Problem 3: Angular Momentum Hamiltonian (10 points)

Consider the following Hamiltonian for a spinless particle with orbital an-
gular momentum £=2.

A 3a » A 2 29

where a is a constant greater than 0 and L; denotes the ith component of

the angular momentum operator.
/ a) Calculate the energy spectrum of this Hamiltonian (2 pts)

b) Suppose a particle with this Hamiltonian has the wavefunction
(0, ¢) = A(sin @ cos 0 cos ¢ + sin’ 6 sin ¢ cos ¢)

where @ is the polar angle, ¢ is the azimuthal angle, and A is a normalization
constant. What is the average energy obtained in energy measurements on
an ensemble of particles described by the wavefunction above? (3 pts)

c) Assume the particle is in the lowest energy state (with £=2) for ¢t <
0. Starting at t=0, an external magnetic field is applied with

Vi(t) = %ﬁxe"tﬁ

where 7 is the decay constant and X is a constant. Calculate the transition
probabilities to possible excited states after a very long time (7 < ¢ — o0)
using first order time-dependent perturbation theory. (5 pts)
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