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Die Naturwissenschafid olume 23, Issue 48.

The Present Status of Quantum Mechanics
By E. Schriodinger, Oxford.

Contents
§ 1. The Physics of Models.
§ 2. The Statistics of Model Variables in Quantum Mechanics.
§ 3. Examples of Probabilistic Predictions.
§ 4. Can the Theory be Built on Ideal Quantities?
§ 5. Are the Vanables in Fact Smeared Out?
§ 6. The Deliberate Change of Knowledge-Theoretical Viewpoint.
§ 7. The y—Function as a Catalogue of Expectations.
§ 8. Theory of Measurement; Part I.
§ 9. The y—Function as Description of the State.
§ 10. Theory of Measurement. Part II.
§ 11. The Lifting of Entanglement.
The Result Depending on the Free Will of the Experimenter.
§ 12. An Example.
§ 13. Continuation of the Example: All Possible Measurements are Uniquely Entangled.
§ 14. The Time-Evolution of Entanglement. Objections to the Special Role of Time.
§ 15. Law of Nature or Computational Trick?
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ON THE EINSTEIN PODOLSKY ROSEN PARADOX*

J. S. BELLt
Department of Physics, University of Wiscongin, Madison, Wisconsin

(Received 4 Novembd

|. 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
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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Experimental quantum teleportation

Dik Bouwmeester, Jian-Wei Pan, Klaus Mattle, Manfred Eibl, Harald Weinfurter, and Anton Zeilinger
Institut fiir Experimentalphysik, Universitdit Innsbruck, T Nstr. 25, A-6020 Innsbruck, Austria

Quantum teleportation - the transmission and reconstru over arbitrary distances of the state
of a quantum system - is demonstrated experimentally. During teleportation, an initial photon which
carries the polarization that is to be transferred and one of a pair of entangled photons are subjected
to a measurement such that the second photon of the entangled pair acquires the polarization of
the initial photon. This latter photon can be arbitrarily far away from the initial one. Quantum
teleportation will be a critical ingredient for quantum computation networks.
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RECHERCHES SUR LA THEORIE
DES QUANTA

Par M. Louis de BROGLIE
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RECHERCHES SUR LA THEORIE
DES QUANTA

Par M. Louis pg BROGLIE

SOMMAIRE. — L’histoire des théories optiques mootre que la
pensée scientifique a longlemps hésité eotre une conception dyoa-
mique et uoe conceplion ondulatoire de la lumiére: ces deux
représentations sont donc sans doute moins en opposition qu'on
ne 'avait supposé et le développement de la théorie des quanta
semble confirmer cette conclusion.

Guidé par i'idée d'une reiaiion généraie enire ies notions de
fréquence et d’énergie, nous admettons dans le présent travail
'existence d'un phénoméne périodique d’uoe nature encore &
préciser qui serait [ié & tout morceau isolé d’énergie et qui dépen-
drait de sa masse propre par l’équation de Plank-Einstein. La
théorie de relativité conduit alors & associer au mouvement uni-
forme de tout poiot matériel la propagation d'une certaine onde
dont la phase s¢ déplace dans l'espace plus vite que la lumidre
(ch. L)

Pour généraliser ce résultat dans le cas du moavement non

_uniforme, oo est amené & admettre une proportiounalité entre le
vecteur Impulsion d'Univers ‘d'un point matériel et un vecteur
caractéristiqde de lu propagation de I"onde associée dont la com-
posante de temps est la fréquence. Le principe de Fermat appli-
qué A l'onde devient alors identique au principe de moindre
action appliqué au mobile. Les rayons de l'onde sont identi-
ques aux trajecloires possibles du mobile (ch. 1L.)
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