PROBLEM 4: Spin Physics

Spin-1/2 objects generally have magnetic moments that affect their energy levels and
dynamics in magnetic fields. The interaction between the magnetic moment and a magnetic
field, B can be written as:

H=-uS B (1)
where § is the spin of the particle

S==7 (2)

o] St

where the ¢;’s are Pauli matrices.
In this problem we’ll be using as our basis the eigenstates of .5,

=) 19=(1) ®)

+), compute the expectation values of Sz, Sy,

with eigenvalues i%.

(a) [1 point] If a particle is in the spin state
and S,.

(b) [1 point] If a particle is in the spin state |+), what are the uncertainties of Sy, Sy, and
S,? (AS? = (82?)—(S;)%.) Explain the physics of your results in terms of the eigenvalues
and measurement probabilities of the spin in the x, y, and z directions.

(c) [3 points] A large ensemble of particles are all prepared to be in the spin state |+) at
time t = 0 when a magnetic field in the x-direction is switched on, B = Byé,. Solve for
the time-dependent probabilities, Py (t), of measuring S, to be +h/2.

(d) [2 points] For the experiment described in part (c), what are the probabilities for mea-
suring S, to be £A/27 Explain the differences between the results for S, and S;.

(¢) [3 points] Consider the case where the magnetic field is B = % (é; + €,). In this case
what is the time-dependent probability of measuring S, to be +h/27
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