Quantum Mechanics 11— Ph, D. Qualify Exam. 2013
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Using the WKB method, derive the quantization conditions for the energy levels
of a particle of mass m moving in (a) a linear potential V{x) = filx. § > 0, (b) the
oscillator potential V(x) = Yame'x (20 pts)

{a) The Hamiltonian of a system of 3 nonidentical spin Y% particles is given by
H= ~§;O{S['&§3+SZ~S;;.}!T12 (€p is a constant). Find the system’s energy levels and their
degencracies. (b} Find the Clebsch-Gorden coefficients associated with the

addition of two angular momenta j; = 1 and j, = 1. (20 pts)

{a)y Use the variational method to estimate the ground state energy of a particle of
mass m in a potential ¥{x) =kx*, k> 0. (b) Calculate the energy shift in the ground
state and in the degenerate 1* excited state of a 2-dimensional harmonic oscillator
=P+ PA02m + VemoX(x" + %) due to the perturbation V = 24xy. (20 pts)

(a) Please calculate the differential cross section do/dQ and total cross section &
tor the Yukawa potential V(r)y = g exp(-por)/ v. (g and g are constants) (b) Please
calculate the phase shift & for a hard sphere, represented by V(r) = oo, ¥ < 15 and
Wiry=0, 7> ry (20 pts)

(a) For a localized electron, one can treat the spin as the only degree of freedom
that the electron possesses. The Hamiltonian of such electron is H = - M-B =

cigenvalue +'2h, what are ( Sy ) and ( Sy ) at a later time t? (S = Y2ho, o are the
Pauli matrices) (b} Please write down the Dirac equation explicitly for a free

particle with mass m and describe briefly the derivation processes. (20 pis)



