4. Quantum Mechanics (Spring 2003)

Consider two electrons which are constrained to live on two sites. There is an interaction energy [V
when both electrons are on the same site. When they are on different sites, there is no interaction
energy. There is an amplitude ¢ for an electron to hop from one site to the other. In other words,
the Hamiltonian is of the form:

H=—-t(1 1,1 H{11.20+he+21,2) (11,2 +he)+U(RT,1 (A T2 1[+[21.21) (21,2 1))

where |1o, 20"} is the state with an electron of spin o =T, | at site 1 and an electron of spin o’ =1, |
at site 2 while |lo,1 — g) is the state with two electrons (of spins ¢ and —g) at site 1. What are

the energies and degeneracies of the ground and first excited states of the system to lowest order in
t for t < U?
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