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Alber: Einstein

REPLY TO CRITICISMS

REMARKS CONCERNING THE ESSAYS BROUGHT
TOGETHER IN THIS CO-OPERATIVE
VOLUME*

Y WAY of introduction I must remark that it was not easy
for me to do justice to the task of expressing myself con-
cerning the essays contained in,this volume. The reason lies in
the fact that the essays refer to entirely too many subjects,
which,"at the present state of our knowledge, are only loosely
connected with each other. I first attempted to discuss the essays
individually. However, I abandoned this procedure because
nothing even approximately homogeneous resulted, so that the
reading of it could hardly have been either useful or enjoyable.
I finally decided, therefore, to order these remarks, as far as
possible, according to topical considerations.

Furthermore, after some vain efforts, I discovered that the
mentality which underlies a few of the essays differs so radically
from my own, that I am incapable of saying anything useful
about them. This is not to be interpreted that I regard those
essays—insofar as their content is at all meaningful to me—
less highly than I do those which lie closer to my own ways of
thinking, to which [latter] I dedicate the following remarks.

To begin with I refer to the essays of Wolfgang Pauli and
Max Born. They describe the content of my work concerning
quanta and statistics in general in their inner consistency and
in their participation in the evolution of physics during the last
half century. It is meritorious that they have done this: For
only those who have successfully wrestled with the problematic
situations of their own age can have a deep insight into those
situations; unlike the later historian, who finds it difficult to make
abstractions from those concepts and views which appear to his
generation as established, or even as self-evident. Both authors

¥ Translated (from the German typescript) by Paul Arthur Schilpp.
665




666 ALBERT EINSTEIN

deprecate the fact that I reject the basic idea of contemporary
statistical quantum theory, insofar as I do not believe that this
fundamental concept will provide a useful basis for the whole
of physics. More of this later.

I now come to what is probably the most interesting subject
which absolutely must be discussed in connection with the de-
tailed arguments of my highly esteemed colleagues Born, Pauli,
Heitler, Bohr, and Margenau. They are all firmly convinced
that the riddle of the double nature of all corpuscles (corpus-
cular and undulatory character) has in essence found its final
solution in the statistical quantum theory. On the strength of
the successes of this theory they consider it proved that a the-
oretically complete description of a system can, in essence, in-
volve only statistical assertions concerning the measurable quan-
tities of this system. They are apparently all of the opinion
that Heisenberg’s indeterminacy-relation (the correctness of
which is, from my own point of view, rightfully regarded as
finally demonstrated) is essentially prejudicial in favor of the
character of all thinkable reasonable physical theories in the
mentioned sense. In what follows 1 wish to adduce reasons
which keep me from falling in line with the opinion of almost
all contemporary theorstical physicists. I am, in fact, firmly con-
vinced that the essentially statistical character of contemporary
quantum theory is solely to be ascribed to the fact that this
[theory] operates withan incomplete description of physical
systems.

Above all, however, the reader should be convinced that I
{ully recognize the very important progress which the statistical
quantum theory has brought to theoretical physics. In the field
of mechanical problems—i.e., wherever it is possible to consider
the interaction of structures and of their parts with sufficient
accuracy by postulating a potential energy between material
points—[ this theory] even now presents a system which, in its
closed character, correctly describes the empirical relations be-
tween statable phenomena as they were theoretically to be ex-
pected. This theory is until now the only one which unites the
corpuscular and undulatory dual character of matter in a
logically satisfactory fashion; and the (testable) relations,
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which are contained in it, are, within the natural limits fixed
by the indeterminacy-relation, complete. The formal relations
which are given in this theory—i.e., its entire mathematical
formalism—will probably have to be contained, in the form of
logical inferences, in every useful future theory.

