The reason is that although any
single small-scale phenomenon is unpredictable,
experiment shows that nevertheless there is a sort
of regularity in large numbers of them which per-
mits combinations of them to be predicted, approx-
imately. This sort of regularity is of the sort that
may be described as statistical. Let us go back to the
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illustration of the electron moving over the marks
on a table, and let us suppose that the electron has
been observed at the zero mark at the zero of time
and at the one-foot mark at one second. Then it is a
matter of experiment that if I attempt to predict
where the electron will be found at two seconds I
shall make a great many mistakes, but it is also a
matter of experiment, neglecting a consideration
which is not important for this argument, that if I
always guess that it will be at the two-foot mark, I
shall in the long run make fewer mistakes and ob-
tain a better score than if I make any other guess.
There is thus a certain regularity in the aggregate
results of a great many experiments, although the
results of individual experiments may fluctuate
widely, being now greater than the average and now
less. If I could make a great many experiments sim-
ultaneously, it is evident that I could make a good
prediction about the average result of all of them
taken together, because in a great many experi-
ments those individual results which are too high
will cancel with those which are low, leaving out-
standing merely the average. Something very much
like this is involved when experiments are made on
ordinary matter, for even the smallest bits of matter
that can be distinctly seen in the microscope still
contain a very large number of electrons, and the
behavior of the whole bit of matter is merely the
average behavior of all its electrons, which can
therefore be predicted with much success. In fact,
as already stated, the mean fluctuations of the indi-
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vidual electrons are less than the uncertainties aris-
ing from other and more ordinary sorts of impreci-
sion of measurement.

It might seem, therefore, as though there could
never be any practical effects arising from such
small-scale uncertainties. This, however, would be
too hasty a conclusion. If one makes the deliberate
attempt, it is possible to magnify such small-scale
events sufficiently to bring them into the range of
everyday experience. An example of this sort of
thing is known to every physicist in the Geiger
counter. This apparatus is so constructed that the
effect of the entrance of even a single electron into
the sensitive part of the apparatus is amplified with
vacuum tubes to such an extent as to give a crack
of sound in a loud speaker, or to perform other
functions, such, for example, as starting or stopping
a piece of machinery. Now the electron which
enters the apparatus may be the result, for example,
of the radio-active disintegration of a single atom.
The disintegration of such an atom is the sort of
thing that experiment and theory both show is
essentially unpredictable. It would therefore be
possible, by utilizing an arrangement of this kind,
to make all the lights of a great city flicker up and
down, and it would be absolutely impossible to pre-
dict when the next eclipse would occur.

Some of you may have read a recent story by Lord
Dunsany in which a crazy power magnate wards off
the vengeance of the powers above by gigantic
prayer wheels driven by 10,000 horse power steam
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turbines. We may similarly romance about the
future religion of a superstitious race by imagining
in the inmost shrine of their temple a speck of
radio-active salt in process of disintegration, and
attached to this a train of vacuum tube amplifiers,
which shall ever and anon flood the temple with
light, or beat a tom-tom, or perhaps sacrifice a
victim. A rather good argument might be made for
this sort of thing, and it really appeals to the imagi-
nation in many ways, for we have here the possibil-
ity of a spectacular projection into the realm of
ordinary sense of the eternally inscrutable founda-
tions of our physical world.

In the realm of ordinary physical objects, how-
ever, this sort of unpredictability probably seldom
occurs unless it is the result of deliberate design. It
is not quite so evident, however, what the true state
of affairs is in biological systems. I gather the im-
pression that at the present time a number of biol-
ogists are prepared to admit that not infrequently
the adjustment of a single cell may be so delicate
as to be thrown out of balance and a reaction
started by the entrance of a single free electron or
light corpuscle into the cell. In such cases the
behavior of the individual ccll must be admitted
to be unpredictable. In one simple field of biological
experiment the facts have already been definitely
established. It has been shown that when certain
unicellular organisms are radiated with alpha par-
ticles, the death of the organism results if a single
alpha particle makes a direct hit on the nucleus of
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the cell. The death of any single organism is there-
fore an absolutely unpredictable event, although
in a large colony of such organisms the average
number of deaths may be predicted by the methods
of life insurance statistics. The important question
now is whether in large-scale organisms consisting of
many cells the adjustment is ever so delicate as to
be thrown one way or the other by the unpredic-
table action of only a few cells, or whether so large
a number of cells must cooperate in any large-scale
movement as to make all large-scale movements
approximately predictable by the methods of statis-
tics. This question can be answered only by experi-
ment, and it is certainly one of the most important
questions to which biology can address itself. At
the same time it is obviously one of enormous
experimental difficulty, for no experiment can be
repeated under identical conditions on an organ-
ism complicated enough to have memory.

A word of warning may be interjected here.
Many will be tempted to see a connection between
the question of the predictability of the behavior of
organic systems and those questions which have
always exercised the human race, determinism and
free will. It seems to me that there is no connection.
The former is primarily a question of physical fact,
while the latter are predominantly questions of a
subjective character which involve those emotional
experiences which the subject goes through when
on the point of making a decision.

The concrete physical changes which are likely
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to arise from our modified attitude toward the cau-
sality principle are therefore small. I believe, how-
ever, that there will be very important effects on
our methods and habits of thought and our entire
outlook. One of the most obvious effects of these dis-
coveries is in prescribing the program for future
scientific investigation. One such possibility I have
just indicated, namely, the examination of the ques-
tion as to whether the behavior of complex biolog-
ical organisms is ever initiated by unpredictable
small-scale events. A similar question arises with
respect to other sorts of physical happenings; are
there anywhere in nature mechanical systems of
such a high degree of instability, as for example in
the turbulent motion of a liquid, that an unpredic-
table small-scale event initiates a large scale event,
which thereby itself becomes unpredictable? An-
other possible program for future scientific investi-
gation is in devising simple experiments which shall
demonstrate less indirectly than we now can some
of the statistical effects of small-scale events. For
example, the invention of a photographic plate such
that the impact of a single photon is sufficient to
make a single grain of the plate developable would
be an enormous assistance.

Apart from these concrete effects on our scien-
tific program there will be many other less tangible
results of our changed mental outlook, which I have
not time to elaborate in detail here, but I shall try
to give a few brief indications of what may be ex-
pected. A parallel may be drawn from the theory of
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relativity. Although the theory of relativity deals
with phenomena which are so difficult to detect as
to require instruments of the highest delicacy,
nevertheless ‘it has made exceedingly important
changes in our attitude toward the fundamental
concepts of space and time. I believe that in the
same way the clear recognition that causality can
not function in detail in small things, as has been
supposed, but can have only a statistical meaning,
must have important repercussions on our think-
ing. In fact, activity is already beginning in the
ranks of the philosophers which bears out this con-
tention. Many articles and even books have already
appeared in which the endeavor is made either to
explain away the importance of the new findings, or
else to discover how we may adjust ourselves to
them. The bearings on epistemology are apparently
considered especially important. A single possibility
may be mentioned. At a recent discussion between
philosophers I heard it argued that the principle of
sufficient reason is an absolute sine qua non of
thought, that the human reason must by its very
nature refuse to accept the possibility, to go back to
the well-worn example of the billiard ball and the
electron, that in one experiment the electron should
appear at the seven-foot mark and in another at the
five-foot mark, without there being some reason for
the difference. To which I am afraid that the brutal
physicist would be tempted to rejoin that if the
human reason is incapable of accepting the situa-
tion, so much the worse for the human reason. How-
146



ATTITUDE TOWARD THE LAW OF CAUSE AND EFFECT

ever, these are questions of technical philosophy
which are entirely beyond my sphere, and I shall
not say anything more about them for fear of mak-
ing even more egregious blunders than I may have
already.

Apart from philosophical questions, however, it
seems to me the realization that it is possible to
exemplify on a large scale such things as our cap-
riciously disintegrating radio-active material, which
may serve as the nucleus of a superstitious religion,
or may equally well serve as a most excellent gamb-
ling device, can not fail to get under the skin of the
man in the street. This objectifies in the most strik-
ing way the limitations of the human intellect, and
I believe that the greatest changes in our mental
outlook will come as a consequence of the real-
ization of just these human limitations—we had
thought the human reason capable of conquering
all things, we now find it subject to very definite
limitations. We can definitely conjure up physical
situations in which the human reason is powerless
to satisfy itself, but must passively be content to
accept phenomena as they occur, which constitutes
in fact a reversion to the mental attitude of primi-
tive man, which is purely receptive. What is more,
the strictly scientific attitude recognizes no escape
from the situation, but it must be accepted as inher-
ent in the nature of things, and no way out at-
tempted by such inventions, material or conceptual,
as primitive man makes.

The realization of human mental limitations will,
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I believe, have the greatest effect, and the process
of adjustment will be slowest, in such non-scientific
activities as philosophy, religion, as already sug-
gested, and very probably education, for some just
apprehension of the possibilities of the human in-
tellect should be imparted in any satisfactory educa-
tional program. The adjustment in scientific activ-
ity I believe will be made more rapidly, and in fact
it is possible to see even now in what the adjust-
ment will consist.

A formulation of the purpose of scientific activity
which appeals to me as rather exhaustive is the
understanding, prediction and control of events. It
might be thought that the discovery that there are
aspects of nature which are not understandable, pre-
dictable or controllable would work havoc with this
scientific program. But the way out is already obvi-
ous. If it is true that there are certain aspects of
nature which are neither controllable or predic-
table, then the obvious course is to avoid these
aspects of nature. This may sound like a flippant
suggestion, but the matter is really to a large extent
in our own power. We have seen that although
single small-scale events are unpredictable, the sta-
tistical average of large numbers of them is highly
regular and predictable. The obvious course of
action, then, whenever we want to be sure of the
result, is to so arrange the apparatus or machine as
to respond only to statistical averages, and not to
function like a Geiger counter in response to single
small-scale happenings. If it should prove that the
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large-scale behavior of biological organisms is un-
predictable, then we shall take pains never to
depend on the behavior of a single such organism
whenever we have to be sure of our results, but this
is hardly more than we do already.

The situation with regard to wunderstanding
small-scale events will probably take a little more
adjustment, because it involves giving up an ideal
which we had set ourselves. But even here the
adjustment can hardly take more than one genera-
tion, and in science generations are short. Analysis
will show, I believe, that what we call understand-
ing consists in picking out from a situation elements
with which we are already familiar. The difficulty
in the present situation is that we are not familiar
with systems in which individual events occur with
no close connection with past events, so that natur-
ally we are confused and seek for a hidden connec-
tion. But as our familiarity increases and the
strangeness gradually wears off, we shall come to
feel that it is natural and proper that small-scale
events show only statistical regularities, and we shall
come to be satisfied with our understanding of a
situation when we have analyzed it sufficiently to
show, if we are dealing with large numbers, the
statistical regularities to be expected, or, if we are
dealing with small numbers, the corresponding
capricious variations. In fact, a number of the
younger generation have already achieved this de-
gree of emancipation, and the rest of us by deliber-
ate effort may hope to attain it.
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STATISTICAL MECHANICS AND THE
SECOND LAW OF THERMODYNAMICS*

ONE THING THAT has much impressed me in recent
conversations with physicists, particularly those of
the younger generation, is the frequency of the con-
viction that it may be possible some day to construct
a machine which shall violate the second law of
thermodynamics on a scale large enough to be com-
mercially profitable. This constitutes a striking re-
versal of the attitude of the founders of thermo-
dynamics, Kelvin and Clausius, who postulated the
impossibility of perpetual motion of the second
kind as a generalization from the uniformly unsuc-
cessful attempts of the entire human race to realize
it. Paradoxically, one very important factor in bring-
ing about this change in attitude is the feeling of
better understanding of the second law which the
present generation enjoys, and which is largely due
to the universal acceptance of the explanation of
the second law in statistical terms, for which Gibbs
was in so large a degree responsible. Statistical

mechanics reduces the second law from a law of

*From Bulletin of the American Mathematical Society, April, 1932.
The Ninth Josiah Willard Gibbs Lecture, delivered at New Orleans,
Dec. 29, 1931, at a joint meeting of the American Mathematical Society,
the American Physical Society and Section A of the A.A.A.S.
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ostensibly absolute validity to a statement about
high probabilities, leaving open the possibility that
once in a great while there may be important viola-
tions. Doubtless another most important factor in
present scepticism as to the ultimate commercial
validity of the second law is the discovery of the
importance in many physical phenomena of those
fluctuation effects which are demanded by statistical
mechanics. It is very hard indeed for one who has
witnessed the Brownian motion for the first time to
resist the conviction that an ingenious enough engi-
neer might get something useful out of it, and I
have no doubt that many in this audience have
tried their own hand at designing such a device, and
I also have no doubt that their success has been dis-
couragingly nil.

There are other aspects also of the statistical point
of view which have become prominent in the last
few years, as for example, the speculations of Ed-
dington on time’s arrow and on the meaning of
time in general, the speculations of Lewis as to
completely reversible time, all the recent concern
and new notions about the destiny of the universe as
a whole, in which thermodynamic arguments play a
most important part, and it is of course notorious
that the notions of probability, which are funda-
mental in statistics, are at the very bottom of wave
mechanics.

It is evident, therefore, that the statistical point
of view entails consequences important both con-
ceptually and practically. In the hope of helping a
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little to a better understanding of the situation I
propose today to examine a few of the implications
and consequences of the statistical point of view.
The program is a very modest one, and I hope you
will have no expectation of a final solution of any
of these difficult questions; my primary purpose is
to awaken a more vivid self-conscicusness of what
the situation actually is. I shall be mostly concerned
with the classical statistics, and shall have less to say
about questions raised by wave mechanics; we shall
find that the questions raised by the classical point
of view are sufficiently fundamental. I shall through-
out adopt the point of view that I have called opera-
tional, that is, I shall seek the meaning of our state-
ments and concepts by trying to analyze what it is
that we do when we are confronted with any con-
crete physical situation to which we attempt to
apply the concept or about which we make the
statement.

It is in the first place most important to realize
that the statistical method, in which the notions of
probability are fundamental, has, when applied to
the understanding of physical situations, certain in-
herent, unique, logical characteristics, so that any
account which statistics can give of physical phe-
nomena must have an entirely different aspect from
that of such a method of approach as classical
mechanics, for example. The reason for this is that
probability is not a notion which can be applied to
concrete individual events, whereas we demand that
we understand, or predict, or control, the individual
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event. I demand to know what will happen when I
throw this particular stone in the air, or explode
this particular charge in the cylinder of a gas en-
gine. Ordinary mechanics gives an unequivocal
answer, and in general the explanations of ordinary
mechanics make direct contact with just such con-
crete individual physical events. But the notions of
probability have no such application to individual
events, and in fact the notion of probability is mean-
ingless when applied to an individual event. The
proof of this is given by mere observation of what
we do in applying the notion of probability. Sup-
pose that I show you a die and remark that I intend
to throw it in a minute. You volunteer the informa-
tion that the probability is one-sixth that the throw
will be a six. I am sceptical and ask you to justify
your statement by pointing out the property of the
event, when it takes place, that can be described as
a probability of one-sixth for a six. I then make the
throw and get a six. What possible characteristics
has this single event that can justify your statement?
Your statement has immediate meaning only when
applied to a long sequence of events, or when ap-
plied to the construction of the die and the method
of throwing it. Even when applied to a sequence of
events there is always an unbridgeable logical chasm
thwarting a precise application of the notion of
probability to any actual sequence. Consider, for
example, the classical example of tossing a coin. In
practice our first concern is to determine whether
the ‘coin is a fair coin, that is, whether it is equally
1§83
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likely that heads or tails appear. Suppose that we
make a million throws, and find the excess of one or
the other not to be more than 1,000. Then we are
likely to say that the coin is fair. But, logically, we
are bound to recognize that the coin may have been
loaded so that heads were, perhaps, nine times as
likely to appear as tails, only that we had happened
on one of those excessively rare sequences in which
as many tails appeared as heads. Rigorously, therc
can be no method by which we can be sure that all
our past experience has not been one of these exces-
sively rare sequences which logically we are bound
to recognize as possible in any statistical assembly.

Passing over these logical difficulties in applying
precisely the notions of probability to any actual
physical situation, it is evident, I think, that when
applied to individual events, probability can have
only a secondary or derived meaning. I believe that
an examination, as the operational point of view
prescribes, of what one does, will show that the
meaning. to be ascribed to the probability of indi-
vidual happenings is to be found in the rules of the
mental game that one plays in thinking about and
trying to understand the individual events. This
has important consequences when we attempt to use
the notions of probability in building physical theo-
ries. We must recognize in the first place that any
physical theory demands the construction of some
sort of model. Now any model involving notions of
probability is of necessity more remote from the
physical situation and more esoteric in character
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than the more usual and naive models, such as are
offered by ordinary mechanics. For any statistical
model involves conventionalized events to which the
notions of probability are by definition applicable,
although the notion of probability does not apply at
all to the concrete physical events which are the
counterpart of the events of the model. It is there-
fore not surprising that the connection between the
properties of the statistical model and the corre-
sponding physical system is somewhat different from
the connection in the more ordinary sorts of model.

It would be possible to digress considerably here
to discuss the properties which we demand in our
models, and the uses to which we put them. The
subject is fairly obvious, however, and I believe we
can safely assume an understanding of the essential
features. The least exacting demand that we make
of a model is that it serve as a calculating device, by
which we can predict actual physical happenings,
and for this purpose any sort of consistent corre-
spondence between the model and the physical hap-
pening is satisfactory. The simplest way in which
the statistical model can satisfy this simplest and
minimum demand is evidently that actual happen-
ings in the physical system shall correspond to high
probabilities in the statistical model. This further-
more seems to be the only possibility and all that we
can do; in the model there are no certainties, only
probabilities, some of which, it is true, may be very
close to unity, whereas in the physical system there
are invariable happenings, as for example, a cake
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of ice always melts when it is heated above the melt-
ing point, or the external atmosphere always rushes
into an exhausted electric bulb when it is cracked.
On the other hand, it is most natural to say that low
probabilities in the model correspond to infrequent
occurrences in the physical system. But to go fur-
ther, and specify exactly how close to unity we shall
demand that the probability be that is to correspond
to an invariable happening, is not so easy, and there
seems to be a certain unavoidable fuzziness here de-
feating every endeavor to make sharp connection
between the model and actuality. There is a still
greater difficulty in giving a precise physical signifi-
cance to events in the model of low probability; we
shall return to this question. For the present the
important point for us is that any statistical model
is in peculiar degree purely a paper and pencil
model and peculiar limitations may be expected in
the use of such a model.

If the only demand that we put on the model
were that it should serve as a computing device, the
situation would be comparatively simple and could
be quickly dismissed. But as a matter of fact we
make the more exacting demand that the model en-
able us to understand the physical situation, and to
this end we demand that there be a further corre-
spondence between the properties of the model and
of the physical system. Since we do not usually make
the extreme demand that the model enable us to
understand all the physical properties of the system
at once, we usually do not demand that there be
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an exhaustive correspondence between the proper-
ties of the physical system and those of the model,
but we are satisfied with a correspondence of those
properties only which are pertinent for our imme-
diate purposes. Thus for the discussion of the ther-
modynamic properties of a perfect gas, a model is
usually sufficient in which the molecules of the
actual gas are replaced by perfectly elastic spheres
or ellipsoids, although such a model gives no hint
of the optical properties of the actual gas. It is curi-
ous, however, that even for thermodynamic pur-
poses we would not be satisfied with a model in
which the number of fictitious molecules is not
equal to the number of actual molecules which vari-
ous other sorts of physical evidence lead us to ascribe
to the actual gas.

If, now, we are attempting to find a model for the
thermodynamic properties of a gas, we see that the
accepted models which satisfy these additional re-
quirements go far beyond the original demands, for
in such models we encounter all the phenomena of
fluctuations. Strictly, such a model never comes to
equilibrium, and cannot therefore possess any prop-
erty which strictly corresponds to temperature as
defined classically in terms of equilibrium states.
The remarkable fact, of course, is that the fluctua-
tions of the model were found to correspond to fluc-
tuations in the physical system, as shown by the
Brownian motion, and in consequence we have now
come to recognize that temperature is physically
only an approximate concept, instead of the exact
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concept originally assumed in the thermodynamics.
This gives us at once one possible method of dealing
with the second law and its apparent violations. If
we choose to formulate the second law by the state-
ment that dQ/T is an exact differential, then by its
very form it applies only to those situations to which
the temperature concept applies, and since the tem-
perature concept never exactly applies to any phys-
ical situation, we are left with a law which may be
rigorously exact in the limit, but which applies to
no actual situation. This method of meeting the
situation may perhaps be satisfactory to the pure
logician, but to the individual interested in filling
his pockets by bootlegging entropy, such considera-
tions will appear as uninteresting and as ineffec-
tively legalistic as the restrictions which the more
ordinary sort of bootlegger fails to recognize.

It is probably not possible to set up a mechanistic
model of a purely thermodynamic system, for the
thermodynamic system knows no details, but only
pressure and volume and temperature, whereas it is
the essence of a mechanical model that it contain
details which can have no counterpart in the phys-
ical system in so far as it is purely thermodynamic.
This prepares us to recognize that the concepts of
thermodynamics have no absolute validity, but are
relative to the operations, and in particular to the
scale of the operations which we use. Thus a fluid in
turbulent motion may have a temperature from the
point of view of a thermometer with a bulb several
centimeters in diameter, but may have no tempera-
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ture from the point of view of a minute thermo-
couple such as biologists have recently used in prob-
ing the interior of single cells. Or again, the entire
body of phenomena to which the so-called third law
is applicable would immediately appear in a differ-
ent aspect and the third law would no longer be
applicable if the operation of taking atoms apart
and recombining them was added to the other per-
missible operations of a more conventional charac-
ter. In recent papers Dr. David Watson has dis-
cussed some of the consequences of a recognition of
some of the other relativistic characteristics of the
entropy concept.

There seem to be two diametrically opposite and
equally natural reactions to an appreciation of this
situation. The first reaction is that of the younger
generation, part of which, at least, expects to dis-
cover some day in the realm of microscopic opera-
tions the possibility of a profitable entropy boot-
legging business, and there is, secondly, the reaction
of the other school, which is convinced that the
second law involves something absolutely funda-
mental, and that any formulation in terms involving
relative magnitudes or permissible operations can
be only an incomplete formulation.

In the endeavor of the second school to find a
more fundamental formulation it is natural to at-
tempt to capitalize the striking success that the
statistical point of view has already had in dealing
with the phenomena of fluctuations. One recent and
well-known attempt in this direction is that of Ed-
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dington to appraise the second law in terms of what
is essentially a shuffling process. Eddington sees in
the universal tendency for entropy to increase, or
for a system to pass from a less to a more probable
configuration, the analogue of what happens when a
pack of cards is shuffled. Now although there may be
strong points of analogy between these two proc-
esses, it seems to me that there are also essential
differences, and that the analogy on the whole is not
a happy one. Shuffling acquires meaning only when
we are able to apprehend the cards as individuals
by marking them so that we can identify them as
individuals, but in such a way that there shall be
absolutely no effect on the shuffling process. The
picture that Eddington had in mind was a pack of
cards freshly received from the manufacturer, ar-
ranged in suits and by rank in the suits, and then
shuffled and losing all trace of its original arrange-
ment. But as G. N. Lewis has remarked, the arrange-
ment of the cards in suits is one of entirely arbitrary
significance; from the point of view of some other
game than whist the initial arrangement was already
a completely shuffled arrangement as well as all the
subsequent ones. Or we may look at it in another
way. Imagine an infinite sequence of deals, the
cards being partially shuffled between each deal, and
suppose that a complete record is kept of all the
hands. Somewhere in this sequence there will be
deals in which the cards are distributed among the
hands by suit and the arrangement in each hand is
by rank. If one examines the record it will be found
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that as one proceeds away from the exceptional deal,
both forward and backward in the sequence, all
trace of the regular arrangement becomes obliter-
ated. That is, shuffling with respect to any config-
uration selected arbitrarily as of special signifi-
cance is symmetrical with respect to past and future
time, and the analogy with the thermodynamic situ-
ation disappears. There are other difficulties with
the shuffling point of view. We have seen that shuffl-
ing has meaning only when the cards can be iden-
tified as individuals. But if the cards can be handled
as individuals, they can be unshuffled, as any whist
player will demonstrate to you within five seconds
of picking up his hand. To see in the shuffling proc-
ess something analogous to the inexorableness of the
increase of entropy in nature involves the thesis
that, although it may be possible to identify the
elements in a physical situation, there is some re-
striction in nature which prevents us from treating
these elements separately and sorting them out.
This, it seems to me, is a hard doctrine. There is no
suggestion of such a state of affairs in any picture
offered by the classical mechanics and classical me-
chanics was all that Eddington had in mind. Until
the reason is elucidated for this surprising inability
of ours to handle what we can see, I believe that the
shuffling analogy must be judged only to obscure
the situation rather than to clarify it. :
At first glance, the possibility of understanding
the strange restriction against touching what we can

see is even more remote from the wave mechanics
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point of view than from the classical, for seeing is
now to be considered as a kind of touching, namely
touching with a photon. It may well be, however,
that we have here the key of the ultimate solution,
for it is not sufficient merely to touch, but the
touch must also control; such a kind of touch doubt-
less requires the cooperation of a grcat many pho-
tons, and thus will be less possible to attainment
than the touch by a single photon which is sufficient
for recognition. But this point of view we do not
follow further here.

Not only does Eddington see in shuffling the com-
plete analogy of the inexorable increase of entropy,
but he sees something even more fundamental,
namely an explanation of the properties of time
itself, and in particular why it is that time is unsym-
metrical and flows only forward. This he has ex-
pressed by saying that the increase of entropy of the
universe is what it is that gives direction to time’s
arrow. This conception deals with such fundamen-
tal matters and has been hailed in so many quarters
as being of such unique profundity, that we may be
pardoned for stopping for an examination of what is
involved. Eddington sees the crux of the matter in
an essential difference between the equations of
ordinary mechanics, including electrodynamics, and
thermodynamics. The equations of ordinary me-
chanics and of electrodynamics, which express what
Eddington calls primary law, are of such a character
that the differential of time may be reversed in sign
with no change in the equations, as, for example, in
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the equation for a falling body, d?s/dt*——g. It is
evident enough that the equation is unaltered if the
sign of dt is changed; the question is what is the sig-
nificance of this observation? The significance that
Eddington ascribes to it is that the equation is un-
affected by a reversal of the direction of flow of time,
which would mean that the corresponding physical
occurrence is the same whether time flows forward
or backward, and his thesis is that in general there
is nothing in ordinary mechanical occurrences to
indicate whether time is flowing forward or back-
ward. In thermodynamic systems, on the other hand,
in which entropy increases with time, time enters
the differential equation as the first derivative, so
that the direction of flow of time cannot be changed
without changing the equation. This is taken to
indicate that in a thermodynamic system time must
flow forward, while it might flow backward in a
mechanical system.

As thus expressed there seems to be considerable
vagueness about some of the ideas; this vagueness I
find in Eddington’s original formulation. Such
vagueness is natural and perhaps inevitable in a
popular exposition, but if we are to understand
from the operational point of view what is involved
here, we must try to be more precise. Careful anal-
ysis has not yielded to me more than the following as
an exact statement of what is involved. Imagine a
closed system, and an assistant with a note book in
which at a given instant of time he notes all the

data necessary to characterize completely the config-
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uration of the system. At a later instant of time he
records the corresponding data in another note
book. He then gives us the note books and we try
from a study of them to determine which set of data
was recorded at the earlier instant of time. If the
system was a thermodynamic system we can make
the decision because the entropy increases with
time, but if the system was mechanical system we
cannot decide which note book was used first, be-
cause examples could be set up for either one or the
other. Eddington expresses this difference by saying
that the direction of flow of time has no significance
in the mechanical system.

It is, of course, true that the differential equation
of the mechanical system is differently constructed
from that of the thermodynamic system, but the
significance of the difference does not need to be
formulated as does Eddington. We must in the first
place remember that the equation of the mechanical
system, for example, d*s/dt*——g, applies not only
to a single system, that is to a single falling body,
but applies as well to a family of systems. The equa-
tion has the property that, corresponding to every
specific system, with its particle at a definite point
moving with a definite velocity at a definite instant
of time, another system is possible with its particle
in the same position at the same instant, but with
a negative velocity. This is because the equation is
of the second order, and gives on integration two
constants, which may be so adjusted as to give any
position and any velocity at any instant of time.
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Imagine the second system set up; as time goes on it
will trace out in reverse sequence the positions of
the first system, as may be seen from the equation
itself, which may be written
d*s dv d(—v)
e dt  d(—t) &

It is this fact which makes it impossible to decide, in
our example above, which note book was used first,
because there is no way of telling from the entries
alone whether they applied to the first or the second
system. But in no case is there any question of time
flowing backward, and in fact the concept of a back-
ward flow of time seems absolutely meaningless. For
how would one go to work in any concrete case to
decide whether time were flowing forward or back-
ward? If it were found that the entropy of the uni-
verse were decreasing, would one say that time was
flowing backward, or would one say that it was a
law of nature that entropy decreases with time? It
seems to me that in any operational view of the
meaning of natural concepts the notion of time must
be used as a primitive concept, which cannot be
analyzed, and which can only be accepted, so that
it is meaningless to speak of a reversal of the direc-
tion of time. I see no way of formulating the under-
lying operations without assuming as understood
the notion of earlier or later in time. *

Lewis in a recent paper The Symmetry of Time
in Physics adopts a point of view in some respects
similar to that of Eddington, although Lewis would
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certainly disclaim more than very partial agreement
with Eddington. Lewis speculates about the funda-
mental significance of the symmetry of time in phys-
ics. His point of view takes its origin from the four-
dimensional representation of events employed in
relativity theory, and the consequent reduction of
all propositions in kinematics to propositions in
four-dimensional geometry, rather than from the
form of the equations of mechanics, as in Edding-
ton’s theory. But both neglect what I believe to be
the most important aspect of the situation. Both
the equations giving the motion of the system and
the four-dimensional representation of the motion
are only a small part of the story. The equations are
without significance unless the physical operations
are also defined by which numerical values are as-
signed to the various symbols of the equations. For
instance, in treating a falling body, we need in ad-
dition to the equation itself a set of directions for
the use of the equation, in which it is set forth,
among other things, that s is the number obtained
by making with a meter stick certain manipulations
connected with an arbitrary origin and the instan-
taneous position of the falling body. Similarly in the
four-dimensional representation, we must know the
physical operations by which the numerical values
of the coordinates are obtained which go into the
four-dimensional diagram. If one examines the
operations by which meaning is given to the sym-
bols which occur in the equations or to the coor-

dinates in the geometrical representation it will be
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found that the time concept has to be assumed as
primitive and unanalyzable, for the operations es-
sentially assume that the operator understands the
meaning of later and earlier in time. For example,
in order to find the velocity of a particle, one has to
observe its position at some one instant of time and
combine with this in a prescribed way the result of
another observation at a later instant. If one does
not intuitively understand what is meant by a later
instant, there is no method of formulating the
operations. The same situation is involved in speci-
fying a thermodynamic system. One of the variables
is the temperature; it is not sufficient merely to read
at a given instant of time an instrument called a
thermometer, but there are various precautions to
be observed in the use of a thermometer, the most
important of which is that one must be sure that
the thermometer has come to equilibrium with its
surroundings and so records the true temperature.
In order to establish this, one has to observe how
the readings of the thermometer change as time
increases.

This point of view, that the schedule of opera-
tions by which the symbols acquire meaning is as
important a part of the physical situation as the
relations which are found to hold between the
symbols themselves, has an important bearing on a
very widely spread tendency in modern physics aid
science in general to see nothing as significant ex-
cept the relations, and so to reduce all science to a

kind of topology. It is this point of view that is at
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the bottom of Einstein’s philosophy when he says,
for example, that all that is observed is a series of
space-time coincidences, and which Eddington ex-
presses by saying that nature may be reduced to a
series of pointer readings. If one grants that the
ultimate object of physics is to establish a certain
sort of relation between us and the world of our
senses, to speak with a certain monstrous naiveté, I
do not see how it is possible to discard as irrelevant
the fact, for example, that the fourth coordinate in
the four-dimensional geometry of relativity has to
be obtained by an entirely different sort of opera-
tion from the other three coordinates, or to regard
the entire situation as exhaustively characterized by
the relations between the numbers, irrespective of
how they are obtained.

We return now to a further consideration of our
statistical model and the methods by which we shall
establish a correspondence between its properties
and those of the physical system. Hitherto we have
been gratifyingly successful; events in the model of
overwhelmingly high probability correspond to in-
variable happenings in the physical system, and less
common events in the model, such as fluctuation
phenomena, are found to be prophetic of a previ-
ously unsuspected new domain of physical effects,
typified by the Brownian motion. Encouraged by
this success, it is natural to think that we have got
hold of something real, whatever that may mean,
and to push our scheme of correlation to the logical

limit, and say that all the excessively rare events
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corresponding to low probabilities in the statistical
model are correlated with corresponding rare events
in the physical system. Now it is a consequence of
the fundamental assumptions which have gone into
the usual statistical model, namely that all elemen-
tary configurations are entirely independent of each
other, so that the probability of any configuration is
to be calculated by purely combinatorial methods
from the relative number of ways in which the con-
figuration can be realized, that there is some chance
of the occurrence of any configuration, no matter
how unusual its properties. This would mean that
in the corresponding physical system any configura-
tion whatever, compatible with the fixed conditions,
would occur occasionally, as, for example, the gas
in a box will occasionally automatically all collect
itself into one end. This conclusion is indeed taken
literally by many experts in statistical mechanics,
and in the literature statements are not uncommon,
such, for example, as that of Bertrand Russell in a
recent magazine article that if we put a pail of water
on the fire and watch it for an indefinite time, we
shall eventually be rewarded by seeing it freeze. It
seems to me that there are a couple of objections
that can be made to the conventional treatment of
rare occurrences, which I shall now examine.

