
Assignment #4
Physics 322

Due: Tuesday 03 Mar 2020

Please answer all questions, and turn in your solutions as a hard copy. If you use
Maple, you may turn in your Maple output, so long as it is well-documented (not just
Maple code and output). All questions are of equal value.

1. For the following question, calculate the probabilities in each problem, then use
the PHET Stern Gerlach simulator to double-check your answers:

https://phet.colorado.edu/en/simulation/legacy/stern-gerlach

Note that in this app, the pie chart probabilities are for each SG device, so the
total probability is the product of all values.

(a) A spin-1/2 particle is prepared in the state
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where θ = π/4, φ = π/4. What is the probability of measuring |+〉?
(b) A spin-1/2 particle is prepared in the same state |+〉u as above. Show that
the probability of measuring |+〉x is
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(remember that sin(2θ) = 2 sin θ cos θ).

(c) Now consider the case of a double Stern-Gerlach apparatus. A particle is
prepared in the |+〉 state, and passes first through a SG device that only allows
|+〉x to pass. A second filter only allows |−〉 to pass. Determine the probability
of measuring |+〉.

2. A system of two coupled spin-1/2 particles in the state
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(a) The first particle’s spin is measured. What is the probability of finding
−h̄/2? What is the state vector after this measurement?

(b) After the measurement in (a), the x̂−spin is measured. What results can
be found, and with what probabilities?

(c) Suppose that instead of finding −h̄/2 in (a), the measurement yielded +h̄/2.
Discuss the new result.



(d) Instead of either (a) or (b), we measure the ẑ-spin of both particles simul-
taneously. What is the probability of finding the same result? What is the
probability of finding opposite results?

3. Calculate the following matrices using the tensor product:

(a) S1x

(b) S2x

(c) Sx
(d) S1y

(e) S2y

(f) Sy


