Quantum Mechanics (II) 2016 Qualify Exam

1. (a) Please write down the Klein-Gordon and the Dirac equations for a free particle
with mass m.(10%)
(b) Consider a spin !4 system represented by the normalized state vector (Si;‘;fei 5)-
What is the probability that a measurement of Sy yields -h/2?(10%)

2. Please calculate the differential cross section do/dQ2 and total cross section o for
the Gaussian potential V(r) = Vo exp(-r%/r¢%).(20 pts)

3. (a) Consider a 1-dim harmonic oscillator in its ground state |0) of the unperturbed
t2

Hamiltonian at ¢ = -co. Let a perturbation H(z) = -eEXe * (e, E and rare constants)
be applied between ¢ = -co and ¢t = co. What is the probability that the oscillator
will be in the state |n) (of the unperturbed oscillator) as ¢t — ©?(15%)
(b) The bottom of an infinite well is changed to have the shape V(x) = ¢sin™= for
0 <x < a. Calculate the energy shifts for all the excited states to first order in & (The
well originally had V(x) =0 for 0 <x < a, with = oo elsewhere) (15%)

4. (a) An electron with its spin wave function being an eigenstate of S; with eigenvalue
h n . o A
> The operator €-S represents the spin projection along a direction &. We can express

the direction as € = sin@(cos¢@ e + sing e2) + cosd es. Where e1, €2, and e3 are unit
vectors of the x-, y-, and z-axis, respectively. Solve the eigenvalue problem of €-S.
What is the probability of finding the electron in each €S eigenstate? (15%)

(b) Find the Clebsch-Gordan coefficients associated with the addition of spin %2 and
orbital angular momentum /. (That is, find the coefficients o and 3 in

Fomir = O Vimy+ + BYim+1y-, withj=1- J andj =1+ %)(15%)



