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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 qguantum 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 false. One is thus led to conclude that

the description of reality as given by a wave function
is not complete.
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Believe a Whole Description of
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Provided Eventually.
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But in his final attack Einstein pointed to something
so deep, so counterintuitive, so troubling, and yet
so exciting, that at the beginning of the twenty-first
century it has returned to fascinate theoretical
physicists. Bohr’s only answer to Einstein’s last
great discovery— the discovery of entanglement—
was to ignore It.

Leonard Susskind
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ON THE EINSTEIN PODOLSKY ROSEN PARADOX*

J. S. BELLT
Department of Physics, University of Wisconsin, Madison, Wisconsin

(Received 4 November 1964)

. Introduction ﬁ

THE paradox of Einstein, Podolsky and Rosen [1] was advanced as a
could not be a complete theory but should be supplemented by additio
ables were to restore to the theory causality and locality [2]. In this'
mathematically and shown to be incompatible with the statistical pred
the requirement of locality, or more precisely that the result of a meas
by operations on a distant system with which it has interacted in the |
ficulty. There have been attempts [3] to show that even without such
ment no ‘‘hidden variable’’ interpretation of quantum mechanics is po
examined elsewhere [4] and found wanting, Moreover, a hidden varia;r
tum theory [5] has been explicitly constructed. That particular interp
local structure. This is characteristic, according to the result to be
reproduces exactly the quantum mechanical predictions.
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On the Einstein-Podolsky-Rosen paradox

[0 THE paradox of Einstein, Podolsky and Rosen [1]
was advanced as an argument that quantum
mechanics could not be a complete theory but
should be supplemented by additional variables.
These additional variables were to restore to the
theory causality and locality [2]. In this note that
idea will be formulated mathematically and shown
to be incompatible with the statistical predictions of
gquantum mechanics. It is the requirement of
locality, or more precisely that the result of a
measurement on one system be unaffected by
operations on a distant system with which it has
interacted in the past, that creates the essential
difficulty.



[0 There have been attempts [3] to show that even
without such a separability or locality requirement
no "hidden variable" interpretation of quantum
mechanics is possible. These attempts have been
examined elsewhere [4] and found wanting.
Moreover, a hidden variable interpretation of
elementary quantum theory [5] has been explicitly
constructed. That particular interpretation has
indeed a grossly nonlocal structure. This is
characteristic, according to the result to be proved
here, of any such theory which reproduces exactly
the quantum mechanical predictions.
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