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Feynman "for their fundamental work in quantum electrodynamics,
with deep-ploughing consequences for the physics of elementary

jointly to Sin-Itiro Tomonaga, Julian Schwinger and Richard P.
particles".
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—RemOR—

“We must now describe the photon as going partly into each
of two components into which the incident beam is split.”

P. A. M. Dirac, Principle of Quantum Mechanics
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Puddle Interference The concept of interference shows up in
everyday life in bodies of water, from puddles to oceans.
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MAY 15, 1935

PHYSICAL REVIEW VOLUME 47

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

A. EnsTEIN, B. PopoLsky AND N. ROSEN, Institute for Advanced Study, Princeton, 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

quantum 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 madec 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.

Phys. Rev. 47 (1935) 777-780
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OCTOBER 15, 1935 PHYSICAL REVIEW VOLUME 48

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

N. BOHR, Institute for Theoretical Physics, University, Copenhagen
(Received July 13, 1935)

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
Phys' Rev' 48 (1 93 5) when it is applied to quantum phenomena. In this connection a viewpoint termed ‘“‘comple-
6 9 6- 70 2 mentarity” is explained from which quantum-mechanical description of physical phenomena

would seem to fulfill, within its scope, all rational demands of completeness.
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https://www.nobelprize.org/uploads/2022/10/popular-physicsprize2022.pdf
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Experimenting with Bell inequalities

7}

John Clauser used calcium atoms that could emit entangled photons after he had illumi-
nated them with a special light. He set up a filter on either side to measure the photons’
polarisation. After a series of measurements, he was able to show they violated a Bell
inequality.

Alain Aspect developed this experiment, using a new way of exciting the atoms so they
emitted entangled photons at a higher rate. He could also switch between different settings, 1 4
so the system would not contain any advance information that could affect the results.

ENTANGLER

&

2 3

ENTANGLED ENTANGLED
PAIR 1 PAIR 2

Anton Zeilinger later conducted more tests of Bell inequalities. He created entangled pairs of
photons by shining a laser on a special crystal, and used random numbers to shift between
measurement settings. One experiment used signals from distant galaxies to control the filters
and ensure the signals could not affect each other.

76



EPREAFDREN

=FE2O1 (quantum entanglement)
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Nobel Laureates in Physics 2022 http://www.nobelprize.org/
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The Nobel Prize in Physics 2022 was awarded to Alain Aspect,
John F. Clauser and Anton Zeilinger “for experiments with
entangled photons, establishing the violation of Bell
inequalities and pioneering quantum information science”.

Their results have cleared the way for new technology based
upon quantum information.

Alain Aspect John F. Clauser Anton Zeilinger

Université Paris-Saclay and J.F. Clauser & Assoc., University of Vienna, Austria
Ecole Polytechnique, Palaiseau, France Walnut Creek, CA, USA
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Many-worlds interpretation
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Hugh Everett
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“Parallel world”
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