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Due Wednesday February 11

A particle with spin 1 (three magnetic substates that are initially degenerate) is subjected to a spin
dependent potential

V = AS? + BSZ.

Use degenerate-state perturbation theory to find the energy eigenvalues and the corresponding energy
eigenvectors. The idea here is to think only about the spin part of the wave function and ignore the

space part — equivalent to assuming the particle is at rest. The spin operators for s=1 are

010 0 - 0 1 0 O
Sz = o 1 01 Sy = o i 0 —i S:=h|0 0 O
Tz — \/5 Yy — \/5 z =
010 0 4+ 0 0 0 -1
(a) Use the perturbation theory result for the electronic energy, AE,, = % f:; %, to predict the

energy required to remove one electron from neutral He, Lit, Bet+ and B+, (each of which has 2
electrons). [Hint: The energy to remove one electron is the same as the energy difference between the
two-electron system (which is what we are presently calculating) and the one-electron system (which
we know from the hydrogen-atom calculations).)

(b) Compare your results with the experimentally measured ionization energies, 24.6 €V for He, 75.6
eV for Lit, 153.9 eV for Be™* and 259.4 eV for BT+,

Two non-interacting spin—% fermions are placed in an infinite square well potential that extends from

/2
0 to L. The single-particle wave functions for this well are ¢,, = I sin n%:c

(a) Write down the formula for the ground-state wave function of the two-particle system including
the spin wave function. Remember that the wave function must be antisymmetric under interchange

of the two particles.

(b) When one particle is in the n = 1 state and the other is in the n = 2 state we obtain four distinct

states, one with s = 0 and three with s = 1. Write down the wave functions of these 4 states.

(c) Let’s now imagine that the two particles are attracted to each other by a weak linear force
(proportional to the separation) which gives rise to a potential v = Tk(x; — x2)?. Assuming that this
new potential can be treated in first-order perturbation theory, find the resulting energy difference
between the S =0 and S = 1 states of part (b) above. [Hints: Since you want the energy difference
you only need to calculate the exchange energy. If you write v in the form v = Tkx? + Tkx} — kxixo,
the x; and x, integrals separate and several of the terms can be discarded immediately by noting that
the integrands are odd about the center of the well.]



