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1.12: Quantum Computation- A Short Course

Quantum Correlations lllustrated With Spin-1/2 Particles

A spin-1/2 pair is prepared in an entangled singlet state and the individual particles travel in opposite directions on the y-axis to a
pair of Stern-Gerlach detectors which are set up to measure spin in the x-z plane. Particle A's spin is measured along the z-axis, and
particle B's spin is measured at an angle 6 with respect to the z-axis.
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The singlet state wave function in the xz-plane:
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The spin operator in the 6 direction:
cos(f)  sin(6) )
sin(6) —cos()

oL= (é _01) 0x=((1] (1)) s(e)::cos(e).az+sin(e).aﬁ(Cf’sw) Sin("))

5(6) = pu(6) - 9u(6)" — pa(6) - pa(6)" simplify - (

The composite spin operator in the z-direction for A and at an angle 8 in the xz-plane for B.

cosf  sinf 0 0

S(O)@S(G):(l 0) <cos0 sin@): sinf —cos@ 0 0
0 -1 sinf —cosf 0 0 —cosf —sinf

0 0 —sinf  cos@

Calculate and display the expectation value or correlation coefficient.
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Demonstrate that a hidden-value model that assigns spin orientations in non-orthogonal directions to A and B disagrees with the
quantum calculation at 45 degrees.

[ Particle A Particle B So(A)-So(B)  Su5(A)-S45(B)  So(A)-Sys(B) |
DA DI -1 -1 -1
D) TDE -1 -1
OEA D) —1 -1
DI DA -1 -1 -1
Realist Value -1 -1 0

| Quantum Value -1 -1 —0.707

Quantum Correlations lllustrated With Photons

A two-stage atomic cascade emits entangled photons (A and B) in opposite directions with the same circular polarization according
to observers in their path. The experiment involves the measurement of photon polarization states in the vertical/horizontal
measurement basis, and allows for the rotation of the right-hand detector through an angle of #, in order to explore the
consequences of quantum mechanical entanglement. PA stands for polarization analyzer and could simply be a calcite crystal.
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Calculate the composite polarization measurement operator for 0 degrees (A) and € degrees (B):

) )
cos(2- sin(2 -

V() - V(@)T —H(9)- H(O)T simplify — ( sin(2-6)  2-sin(9)? —1

1 —2-sin(6)? simplify — cos(2-6)

cos(20)  sin(26) 0 0
1 0 cos(20)  sin(260) \ | sin(20) —cos(26) 0 0
(0 -1 ) ® ( sin(26) —cos(26) ) B 0 0 —cos(20) —sin(26)
0 0 —sin(26)  cos(26)

Calculate and display the expectation value or correlation coefficient.

1 cos(2-60)  sin(2-6) 0 0
in(2-60) - 2.0 0 0
U= 1 E(9) = oT. sin(2-6) cos(2-6) . - ¥ simplify — cos
V2 0 0 0 —cos(2-0) —sin(2-6)
-1 0 0 —sin(2-6)  cos(2-6)
(2-9)
Quantum expectation value for 30 degrees:
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Demonstrate that a hidden-value model that agrees with the 0 and 90 degree quantum expectation values, disagrees with the 30
degree result.
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Hidden variable expectation value for 30 degrees:

O

6-(1-1+1+1-1+1)+2-(-1-1-1-1-1-1)
8

I turn to David Lindley again (Where Does the Weirdness Go? page 15) for a concluding comment on the issues dealt with in this
section.

We are, through long familiarity, grounded in the assumption of an external, objective, and definite reality, regardless of how much
or how little we actually know about it. It is hard to find the language or the concepts to deal with a “reality” that only becomes real
when it is measured. There is no easy way to grasp this change of perspective, but persistence and patience allow a certain new
familiarity to supplant the old.
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