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Question 1.
An unperturbed quantum system is described by Hamiltonian H®, with nondegenerate eigen-
values EY and eigenstates [)0). Consider then a static perturbation V introduced to the

system.
(a) Derive the first-order perturbation to the eigenstates.

(b) Derive the second-order perturbation to the eigenvalues.

Question 2.
A spin—% system is subject to a rotating magnetic field in the x — y plane and a static
magnetic in the positive z direction. The corresponding time-dependent Hamiltonian is

given by
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H:

where ¢ = wt, t is the time variable, w the angular frequency of the rotating field, and wy is
the transition frequency between spin-up and spin-down states (here up and down refer to

orientation along the z direction), determined by the strength of the static field.

(a) Using the first-order time-dependent perturbation theory and assuming that the ro-
tating field is weak (Q being small), predict the time-dependent population in the

spin-down state if initially the system is prepared in the spin-up state.

(b) If w is sufficiently small and if the initial state is prepared as the ground state of H
at ¢ = 0, find the time evolving state at arbitrary time ¢ > 0 under the adiabatic

approximation, taking into account the geometric phase and the dynamical phase.

(c) Find the Berry phase under the conditions in (b), obtained after the rotating field has

rotated one cycle.



Question 3.
Consider a point particle of mass m moving in a one-dimensional potential V{(z) = «|z|,

where o > 0, and z € (—o0, +00).

(a) Using the variational principle and appropriate trial wavefunctions with Gaussian
decay, find the energy eigenvalues of the ground state AND the first excited state of

this system.

(b) Now assume that the point particle carries one unit charge. Using results from (a),
find how the spontaneous emission rate (from the first excited state to the ground
state) scales with m, c, and %. Hint: intermediate results from (a) may help you to

determine the characteristic length scale of the system.

Question 4.

Briefly explain the following items.
(a) Electric-dipole selection rule
(b) Optical theorem in quantum scattering theory
(c) WKB quantization rule
(d) Interaction representation

(e) Lippmann-Schwinger equation
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