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EPR
From metaphysics to quantum computing
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From metaphysics to quantum computers
The story of entangled quantum states

EPR: "Physical reality"

Schrödinger: "entanglement"

Technological resource

Say HaCohen lab
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Nathan Rosen: Early years
1909-1931

Nathan Rosen Spanish flu 1919-1921 Great depression 1929
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MIT
1929-1932

Nathan Rosen John Slater
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The IAS, Princeton
Founding 1930
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The usefulness of useless knowledge
Blue sky research

... in a world steeped in irrational hatred, men and
women-old and young-detach themselves from the
angry current of daily life to devote themselves to
the cultivation of beauty, to the extension of
knowledge, just as though fanatics were not
simultaneously engaged in spreading pain,
ugliness, and suffering

Unless [the world] is made a better world, a fairer
world, millions will continue to go to their graves
silent, saddened, and embittered. Abraham Flexner
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Einstein auspicious visit to America
1933

Caltech Bücherverbrennung
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Einstein Podolsky and Rosen 1934-1935
The NYT scandal

You know him Boris Podolsky Rosen NYT

I deprecate advance publication of any announcement in regard to such
matters in the secular press.
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EPR argument
The curious properties of Entangled states

∫
dpeipL |p〉A ⊗ |−p〉B =

∫
dx |x〉A ⊗ |x + L〉B

Alice can predict Bob’s XB or PB

without disturbing Bob’s particle

Bohr

[XB,PB] = i~

Counterfactual
Alice can measure either XA or PA not both
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Spooky action at a distance
QM is non-signaling
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Is the moon there when nobody looks
The Copenhagen notion of reality is bizarre

Observation
Classical: Reveals
Quantum: prepares

Alice Bob

Evolution as a tree of diminishing potentialities (Frohlich)
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The Einstein Bohr correspondence
The notion of reality in QM is bizarre

.. you had erected some dummy Einstein for yourself, which you then
knocked down with great pomp
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Lingering uneasiness

Shut up and

calculate

Nobody understands

QM

QM needs no

interpretation

I

don’t like it, sorry I

had to do with it

Only correlations are

real
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Einstein Rosen Bridge
Wormhole
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From the US to USSR and back
Kiev and Chapell Hill

Kiev 1937-1939
Khmelnitsky square

Molotov Chapell Hill 1941-1952
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Technion
The 1950’s

Dori Technion 1950

Grad students Phone
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Aharonov, Bohm, Peres & Zak
The 1950’s

David Bohm Yakir Aharonov Asher Peres Joshua Zak1/30/2021 Gmail - Boom

https://mail.google.com/mail/u/0?ik=c837dae07d&view=pt&search=all&permthid=thread-f%3A1690325225179927764&simpl=msg-f%3A1690325225179927764 2/3
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The new campus in Neve Shaanan
BGU–The 1960’s
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Entangled states and impossible correlations
Bell and the GHZ game

A B C
Q1 XA XB XC -1
Q2 YA YB XC 1
Q3 XA YB YC 1
Q4 YA XB YC 1

Can’t satisfy table with Xj ,Yj ∈ ±1

Pauli: X 2 = Y 2 = 1, {X ,Y} = 0
Q1 = X ⊗ X ⊗ X , . . . ,Q4 = Y ⊗ X ⊗ Y
Q2

j = 1, [Qj ,Qk ] = 0
Entangled state for correct answers:

GHZ
|0〉A⊗|0〉B⊗|0〉C−|1〉A⊗|1〉B⊗|1〉C
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From useless knowledge to quantum technology
Entangled states on demand

David Gershoni

|0〉B |1〉B

|0〉A |1〉A

|0〉A⊗|0〉B+|1〉A⊗|1〉B
Netanel Lindner
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Teleporting unknown quantum state
Bennett, Brassard, Crepau, Josza, Peres, Wootters 1993
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The end
18 Dec 1995
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