The first difficulty is with the technical method
of calculating the chances of observing a rare don-
figuration, and is concerned only with the model
. itself, and not with the physical application of the
results of the calculations. In computing the chance
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of any configuration, it is always assumed that the
elements of the statistical model are without influ-
ence on each other, so that the chance of a given
configuration is given merely by enumerating the
number of complexions corresponding to the given
configuration. For example, in the kinetic theory of
gases it is assumed that the location of any molecule
and its velocity is, except for the restriction on the
total energy and the total volume, independent of
the location or the velocity of any or all of the other
molecules. It may be proper enough to postulate
this for the model, but we know that it cannot
rigorously correspond to the physical system, for the
molecules of a gas do interact with each other, as
shown by the mere fact that they conserve their total
energy, and the transmission of energy from one
molecule to another takes place only at a finite rate,
so that if, for example, at one instant all the velocity
were in a single molecule, we would find that
immediately afterward only molecules in the im-
mediate vicinity had any velocity. This means that
the assumption of complete independence must be
recognized to be only an approximation, and some
way of handling this approximation must be de-
vised. The method usually adopted is to cast the
problem in the form of inquiring how many obser-
vations must be made in order that the chance of
observing the desired rare configuration may be
one-half, for example, choosing the time between
observations so long that at each observation all

appreciable trace of the previous configuration shall
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have been obliterated, so that the assumption of
independence may apply. The point now is this: the
time that one has to wait for the probable obliter-
ation of all traces of a previous configuration be-
comes longer the rarer the previous configuration;
obviously it takes longer for a gas to efface all trace
of having been all concentrated in one-half of its
available volume than to efface the traces of a small
local concentration. The situation is, therefore, that
not only must we make an increasingly large num-
ber of observations in order to hope to witness a
rare configuration, but the interval between our ob-
servations must also get longer. It is merely the first
factor which is usually considered; when both fac-
tors are considered it is not at all obvious that the
process is even convergent. This point should be
subjected to further examination.

There is another difficulty connected with the
mere calculation of the probability of rare occur-
rences presented by quantum theory. All classical
calculations assume that the molecules have iden-
tity. But the uncertainty principle sets a limit to the
physical meaning of identity. It is not possible to
observe the position and velocity of any molecule
with unlimited precision, but there is a mutual re-
striction. After an observation has been made, the
domain of uncertainty in which the molecule is
located expands as time goes on. If the domains,of
uncertainty of two molecules overlap, then the iden-
tity of the molecules is lost, and a subsequent obser-
‘vation will not be competent to decide which mole-
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cule is which. The only way of maintaining the
identity of the molecules is by making observations
at intervals so frequent that the domains of uncer-
tainty have not had time to overlap. But this time
is obviously much shorter than the time between
observations demanded by the requirement that. all
trace of the previous configuration shall have been
wiped out. Furthermore, the act of observation, by
which the concept of identity acquires mecaning,
alters in an uncontrollable and unpredictable man-
ner the motion of the molecules, whereas the statis-
tical treatment requires that the molecules be undis-
turbed between successive observations. It seems,
therefore, that the physical properties of actual mol-
ecules as suggested by quantum theory are different
from those of the molecules of the model, and this
would seem to demand at least designing new meth-
ods of calculating the chances of rare occurrences.

Apart from these objections, which may be met by
the discovery of new theoretical methods of attack,
it seems to me that the most serious difficulty with
this question of rare states is met in the process of
transferring to any actual physical system conclu-
sions based on a study of the corresponding model.
Suppose, for example, that we are discussing the
problem of the tossing of some particular coin. If
the coin is a fair coin, that is, if the chances of heads
and tails are even, then our statistical model consists
merely of a sequence of one or the other of two
events, each of which is as likely to occur at any
time as the other, absolutely independently of what
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may have happened elsewhere in the sequence. The
theoretical discussion of this model is very easy, and
we are convinced that conclusions drawn from a
discussion of the model will apply to the tossing of
the coin, always provided that the coin is a fair coin.
As a particular problem we may consider the chance
of throwing heads ten consecutive times. The chance
of this is (1/2)'°, or 1/1024, which means that in
every 1,000 consecutive throws the chances will be
roughly even that there will be somewhere a se-
quence of 10 heads.* But 1,000 throws are a good
many, and it may be that we have never made so
many throws, and are content merely to make the
prediction that if some one else should make so
many throws it would be found to be as we say. But
suppose that some one questions the fairness of the
coin, and says that he has reason to think that there
is a bias of 109, in favor of throwing tails, so that
the chance of a head at a single throw is only 0.45
instead of 0.50. We find now on making the calcu-
lation that we shall have to make roughly 10,000
throws in order to have an even chance of getting
a sequence of 10 heads; and, in general, that slight
imperfections in the fairness of the coin make very
large differences in the chance of rare occurrences.
In view of this, we feel that it behooves us to make
some objective test of the fairness of the coin before
we venture to publish our prediction that we ‘are

* I am much indebted to Mr. H. M. James for a rigorous solution
of the interesting problem involved here. He finds that between 1422
and 1423 throws are necessary for a 0.5 chance of ten or more consec-
utive heads.
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likely to get a sequence of 10 heads in 1,000 throws.
We make the most direct test possible by appealing
to the fundamental definition of fairness, which is
that in a large number of throws the ratio of the
number of heads to tails tends to equality. But how
many throws are necessary to establish such an
equality with satisfactory assurance! There is an-
other theorem here, namely that in n throws the
chances are even that we shall have an excess either
of heads over tails or of tails over heads of 0.6745
n'/2. Neglecting the numerical factor for our rough
purposes, this means that if we make a hundred
throws the chances are nearly even that the num-
ber of heads is somewhere between 46 and 54.
To establish the fairness of the coin we would have
to make a considerable number of 100 throws at a
time and observe whether or not the number of
heads clusters between 46 and 54. If, on the other
hand, there is a 109, bias in favor of tails, the num-
ber of heads will cluster between 40 and 50. The
precise number of sequences of 100 throws at a time
necessary to convince us that there is no 109, bias
in favor of tails obeys no definite criterion, but it is
certainly of the order of ten or more, which makes
1,000 or more throws altogether. But this was the
number of throws necessary to obtain one of the
rare sequences of 10 heads.

The conclusion from all this is plain; in order to
establish with sufficient probability that the actual
physical system has those properties which are as-
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sumed in estimating the frequency of rare occur-
rences it is necessary to make a number of observa-
tions so great that the probability is good that the
rare occurrence has already been observed. In other
words, purely logical statistical considerations never
can justify us in predicting events so rare that they
have never yet been observed. A pail of water has
never been observed to freeze on the fire; statistical
considerations give us no warrant whatever for ex-
pecting that it ever will. Such predictions can be
made only on the basis of considerations other than
statistical. Thus in the case of the coin, an exact
measurement of its dimensions and of the degree
of homogeneity of its metal might convince us that
the chances of heads and tails were even, because
of our knowledge of the laws of mechanics. But
when we come to the molecules of a gas or the ele-
ments of other physical systems to which the statis-
tical method of treatment is usually applied, we see
that there is no method of independently handling
the elements, so that the statistical method of testing
the validity of our assumptions is the only possible
one. This is a most natural situation, because if we
were capable of dealing with the elements of the
physical system as individuals we could apply more
powerful methods than the statistical. Incidentally
we may remark how very insensitive the statistical
method is in studying elemental properties; this is
shown by the example of the coin above, where we
had to make something of the order of 1,000 throws
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to establish an asymmetry of 10%. In many cases,
however, the statistical method is doubtless the ulti-
mate and the only method.

Another of the applications of statistical ideas in
which there has always been much interest, and
especially lately, is to the problem of the ultimate
fate of the universe. It is a very common opinion
that the second law, in its original classical form,
demands the ultimate heat death of the universe,
because of the inexorable increase of entropy to a
final maximum, when all temperature differences
shall have been wiped out. The chief mechanism in
the ultimate equalization of temperature is obvi-
ously the radiation that is continually emitted by
the stars. The human mind has, however, shown it-
self curiously unwilling to accept the prospect of a
heat death, and there have been a number of at-
tempts to avoid such an unwelcome conclusion. At
least two of these, somewhat similar to each other,
are based on the statistical interpretation of the
second law. The first of these utilizes the theorem
that in a closed mechanical system any configura-
tion, once experienced, is bound to recur after the
lapse of sufficient time. According to this view, the
universe endlessly goes through cycles of repetition,
the so-called Poincaré-Zermelo cycle, of prodigious
but calculable duration. The obvious objection to
this picture is that in order to realize a Poincaré-
Zermelo cycle the laws of classical mechanics would
have to be satisfied with an exactness quite fantastic,
hopelessly beyond the possibility of direct or indi-
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rect verification. The second attempt to make statis-
tics avoid the heat death rests on the theorem that a
statistical assembly is never in complete equilibri-
um, but is always subject to fluctuations, and these
fluctuations may attain any intensity if we only wait
long enough. The present state of the universe is
then to be regarded only as a fluctuation, with the
possibility that similar fluctuations may recur in the
future. The difficulty with this point of view is the
excessive rareness of the sort of fluctuation corre-
sponding to the present state of the universe com-
pared with the approximate dead level of the heat
death. The previous considerations apply; this is one
of those configurations so rare that one has no right
to predict its occurrence unless it has been previ-
ously observed. One might predict from purely
statistical considerations the occurrence of such a
fluctuation in the future if one were sure that one
were observing such a fluctuation now. But where
is the evidence for this? According to the astron-
omers the fluctuation has been taking the last 10,
or perhaps now 101, years or so to smooth itself out
to its still considerable roughness, and there is cer-
tainly no evidence that before 10® years ago the
entropy was decreasing instead of increasing.
There are other objections to an application of
the second law to the entire universe. The original
formulation of the second law was, of course, re-
stricted to isolated systems. By what logical right
can the argument be extended to the entire uni-
verse? A natural reply is that relativity theory seems
1717
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to demand that the universe is finite, so that the
whole universe becomes the sort of isolated system
demanded by the classical formulation. But I be-
lieve that examination will nevertheless show a very
important difference between the smaller and the
all-embracing closed system. Statistical mechanics,
if it is to avoid the difficulties already discussed
when applied to any individual physical situation,
must make the assumption of molecular chaos. But
what in the physical situation gives rise to molecular
chaos? If we imagine a gas, for example, in a per-
fectly reflecting enclosure, and suppose that the
molecules are perfectly elastic spheres, then, accord-
ing to the classical picture, every collision takes
place under perfectly definite conditions, so that a
mathematician of sufficient power could compute
backward from the present configuration to the con-
figuration at any past time, as, for example, when a
partition might have been removed from the middle
of the compartment. This sort of condition certainly
cannot be described as molecular chaos. But the
walls are molecular in structure, so that the reflec-
tion of the individual gas molecules follows no de-
finite rule. If we regard the molecules in the wall as
part of the external universe, and if there is no co-
ordination between the motion of the molecules of
the wall and what is taking place in the gas because
of the enormous magnitude of the external universe
compared with the gas inside, then a physical reason
justifying the assumption of molecular chaos is at
once apparent. When the entire universe is consid-
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ered there can be no such justification as this for
assuming molecular chaos, but the whole course of
events must, from the classical point of view, run a
rigorously deterministic course, to which statistical
considerations do not apply. It may be objected to
this argument that a gas in contact with its walls in
the way described above is not an isolated system.
It is, of course, not completely isolated, but it is
nevertheless as far as the thermodynamic require-
ments go, which are concerned only with transfers
of energy and of heat from the outside. Complete
isolation would seem to be incompatible with mole-
cular chaos.

It was intimated at the beginning of this discus-
sion that the heat death is supposed to be a conse-
quence of the second law, and that the continuous
enormous radiation into empty space of the stars is
the most striking manifestation of this tendency.
This point of view sees in the emission of every
photon by a star part of the inexorable increase of
entropy. I believe, however, that this is fallacious,
that the relations are different, and that the heat
death with which we are confronted as a conse-
quence of continued radiation is an affair of the
first law, not of the second, and will take place when
all the energy of the universe has been radiated
away, not merely when the energy is uniformly dis-
tributed. Elementary considerations justify this con*
tention. Consider a body radiating into empty space.
It is continually dropping in temperature and losing
in energy. The emission of radiation therefore de-
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creases the entropy of the radiating body. Consider
next a body in thermal equilibrium with its sur-
roundings; since it is in equilibrium its entropy is
constant, and furthermore it absorbs as much radia-
tion as it emits. Absorption of radiation, therefore,
increases the entropy of the absorbing body. This is
sufficient to give a straightforward account of en-
tropy changes in radiation problems. Consider two
bodies confronting each other in a cavity at constant
temperature. A photon leaves one of the bodies,
decreasing the entropy of that body. During the pas-
sage of the photon across the space separating the
two bodies the entropy is to be thought of as asso-
ciated with the photon and residing somewhere in
the intermediate space. When the second body ab-
sorbs the radiation, the photon with its entropy
disappears from the empty space and increases the
entropy of the absorbing body. At all stages of the
process the entropy of the entire system is un-
changed. But now suppose that one body radiates to
another at lower temperature. This process is irre-
versible and is accompanied by an increase of en-
tropy. The first two steps of the process, emission of
the photon and passage across the intermediate
space, are the same as before, and are therefore
accompanied by no net change of entropy. It is
only the last stage of the process, absorption by the
body at lower temperature, that can give the un-
compensated increase of entropy. The mechanism
of this increase is to be found in a diffusion of the

energy of the photon into the greater number of
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degrees of freedom corresponding to the lower tem-
perature. Actually, this argument is over-simplified
and must be modified by a consideration of the dis-
tribution of the photons through the spectrum, but
the details of this point of view need not concern
us further. The immediate point for us is that emis-
sion of radiation into empty space is not an entropy-
changing process; the increase of entropy can occur,
if it occurs at all, only during the act of absorption.
But what physical evidence have we of the absorp-
tion of the light radiated by the stars? To save the
situation we must postulate absorption under com-
pletely unknown conditions. But is the assumption
of such unknown conditions in regions so terribly
far beyond access to us in order to save the second
law any easier as an intellectual feat than the as-
sumption of other unknown conditions which would
defeat the second law? Are we not completely in the
dark here, and had we not better admit it?
Finally, I briefly summarize what I believe to be
the principal results of this analysis and indicate the
possible lines of future progress. The most impor-
tant result will be, I hope, a keen realization that in
using statistics we are only using a paper and pencil
~model, which has logical difficulties within itself
and difficulties of application to concrete physical
situations which are very much greater than the cor-
responding difficulties with more ordinary sorts of
model. Some of these difficulties I believe can never
be surmounted, so that the statistical model can

never be satisfactorily used by extrapolation either
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into remote epochs of time, to predict rare events,
or into remote reaches of space, to give us an idea
of the course of universal evolution. Our model has
not given us a satisfactory answer to our initial ques-
tion as to the possibility of commercially profitable
violations of the second law. The answer to this
question will probably be found when the wave
mechanics point of view has been completely worked
out. Some of the other logical difficulties of the
classical statistics, I believe, will also be surmounted
by the adoption of the wave mechanics point of
view, which assumes probability to be a primitive
property of the elements of the model, rather than
an emergent property resulting from the coopera-
tion of great numbers. Before, however, the wave
mechanics thesis of the primitive character of the
notion of probability can be accepted, much more
experimental work is necessary. If the thesis is sup-
ported, as seems probable from the evidence now at
hand, this will constitute to a certain extent a defeat
of the purpose of the classical statistics, which was
to explain why many physical assemblages of large
numbers of elements obey the rules of probability.
But even granted that the primitive character of
the notions of probability acquires an experimental
verification, it seems to me that some of the logical
difficulties will persist, justifying a doubt as to the
possibility of ever setting up a logically completely
satisfying correspondence between our models and
our experience.
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THE TIME SCALE*
The Concept of Time

THE concerr oF TIME which I shall talk about is
not the profound and sometimes poetic concept of
the philosopher, but the prosaic concept of the
physicist. I hope it will not be presuming too much
to assume that this is also the concept of the astron-
omer, for I suppose that most of us will agree that
the astronomer is a sort of physicist—whether a
super- or a sub-physicist I shall not attempt to dis-
cuss.

As you all know the physicist has discovered
recently that he must demand as essential in all con-
cepts which can be useful to him a certain funda-
mental quality which I have ventured to call “oper-
ational”. That is, the meaning of any concept is to
be sought in the operations, whether physical or
mental, which are performed in making applica-
tion of the concept. This point of view received its
first and perhaps most important application by

Einstein in his analysis of the concept of simulta-

*From The Scientific Monthly, August, 1932. Paper given at a sym-
posium at the Harvard Observatory on the occasion of the dedication
of the Astrophotographic Building, March 23, 1932.
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neity, and has by now become fundamental in wave
mechanics as expounded by Bohr, Heisenberg, and
Dirac.

Applying the operational criterion to time, the
meaning of the concept of time, as it is employed
by physicists and astronomers, is to be sought in the
operations by which the time at which events occur
is determined. The methods which we adopt for as-
signing a time to events change when the character
of the events changes, so that time may appear in
various guises. The simplest events to deal with are
those taking place here and now. The time which
we assign to such events may be called, following the
theory of relativity, the “local time”. One aspect of
such local time is of such irreducible simplicity that
no way has yet been found which does not treat it
as unanalyzable; this of course is not a reproach
because unanalyzables must always terminate any
logical analysis. The aspect to which I refer is that
of simultaneity—we assume that we can tell intui-
tively when two events in our immediate vicinity
occur simultaneously. The concept of the simulta-
neity of two events occurring at a distance from each
other is much more complicated, and it was Ein-
stein’s analysis of this which was mainly responsible
for the special theory of relativity. But the simul-
taneity concept is not enough even for local time;
in addition we must have some method of measur-
ing local time, that is, some method of assigning
numbers as the time of local events. An instrument

by which such numbers are assigned is called a
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clock, but if any one should ask me for directions
for constructing a clock or for specifications by
which he could determine whether an instrument
which purported to be a clock was actually one or
not, I could not give him a satisfactory answer. In
fact, here at the very root of one of our most funda-
mental concepts is a surprising deficiency—no satis-
factory definition has yet been given of a clock. The
best that we can do is to point to actual mechanical
systems which we choose to call clocks, and you are
of course proudly conscious that the clocks par ex-
cellence are afforded by the bodies of astronomy.
Distant events, of which knowledge can be ob-
tained only by light signals, must have time assigned
to them by more complicated operations than those
which suffice for the local system, and this means
that in our thought the time of distant events must
be distinguished from the time of local events; we
may distinguish by calling the time of distant events
“extended” time in contrast to the “local” time of
near-by events. The astronomer is obviously dealing
almost entirely with extended time. It is neverthe-
less true, I believe, that nearly all astronomers think
of the extended time of distant events in terms of
the connotations of the local time of their own per-
sonal experience. For example, it is quite usual for
an astronomer to speak of the “age” of a light beam,
and he sometimes seems to get a particular sort of
kick from the realization that the light which he
receives to-day from the most distant nebula may be
of the order of 100 million years old. On reflection
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it is obvious enough that the “old” as applied to a
light beam has entirely different connotations from
the “old” which may describe a hat or even a fossil
at the bottom of the Grand Canyon. We have in the
first place the dictum of relativity that the beam of
light itself does not grow old or that if you or I
could accompany the light beam on its travels we
also would not notice the passage of time, but would
live throught the entire 100 million years with no
change in any of our bodily functions, and without
the need of even a single meal. What we mean when
we say that the light beam is one hundred million
years old is that it left the nebula one hundred mil-
lion years ago, and what we mean by this again
requires the most careful analysis. To give this
meaning we must assign a distance to the nebula,
and obtain the time by dividing the distance by the
velocity of light. But to get the distance is not at all
straightforward, and involves all sorts of assump-
tions and approximate reasonings by analogy, which
leave an enormous possibility for error in the
final result. It is popularly supposed that astronomy
1s a science of fabulous accuracy, but the accuracy is
all of a special kind, namely, accuracy of angular
position, whereas most distances are not at all well
known, for even the most accurate may be uncer-
tain by something of the order of one part in 10,-
000. It is evident, therefore, that the connotations
in saying that a beam of light left a nebula one hun-
dred million years ago are so different from the con-

notations involved in the time back to remote events
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on this earth as to make it an almost different con-
cept.

It is also not unheard of to allow oneself to won-
der what may be happening on some distant star
“now”. To give meaning to this question there must
be some way of answering it. Even in thought the
only way for me to find what is happening “now”
in the distant nebula is to send a wireless message
to my confederate in the nebula, who will receive
it after a hundred million years, and then must con-
sult what may be his equivalent for the library of
the British Museum, where he will almost certainly
find only the sketchiest sort of record of what was
happening one hundred million years ago. He will
then wireless the message to me, who will receive
the reply at the advanced age of two hundred mil-
lion years, and the reply will probably be nothing
more specific than the statement that during the
10,000 years centering around the day on which I
made my original inquiry a certain kind of rock
was being laid down. The connotation of the “now”
in distant places is obviously so different from that
of ordinary experience as to make this a different
concept.

We have so far assumed that there is no difficulty
with the concept of remotely distant time in the
local frame of reference. By this I suppose we mean
that some method exists by which we can satisfao-
torily assign dates to local events in the remote past.
There is, however, a very important limitation on
the meaning that can be assigned to remote time
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imposed by the Heisenberg uncertainty principle.
Position and velocity can not both be measured
with unlimited precision, but there is mutual re-
striction. If I make any sort of a determination of
the position of an object. I thereby introduce an
uncertainty into its velocity. But if the position of
the body in past time is to be found. I must know its
velocity, so that any uncertainty in its present veloc-
ity involves an uncertainty in its past position. It
is obvious, I think, that the further back in time we
go, the greater becomes the uncertainty in position.
If we go back far enough the position becomes so
blurred as to make our original object indistin-
guishable from others, and the past becomes radi-
cally different from the present in that the identity
concept disappears. In the same way, the future
becomes more and more blurred the further ahead
we try to predict, until all details are lost. It is not
hard to calculate that after a lapse of something
like 10 years the identity of any two originally
distinct stars would be entirely confused, so that one
must not try to peer as far as this into the future.
It is not uncommon, however, to speculate about
intervals of time in connection with a possible
Poincaré-Zermelo cycle of the whole universe in
comparison with which 10 years is the mere draw-
ing of a breath.

Not only does the astronomer deal with long
intervals of time in the past in thinking about the
time of dispatch of light signals which are now
arriving at the earth, but he deals with enormously
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greater intervals of both past and future time in
tracing backward or forward the course of stellar
evolution in his search for the origin or ultimate
destiny of the stellar universe as we know it. It is
here, and in a degree characteristically peculiar to
astronomy, that the greatest assumptions have to be
made, and it seems to me that there is also the
greatest need for perpetual vigilance and the most
vivid consciousness of exactly what we are doing.
Any reconstruction of the past or extrapolation into
the future from observations of present configura-
tions can be made only by assuming certain laws
governing the motions. Thus we assume the conser-
vation of linear momentum or the conservation of
angular momentum, or the conservation of energy,
or, if we seek for special refinement, we assume the
generalized equations of relativity. But these laws
themselves are generalizations from past experience,
and are affected with all the uncertainty pertaining
to any result of experience. To the untutored critic
it must appear a trifle rash to venture to peer 10'°
years back into the past or eéven greater distances
into the future on the basis of laws verified by not
more than 300 years’ observation. The only justifi-
cation for such hair-raising extrapolations is to be
found in the tacit assumption of some system of
metaphysics; we are convinced that nature obeys
mathematically exact rules, and that we have found
some of them. The reason we are convinced that we
have found them is that our metaphysics persuades
us that nature has a taste for the law of the inverse
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square or for some other rule which our gray matter
finds it comparatively easy to formulate. The meta-
physical conviction that we have penetrated the
arcana of nature is particularly strong in the adher-
ents of generalized relativity, who are so convinced
of the inevitableness of their philosophy that they
are persuaded that even the stars in their courses
must recognize the cogency of the argument. There
has been no more surprising spectacle afforded by
science for many a year than that of the two leading
British astronomers lying down together like the
lion and the lamb, giving up their most cherished
and potent arguments of a few moments before, and
joyfully accepting a reduction of a million fold in
the time scale of the universe on the basis of a meta-
physics and three not too certain checks with exper-
iment. Surely there are plenty of unexplained
phenomena to disturb so easy a complacency—the
cosmic rays, which were discovered only yesterday,
are becoming less well understood with every fresh
investigation, the raison d’étre of the heavy stars is
at least obscure, the whole theory of stellar structure
seems alarmingly chaotic to an ignorant physicist,
and to-day on the front page of the papers is the
“neutron”, which certainly carries the potentiality
of a certain amount of reconstruction.

Destructive criticism is always easy, and I am
afraid that I am even more blameworthy than the
ordinary destructive critic. I have nothing else to
suggest, and I am sure that I would have been over-

come with pride if I had had the ability to construct
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any one of the important modern theories. But I
hope that I should not have taken what I might have
done too seriously; that I would have recognized
that I was merely carrying through to their logical
conclusion certain consequences of formulations
which I had found it convenient to make in getting
into touch with the external world, and that I would
have recognized, therefore, that I was to a certain
extent only playing an absorbing mental game with
myself. I hope that I should have been on the ever-
lasting lookout to recognize that all my laws were
probably inexact, and that I should have certainly
been trying to make new experiments and better
observations to get a little closer to things as they
are, as I am sure all the astronomers here are doing
already.
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ON THE NATURE AND THE LIMITA-
TIONS OF COSMICAL INQUIRIES*

EARLY cOsMOGONIES WERE almost entirely fanciful
in character and were often largely of emotional or
religious import. Only within the last few hundred
years have we been able to produce cosmogonies
with truly scientific pretensions. In the last two
decades activity has increased markedly, beginning
perhaps with the generalized theory of relativity of
Einstein, followed by the work of Eddington, Jeans
and Milne on the structure of the stars, and more
recently by the theory of the expanding universe of
Lemaitre and the speculations of Tolman on cos-
mical thermodynamics. As in physics, probably the
chief stimulus to recent activity is to be sought in
our rapidly expanding experimental knowledge. It
is obvious, however, that there are certain perma-
nent limitations on the possible observational mate-
rial provided by astronomy; we shall never be able
to get into the inside of the stars, for example, or to

go back a million years in time. Corresponding to
*From The Scientific Monthly, 37, 385, 1933.
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these observational characteristics, there must there-
fore be certain essential differences between the
nature of the structure that we can erect on these
observations and other observational disciplines,
such as physics, where the observational control is
much more far reaching and intimate. In the fol-
lowing I shall attempt to give some analysis of the
nature of the structure that can be erected on the
observational material of astronomy. I shall seek to
find the nature of the structure in terms of “opera-
tions”; our study will involve an examination of the
nature of the observational material, of the methods
used in interpreting this material, and of the meth-
ods by which we may check the validity of any
solutions that we may find.

The observational material is subject to one
obvious and essential limitation in that it is almost
entirely optical in character. The only exception
consists in the examination of actual celestial mate-
rial which reaches the surface of the earth in the
form of meteorites. Knowledge of this sort is at
present very scanty, although it is daily becoming
more important; it will always, however, be subject
to obvious vital limitations due to the small size
of any such meteoric material with which we can
deal. The optical material consists, in the first place,
of observations of the direction of the heavenly
bodies; secondly, of the intensity of the total radia-
tion from each individual object; thirdly, of’the
spectral characteristics of this radiation; and finally,
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in a few cases, of interference or other phenomena
involving differences in the character of the radia-
tion from different parts of the same object.
Measurements of direction are of high precision,
down to a small fraction of a second of arc. This is
sufficient, by the method of parallax, to give fairly
good information about the distances of the nearer
objects. No measurement of astronomical distance,
however, has an accuracy of much more than 0.1
per cent. Beyond the range of parallax, observation
gives merely a projection in two dimensions of
position, and distance has to be estimated by indi-
rect methods involving extrapolations of observa-
tions made in the parallax zone, where it is possible
to test the legitimacy of the method. Perhaps the
most important of these methods is the estimate of
the distance of the Cepheid variables in terms of an
empirical connection between the size and the
period established in the zone of parallax. This
method is used by very wide extrapolation. Any
such extrapolation must be prepared to defend it-
self against the criticism that there may be system-
atic changes at great distances in the connection
between period and size. Such a defense is impos-
sible until we have more exact knowledge than at
present of the mechanism responsible for the varia-
tion of the Cepheids, and in any event a defense
would always be impossible against the suggestion
of the existence of effects at present unknown. We
have to make our extrapolation as we do because in
our ignorance we are powerless to suggest any plau-
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sible way in which the observed connection between
size and period might be different.

The astronomer is forced to go even further
than this, however. Much observation has developed
in him certain ‘“hunches”. For instance, if he sees
projected on the celestial sphere a large number of
stars, far beyond the parallax distance, all grouped
within a small disk, such as would be the case if he
were observing a globular cluster, he will reverse
the argument and say that the observed stars are
actually grouped together in space into a globular
cluster. Further, if he is fortunate enough to find
within the group Cepheid variables, he will fix the
distance of the whole group by the extrapolated dis-
tance of these variables. If the distances of all the
Cepheids turn out to be nearly the same, the
assumption of an actual globular cluster is felt to
have a high degree of “probability”.

By hook or by crook, therefore, the astronomer is
able to assign distances to a large part of his observed
objects; the confidence which he feels in these dis-
tances decreases as the absolute value of the distance
increases.

The distribution of light in the spectrum of each
star gives information about the mean temperature
of the effective radiating surface and the chemical
composition of this surface. Inference as to these
quantities is made in large part on the basis of
laboratory measurements, but also, especially as to
the effective temperatures, on the basis of theory by
which the effects of temperature and pressure on the
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dissociation of the elements may be extrapolated to
temperatures and pressures beyond experimental
reach. The theory involves quantum mechanics and
thermodynamics, and we are fairly well satisfied
with it, for the extrapolations are not particularly
large as such things go. The inferences about the
chemical composition are also satisfactory; in fact
I think any astronomer or physicist would regard
this as perhaps the most satisfactory part of our in-
formation. But even here, the assumption has to be
made that the laws which we find in our laboratory
experiments are not essentially modified under the
extremely different stellar conditions, and I suppose
it would be impossible to give a thoroughly logical
answer to a carping critic who wanted to insist that
this is really only an assumption and might not be
legitimate. The carping critic will, however, find it
impossible to convince a physicist that 5,000 spec-
trum lines, all in approximately the same position,
do not mean the same element, iron, in the star that
they do on the earth. The argument again here rests
on considerations of probability, which appeal to
every one with scientific experience, but which
nevertheless involve vague and imperfectly under-
stood ideas which have so far eluded precise formu-
lation.

The optical data sometimes permit estimates of
the angular diameter of the star by interference
methods, but the estimate of size is usually more
indirect, involving the assumption of the univer-
sality of various empirical relations which are cap-
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able of direct verification in only a few favorable
cases. At any rate, whatever the details of the
method, the astronomer has estimates of the size of
a large number of the stars, of precision much less
than the precision of the best distances.

The mass of a star may be determined if we are
fortunate enough to be dealing with a star which
constitutes one member of a binary, the period and
the separation of which may be observed. The mass
of a large number of stars has been determined in
this way. In calculating the mass from these data the
inverse square law of gravitation has to be assumed,
with the same constants as observed in the solar
system, and again there is no defense against the
criticism of possible changes in the law of gravita-
tion at great distances or in remote epochs of time.

Finally, observations of position at different times
are accurate enough to give the apparent motions of
a number of celestial objects; these combined with
distance give the velocity in space perpendicular to
the line of sight. Spectroscopic observations of the
Doppler effect give the radial components of veloc-
ity, assuming that we know how to separate the
Doppler effect from other effects giving rise to spec-
tral shifts. Altogether, there is a rather large amount
of material permitting us to give motions in space
of varying degrees of accuracy.

Besides the characteristics of the data of astronomy
already discussed, there is one other very essential
characteristic, in that it is all ‘“‘observational” in the
narrower sense. We have to take what we find,
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without the possibility of studying what happens
when we vary the conditions, which constitutes such
a powerful method in physics and chemistry. Astron-
omy is the observational science par excellence;
geology is much like it but with growing possibil-
ities of experimental control afforded by geophysics,
and perhaps we may next place biology, until
recently an observational science, but becoming
rapidly completely experimental.

Such is the nature of the observational material
and the inferences it allows as to distances, sizes,
motions, compositions and physical state. Our prob-
lem is now to organize this material and bring it
into coordination with other branches of knowledge
in such a way that we feel that we understand the
resulting structure. This we may perhaps define as
the problem of cosmogony in the broadest sense. In
the working out of the problem we may perhaps
recognize two main aspects. There is in the first
place the problem of inferring from our observa-
tional material what the present complete structure
of the universe is; this involves, for example, deter-
mining the nature of the inside of a star, and in gen-
eral inferring the unobservable parts from what we
observe. Then in the second place there is the prob-
lem of extrapolating our observations backward and
forward in time in order that we may get some idea
of where our universe came from and what is its
future. This latter is by many regarded as the most
interesting task of cosmogony. This extrapolation
forward and backward should, if the present config-
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uration is completely known, be capable of unique
performance, so that we should be able to obtain a
unique answer to our questions about past and
future. But in view of the extreme incompleteness
of our understanding of the present configuration,
this ideal is very far from attainment. In fact, in-
stead of making a straightforward extrapolation
from the present configuration, the process is often
reversed and inferential information about the pres-
ent configuration obtained on the basis of what
would be involved in the way of extrapolation.
There are, in the first place, the data of geology
controlling any extrapolation; it is obvious that
our backward extrapolations must provide a long
cnough past for the demands of the geologist and
any limitations which requirements of this nature
impose may be accepted as perfectly legitimate. We
may be grudging in our acceptance of this control,
however, because we recognize that we ought to be
able to reproduce the past of geology without aid
from this adventitious course. Aside from this per-
fectly legitimate demand which we make on our
extrapolation, we make other demands which we
would find it harder to justify on any scientific
ground. For example, we probably shall eventually
reject any reconstruction of the past as highly “im-
probable” which represents all the matter of the
universe as having originally constituted a single
giant atom, in spite of Lemaitre, and I am perfectly
-sure that any extrapolation into the future which
predicted the destruction of the entire cosmos with-
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in 1,000 years would be at once rejected, although
perhaps unconsciously, as being derogatory to hu-
man dignity.

In general the problem of cosmogony is so diffi-
cult that no sort of control or argument appears to
be neglected that can have any bearing on the
problem, even if the argument is as purely emo-
tional as that just suggested.

