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ON THE EINSTEIN PODOLSKY ROSEN PARADOX*

J= .8 BELLY
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
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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19244 : Pauli exclusion principle
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p-type Intrin. n-type

™

Metal Semimetal Semiconductor Insulator

Filling of the electronic states in various types of materials at equilibrium.
Here, height is energy while width is the density of available states for a
certain energy in the material listed.

The shade follows the Fermi-Dirac distribution (black = all states filled,
white = no state filled). In metals and semimetals the Fermi level Ef lies
inside at least one band. In insulators and semiconductors the Fermi level
is inside a band gap; however, in semiconductors the bands are near
enough to the Fermi level to be thermally populated with electrons or holes.



https://en.wikipedia.org/wiki/Thermodynamic_equilibrium
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https://en.wikipedia.org/wiki/Metal
https://en.wikipedia.org/wiki/Semimetal
https://en.wikipedia.org/wiki/Fermi_level
https://en.wikipedia.org/wiki/Insulator_(electricity)
https://en.wikipedia.org/wiki/Band_gap
https://en.wikipedia.org/wiki/Fermi-Dirac_statistics
https://en.wikipedia.org/wiki/Electron_hole

MOSFET scaling
(process nodes)

10 um - 1971
6 um - 1974
3um - 1977

1.5 um - 1981
1 um - 1984

800 nm - 1987
600 nm - 1990
350 nm - 1993
250 nm - 1996
180 nm - 1999
130 nm - 2001

90 nm - 2003

65 nm - 2005

45 nm - 2007

32 nm - 2009

22 nm-2012

22 nm— 2012
14 nm-2014
10 nm -2016
7 nm-2018
5 nm - 2020

Future
3 nm~ 2022
2 nm ~ 2023

8-core ARM, 16 billion transistors




Moore’s Law: The number of transistors on microchips doubles every two years [oNaWG4E

Moore's law describes the empirical regularity that the number of transistors on integrated circuits doubles approximately every two years. in Data
This advancement is important for other aspects of technological progress in computing - such as processing speed or the price of computers.
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Data source: Wikipedia (wikipedia.org/wiki/Transistor_count) Year in which the microchip was first introduced
OurWorldinData.org - Research and data to make progress against the world's largest problems. Licensed under CC-BY by the authors Hannah Ritchie and Max Roser.
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The supermassive black hole at the core of supergiant
elliptical galaxy Messier 87, with a mass about 7 billion
times that of the Sun,

The first false-colour image in radio
waves released by the Event Horizon
Telescope (10 April 2019)



https://en.wikipedia.org/wiki/False-colour
https://en.wikipedia.org/wiki/Event_Horizon_Telescope
https://en.wikipedia.org/wiki/Supermassive_black_hole
https://en.wikipedia.org/wiki/Type-cD_galaxy
https://en.wikipedia.org/wiki/Elliptical_galaxy
https://en.wikipedia.org/wiki/Messier_87
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Quantum mechanics allows nonlocal connectivity:
EPR entanglement




Gravity allows another kind of nonlocal
connectivity—Einstein-Rosen Bridges.
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