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EPR and Bell




Einstein, Podolsky, Rosen (EPR) Paradox (1935)
Local hidden variable theory

Bell 1965

There is an experiment that distinguishes between the
predictions of quantum mechanics and any local hidden
variable theory.

Clausser, Horne, Shimony, Holt 1969
Simplification

Aspect 1982
Experiment



No Signaling Theorem
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Cannot use entanglement to send a message faster than
the speed of light.

But can use it to create non-classical correlations...!



Bell State
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Rotational Invariance of Bell State
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Rotational Invariance of Bell State
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Rotational Invariance of Bell State
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Rotational invariance of Bell state 11




Rotational Invariance of Bell State
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Rotational Invariance of Bell State
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No Signaling Theorem
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Cannot use entanglement to send a message faster than
the speed of light.

But can use it to create non-classical correlations...!



Rotational Invariance of Bell State
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CHSH Inequality




CHSH Game
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CHSH Game

w2

\_~m

0 Aepu“‘ﬂ urm .'\\rwi' X,

J

u & v chosem :

T‘—;loo) + J-'.-,’ (LD

n:/‘>
\/’ Jv>

o(e’uo(o
p o J

(1D
X=0
x=1
le>
y=o
21T
= 7’/} —s Sume WP Cen é,
37T
_ 3T __, same Wp <@ FH
= f 1
s;"zTr’ -
A wp 1-8in"%
:cfﬁt%



Quantum Mechanics &
Quantum Computation

Umesh V. Vazirani
University of California, Berkeley

Lecture 4: Bell Inequalities

Bell & local realism
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