SP425: Advanced Quantum Theory 2026 6-week Exam

[15 points] Question #1: A particle is constrained to the surface of a
sphere. It’s wave function at some moment is given by

U, ¢) = \/gcos%?

You measure L?, the orbital angular momentum squared of this par-
ticle. What is the probability that your answer will be 0 (corre-
sponding to [ = 0)7 (As a reminder, the solid angle differential is

dQ = sin 0. d6 dg.)
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SP425: Advanced Quantum Theory 2026 6-week Exam

[15 points] Question #2: Express the crprr}mutatg [£+, Ji_] as a single

ipli ¢ A7) x
operator multiplied by constants. 1l Cle: 1]
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[20 points] Question #3: At some moment in time the state of a particle
is given by

3 47
Uy=-|1 0)+—|1 1
W) =1 0+ +1)

What is (L,) at this moment in time?
5 5 . .
Hint: L, = —Z,(LJr — L_). The effects of Ly and L_ on the |1 m)

states are given on the last page of this exam.
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SP425: Advanced Quantum Theory 2026 6-week Exam

15 points| Question #4: You have a spin-+ particle in the state
7

1 2
X=3\ 1492 /)

What is the expectation value (S;)?
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[20 points] Question #5: You have two spin-1/2 particles in the state

1 .
9) =3 (110 - 2413+ 2011
You make a measurement of S? (the total spin angular momentum

magnitude squared). What is the probability that you will measure 0
(corresponding to s = 0)7
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[15 points] Question 6: You have a spin-3/2 particle coupled with a
spin-1 particle. They are in the state |s = 3/2 m = +1/2). You chose
to measure the z-component of the spin of just the spin-3/2 particle.
What are the possible results and their probabilities.
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