2014 Ph. D. Qualifying Exam — Quantum Mechanics Il
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1257} The ?‘perator H = 5
op w2
(7 - £4)

can be shown to be the sum of two opera~

and X, 1.e.,

where ¢ = (01, 03, 03) are the Pauli matrices, p is the momentuim operator, aud A is
the vector potential, What i X7

{25%} A free particle of mass m, traveling with momentum p parallel to the z-axis,
scatters off the poteutial

V() = Vo [6(F — a2) — 8(7 + af)] .

.

. do V '
Calculate the differential cross section, 0 in the Born approximation.

{25%} Consider a one-dimensional harmonic escillator governed by the Hamiltonian

If the oscillator is in the ground state for £ < 0. For t > 0 it is subjected to a
time-dependent but spatially uniform force in the z-direction,

F{ﬁ) = Fge_t‘M.

Obtain the probability of finding the oscillator in its first excited state for ¢ > 0 by
using time-dependent perturbation theory to first order. You may use

| /R .
<'J’l"ﬁ;}j!n> = Q—Tn—w <’\/TL -+ 1 ’én),ﬂ-{-l - \/E(Snf‘ﬂ_l} .

. {25%} Please explain two of the following three terms:

(a) Lamb shift
(b) Aharonov-Bohn effect

(¢) Hyperfine splitting in Hydrogen atom



