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by Albert Einstein Physics Today is privileged to present an excerpt from a newly pub-
lished essay by Albert Einstein. The excerpt is reprinted here from
“Albert Einstein: Philosopher-Scientist,” Volume VII of the Library
of Living Philosophers,* with the kind permission of Paul Arthur
Schilpp, editor of the series. The above title is the last phrase of the
autobiographical introduction to the volume and the excerpt that fol-
lows is from the final essay “Remarks Concerning the Essays Brought
Together in this Co-operative Volume.” Professor Schilpp translated
this material from the German typescript.

By way of introduction [ must remark that it at the present state of our knowledge, are only
was not easy for me to do justice to the task of ex- loosely connected with each other. I first attempted
pressing myself concerning the essavs contained in  to discuss the essays individually. However, 1 aban-
this volume. The reason lies in the fact that the doned this procedure because nothing even approxi
essays refer to entirely too many subjects, which, mately homogeneous resulted, so that the reading
* The Library of Living Philosophers provides the opportunity to read, in ome volume, the reply by a philosopher to the commentary on his
works—and the commentary, “Autebiographical Notes" and the “Remarks’ were written by Professor Einstein specifically for “Albert Ein-

stein; Philosopher-Scientist,”” 781 pp., published and copyrighted by The Library of Living Philosophers, Inc, Ni ttern University,
Evanston, Hlinois. $8.50.
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of it could hardly have been either uséful or en-
joyable. 1 finally decided, therefore, to order these
remarks, as far as possible, according to topical
considerations.

Furthermore, after some vain efforts, [ discov-
ered that the mentality which underlies a few of
the essays differs so radically from my own, that
I am incapable of saving anything useful about
them. This is not to be interpreted that 1 regard
those essays—insofar as their content is at all mean-
ingful to me—le& highly than 1 do those which lie
closer to my own ways of thinking, to which [lat-
ter] | dedicate the following remarks.

To begin with | refer to the essays of Wolfgang
Pauli and Max Born. They describe the content
of my work concerning quanta and statistics in gen-
eral in their inner consistency and in their participa-
tion in the evolution of physics during the last half
century. It is meritorious that they have done this:
For only thase 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 abstrac-
tions from those concepts and views which appear to
his generation as established, or even as self-evident.
"_?1_3_0_1:_}_: authors deprecate the fact that 1 reject the

basic idea—of contemporary _statistical quantum

theory, insofar as I do not helieve that this funda-
| mental concept will provide a useful basis for th
whole of phys Mare of this later.
lm I now come to what is probably the most inter-

esting subject which absolutely must be dis{:ussed‘;

in connection with the detailed arguments of my

highly esteemed colleagues Born, Pauli, Heitlep. 3| i

Bohr, and Margenau. They are all firmly con-

vinced that the riddle of the double nature of all
corpuscles (corpuscular and undulatory character)
has in essence found its ol YlMon in the statisti-
cal quantum the_u_l:_\_'.:(l)i} the strength of the suc-
cesses of this theory tﬁe_\' consider it proved that a
theoretically complete description of a system can,

in_essence, involve only statistical assertions con-

the measurable quantities of this system.

cerning |
fLhey are a_p_[_);rcntly :m_f)f_the__upinh:Mgg_n_-
berg’s indeterminacy-relation (the correctness of
which is, from myv own p_u:'nt of view, rightfully
regarded as finally demonstrated) is_essentially

Uprejudicial in favor of the character of all thinkable

reasonable physical theories m the mentioned sense. *

/

In what follows I wish to adduce reasons which

keep me from falling in line with the opinion of al-
most all contemporary theoretical physicists. 1 am,
in fact, firmly convinced that the essentially statis-
tical character of contemporary quantum theory is
solely to be ascribed to the fact that this [theory]
operates with an incomplete description rigf_lz"!-_l::_zil
systems. ( whet 15 1 neom PIEtC ! )end kB0 s
Above all, however, the reader should be ”k
vinced that I fully recognize the very important
progress which the statistical quantum theory has
brought to theoretical physics. In the field of me-
chanical problems—i.e., wherever it is possible to
consider the interaction of structures and of their
parts with sufficient accuracy by postulating a poten-
tial energy between material points—[this theory]
even now presents a system which, in its closed char-
acter, correctly describes the empirical relations be-
tween statable phenomena as they were theoreti-
cally to be expected. This theory is until now the
only one which unites the corpuscular and undula-
tory dual character of matter in a logically satisfac-
tory fashion ; and the (testable) relations, which are
contained in it, are, within the natural limits fixed
by the indeterminacy-relation, complete. The for-
mal relations which are given in this theory—i.e.,
its entire mathematical formalism—will probably
have to be contained, in the form of logical infer-
ences, in every useful future theory.
Vhat does no! I 1at_theory, from
the standpoint of principle, is its attitude towards
that which appears to me to be the programmatic
aim_of all physics: the complete description of any
(individual ituati s it supposed] i

satisfy me 1

L T

is that of a pityving smile. He savs to himself: “there
we have the naked formulation of a metaphysical
prejudice, empty of content, a prejudice, moreover,
the conquest of which constitutes the major episte-
mological achievement of physicists within the last
quarter-century. Has any man ever perceived a
‘real physical situation’? How is it possib'le that a

reasonable person could todav still believe that he
can refute our essential knowledge and undeﬂ/
standing by drawing up such q}_vlqul%ﬂms e

