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1 Singlet state

Consider the following possible state for two spin-1/2 particles.

a) Determine whether this can be written as a product state or not.

b) Show that for any unit vector fi this state can be expressed as
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¢) Suppose that S, is measured for each particle. List the possible pairs of outcomes and
the probabilities with which they appear.

d) Suppose that S, is measured for each particle. List the possible pairs of outcomes and
the probabilities with which they appear.

e) How do the previous results extend to any component of spin? What does this suggest
for the component of the total spin of the system?

f) Can you see a pattern with the outcomes if the same component is measured for each
particle?
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2 EPR paradox

Consider two spin-1/2 particles in the state
) = = [H5) |-2) ~ |-2) |+2)].
V2
Suppose that observer A measures the left particle and B measures the right particle.

a) If A were to measure S, could A predict the outcome?
b) If B were to measure S, could B predict the outcome?

c) Suppose that A measured 5§, and obtained S, = +5/2. If B were to subsequently measure
S, could A (or B or anyone else predict the outcome)? Does A’s action appear to have
affected B’s particle?

d) Suppose that A measured S, and obtained S, = —4/2. If B were to subsequently measure
S, could A (or B or anyone else predict the outcome}? Does A’s action appear to have
affected B’s particle?

e) Suppose that A measured S, and obtained 5, = +4/2. If B were to subsequently
measure S could A {or B or anyone else predict the outcome)? Does A’s action appear
to have affected B’s particle? How does this extend to any component?

f) Does it appear that there is a definite value for S, for B prior to measurement? What
about §;7
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3 Bell Correlations
Consider two spin-1/2 particles in the state

W) = 7 [l+£) |-2) — |-2) [+2)].

Suppose that observer A measures the left particle and B measures the right particle.

a) Suppose that each measures S,. What does quantum theory predict for E(%,%) =
(A(2)B(2))7 .

b) Suppose that each measures S;. What does quantum theory predict for E(%, %) =
(AR)B®))?

¢) Suppose that A measures S, and B measures S;. What does quantum theory predict
for BE(%,%) = (A(2)B(%)}?

d) Suppose that A meagures S, and B measures S,, where i = sin 6% + cos 2. What does
quantum theory predict for £(2,fi) = (A(2)B(11))? .
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