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Question 1.

Consider a particle of mass m moving in a one-dimensional potential V (z) = «|z|, where

o > 0.

(a) Using the WKB quantization rule, predict the quantized energy eigenvalues of the

system.

(b) One may estimate the energy for the ground state and the first excited state using the
variational principle. Write down your trial wavefunctions for the ground state as well

as the first excited state and justify your answer.

Question 2.

Consider a charged particle in a one-dimensional infinitely deep square-well potential of

width L.

(a) Find how the Einstein A and B coefficients associated with the (n+ 1) — n transition
scale with L, where n is the quantum number for the nth energy eigenstate of the

system.

(b) Under the electric-dipole approximation, show that the system cannot make (n+2k) —

n transitions by spontaneously emitting one photon, where k is an integer.



Question 3.

A two-level quantum system is interacting with a laser field with the Hamiltonian

y E; 1iQ, cos(wpt)
hiCYy cos(wyt) Ey

where ', and Ej are the bare energy cigenvalues without the laser field (with By < Es), tis
the time variable, €, is proportional to the laser field strength, and w, is the laser frequency.

We further assume the following on-resonance condition: w, = (Ey — E)/A.

(a) Under the rotating wave approximation and in the “dressed-state” picture, obtain an

effective time-independent Hamiltonian for this problem.

(b) Using the effective Hamiltonian obtained above, derive the time dependence of the
population on the bare energy eigenstate |Ey) if initially the system is on the bare

energy eigenstate |E;). Discuss your result.

Question 4.

Briefly explain the following items.
(a) Berry phase
(b) First Born approximation
(c) Interaction representation
(d) Optical theorem

(e) Hyperfine splitting

END OF PAPER (JG)