Patience! The above laconic characterization was
not meant to convince anyone; it was merely to in-
dicate the point of view around which the follow-

ing elementary considerations freely group them-

The yeason For The Probabibdc e, pe Raen

ot The 7'1‘\‘-’"-”_-_{;,1 A (1 disent bion ’? Ha flemic prelvn)
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selves. In doing this I shall proceed as follows: I
shall first of all show in simple speciaL cases what
seems essential to mt.ﬁnﬁﬁé:‘ ehall ‘make a Few
remarks about some ‘more general ideas which are
involved.
We consider as a physical system, in the first in-
~stance, a radioactive atom of definite average de-
cay time, which is practically exactly localized at a
point of the co-ordinate system. The radioactive
process consists in the emission of a (comparatively
light) particle. For the sake of simplicity we neglect
the motion of the residual atom after the disinte-
gration-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
«|t =0, encloses the particle to be emitted. The
radioactive process thus schematized is then, as is
well known, to be described—in the sense of ele-
mentary quantum mechanics—by a y¢-function in
three dimensions, which at the time + = 0 is differ-
‘ent from zero only inside of the barrier, but which,
(for positive times, expands into the outer space.
This ¢-function vields the probability that the par-
ticle, at some chosen instant, is actually in a chosen
‘ part of space (i.e., is actually found there by a
measurement of position). On the other hand, the
|¢-function does not imply any assertion concerning

(the time instant of the disintegration of the radio-

[ active atom.

T e - - N . -
Now we raise the question: Can this theoretical

| description be taken as the complete description of

the disintegration of a single individual atom? The

immediately plausible answer is: No. For one is,

| first of all, inclined to assume that the individual

e S ——
atom decays at a definite_time: however, such a

| definite time-value is not implied in the description
| by the y¢-function. .If,_.ETT&_efl?r the '}m&i\-‘idual atom
‘has a definite disiﬁréérfaﬁgn’itirne?'t‘fl’gnﬁlse'rcgards the
individual atom its description by means of the y-
function must be interpreted as an incomplete de-
Iscription.‘_ln this case the y-function is to be taken
as the description, not of a singylar system, but of
an ideal ensemble of s_\'stemi;'#jthis case one is
driven to the conviction that a complete descrip-
tion of a single system should, after all, be possible;

ut for such complete description there is no room
in the conceptual world of statistical quantum

theory. Lﬂj W

To this the quantum theorist will reply: This
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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

L i

of time existing independently of any observation).
i 1z independentl v r )

But this assertion is, from my point of view, not

merely arbitrary but actually meaningless. The as-
sertion of the existence of a definite time-instant
for the disintegration makes sense only if 1 can
in principle determine this time-instant empirically.
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 inter-
ested ; so that the result of the determination does
not permit a conclusion concerning the status of
the undisturbed system. The supposition, therefore,
that a radioactive atom has a definite disintegration-
time is not justified by anything whatsoever ; it is,
therefore, not demonstrated either that the y¢-func-
tion can not be conceived as a complete description
of the individual system. The entire alleged difhi-
culty proceeds from the fact that one postulates
something not observable as “real.” ("This the an-
swer of the quantum theorist.)

What 1 dislike 1 is ki tati
the basic positivistic attitude, which from my point

of view is untenable, and which seems to me to come

to the same thing as Berkelev's principle, esse est
ETCIpL. “Being" is always something which is men-
rally constructed by us, that is, something which
we freely posit (in the logical sense). The justi-
fication of such constructs does not lie in their deri-

vation from what is given by the senses, Such a
type of derivation (in the sense of logical deduci-
hility) is nowhere to be had, not even in the domain
of pre-scientific thinking. The justification of the
constructs, which represent “reality’ for us, lies
alone in their quality of making intelligible what
is sensorily given (the vague character of this ex-
pression is here forced upon me by my striving for
brevity ). Applied to the specifically chosen example
this consideration tells us the following:

One may not merely ask: “Does a definite time
instant for the transformation of a single atom
exist?"" but rather: “Is it, within the framework
of our theoretical total construction, reasonable to
posit the existence of a definite point of time for
the transformation of a single atom?" One may not
even ask what this assertion means. One can only
ask whether such a proposition, within the frame-
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work of the chosen conceprual system—with a view
to its ability to grasp theoretically what is empiri-
cally given—is reasonable or not.

