Problem 1: Matrix Mechanics (10 points):

Consider a particle with mass m and one continuous degree of freedom
(spatial coordinate z with associated momentum operator p, = —zha‘-i;) and
two discrete internal (pseudo-) spin states described by the Hamiltonian
operator H:

hkso. . S
—=0:0; + 50z (1)

~

H= pZI+
2m

Here, I is the identity operator in spin space, ks, and €2 are constants, and
G, and &, are the usual Pauli spin operators for a spin-1/2 particle. Differ-
ent from what you might be used to, the Hamiltonian H, Eq. (1), couples
the spin and spatial degrees of freedom.

\é) (1 pt) What are the units of kg, and 2? Explain your answer.

K) (1 pt) Choose a convenient basis that spans the spin space and express
the Hamiltonian operator H in this spin basis (you should obtain a 2 x 2
matrix). Explain your reasoning.

¢) (1 pt) Show that the operator p, commutes with every element of the
2 X 2 matrix obtained in b).

d) (3 pts) (Use your results from parts b) and c) to determine the eigen
energies F(p,) of H. Here, p, is not an operator but a number.

e) (1 pt) What happens to the eigen energies in the large p, limit?

71) (3 pts) Plot the eigen energies obtained in d) as a function of p, for:
2\ 1) vanishing
ii) large Q2
iii) small £

Explain what the terms “large” and “small” mean in this context, i.e.,
1d0nt1fy the quantity that 2 needs to be compared with in both cases.
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