We are now ready to consider the details of the
attack on the problem of cosmogony, and it is
natural to first set ourselves the problem of under-
standing how the individual units, the stars, are con-
structed. What we are given is the surface tempe-
rature, chemical composition, total size and total
mass, and we are required to reconstruct the state
of affairs at every interior point. At any interior
point we must know the temperature, composition
and pressure, and we must know how these quanti-
ties vary from point to point. The point to point
variation is controlled by the differential equations
of mechanics and thermodynamics, into which enter
the parameters which determine the pertinent phys-
ical properties of the stellar matter, such as emissi-
vity, absorption, etc. We assume that our knowl-
edge of the nature of the material is sufficient to
determine these parameters when temperature,
composition and pressure are given, but it is only
recently that enough data have been accumulated
in the physical laboratory to give us the slightest
confidence in our assumptions about these quanti-

ties. The problem in general features is not unlike
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other problems to which physics can give an exact
solution, such, for example, as the problem of elas-
ticity. In elasticity theory we are given a body of
known physical properties subject to a given set of
forces acting over its external surface, and perhaps
other forces like those of gravitation acting on the
material inside, and we are required to find the
stress and strain at every interior point. It is pos-
sible to give a mathematical proof that a unique
solution exists. Our physical intuition leads us to
expect similarly a unique solution for a star, but it
is still far from evident what the exact mathematical
conditions are which would lead to such a unique
solution. In fact the general problem of finding the
appropriate mathematical method by which to at-
tack this problem would seem not yet to be defi-
nitely settled. Certain plausible mathematical for-
mulations have been rejected simply on the basis
that in the solution they lead to infinities at the
center. Now an infinity in a solution is no reason
for rejecting an equation which leads to it. The
validity of the equation is a matter which permits
of direct test, and if under some conditions infinite
solutions are demanded, the conclusion is that the
physical assumptions which were at the basis of the
equations have ceased to be valid, and must be
replaced by others, the original equation still retain-
ing its validity over the range within which it whs
established. The procedure by which the straight-
forward solution of the equation which naturally

presents itself has been replaced is a complicated
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one of trial and error, starting with assumed condi-
tions at the center and working out until we find
conditions at the exterior as nearly as possible like
those observed. Success has not been impressive and
it is not certain that a single type of equation is
adequate for the solution.

The mathematical difficulties in the way of the
construction of a model of a star are therefore severe
enough; the physical difficulties are not less formid-
able. The mathematical solutions, which have been
obtained thus far, agree in assigning to the interior
of the star perfectly scandalous temperatures and
pressures—temperatures of the order of tens of
millions of degrees, and pressures of the order of
tens of millions of atmospheres. Such conditions are
so tremendously beyond the range of anything that
can be obtained in the laboratory that any extra-
polation of properties observed in the laboratory
must be viewed with extreme suspicion, even when
this extrapolation is made with the help of the best
theories that we have at present. Entirely unknown
sorts of behavior of matter under these extreme con-
ditions are to be expected. The recently discovered
dense stars show definitely enough the possibility of
matter existing in hitherto unknown dense forms,
and it is not yet agreed whether we are to expect a
core of such dense matter at the center of each star
or not. The recent discoveries of the neutron and
positive electron also tremendously affect the possi-
bilities and there is the possibility of elements of
very high atomic weights, not hitherto known.
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Ignoring these difficulties, however, models of a sort
have been constructed which have been successful
in reproducing some of the outstanding observa-
tional regularities of the stars, such as the relation
discovered by Eddington between mass and total
brightness.

In spite of all the vagueness of our present formu-
lations and our ignorance of the physical conditions
inside the star, which we might be inclined to think
would leave open sufficient possibilities to permit
an cventual exact solution, every stellar model at
once encounters one difficulty which peremptorily
forces us to abandon our original program of com-
pletely reconstructing the star in terms of data of
the laboratory. The difficulty, of course, is con-
cerned with the radiation. The rate at which a star
is losing energy by radiation is capable of measure-
ment. (This involves the assumption that the radia-
tion in every direction is the same as in the direc-
tion of the earth. Attempts have been made to pos-
tulate that radiation takes place only in the direc-
tion of bodies in position to receive the radiation,
but this possible way out has encountered insuper-
able difficulties, such as that of accounting for the
radiational equilibrium of the earth.) The total
amount of energy radiated in geological time can
therefore be calculated, and this turns out to be
much greater than accounted for by any known
source of radiational energy. It is not necessary here
‘to assume a complete law of conservation of energy
—the energy concept encounters logical and formal
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difficulties when we attempt to apply it to systems
in which only uni-directional processes are taking
place. All that is necessary is the observational fact
that there is no known source of radiation which
does not involve the exhaustion of its source; energy
is radiated only at the expense of some sort of per-
manent change in its source. It is perhaps worth
mentioning in passing that the times involved are
so long that the direct observation of the cooling or
other exhaustion of any celestial body in conse-
quence of its radiation is hopelessly beyond us.
Granting, however, that radiation means exhaus-
tion celestially as well as terrestrially, an explora-
tion of all known sources of energy discloses that
they are inadequate. It seems unavoidable therefore
to assume some unknown source. It happens that
our present experience contains the suggestion of
one possibility which, although not actually real-
ized, does not demand a very revolting extrapola-
tion of laboratory conditions. This is the transfor-
mation of matter into energy, first suggested by
Einstein’s relativity theory, in which it appeared
that radiation of energy was accompanied by loss of
mass -of amount m — E/c%. This equivalence of
mass and energy has been established with high
probability for the radioactive transformations. The
largest effect of this kind to be expected cosmically
is the change of mass accompanying the transforma-
tion of four hydrogens into one helium. This trans-
formation perhaps provides an adequate source of
energy, but the margin of safety is not large, and a
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number of cosmologists do not feel that this is the
solution. They prefer to go further and find the
source of energy in the complete annihilation of
matter when electron combines with proton. This
very probably provides an adequate source. But on
the other hand, the process has never been observed
and is purely inferential; the great argument is that
it fits neatly into our mathematical formulation of
relativity theory.

In any event the important feature for us is that
we have unequivocally encountered a situation
which shows that our original program is not cap-
able of execution, but we must assume processes not
directly given to us by laboratory experience. Hav-
ing thus once let down the bars, a flood of possibil-
ities descends upon us, and the question is, where
are we going to stop? There are many other places
where it would be plausible to look for unknown
processes. What is the basis for assuming that the
conservation of energy is sacrosanct? Why may we
not simply postulate that energy is created in a star?
Inside a star radiation is continually being emitted
traveling a short distance and then being reab-
sorbed. Suppose that conservation fails by a small
percentage amount at each process. One can get
some idea of the relative number of total emission
processes going on in the star compared with the
number which are concerned in the net radiated
energy by considering that in the sun the ordinary
thermal content would supply the radiational en-

ergy for 15,000,000 years, and that a beam of light
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travels the solar radius in something of the order of
2 seconds. If conservation at each elementary quan-
tum act of emission and reabsorption fails by an
amount fantastically beyond the possibility of direct
experimental verification, the total net radiation is
adequately accounted for. Or again, how accurately
is the inverse square law of gravitation checked by
any direct observation under conditions approxi-
mating those in the interior of a star? What basis
have we for thinking that gravitational screening
may not be a property of matter with density 50,000
times that of water, when claims have been made
that the effect has been detected under terrestrial
conditions? What is the basis for thinking that the
ordinary laws of electrodynamics retain their simple
linear form when electron and proton are as closc
together as they must be or when we have as intense
radiational fields as in the stars? Physicists are
already openly discussing the necessity of modifying
the accepted quantum laws for the nucleus. Why
may not matter even be created inside the stars?
The universe had to come from somewhere.
When one considers the criteria by which he
attempts to judge the seriousness of these various
possibilities I believe that it must be conceded that
the whole matter is rather vague. Probably the
broadest characterization of the criterion which we
more or less unconsciously apply is that of simplic-
ity, the same criterion which we use in other specu-
lative work when the problem is undetermined.
But simplicity has no absolute meaning; what may
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be simple from the point of view of a mathematical
equation may be more complicated when the pro-
cedure is formulated in words or translated into
physical operations. An example is the procedure
for measuring the length of a moving object in
relativity theory; the actual definition corresponds
to simple equations, but is much more complicated
when expressed in words than the naive and re-
jected procedure of measuring the moving object
by the application of meter sticks moving with the
same velocity. By what right does the mathematical
formulation acquire precedence? In this example
the situation is completely determined and a deci-
sion may be made, but no such decision is possible
1N cosmogony.

In describing ordinary physical experience rough
criteria of simplicity have stood the check of work-
ability because it has been found possible to repro-
duce our physical experience in simple terms. With-
out such an experimental proof of the possibility of
simplicity it would seem that there can be no logical
reason for expecting simplicity in preference to
complication. Now in the cosmic case the check
against experience, in order to choose between rival
theories, is not possible, each theory being con-
structed so as to be equally capable of dealing with
the facts, and the criterion of simplicity loses ob-
jective probability. But other physical experienge
would suggest that in this realm of totally unknown
conditions, pressures of 107 atmospheres and densi-

ties of 50,000, nature would be expected to become
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more complicated, and simplicity would be expected
to fail. We might argue, therefore, that the more
complicated of two rival theories would have the
greater chance of being correct. But in the absence
of specific indications of the direction which the
complication should take, we must show no prefer-
ence for one complicating hypothesis as distin-
guished from another, so that an attitude of perfect
neutrality demands that we reject every complicat-
ing hypothesis that we can and thus revert to sim-
plicity. In this domain, therefore, our expectation
of simplicity in the physical phenomena fails us,
whereas simplicity in our theories remains because
it expresses most perfectly our complete ignorance.

It may happen that different models are equally
capable of reproducing the present observational
properties of the stars, but when extrapolated in
time different pasts or futures may be demanded.
Granted that the single condition is satisfied that a
star like the sun has a tolerably constant past as far
back as geological time, what further criterion in
addition to those already discussed shall be applied
in making our selection? One criterion of intrinsic
probability is very definitely applied in practise,
namely if any solution shows scattered throughout
the universe stars in different stages of evolution,
satisfaction is felt. Thus if my solution for a present
red giant indicates a condition at some future time
such as I now find in some white star, I am pleased,
and feel that my solution has a better chance of be-
ing correct. That is, it seems probable to me that
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the stellar universe as at present observed contains
stars in different stages of evolution. This involves
the thesis that the stars did not all come into being
at the same time, but successively. Why does this
seem more plausible than the assumption that they
all started together? I think examination will show
that there is nothing very rigorous here, and that
the argument is to some extent a “hunch” argu-
ment, resting partly on the feeling that in the
nebulae we are observing localities in which stars
are actually being born at the present time.

The problem of the structure of a star is the
problem of the atom of astronomy. Besides this
there is the problem of the aggregate of the stars,
just as we have a kinetic theory of gases in addition
to the problem of atomic structure. In kinetic
theory the precise structure of the atom makes little
difference as long as the atom has certain very gen-
cral properties of elasticity, etc. In the cosmic case
there is a closer connection between the problem of
the structure of the unit and of the ensemble, for
the life of the ensemble extrapolated backward must
not be shorter than the life of the individual units.
There is obviously no such corresponding condition
in kinetic theory. For the present, however, we neg-
lect this aspect of the problem, and confine our
attention to the problem of finding the positions of
the stars in past and future time, treating the stars
as unalterable units.

The first impression on approaching this prob-
lem is, of course, one of overwhelming complexity;
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mathematics has not been able to completely solve
the problem of even three bodies moving under
their mutual gravitation. Some sort of simplification
is obviously necessary and we must be satisfied with
only a rough answer to our problem. The first ques-
tion is: what data are necessary in order to ensure
a determinate answer? If the problem were one of
ordinary mechanics, in which the mutual forces
between the stars were known as soon as their
mutual distances were known, it would be sufhicient
to give the present positions and velocities of all the
stars. This we may hope to approximate observa-
tionally, although the velocities are determinable
only very roughly. But the stellar problem is not a
problem of ordinary mechanics, because the dis-
tances of separation of the stars are so great that the
time of propagation of gravitation is important. The
analogue of this problem is the retarded potential
problem of electrodynamics. Here the solution is
not determinate unless the initial positions and
velocities of all the particles are given, and in addi-
tion the initial values of the electric and magnetic
fields at every point of space. The analogue for the
cosmic problem of this last requirement is a knowl-
edge of the present gravitational field at every point
of space. But the gravitational field throughout
space is not observable, so that in principle the
problem of extrapolating backward or forward in
time is indeterminate, and the most that we can
hope for, even with infinite mathematical skill,
would be an approximate solution in which there
210



NATURFE AND LIMITATIONS OF COSMICAIL INQUIRIES

is an indetermination which would be expected to
grow in importance as the interval of time becomes
longer. I do not know whether a quantitative dis-
cussion has been made of the importance of this
neglected factor or not.

There are other mathematical difficulties in the
case of even so comparatively simple a system as the
solar system. Brown is authority for the statement
that we can not be sure of gravitational stability for
more than 10® years. This is much less than geolog-
ical time, so that apparently the mathematical extra-
polation runs into difficulties in times that are
shorter than we know are necessary. One can never
hope, therefore, to get a rigorous solution back to
the time required. Another difficulty has been
pointed out by Brown, who thinks that the equa-
tions of gravitational motion of so complicated a
system may have such a high number of singular-
ities that it is observationally impossible to supply
the number of positions and velocities necessary to
determine a solution.

There is another difficulty of a fundamental sort.
The Heisenberg principle of indetermination does
not permit of the simultaneous observations of posi-
tion and velocity which are necessary for extrapola-
tion, but there is a necessary reciprocal error in the
observation of these two quantities, which means
an error growing with time in any possible extra-
polation. Over longer and longer intervals of time
the details become more blurred, until the actual

identity of the objects that we are talking about is
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lost, and we could not tell, for example, whether a
star which we extrapolated to be in a certain posi-
tion in 10% years was Capella or Vega. Prediction
does no good if we have no way of telling what
object it is that we are talking about, so that we may
say that it is meaningless to attempt to extrapolate
time so far forward or backward. Or in other words,
the concept of time itself fails if the extrapolation
is too extensive. This of course all assumes the valid-
ity of the Heisenberg principle when applied to the
motion of the stars. It is perhaps needless to say
that there is not a scrap of experimental evidence
for this, so that our application of the principle is
nothing but an enormous extrapolation of a mathe-
matically simple law, made in the same spirit as our
assumption of a mathematically exact inverse square
law or exact conservation of energy for individual
quantum processes.

In spite of all these unavoidable vaguenesses in
the extrapolations of positional astronomy, there are
certain facts of observation which can not hide
behind the possibilities left open in this way, but
they indicate the need of some drastic rearrange-
ments in our ordinary explanations, just as the
radiational difficulty with the single star demanded
the discovery of some new source of energy. The
most striking of such phenomena is perhaps the shift
in the relative angular position of the stars when
their light passes close to the edge of the sun. The
only solution proposed which has been at all well

received is that of Einstein in his generalized theory
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of relativity. This has demanded a radical recon-
struction of the four dimensional union of space
and time with which special relativity theory was
satisfied, and involves the idea of a curvature of
space-time in the gravitational field. There is con-
firmatory evidence of this solution in the shift in
the perihelion of Mercury and the displacement
toward the red of lines radiated in an intense gravi-
tational field, but these checks are not so striking as
the other. In any event the entire scheme of expla-
nation suffers from the logical difficulty that it is
impossible to. prove a curvature of space-time, which
requires an infinite number of parameters for ade-
quate specification, in terms of only three observa-
tional quantities. The fundamental assumption that
space-time is curved can not be directly tested; for
one thing, the space of astronomy is only optical,
and the equivalence of optical and tactual space can
never be adequately checked. The uniqueness of
Einstein’s solution can never be established; the
argument for it, as in many other cases, can only be
the argument from simplicity in the mathematical
formulation.

The differential equations of general relativity
theory are not sufficient to completely solve the
problem of the entire cosmos, but integration con-
stants appear for which we can offer no physical
explanation, but which have to be accepted merely
as brute facts. It is well known that entirely differ-
ent behaviors are indicated in the stellar system at
great distances accordingly as a positive or negative
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value is assumed for one of these constants, and that
the observational material is not adequate to allow
a choice. The expanding universe of Lemaitre re-
sults from a particular choice of a constant of integ-
ration at a particular stage of the solution. It has
been interesting in the last few years to follow the
way in which opinions about the probable values of
the constants have followed our increasing observa-
tional knowledge. We now have the experimental
fact that the radiation emitted from the most distant
objects is shifted toward the red by amounts indi-
cating enormous velocities of recession if the ordi-
nary Doppler explanation of the shift is accepted.
But this property of radiation from distant objects
can also be explained in terms of a proper space-
time curvature, with the proper constant of integra-
tion. On what basis shall we choose one explanation
in preference to the other? The preference at one
time seemed to be in favor of a curvature, but at
present it seems to be for a recession. The reversal
of preference has been brought about by the dis-
covery by Lemaitre of a method of getting an
expanding universe into a comparatively simple
mathematical scheme. I believe that if a mathema-
tician or astronomer were made to defend his pres-
ent preference he could not do better than to urge
that it seems more probable that the physical state
of affairs should correspond to a mathematically
simple scheme than to something more complex.
The same argument from feelings of probability
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occurs in many other places in astronomy. It is justi-
fiable when one is engaged in statistical studies,
comparing one collection of objects from one part
of the sky with another from another. But in strict
logic probability considerations apply only to large
numbers or when it is possible to repeat the experi-
mental conditions a great many times. The idea of
probability never applies to individual physical
situations; probability considerations can not apply
to a single throw of dice, for example. The stellar
universe is all there is, and it makes its history only
once. Probability considerations do not properly
apply to it at all. It would be most difficult to ana-
lyze just what is involved logically in the frequent
application of this sort of an argument to the cos-
mos. I suspect that at bottom the argument would
be found to revert to the old argument from sim-
plicity, and to those hazy arguments, popularly
phrased in the language of probability theory but
logically quite different, by which we determine
our course of conduct when we are confronted with
situations about which we are largely ignorant.

We have thus been driven in our positional
astronomy to postulate new effects, not directly veri-
fiable by observation. But are there not other unob-
served and new effects which we would expect on
general grounds? Must we not assume that there are
places where electrons and protons come into being?
What about radiation? Does it come back? Does it
recombine to give proton and electron? What is the

215



REFLECTIONS OF A PHYSICIST

significance of the cosmic rays? May not all our
physical laws be undergoing a course of evolution,
with slowly changing values of all constants?

The difficulties which we have thus far discussed
are to a greater or less extent concerned with the
details of working out various specific aspects of our
problem, but there are more fundamental difficul-
ties, already hinted at. One may well question
whether the very concepts in terms of which we do
our thinking are adequate to the situation. We have
already met an example that suggests the sort of
failure that we may find in our concepts. The
energy concept of thermodynamics is rigorously de-
fined in terms of processes which involve bringing
the system back to its initial configuration; this is
obviously impossible when the system is the entire
cosmos, so that in the strict sense of thermodynamics
one can not talk about a conservation of the “en-
ergy” of the universe. In this particular case we
have seen that the formal failure of the energy
concept is not of much importance, because for our
purposes we can get along with only a partial
aspect of the energy concept, and it is possible to
find an ideal meaning for this partial concept in its
application to the entire universe. But it is not so
evident that we would be similarly successful in
side-stepping the difficulties of other concepts. Prac-
tically every one of our physical concepts demands
the performance of an experiment, which in the
first place can be indefinitely repeated in time, and

which in the second place involves dividing the
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universe into two parts, one isolated from the rest,
on which experiments are made by an external
agency, whose actions are supposed arbitrary and
unaffected by what occurs inside the isolated region.
This procedure evidently breaks down when the
subject is the entire universe. How, for example,
shall we define the mass of the entire universe to the
satisfaction of a critic who insists that the mass of
the whole is not the sum of the masses of the parts,
a fact which we ourselves very well recognize even
in small parts of the universe when we make our
measurements accurate enough.

There are particular difficulties with the concept
of time in addition to the possible difficulties con-
nected with the Heisenberg principle, already men-
tioned. The crude difficulties of the naive time con-
cept have been long felt. Such a difficulty has
already appeared in a loose phrase purposely intro-
duced earlier in this paper when it was asked ‘“May
not matter even be created inside the stars? The
universe had to come from somewhere”. We are
here face to face with the age-old dilemma; we
demand an antecedent for everything of our experi-
ence and again an antecedent for the antecedent
and so on in never ending regression, and on the
other hand we demand equally insistently some-
thing in the beginning to start things off. The only
answer is the brutal and unsatisfactory one that the
urge of our minds to act in this way must be re-
sisted because it does not work; the origin of the

urge is in limited experience, and we must recog-
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nize that such experience may land us in inconsist-
encies when pushed too far. The only precise way
of dealing with the concept of time is the opera-
tional one to which all modern physics seems to be
driving us, and which I have expounded in other
places. What do I mean from this point of view by
the future? In the strictest sense what I at the pres-
ent, as I sit in this chair, mean by the future is noth-
ing but the complex expectations which I can for-
mulate to myself at the present, at which I arrive on
the basis of all the regularities in nature which my
past experience has disclosed to me. The opera-
tional meaning of the future, for me in the present,
is the complex of those operations by which I de-
duce my expectations. But this severe meaning of
the future will, I believe, be found to not quite
correspond to what most people want it to mean. We
can go part way toward meeting this instinctive
feeling by admitting another operation to our ar-
mory, the operation of waiting. The operational
meaning of saying that I shall have lunch at one
o’clock is that if I perform the operation of waiting
until one o’clock I shall have certain experiences.
There are many difficulties with this operation of
“waiting” and I feel that it is dangerous to admit it,
but for the present purposes we may perhaps allow
ourselves this liberality. The important immediate
point for us is that none of us, I as I write, or you
as you read, can possibly wait beyond the termina-
tion of our individual lives. Any possible meaning

that the future can have for any individual must be
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sought in the things that can happen to him in his
lifetime, or in an interval of not more than 200
years, a rather brief interval compared with astro-
nomical times. Contemplation of this broadest pos-
sible meaning that we can give to the future will
give, I believe, a rather different feeling about the
significance of the predictions of astronomy. In
physics the situation is qualitatively entirely differ-
ent, for all the operations by which the fundamental
concepts are defined and which are involved in the
fundamental experiments are of such short dura-
tion that the “waiting” aspect hardly presents itself.
However, the waiting aspect is always present to
some extent, because operations are performed in
time, and are composed of parts described in a pre-
scribed order, so that on beginning a complicated
operation one has to wait before one can perform
the last part of it. Again, as so often before, we see
that there are no hard and fast lines of demarcation
between regions of validity of concepts.

With regard to past time, the operational mean-
ing of the past is much more definite than that of
the future, for there is no possibility of a question-
able operation for the past corresponding.to “‘wait-
ing” for the future; I can never penetrate back into
the past. The past for me, as I sit in my chair, means
simply the aggregate of those reconstructions which
I make on the basis of all the experience now at mwy
command. It is evidently a most complicated thing,
but is always subject to the limitations to which the
reconstructions which I can make are subject. It

219



REFLECTIONS OF A PHYSICIST

means nothing to ask what was the past “actually”,
unaffected by the limitations of thought in recon-
structing it. A proper realization of this again gives
one a rather different feeling as to the significance
of the extrapolations of cosmogony into the past.
Finally, I attempt to summarize the view to which
this analysis leads us as to the nature of cosmogony.
The essential limitations of the experimental mate-
rial place cosmogony in a class by itself. It partakes
as much as possible of the nature of the completely
experimental subjects, physics and chemistry, but is
compelled by necessity to introduce features relat-
ing to less sharply defined human activities verging
into the artistic, the emotional and the metaphys-
ical. The artistic instinct in the cosmologist finds
expression in selecting those formulations or solu-
tions, out of the many possible ones, which are most
elegant or most simple. The emotional element is
well illustrated by the attitude which various cos-
mologists take toward extrapolation into the inde-
finite past or future. There are diametrically oppo-
site attitudes here. Thus to Tolman it is extremely
repugnant to think of the universe being carried in
time to such a configuration that extrapolation can
be carried no further, which means either an act of
creation at this epoch, or at least a fundamental
change in the laws of nature. To Tolman the idea
of a special situation presented by the problem of
evolution which demands the assumption of new
and unknown laws is so abhorrent as to make the

whole picture almost unthinkable. This has driven
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him to hunt for oscillating solutions of the cosmic
problem, which permit the universe to oscillate
back and forth between extreme configurations, in-
definitely repeated both in past and future, so that
there is no limit in time either forward or back-
ward. On the other hand, to a man like Eddington,
the idea of a universe continually oscillating be-
tween extremes 1s irreconcilable with feelings of a
purpose in stellar evolution. Eddington exclaims
that he is an “evolutionist, not a multiplicationist”.
He prefers a solution in which a definite act of crea-
tion has to be assumed in the past, or at least some
sort of catastrophe initiating the present régime,
and perhaps a gradual decline to the “heat death”
of Boltzmann. ‘

The metaphysical element I feel to be active in
the attitude of many cosmologists to mathematics.
By metaphysical I mean the assumption of the “ex-
istence” of validities for which there can be no
operational control, a statement which in itself is
almost meaningless from the operational point of
view, and in fact I personally have no feeling for
this sort of thing, and can only use the term “meta-
physical” in describing behavior which I observe in
other human animals. At any rate, I should call
metaphysical the conviction that the universe is run
on exact mathematical principles, and its corollary
that it is possible for human beings by a fortunate
tour de force to formulate these principles. I believe
that this attitude is back of the sentiment of many

cosmologists toward Einstein’s differential equa-
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tions of generalized relativity theory—when, for ex-
ample, I ask an eminent cosmologist in conversa-
tion why he does not give up the Einstein equations
if they make him so much trouble, and he replies
that such a thing is unthinkable, that these are the
only things that we are really sure of.

I believe that there are dangers in any subject in
which there is such an unavoidable mixture of
purely “scientific’’ and “human” elements. It seems
to me that there is particular danger of introducing
actual inconsistencies into the structure if the meta-
physical attitude with regard to mathematics is so
far adopted as to obscure the perfectly legitimate
use of mathematics in attaining simplicity of formu-
lation. The dangers, I hope, may be minimized by
discussions like this. But even a perfectly clear-eyed
consciousness of the nature of cosmogony will still
leave it a subject in which are inextricably mingled
together the austere aspects of a purely scientific
subject with the warmer and incalculable aspects of
a “humanity”. To many persons this will constitute
an abiding source of fascination; it has at least
added to the pleasure of this attempt at analysis.!

1After sending the manuscript of this article to press, I have read
the inaugural lecture of Professor H. H. Plaskett, at Oxford Univer-
sity on April 28, 1933, entitled “The Place of Observation in Astron-
omy”. There arc many similarities between his points of view and
those ahove.
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THE STRUGGLE FOR INTELLECTUAL
INTEGRITY*

|

THE Aucust 1933 NUMBER of Harper's Magazine
contains two important articles dealing with current
social changes: one by James Truslow Adams on the
Crisis in Morals, and one by T. L. Harris on the
changing attitude of the younger generation, partic-
ularly that in the colleges, toward religion. Both of
these are matters of large social import, and correct
thinking about them is essential. Both articles left
me profoundly dissatisfied, and with the feeling that
both authors had missed a vital and fundamental
feature, peculiarly characteristic of our evolving cul-
ture, common to both situations. Let us first discuss
the changing attitude toward religion, where the
nature of the situation is a little plainer than with
regard to morals.

The decay among the younger generation in the
colleges of the hold hitherto exercised by the con-
ventional forms of Protestant faith is recognized by
Mr. Harris to be a complex phenomenon; but ap-

parently in his mind the situation is to be mainly
*From Harper's Magazine, Dec. 1933.
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understood in terms of the forces which have
already been active in the past. In the tendency of
some of the younger men to revert to the forms of
Catholicism Mr. Harris sees only another swing of
the pendulum marking off another of the never-
ending repetitions of past history.

But there is another element in the situation
which Mr. Harris as well as many other writers has
failed to appreciate at its true value. It is surprising
with what complete unanimity all inquirers with
professional religious training have failed to put
their finger on what must seem to be the gist of the
situation to many who have gone through the actual
experience of losing the religion with which they
were brought up. The hold of religion on such
persons has failed because they have come to feel
that many of the teachings of the conventional relig-
ion of their childhood or even of the present time
simply are not “true”, to express it very crudely. Of
course this description is patently applicable to the
religion of fifty years ago, which was entangled with
a false cosmology. This mistake was obvious enough,
and no modern apologist for religion would admit
for a minute any necessary connection between
religion and opinions about demonstrable historical
fact; but much the same sort of thing remains,
although in a somewhat subtler form. Thus, both
the Protestant and Catholic churches take a definite
attitude on many social questions, such as marriage
and divorce, birth control, prohibition, war and
peace, and education, and often justify their atti-
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tudes by special pleading not untinged by a certain
amount of sheer rationalizing. These social ques-
tions are doubtless of enormous and hitherto baff-
ling complexity, but it can hardly be doubted that
they will eventually succumb to rational attack, and
that a rationally satisfying answer is some day pos-
sible. There is no reason to think that the answer
which religion n>w claims to find to these questions
by mystical means will eventually prove any more
correct than the answer which it has already found
by mystical means to the question of what happened
in the year 4004 B.C. The result is that acceptance
of any of the traditional or conventional religions
seems to many incompatible with plain decent in-
tellectual honesty.

It is not pertinent to say that this view of the
nature of religion is superficial, and that it is pos-
sible to analyze out of that complex welter of emo-
tions, urges, and sensations which has convention-
ally become associated with religion a pure residu-
um, non-rational, dealing with the emotions and
aspirations of man, which is the essence of religion.
Irrespective of whether such an analysis has yet
been made or is possible, the fact is that many indi-
viduals in the community feel that acceptance of a
conventional religious faith or participation in any
of the recognized religious forms could not be for
them reconcilable with intellectual honesty. That
this is not an unfair description of the actual situa-
tion in the community, I think anyone may verify
by inquiry among his friends. This, I believe not to
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be properly appreciated by Mr. Harris or by any
other inquirer with professional theological training
who has sought to explain the recent decay of for-
mal religion.

Furthermore, the question, which is at least de-
.batable, of whether the feeling is justified that a
religious life, conventional or possibly even uncon-
ventional, is incompatible with intellectual honesty,
is of comparative unimportance; the important mat-
ter is the mere existence in the community of a de-
mand for intellectual integrity widespread enough
to modify, perhaps decisively, an important social
institution. The growth of this demand to a magni-
tude great enough to be socially significant I believe
to be a recent development, which distinguishes this
era from any that has preceded it, which constitutes
something novel in the present situation, and which
contains the implication that this may not be just
another swing of the pendulum, but that we may
be on the point of breaking through into new
ground.

I1

The reasons for the appearance in the commun-
ity of the motive of intellectual honesty are doubt-
less complex. In the first place a certain amount of
intellectual power is necessary; animals and morons
are incapable of intellectual honesty, and doubtless
an appreciable proportion of our own modern com-
munity is incapable of the self-conscious practice of

intellectual honesty on the highest level. In fact, I
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believe that no individual can ever attain to what
he feels to be his own potentialities in this respect.
Not only is intellectual power necessary, but ex-
ample and practice are also necessary and powerful
aids; it is not always easy to see all the implications,
to detect all the inconsistencies in a mental attitude,
or to realize where rationalizing has crept into an
argument. Furthermore, the opportunity for the
practice of intellectual honesty demands that the
community as a whole be so far from the struggle
for bare subsistence that an appreciable fraction of
its people may be primarily engaged in intellectual
pursuits. Society has only recently reached such a
condition on any considerable scale. In such a mod-
ern society the activity which par excellence de-
mands and exemplifies intellectual honesty is the
scientific, and I believe that the most potent im-
mediate cause for the increase of intellectual hon-
esty in the community is the recent growing preva-
lence of scientific disciplines in education, the
popular dissemination of the results of scientific
inquiry, and the presence in the community of a
body of men actually engaged in scientific work.
This is not to deny that intellectual workers in fields
other than the scientific need or possess the quality
of intellectual honesty; but in scientific activity the
necessity for continual checking against the inexor-
able facts of experience is so insistent, and the pen-
alties for allowing the slightest element of rational-
izing to creep in are so immediate, that it is obvious
to the dullest that a high degree of intellectual
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honesty is the price of even a mediocre degree of
success.

Once the scientific worker has started living the
life of intellectual honesty, perhaps in no other
spirit than as the condition of success in a field
which has aroused his interest, he finds growing
within him the realization that he is in possession
of something much more than merely a tool by
which he may get right answers. The ideal of intel-
lectual honesty comes to make a strong emotional
appeal; he finds something fine in the selflessness
involved in rigorously carrying through a train of
thought careless of the personal implications; he
feels a traitor to something deep within him if he
refuses to follow out logical implications because he
sees that they are going to be unpleasant; and he
exults that he belongs to a race which is capable of
such emotions. Intellectual honesty appears to such
a worker as the last flowering of the genius of
humanity, the culmination of a long cultural his-
tory, and the one thing that differentiates man most
notably from his biological companions. The dis-
covery that the human animal is so constituted that
it responds emotionally to the practice of intellec-
tual honesty is just as great a discovery as that other
great discovery of the human race about itself, that
it responds emotionally to music.

It would be ludicrous to maintain that life on
such heights as these has suddenly become common
in these last years or that in certain sections of the

community intellectual honesty is not apparently
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decreasing. In fact, it could not be maintained that
more than a small fraction have really caught the
vision; but it does seem to me that enough have
caught it to be appreciably effective, and that a new
leaven is working in society. The feeling is certainly
becoming common that man would be a traitor to
himself if he refused to follow his mind wherever
it leads him. To convince oneself of this consider
the suggestion often made—that since much of our
recent economic trouble is doubtless to be ascribed
to the fact that invention and scientific discovery
have come too rapidly to be assimilated, we should
suspend scientific inquiry until human institutions
have caught up. Although this suggestion may be
seriously entertained by some, I believe that general
inquiry will disclose that for the most part such a
suggestion is instinctively repudiated as impossible;
we feel that we cannot accept the imposition of
limitations to mental inquiry; that we must carry
on no matter where it leads.

What now will be the effect of suddenly letting
loose in a civilization such as ours an appreciable
amount of intellectual honesty? One cannot answer
this question without first appreciating what an
utterly inchoate mess our society is, judged by any
rational standards. Social institutions have a history
as long as that of mankind itself and have evolved
with it. They contain the reminiscences of the great
episodes through which the human race, or parts
of it, has passed. They have been subject to no con-

scious or rational control; one can be sure only that
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an existing social custom is not so bad that the pos-
sessor of it has already been eliminated in the
struggle for existence. One aspect of human evolu-
tion is the growth of the capability for rational
thought and action, and one aspect of this growth
in turn has been the demand for some explanation
in rationalistic terms of the phenomena which hu-
man beings see about them, including the phenom-
ena of man himself. A dog is content to turn around
three times before lying down; but a man would
have to invent an explanation of it. These explana-
tions are often fantastic and rationalistic in the
highest degree. There is not a single human social
institution which has not originated in hit or miss
fashion, but, nevertheless, every one of these insti-
tutions is justified by some rationalizing argument
as the best possible, and. what is worse, the com-
munity demands the acceptance of these arguments
as a precondition of happy social life.

