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Can Quantum-Mechanical Description of Physical Reality Be Considered Complete?

A. Erxsteiy, B. Popousky axp N. Rosex, Institute for Advanced Study, Princelon, New Jersey
(Received March 25, 1935)

In a complete theory there is an element corresponding
to each element of reality, A sufficient condition for the
reality of a physical quantity is the possibility of predicting
it with certainty, without disturbing the system. In
quantum mechanics in the case of two physical quantities
described by non-commuting operators, the knowledge of
one precludes the knowledge of the other, Then either (1)
the description of reality given by the wave function in

quanium mechanics is not complete or (2) these two
quantities cannot have simultaneous reality, Consideration
of the problem of making predictions concerning a system
on the basis of measurements made on another system that
had previously interacted with it leads to the result that if
(1) is false then (2) is also [alse, One is thus led to conclude
that the description of reality as given by a wave function
is not complete.

One could object to this conclusion on the
grounds that our criterion of reality is not suf-
ficiently restrictive, Indeed, one would not arrive §
at our conclusion if one msisted that two or more

& physical quantities can be regarded as simul-
taneous elements of reality only when they can be
N simultaneously measured or predicted. On this
point of view, since either one or the other, but
not both simultaneously, of the quantities P
and ( can be predicted, they are not simultane-
ously real. This makes the reality of P and @
depend upon the process of measurement carried
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the second system in any way. No reasonabie [ D1V, however, that such a theory is possible.
definition of reality could be expected to permit
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Alain Aspect

Experimental Test of Bell's Inequalities Using Time-Varying Analyzers

Alain Aspect, Jean Dalibard,"’ and Gérard Roger "o
Institut d'Optique Théorigue et Appligude, F-91406 Ovsay Cédex, France

|Received 27 September 1982)

Correlations of linear polarizations of pairs of photons have been measured with
time-varying analyzers, The analyzer in each leg of the apparatus s an acousto-opti- = =
cal switch followed by two linear polarizers. The switches operate at incommensurate ; :
frequencies near 50 MHz. Each analyzer amounts to a polarizer which jumps between / . b
two orientations in a time short compared with the photon transit time. The results A l\'*- ;
are in good agreement with quantum mechanieal predictions but violate Bell's inequal- ™ ! S
ities h'_l,' 5 standard deviations, : ¥

« Les physiciens d’aujourd’hui existent en deux variétes:

Le physicien de type 1 est intrigué par EPR.

Le physicien de type 2 (qui constitue la majorité) ne I'est pas, mais il faut
distinguer deux sous-variétes:

Le physicien de type 2a explique pourquoi il ne I'est pas. Son explication

est typiqguement complétement hors sujet ... ou contient des hypothéeses
physiques clairement erronées.

Le physicien de type 2b n’est pas intrigué et refuse de dire pourquoi.
Leur position est inattaquable.

(Il existe une variante du type 2b qui prétend que Bohr avait déja réglé
cette affaire tout en refusant d’expliquer comment). »

D. Mermin (1985)
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