What does not satisfy me in that theory, from the stand-
point of principle, is its attitude towards that which appears to
me to be the programmatic aim of all physics: the complete de-
scz:iption of any (individual) real situation (as it supposedly
exists irrespective of any act of observation or substantiation).
Whenever the positivistically inclined modern physicist hears
such a formulation his reaction is that of a pitying smile. Fe
says to himself: “there we have the naked formulation of a
metaphysical prejudice, empty of content, a prejudice, more-
over, the conquest of which constitutes the major epistemo-
logical achievement of physicists within the last quarter-century.
Has any man ever perceived a ‘real physical situation’? How is
it possible that a reasonable person could today still believe
that he can refute our essential knowledge and understanding
by drawing up such a bloodless ghost?” Patience! The above
laconic characterization was not meant to convince anyone; it
was merely to indicate the point of view around which the fol-
lowing elementary considerations freely group themselves. In
doing this I shall proceed as follows: I shall first of all show in
simple special cases what seems essential to me, and then I shall
make a few remarks about some more general ideas which are
involved.

We consider as a physical system, in the first instance, a radio-
active atom of definite average decay time, which is practically
exaf:tly localized at a point of the co-ordinate system. The
r.adloactive process consists in the emission of a (comparatively
l{ght) particle. For the sake of simplicity we neglect the mo-
tion of the residual atom after the disintegration-process. Then
it is possible for us, following Gamow, to replace the rest of
the atom by a space of atomic order of magnitude, surrounded
by a closed potential energy barrier which, at a time z=o0,
encloses the particle to be emitted. The radioactive process
thus schematized is then, as is well known, to be described—in
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668 ALBERT EINSTEIN

the sense of elementary quantum mechanics—by a P-function
in three dimensions, which at the time =0 is different from
zero only inside of the barrier, but which, for positive times,
expands into the outer space. This y-function yields the prob-
ability that the particle, at some chosen instant, is actually in a
chosen part of space (i.e., is actually found there by a measure-
ment of position). On the other hand, the -function does not
imply any assertion concerning the time instant of the dis-
integration of the radioactive atom.

Now we raise the question: Can this theoretical description
be taken as the complete description of the disintegration of 2
single individual atom? The immediately plausible answer is:
No. For one is, first of all, inclined to assume that the indi-
vidual atom decays at a definite time; however, such a definite
time-value is not implied in the description by the P-function.
1f, therefore, the individual atom has a definite disintegration-
time, then as regards the individual atom its description by
means of the y-function must be interpreted as an incomplete
description. In this case the W-function is to-be taken as the
description, not of a singular system, but of an ideal ensemble
of systems. In this case one is driven to the conviction that a
complete description of 2 single system should, after all, be
possible; but for such complete description there is no room in
the conceptual world of statistical quantum theory.

To this the quantum theorist will reply: This consideration
stands and falls with the assertion that there actually is such
a thing as a definite time of disintegration of the individual
atom (an instant of time existing independently of any obser-
vation). But this assertion is, from my point of view, not mere-
ly arbitrary but actually meaningless. The assertion of the

existence of a definite time-instant for the disintegration makes
sense only if I can in principle determine this time-instant em-
pirically. Such an assertion, however, (which, finally, leads
to the attempt to prove the existence of the particle outside of
the force barrier), involves a definite disturbance of the system
in which we are interested; so that the result of the determina-
tion does not permit a conclusion concerning the status of the
undisturbed system. The supposition, therefore, that a radio-
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active atom has a definite disintegration-time is not justified b
anything whatsoever; it is, therefore, not demonstrated eith };
tha:t Fhe yY-function can not be conceived as a complete de
scription of the individual system. The entire allegedpdiﬂicul;3 ;
proceeds from the fact that one postulates something not oby
servable as “1."eal.” (This the answer of the quan;um ét{heorist )—
th}t'l d1§like in this kind of argumentation is the bas.ic
positivistic attitude, which from my point of view is untenable
anfl '\TVthh seems to me to come to the same thing as Berkele ’;
prmqple, esse est percipi. “Being” is always somethin Whi}éh
is men.tally constructed by us, that is, something which \%re fre
ly posit (in the logical sense). The justification of such coe_
structs does not lie in their derivation from what is given {)1”
the senses. Such a type of derivation (in the sense of lo ic}l,
d;dumblh‘ty)' is no'wh_ere to be had, not even in the dor%la?n
;)v hi[z;e—rs;:;)irel:ict: ‘tcﬁr;llc;g/g;’ fThe juls'tiﬁcaition of the constructs,
h re . or us, lies alone i i i
;r;altc}llr_lg mtelhgible what is senso;ily given ?tlllll ;I;:;eq:}?i;;};tg
s expression is here forced upon me 1vi
b.rcvxty.). Applied to the speci"ﬁéalll})f chosenbc}allerr}l, ite“chlflg o
sideration tells us the following: P o
" Otne n}ay not merely ask: “Does a definite time instant for
e transformation of a single atom exist?” but rather: “Is it
within the framework of our theoretical total constructi;m ’
sonable to ppsit the existence of a definite point of time f ’ 1‘:};’- .
tra.lnsform?non of a single atom?” One may not even askorwh ;
t'hlS assertion means. One can only ask whether such a pro .
:,(:31’ WIFhln th.e fxl;amework of the chosen conceptual S}F/)stelr)r?—s—l:
a view to its abilit i i iri
v Ol}-, rtlc; tg.rasp theoretically what is empirically
timllnst(;lfar, I:hen, as a quantym—theoretician takes the posi-
at the description by means of a -function refers
g{ll'yd to an ideal systematic totality but in no wise to the i111-
; oz:-n t;::l ;};ste:a, he may calml}' assume a definite point of time
o the tr nstormation. But, if he represents the assumption
is description by way of the Y-function is to be tak
as the c?mplete description of the individual system, th gn
must reject the postulation of a specific decay—timej Hznca:
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justifiably point to the fact that a determination of the instant
of disintegration is not possible on an isolated system, but would
require disturbances of such a character that they must not be
neglected in the critical examination of the situation. It would,
for example, not be possible to conclude from the empirical
statement that the transformation has already taken place, that
this would have been the case if the disturbances of the sys-
tem had not taken place.