Insofar, then, as a quantum-theoretician takes the
position that the description by means of a ¢-
function refers only to an ideal svstematic totality
but in no wise to the individual system, he may
calmly assume a definite point of time for the trans-
formation. But, if he represents the assumption
that his description by way of the y-function is to
be taken as the complete description of the indi-
vidual system, then he must reject the postulation of
a specific decay-time. He can justifiably point to the
fact that a determination of the instant of disin-
tegration is not possible on an isolated system, but
would require disturbances of such a character that
they must not be neglected in the critical examina-
tion 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 disturb-
ances of the system had not taken place.

As far as I know, it was E. Schridinger who
first called attention to a modification of this con-
sideration, 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 ascer-
taining the radioactive transformation—for exam-
ple, 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 svs-
tem is very complex and its configuration 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 configura-
tion of all its co-ordinates for every time instant.
If one considers all configurations of the co-ordi-
nates, for a time large compared with the average
decay-time of the radioactive atom, there will be
(at most) ome 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 relative
probability of the thinkable co-ordinate-configura-
tions, it also offers only relative probabilities for

the positions of the mark on the paper strip, 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 sup-
plemented 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 concepts, in con-
tradistinction to the instant of disintegration of a
single atom. If we attempt [to work with] the
interpretation that the quantum-theoretical descrip-
tion is to be understood as a complete description
of the individual system, we are forced to the inter-
pretation 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 de-
pendent upon the carrving out of an observation
made on the registration-strip. Such an interpreta-
tion is certainly by no means absurd from a purely
logical standpoint; vet there is hardly likely to be
anyone who would be inclined to consider it seri-
ously. For, in the macroscopic sphere it simply is
considered certain that one must adhere to the pro-
gram of a realistic description in space and time;
whereas in the sphere of microscopic situations one
is more readily inclined to give up, or at least to
modify, this program.

This discussion was only to bring out the fol-
lowing. One arrives at very implausible theoreti-
cal conceptions, if one attempts to maintain the
thesis that the statistical quantum theory is in prin-
ciple capable of producing a complete description
of an individual physical svstem. On the other hand,
those difhculties of theoretical interpretation dis-
appear, if one views the quantum-mechanical de-
scription as the description of ensembles of systems.

[ reached this conclusion as the result of quite dif-
ferent types of considerations. T am convinced that
evervone who will take the trouble to carry through
such reflections conscientiously will find himself
finally driven to this interpretation of quantum-
theoretical description (the ¢-function is to be un-
derstood as ipti
but of an ensemble of systems).

Roughly stated the conclusion is this; Within_the
framework of statistical quantum theory there is
no_such thing as a complete description of the
individual system. More cautiously it might be put

» e
a single system
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as follows: The attempt to conceive the quantum-
theoretical description as the complete description
of the individual systems leads to unnatural theo-
retical interpretations, which become immediately
unnecessary if one accepts the interpretation that
the description refers to ensembles of systems and
not to individual systems. In that case the whole
“egg-walking"” performed in order to avoid the
“physically real” becomes superfluous. There exists,
however, a simple psychological reason for the fact
that this most nearly obvious interpretation is being
shunned. For if the statistical quantum theory does
not pretend to describe the individual system (and
its development in time) completely, it appears un-
avoidable to look elsewhere for a complete descrip-
tion of the individual system; in doing so it would
be clear from the very beginning that the elements
of such a description are not contained within 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 accom-
plish a complete physical description, the statistical
quantum theory would, within the framework of
future physics, take an approximately analogous
position to the within the
framework of mechanics. | am rather
firmly convinced that the development of theoreti-
cal physics will be of this tvpe; but the path will be
lengthy and difficult.

statistical mechanics

classical
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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 whao, nevertheless, clings to the idea
that the type of description of the statistical quan-
tum theory will, in its essential features, be retained
in the future. He may argue as follows: True, |
admit that the quantum-theoretical description is
an incomplete description of the individual system.
[ even admit that a complete theoretical descrip-
tion is, in principle, thinkable. But I consider it
proven that the search for such a complete descrip-
tion would be aimless. For the lawfulness of na-
ture is thus constituted that the laws can be com-
pletely and suitably formulated within the frame-
work of our incomplete description.

To this T can only reply as follows: Your point
of view—taken as theoretical possibility—is incon-
testable. For me, however, the expectation that the
adequate formulation of the universal laws in-
volves the use of all conceptual elements which are
necessary for a complete description, is more natural.
It is furthermore not at all surprising that, by using
an incomplete description, (in the main) only statis-
tical statements can be obtained out of such descrip-
tion. 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 ele-
ments of this description which, per se, have nothing
to do with statistics.
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