IT1

What will the man do in whom has been suddenly
born an appreciation and capacity for intellectual
honesty, with its disregard of ulterior consequences,
when confronted with our social institutions and
the demand to accept them and to live with them?
The first and inevitable reaction will obviously be
a complete repudiation in his own mind of the
bunk that he is asked to accept. So much he must
do, though it slay him. But he must also continue
to live in society as he finds it, and he must try to
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work out for himself some code of conduct which
he can pursue without intellectual stultification. He
finds the problem difficult; he does not even feel
certain that the problem of how a rational being
may live rationally in surroundings which are often
willfully irrational has any solution. His doubts
and uncertainties are reflected in his relations with
others. In bringing up his children he finds himself
incapable of forcing upon them the positive sanc-
tions for conduct which psychologically are so neces-
sary in the young, and because he knows of no
other substitute, can offer them only the negative
substitute of example and precept in intellectual
integrity. If he is a novelist or a playwright, who has
filled an important part in maintaining the moral
consciousness and tone of the community, he finds
that conviction has gone from him, and he falls
back on the practice of his art for its own sake. If
he is an editor, the political institutions of his time
no longer appear as divinely ordained, and his edi-
torials degenerate to destructive criticism. The mass
of the people who are not fortunate enough to have
time to spare from earning their livelihood for
much intellectual activity, or to whom by tempera-
ment and capacity the ideals of intellectual honesty
do not appeal, and who have, therefore, been accus-
tomed to accept without question their codes of
conduct from other members of the communlty,
are left without the authoritative guidance to which
they have become accustomed, and the aggressive,
unthinking element in the community becomes as-
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cendant. From the point of view of an external
observer the whole community is drifting and floun-
dering morally.

I believe that in a setting of social institutions
like ours it is inevitable that we should pass through
an epoch like this, and I believe that we are in such
an epoch now. This it seems to me is the most last-
ingly significant factor in the explanation of the
crisis in morals of which James Truslow Adams
writes. The decay of morals according to my point
of view is only superficial and apparent. It may be
quite true that the actual number of disinterested
deeds performed in the community, which may be
taken as a rough measure of its degree of moral ele-
vation, may be declining, while at the same time
those fundamental characteristics of the human race
which in the proper setting make disinterested ac-
tions possible, and which measure potential moral-
ity, may be growing in strength. In fact, in a com-
munity and under conditions like ours, a decline in
apparent morality would be the necessary prere-
quisite to a general advance. Whether as a matter
of actual fact this is the correct explanation of the
phenomenon which Adams deplores would be al-
most impossible to decide certainly, as is every other
question dealing with the actual motives back of
large-scale social conduct; but it must be an impor-
tant element in the situation, and for the present at
least I see no reason why one should despair of
humanity on this account.

It thus appears fairly evident that the incidence
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upon the human race of a passion’ for the practice
of intellectual honesty must at first be entirely nega-
tive and destructive in its social results. To go
farther, it is not self-evident that a race of individ-
uals who so order their lives as to bear thorough-
going rational scrutiny would necessarily be cap-
able of ultimately surviving as a race. A simple
example will disclose the possibilities. Death, from
the point of view of any individual free from mysti-
cism, can be no calamity; for death itself is not
experienced, but it is only the preliminaries of
death which are experienced and to be dreaded. If
I should be completely annihilated in the next
minute with no preliminary warning, it would be
a matter of complete indifference to me. Suppose
now that some improved method of suicide were
invented by which the cessation of life could be
made instantaneous and with no perceptible phys-
ical preliminaries. A completely rational conduct of
one’s affairs would then demand that if ever one
found oneself in such a situation that the probable
future held more pain than pleasure, one should
immediately find the way out by suicide. There are
few people indeed who at one time or another do
not encounter such moments, so that in a society
constituted like this all those capable of rational
action might automatically be eliminated, and soci-
ety would drop back again to its old irrational, un-
thinking level, to work back slowly again to the
capabilities of rational action and then to drop
back abruptly again. The only thing that would
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save the thinking elements in the community in
such conditions is the non-rational factors in each
individual which determine whether a given future,
including in the future the preparations for the act
of suicide, is contemplated with pleasure or pain.
Whether the non-rational elements making for the
preservation of the rational individual would at
first prove strong enough must be decided by the
event; it is probable, however, that a rational indi-
vidual would eventually be bred up with the suit-
able combination of non-rational elements.

Even if the rational individual is not singled out
for such drastic special attack as in our imaginary
example, it seems to me, nevertheless, that the
period of instability inseparable in a society consti-
tuted like ours from the first incidence of a wide-
spread capacity for intellectually honest action is a
period of particular danger to just that part of the
community which has attained the capability for
honest action, and that it is not at all inconceivable
that just this part should be eliminated, leaving
society to repeat, like Sisyphus, the old climb up
the heights of intellectual achievement. The essen-
tial tragedy of Germany at the present moment is
that it is eliminating this class of the community,
proving traitor to the crowning capabilities of hu-
manity, and dropping back to former levels. The
human race as a whole cannot win through this
period of instability and come out on the far side
with permanent advance except by the self-conscious
exercise of the utmost intelligence of which it is
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capable. Few, I think, would question that under
the proper conditions the human intellect is capable
of designing a rational society capable of self-preser-
vation; but whether in the present setting the
human intellect is powerful enough to grapple with
the enormous complexities of the situation is not
self-evident. At any rate, there is obviously no pos-
sible course for us except to carry on.

v

In our impatience it may seem as though nothing
constructive were happening to carry us beyond the
purely destructive first stages. I believe, however,
that such a pessimistic attitude overlooks the enor-
mous complication of the problem, and underesti-
mates the tremendous amount of preliminary work
that must be done. It does seem to me that it is
already possible to descry the beginnings of the
next advance. Such an advance must be based on a
preliminary analysis and an adequate awareness of
the nature of the problem and the situation; I
believe that the materials for this better understand-
ing of the nature of the problem are already in our
hands and are beginning to be used.

The nature of the very complex social problem
has certain very close similarities to the problem
presented by recent developments in physics, and
becomes more understandable in terms of a regliza-
tion of just what it is that has happened in physics.
Physics has in the first place gone through a period
of enormous extension of its store of experimental
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knowledge; it then discovered that its traditional
concepts were not capable of dealing with the new
situations, and that such apparently fundamental
forms of thought as space, time, causality, and iden-
tity were not capable of application to the new
phenomena. It then had to devise new ways of
thinking about the situation, and in doing this it
has had to examine to a certain extent into the
nature of human thinking itself. It has come to see
that thinking is merely a form of human activity,
performed with the brain, subject to the limitations
of its evolution and its organ of production, and
with no assurance whatever that an intellectual
process has validity outside the range in which its
validity has already been checked by experience.
The parallelism between this course of development
in physics and recent social developments is obvious.
We have in the first place rapidly changing condi-
tions and new social experiences to correspond to
the new observational material of physics. The most
completely new of these is perhaps the situation
presented by the extraordinarily rapid development
of labor-saving machinery; it is now possible to pro-
duce enough for the needs of every one in the
United States with only four hours’ (let us say)
labor per day on the part of everyone. But the abil-
ity of man to work eight hours without hardship
has not been diminished, and the tendency of every
employer to expect his individual employees to give
him the eight hours which they can without hard-
ship is not altered, nor the desire of every employer
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to push his own production to capacity. The result
is an impasse which can be broken only by purpose-
ful external control, and to which the traditional
social ideas are not applicable, in the same way that
the traditional concepts of physics were not appli-
cable to its new experimental situations. And just
round the corner there is the obvious possibility of
a few simple biological discoveries which will be
even more devastatingly revolutionary. We are com-
ing to see as a matter of course that social ideals
evolved in old situations should not be expected to
be applicable to such entirely novel conditions.
Besides the absolutely new situation, presented
by the development of labor-saving devices, so many
things have been happening in the last few years
that each individual has in his own experience a
wealth and variety of observational material abso-
lutely without precedent in the experience of any
single individual in past history. Consider what has
happened in the last twenty years; the World War
with the unwilling entry into it at last of the United
States, the peace and the failure of Wilsonian ideal-
ism, the League of Nations, the economic aftermath
of the War, boom, depression, the return of eco-
nomic nationalism, Mussolini, Russia, Germany and
Hitler, Japan and Manchuria, Gandhi in India, the
loosening of the British Empire, world congresses
for peace and economics, woman suffrage, the rise
and fall of prohibition, and the voluntary economic
revolution in the United States. The observation of
all this cannot help being most educational in show-
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ing how society actually functions in various situa-
tions, and it must have as important an effect on
social thinking as the discovery of new physical
phenomena has had on the thinking of physicists.

One most important conviction, gradually spread-
ing, which results from all this new observational
material, is that planned and managed societies are
possible, that man may to a certain extent control
his own future. If present attempts fail it will be
for reasons which can be determined and probably
avoided, and we may hope for better success on the
next attempt.

There is another result of all this new social ex-
perience which seems to me most important in
determining the eventual attitude of man toward
his own social institutions, but which has not been
much emphasized because it is not of great imme-
diate importance. This is the growing appreciation
of the realistic nature of social conventions and in-
stitutions as opposed to the traditional idealistic
point of view, which is perhaps best exemplified in
the disappearing notions of abstract justice and
abstract rights, and of the nature of law, with which
legal practice and theory are still encumbered. Here
again the parallelism with the developments in phys-
ics is most illuminating. Probably the greatest con-
tribution made by Einstein in his theory of relativ-
ity was his insistence on the realistic nature of the
concepts of physics; the true significance of a phys-
ical concept is not to be found in what we say about
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it or even in what we think about it, but rather in
what we do with it.

Making the social application, there is evidently
something the matter with current idealistic philos-
ophies of the nature of law, for example, when so
many of the respectable members of the community
have simply ignored the prohibition law. How will
history describe these people—as malicious law
breakers, traitors to society, or as heroes, who by
remaining true to their inner lights have compelled
a return to realities? Must I wait for the verdict of
history before it can be determined whether my
present social action is right or wrong? There is also
something illuminating in the way in which theo-
ries of the nature and the proper function of the
Constitution of the United States were brushed
aside by many people in their efforts to get an
amendment into the Constitution restricting child
labor. It was felt that the matter was of extreme
importance and that it should be put into the Con-
stitution because there seemed to be no other feas-
ible way of bringing it to pass, although fortunately
another way has now been found. The point is that
people asked: “What difference does it make
whether this is theoretically a proper subject for
constitutional amendment or not? If the Constitu-
tion is once amended in this way then in fact it
becomes the sort of thing that can be thus amended,
all idealistic theories of its nature to the contrary
notwithstanding”. Such realistic thinking obviously
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has its great dangers—it is the sort of thinking that
every hold-up man uses—but intellectual honesty
seems to demand it. It is evident that with regard to
these questions we are still in the preliminary de-
structive stage, where the mutual inconsistencies of
different lines of social thought stare us in the face,
and that we have not yet found how to synthesize
the antagonistic elements. The situation is exactly
parallel to that in physics, which for a number of
years after the discovery of the disconcerting new
phenomena was in a phase, to quote Sir William
Bragg, where it had to use the corpuscular theory
on Mondays, Wednesdays, and Fridays, and the
wave theory on Tuesdays, Thursdays, and Satur-
days.

Physics is now making its synthesis, and we may
hope that society will eventually be as successful.
But the social problem is infinitely more complex
than the physical problem, and infinitely more dan-
gerous because of the necessary period of instability
which must precede the initiation of the new re-
gime. There is need for the most strenuous efforts
and the greatest haste. It is easy to see that in spite
of the greatest haste of which we are capable, this
revolution cannot be completed in the lifetime of
any of us, but must involve the trainirg of the com-
ing generations. It would be impossible here to
attempt to go into details of the various methods by
which such a preparation of our children may be
accomplished. Probably everyone connected with
any important institution will think of ways in
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which his institution may be instrumental. I my-
self am associated with university life, and it is
easy for me to envisage here a field of new useful-
ness in the community for the university. Its func-
tion may be twofold. In the first place it can en-
hance the general apreciation of the human worth
of a rationally ordered life, controlled emotionally
by the passion for intellectual honesty, by increasing
the numbers of its graduates who live such a life in
the community. In the second place, by creating
and developing new lines of inquiry, it may provide
the material, at present non-existent, which the in-
dividual will find more and more necessary in the
pursuit of such a life. No one who has not thought
about it can realize how pathetically deficient we
are at present in even the preliminary data which
are necessary before a start can be made in living a
rationally ordered life. The development of new
philosophies, new psychologies, and new biologies
1s necessary.

For the present we may allow ourselves to take a
certain amount of comfort in the belief that the
human race has in it the possibilities of creating for
itself a rationally satisfying life. Real discourage-
ment need not be faced unless it should prove, after
full self-consciousness of the situation has been
awakened and time has been allowed for the ter-
ribly complex adjustments, that we are incapable of
creating the opportunities that we need.

241



12

SOCIETY AND THE INTELLIGENT
PHYSICIST*

A rHysicisT cANNoT spend his life in the laboratory
constantly striving to get the right answer, checking
every idea against the inexorable requirement that
it shall work, without something happening to his
general outlook. Some of the points of view that he
thus acquires react on his social impulses and be-
havior and on his understanding of what social
conduct involves. We shall consider some of these
here.

I think that the physicist comes to appreciate
more vividly than anything else that the game of
getting the right answer is a hard game, and that if
he is going to be successful he must exert to the
utmost all the intelligence he possesses. The only
thing in his control by which he may command the
situations which confront him is his intelligence,
and even this is often enough not sufficient. When
he is not successful he knows the reason is that he
has not been intelligent enough, and he strives to

realize his potentialities for greater intelligence.

*From The American Physics Teacher, 7, 109, 1939. Given at the
eighth annual meeting of the American Association of Physics Teach-
ers, in Washington, December 1938.
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Furthermore, he comes to appreciate that the ut-
most exercise of intelligence means the free use of
intelligence; he must be willing to follow any lead
that he can see, undeterred by any inhibition,
whether it arises from laziness or other unfortunate
personal characteristics, or intellectual tradition or
the social conventions of his epoch. In fact, intelli-
gence and free intelligence come to be synonymous
to him. It beromes inconceivable that anyone
should consent to conduct his thinking under de-
monstrable restrictions, once these restrictions had
been recognized, any more than as an experimenter
he would consent to use only a restricted experi-
mental technic. He finds often enough, as his experi-
ence grows, that as a matter of fact he has been oper-
ating under hampering restrictions, of which he had
not been previously conscious. He also finds, if he
wants to be confident of the foundations on which
he builds intelligent action, that these foundations
must have passed his own scrutiny. He honors no
statement or procedure that does not offer at least
the possibility of being checked by himself, and
when he accepts authority, as he often must, it is
merely in the spirit of saving himself time. He finds
it difficult to avoid ascribing to results thus accepted
on authority a somewhat smaller degree of probabil-
ity than he does to results checked by himself.

The physicist presently becomes aware that mere-
ly good intentions or trying as hard as he can are
not adequate to secure intelligent action, but that
there is a technic of being intelligent which itself
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can be acquired only by the exercise of intelligence.
The realization that there is a technic of being in-
telligent and that this technic can be acquired only
by seriously taking thought unto oneself has been
slowly dawning on the physicist since perhaps the
beginning of the century. As everyone knows, the
dawning of this realization has been accelerated by
the discovery of many unsuspected phenomena in
the realm of very small things that could not be
fitted into the edifice of knowledge without impor-
tant modifications in ways of looking at things which
hitherto had proved good enough.

The physicist has thus come to be conscious of
the existence of his intellectual tools, and has dis-
covered that these tools have properties which he
had not suspected. He observes that his own intel-
lectual tools were acquired in school mostly by
imitating the use of these tools by other people. He
saw that these tools were used in certain kinds of
situations in order to achieve certain purposes. He
observed the success of others in using the tools to
attain their purpose, and he presently verified by
experience that he too could use the tools with
success in similar situations. There thus arose a feel-
ing of what his tools were good for, which was a
compound of the opinion of others and the opinion
of himself derived from successful use; but there
was no serious attempt at analysis as to whether
these assumptions were really valid, or what might
be their range of validity if their validity was not
universal. But presently, after much experience,
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analysis of what he did in using his tools disclosed
that often his tacit assumptions as to their validity
were not quite right. He came to see, for instance,
that the complete sharpness and certainty which
tradition ascribes to the conclusions of mathematics
and logic were ultimately illusory. He found that
he could always carry his analysis back to the point
where certainty vanishes, for the reason that he
always has to assure himself that he is correctly per-
forming his own mental operations, if for no other
reason. The need for continually checking his own
procedures is perhaps something carried over from
the laboratory by the physicist, and appears not to
be felt so vividly by the mathematician or the logi-
cian. Mental processes not being absolutely sharp, it
follows that our mental success can be only an ap-
proximate success, just as any measurement or adap-
tation of the laboratory is approximate. Partly, but
not entirely, because of this lack of sharpness, it
comes about that we often try to give meanings that
cannot be given and to do things that cannot be
done. We invent all sorts of absolutes and abstract
existences, and find that we are mistaken about
what we can do with them. The physicist discovers
that he is a welter of urges which have only a his-
torical or perhaps physiological significance, and he
feels under no compulsion to honor them in his
endeavor to get the right answer. For example, we
discover that there are unsuspected infelicities in
the way we have to deal with time. It was a shock
to most physicists, and other people too, to discover
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that the time of experience does not have the prop-
erty of absolute simultaneity that we had thought.
Or we think it means something to talk about the
“reality” of the past, and are helpless when we dis-
cover that there is no way of proving that the entire
universe was not created five minutes ago. Or when
it comes to a showdown, that is, application to con-
crete instances, we discover that we cannot mean by
truth what we had thought we mean or what we
want to mean. Or the idea of causality, which has
been considered by many to be so fundamental that
thinking could not be done without it, proves not
to be applicable in the way we had thought in the
realm of very small things now becoming accessible
to experiment. Or there is a new and striking ex-
ample: At temperatures close to absolute zero, lig-
uid helium has readily measurable properties, such
as fluidity, which at present can be treated only with
that form of quantum theory which denies the
property of individuality to the atoms. It is hard
to think of anything more paradoxical than a par-
ticle to which the idea of individuality does not
apply.

Out of all this experience one conclusion emerges
perhaps more clearly than others; namely, there is
no inherent presumption that ways of handling
things or ways of thinking which have grown up to
meet a certain range of experience and which have
proved their validity within that range will continue
to be valid when the range is extended. As a matter
of fact, the range is continually being extended by
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the discovery of new experimental phenomena,
made possible by the development of new experi-
mental technics for controlling higher temperatures
or higher voltages or higher vacuums, for example,
or by greater precision of measurement. An ex-
ample of this that even yet has not got itself com-
pletely assimilated into everyday thought is the new
properties of matter moving with speeds which ap-
proach the speed of light. Because of all this the
physicist has come to expect that he will have to
change his way of thinking about things when his
range is very much increased.

In analyzing what has happened when he has had
to revise his concepts to meet new ranges of experi-
ence, he has been struck by the fact that different
operations which gave the same result in the ori-
ginal range no longer give the same result when the
range is extended. For example, the length of a
moving streetcar is the same whether it is measured
by taking an instantaneous photograph of it and
properly measuring the photograph, or by boarding
the car with a meter stick and measuring the length
with the meter stick in quite the conventional way
while it is in motion. But there is every reason to
think that if the same two operations were per-
formed on some object moving with a speed ap-
proaching that of light the results would be differ-
ent. The physicist recognizes here an important
characteristic of his thinking; namely, the impulse
to 31mp11fy procedures by giving the same name
(“length” in this example) to recognizably different
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operations when these different operations lead to
the same result. But he also recognizes that there is
concealed here a grave potential danger in assuming
that the equivalence of these two operations will
continue to hold when the range of experience is
extended. One may describe the situation in lan-
guage suggested by quantum theory: Our ordinary
concepts are multiply degenerate in the range of
ordinary experience, and this degeneracy is revealed
by separation into different levels when the range
of experience broadens.

With all this experience, merely hinted at above,
it is natural that the physicist should presently begin
to wonder what the applications are to his social
relations. For one of the impulses that he has ac-
quired from his physical experience is to treat things
as a piece; and since the problem which confronts
him in many social situations is at bottom no differ-
ent from that which confronts him in the labora-
tory, namely, to get the right answer, he wonders
whether some of the lessons of his physical experi-
ence will not carry over into the social domain. He
is the more inclined to make this application be-
cause he has found that the sorts of consideration
which are becoming necessary for his understanding
of physics are edging over, more and more, in direc-
tions pointing toward the problems of everyday
life. For example, in understanding quantum the-
ory he has to analyze what he means by the act of
observation, or whether it is possible, and what it
means, to divide the universe into an observer and
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the observed—considerations that get much closer
to what he has, perhaps, called “philosophy” than
he had at one time supposed.

This attempt of the physicist to enter the field of
social thinking is very modest and unpretentious,
and does not involve the assumptions that people
are sometimes inclined to suppose and that lead
them to view this attempt with something approach-
ing resentment. There is not involved here any
thesis that the methods of quantitative measure-
ment of physics are applicable to the ‘‘social sci-
ences”’, nor is there any thesis that “science” is com-
petent to decide between values. All that the phys-
icist wants in his modest way is that his actions as a
social being be intelligent. He has seen things go
wrong so often when intelligence was not exerted,
and his drive to intelligence acquired in his labora-
tory is so powerful, that he insists on the exercise of
intelligence in his social activities as no less essen-
tial than any of the many other things without
which social existence would not be tolerable.

The preliminary to the exercise of social intelli-
gence is the same as the preliminary to every exer-
cise of intelligence in the laboratory; namely, search-
ing analysis to discover everything that can be seen
in the situation, and then, after everything has been
dragged out into the light of day with no reserva-
tions whatever, discussion of what course of action
is best fitted to produce the desired result. The
desired result may perhaps be dictated solely by
considerations of value; these may not be argued,
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but can only be accepted by intelligence as one of
the conditions of the problem set for it to solve.

It is something of a shock to the enthusiastic and
unsophisticated physicist who thus rushes to the
social attack to discover how very often the practices
and demands of society are positively inimical to the
exercise of intelligence. Most people do not like to
think beyond a certain point; the primary demand
is not for the most effective social action, but merely
for one that is acceptable, and if conventions which
secure sufficiently acceptable action are already in
force, any attempt to make inquiries which might
lead to modification of that action is likely to be
received with impatience, to say the least. The indi-
vidual, after sufficient experience, comes to see this
and learns to suppress the impulse to follow certain
lines of argument or inquiry which he sees will not
be well received by his fellows. It does not take the
child long to learn that he cannot say, when his
Sunday School teacher calmly assumes that of course
he will want to be good, “But you cannot make me
want to be good”, and he keeps his mouth shut. Eve-
ryone knows that harmonious living together re-
quires the exercise of good will, and good will is
often incompatible with following every argument
to its logical conclusion. If any proof is needed of
this it will be afforded presently by the way you will
find yourselves reacting to various things that I shall
say. Although the result of such exercise of good will
is a society in which open friction has disappeared,
nevertheless the method by which this desirable
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result is attained too often involves an element of
intellectual surrender on the part of the individual
which discourages future impulses toward intelli-
gence in his social relations, and which, under
proper conditions, may be fraught with sinister
potentialities.

The physicist sees that not only are there unusu-
ally great opportunities for the suppression of intel-
ligence in social thinking but that the need for in-
telligent thinking is even greater than in physics,
because there is much greater chance that those
requirements which he has found the technic of
straight thinking demands will not be met. He sees
this when he reflects on the way in which he ac-
quired the concepts he uses in his own social think-
ing. These concepts, even more than those of phys-
ics, he usually acquired imitatively from his fellows
while he was still too young to subject them to any
critical analysis, and while he was still under the
immediate necessity of finding some solution of the
problem of the adaptations demanded by daily life.
It was almost inevitable that he should merely as-
sume that the ordinary social concepts could be
used for the purposes for which he saw his fellows
using them. But presently he comes to suspect that
his fellows have never critically examined the con-
cepts any more than he himself has but that they
too acquired them when they were too young to
reflect, and have been satisfied if they were decently
effective in doing what was wanted of them. Al-

though his fellows assume an unlimited validity for
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their social concepts, he becomes actively skeptical
toward this assumption when he observes that other
peoples with different backgrounds of tradition and
different present purposes may not recognize the
validity of these ideas at all, as the Japanese and
the Germans apparently do not recognize the valid-
ity of moral ideas which an uncritical outlook insists
are universal. He sees in all this an exemplification
of what his physical experience has taught him;
namely, ideas are to be suspected and reexamined
when the domain of application is extended beyond
that in which they arose. In one very important
respect he recognizes that the present epoch differs
from former epochs in that the enormous increase
of invention, bringing pcoples nearer together and
increasing their command over forces more advan-
tageous to man, effectively provides just that exten-
sion in the domain of application of social concepts
which he is prepared to expect would demand fun-
damental revision.

He is struck by the fact that, on the social level,
the handling of language requires much greater
caution and conceals much greater dangers than on
the level of physics. On the social level, language
plays a deliberately dual role: it is not only a
rational tool adapted to describe and analyze factual
situations, but it is also used to affect and control
the actions of people. There is no necessary connec-
tion between these two functions of language, par-
ticularly since most people are not by instinct noto-
riously rational and do not demand a rational ap-
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peal to be stirred to action. Hence in many cases the
presumption is that if language is adapted to one
role it will not be adapted to the other. The distinc-
tion between these two roles is, however, almost
always overlooked; and the general feeling seems to
be that all and any language, except such as is obvi-
ously and intentionally poetic or esthetic, must be
applicable on the factual plane. Whence arise great
confusions, supernaturalisms and mysticisms of vari-
ous kinds. The number of cases proves to be dis-
tressingly great in which our verbalisms never get
down to the factual plane at all, in spite of the fact
that we want them to and think they do. So we have
open verbal chains, the meaning of one verbalism
being expressed in terms of another verbalism, with
never emergence into something that we do or that
happens to us. This cancerous tissue of open verbal
chains infests much of our social thinking.

Social thinking particularly exploits the intellec-
tual device of giving the same name to recognizably
different things when these things are equivalent in
the limited range of use which is of most importance
to us. In this way a great simplification of thought is
often accomplished; to bring about a simplification
in this way may constitute an intellectual invention
of the first rank. But there is also danger in this
exercise of intellectual invention, as already sug-
gested, because we are likely to be caught unaware
when an extension of experience dissolves the equiv-
alence of the different things which we had fused
under a single name. The only defense is an anal-
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ysis that recovers and emphasizes the complexities
of the original situation, instead of discarding them.
The supreme social invention, I think, is to be
found right here in a very broad type of situation in
which we use a single name and ignore differences
that are patent on consideration. Perhaps the earli-
est social lesson I learned was to say that my play-
mate was another person just like me, with feelings
just like mine, which, therefore, were entitled to
equal respect. What does it mean to say that the
feelings of my fellow are the same as my own? How
can I assure myself that his sensations in the pres-
ence of a hot object are the same as mine, and how
can I be sure that a hot object does not feel to him
as a cold object feels to me, and vice versa? Neither
he nor I can find words to describe our feelings to
the other which are of the slightest help. I can
propose various tests, such as that he put up his
right hand when he feels a hot object, and his left
hand when he feels a cold one; but this avails only
to show that he knows when he is in the presence of
a hot object as distinguished from a cold one, and
has no relevance to the question of what his feelings
really are. After we have played with this situation
long enough we come to see that we cannot possibly
make our statement that his feeling of hot is the
same as mine mean what we wanted it to. The
statement is meaningless in the desired sense, and
there is no way of getting the desired sense into it.
My feeling of hot has a different meaning from my
fellow’s feeling of hot because what I do to decide .
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whether I have the feeling of hot is different from
what I do to decide whether my fellow has the feel-
ing of hot. Anyone who reacts to this situation by
saying that we cannot prove that his feeling of hot
is the same as mine, but that all we can have is a
greater or less degree of probability, has entirely
missed the point. It does not make sense to think
of his feeling and my feeling in terms such that this
desired property of ‘‘sameness” is applicable. The
only meaning which we can give to the statement
that his feeling is the same as mine is that, in similar
situations, his verbalizations and other reactions are
the same as mine.

The social advantage of this invention of saying
that my fellow has feelings exactly like mine are so
obvious that it is hardly necessary to elaborate them.
Because of it the actions of my fellows take on a
certain measure of understandability and predicta-
bility. I can foresee what will please or displease
them, and I can therefore influence their actions to
a certain extent, so that I can plan my future with
a certain amount of assurance; and, if I desire it, I
can even attain to a certain degree of smooth coop-
eration with my fellows. This invention is the neces-
sary background of the golden rule. Yet, in spite of
the indispensability of the invention, I believe that
its misuse is at the root of the most serious of our
social difficulties and maladjustments. Its misuse
consists in forgetting that it has a strictly limited
field of applicability and of meaning. For it is evi-
dent enough that there is another side to all this.
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I am separated from my fellows by an impassable
chasm, a chasm so impassable that even meanings
cannot be the same on both sides of it, in spite
of my passionate desire. My pain and your pain,
my pleasure and your pleasure, my thoughts and
your thoughts, my death and your death, are irre-
concilably different and can be made to fuse only
by ignoring the obvious. Yet most of the conven-
tions of society and of language itself are erected on
a purposeful disregard of the difference. In fact, so
deeply is the assumption of the equivalence of me
and thee woven into the texture of language that, if
my fellow does not see the difference for himself, it
is almost impossible to make him see it, as I have
found by many vain attempts.

The reason that the consequences of disregard-
ing the difference between me and thee are impor-
tant is that I see, and I presume that you sce also,
that the difference between me and my fellows is
the most outstanding feature in my whole land-
scape. Society, by ignoring it and suppressing, even
forcibly, the impulse of the individual to say what
he sees, thus comes to be founded on a falsehood to
which the individual must adapt himself as well as
he can. For the child knows and continues to know,
although he soon finds that he had better not say
it out loud, that no one can get inside him and
make him want to be good. I know that my thoughts
are my own and that there is no way by which you
can discover what my thoughts really are: in fact,
you cannot make my “real thoughts” even mean
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what you would like. I know that the most cogent
argument of mathematics or logic, although it come
to me with the authority of the world’s greatest
masters, is powerless to touch me until something
clicks inside me. I know that the most high-minded
moral motives leave me cold and uncooperative un-
til I have accepted as my own the purposes back of
the system of morals. I know that it is in my power
to accept or reject any and every expectation and
demand of society, and that furthermore, as a matter
of fact, I do thus accept or reject many of the expec-
tations of society. I know ‘that often my immediate
personal interests, and also my long range interests
as far as I can see, are opposed to the interests of
society. I know that often enough my purposes and
ideals are not the same as those of my fellows, so
that what seems good to me may not seem good to
them. I know that any action of mine which is free
and well considered—that is, intelligent—is dictated
by what seems good to me, and if the action is one
which is also to the advantage of society, it is because
I have accepted the view of society. I can see these
things and say these things, whether or not the
things which seem good to me are socially good. I
know that society can secure my free action only by
making that action seem good to me, and that other-
wise society can modify my action only by compel-
ling me by the exercise or the threat of superior
physical force. I know all these things are true of
myself, and, in accordance with my social maxim
that I can understand you in the light of my under-
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standing of myself, my actions toward you must be
guided by the conviction that you find them true
for yourself also. Yet society does not recognize this
in its appeal to me, but tries to get hold of me by
absolutes and supernaturals and verbalisms.

When I analyze the method by which my fellows
appeal to me to get me to act in a way that is socially
acceptable, what do I find? Ideals of service and un-
selfishness are held up to me. Why should society
expect that it can get hold of me by talking about
the virtue of service and unselfishness if it should
happen that the purposes and consequences of un-
selfish action do not seem good to me? It appears
that the reason it is expected that I will respond to
ideals of service and unselfishness is not that such
ideals are harmonious with my nature and therefore
good to me, but that it is my “duty” to accept such
ideals. This “duty” is conceived as something eter-
nal in the nature of things, completely external to
my own poor self, in virtue of which I am under a
compulsion to act as I “ought”. It has been re-
marked before this by more than one cynical ob-
server that it is a rather surprising coincidence, to
say the least, that in so many cases what is thus
specified to be my duty turns out to be for the
ordinary material advantage of the average member
of society, or of that class of society which has the
power. The intelligent but unsocial individual sees
the irrationality of all this, and the intensity of his
scorn of society is doubled because society appears
to him not only dishonest but stupid. Why should
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society be so calm in its assumption that I am like
the average of my fellows, or that what is good for
it will also seem good to me? Even if my fellows are
all honest in contending that what seems good to
them is also good for society, society cannot get in-
side me to know what really seems good to me; even
if I say what seems good to me, they cannot be sure
that I am not lying for fear of social pressure. I
think my fellows would not so easily say that I am
like the average of all of them if it were not for our
fundamental invention of saying that your feelings
are the same as my feelings.

I think that society, before it can become a fit
abode for intelligent beings, has got to recognize
that the individual will freely act in a socially ac-
ceptable way only if such action seems good to that
individual. The only way it can alter the free acts
of the individual, if it should be necessary to alter
them for the advantage of society, is to modify by
example or some other form of education what the
individual accepts as his good. Since ‘“‘society” means
you and me, this means that I, in my capacity as a
member of society, will not allow myself to appeal
to my neighbor by some mystical argument which
analysis proves to be for my own disguised advan-
tage rather than his. I think that examination will
show that this requirement would wipe out a sur-
prisingly large fraction of the conventional ethical
arguments.