As far as I know, it was E. Schrédinger who first called
attention to a modification of this consideration, which shows an
interpretation of this type to be impracticable. Rather than
considering a system which comprises only a radioactive atom
(and its process of transformation), one considers a system
which includes also the means for ascertaining the radioactive
transformation—for example, a Geiger-counter with automatic
registration-mechanism. Let this latter include a registration-
strip, moved by a clockwork, upon which a mark is made by
tripping the counter, True, from the point of view of quantum
mechanics this total system is very complex and its configura-
tion space is of very high dimension. But there is in principle
no objection to treating this entire system from the standpoint
of quantum mechanics. Here too the theory determines the
probability of each configuration of all its co-ordinates for every
time instant. If one considers all configurations of the co-
ordinates, for a time large compared with the average decay-
time of the radioactive atom, there will be (at most) one such
registration-mark on the paper strip. To each co-ordinate-
configuration corresponds a definite position of the mark on the
paper strip. But, inasmuch as the theory yields only the rela-
tive probability of the thinkable co-ordinate-configurations, it
also offers only relative probabilities for the positions of the
mark on the paperstrip, but no definite location for this mark.

In this consideration the location of the mark on the strip
plays the role played in the original consideration by the time
of the disintegration. The reason for the introduction of the
system supplemented by the registration-mechanism lies in the
following. The location of the mark on the registration-strip
is a fact which belongs entirely within the sphere of macroscopic
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concepts, in contradistinction to the instant of disintegration of
a single atom. If we attempt [to work with] the interpretation
that the quantum-theoretical description is to be understood
as a complete description of the individual system, we are
forced to the interpretation that the location of the mark on
the strip is nothing which belongs to the system per se, but
that the existence of that location is essentially dependent upon
the carrying out of an observation made on the registration-
strip. Such an interpretation is certainly by no means absurd
from a purely logical standpoint; yet there is hardly likely
to be anyone who would be inclined to consider it seriously.
For, in the macroscopic sphere it simply is considered certain
_that one must adhere to the program of a realistic description
in spage and time; whereas in the sphere of microscopic situa-
tions one is more readily inclined to give up, or at least to
modify, this program.

"I‘his discussion was only to bring out the following., One
arrives at very implausible theoretical conceptions, if one at-
tempts to maintain the thesis that the statistical quantum theory
is in principle capable of producing a complete description of
an individual physical system. On the other hand, those diffi-
culties of theoretical interpretation disappear, if one views the
quantum-mechanical description as the description of ensembles
of systems.

I reached this conclusion as the result of quite different types
of considerations. I am convinced that everyone who will take
the trouble to carry through such reflections conscientiously
will find himself finally driven to this interpretation of quan-
tum-theoretical description (the y-function is to be understood
as the description not of a single system but of an ensemble of
systems).

