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and this is a consequence of the wider group of transformations.

Now it would of course be possible to object: If singularities
are permitted at the positions of the material points, what justi-
fication is there for forbidding the occurrence of singularities
in the rest of space? This objection would be justified if the
equations of gravitation were to be considered as equations of
the total field. [Since this is not the case], however, one will
have to say that the field of a material particle may the less be
viewed as a pure gravitational field the closer one comes to
the position of the particle. If one had the field-equation of the
total field, one would be compelled to demand that the parti-
cles themselves would everywhere be describable as singularity-
free solutions of the completed field-equations. Only then
would the general theory of relativity be a complete theory.

Before I enter upon the question of the completion of the
general theory of relativity, I must take a stand with reference
to the most successful physical theory of our period, viz., the
statistical quantum theory which, about twenty-five years ago,
took on a consistent logical form (Schrédinger, Heisenberg,
Dirac, Born). This is the only theory at present which permits
a unitary grasp of experiences concerning the quantum char-
acter of micro-mechanical events. This theory, on the one
hand, and the theory of relativity on the other, are both con-
sidered correct in a certain sense, although their combination
has resisted all efforts up to now. This is probably the reason
why among contemporary theoretical physicists there exist en-
tirely differing opinions concerning the question as to how the
theoretical foundation of the physics of the future will appear.
Will it be a field theory; will it be in essence a statistical the-
ory? 1 shall briefly indicate my own thoughts on this point.

Physics is an attempt conceptually to grasp reality as it is
thought independently of its being observed. In this sense one
speaks of “physical reality.” In pre-quantum physics there was
no doubt as to how this was to be understood. In Newton’s
theory reality was determined by a material point in space and
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tinre; n Maxwell’s theory, by the field in space and time. In

quantum mechanics it is not so easily seen. If one asks: does a

Y-function of the quantum theory represent a real factual

situation in the same sense in which this is the case of a material

system of points or of an electromagnetic field, one hesitates
to reply with a simple “yes” or “no”; why? What the y-func-
tion (at a definite time) asserts, is this: What is the probability
for finding a definite physical magnitude ¢ (or p) in a definitely
given interval, if I measure it at time 2z} The probability is
here to be viewed as an empirically determinable, and there-
fore certainly as a “real” quantity which I may determine if I
create the same Y-function very often and perform a ¢-
measurement each time. But what about the single measured
value of g? Did the respective individual system have this
g-value even before the measurement? To this question there
is no definite answer within the framework of the [existing]

theory, since the measurement is a process which implies a

finite disturbance of the system from the outside; it would

therefore be thinkable that the system obtains a definite nu-
merical value for ¢ (or ), i.e., the measured numerical value,
only through the measurement itself. For the further discussion

I shall assume two physicists, 4 and B, who represent a different

conception with reference to the real situation as described by

the y-function.

A. The individual system (before the measurement) has a
definite value of ¢ (i.e., p) for all variables of the system,
and more specifically, sz value which is determined by a
measurement of this variable. Proceeding from this con-
ception, he will state: The y-function is no exhaustive de-
scription of the real situation of the system but an incom-
plete description; it expresses only what we know on the
basis of former measurements concerning the system.

B. The individual system (before the measurement) has no
definite value of ¢ (i.e., ). The value of the measurement
only arises in cooperation with the unique probability which
is given to it in view of the W-function only through the
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act of measurement itself. Proceeding from this conception,
he will (or, at least, he may) state: the {-function is an ex-
haustive description of the real situation of the system.

We now present to these two physicists the following in-
stance: There is to be a system which at the time ¢ of our ob-
servation consists of two partial systems §; and §,, which at
this time are spatially separated and (in the sense of the classi-
cal physics) are without significant reciprocity, The total sys-
tem is to be completely described through a known Y-function
Y;2 in the sense of quantum mechanics. All quantum theoreti-
cians now agree upon the following: If I make a complete meas-
urement of S, I get from the results of the measurement and
from v,, an entirely definite Y-function . of the system S..
The character of 1, then depends upon wkat kind of measure-
ment I undertake on §,.

Now it appears to me that one may speak of the real factual
situation of the partial system S,. Of this real factual situation,
we know to begin with, before the measurement of S,, even less
than we know of a system described by the {-function. But on
one supposition we should, in my opinion, absolutely hold fast:
the real factual situation of the system S, is independent of
what is done with the system §,, which is spatially separated
from the former. According to the type of measurement which
I make of §,, I get, however, a very different ¢, for the sec-
ond partial system (¥, ¥;l,...). Now, however, the real situa-
tion of S, must be independent of what happens to S;. For the
same real situation of S it is possible therefore to find, accord-
ing to one’s choice, different types of y-function. (One can es-
cape from this conclusion only by either assuming that the meas-
urement of §; ((telepathically)) changes the real situation of
§. or by denying independent real situations as such to things
which are spatially separated from each other. Both alternatives
appear to me entirely unacceptable.)

If now the physicists, 4 and B, accept this consideration as
valid, then B will have to give up his position that the ¥-func-
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tion constitutes a complete description of a real factual situa-
tion. For in this case it would be impossible that two different
types of Y-functions could be co-ordinated with the identical
factual situation of S,.

The statistical character of the present theory would then
have to be a necessary consequence of the incompleteness of the
description of the systems in quantum mechanics, and there
would no longer exist any ground for the supposition that a
future basis of physics must be based upon statistics, — ——

It is my opinion that the contemporary quantum theory by
means of certain definitely laid down basic concepts, which on
the whole have been taken over from classical mechanics, con-
stitutes an optimum formulation of the connections. I believe,
however, that this theory offers no useful point of departure for
future development. This is the point at which my expectation
departs most widely from that of contemporary physicists. They
are convinced that it is impossible to account for the essential
aspects of quantum phenomena (apparently discontinuous and
temporally not determined changes of the situation of a sys-
tem, and at the same time corpuscular and undulatory qualities
of the elementary bodies of energy) by means of a theory which
describes the real state of things [objects] by continuous func-
tions of space for which differential equations are valid. They
are also of the opinion that in this way one can not understand
the atomic structure of matter and of radiation. They rather
expect that systems of differential equations, which could come
under consideration for such a theory, in any case would have
no solutions which would be regular (free from singularity)
everywhere in four-dimensional space. Above everything else,
however, they believe that the apparently discontinuous char-
acter of elementary events can be described only by means of an
essentially statistical theory, in which the discontinuous changes
of the systems are taken into account by way of the continuous
changes of the probabilities of the possible states.

All of these remarks seem to me to be quite impressive. How-
ever, the question which is really determinative appears to me