The importance of clearly seeing that the intelli-
gent individual will freely act only in the way which
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seems good to him should be particularly evident
at the present time. If society were composed exclu-
sively of members so constituted that what every
individual accepted as his good was also for the good
of the others, there would be no problem; I would
not have to say the things I have just said, and you
would not be saying to yourselves, “If I had as mean
and unsocial a disposition as that fellow I would be
jolly careful to keep it to myself”’. But it is obvious
enough, particularly at the present, that not every
man is by nature a social animal. If he is also intelli-
gent he will act in an unsocial way if he has oppor-
tunity, and it is just silly to think that he can be got
hold of by being shown the unsocial consequences
of his actions. Hitler is right and intelligent in per-
secuting the Jews if the exaltation of the German
race is for him a good; or he is right in exposing the
world to the danger of war if war is for him a good,
and the rest of us who sputter at him have just
failed to be intelligent in expecting him to act
according to a code that is for our advantage and
against his. Hitler is right in despising the intelli-
gence of people who expect him to be guided by
motives which he hasn’t got. One element of our
failure to be intelligent in this situation consists in
our mistaken appraisal of the factual situation. It
was inconceivable to us that human beings should
exist whose good differs by so much from what we
conceive to be the normal as does Hitler’s. It should
now be obvious to all of civilization that human

beings may be expected to appear every now and
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then whose good, either because of their nature or
because of an unusual combination of circumstances
to which they have been exposed, it matters not
which, may diverge by any amount whatever from
the norm. An intelligent society has got to be con-
structed on a recognition of this possibility.

The means that society must be prepared to take
when this possibility is adequately recognized are
connected with another of those inescapable prop-
erties of the world in which we live which is so
obvious that it need only be said to command assent;
namely, I am powerless in the face of overwhelming
physical force. There is no argument with an ex-
ploding bomb. Furthermore, I often experience
such overwhelming physical force in the concerted
action of my fellows, and conversely, I see that
sometimes I can so maneuver as to procure the
application of an overwhelming physical force to
my neighbor and thus secure from him the action
which I desire. The recognition of all this is merely
a rccognition of the factual nature of my environ-
ment. I must count on my intelligent neighbor see-
ing all this; and if the exercise of force seems to him
a good in itself, or if the exercise of force seems to
him a lesser evil to be overbalanced by some greater
good, then I must also count on his using force
against me in his attempt to procure his ends. In
reply to his action I have the choice of yielding
without a struggle, or of attempting to meet his
force by superior force of my own. There are people

to whom the exercise of force against their neigh-
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bor, under any circumstances, is so repugnant that
they would rather be exterminated than oppose
force with force. Most people, however, do not seem
to be constituted in this way. Although the exercise
of force is intrinsically repugnant to them and, up
to a certain point, they will yield or compromise to
avoid the necessity for exerting force, nevertheless,
beyond a certain point incompatibilities become too
great, and they will fight. Sometimes people appear
to find it necessary to justify their willingness to
use force when incompatibilities become too great.
It seems to me that no apology should be necessary,
but willingness to use force beyond a certain point
constitutes nothing more than clear-eyed recogni-
tion of the nature of the world about us. There is
no more reason why I should hesitate to recognize
this natural “law” any more than any other natural
law, such as that I must keep my head above water
if I wish to live. The physicist, particularly, who has
spent his life adapting himself to the world about
him, will, I think, have little inclination to apolo-
gize when he accepts the naturally imposed necessity
to use force to secure desired results in certain situ-
ations.

Society in its relation to the individual is almost
always, by virtue of its enormous superiority of
numbers, in a position to exert, when it chooses,
such overwhelming force that the individual can
only yield. This possibility is always in the back-
ground, and constitutes an essential element in the
relation of the individual to society. An honest anal-
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ysis of the situation demands that this be said out
loud with frankness. But society is composed of you
and me, and in its actions will reflect to a certain
degree what seems good to you and me. If most of
us dislike to use force, as seems to be the case, we
expect that society will use force against the indi-
vidual only as the last resort, when incompatibilities
become so extreme that they can be handled in no
other way. Such a society will first make every at-
tempt to bring the individual to adopt freely a soci-
ally acceptable line of conduct.

If you and I are intelligent, we will want to have
society a fit abode for intelligent beings, which
means that, below the point at which we have to
apply force, we will appeal to our fellow as an intel-
ligent being, and will try to bring him to adopt
freely, because all things considered, it seems good
to him, that line of conduct which is also to the
advantage of you and me. How great a modification
this means in conventional social practice is evident
enough. It will be a slow and difficult process that
can be accomplished only by a long campaign of
education extending over generations. The problem
is to present to the individual all the relations and
consequences of his actions, allowing the vision of
all the consequences to modify his drives and what
seems good to him, until in the end his drives are
self-consciously stabilized in perfect accord with
whatever his own nature may be. If, when his drives
have been educated and stabilized, they are still

antisocial, we must be prepared to restrain him by
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force. There is obviously a great gamble in such a
program; you and I are gambling that the majority
of our fellows are so constituted that when their
drives have been educated a harmonious society is
possible. Although we must always expect that there
will be a certain number whose educated drives
may be antisocial to any degree, we are gambling
that there will not be so many of them that the rest
of us cannot restrain them by force. That is, we are
gambling that the human animal is so constituted
that the race as a whole is capable of building up
an intelligent society. I think many people are afraid
to make this gamble—fear is back of a great deal of
social conservatism. The more courageous course
appeals to me; if man is not the kind of animal that
can create for himself an intelligent society, I would
rather not have any society at all.

Although Hitler may be right in following his
own drives in the face of the abhorrence of a large
part of his fellows, he is dead wrong if he thinks
that an intelligent society can be created by sup-
pressing the individual and turning the world into
a human ant heap. An intelligent society has got to
start with the individual and end with the individ-
ual. Nothing else makes sense.
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SCIENCE, AND ITS CHANGING SOCIAL
ENVIRONMENT*

THE FIrRsT PART of this address dealt with recent
work of the author in extending the pressure range
attainable in the laboratory. The subject has been
similarly treated in the third volume of Science in
Progress, published by the Society of Sigma Xi.
And now I will turn from these technical matters,
with which I have been personally concerned, to
matters of more immediate and vital interest to all
of us. In the present world struggle physics has come
to occupy a position in the very front line. A large
part of the body of physicists has been asked to
divert its activities from accustomed channels, and
all of us who have been able have rejoiced that the
opportunity has been offered and that we can be of
service. Because of the obvious importance of the
service that physics is rendering, many physicists are
anticipating, after the war, a permanent increase of

the appreciation of the public for physics, and a

*From Science, 97, 147, 1943. Part of the retiring presidential ad-
dress to the American Physical Society, given at Columbia University,
January 23, 1943.
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great increase in the attractiveness of physics as a
profession for our abler young men.

There are however, other aspects of this rosy
future to which I wish to direct your attention.
Because of the heavy social impact of the products
and techniques resulting from scientific investiga-
tion, there is a growing tendency in many quarters
to maintain that science, and this of course includes
physics, is the servant of society and that all scien-
tific activities should be under complete supervision
and control by society or the state. This point of
view is finding advocates among scientists them-
selves. It seems to be growing in favor in some
quarters in this country, but not yet to the same
extent as in Russia, where it is widely accepted,
judging by various mass proclamations of Russian
scientists published in our press, or in England,
where there is an aggressive and articulate group
with a similar attitude—the book by Bernal entitled
“The Social Function of Science” comes to mind.
Indicative of the feeling in some quarters in this
country, there is an article in a recent number of
the Popular Science Monthly which is an extreme
example of this point of view. I believe that there is
a probability that after the war this feeling will be
intensified in proportion to the very success that
physicists may have in helping to win the war.

Closely connected with the thesis that scientific
activity is a social function is the growing impulse
to hold the scientist personally responsible for all

the consequences of his discoveries. In all this there
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is a good deal with which one may sympathize, but
I believe that nevertheless an unqualified and unre-
served acceptance of the current popular views
about the social position of science will result in a
false placing of emphasis which in the long run will
be harmful both to scientists in their profession,
including physicists, and to society as a whole.

The issue is confused by the looseness with which
the word ‘“‘science” is used. Popular usage lumps
under the single word ‘“science” all the technolog-
ical activities of engineering and industrial devel-
opment, together with those of so-called “pure sci-
ence”. It would clarify matters to reserve the word
science for “pure” science. Because a single word
is used, there is an impulse to assess a blanket re-
sponsibility and to set up blanket controls. Super-
posed on the confusion arising from verbal looseness
there is another less innocent factor. It seems to me
that there is often just plain resentment that changes
in accustomed routine are so often the outcome of
investigations in pure science. Large numbers of the
genus homo do not like to be shaken out of an accus-
tomed routine. It is this resentment more than any-
thing else which I believe leads to fastening of
“responsibility” on pure scientists. In extreme cases
this has even led to the demand for a compulsory
moratorium on all scientific investigation.

I think there has been a tendency for scientists in
general and physicists in particular to acquiesce too
meekly in the implication of social responsibility
for their discoveries. The conjuring up of “respon-
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sibility” is often only the device of a lazy man to get
some one else to do for him something of vital con-
cern to him which he should be doing himself, and
scientists in their naiveté have not seen this.

Let us imagine what acceptance of the thesis of
responsibility would involve. Perhaps the most
fundamental of all the conditions for success in
scientific discovery is complete freedom. If the sci-
entist were required to make only those discoveries
which could not wilfully be perverted to harmful
uses, he would almost certainly feel himself so re-
stricted that he would make no discoveries at all.
Furthermore, it is impossible for a physicist or any
one else limited by human fallibility to foresee all
the consequences of a discovery, much less, to bal-
ance all the good consequences against all the bad
consequences. Responsibility does not exist when
there is no mechanism by which the responsibility
can be determined. Neither is there any mechanism
by which the physicist can control such conse-
quences of his discoveries as he can foresee. It is
society as a whole that is in a position to provide
the mechanism of control rather than the individual
discoverer, so that it is therefore the responsibility
of society to see that discoveries in pure science are
properly exploited, not the responsibility of the
discoverer. When a physicist makes a new discovery
and imparts it to society, he is presenting society
with an opportunity, and this opportunity implies
responsibility on the part of society.

Society already has available a mechanism of at
268



SCIENCE, AND ITS CHANGING SOCIAL ENVIRONMENT

least partial control in a control of patents and
production. Whether an entirely adequate control
can be exercised in a frame work of a society broken
up into separate nationalities as at present may not
be easy to decide; certainly the decision and the re-
sultant action is out of the province of the individ-
ual scientist.

What is it that makes the “pure” physicist go,
when he is on the trail of some new idea in his
laboratory? The answer is, of course, complex, but
I believe that through all the multifariousness runs
one simple guiding thread, the craving for under-
standing. To the extent that the guiding motif of an
enterprise is the craving for understanding, to that
extent the enterprise may be said to be purely scien-
tific, as distinguished from technological, or utilita-
rian, or artistic, or political, or what not. The crav-
ing for understanding reaches its greatest poignancy
only in a few cases, but all of us who are engaged
in pure research have it to a certain extent, and it
is the vital part of what makes us go. It is not a
matter to be argued about, as to whether such a
craving has economic or other justification; it is
only to be accepted as a fundamental fact about
human beings that some of them have developed
to a high degree the passion for understanding and
a delight in the corresponding activities, just as
others have a strongly developed sense of beauty or
of conduct. If society is ever going to become any-
thing more than a vicious merry-go-round of cir-
cular activity, if ever there are ends in themselves
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or goods in themselves, then surely the gratification
of the craving for understanding is one of them.

To those who have a passion for understanding
society will not be a satisfactory place unless it
affords opportunity for the acquiring of under-
standing, so that to the extent to which the function
of society is to make life satisfactory for its members,
and it seems to me that this is pretty nearly the
whole function of society, one of its responsibilities
is the making and providing of adequate scientific
opportunity. Society is the servant of science even
more and in a more fundamental sense than is sci-
ence the servant of society. Any control which soci-
ety exerts over science and invention must be sub-
ject to this condition.

Physicists are, I think, even if they give intellec-
tual assent, inclined to be too diffident to insist on
all the implications of this conclusion. Many of us
find it uncongenial to thrust ourselves forward and
to insist on the service owed us by society, particu-
larly at the present. We have a feeling that we
should not confuse the issue of winning the war by
insisting on matters of obvious personal concern at
a time when the very existence of the society to
which we are accustomed is threatened. I would
urge that on the contrary now is the time more than
ever to insist that society must conform to the pat-
tern of service to science. What are we fighting for
anyway? After we have scavenged the world of the
blight of totalitarianism, what are our long-range
objectivess Have we nothing eventually in view
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more admirable than the abolition of want and the
securing of comfort for everyone, ends which at
present bulk so large in our programs? Will we be
permanently satisfied with these, or will something
more be necessary to give dignity and worth to
human activity?

In urging the claims of science and scientists on
society we may fortify ourselves by reflecting that
we are not urging society to give without return.
The exercise of the mind and the acquiring of
understanding is after all not an ignoble human
activity. In more idealistic phraseology it is some-
times described as the pursuit of truth. One might
even argue that it is the one human activity
which distinguishes us most from the brutes; cer-
tainly it is the one in which there is the greatest
room for future development and in which we
have most failed up to now to realize our full
potentialities. In the long run society is a better
place for every one when there is intellectual free-
dom and encouragement and flourishing activity in
pure science. It does not put much of a strain on
other social mechanisms to have scientific activity
going on, nor are we an obtrusive class. We work
hard and like it; the pursuit of personal comfort or
even happiness is not a particularly compelling
motive with us; there is a certain disinterested im-
personality in our striving which has on occasion
been commended. We do not ask for much in com-
parison with what we give: freedom and leisure to
do our work and decent security for the future.
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Many of us already have been more or less fortunate
in these respects, and some of us already have been
living under conditions which approach the millen-
nium according to our simple standards. But it
seems to me that the prospect is becoming less
bright. Not many people like to use their minds,
and there is always some spontaneous hostility of
those who do not like to think toward those who
do. For years before the war there were signs of a
growing anti-intellectual sentiment, which I believe
is now becoming visibly intensified with the pas-
sions and emotions always associated with war. It
seems to me that scientists are curiously obtuse as
to the social conditions which make possible their
existence as a class. It is by no means a certainty that
society will so evolve that the individual will be
allowed to engage in independent intellectual activ-
ity. The danger of such an evolution increases with
the growing command by society of techniques as-
suring a satisfactory degree of common ease and
comfort. Society may well come to feel that the sci-
entist has not enough more to give it in the way of
material benefits to justify keeping him. If society is
ever going to become a place in which intellectual
activity is encouraged and intellectual ability prized,
those of us who like to think have got to fight for it.
If we do not take action in our own behalf, no one
else will do it for us. And we must do it now
because social institutions are changing so rapidly
that after the war it may be too late. Judging by the
one criterion of greatest significance in this coun-
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try, economic position, there is no doubt that the
changes now taking place are leading to a worsen-
ing of the position of those who like to think as
contrasted with those who do not. When we con-
template all the pressure groups insistent only on
their own advantage, we need not be difiident in
striving for an even greater recognition than in the
past of the social importance of intellectual activity,
and of the importance of stimulating such ability by
commensurate rewards.

A distorted conception of democracy is forming
under stress of the war, a conception which urges
the equal right of every one to share the goods of
society irrespective of what he gives back to society.
The conception of democracy which was implicit in
the old fashion “American ideal” seems to me more
admirable. According to this conception democracy
meant equal opportunity for ability, no matter how
humble its origin, to rise to its natural level. So far
as capitalism was discussed at all, it was justified, at
least in theory and in spite of its defects, because it
incidentally provided a machinery by which special
service received special reward. It was not consid-
ered that a society was either ignoble or undemo-
cratic that gave special reward for special service.
Nor was the individual who consented to receive
special reward for special service considered to have
debased himself. It was felt that society need not
grudge to act to its own advantage because it was
also for the advantage of the individual; society did
not resent the individual of exceptional abilities but
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took pride in him. It seems to me that a certain
crabbed and ungenerous spirit of envy and resent-
ment against unusual ability is growing; this is un-
derlined by recent events. To me there is something
dead wrong with a social philosophy that attempts
to set any upper limit to the value of the contribu-
tion which a man of unusual ability can make to his
society, particularly in time of war. In the name of
democracy our ideals are becoming less democratic.
A partial explanation is doubtless to be found in
industrial and capitalistic abuses. But an explana-
tion does not constitute a justification.

We, who are perhaps more vitally concerned than
any other group, have thus far failed to take steps to
ensure that the economically altered society of the
future shall retain those essential features that once
inspired our democratic vision. Our conviction has
not been strong enough that a society is a good
society in which intellectual ability is prized and
rewarded. We are passively accepting a change in
the economic system by which the relative position
of all intellectual workers, including the scientist, is
being definitely debased, and in which assurances
and commitments made by society in the past are
being needlessly scrapped. This applies with partic-
ular force to the private universities and to the
workers in'them. We are not fighting against these
things ourselves, and we in the universities are not
instisting that our university and educational ad-
ministrators fight for them for us.

What are we going to do about it? In the first
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place, we are not going on strike, but those of us
who are in the position will continue to work as
hard as we can to develop all the devices in the
power of our ingenuity or to make what other
special contributions we can to destroy totalitarian-
ism and all that it implies. Neither, I think, will
scientists attempt to organize themselves into a pres-
sure group to try to mold society to their pattern.
Even if it were not ludicrous for so small a minority
to think of making such an attempt, we would find
such an attempt distasteful at a time when so many
of our young men are being called on to make ex-
treme sacrifices. And even if not distasteful, who
could find time to devote to such an attempt when
we are all so busy with immediate things? But it
would be stupid not to take time to at least see
what the situation is, and once having seen it, it
will be possible to do many things incidentally with-
out slackening in our other efforts. Merely by let-
ting it be known that we are aware of the situation
we may accomplish something. From the long range
point of view our job is primarily one of education.
We should avail ourselves of every opportunity and
even go out of our way to make opportunity to let
our conviction be known that a society is in the
long run the best society in which those who have
the ability are given every opportunity and induce-
ment to practice the pursuit of truth and of under-
standing. We must hold up intellectual power and
accomplishment to the admiration and emulation
of our young and stimulate their pleasure in intel-
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lectual activity. Our educational programs must be
revised if necessary to give this emphasis. We must
teach our young a social philosophy which recog-
nizes that society is 2 means and not an end, and we
must give them a technique by which they can dis-
cover those ends which they can accept with intel-
lectual integrity as making society worth while. If
we do not do these things, we are in danger of find-
ing when this struggle is over that we have been
fighting for a lifeless husk; if we do them we will be
playing our part in molding a public opinion which
will create the society of our vision.
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THE Toric proposED for this symposium, “How far
can scientific method determine the ends for which
scientific discoveries are used?”’ is obviously of much
generality and also, I am told, of an intentional
vagueness. The general background of the topic is
plain enough; the topic has evidently been suggested
by the present atmosphere through which society is
looking at science, inspired by the preponderating
role of invention and the applications of scientific
discoveries in the late war, culminating in the
atomic bomb. Not only is the general public be-
coming increasingly conscious of the impact of sci-
ence on the whole social structure, but the scientist
has himself in the interval since Hiroshima dis-
played a noteworthy concern with the social effects
of his discoveries. This has resulted in the formation
of societies of scientists dedicated to controlling as
far as possible some of the aspects of scientific dis-
coveries. There is growing up among scientists a
more or less articulate philosophy of what the rela-

tion should be between science and society as a

*From The Scientific Monthly 45, 148, 1947. Given at a symposium
at the annual meeting in Boston, Dec. 1946 of the A.A.A.S. in a joint
session of section K and L and the American Philosophical Association.
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whole. It seems to me that it is a matter of the
greatest importance what this philosophy is, and
that it may well be determinative of the future
course of civilization.

There are, I think, unfortunate features in the
present trend of this philosophy, and I should like
to devote part of this discussion to them. This will
involve giving a rather broad and liberal interpre-
tation to our topic. I would in any event be con-
strained to place a liberal interpretation on it, be-
cause it is my feeling that the ‘“scientific method”,
in the narrow sense in which scientific method is
often understood, does not have a very immediate
application to determining the ends for which scien-
tific discoveries are used. I like to say that there is
no scientific method as such, but rather only the
free and utmost use of intelligence. In certain fields
of application, such as the so-called natural sciences,
the free and utmost use of intelligence particularizes
itself into what is popularly called the scientific
method. From this point of view I should like to
rephrase the topic for discussion to read “What is
the most intelligent way of dealing with the uses of
scientific discoveries?” A discussion from this broad
point of view will necessarily involve aspects of
social philosophy, and in particular the philosophy
of the relations of science to society.

The detailed discussion might well start with such
questions as: How far is it desirable that scientific
discoveries be controlled? or, What “ought” to be
the attitude of the scientist toward his own discov-
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eries? No discussion along these lines will get very
far before the word ‘“‘responsibility” occurs. Let us
examine the implications of this word. It is fre-
quently stated that science is responsible for the uses
made of scientific discoveries. This is obviously a
highly abstract statement. The meaning must be
that scientists are responsible for the uses made of
scientific discoveries. But even this is so general as
to have little meaning. Does it mean that scientists
as a group are responsible? But what is responsibil-
ity that it can pertain to a group? Here we begin to
encounter shades of meaning and ambiguities in the
word responsibility itself. A few people apparently
use the word in a purely factual sense with no fur-
ther connotations. From this point of view it can
certainly be said that scientists are ‘‘responsible” for
the uses made of scientific discoveries, for the simple
reason that the discoveries cannot be used until
after the discoveries are made, and the discoveries
are undeniably made by scientists. Responsibility
in this sense merely denotes a link in the causal
chain. But I believe that this colorless and factual
use of the word is comparatively rare. The more
conventional usage implies a moral obligation and
involves a moral condemnation if the obligation is
not met. To say that “scientists are responsible for
the uses made of scientific discoveries” implies, ac-
cording to what I believe is the usual usage, that
each and every scientist has a moral obligation to see
to it that the uses society makes of scientific discov-
eries are beneficent. This is getting pretty near
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home. It means that I have a moral obligation, and
that if I do not meet the obligation I shall be
deemed culpable by society and may justifiably be
disciplined. The discipline that would be imposed
is the natural and obvious one, namely, loss of scien-
tific freedom. This is, I think, the temper of an im-
portant part of society today, and the attitude seems
to be growing. Furthermore, it is an attitude in
which a number of scientists, particularly those of
the younger generation, are showing a tendency to
concur. Any such concurrence arises, I believe, from
a failure to realize the larger implications and in-
volves an essentially short-range philosophy of the
relation of the individual to society.

I think it is obvious that the thesis that the scien-
tist is responsible for the uses made of his discoveries
must involve the assumption that there is something
special and exceptional in the situation. For cer-
tainly in more common situations individual respon-
sibility is not considered to extend to all the conse-
quences that may be initiated by the act of the indi-
vidual. The miner of iron ore is not expected to see
to it that none of the scrap iron which may eventu-
ally result from his labors is sold to the Japanese
to be used against his country. Such an extension of
responsibility would be absurd because of the im-
practicality of it, and in particular would make im-
possible that specialization and division of labor that
is one of the foundation stones of our modern indus-
trial civilization. Furthermore, it is obvious that if
such detailed and individual responsibility were im-
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posed a certain ideal of society implicit in the think-
ing of many of us would have to be abandoned. The
society of this idealized vision is a society so con-
structed that every individual in it may be allowed
to strive to choose for his lifework what he can do
best. Unfortunately, society is still tragically far
from this ideal for the average man, but our depar-
ture from the ideal arises, not from failure of good
intentions, but from the practical difficulty that we
have not yet found a mechanism that makes this
possible. However, many individual scientists, so far
as they have been allowed to follow the driving force
of their inner scientific compulsion, have come
pretty close to this ideal. From the point of view of
society, the justification for the favored position of
the scientist is that the scientist cannot make his
contribution unless he is free, and that the value of
his contribution is worth the price society pays for
it. The demand that the individual scientist be
responsible for the uses made by society of his dis-
coveries would constitute a repudiation of this ideal.
For if I personally had to see to it that only benef-
icent uses were made of my discoveries, I should
have to spend my life oscillating between some kind
of a forecasting bureau, to find what might be the
uses made of my discoveries, and lobbying in Wash-
ington to procure the passage of special legislation
to control the uses. In neither of these activities do
I have any competence, so that my life would be
embittered and my scientific productivity cease.

The thesis of the responsibility of the individual
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scientist therefore involves a repudiation of the
general ideals of the specialization and division of
labor, and the ideal of, as far as possible, each man
to his best. This repudiation can be justified only
by some special feature, and the only justification
that I can see which is to be taken with any serious-
ness is the thesis that scientists are in some special
way qualified to foresee the uses society will make
of their discoveries, and to direct and control these
uses. This thesis does indeed seem to be tacit in
much of the popular discussion. The question now
is whether this thesis is true, and, if so, whether it
constitutes justification for the imposition of respon-
sibility. As a physicist with pride in my profession,
I would naturally be loath to admit that a physicist
could not do a better job than outsiders in control-
ling the uses made of discoveries in physics, but nev-
ertheless I think an inspection of such activities of
physicists as their attempts during the last year to
get through Congress a bill establishing the Na-
tional Science Foundation would show that the
batting average of even the physicist would pre-
sumably be so low as to make it unprofitable for
society to support him in the role of prophet and
administrator. For of course society must recognize
that if it imposes responsibility on a man it must
be prepared to support him in the exercise of that
responsibility.

Leaving further elaboration of this question to
the tender mercies of others, I now address myself

to the question of whether, even granted that scien-
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tists are specially qualified to foresee, direct, and
control the uses made of their discoveries, society
should therefore hold them,responsible for the uses
made of their discoveries? I think that the temper of
the times is such that many people would answer
this question with an unqualified yes. Such an
answer implies a social philosophy that has been
growing rapidly in this country, namely, that the
community has a right to exact disproportionate
service from special ability. It is epitomized in the
Marxian epigram ‘“From each according to his abil-
ity, to each according to his need”. Three stages of
evolution can be recognized in the present philos-
ophy of the relation of the individual to society.
The first granted the right of the bright people to
exploit the stupid ones; the second recognized the
right of everyone to receive from society a reward
proportional to his contribution to society; and the
third and present stage recognizes the right of the
stupid people to exploit the bright ones. It is per-
haps obvious that my sympathies are with the sec-
ond, or the median, of these three philosophies. The
third philosophy, insofar as it involves anything
beyond the more or less disguised willingness of the
majority to use naked force, is based on a metaphys-
ical concept of society as some superthing, tran-
scending the individuals who compose it. This, to
my way of thinking, does not make sense. Society is
composed of you and me; society does not have an
individuality of its own, but is the aggregate of
what concerns you and me. The function of society
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is expressible in terms of its relations to the indi-
viduals who compose it, and any justification for the
acts made by its members is to be found only in the
effects of these acts on the members of society as
individuals.

It seems to me that the thesis of the right of soci-
ety to exact disproportionate service from special
ability can be analyzed very simply. If society exacts
disproportionate service, this means that certain in-
dividuals in society acting in their collective capac-
ity, are willing to exact disproportionate service
from other individuals. But I, as an individual,
would certainly not presume to think of demanding
that my neighbor give me special service merely
because nature had endowed him to do the job
better than I could do it myself. The sort of thing
I am unwilling to do in my individual capacity I
am also unwilling to do in my capacity as a member
of a group. Furthermore, it seems to me only decent
and self-respecting for me to do my best to see to it
that the group to which I belong does not act in a
way in which I as an individual would not be will-
ing to act. If every member of society applied to his
social acts the same criteria of decency and self-
respect that he applies to his individual acts, the
problem of exaction by society of disproportionate
service from special ability would not arise.

The assumption of the right of society to impose
a responsibility on the scientist which he does not
desire obviously involves acceptance of the third
philosophy, that is, the right of the stupid to ex-
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ploit the bright. There are, I believe, specific objec-
tions to the application of this philosophy in the
present situation, apart from the general considera-
tions just mentioned. It is not necessary. Society can
deal with the issues raised by scientific discoveries
by other methods than by forcing the scientist to do
something uncongenial, something for which he is
often not fitted. The course of action that can ac-
complish this scems to me the only self-respecting
one. The applications made of scientific discoveries
are very seldom made by scientists themselves, but
are usually made by the industrialists. It is the
manufacture and sale of the invention that should
be controlled rather than the act of inventing. This
could surely be accomplished by specific action
rather than by throwing out baby and bath together.
One can think of revisions in the patent laws, for
instance, that would be pertinent. Or society can
control the situation by other means already in its
possession. If it had not wanted to construct an
atomic bomb, it need not have signed the check for
the two billion dollars which alone made it possible.
Without this essential contribution from society the
atomic bomb would have remained an interesting
blueprint in the laboratory.

Why is it that there is such popular clamor for
dealing with this situation by the tremendously
clumsy and backhanded method of imposing respon-
sibility on the individual scientist, a method which
involves the sacrifice of fundamental principles and
the development of social mechanisms of more than
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doubtful practicality? I suspect the clamor arises
from the unconscious operation of very human
motives. The cry of responsibility is often no more
than the cry of a lazy man to get someone else to do
for him what he ought to do for himself. There may
perhaps be a small element of despair in the clamor.
It is obvious that if society would only abolish war,
99 per cent of the need for the control of scientific
discoveries would vanish. Furthermore, it is obvious
enough that the abolition of war is the business of
everyone. The difficulties of doing this, however,
appear to have become so enormous that the aver-
age man may well despair of being able to accom-
plish it himself. Into this situation comes the vision
that if only some deus ex machina would stop scien-
tific discoveries from being put to bad uses we could
all be at peace in our minds. Whereupon the human
race, with its capacity for wishful thinking and
rationalization, needs only this hint to invent the
legend of the responsibility of the scientists for the
uses society makes of their discoveries. Let society
deal with this situation by the means already in its
hands, means by which it deals with similar situa-
tions. If it truly believes that the peculiar qualifica-
tions necessary to deal with the misuse of scientific
discovery are to be found among the scientists,
which I, for one, very much doubt, then let it create
mechanisms and make opportunities by which those
scientists who can do this sort of work well will be
attracted to this field, rather than to insist on its
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right to the indiscriminate concern of all scientists
with this problem. And let the scientists, for their
part, take a long-range point of view and not accept
the careless imposition of responsibility, an accep-
tance which to my mind smacks too much of ap-
peasement and lack of self-respect.

I believe it to be of particular importance that the
scientist have an articulate and adequate social phil-
osophy, even more important than that the average
man should have such a philosophy. For there are
certain aspects of the relation between science and
society that the scientist can appreciate better than
anyone else, and if he does not insist on this signifi-
cance no one else will, with the result that the
relation of science to society will become warped, to
the detriment of everyone.

The social philosophy which seems to be spon-
taneously growing up among some of our scientists
is, I believe, a short-range and inadequate philos-
ophy. It is well known that the scientists who have
shown the most articulate concern with the social
implications of the atomic bomb are young. The
philosophy that is coming into being betrays this. It
is a youthful philosophy, enthusiastic, idealistic, and
colored by eagerness for self-sacrifice. It glories in
accepting the responsibility of science to society and
refuses to countenance any concern of the scientist
with his own interests, even if it can be demon-
strated that these interests are also the interests of
everyone. Such a philosophy is unmindful of long-
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range considerations and blind to the existence of
other scales of values than those of the philosophers
themselves.

What are the characteristics of an adequate social
philosophy? It seems to me that first and foremost
this should be a “maximum-minimum” philosophy.
That is, society should be so constructed as to allow
the maximum number of its members to lead a good
life, while at the same time the minimum of dicta-
tion and interference should be imposed on any
individual in determining what shall for him con-
stitute a good life. The most outstanding character-
istic of such a society is its tolerance. What would
be a good life for one man would not be a good life
for another. It is, I think, with regard to this mini-
mum requirement that actual societies are most
likely to fail. No society dedicated to a special thesis
satisfies this requirement. A totalitarian society,
such as that of Russia, in which a man may antici-
pate happiness if he thinks as the majority, but in
which he may expect to be liquidated if he opposes
it, is obviously not such a society. Neither is the con-
ventional Christian society, with its thesis that the
good life is the one devoted to the service of a man’s
fellows, and with the correlative assumption of the
right of the community to impose this ideal on the
individual. Both these types of society are too nar-
row. The broadly tolerant society, committed to no
special thesis as to what constitutes the good life, is
evidently a late product in the evolutionary chain.

When the struggle for survival is too intense, toler-
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ance may well be a luxury society cannot afford. But
as the struggle for survival ceases to dominate the
social pattern, an increasing amount of tolerance
becomes practical, until in the end the attainment
of the maximum of tolerance may well become the
dominating ideal. This, it seems to me, is the sort
of society we should strive for; it also seems to me
that in this country today a high degree of realiza-
tion of such a society is possible.

WHAT is the relation of the scientist to such a
society? It seems to me that he occupies a position
of high strategic importance, a position impossible
of attainment for the man who has not directly ex-
perienced the significant factors basic to this type of
society. The conception of what constitutes the
good life does not present itself as a primitive datum
in consciousness, but is a product of cultivation and
education. Furthermore, various ideals of the good
life are possible, competitive with one another and
to a certain extent mutually exclusive. The ideals
that come to prevail will to a large extent depend
on the self-conscious activities of those most con-
cerned. It may even be that the ideals will have to
be fought for. What constitutes the good life for
the scientist does not at once appeal to the majority
as constituting the good life. Nay, more than this,
without education the majority cannot be trusted
to see that it is to the advantage of the community
as a whole that the scientist be allowed to lead his
good life. With education, however, 1 believe that
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this can be accomplished, and that the scientist is
strategically situated to impart this education. It is,
of course, easy for anyone to see that the material
benefits we now enjoy would not have been possible
without scientific activity and to see that for this
reason science should be supported. What I have in
mind, however, is something less material. I think
the scientist, in endeavoring to impart the vision of
what this is, would do well not to take a too nar-
row view. The scientific life, which for him is a
good life, is a special kind of a more general life
which is also a good life, namely, the life of the
intellect.

