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Can Quantum-Mechanical Description of Physical Reality be Considered Complete? 
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It is shown that a certain "criterion of physical reality" formulated in a recent article with 
the above title by A. Einstein, B. Podolsky and N. Rosen contains an essential ambiguity 
when it is applied to quantum phenomena. In this connection a viewpoint termed "comple­
mentarity" is explained from which quantum-mechanical description of physical phenomena 
would seem to fulfill, within its scope, all rational demands of completeness. 

I N a recent article1 under the above tit le A. 
Einstein, B. Podolsky and N. Rosen have 

presented arguments which lead them to answer 
the question a t issue in the negative. The trend 
of their argumentat ion, however, does not seem 
to me adequately to meet the actual situation 
with which we are faced in atomic physics. I 
shall therefore be glad to use this opportuni ty 
to explain in somewhat greater detail a general 
viewpoint, conveniently termed "complementar­
i ty ," which I have indicated on various previous 
occasions,2 and from which quantum mechanics 
within its scope would appear as a completely 
rational description of physical phenomena, such 
as we meet in atomic processes. 

The extent to which an unambiguous meaning 
can be at t r ibuted to such an expression as 
"physical real i ty" cannot of course be deduced 
from a priori philosophical conceptions, but—as 
the authors of the article cited themselves 
emphasize—must be founded on a direct appeal 
to experiments and measurements. For this 
purpose they propose a "criterion of real i ty" 
formulated as follows: "If, without in any way 
disturbing a system, we can predict with cer­
ta inty the value of a physical quant i ty , then 
there exists an element of physical reality 
corresponding to this physical quant i ty . " By 
means of an interesting example, to which we 
shall return below, they next proceed to show 
that in quantum mechanics, just as in classical 
mechanics, it is possible under suitable conditions 
to predict the value of any given variable 
pertaining to the description of a mechanical 
system from measurements performed entirely 
on other systems which previously have been in 

1 A. Einstein, B. Podolsky and N. Rosen, Phys. Rev. 47, 
777 (1935). 

2 Cf. N. Bohr, Atomic Theory and Description of Nature, I 
(Cambridge, 1934). 

interaction with the system under investigation. 
According to their criterion the authors therefore 
want to ascribe an element of reality to each of 
the quanti t ies represented by such variables. 
Since, moreover, it is a well-known feature of the 
present formalism of quantum mechanics tha t 
it is never possible, in the description of the 
state of a mechanical system, to at tach definite 
values to both of two canonically conjugate 
variables, they consequently deem this formalism 
to be incomplete, and express the belief tha t a 
more satisfactory theory can be developed. 

Such an argumentat ion, however, would 
hardly seem suited to affect the soundness of 
quantum-mechanical description, which is based 
on a coherent mathematical formalism covering 
automatical ly any procedure of measurement like 
tha t indicated.* The apparent contradiction in 

* The deductions contained in the article cited may in 
this respect be considered as an immediate consequence 
of the transformation theorems of quantum mechanics, 
which perhaps more than any other feature of the for­
malism contribute to secure its mathematical complete­
ness and its rational correspondence with classical me­
chanics. In fact, it is always possible in the description of a 
mechanical system, consisting of two partial systems (1) 
and (2), interacting or not, to replace any two pairs of 
canonically conjugate variables (qipi), {q.ip<i) pertaining 
to systems (1) and (2), respectively, and satisfying the 
usual commutation rules 

L^iPil- [q2p2l = ih/2>ir, 
[2152]=Lpip2l = Lq.ip2l=fo£i]=o, 

by two pairs of new conjugate variables (<2i-Pi), (Q2P2) 
related to the first variables by a simple orthogonal trans­
formation, corresponding to a rotation of angle 6 in the 
planes (gig2), (P1P2) 

2 i m Q\ cos 6 — Qi sin 0 
Q2 — Q1 sin 9+Q2 cos 0 

pi = Pi c o s 0 - P 2 sin 6 
p2 = Pi sin 0-fP2 cos 6. 

Since these variables will satisfy analogous commutation 
rules, in particular 

[GiPi]-iV2ir f [C2iP2] = 0, 

it follows that in the description of the state of the com­
bined system definite numerical values may not be as­
signed to both Qi and Pi, but that we may clearly assign 
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