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The surface of the sun is approximately 6000K.
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Potential energy of person walking

up ramp increases in uniform, Potential energy of person walking

continuous manner up steps increases in stepwise,
quantized manner
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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)

l. Introduction

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 vari-
ables 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 quantum mechanics. It is
the requirement of locality, or more precisely that the result of a measurement on one system be unaffected

John Stewa rt Be” by operations on a distant system with which it has interacted in the past, that creates the essential dif-
ficulty. There have been attempts [3] to show that even without such a separability or locality require-
ment 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 quan-
tum theory [5] has been explicitly constructed. That particular interpretation has indeed a grossly non-
local 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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PROPOSED EXPERIMENT TO TEST LOCAL HIDDEN-VARIABLE THEORIES*

John F. Clauserf
Department of Physics, Columbia University, New York, New York 10027

and

Michael A. Horne
Department of Physics, Boston University, Boston, Massachusetts 02215

and

Abner Shimony
Departments of Philosophy and Physics, Boston University, Boston, Massachusetts 02215

and

John Clauser Richard A. Holt
Department of Physics, Harvard University, Cambridge, Massachusetts 02138

(Received 4 August 1969)

A theorem of Bell, proving that certain predictions of quantum mechanics are incon-
sistent with the entire family of local hidden-variable theories, is generalized so as to
apply to realizable experiments. A proposed extension of the experiment of Kocher and
Commins, on the polarization correlation of a pair of optical photons, will provide a de-
cisive test between quantum mechanics and local hidden-variable theories.
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Lawerence Berkeley Laboratory, USA, 1972
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Institut d'Optique and Ecole Polytechnique, France, 1982

Alain Aspect

Phys. Rev. Lett. 49, 1804
P(L, 1) —PCLI +P(L, L) + P(ll, L)

ERE 0.697 + 0.015
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University of Innsbruck, Austria, 1995

Anton Zeilinger

EPR-Bell state
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0.0064
0.0066
2.557 = 0.014
2.529 = 0.013

Physical Review Letters 75 (24), 4337
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SFIEIES (Quantum teleportation)

University of Innsbruck, Austria, 1997
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The Vienna Center for Quantum Science and Technology (VCQ) is a joint initiative of the
University of Vienna, the Vienna University of Technology, the Austrian Academy of Sciences,
and the Institute of Science and Technology Austria, which unites quantum physicists of
Vienna's research institutions in one collaborative center. VCQ will set new impulses for

research and teaching through its unique spectrum of research topics — from fundamental
quantum physics to novel quantum technologies.