I think the scientist’s most important educative
task is to get the average man to feel that the life of
the intellect not only is a good life for those who
actively lead it, but that it is also good for society as
a whole that the intellectual life should be made
possible for those capable of it, and that it should be
prized and rewarded by the entire community. It is
perhaps a gamble that society as a whole can be
made to feel this. But I believe it is a gamble to
which the scientific man is committed. If the human
race is such a sort of creature that it cannot be made
to feel that intellectual activity and satisfaction of
the craving for understanding are goods in them-
selves, then we might as well shut up shop here and
now, and those of us who are made that way hence-
forth get the intellectual satisfactions necessary to
us as best we can, surreptitiously and in spite of our

fellows. Example itself can be educative. Apprecia-
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tion of the element of high adventure in achieving
understanding of the ways of nature should not be
difficult to impart. In other fields human beings do
this. There must be widespread sympathy with, and
understanding of the mountain climber who, when
asked why he had to climb mountains, replied, ““Be-
cause the mountain is there”. I believe that most
men similarly can be made to feel the challenge of
an external world not understood and can be made
to see that the scientist has to understand nature
“because nature is there”. The challenge to the
understanding of nature is a challenge to the utmost
capacity in us. In accepting the challenge, man can
dare to accept no handicaps. That is the reason that
scientific freedom is essential and that artificial limi-
tations of tools or subject matter are unthinkable.
The average man, I believe, can be made to see that
scientific freedom is merely freedom to be intelli-
gent, and that the need for this freedom is born
with us, and that we will practice it in the inmost
recesses of our thoughts no matter what the external
constraints. And I believe also that the average man
can be made to see that the imposition of restraints
on the freedom to be intelligent betrays fear of the
unknown and of himself, and that he can be made
to feel that this fear is an ignoble thing. My gamble
is that the human race, once it has caught the vision,
will not be willing to yield to fear of the conse-
quences of its own intelligence.

It may appear that we have been straying rather

far from our ostensible topic. I think, however, that
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from the broad point of view we have not. What we
have been saying amounts to saying that the most
intelligent way of dealing with the problems arising
from scientific discoveries is to create an appropriate
society. This society will be a society that recognizes
that the only rational basis for its functions is to be
sought in its relations to the individuals of which it
is composed; a society in which the individual in
his capacity as a member of society will have the
integrity not to stoop to actions he would not per-
mit himself as an individual; a society broadly toler-
ant and one which recognizes intellectual achieve-
ment as one of the chief glories of man; a society
imaginative enough to see the high adventure in
winning an understanding of the natural world
about us, and a society which esteems the fear of
its own intellect an ignoble thing. In a society so
constituted I venture to think the problems created
by scientific discoveries will pretty much solve
themselves.
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SCIENCE AND FREEDOM
REFLECTIONS OF A PHYSICIST*

THis wiLL NoT attempt to reproduce exactly what
I said at the dinner on January 11, 1947, but I shall
avail myself of the suggestion of Dr. Sarton to make
a partly imaginary speech, composed of parts of
what T actually said, and of what, in the light of
afterthought, I wish I had said. I shall not attempt
to reproduce a number of the more or less personal
and informal details, but shall confine myself to
matters of more general interest.

Of all the conditions of my work which in retro-
spect appears most important, and of which at the
time also I was keenly conscious, freedom of investi-
gation is outstanding. There has never been any
suggestion from any outside source as to the naturc
of my investigations. Even in the early days, when
I sought and obtained thc maximum relief from
teaching and administrative duties for the ostensible
purpose of more complete devotion to my research,
no attempt was made by the University authoritics

to impose as a condition that I continue to devote

*From Isis 87, 128, 1947. This essentially reproduces part of the
remarks made at a dinner given at the Harvard Club of Boston on
Jan. 11, 1947 by the Dean of the Faculty of Arts and Sciences of Har-
vard University in recognition of the award of the Nobel Prize in
physics in December 1946.
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myself to high pressure investigation or even to in-
vestigation itself. The apparent attitude of the
authorities was that if you are going to gamble that
you have found a good man, a gamble without
strings attached is the most likely to succeed. Any
consistency which my experimental program may
have shown has been a consistency imposed entirely
from within; this I believe to be the proper source
of consistency. In spite of the fact that I have in the
main followed one guiding experimental idea, I
have nevertheless at all times felt free to pursue
other lines of interest, whether experiment, or the-
ory, or fundamental criticism.

Another outstanding characteristic of my work
has been the smallness of its scale. Not only is the
apparatus itself small, in fact becoming smaller the
higher the pressure, because of inherent physical
limitations on strength, but I have never had more
than two or three students at a time or a couple of
assistants. The result has been that I have been able
at all times to maintain the closest contact with the
details of the work, and also have been able to con-
serve the requisite amount of leisure. Both of these
features have been of the highest importance. In
advancing into new territory, as in this high pres-
sure work, the necessity is continuous for the devel-
opment of new methods and new ideas. For me, at
least, new ideas germinate only in an atmosphere of
leisure. I have to immerse myself in a problem and
then let it gestate in my brain, without the distrac-
tion of other interests, if I am to expect the solution
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to come sauntering into my mind when I wake up
two or three mornings later. In this process manual
cooperation plays a great part. Adjoining my labor-
atory is my machine shop; in fact, it is an integral
part of the laboratory to which I can repair and
stimulate inspiration by working out half-formed
ideas with my own hands. Not only do I have
cnough leisure so that I can work in the shop with
my own hands on occasion, but I am also able to
carry through my own experiment, including mak-
ing all the readings, myself. I find this necessary if
I am to have confidence in the results of some
method not hitherto tried. There are too many
pitfalls of unanticipated sources of error, which
often require ingenuity for their elimination, and
which may take much time to discover if one is only
watching from the side lines. I have been able to
make it an invariable practise to stay with each new
method long enough to get material for a complete
paper, before turning the method over to an assis-
tant for more or less routine application to a large
number of substances. Not only this, but even when
an assistant makes the experiment and the readings,
I have always made the computations and written
the paper myself. This gives me a confidence in the
results not possible when working on a larger scale.
Another great advantage of working on a small scale
is that one gives no hostages to one’s own past. If
I wake up in the morning with a new idea, the utili-
zation of which involves scrapping elaborate prepa-
rations already made, T am free to scrap what I have
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done and start off on the new and better line. This
would not be possible without crippling loss of
morale if one were working on a large scale with a
complex organization under one.

Another characteristic of the field in which I
have been working is that it is not a particularly
popular field, so that there have been comparatively
few workers in it and correspondingly little compe-
tition. This has both advantages and disadvantages.
It is an advantage that one can do his work with no
sense of hurry, so that there is little temptation to
make premature announcements, and should ques-
tions arise one can take the time to repeat the exper-
iment or make other modifications that will clear up
the matter. Also, the order in which the problems
are attacked can be the order of greatest scientific
economy, rather than the order of a competitive
politics. On the other hand, the principal disadvan-
tage, obvious enough to everyone, is that the investi-
gator loses the stimulation of conversation with his
colleagues on mutual problems. Just how important
this stimulus is will depend in considerable measure
on the individual investigator; some may find it well
nigh indispensable, whereas others may be much less
dependent on it. I myself have been able to get
along to a considerable measure without it. Even at
scientific meetings, which every physicist seems to
have to attend at intervals for rehabilitation of his
inner man, the stimulus which I have received has
not been detailed and specific, but rather general,
in suggestions of trends and areas of coming intcrest.
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It has, I think, been a happy circumstance that my
field, although obviously narrow in the sense that
pressure is a highly specialized physical parameter,
nevertheless from another point of view has been
exceedingly broad. For the general problem has
been no less than to determine the effect of pressure
on all physical properties, and it therefore covers the
entire reach of physical phenomena with the excep-
tion of such things as vacuum tube phenomena.
Mention of the stimulus of conversation with
one’s colleagues naturally prompts one to consider
the increasing trend during the last few years to
large-scale cooperative enterprises among physicists.
The reasons for this are obvious in the enormously
increasing size and expense of the apparatus neces-
sary for modern physical research, such as the cyclo-
trons and the piles of nuclear physics. Although we
may recognize that such instruments are necessary,
we may nevertheless deplore some of the conse-
quences. Up to now ideas have been in such a rapid
state of flux that the instrument itself has been con-
tinually evolving, with the result that most phys-
icists in this field have been spending an increas-
ingly large fraction of their time on the purely en-
gineering job of the design and construction of new
and better instruments, and correspondingly an in-
creasingly small proportion of time on the calcula-
tion of results and rumination on their significance.
The competition in this field is intense; rivalry be-
tween' different groups at different universities can
offer little opportunity for leisure or the scholarly
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digestion of results before publication. Within the
last year there has been one glaring example of
hasty publication of a spectacular result of such
presumptive importance as to start a rush of other
investigators into the field, only later to be with-
drawn as erroneous because of inadequate consider-
ation of factors which obviously were crying for
evaluation in the beginning. Not only is there
haste because of competition, but there is haste
because of financial considerations. The apparatus
is so expensive that consideration of the overhead
demands that the apparatus be kept in operation for
twenty-four hours a day, and this is not conducive
to a feeling of leisure. Each of the teams which is
the slave of one of these instruments has to be driven
by some one at the head who has the ideas. There is
danger here that all the rest of the team will pick
the brains of one man, with an ultimate decrease in
the number of physicists in the community capable
of independent and critical thought. Still worse, the
physicist who should be directing his team by his
creative ideas is likely to be so swamped by the
administrative details of the large enterprise under
him that he is overwhelmed and his purely scientific
activity destroyed. This is well known to have hap-
pened, at least temporarily, in the case of one of the
the new mammoth calculating machines, machines
whose ostensible purpose is to free the scientist
from drudgery and make possible the creative use
of his time. Doubtless some physicists have the
natural knack of being able to work together har-
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moniously and perhaps even efficiently in teams,
and perhaps others can acquire it, but I believe
there are many who are permanently unfitted for
effective cooperation in this way, and it will be a
major loss if they are not able to find a niche in
which they may function.

During the war practically all the physicists in
this country were diverted to war work of one sort
or another, and a large part of them were engaged
in large-scale enterprises which involved team work
developed to its maximum efficiency, with the con-
sequent and necessary submergence of the individ-
ual. The older men, who had previously worked on
their own problems in their own laboratories, put
up with this as a patriotic necessity, to be tolerated
only while they must, and to be escaped from as
soon as decent. But the younger men, who had been
drawn into the maelstrom before starting work for
their Ph.D. degree, had never experienced indepen-
dent work and did not know what it is like. Some
of these younger men will continue in government
work; others who return to academic circles will
there join in the teams serving the mammoth instru-
ments. The result is that a generation of physicists
is growing up who have never exercised any partic-
ular degree of individual initiative, who have had
no opportunity to experience its satisfactions or its
possibilities, and who regard cooperative work in
large teams as the normal thing. It is a natural corol-
lary for them to feel that the objectives of these large
teams must be something of large social significance.
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The temper of the rising generation is recognizably
different from that of the older. I may mention one
example with which I have had personal acquaint-
ance. The Association of Cambridge Scientists was
one of many similar associations formed soon after
the dropping of the atomic bomb on Hiroshima to
consider all the implications of the situation thus
created. In the early days of the Association the
May-Johnson bill was a matter of much concern.
With regard to this there was in the ranks of the
Association a cleavage of attitude almost exclusively
along lines of age. The older men were troubled
and concerned by the threats to scientific freedom
contained in the bill, whereas the younger men
were not at all concerned about this, but took the
opposite view that it was on the whole a rather
base and self-indulgent thing for the individual not
to be willing to sacrifice his scientific freedom on
the altar of the good of society. The young men,
never having experienced scientific freedom, did
and could not see that the question of self-indul-
gence does not enter at all into the situation, but the
existence of science itself, which I think all con-
ceded to be a social good, is impossible without sci-
entific freedom.

The increasing amount of administrative work
falling on some of the scientists composing the large
teams has a parallel in the ever increasing amount
of routine administrative work expected from the
members of a University faculty. As I look back on

the forty years of my work there can be no question
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but that the fraction of the time of the average
faculty member spent in routine of administrative
or other sorts has increased unconscionably. There
seems to be a natural law operating here; the larger
an institution becomes, the more cumbersome and
less efficient it becomes. One might think that when
the institution becomes ten times as large it would
have ten times as much business and ten times as
many people to do it, so that each individual would
need to give only the same amount of time. But it
does not work this way; it is more like the develop-
ment of a telephone exchange, which when it in-
creases by a factor of n has to provide for the hand-
ling of factorial n as many combinations. Each new
functionary in a University has to justify himself,
which he does by exacting attention from every
member of the faculty. When, for example, the
office of archivist is created, every member of the
faculty is asked to provide material for the archives.
Ten times as many officials tend to demand ten
times as much attention from each member of the
faculty. In a recent number of the Scientific Month-
ly there was an amusing and satirical article depict-
ing the eventual extinction of the human race by
suffocation in its own intellectual effluvia. It is well
known that every large library tends to increase in
size geometrically with the simple arithmetical pas-
sage of time. Why this should have to be true does
not seem to have been explained, but it is an un-
doubted description of the observed behavior of the

human animal. Unless some way can be discovered
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of breaking the cycle, the logical final result is catas-
trophic. In the past the cycle has been broken by
wars and the collapse of civilizations. In the hoped-
for brighter future in which war has been elimi-
nated, some specific means will have to be devised
to cope with the situation. The satirical article por-
trayed the consequences of the inability of the
human race to devise an adequate means. It is no
less a problem to devise a means by which the time
of the members of university faculties may be saved
for creative effort. Otherwise creative science will
be driven to other asylums, if indeed it is not de-
stroyed.

As I look to the future I am therefore troubled
by two misgivings: that there will be less and less
place for the small individual experimenter, and
that the time of all of us will be increasingly com-
mandeered by administrative mechanical details. In
view of these misgivings I cannot help wondering
as I look back on the past whether, if I were to start
over again now, I could or would be able to do
again what I have done.
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I AmM suRE, despite President Conant’s introduction,
that you are still wondering why a physicist should
be asked to speak on this subject and on this plat-
form. I entirely share with you that wonder. When
your Chairman, Mr. McCann, asked me to speak I
told him a multitude of reasons why I thought I
was not qualified on this subject, and was amazed
and chagrined, after I finished, to find that I had
completely failed. He said “That makes you all the
better candidate”. I am sure, in spite of this, that
you must not expect too much from what any phys-
icist can do. There may be certain broad points of
view which experience in physics may have to con-
tribute, but no one realizes better than I that the
details of physics are in many respects entirely dif-
ferent from those of the social sciences, and that the
problems in the social sciences are enormously more
complicated. I think that no one can speak with
more diffidence on this subject than I, and I hope
you will take anything I say as entirely personal,

and perhaps not sound and perhaps not justified. I

*Remarks made at the meeting of the Graduate Forum of Harvard
University on April 20, 1948, here reproduced as taken down on the
wire recorder, with emendations of English.
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can only give you some general impressions which
I get from standing on the outside, and make, per-
haps, certain observations, but I certainly shall not
presume to indicate any line of strategy for the so-
cial scientists themselves. All I can do is to present
my observations and then let the social scientists
themselves indicate what strategy had best be pur-
sued in view of these facts.

The first observation I want to venture from the
outside is the difference in general atmosphere be-
tween the physical and the social disciplines. It
seems to me that in the social sciences there is lack-
ing, to such a large extent as to make a difference
in the general atmosphere, that disinterested point
of view which in the physical sciences we associate
with so-called pure science as distinguished from
applied science. There has been much discussion as
to the difference between pure and applied science,
and some people even do not recognize a difference
at all. I think that although for some purposes it
may be a mistake to try to make the distinction,
nevertheless one who, has worked in the subject can
recognize differences which, for some purposes at
least, it is profitable to emphasize. A pure scientist
is primarily interested in understanding phenom-
ena which confront him, without any regard for
their practical application. I realize that even the
pure scientist has a mixture of attitudes; but in as-
far as he is a “pure” scientist there is a large com-
ponent of sheer intellectual curiosity. Standing on
the outside, and I may be entirely wrong in this, it
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seems to me that the social sciences do not include
very many men who have this disinterested attitude.
The reason is easy enough to see. All the social sci-
ences have practical applications, and the need of
solving the problems of the present is so desperate
that it is almost inevitable that the demand for im-
mediate application should obscure purely intellec-
tual interest. That seems to me a statement of fact.

What you can do about it I do not know, but I
think it must be recognized as one of the handicaps
that social scientists have to struggle against. I think
it is a fact of human nature, proved by experience,
that for the long view the best way to get things
done, the surest way to make progress into new do-
mains, is to start from the point of view of purely
intellectual curiosity without immediate regard for
practical application. Seldom in history is it that a
successful solution of a complicated problem has
come by direct frontal attack. The other things
came first, and the solution which was eventually
found came more or less incidentally.

I think the whole history of modern technology
is an example. For instance, look at what the steam
engine has done—it has completely revolutionized
our economy, incidentally abolishing the need for
slavery. If at the time of the Greeks one had set
himself the problem of finding how to eliminate
slavery and the answer had been that independent
sources of power must be developed, you cannot
conceive that the solution would have been found
by directly attacking the problem of how to gener-
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ate power. It had to come after a long time and
rather incidentally as the outgrowth of long devel-
opment in pure physics. Even mathematics, as well
as physics, is full of situations in which the direct
attack cannot be made. It is only after matters have
reached a rather advanced stage that one can expect
to get a solution by direct attack. In fact in mathe-
matics the inverse method is a recognized method of
solving problems. In many situations you find the
solution and then you set yourself the problem of
finding the problem this is the solution of. This is
a well known method and has yielded many solu-
tions, but obviously it is not a very good method of
getting the solution of any given specific problem.
From the outside it looks to me as though the social
scientists were too concerned with the practical re-
sults and too impatient to be willing to let their
subject go through a long preliminary stage of de-
velopment like that of the physical sciences for the
last 200 years, without any immediate reward in the
way of practical results, or any immediate vision of
what the practical results would be. In the social
sciences you are flustered all the time with the im-
mediacy and the urgency of the problem.

Before we go further, I suppose a few definitions
are in order. What do we really understand by the
physical and the social sciences? In the first place I
do not think it is particularly profitable to argue
whether the word science is properly applied or not,
and President Conant has suggested that this is to a
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large extent a matter of words. What I understand
by the physical and the social sciences is simply this:
the domain of the physical sciences is the domain in
which we are concerned with inanimate phenom-
ena and the social sciences is that domain in which
we are concerned with phenomena in which human
beings play an integral part. This is obviously an
enormous domain and includes both human beings
individually and human beings in combination. Of
course it is human beings in combination that most
concern us and make it most difficult. It might ap-
pear that human beings individually should be rel-
egated to biology and psychology, but it seems to
me that an understanding of the basic human unit
must be fundamental to any proper social science.
Both of these domains, that is, the domains of in-
animate and of human phenomena, have certain
features in common which make it perhaps profit-
able to try to apply to the social sciences certain les-
sons which we have learned from the physical sci-
ences.

One feature that is common to both these do-
mains is that they are both intellectual enterprises
in which the primary object, as I see it, must be to
acquire understanding. The control which comes as
a result of understanding is, as I have suggested,
something less immediate. I think that from this
point of view at least the subject and the problems
of social science can be just as truly designated by
“science” as the subject and the problems of phys-
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ical science. Whether the methods are worthy of
that designation is another matter, which I think
is not so 1mportant to settle.

In domains in which we want primarily to ac-
quire understanding any questions and answers
which we can give have certain characteristics. For
instance, the primary question is “Is it true?” Any
statement of which it makes sense to ask “Is it
true?” or “Is it correct?” implies that there is a rec-
ognized method for answering that question. In my
understanding “‘social science” is a science in so far
as methods exist for answering the question “Is it
true?”” in that domain.

It is perfectly obvious that certain things do not
apply in social science which apply in physical sci-
ence, and for that reason many people have been
unwilling to use the word science in the social do-
main. The most obvious of these are the controlled
experiment and the use of mathematics. The con-
trolled experiment is the one thing that is respon-
sible for the modern development of physical sci-
ence. It constitutes a new technique. It enables us
to isolate factors and analyze one by one the effect
of the different components into which a situation
can be split up. And of course the application of
mathematics is characteristic of physical sciences,
and that again is something which has made the ad-
vance of the physical sciences so rapid.

In spite of the fact that obviously neither of these
things apply to nearly as great a degree in the social
sciences, I think that we have here a distinction in
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degree and not necessarily in kind. It seems to me
that a fundamental characteristic of both these do-
mains is the necessity for some sort of analysis. In
the physical sciences we can analyze into compo-
nents which are capable of measurement. Measure-
ment is simply a means of describing by numbers,
and the fact that we can describe by numbers in the
physical sciences is what it is that makes it possible
to apply mathematics.

Description in terms of numbers is not so easy
in most of the situations in the social sciences. But
nevertheless I think you must have description and
I think you must have analysis before you can begin
to treat social phenomena in a scientific spirit.
Analysis means the ability to separate into compo-
nent parts. If the component parts can be physically
isolated, we are in a position to make a controlled
experiment. Now you usually cannot isolate the
parts physically in the social sciences and therefore
you seldom can make a controlled experiment. But
not all the physical sciences can isolate the parts
either; astronomy cannot and geology cannot. But
nevertheless we can have quantitative theories in
both of these; these theories may involve systems of
equations which can be solved mathematically, in
spite of the fact that we cannot set up the physical
situation which corresponds to any single one of
the equations.

Something of the same sort should be possible
in the social sciences. But before you can do that
you have to have the ability to analyze and describe

399



REFLECTIONS OF A PHYSICIST

significantly. What I mean by significant descrip-
tion is the picking out of features from a situation
in terms of which you can reproduce the situation
and around which you can build a theory. Signifi-
cant description and theory go hand in hand; you
cannot have one without the other, and they are a
mutual growth. To me, standing on the outside, it
seems that the social sciences have not got very far
in the ability to make significant description. It ap-
pears to me that the social scientist is not yet able
to pick out the significant things in a large complex
and then analyze the effect of each one of these sig-
nificant factors. An obvious example of significant
description and analysis in the physical sciences is
the isolation of those particular aspects of a situa-
tion which are connected by the laws of mechanics.
The analogue of this does not yet appear, I think,
in the social sciences.

I think until you have as much as this you are
not going to get very far ahead or make very rapid
progress. This is in spite of the fact that the subject
i1s obviously so terribly important. For the mere
importance of a subject does not warrant the expec-
tation that results can be obtained. This applies no
matter how hard you work or how many people are
working. I was present at an informal gathering re-
cently at which a number of economists and other
social scientists betrayed a point of view which
struck me as rather naive, if you will pardon me for
saying so. Some physical scientists were also present,
and the social scientists turned to them and im-
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plored them to please direct some of the good young
men who were getting doctor’s degrees from the
physical sciences into the social sciences. “You are
taking all the good men. Why don’t you turn some
of the good men over to us?”’ I think that betrayed
an ignorance of the way things happen in science.
People do not go into a subject merely because it is
important. They do not go into a subject until a
method of attack is obvious—until someone has got
hold of the end of a string which you can pull out
and which is evidently going to lead somewhere.
Just conviction of importance is not going to make
any young man with intelligence or ambition go in-
to a subject unless he sees far enough ahead to be
convinced that he is going to get somewhere. Stand-
ing on the outside, I do not yet see that assurance
sufficiently in the social sciences.

I have indicated that this is a long range problem.
It may be thousands of years before you get any-
where. It was 2,000 years before physics got any-
where. I do not know why you expect to get ahead
so fast.

The ultimate problem in the social sciences is
similar to that in the physical sciences but is infi-
nitely more complex. The ultimate problem is the
problem of understanding the functioning of the
elementary units of which the systems are built up.
The elementary units in the physical sciences are
particles. There are only a few kinds of them. It
took us a long time to find some of the laws and we
haven’t got the laws for some of the elementary
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particles yet. The elementary units in the social sci-
ences are men, and the corresponding ultimate
problem is to understand the individual human
being. We see how infinitely more complex the so-
cial problem is. This is not only because man is
built up of so many atoms, that is, physical particles,
but for another reason which may in principle make
a fundamental difliculty. This it seems to me is the
fact that the behavior of a man is not determined
by the present state of the man but is determined
by his entire past history. For present purposes we
may say that a particle is described by its position
and velocity and the forces acting on it at this pres-
ent moment. A man, unless we literally take him
apart into his component atoms, is described by
everything that has happened to him since he was
born. It is not certain that as a matter of principle
you can ever analyze, even conceptually, things like
a man into ultimate elementary components.

The principal problem in understanding the ac-
tions of men is to understand how they think—how
their minds work. We are perhaps beginning to get
some understanding of this and we appreciate more
than formerly the part our mental tools play and
the part that verbal structures play and to what a
great extent man has built his own verbal and
mental structures. But this means that there are
great essential limitations on what men can do with
their minds, and this I think we do not yet ade-
quately appreciate.

Finally, what makes it most difficult of all is the
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problem you discussed at your last meeting, that is,
the problem of values. Values, I suppose, are essen-
tially non-rational. People look at these things in an
entirely different way than they do the problems of
the intellect. Mankind is apparently divided into
two groups, and to explore how great is the chasm
between these two groups is perhaps the first task
for the social scientist, because the answer is usually
assumed. The usual assumption is that human be-
ings are eventually all alike in at least the respect
that they can come to agreement—that there are cer-
tain public matters on which all can agree. To what
extent this assumption is true has never been sub-
ject to adequate factual examination. I think you
must answer that question before you know how
far ahead you can expect to go with the social sci-
ences. It may be that there are two irreconcilable
groups of people—the people who like to make
things rational and the people who prefer to have
feelings. Most of the questions associated with val-
ues are emotional questions—connected with feel-
ings—and people regard it as a vested right in these
matters to have their own private reactions. If a
man has a belief about a matter he thinks that is
enough. “This is my own private belief. I do not
have to justify it. You have to respect it”. As long
as this attitude is common it is certainly going to be
extraordinarily difficult to put the social sciences
on a broad rational basis. It may be that we will
not have a true social science until eventually man-
kind has educated itself to be more rational.

313



“MANIFESTO” BY A PHYSICIST*

MaNy sciEnTisTS MusT have been profoundly dis-
turbed by the revelations of recent events as to what
the implications of the totalitarian philosophy of the
state really are. There would seem not to be room
on the same planet for totalitarian states and states
in which freedom of the individual is recognized.
Many scientists must have been moved to try to
find something to do about it. In my own case this
urge to find something to do has resulted in the
decision to close my laboratory to visits from citi-
zens of totalitarian states. I have had the following
statement printed, which I hand to any prospective
visitor who may present himself.

Statement

“I have decided from now on not to show my
apparatus or discuss my experiments with the citi-
zens of any totalitarian state. A citizen of such a
state is no longer a free individual, but he may be
compelled to engage in any activity whatever to

advance the purposes of that state. The purposes of
*From Science 89, 179, 1939 (February 24).
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the totalitarian states have shown themselves to be
in irreconcilable conflict with the purposes of free
states. In particular, the totalitarian states do not
recognize that the free cultivation of scientific
knowledge for its own sake is a worthy end of
human endeavor, but have commandeered the sci-
entific activities of their citizens to serve their own
purposes. These states have thus annulled the
grounds which formerly justified and made a pleas-
ure of the free sharing of scientific knowledge be-
tween individuals of different countries. A self-
respecting recognition of this altered situation de-
mands that this practice be stopped. Cessation of
scientific intercourse with the totalitarian states
serves the double purpose of making more difficult
the misuse of scientific information by these states,
and of giving the individual opportunity to express
his abhorrence of their practices.

This statement is made entirely in my individual
capacity and has no connection whatever with any
policy of the University.”

Science has been rightly recognized as probably
the one human activity which knows no national-
isms; for this reason it has been a potent factor mak-
ing for universal civilization. Action such as this is
therefore to be deeply deplored and to be under-
taken only after the gravest consideration. But it
seems to me that the possibility of an idealistic con-
ception of the present function of science has been
already destroyed, and the stark issues of self-sur-

315



REFLECTIONS OF A PHYSICIST

vival are being forced upon us. Perhaps the only
hope in the present situation is to make the citizens
of the totalitarian states realize as vividly and as
speedily as possible how the philosophy of their
states impresses and affects the rest of the world.
Such a realization can be brought about by the
spontaneous action of the individual citizens of the
non-totalitarian states perhaps even more effectively
than by their governments. Here I think is one of
the few conceivable situations in which the popular
conception of the social “responsibility” of “science”
can touch at all closely the individual scientist.

316



A CHALLENGE TO PHYSICISTS*

THAT pHYsICISTS ARE making an important tech-
nical contribution in the present crisis is readily
conceded; I believe it is in their power however, if
they will only seize the opportunity, to make an-
other contribution which ultimately may prove
cven more important. g

From a long-range point of view the deepest
issues of the present crisis are intellectual. The fail-
ure of this country up to the present has been
primarily an intellectual failure—intellectual sloth,
lack of imagination, and wishful thinking. The
crisis of a totalitarian victory is, from the perspec-
tive of ten thousand years, an intellectual crisis. The
day when the human race may evolve into a race
capable of the intellectual mastery of its fate will
be immeasurably postponed by such a victory. The
fundamental thesis of the totalitarian philosophy is
an intellectual monstrosity; to maintain that the in-
dividual is subordinate to the state simply does not
make sense, and it is an intellectual affront to be

asked to accept it. The only society which can suc-

*From Journal of Applied Physics, 13, 209, 1942. Written at the re-
quest of the editor.
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cessfully maintain such a thesis is a society intellec-
tually half slave and half free, a society in which
compartments of intellectual activity are forever
closed to scrutiny by edict. More than this, the
totalitarian philosophy is actively anti-intellectual,
even anti-intelligent. The totalitarians do not like
to have people use their minds, and are committed
to produce a society in which it will be impossible.

There is no minimizing the enormous difficulty
and complexity of the task of acquiring intellectual
mastery of our fate. In fact, to many people the
difficulties are so patent that they have no confi-
dence that a solution is possible. There are disturb-
ing signs everywhere, herc as well as in the totali-
tarian countries, df an anti-intellectual movement.
There is no will to intellectual survival; there is
intellectual defeatism and intellectual appeasement.
Even without a totalitarian victory there is danger
that Hitler may have done a permanent disservice to
the race if the present intellectual defeatism, for
which he is largely responsible, persists.

The race will not save itself until it achieves in-
tellectual morale. Perhaps the two chief components
of intellectual morale are intellectual integrity and
a fierce conviction that man can become the master
of his fate. The physicist is peculiarly likely to pos-
sess the two components of intellectual morale. A
lifetime in the laboratory, struggling to make things
work, has shown the inexorable need of intellectual
integrity. And as a participant in the one most
successful intellectual enterprise of the human race
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to date, that is, the technological mastery of nature
to the extent achieved by modern physics, he is in a
peculiar position to have won the conviction that
not only is there no substitute for using one’s mind,
but that the problems which confront us are soluble
and soluble by us. If physicists will only make others
see their own wider vision, their ultimate influence
will far transcend that of any possible technological
contribution.
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SCIENTIFIC FREEDOM AND NATIONAL
PLANNING*

I HAVE TO BEGIN by pointing out the unavoidable
limitations of anything that I am in a position to
say. I have had no part in attempting to draw up
any of the programs proposed to meet the so-desper-
ate immediate situation. I have never been invited
to appear before a Congressional hearing and have
never been consulted by the government with re-
gard to any of these problems. With regard tq my
own experimental work I am in the fortunate posi-
tion of not needing a cent of government money and
of not having received any. In view of all this and
also in view of the extreme difficulty of the ques-
tions brought up by the new situations, of which
no one could be more conscious than myself, I shall
have to warn you that anything that I can say runs
the risk of being both unpertinent and impertinent.
I can see no way of avoiding this risk, however, and
I shall have to take it.

All that I can hope to do is to present to you

certain considerations which have struck me as a

*Here printed for the first time. Read at a Symposium on American
Public Policy on Science, held at the New School, New York, Dccem-
ber 7, 1947,
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more or less detached outside observer. I have read
the five volumes of the Steelman Report with more
or less care, and I have talked with many of my col-
leagues and with many other people, some of them
pretty close to the focus of things. I have received
some rather definite impressions, which I would
like to present for what they are worth.

The first broad impression is that practically all
the considerations receiving popular attention at
the present time—considerations such as are pre-
sented in the Steelman Report or in the discussions
in such journals as Science or the Bulletin of the
Atomic Scientists—are short range considerations.

The important questions which now concern
us obviously have both short- and long-range as-
pects. I think it fair to say that up to the present it
is short range aspects which have almost completely
dominated our discussions. Under the circum-
stances this is entirely understandable, because im-
mediate national survival may be involved in some
of the short range questions pressing for solution.
But nevertheless, after the immediate emergency
has been surmounted, if indeed it is surmounted, I
think that you will find that long range questions
remain to be answered, and that some of these are
also questions of national survival. These long range
questions cannot be answered by impromptu con-
sideration when the moment is upon us, but they
demand long range consideration, and that means
consideration now. I think our entire national his-
tory, particularly the history of the last war, makes
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it only too evident that a besetting national weak-
ness has been our habit of trying to settle funda-
mental questions when the emergency is upon us.
It is true that in the last war we did show a mar-
velous ability to rise to the immediate situation,
but there were other aspects which are not so pleas-
ant in retrospect and which would have left a better
taste in our mouths if we had made a long range
ideological preparation. In my opinion one of the
less satisfactory of our activities was the way in
which the draft was handled. It was handled in
such a way that we now find ourselves confronted
with such a shortage of scientists that it may prove
crippling. This situation was anticipated by many
at the time and many abortive attempts were made
to rectify the matter. The reason that those in au-
thority allowed matters to take their course, in spite
of the crisis which they could see approaching, was
that in their opinion it would have so offended the
democratic ideals of the general community to mod-
ify the terms of the draft in the direction of the
exemption of scientists that the community would
not have stood for it. But if this situation could
have been seen coming far enough ahead, the de-
mocratic ideals of the community could have been
modified by education sufficiently to permit action
which was so obviously to the ultimate advantage
of the entire community. Other instances of the
same sort of thing could be given.

Somewhere and somehow it should be the busi-
ness of someone to be concerned with such long
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range matters. I am assuming that this organization
is one which may properly concern itself with such
questions.

These long range questions cannot be answered
without consideration of the entire social back-
ground and the fundamental social philosophy of
our country. Temperamentally the people of our
country find uncongenial the discussion of long
range questions or even planning for the future
of the sort contemplated in the Steelman reports.
We must, I think, recognize this as a source of
weakness, particularly in the present cold war with
Russia, which has its roots in a conflict of ideologies.
We do not find consideration of ideologies con-
genial, whereas our opponents revel in this sort of
thing, and are prepared for the present conflict by
argument and ideological discussion extending
through the last fifty or one hundred years. In or-
der to cope with them I fear we will have to bring
ourselves to do things uncongenial to us.