Roughly stated the conciusion is this: Within the frame-
work of statistical quantum theory there is no such thing as a
complete description of the individual system. More cautiously
it might be put as follows: The attempt to conceive the quan-
tum-theoretical description as the complete description of the
ir‘ldividual systems leads to unnatural theoretical interpreta-
tions, which become immediately unnecessary if one accepts the
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interpretation that the description refers to ensembles of sys-
tems and not to individual systems. In that case the whole
“ego-walking” performed in order to avoid the “phys_ic_ally
real” becomes superfluous. There exists, however, a sm:xple
psychological reason for the fact that this most.ne.:arly obvious
interpretation is being shunned. For if the s:catlst1cal quantum
theory does not pretend to describe the individual system (and
its development in time) completely, it appears unavc?xdable to
look elsewhere for a complete description of the indiwdugl sys-
tem; in doing so it would be clear from the very begm.mqg
that the elements of such a description, are not contained Wlﬂ'lll‘l
the conceptual scheme of the statistical quantum theory. With
this one would admit that, in principle, this scheme could not
serve as the basis of theoretical physics. Assuming the. success
of efforts to accomplish a complete physical description, the
statistical quantum theory would, within the fral.n.ework of
future physics, take an approximately analogous position to the
statistical mechanics within the framework of classical me-
chanics. I am rather firmly convinced that the devclopme:nt of
theoretical physics will be of this type; but the path will be
lengthy and difficult. : '

I now imagine a quantum theoretician who may even admit
that the quantum-theoretical description refers to ensembles of
systems and not to individual systems, but who, neverth.elf:ss,
clings to the idea that the type of description of the St‘fltlSthfil
quantum theory will, in its essential features, be r.etamed in
the future. He may argue as follows: True, I admit tha}t ?he
quantum-theoretical description is an incomplete description
of the individual system. I even admit that a complete theo-
retical description is, in principle, thinkable. But .I c.onsider it
proven that the search for such a complete description Yvould
be aimless. For the lawfulness of nature is thus constxtute.d
that the laws can be completely and suitably formulated within
the framework of our incomplete description. ‘

To this I can only reply as follows: Your point of view—
taken as theoretical possibility—is incontestable. Fox.' me, how-
ever, the expectation that the adequate formulation of the
universal laws involves the use of 4/l conceptual elements
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which are necessary for a complete description, is more natural.
It is furthermore not at all surprising that, by using an incom-
plete description, (in the main) only statistical statements can
be obtained out of such description. If it should be possible to
move forward to a complete description, it is likely that the
laws would represent relations among all the conceptual elements
of this description which, per se, have nothing to do with sta-
tistics.
A few more remarks of a general nature concerning concepts
and [also] concerning the insinuation that a concept—for ex-
ample that of the real—is something metaphysical (and there-
fore to be rujected). A basic conceptual distinction, which is a
necessary prerequisite of scientific and pre-scientific thinking,
is thesdistinction between “sense-impressions” (and the recol-
lection of such) on the one hand and mere ideas on the other.
There is no such thing as a conceptual definition of this distine-
tion (aside from circular definitions, i.e., of such as make a
hidden use of the object to be defined). Nor can it be main-
tained that at the base of this distinction there is a type of evi-
dence, such as underlies, for example, the distinction between
red and blue. Yet, one needs this distinction in order to be able
to overcome solipsism. Solution: we shall make use of this
distinction unconcerned with the reproach that, in doing so, we
are guilty of the metaphysical “original sin.” We regard the dis-
tinction as a category which we use in order that we might the
better find our way in the world of immediate sensations. The
“sense” and the justification of this distinction lies simply in
this achievement. But this is only a first step. We represent
the sense-impressions as conditioned by an “objective” and by
a “subjective” factor. For this conceptual distinction there also
is no logical-philosophical justification. But if we reject it, we
cannot escape solipsism. It is also the presupposition of every
kind of physical thinking. Here too, the only justification lies
in its usefulness. We are here concerned with “categories” or
schemes of thought, the selection of which is, in principle, en-
tirely open to us and whose qualification can only be judged by
the degree to which its use contributes to making the totality
of the contents of consciousness “intelligible.” The above
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