Problem 2: Perturbation with 2 spins (10 points):

Let Sl and S be the spin operators of two spin-1/2 particles. Then S =
Si + 95 is the spin operator for this two-particle system.

a) (2 pts) Consider the Hamiltonian

Hy = a(S2 + 5713 —~ S/ a: real constant greater than 0
Determine the Energy eigenvalues and degeneracies for this Hamiltonian.
b) (4 pts) Consider a perturbation to the above Hamiltonian:

H; = /\(SAlm — S;m) X : real constant greater than 0.

Calculate the new energies and degeneracies to first-order in perturbation
theory.

7 c) (3 pts) Now consider an unperturbed Hamiltonian

Hy= —A(S1; + S3,) A real constant greater than 0

with a perturbing Hamiltonian of the form

Hi = B(Slmggz — Slyégy) B : real constant greater than 0

by means of perturbation theory, calculate the ground state energy of
Hy and calculate the first and second order shifts of the ground state energy
of Hy as a consequence of the perturbation Hj.

n d) (1 pt) The exact ground state energy for Hy + H, found in part c) is
( n
Eground = 5 V4A? + B2h?

Compare your results from c) to the exact energy. What conditions on A
and B are required so that your results from c¢) and d) agree?
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