Among the fundamental long range questions of
which there seem to me to be no adequate discus-
sion is: how to reconcile our present ostensible
ideal of a free science with a science which is at the
same time the servant of the state. It is no answer to
say, as one might be tempted to, that science is not
the servant of the state, because it is obvious to
everyone that if the emergency became too serious
science would be impressed again into the service
of ‘the state as it was in the last war. But how far
should we go in this direction now, when there is
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possibility of war but no certainty, while we are try-
ing to save all those values, including a free science,
which make life worth living, and which ultimately
are the justification of any war we might fight? 1
have seen no adequate discusssion of this matter.
But obviously considerations of this sort color the
entire Steelman Report, which throughout shows a
consciousness of the existence of these two entirely
incompatible requirements, but without the formu-
lation of any principle by which the dilemma may
be resolved. Even if war should come, there should
be some preliminary discusssion of how we may best
preserve the maximaum of scientific and intellectual
freedom compatible with survival.

The crisis which will force this sort of considera-
tion upon us may be nearer than is realized in view
of certain developments in Russia of which no one
in this country apparently has any knowledge. The
British are, however, aware of it, as shown by two
quotations which I shall read from Nature, the
British scientific weekly. The first is from the issue
of September 6, 1947. “The new law on disclosure
of State secrets published in Moscow on June 11 is a
portent which may more than outweigh movements
among scientific workers themselves, such as......
The new Russian law classifies, among other sub-
jects, as secret and not to be disclosed under penal-
ties up to twenty years imprisonment, ‘information
constituting State secrets concerning industry as a
whole and individual branches of it, agriculture,
trade, and transport’, and ‘discoveries, inventions,
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technical improvements, research and experimental
work in all branches of science, technology and na-
tional economy’ ”’. The second is from the issue of
November 15. “Whether even in the field of science
these relations of trust and understanding can be
established in the face of restrictions on movement
and such restraints of communication of scientific
and technical information as those of the new Rus-
sian law on disclosure of State secrets, may be
doubtful”. It seems to me that the situation is
weighted with the most serious possibilities. In the
face of a situation like this, one of the objectives
outlined in Part I of the Steelman Report becomes
impossibly naive, namely that we should support
a revival of the laboratorics and the scientific work
of Europe on the understanding that information
so obtained shall be made free and available to
everyone.

I think that long-range considerations demand
more discussion of the reasons why national plan-
ning and encouragement of science are necessary at
all. The reason given in the Steelman Report is that
encouragement of science is necessary to maintain
that continual expansion of our national economy
which is essential to our way of life. What is in-
volved in such a thesis and where does it lead us?
Do we want to be committed to such an economy
that we are compelled to be always ahead of the
whole world? It seems to me that this is one of the
things contributing to our present difficulties. We
are already so far ahead with our labor-saving de-
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vices that we can produce more than we use, while
at the same time our economy demands that we
keep on producing more than we can use. This de-
mands that we export the surplus. Obviously there
would be no demand for this surplus if other na-
tions were as advanced as we, so that in order to
keep ourselves going we have to continually remain
in a position of superiority to other nations. A re-
sult of this is that other nations find themselves in
the position of being continually less and less able
to repay us for what we force them to take. The sit-
uation is self-defeating, and furthermore is a potent
source of feelings of bitterness toward us by the
other nations. We have the tiger by the tail and do
not know how to let go.

It seems to me that there should be some exami-
nation of the racit assumption of the necessity for
maximum efficiency in our science. We may be will-
ing to grant that science may be made more eflicient
by the sort of planning that is outlined in the Re-
ports, but why should we want the maximum effici-
ency if that means that we are getting ourselves in-
to the position of having to support the entire world
and making it impossible for them to support them-
selves or to repay us? It seems to me that a little less
efficiency is indicated. Once we had made up our
minds to put up with a little less efficiency, many of
the problems raised by planning would solve them-
selves.

There are certain other aspects of the contem-

plated government support of science which I
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would now like to consider. To me one of the most
significant things is the attitude of the scientists
themselves. I have talked wih many of them and
have not found a single one who is happy about it.
They may accept it, but with misgivings and nostal-
gia for the days when it was not necessary. They re-
gard it as necessary partly because of the interna-
tional situation and partly because of the changes
within science itself. Here things have become so
large and expensive, particularly in the field of
physics, that the necessary instruments cannot be
financed by our privately endowed universities. Of
course a large part of the reason for this is the
change in our whole economic set-up, which is mak-
ing impossible the private accumulation of large
wealth. The scientists are unhappy and disturbed
both from long- and short-range considerations.
From the short-range point of view they are dis-
turbed because they know how unpleasant dealings
with the government can be; they know how com-
plicated government action can be and how tied up
with red tape. I still have vivid recollections of my
endeavors to collect seven dollars of travel money.
This sort of thing is perhaps particularly uncon-
genial to the scientist, with his habit of direct
dealing.

From the long-range point of view the scientist
has a deep mistrust of this continual drift of all the
resources of the country into the hands of the gov-
ernment. It is an irreversible process, with every-
thing eventually getting down to the dead level of
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government management—a sort of second law of
social dynamics. In this connection I venture to
quote from Professor Rabi, who is in the audience
this afternoon. If I had known that he was to be
here, I would not have undertaken to give this talk
at all, because he is so much better qualified than I.
At one of the centennial meetings in Princeton in
September, 1946, Dr. Rabi made the following
statement, which I quote from the book Physical
Science and Human Values recently issued by the
Princeton University Press. “If it was decided to
control universities and university research, there
could be no better way to do this than the way it is
being done now”. That is, if the government set
out to eventually control the universities it would
start gradually, getting them at first to accept sup-
port under conditions which were perfectly innoc-
uous. Presently the universities will get so used to
accepting government support that they become de-
pendent on it, and then other sources of support
will dry up and then there will be some accidental
change in the community set-up or something more
deliberate and sinister which will modify the con-
ditions of government support and the universities
will have to accept or perish.

It seems to me that these possibilities constitute
a very real source of apprehension. It is obvious that
it is not in the realm of the inconceivable that some
of these sources of apprehension might be removed.
Many people with whom I have talked have re-
marked how fine it would be if the government
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would only give money in support of the universi-
ties without any strings attached, just as a private
individual now can give money to the universities.
But, of course, everyone wistfully added, it is hope-
less to expect such an idealistic solution. The reason
that it appears hopeless is that such a thing would
be contrary to the governmental process and to the
theory of government in this country. It seems to
me that this is evidence of something pretty deep-
seatedly wrong. Here is something which all admit
would be to the advantage of the whole country,
but we are estopped because of our theory of gov-
ernment. Is it not time to begin a long range reex-
amination of the presuppositions of our govern-
ment?

A striking example of the wide-spread prevalence
of this feeling, not only among scientists but among
everybody else, is afforded by the President’s veto
of the National Science Foundation bill. I read
about this in the newspapers when the veto was an-
nounced, and my first reaction was that the reasons
given by the President for the veto were a manifes-
tation of extraordinary naivete on his part. It
seemed to me perfectly obvious that one of the ob-
jects of the bill was to get control of these matters
out of the hands of the President and into civilian
hands, and here was the President saying that he
had to veto the bill because the bill was trying to
accomplish just what everyone was agreed ought to
be accomplished. But it turned out that it was I that
was naive and not the President. For the minute it
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was pointed out that to have taken these things out
of the hands of the President and given them to ci-
vilians would have violated our theory of govern-
ment, all agreed that nothing else could have been
done, and took their scoldings and agreed to be
good boys in the future.

It seems to me that it is at least unimaginative to
be willing to be balked by things like this in this
new atomic age, when we are discussing such things
as the necessity of sacrificing our national sovereign-
ty and inventing new machinery such as United Na-
tions and perhaps world government. Is it not at
least arguable that in situations of such novelty the
foundations of our own government should be re-
scrutinized to see what revision is demanded there?
Yet throughout the whole Steelman report runs the
tacit thesis that operation out of the frame work of
our present theories and practices is impossible and
inconceivable. The scientist is continually being ex-
horted to learn to operate within the democratic
process, as if there were any such a thing as “a”
democratic process. In one place in the report there
is a statement that an obviously desirable method of
dealing with the employment of scientists by the
government is impossible because it would violate
government personnel policies which had been
sanctioned by long use, and which rest on the the-
ory that in a democratic government the govern-
ment is a single employer and as such must deal
with all its employees in the same way.

Whatever our underlying philosophy of govern-
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ment it seems to me fair to say that it has never been
adequately scrutinized and is one into which, in its
present form, we have drifted. We have drifted into
a sentimental democracy, in which everyone is con-
sidered to be as good as everybody else, no matter
what his native ability or his contribution to the
community. While Russia is drifting away from the
sentimental equalitarianism of Marx, we are drift-
ing toward it, as expressed in the celebrated aphor-
ism, “T'o every man according to his need, and
from every man according to his ability”. It seems
to me that if it is to the obvious advantage of the
entire community to give special treatment to spe-
cial groups, such as the scientists, it is absurd to be
shackled by such a theory of government that this
is impossible. It seems to me that this could be
handled without imperiling any of our funda-
mental democratic ideals, which I am convinced
all of us would insist on retaining even at the ex-
pense of certain disadvantages. By removing all in-
dividual considerations from the relation between
the government and the scientist and putting it on
an entirely impersonal basis, it seems to me that we
would be adequately safe-guarding the foundations
of democracy and at the same time giving it suffi-
cient flexibility to meet obvious social needs.
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SENTIMENTAL DEMOCRACY AND THE
FORGOTTEN PHYSICIST*

IN THE EcoNoMic reshuffling which has been taking
place in this country during the last fifteen years
the relative economic position in society of the
physicist has very materially worsened. In fact, for
many physicists, particularly in the upper age
groups, not only their relative position but their
absolute position has worsened. For in many uni-
versities the rate of salary increase has not kept
pace with the increase of differential taxation, so
that the take home pay of these physicists in dollars
is actually less now than it was fifteen years ago.
What this means with our depreciated dollar is all
too evident. Physicists are not alone in a debase-
ment of their relative position, but the same is true
more or less of all whose livelihood depends in one
way or another on mental ability above the average.
It is not from a desire to flatter my audience that I
make no apology for including the physicist among
those with more than average mental ability, but it

seems to me that this is merely a statement of fact.
*After dinner speech made at the annual meeting of the American
Physical Society in January 1949. The speech is here reproduced sub-

stantially as read, except for the addition of the second paragraph.
Printed here for the first time.
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For instance, no teacher of physics can have any
doubt of it who has seen the difficulty of the average
student in assimilating the concepts of physics, or
who has seen the woefully small number who man-
age to eventually emerge with a Ph.D. degree. This
wide spread relative debasement in the community
of the intellectually gifted and the exaltation of the
intellectually mediocre is the consequence of many
motives held by many people, motives at the worst
sinister and discreditable, and at the best acciden-
tal, incidental, and thoughtless. I like to think that
on the whole the reasons have been accidental, in-
cidental and thoughtless, so that the mentally
gifted and the physicist in particular may more
properly feel that he has been forgotten rather than
deliberately abused.

I know that there are many in this audience who
will deprecate the theme that I have chosen to dis-
cuss, and they will particularly deprecate my con-
cern with the economic position of the physicist in
society. They would like to remain on a higher
plane where financial returns are ignored, and
where the physicist finds his rewards and satisfac-
tions in the consciousness of service to the commun-
ity and the gratification of his passionate quest for
understanding of the operation of the natural world
about him. I can appreciate and sympathize with
this point of view, and I remember that in my
youth my only demand was that I be given the op-
portunity to push my research and the dollars
could take care of themselves. However admirable
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this may be, I think it is a point of view that cannot
long be maintained, and that eventually the dis-
interested life of the scientist becomes impossible
in a society in which his position does not have ade-
quate financial recognition. It is inevitable in hu-
man nature that when the financial position deteri-
orates, that admiration and respect which alone can
give the physicist influence in the community de-
teriorate also. It seems to me that one of the most
obvious and sinister of the social changes of the
last fifteen years is just such a deterioration of the
admiration and respect with which the community
holds the man of unusual intellectual ability.
What now are some of the reasons for this abase-
ment of ability in favor of mediocrity, an abase-
ment which even the mediocre must be able to
see will have disastrous long range consequences?
Different sorts of reason apply at different social
levels—the reasons which appealed to President
Roosevelt were not the same as the reasons which
appealed to the coal miner or to John L. Lewis. I
would like to consider, not the reasons which have
driven the mediocre to seek exaltation, which are
obvious enough, but the reasons which have ap-
pealed to the superior to justify acquiescence in
their own abasement. For I think that there can be
no doubt that there has been such acquiescence, and
that this acquiescence has played an important part
in making possible the economic reshuffling. It was
notorious ten years ago that a large part of com-
munist strength and sympathy in this country was
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to be found among the so-called intellectuals. I must
confess that I have witnessed almost with conster-
nation the complacency with which many of my fel-
low physicists and other colleagues on the Univer-
sity faculty have accepted the debasement which is
on its way to overwhelm them. Such complacency
and acquiescence might conceivably be due to bad
conscience. Doubtless a large part of the attitude of
the English aristocracy in accepting with so little
protest the leveling down of their class was a result
of bad conscience. But I think that in this country
bad conscience now hardly enters the picture at all,
whatever may have been the case in the past, but
that something else is responsible. This I think is a
combination of factors that together could be found
in no other country. First of these is an easy going
tolerant good nature which condones our neigh-
bor’s peccadilloes and makes us unwilling to hurt
his feelings or to see him uncomfortable. This char-
acteristic in general makes for harmonious living to-
gether, but when practised uncritically may on oc-
casion lead to less happy results. A paradoxical ac-
companiment of this characteristic is a willingness
to force on one’s neighbor one’s own private con-
ception of the good or of what is good for the
neighbor, whether or not the neighbor has a similar
conception of the good or wants to do what may be
good for him. Paternalism in government springs
from this trait. Such a conception of what is per-
missible for a man to do to his neighbor seems to
me curiously out of place in a democracy, which
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should be founded on a jealous respect by every in-
dividual in it for the personality of his fellow indi-
viduals. Finally, and not least important, there is
a doctrinaire attitude toward the fundamental phil-
osophy of democracy which springs directly from its
roots in the French Sentimentalists who so influ-
enced our founding fathers. This doctrine glorifies
the common man simply because he is a common
man. This attitude toward the common man, com-
bined with our fatal good nature and acceptance of
paternalism, are together changing our democracy
into a type of thing for which it seems to me the
most fitting adjective is sentimental.

To me the glorification of the common man and
the interest in him merely because he is common is
one of the hardest things to understand about this
country, for there is no gainsaying that common
man is also mediocre man. I had supposed that the
most important thing for the long range progress of
a society was the way it treats its exceptional men,
and I can understand a passionate admiration of
supreme ability. It is easy for me to understand
how mediocre man can fight for his own exaltation
at the expense of his superior fellow, and I can un-
derstand how in the past he has been to a certain
extent justified in his fight by the abuses of eco-
nomic power by those who possessed it. But it seems
to me that the evils of this situation have by now
been obviously over corrected, and I can understand
how the superior man can continue to welcome the
triumph of mediocrity only by supposing him the
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victim of a short sighted sentimentalism. Is medioc-
rity really admirable, or can you admire the sort of
thing mediocrity is on its way to turning this coun-
try into now that it has received the green light?
Is it admirable for a man to be willing to be guaran-
teed a minimum wage whether or not he is capable
of earning it? Is it admirable for a labor union to
compel its ablest members to limit their output to
that of the poorest, thus essentially making a public
cnemy out of the exceptional man? Is it admirable
for a man to be willing to sponge on his neighbors
to compensate him for deficiencies in the abilities
with which nature furnished him? The slogan “To
everyone according to his need, from everyone ac-
cording to his abilities”, when associated with the
Marxist social philosophy, is not usually regarded
in this country as admirable or consistent with self
respect, but this is exactly what is involved in the
philosophy which justifies our graded income tax.
If the mediocre man had imagination, how would
he expect the superior man to react to the claim of
mediocrity that it has a right to exact from superi-
ority more than its proportionate contribution, or
how would the superior man react to this claim if he
had guts and self respect? The economic philosophy
which has seriously supported the proposition that
no individual should be allowed to keep more than
$25,000 a year for his services, to me constitutes as
keen an affront to my self respect as ever a militant
suffragette smarted under, denied the right to vote
simply because of her sex. Whichever way you look
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at this proposition it is equally bad. The thesis
either has to be that no individual is able to make
a contribution to the community worth more than
$25,000 a year, whereas I know that no limit can be
put on the value of the contribution that unsusual
ability is able to make. Or else the community has
to declare that it will not pay more than $25,000
for any contribution, no matter how much more it
may be worth, and this bespeaks a churlishness and
jealousy toward the fortunate individual possessing
exceptional ability which makes me blush to be in
any way a partner to such an enterprise.

What is to be done about all this? In the first
place, the man of exceptional ability, including the
physicist as a special case, must learn how to discard
his sentimentality and his false modesty, and be
willing to urge more articulately the worth of his
contribution to society. The physicist must acquire
a greater class consciousness. In this he may fortify
himself with the reflection that the structure of our
government was built on the assumption that each
class in the country would act in its own interest.
For if the high minded classes deferentially leave
the pushing of their own interests to the low
minded classes, and if the low minded classes do not
hesitate to push their own interests to the exclusion
of all others, how shall we avoid precisely that de-
terioration to the standards set by the lowest which
we are now witnessing?

In the second place, the situation demands the
development of a new system of ethics, namely an
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ethics which shall specifically apply to the behavior
of any individual in his capacity as a member of a
pressure group able to impose its will by brute
force on a minority. Situations in the past have not
been numerous in which emphasis on this aspect of
the behavior of the individual was important, so
that none of the great traditional systems of ethics
has paid much attention to it, but the situation is
obviously now changing and a new situation has
arisen. Perhaps Christianity with its golden rule
comes as close as any to meeting the need, but ob-
viously even here the emphasis given to this prob-
lem leaves much to be desired. Every individual
must be made to feel how unlovely it is for him in
his capacity as a member of a pressure group to act
toward his neighbor in a way which he would reject
in his capacity as an individual. Few in this country
could bring themselves to directly take money away
from their neighbor merely because they thought
they needed it more than he, but few would hesitate
to take it from him by taxation under the same con-
ditions.

Finally, I think that the situation demands that
all men, exceptional and common alike, return to
a conception of the proper functions of government
a little closer to that with which we started in this
country. This was a minimum conception of gov-
ernment, in which the individual was to be given
impersonally the maximum freedom consistent with
equal freedom for his fellows, and in which every
individual could freely find the level to which his
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abilities and his contribution to society entitled
him. This is becoming replaced by a maximum con-
ception of government, in which a sentimental
equalitarianism is imposed by force on everyone in
the name of democracy, and in which envy mas-
querades as justice. It is doubtful whether our
founding fathers in their wisdom saw all the con-
sequences of the minimum as opposed to the maxi-
mum conception of government, but certain of the
consequences in fact are now becoming apparent.
The minimum concept avoids as far as possible the
consequences of a tendency to which all human
group activities are subject to a certain degree. In
the field of economics the tendency is formulated
in Gresham’s law, to the effect that bad money will
always drive out good. Correspondingly, in any
large scale activity involving the interplay of many
people, standards tend to become debased to the
level of the lowest. This is obviously what is hap-
pening in our society. The exceptional man prefers
freedom to security: the mediocre man prefers sec-
urity to freedom—security at the expense of free-
dom is what we are getting. The exceptional man
finds his highest values in the satisfaction of the
creative impulse, while the highest good of the me-
diocre is creature comfort—we are getting a society
in which the supreme good, to which the govern-
ment should bend all its efforts, is raising the
standard of living. From this point of view, the ad-
vantages of a minimum government are obvious;
the less the government controls, the fewer the
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things subject to this debasing action, whereas in a
country in which the government controls every-
thing, everything is debased.

It would be naive and fatuous to suppose that any
efforts of ours can have much effect in reversing
the trend to ever wider government control in this
country. However, by well directed effort we may
perhaps be able to do something to minimize what
seems to me its most sinister consequence, namely
the submergence of the exceptional individual in a
sea of mediocrity, a submergence in the long run
equally harmful to exceptional and mediocre alike.
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OurR WIDESPREAD DIsCUsSIONS of public affairs are
evidence that the present crisis in world affairs is
stimulating an enormous amount of thinking. Why
is it that we find ourselves in our present difficulties?
What sort of world would we like to make evolve
out of the present if we could have our say? What
can we do to further the development of the sort of
world we would like? It is a safe guess that everyone
who has been thinking about these problems is do-
ing his best to make his thinking intelligent. He
recognizes that without the addition of intelligence
to the highest motives and the greatest amount of
good will, such motives and good will can be of
little avail. T venture to surmise that anyone who
has thought about these problems, if he is honest
as well as intelligent, has been presently baffled by
a sense of his own intellectual inadequacy. He may
even have come to feel that satisfactory solution of
our problems may be beyond our present intellec-
tual capacities. Pointing in the same direction is the

often expressed misgiving that our technological
*From the Yale Review, 34, 444, 1945.
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advances have outrun our intellectual capacity to
adjust ourselves to them or to profit by them.

In spite, however, of this general recognition of
the necessity for the maximum of intelligence and
of our present comparative intellectual inadequacy,
there has been almost no recognition of even the
existence of the background problem. I mean the
problem of formulating the general conditions that
favor the development of the greatest intelligence
of which we are capable, and of finding what we
may do to secure the existence of these conditions.
This, from the long-range point of view of the
human race as a whole, seems to me by far the most
important problem to be considered in the present
crisis. It is much more important, both for our own
and other countries, than the economic or political
problems that dominate our discussions of the com-
ing peace.

That our own present intellectual inadequacy is
widespread must be obvious enough to anyone, no
matter how patriotic, who considers the many un-
satisfactory reactions of the country to the war
cmergency. What I have in mind is not the many
inevitable failures of co-ordination or even the gross
inconsistencies which are to be expected when so
much had to be done by so many in so short a time,
but something more deep-seated. An example of
this has been the popular reaction to the draft. The
logical situation here is intrinsically difficult. There
is a palpable contradiction between the ideals of
democracy and the necessities of total war which
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never forced itself on our consideration before wars
became total—while they could be fought with vol-
unteers. An intellectually satisfying reconciliation
of the fundamental democratic principle that the
individual is of paramount importance with the
physical necessity that some individuals should die
in order that other individuals may flourish is ex-
ceedingly difficult. If ever such a reconciliation has
been achieved it has not been formulated so as to
percolate down into popular consciousness or ac-
ceptance.

The result is that the popular reaction has been
a reaction of frustration, primarily emotional rather
than intelligent, like that of a rat in a maze, wilfully
confronted with an impossible problem. The emo-
tional solution unconsciously accepted by the major-
ity is that all must suffer an equal amount of incon-
venience, whether or not there is any connection
between the inconvenience and the necessities of
war. Perhaps the most striking consequence has
been the widespread feeling that no able-bodied
young man should be spared from sharing with his
neighbor the hazards of combat duty, and that it is
in some way contemptible if a specially qualified
young man is willing to render service enormously
more valuable to the country from some protected
niche in a research laboratory. The impression con-
veyed by our general reaction to the draft is of mass
bad conscience. It arises from our realization that
we have not adequately thought through the prob-
lem and are demanding sacrifices of our young men
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incompatible with principles which on other occa-
sions we have professed to accept. Added to this
there is the glaring inconsistency that those deferred
by industry are allowed to make more money than
ever before and to strike for still more. The situa-
tion has been simply too difficult for our minds to
deal with. One thing, however, has been obvious;
we were not intelligent enough to start thinking
soon enough. It takes time to think out these things.
When the emergency is upon us it is humanly im-
possible to think fast enough to piece together all
the elements in the intellectual jig-saw puzzle, and
we have to extemporize as best we can.

Our intellectual inadequacy as a country was
shown by our whole attitude in the face of the grow-
ing inevitability of the approaching conflict. We
met the crisis with intellectual sloth, lack of imagi-
nation, and wishful thinking. We lacked sufficient
intellectual morale to be able to bring ourselves to
the purely negative task of doing something dis-
agreeable in order to prevent something more dis-
agreeable from happening to us. We demanded, and
continue to demand, almost as a right, something
more positive and dramatic to force us to action.
In fact, our inability as a group to respond to the
stimulus of a negative necessity was so obvious to
the outsider that Hitler could esteem us incapable
of responding to the intellectual stimulus in time;
otherwise it is doubtful whether he would have
risked war.

If the need for greater intellectual power has been
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only too plain in our conduct of affairs to date, it is
still more painfully obvious when we contemplate
the requirements for the future. To solve the prob-
lem of creating conditions under which the peoples
of the earth with their diverse ideologies can live
together with the maximum of compatibility will
demand a self-conscious analysis of the presupposi-
tions of our own social thinking possible only to a
high order of intellectual power. We seldom realize
to what extent all our thinking is colored by our
tacitly accepted values or by our cultural back-
ground. As a group we ostensibly accept ideals of
unselfishness, of service, of Christianity, and of duty
to purposes transcending the human race. Our
social institutions recognize the worth of the indi-
vidual and the validity of the individual conscience,
and the right of the individual, on occasion, to act
in response to a higher obligation than that towards
the state—which we regard as the servant rather
than the master. None of these presuppositions is
necessary to valid thinking, nor are the values im-
plicit in our ideology universally accepted. Other
peoples have them in a different degree, have them
not at all, or even have diametrically opposed points
of view. Our thinking has got to be broad enough to
embrace these multifarious points of view, and this
is hard. Nothing is more difficult than to divest one-
self of the hitherto scarcely conscious part of one’s
mental machinery.

It is evident, I think, that the greater the emo-
tional diversity in the conditions that have to be
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met, the greater the certainty that they can be met
only on the intellectual level. It is, perhaps, easy to
misunderstand the role of intelligence in dealing
with emotional situations involving values. Depre-
ciation of the attempt to run one’s life on an exclu-
sively logical and rational basis is popular and com-
mon, and lends itself to easy caricature. The mistake
is to assume that such an ordering of one’s life is
intelligent. The role of intelligence in questions of
value is primarily a neutral one—that of a tool by
which values may be effectively realized. It is true
that intelligence also has a role to play in the edu-
cation which is back of the system of values. The
values which one accepts may be altered by a visu-
alization of all the consequences, and this act of
vision requires intelligence. But except for this, in-
telligence accepts the values without question, as
one of the conditions of the problem, and applies
itself to the task of realizing these values as effec-
tively as possible. By its neutrality, intelligence ac-
quires universality; it is the one common denomi-
nator of mankind, independent of creed or culture,
spanning the hemispheres and the centuries.
Certain measures could be adopted now to in-
crease the adequacy of our intellectual response. By
awakening public interest in the fundamental prob-
lems of government and society and by stimulating
discussion of broad underlying principles, it should
be possible at least to mitigate the impact of another
emergency like the present by a certain degree of
ideological preparedness. Or, going further, it is
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possible to envisage something much more elaborate
and effective, if it could only be carried through in
sufficient detail.

Social thinking suffers from a patent disadvantage
as compared with scientific thinking. Much of the
effeéctiveness of our scientific thinking rests on the
work of our predecessors, on whose shoulders we
stand and whose results we accept as valid without
independent check by ourselves. Even Sir Isaac
Newton would not have got far if he had had to
start by inventing the multiplication table. The sit-
uation is by no means so favorable for social think-
ing. Many of the fundamental issues have never
been thought through, much less discussed, ac-
cepted, and recorded. For example, to what extent
are democratic principles reconcilable with the ex-
istence of total war, and what is the least harmful
way of making those sacrifices of principle which
may be necessary? Or, to what extent are the com-
monly accepted ideals of democracy reconcilable
with the enormous differences of native ability be-
tween individuals? One can imagine much more
elaborate and systematic attempts than in the past
to anticipate all possible eventualities and thus
avoid the necessity for the extemporized measures
of the present. This would involve the analysis of
many different sorts of situation, actual or hypo-
thetical. The analyses must be discussed, and ac-
cepted or rejected by those competent. Then the
results must be recorded, together with the steps
leading up to them, in such a way that they shall be
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accessible for future consultation and permit intelli-
gent acceptance or rejection by the future analyst,
exactly as the results of scientific investigations are
now recorded. Libraries might be filled with the
results; the mere designing of an adequate system
of reference would be a formidable task. The enter-
prise would take time, and it might well require
generations before the full effect could be felt. To
be of value, many of the situations dealt with would
be so widely at variance with those now encoun-
tered that little likelihood would appear that they
would ever be realized. One of the reasons for our
present difficulties is that we were not imaginative
enough to see that present conditions could con-
ceivably be realized. In short, the enterprise, on an
enormously greater scale, would do for society
what the Prussian general staff does when it plans
for war.

By methods like these, or by others which we can-
not consider here, it would certainly be possible to
effect an improvement in the over-all intellectual
effectiveness of each one of us, and this in spite of
the fact, often quoted as a justification for intellec-
tual pessimism and defeatism, that there has been
no apparent increase in our physiological capacity
for intelligence since the time of Neanderthal man.
What we are concerned with here is effective as dis-
tinguished from physiological or intrinsic intelli-
gence.

We may, therefore, assume that there is need for
greater intelligence in order to cope with our social
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problems, and that it is possible to increase our
intellectual power by appropriate methods. Let us
now set ourselves the problem of appraising the
probability that conditions favorable to the enhance-
ment of intelligence will, as a matter of fact, get
themselves established in future human history, so
that the race will ultimately transcend its present
intellectual stature and make itself the intellectual
master of its fate. We may approach this problem
in a more or less academic manner, for the needed
reforms are too time-consuming to offer the slightest
prospect that we shall be able to develop an im-
proved intelligence in time to meet the immediate
requirements of the present emergency. We can,
however, justify ourselves with the consideration
that our conclusions may have value from the long-
range point of view. They may indicate the inter-
mediate steps that society will have to take beforc
reaching the final goal, and these intermediate
steps can be provided for in what we do now.

In the first place, it would seem doubtful whether
any attempt to prepare ourselves exhaustively, like
a Prussian general staff, for all possible eventualities,
has much prospect of being seriously made on a
sufficiently grand scale, although partial and more
systematic preparations than any at present may
well be made. Such an enterprise smells too much
of pedantry and interferes too much with the pleas-
ant business of living to be acceptable to ordinary
human nature. Most of us would, I suspect, prefer
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to take our chances of peace in our time and con-
sign our children to the devil or piously hope that
they may pull through by the old method of trial
and error. Only more attractive and also more
powerful methods of attack have, I believe, much
prospect of being actually employed. There may
well be a number of such methods; many psycholo-
gists could doubtless outline changes in education
which, if allowed to have full scope over several
generations, would result in a notable enhancement
of general intelligence. I cannot attempt here, nor
am I qualified, to discuss all the possibilities. There
is, however, one aspect of the situation with, I be-
lieve, truly revolutionary possibilities to which I
may direct attention.

The race has already gonc through a period of
intellectual enhancement similar in kind, although
not in magnitude, to that which we envisage for the
future—the period of the development of science
since Galileo and Newton. I am not one of those
who hold that there is a scientific method as such.
The scientific method, as far as it is a method, is
nothing more than doing one’s damnedest with
one’s mind, no holds barred. What primarily dis-
tinguishes science from other intellectual enter-
prises in which the right answer has to be obtained
is not the method but the subject matter. The de-
velopment of modern science I believe to have been
primarily a development of effective intelligence.
Because it was an intellectual development it has
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significance for any attempt to appraise the possibil-
ity of further intellectual developments in the
future.

Certain of the lessons from the development of
modern science are obvious enough. Science has
made a step-by-step progress, starting with a patient
analysis of the complex situations of experience into
as simple components as possible, acquiring mastery
of these simple components, and then applying the
results of the accumulated experience to more com-
plex situations until we have the irresistible and
accelerated progress of the present. This is obvious
and trite enough. Other aspects of the development
of science are, however, of more significance for us.
Two epochs may be distinguished. The first runs
from Galileo and Newton to the first part of the
present century. The influence of this epoch on our
intellectual outlook in other fields has by now suffi-
ciently run its course so that its significance can be
appraised with a certain degree of finality. The
second epoch begins with this century, with the
revolutions in scientific thinking involved in rela-
tivity theory and quantum mechanics. It is still too
early to assess precisely what will be its ultimate
effect on thinking in other fields, but it is not too
early to see that the impact will be the most momen-
tous that has yet occurred to human thought.

The first scientific epoch was initiated by what
was in essence a new trick of intellectual technique
—the controlled experiment. This is now accepted
so much as a matter of course that it requires a
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forceful act of imagination to recover the point of
view of the early days. In those days nature was
hopelessly complex, for it had not yet been envis-
aged that laws of mechanics and chemistry even
existed. It was, therefore, not at all obvious that it
was possible artificially to create simple situations
which would be significant because they repeated
themselves in more complex situations. In fact, it
was not obvious what constituted simplicity in a
situation. Long practice is back of the intuitive rec-
ognition that it is a simple and repeatable experi-
ment to time the fall of a lead weight, but that it is
not simple or repeatable to time the fall of a feather.
The final result of decades of trial and failure, cogi-
tation and instruction, was the development of a
new tool for use by intelligence, which alone has
made possible present science and technology.

The first scientific epoch has a double significance
for our purposes. In the first place, factual discov-
eries about the actual constitution of the world,
possible only after the technique of controlled ex-
periment had been established, have fundamentally
altered the conceptual foundations of our thinking.
The most striking examples of this are the convic-
tion of the universal sway of natural law—a result
primarily of Newton’s formulation of the law of
universal gravitation, and the realization of man’s
place in the hierarchy of nature which followed the
acceptance of the fact of biological evolution. The
second point is that a realization of the significance
of the first scientific epoch gives a vision of the
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importance of finding the intellectual technique
adapted to the subject matter and of the spectacular
advances which may be expected once the technique
has been found. Nearly the whole domain of phys-
ical phenomena has fallen into our hands in the
few hundreds years since the invention of the con-
trolled experiment, after thousands of years of
blindness to even the conceivability of mastery of
this domain.

In one important respect, the influence of the
first scientific epoch on our social thinking is not
yet exhausted. The controlled experiment is a de-
vice of intelligence that is applicable almost exclu-
sively in the scientific field. Not only are the prob-
lems which so press for solution in the present crisis
incomparably more complex, but their nature is
such that they are not easily attacked by the con-
trolled experiment. We can repeat human situations
only to a limited extent, and human beings would
not often be willing to be the subject of experi-
ments in which situations are so simplified that the
zest might be taken out of living. About the best we
can do at present is to study the reports of the
anthropologist as to human behavior under a con-
siderable diversity of conditions, but not, unfortu-
nately, a controlled diversity. However, there is one
recent development that has some of the implica-
tions of the controlled experiment, and may ulti-
mately prove to be in certain respects a substitute
for it. This is the growing consciousness that various
sorts of “planning” are possible in the direction of
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our affairs. Forty years ago not much was heard
about planning, and there was a certain fatalism
in the popular attitude towards large-scale social
phenomena. We now hear a great deal of talk
about it, and this denotes a fundamental change of
attitude. We would not be planning if we did not
think that planning would do some good; that is,
we have acquired the vision that large-scale social
movements are susceptible of conscious direction by
us. This vision constitutes a new intellectual tool,
which will more and more affect all that we do in
this field as the vision spreads until it is finally ac-
cepted and used in the thinking of everyone. It is to
be recognized, however, that there are preliminary
problems to be solved, such as reconciling the de-
mands of effective centrally controlled planning
with those of individual freedom.

The second scientific epoch also has a twofold
aspect. There is, in the first place, the discovery of
the astonishing wealth of structure in the micro-
scopic domain, beyond the limits which the scien-
tists of one hundred years ago sought to impose, by
their very definition of the atom, on the possible
existence of mechanism. On the other hand, there
are the recent discoveries in astronomy of the unsus-
pected reach of the universe in the direction of the
very large. Together, these two extensions of our
knowledge of the physical universe cannot but re-
vise any conception we may have of man’s signifi-
cance. However, the second aspect of the modern
epoch in science is, I believe, of incomparably
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greater significance. The new facts have proved to
be so deeply at variance with what had been con-
ceived to be the possible order of nature that the
physicist has had to dig down into an analysis of the
fundamental tenets of his thinking, and has had to
revise his entire conceptual structure. He has come
out with what amounts to a new intellectual tech-
nique of analysis, of great power and unexpectedly
wide range of applicability. The new technique is
applicable to all questions of meaning. When ap-
plied to the new discoveries of the structure of the
universe at the upper and lower bounds it gives a
picture of man isolated, in a sense different from the
old theological sense, in an oasis of phenomena
which he never will be able to transcend because be-
yond its bounds the operations are impossible which
are necessary to give meaning to his thought. It is
true that the possibility has been not infrequently
adumbrated in the past that man’s potentialities
may be intrinsically limited by the very nature of
thought, but the physical documentation of this
thesis presents, I believe, a radically new outlook.
The full impact of this new outlook will, I believe,
ultimately be more devastating than was ever the
impact of evolution. We may also anticipate that
the impact will be more emancipating, because we
shall know when to give up striving to do with our
minds things which are intrinsically impossible.
The potentialities of the new technique when
applied to domains outside the present application
of science may be glimpsed by contemplating the
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confusion which now reigns. To take only a single
example, it is no less than an intellectual scandal
that much of philosophy in its present form, partic-
ularly the parts dealing with theology and metaphys-
ics, exists today. After thousands of years of discus-
sion, philosophers still argue the same old questions,
without even being able to agree as to whether
agreement should be possible. No one who has even
that minimum of confidence in the potentialities of
the human intellect necessary for the humblest in-
tellectual enterprise can admit for a moment that
this is a necessary or a permanent state of affairs.
The fundamental difficulty in the philosophical sit-
uation seems to be that of meaning; seldom do two
philosophers use the same terms with the same
meaning. At present the technique of analysis of
meanings is not sufficiently powerful—in a field
where so many shades of meaning are possible and
where so much depends on individual experience—
to permit the analysis even of what it is that we dis-
agree about.

The invention of language is often proclaimed as
the one most characteristic thing that sets man
apart from the brutes, but the invention is proving
to have unsuspected sources of bedevilment. It is
becoming evident to an increasing number of
people that an important part of our difficulties in
analyzing and conveying meaning is of verbal ori-
gin. Other lines of attack in addition to that im-
plemented by modern science are being directed at
overcoming our verbal difficulties; semantics is ap-
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pearing as an independent logical discipline. Pop-
ular consciousness of the situation is increasing;
there is popular discussion of semantics, and there
are popular books on the dangers inherent in lan-
guage. It is only just coming to be realized that
language has different functions and is used on dif-
ferent levels, The amount of lost motion in our
social contacts because of failure to realize this is
appalling. The implication in language as used al-
ways seems to be that it is on the factual level,
whereas analysis of meanings discloses that in social
situations the factual use is probably the least fre-
quent of all. The speaker himself usually does not
understand on what level he is talking, and what he
says is for that reason often inconsistent with what
he does. Whence arise the appearances of dishon-
esty, the misunderstandings and recriminations.
How much would be left of any political speech if
the language were rigorously kept to the factual
level? Imagine the speaker being required to label
the levels of his discourse, as: “Now I am talking on
the factual level; now I am talking on the emo-
tional level; now I am talking on the propaganda
level”. What will happen when every listener labels
the levels for himself?

One important .field for verbal analysis is the
field of religion, particularly important at the pres-
ent time when in many quarters there is a power-
ful emotional drive for a “return to religion” as
offering the only possible solution of our problems.
Analysis will show, I believe, that the level of most
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of the language of religion is so far from that of the
ordinary workaday world that one would be almost
justified in recognizing a special religious level of
language. Yet the implications when we hear the
language in action are that it is on the factual level,
with the result that the true object and legitimate
claims of religion are misunderstood, and the en-
deavor is made to use the religious guide for con-
duct in spheres into which we would never attempt
to push it if we were able to make a more adequate
analysis. This may lead to disaster in the present
situation when we are dealing with peoples with
such a wide diversity of religious idealism.

When the technique of verbal analysis has been
worked out and the mastery of it has become wide-
spread through education, it is not too optimistic
to anticipate a time when we shall be able to elimi-
nate all human difficulties which arise from imper-
fect communication of meaning. We shall be able
to analyze out the purely emotional part of our re-
actions to situations which at present we attempt to
meet by purely verbal rationalizations. Having
made the analysis, we shall be able to understand
better the nature of whatever antipathies and differ-
ences of taste still survive, and shall be better able
to make intelligent provision for meeting them. It
takes little imagination to see what the impact of a
clarification like this must be on our present racial,
political, and religious difficulties. We may also an-
ticipate far-reaching effects in other fields where
the difficulties are primarily duc not to an uncon-
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fessed emotionalism but to the intrinsic difficulty of
the factual situation, as in economics. The general
increase of intellectual effectiveness inevitable when
such tools of analysis are mastered justifies us in
expecting that we shall presently be able to intro-
duce an order into the present chaos of economic
phenomena analogous to the order which the or-
ganic and biological chemists have introduced into
the once hopeless complexity of the phenomena of
fermentation.

It would be overoptimistic to think that the new
techniques of analysis will produce even in this
country spectacular changes in our time. Changes
of fundamental habits of thought are involved, and
habits of thought, in order to be used spontanc-
ously and at their maximum effectiveness, can be
acquired only in youth as part of elementary edu-
cation. The most effective method of elementary
education is that of imitation of the teacher; the
teacher himself, therefore, must have been edu-
cated. The complete process will be one of succes-
sive approximation, each successive generation get-
ting closer to the goal.

The possibilities are limitless, and the technical
means for realizing them are already in our grasp.
Will the human race take this road that lies open
to it? I believe there is a fighting chance, but only
in a democracy. For, in the first place, this is an
enterprise that will require co-operation from a
number of people. It will not be sufficient for a
few supermen to see the light, but the new knowl-
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edge must be diffused until it sufficiently colors the
thinking of the entire community. The amount of
preparatory work is so great that it will be possible
only by the co-operation of large numbers; no single
human brain would be able to make combinations
of its cells fast enough to cover the subject. Such
large numbers of participants can be found only in
a country in which education is widespread—a con-
dition which is satisfied by the democracies. But
another matter is more important than mere num-
bers. The sort of analysis that we contemplate is
impossible without complete intellectual freedom;
no line of inquiry must be omitted, no matter what
the consequences; and the results of any such in-
quiry must be made available to the public. It does
not need to be elaborated that such a program
would be impossible in a country with a totalitarian
ideology. Whether it would be possible even in a
democracy like ours is open to discussion. Such
activities might not be proscribed by the central
government, except perhaps in time of war, but
any widespread action does get rather effectively
limited by public opinion. It is by no means obvious
that public opinion in this country is today liberal
enough to stand for, much less support, such a
program of ruthless analysis.

There are disquieting evidences that the line of
future development of democracy in this country
may be increasingly inimical to the unlimited de-
velopment of intelligence. The majority appear not
to enjoy using their minds or to be inclined to put
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themselves out in order that others may. As techno-
logical improvement advances, as the standard of
living rises, and as increasing numbers acquire a
degree of leisure, there is an increasing tendency for
the effective level of intellectual ideals and attain-
ment to become that of the mass average.

The extent to which the majority will force their
ideals and tastes on the intellectual minority will
depend largely on the philosophy of democracy
which comes to prevail. This philosophy is at pres-
ent too little concerned with what the norms of
conduct of a majority should be. At present any
individual is only too likely to be willing in his
capacity as a member of a majority to force demands
on the minority which in his capacity as an indi-
vidual he would think indecent to attempt to exact
from any other individual. It seems to me that
democracy will never attain its ultimate object,
nanrely, to secure for each person the maximum
opportunity to realize his own needs compatible
with the needs of his neighbors, until each individ-
ual in it is unwilling to act as a member of a major-
ity in a way in which he would not act as an indi-
vidual. .

An illustration of the feeling of the majority that
they have a right to force on the minority action to
the advantage of the majority is afforded by the
recently proposed Kilgore bill (s. 702) for the
mobilization and control of all scientific activity
in the country, not only as a war measure but as a
matter of permanent policy. This bill would sub-
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ject all scientific activity in this country, whether
technological research in industry or “pure” re-
search in private universities to a governmental
control effectively totalitarian. The argument for it
is obvious, because it would certainly be pleasant
for the majority if they could have all the scientists
of the country working for them on any problem
which might appear important. Such a proposal is
in a way flattering to the scientist, because it reveals
a high opinion of the benefits which science can
bestow, but it does not flatter the intelligence of
scientists, and it is a flagrant violation of the spirit
of the principle proposed above. It would presently
defeat itself because of rebellion among the scien-
tists, if for no other reason, because no minority will
long suffer the consciousness of being exploited as
a class.

There is another tendency in our democracy un-
favorable to the development of intelligence, name-
ly, the growth of the idea that a man’s relations to
his society should be determined by his rights and
not by his services. On the one hand, there has been
the ideal that all a man should demand is a fair
field and no favor, so that he can count on rising
to the level to which his abilities and his attain-
ments entitle him. On the other hand, there is the
ideal, growing in favor at present, that a man has a
right to a comfortable living in virtue of his mere
existence and without regard to any return he may
make to society, with the corollaries that the major-
ity have a right to commandeer unusual ability and
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exact special service from it, and that no man may
receive more than a fixed maximum reward. Apart
from all other considerations—and it is possible to
advance arguments for both ideals—it seems to me
there can be no question which ideal is more stimu-
lating to the development of intelligence, or more
acceptable to plain self-respect.

Assuming that our democracy evades these pitfalls
and adopts a philosophy permitting a line of evolu-
tion favorable to the development of intelligence,
this will, nevertheless, not be the actual line of
development unless it is consciously directed. The
direction can be given only by those who appre-
ciate the enormous possibilities, who realize the
difficulties, and who earnestly desire the final result,
that is, only by the intelligentsia themselves. This
word—intelligentsia—has obnoxious connotations of
smugness and the ivory tower, but there seems no
other; I shall use it to denote those who like to use
their minds better than anything else they can do.

This development must be directed by the intel-
ligentsia themselves because there is no one else
capable of directing it. The intelligentsia will have
to grow, however, before they can acquit themselves
of this task. At present they have too little vision of
the possibilities. They see intelligence too much as
an individual matter, limited by the structure of
the individual brain, and too little as a co-operative
enterprise, partially conditioned by the social envi-
ronment, and capable of indefinite expansion. They
are too little conscious of the techniques of think-
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ing, and they do not sufficiently realize the limita-
tions imposed by the unconscious presuppositions
of past history. They are too complacent in their
acceptance of the best thinking of the past as setting
the standards of possible achievement. They see too
little that the diversity of human outlook, as exem-
plified in philosophies and religions, can be disen-
tangled, at least to the extent of formulating and
analyzing the nature of our differences.

There is a fundamental weakness in democracy
which may well prove the undoing of us all, which
I believe can be met only by a self-conscious and
concerted attack by the intelligentsia, who are in the
best position to appreciate the magnitude of the
danger. This has to do with the attitude of the com-
munity towards unusual ability, already touched on
in connection with the draft. It is easy in a democ-
racy to take the position that all are of equal value
and therefore all must receive equal treatment, ir-
respective of natural gifts, for is it a man’s fault if
he is not as bright as his neighbor, or does a man
enjoy being stupid? A philosophy of democracy like
this is blind to the very undemocratic distribution
of talents by nature; the chances of indefinite sur-
vival are poor for any democracy founded on so
flagrant a violation as this of a natural limitation.
The fallacy in the philosophy of the sacredness of
mediocrity is obvious enough: from the long-range
point of view it is important for everyone that un-
usual ability, so long as it is accompanied by social
responsibility, be cherished, encouraged, stimulated,
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and given any special treatment necessary to induce
it to produce to capacity. The intelligentsia are in
the best position to urge this point of view, because
they know best how rare true ability is, and how
important for progress. Yet the intelligentsia have
shown a curious slowness in coming to this point,
or at any rate have not been able to bring them-
selves to push the matter. The reason is human and
understandable enough, for it is the intelligentsia
who possess the ability they are lauding and who
will receive any special privileges that may result
from it. It is distasteful to a man—the more so, the
more sensitive he is—to urge his fellows to grant
special service to himself, no matter how justifiable
the grounds. But here is no place for false modesty;
the intelligentsia must have a more militant convic-
tion of their own worth, and if they can think of no
more tactful way of doing it must be able to say
bluntly: “We have special abilities which make us
of special importance to the community, and we
demand that we be given suitable opportunity to
use our abilities and that we be rewarded according
to what we produce”.

Up to now our intelligentsia have not been able
to do this. There is one significant example before
us at the present moment. Our scientific leaders who
have been directing the war research of the country
have not been able to withstand the pressure, ex-
erted presumably by the military, to treat all young
men between the ages of 18 and 26 on an equal
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footing, regardless of proved or potential unusual
ability. Here was a unique opportunity to get the
country to accept the principle that unusual ability
is of prime importance and must be accorded
special treatment. This thesis could have been urged
with special force, because it would have been obvi-
ous that the scientific leaders who might have urged
it were in a position to gain nothing by it person-
ally. It is most to be regretted that the opportunity
was missed. If our intelligentsia cannot see their
own interests or bring themselves to urge their own
cause, not only will it be worse for everyone but
they themselves will disappear.

However, the fundamental requirement, without
which all these others will be in vain, is intellectual
morale. Without the fierce conviction that we can
solve our problems or the will to push through the
solution in spite of difficulties, we shall fail. Intel-
lectual morale at present is low; there is widespread
intellectual defeatism and appeasement. It will take
effort to get started on the way out, but once started,
progress will be accelerated. Never in past history
have conditions been so favorable, for never has the
leaven of the scientific temper been so widely dif-
fused, nor has obvious necessity provided so power-
ful a stimulus. On the other hand, it may be that
this is the last chance that will be offered to human-
ity. It will not be long now before the entire world
becomes of one piece, with all parts so interlocked
that independent action by the parts may become
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impossible, frozen in the pattern which happens to
prevail at the moment of union. The present fluid-
ity and mobility may never return. It is getting late
and we must hurry.
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WE ARE ALL agreed that the invention of the atomic
bomb has presented us with problems which must
be solved within the next few decades if the survival
of civilization is to be more than a matter of good
luck. Nevertheless, in spite of the urgency of these
problems, I venture to invite your attention to cer-
tain longer range considerations which are equally
fundamental and which have an equal claim to the
attention of some of us now, for the solution of the
longer range difficulties requires a longer period of
preparation and must also be initiated in the pres-
ent. It seems to me evident enough that many of
our present social difficulties have their origin in
our previous failure to begin thinking about the
problems far enough ahead.

The opening of the atomic age may well mark
the end of the first chapter of the physical sciences
and our partial mastery of our physical environ-
ment. It is conventional to ascribe this mastery to
the development of scientific method, and there has

been much discussion of what the essence of the

*From Physical Science and Human Values. Princeton University
Press, 1947. Given at the Princeton Bicentennial Conference, Septem-

ber, 1946.
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scientific method is. It appears to me, however, that
it is easy to take too narrow a view in this matter.
I like to say that there is no scientific method as such,
but that the most vital feature of the scientist’s pro-
cedure has been merely to do his utmost with his
mind, no holds barred. This means in particular
that no special privileges are accorded to authority
or to tradition, that personal prejudices and predi-
lections are carefully guarded against, that one
makes continued check to assure oneself that one is
not making mistakes, and that any line of inquiry
will be followed that appears at all promising. All
of these rules are applicable to any situation in
which one has to obtain the right answer and all
of them are only manifestations of intelligence. The
so-called scientific method is merely a special case
of the method of intelligence, and any apparently
unique characteristics are to be explained by the
nature of the subject matter rather than ascribed to
the nature of the method itself. For example, the
universal and profitable use of mathematics in the
physical sciences is a consequence of the possibility
of using a system of precise numerical measure-
ments in describing the systems which are the sub-
ject matter of physical science. The subject matter
of other disciplines is not so often adapted to de-
scription in numerical terms, so that mathematics
plays a smaller role in such disciplines.

The second chapter in the application of intelli-
gence may well deal with the application of intelli-
gence to the problems of human relationships.

370



NEW VISTAS FOR INTELLIGENCE

There are many people, perhaps the majority, who
are convinced that these problems cannot be solved
by intelligence. Their attitudes may range from the
downright belligerency of those who maintain that
the only solution is to be found by some super-
natural method to the apathetic despair of those
who plead that intelligence has never got us any-
where in the past. I shall not attempt to argue with
either of these groups, but I address myself without
apology to that minority who have the intellectual
morale to believe that a serious application of intel-
ligence to the solution of social problems is worth
attempting. I shall pause only long enough to re-
mark that I would challenge the validity of the
evidence on which the bellicose base their confi-
dence in the efficacy of supernatural methods, and
to point out to the apathetic despairers that the
method of intelligence has never had a fair trial.

If we grant that scicnce is merely a special case of
the application of intelligence, we may reasonably
anticipate that our experience with scientific prob-
lems can suggest profitable lines for the attack by
intclligence on the infinitely more complex and
difficult problems of human relationships. Let us
consider some of the suggestions from this experi-
ence.

Perhaps most important of all, we have acquired
by this experience some insight into the nature of
the process of intelligence itself. The revisions of
scientific concepts made necessary during this cen-
tury by relativity theory and quantum mechanics
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have shown that a certain self-conscious sophistica-
tion is necessary about being intelligent. Intelli-
gence has its techniques, and we must be intelligent
about being intelligent.

In popular estimate, perhaps the most important
characteristic of science is its impersonality or “ob-
jectivity”. The necessity for impersonality arises not
from prejudice against people as such but because
of the irrelevance of personal reactions to the com-
monest enterprises of science, which are concerned
mainly with our external environment. In addition
there is the consideration that our emotions are
too likely to distort our report of factual situations.
The “objectivity” of science is usually considered
to be a guarantee of its truth. There is much of
importance in this point of view to which we might
devote our discussion with profit. The connotation
here is often that science is objective because it is
“public”, independent of the idiosyncracies of any
particular individual. This aspect of the use of intel-
ligence which constitutes science must not be pushed
too far, however, nor allowed to obscure the essen-
tial role played by the individual in scientific activ-
ity. Science is not truly objective unless it recognizes
its own subjective or individual aspects. For ex-
ample, scientific proof, or the conviction of truth
or correctness, is something which each individual
has to experience for himself. A proof vicariously
accepted is dead. This is generally recognized. No
editor of a reputable scientific journal will accept
an article unless it is so presented that the reader
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may repeat the experiment and check the conclu-
sions for himself.

The participation of the individual is necessary
in every process of intelligence, not merely in the
processes of science. Intelligence can be given a
meaning only in terms of the individual. It seems to
me that this has a far-reaching significance not usu-
ally appreciated, for I believe that here is to be
found perhaps the most compelling justification for
democracy. Intelligence is based on the individual.
An authoritarian society in which the individual is
suppressed cannot, by the nature of intelligence, be
characterized by general intelligence.

There is another and much wider sense in which
an objective science must recognize subjective as-
pects. However objective a science may be, it is still
subjective from the point of view of the human race
as a whole. Every activity of science and intelligence
is a2 human activity, which necessarily involves the
cooperation of the human nervous system. This
characteristic of all that we do is so universal that it
is not usual for us to recognize its existence. Even
worse, we may deny its existence and elaborate its
denial into a scheme of philosophy. There is a ten-
dency to do this even in physics. As an example, I
mention the philosophy of general relativity theory
as distinguished from its mathematical formulation
which (it seems to me) is based on an attempt to
transcend the inescapable human reference point.
Or, in another direction, there is perhaps danger
that the spectacular success of the theoretical phys-
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icist in contributing to the atomic bomb will make
him forget the limitations of the processes which he
has used and give him so much confidence that he
may even feel that experimental check has become
superfluous.

From the wider point of view, the history of
most philosophy and religion and much of politics
has been the history of an attempt to repudiate the
inescapability of the human reference point by the
erection of absolutes and transcendentals. Our
whole social structure has been built on the wide-
spread acceptance of such absolutes and transcen-
dentals. The intellectual basis for this acceptance
goes back far into the past and acquired perhaps its
most self-conscious expression with the Greek phil-
osophers. The urge to invent absolutes seems to be
an artifact of the human intellectual structure. It
doubtless has its pragmatic justification and at a
certain stage of evolution may have been as neces-
sary for survival as that other indispensable inven-
tion, the external world. But whatever the origin
or the pragmatic justification for this urge, there are
aspects of it which will not survive intelligent scru-
tiny, and once the scrutiny is made and doubt
begins to spread, the foundations of our social struc-
ture begin to crumble. This very process is going on
at present. To put it crudely, men no longer believe
in hell, and without the belief they will not respond
to the same arguments to action which were potent
while they believed. This decay of vividness of the
old absolutes and transcendentals has been mainly
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an intellectual affair, due to a growing recognition
that the absolutes simply are not “true”. The move-
ment has been gaining momentum for perhaps sev-
eral hundred years, at first underground and only
now breaking into the open and threatening social
revolution. This is truly a chain reaction; what
initiated the reaction would be difficult to say, per-
haps the Protestant Reformation or the formulation
of positivistic philosophies. The relative time scale
of the explosion may not be so different from that
of the atomic bomb when the different size of the
fundamental units is considered, a human being and
a lifetime corresponding to an atom and the dura-
tion of an excited state.

One consequence of this chain reaction is of
special importance in present society and may be at
the bottom of the growing tendency to fascist ideals
all over the world. The old philosophical arguments
for the necessity of the freedom of the individual
rested importantly on the nature of God and other
absolutes. If the thesis is to be now maintained new
arguments must be found; they may well be based
on the relation of the individual to intelligence.

Until now repudiation of the old absolutes and
transcendentals has been almost entirely of a nega-
tive character. They are no longer accepted, and
people are no longer moved by motives which pre-
sume their acceptance; but the repudiation is a re-
pudiation in a vacuum, for there are no new
motives to take the place of the old ones and no
new insights to take the place of the ones we thought
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we had. Our first task is to convert this repudiation
into something more positive and constructive. This
reconstruction is the task before us now. It will be
a long slow process to which we must devote nothing
less than our maximum intellectual capacity.

Such a reconstruction may well begin with an
attempt to acquire understanding of the immediate
situation by painstaking analysis, without any defi-
nite visualization of all the steps by which this anal-
ysis may prepare for the final solution. We might
perhaps begin by asking what was the precise mean-
ing of the absolutes and transcendentals by which
we formerly sought to guide our conduct. In search-
ing for these meanings we may take over the tech-
nique by which modern physics discovered the
meaning of its concepts.

This technique is to examine exactly what we do
when we apply a concept in any concrete situation.
For example, an examination of the concept of
simultaneity by Einstein by an analysis of the process
used to determine whether two events are simul-
taneous showed the concept to be relative in nature
instead of absolute as had been uncritically sup-
posed before the analysis was made. Such a method
of analysis will show the predominantly verbal char-
acter of most of our absolutes. For instance, analysis
will often disclose that we can check in only one way
on the propriety of using in a complex situation
some word with an absolute connotation—to wit,
asking our colleagues whether they would use the
same word. There is usually no other method which
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I alone could apply in a laboratory remote from any
social contact. Furthermore, the situation itself to
which the word is applied is only too often a purely
verbal situation, arising because my colleagues and
I would use the same language. Consistent analysis
by this method will disclose the exceedingly com-
plex nature of the verbal structure which human
beings have erected. Man has always been the
builder, not only of pyramids and Chinese walls,
but of intellectual and verbal systems as well. These
come to absorb his complete attention; within them
he may live an entirely self-contained existence, for-
getful of the natural world about him and content
with the companionship of his fellows. It seems to
me that no education should be considered com-
plete until a vivid consciousness has been acquired
of this situation. How seldom is this recognized as
one of the ends of education!

The analysis of meanings should be extended to
all the important terms of daily life. Because there
is such a large verbal element in these terms, it will
be found that people with different linguistic back-
grounds give different meanings to ostensibly the
same words. All students of language recognize that
it is very seldom that an abstract word in one lan-
guage has an exact equivalent in another. To at-
tempt to clarify this situation by getting more pre-
cise correspondence in different languages may well
lead to the next step in the systematic development
of a program of intelligence.

This next step might be to find how far the com-
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mon assumption is justified that men are fundamen-
tally alike intellectually and can come to agreement.
This has never been established by direct experi-
ment, but is nevertheless basic to all social thinking.
To what extent are different people capable of re-
sponding in the same way to the same situation?
After a certain age do people lose their ability to
make certain intellectual discriminations as they
lose the ability to make certain speech sounds? It is
obvious that people of different backgrounds will at
first almost certainly respond differently to many
situations. But to what extent is this incidental? To
what extent may people of different cultural back-
grounds be made to see each others’ points of view
and make the same responses? The answer is not at
all obvious, because there are certainly intellectual
differences and limitations which are deep-seated
and real. For example, it is probable that only a
small fraction of the human race is intellectually
capable of reacting to the subtleties of logic of the
Principia Mathematica, and it may well be that
there are analogous intrinsic differences in other
lines of intellectual activity. It is important to know
what the limitations are and at what level it is safe
to set the minimum that may be presupposed in
social institutions.

I think we have been too complacent in the past
in assuming that our diversities of opinion are not
of fundamental significance. Diversities are sympto-
matic of something, and we do not know what. It is
time that we analyzed our disagreements and found
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their significance. Have we a right to our bland
assumption that the human race is intellectually all
alike, or may there be truly irreconcilable points of
view? It is a crying disgrace that after twenty-five
hundred years of philosophy the philosophers can-
not agree in their description of what it is that they
disagree about. I think our campaign of intellectual
rehabilitation might well begin by collecting small
groups of about five people, with different intellec-
tual interests, and shutting them up until they
emerged with statements as to what they could
agree on in matters of ordinary social concern. In
cases of disagreement they would be required to
find the focus of disagreement, and agree in their
formulation of the nature of the disagreement.

A prerequisite to the functioning of such groups
would be a declaration of freedom from mental re-
servations by all the members. There must obvi-
ously be willingness to ask any question whatever
with regard to any topic and to answer that question
as honestly and completely as intellectually possible
to the individual. That is, no holds are barred. A
claim that certain types of topics must be exempt
from analysis would automatically disqualify the
maker of such a claim from participation, and at the
same time would afford a pretty clear presumption
as to the character of any opinions which he might
hold on such topics.

The group having been properly constituted, its
deliberations might well begin by assuring them-
selves that all are really using language in the same
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sense. The very minimum of agreement that should
be exacted is agreement on description of what hap-
pens or of what is done when social situations are
verbalized. Physical science could not have started
before physical situations could be significantly de-
scribed in such terms that they could be reproduced.
Social science might well set for itself the same pre-
requisite of significant description. I believe that it
is not now known to what extent significant descrip-
tion of social or economic phenomena is even pos-
sible. Significant description in the physical sciences
is closely correlated with successful prediction. How
few social or economic situations there are in which
prediction is at present possible! An example of the
present confusion is the recent break in the stock
market—there were as many attempts at significant
description of what caused the break as there were
commentators. Although we may never achieve suffi-
cient mastery to predict in social or economic situa-
tions as we do in physical situations, I believe that
we have the right to demand that we be able to
predict at least the words which we use to describe
such situations.

The ultimate result of such a campaign of anal-
ysis would be the removal of misunderstandings as
to meanings from the causes of human disagree-
ments. I think that most of us would admit that
plain misunderstanding of meaning is one of the
most common and potent causes of conflict, and that
with its removal our problems would be far on their

way to solution.
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The people who would be excluded from such a
clarification of meanings would be those who have
disqualified themselves from making the analysis by
their claim that certain holds are barred. It may be
that right here will be found an unreconcilable
cleavage between human beings, namely between
those who bar no holds and those who bar some. If
so, this method of attack will at least bring the situ-
ation out into the open where it can be better dealt
with. The greatest difficulty here is that those who
bar certain holds do not like to admit it openly.
Part of the problem before us is to generate such a
climate of public opinion that those who bar certain
holds will feel themselves under pressure to admit
it openly. They would certainly also try to justify
themselves, and this would be all to the good in the
way of clarification.

When the misunderstandings which arise from
ambiguous meanings have been removed as a source
of human friction, the next task for intelligence is
an analysis of the implications and presuppositions
of various social systems, in particular the social
systems of the present. One of the lessons made vivid
by the war was that in this country there is almost
no self-conscious recognition of the necessary condi-
tions of existence of a democracy like that of our
ostensible ideal. There is great haziness in our ideas
of the relation of the individual to his fellows. What
are the minimum codes of conduct, which if univer-
sally accepted, would lead to a stable society in
which conditions of living would be sufficiently
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tolerable? No systematic discussion is given of this
question. The solution is usually attempted by some
method more specialized than the minimum, as, for
example, by exhorting everyone to live with com-
plete unselfishness, putting the good of the whole
in all cases unquestioningly above his own good.
Universal acceptance of this exhortation would
doubtless lead to a society appearing harmonious to
a visitor from Mars. It is, however, a lazy man’s solu-
tion, which begs the main questions at issue. Such
a lazy man’s solution is likely to conceal a mecta-
physical conception of society, ascribing to it an
existence of its own apart from the individuals who
compose it, and ascribing a meaning to the good of
this superthing. Such a view of the nature of society
as a whole may be eliminated by an analysis of what
one would have to do to prove the existence of such
a superthing. The solution and the justification
must be found in the individuals.

The importance of finding a minimum solution
is obvious, for any solution more specialized than
‘the minimum involves the imposition by force of
the views of certain pressure groups of individuals
on other groups of individuals incapable of exerting
as strong a pressure. Since a pressure group is itself
composed of individuals and functions only through
the functioning of its members, the discussion will
involve norms of conduct and the ethics of the
behavior of individuals in their capacity as members
of groups. It seems to me that it is perhaps here that
our general social consciousness is in its most primi-
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tive state of development. It is seldom indeed that
an individual realizes that when he functions as a
member of a pressure group his conduct demands
special scrutiny, but he is nearly always willing to
accept blithely the maximum that the group can
obtain by the exercise of naked brute force.

Any discussion of the conditions basic to living
together in society will lead inevitably to considera-
tions of norms of conduct, ethics, purposes, and
values. Now these are precisely topics which the
popular view holds are outside the scope of the
methods of science. In so far as the methods of
science are methods of intelligence, a corollary
would be that questions of value are also not to be
answered by the general processes of intelligence.
There is a sense in which this contention may be
maintained, for the task of intelligence may be re-
garded as merely to find methods of realizing the
values which are presented to it from some external
source. This view, while perhaps justified from the
point of view of a narrow methodology, certainly
overlooks features in the total situations in which
values present themselves. For values are not static,
but are subject to evolution and to education. The
value which we ascribe to a course of action depends
on the consequences of the action, and a more vivid
realization of the consequences may lead to an alter-
ation in the value ascribed to it. But a vivid
appraisal of consequences demands intelligence.
Rather than admit impotence in the field of values,
it seems to me that just here is one of the most im-
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portant arenas for the exercise of intelligence, in
purging and educating our values.

It will perhaps be not too difficult for anyone to
yield formal assent to the justifiability of much of
what I have been saying. It will not, however, be
easy for him to have a living quickening sense of all
that is involved, of the shortness of the path that
the human race has trod already, of the magnitude
of the reformations necessary, and of the enormous
potentialities in the future. Practically all conven-
tional human thinking which deals with abstrac-
tions is cluttered with the debris from the past of
absolutes and realities and essences. These abstrac-
tions are ingrained in all conventional thinking
about human institutions, and all must be revised.
It seems to me that no scheme of education is ade-
quate to our modern needs which does not instill as
its most important ingredient a realization of this
situation. I for one am not willing to admit that a
man has been liberally educated for a free society
who has not learned to view instinctively the doings
of men against the background of the potentialities
of the future rather than of the incoherencies of
the past.
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NotE 1

The article “Some General Principles of Operational Analysis”
was one of the articles in a “Symposium on Operationism” conducted
under the auspices of the Psychological Review and published in the
September 1945 issue. The contributors to the symposium were Pro-
fessors E. G. Boring, P. W. Bridgman, Herbert Feigl, Harold Israel,
Carroll C. Pratt and B. F. Skinner. The symposium was initiated at
the suggestion of E. G. Boring, who submitted a list of eleven ques-
tions to guide the discussion. Each contributor first prepared a dis-
cussion of the questions; these were circulated among the other con-
tributors, who then prepared such further comment or rebuttal as
he desired, which was published as Rejoinders and Second Thoughts.

A brief summary of the questions follows:

1. What is the purpose of operational definitions?

2. If a construct is defined by two independent operations should it
be said that there are really two constructs?

3. Are hypothetical operations at present physically impossible of
scientific use?

4. Is experience a proper subject for operational definition?

5. Are there scientifically good and bad operations?

6. Is operationism more than a rencwed and refined emphasis upon
the experimental method?

7. Must operationists in psychology relegate theorizing of all sorts
to the limbo of metaphysics?

8. Is it adequate to say “Intelligence is what the intelligence test
tests?”

9. Are all scientifically legitimate definitions operational in char-
acter?

10. What is a definition, operational or otherwise?

11. What class or classes of operations may be properly used in
definitions?
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