
Name:___________________

Qualifying Exam:
Quantum Mechanics

Fall, 2014

Instructions:
There are two sections in this exam. Each section

contains 3 problems. Choose 2 problems from each
section. You should show all work. Indicate clearly
which 2 problems in each section you wish to have
graded. Attach your work to the back of this exam

(e.g. by stapling).



Section A – answer two out of three questions 

1) 

a) 

 

b) 

 

 

2) 

 

 

 



3) 

 

(c)   Compare the size of results to a) and b)   

 

 

 

 

 

 

 

 

 



Setion B

August 22, 2014

Choose two of the following three problems

1. Consider a spherially symmetri system of three, spin-

1
2 partiles. Eah partile's individual total

spin state, si =
1
2 , an either be projeted positively or negatively (mi) along the z-axis and the

individual partile state an be written as |si,mi〉 = | 12 ,± 1
2 〉; this an be written more simply as

|±〉. The partiles have been prepared in a state of total orbital angular momentum ℓ = 0, but
with spin angular momentum, s. This state, |s,m〉, is given by:

|s,m〉 = 1√
3
(| − −+〉+ | −+−〉+ |+−−〉) ,

where for instane | − −+〉 = |−〉|−〉|+〉 (a short-hand for writing the individual partile states in

one ket).

(a) Use the spin operators to alulate the total z-axis spin projetion quantum number, m, of

this state.

(b) Use the spin operators to alulate the total spin quantum number, s, of this state.

() Use the spin operators to alulate all other states with the same total spin, s, as the above
state.

2. The time-independent wave funtion of a partile is given by:

ψ(r, θ, φ) = −1

2

√

3

48πa50
r e−r/(2a0) sin θ eiφ,

where a0 is the Bohr Radius.

(a) Using the angular momentum operator, alulate the z-projetion quantum number, mℓ, of
the total orbital angular momentum of this state.

(b) Using the angular momentum operator, alulate the total orbital angular momentum quan-

tum number, ℓ, of this state.

() Calulate the overlap of the operator

z = r sin θ cosφ

between the (n, ℓ,m) = (2, 1, 1) state of the Hydrogen atom wave funtion and the ground

state, (1, 0, 0).
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3. Consider the nonrelativisti sattering of an eletron of mass m and momentum k through an

angle θ. The eletron satters via the spin-dependent potential

V = e−µr2 [A+B~σ · ~r]

where ~σ = (σx, σy , σz) are the Pauli spin matries and (µ,A,B) are onstants. The angle of the
satter is θ, the polar angle with respet to the initial �ight diretion. Assume that the initial spin

of the eletron of polarized along its diretion of motion (Note: ignore the fat that the potential

is expliitly Parity-violating).

(a) Calulate the matrix element-squared of this potential, |〈ψf |V (~r)|ψi〉|2, where ψf and ψi are

the �nal-state and initial-state wave funtions, respetively. Sum over �nal-state spins when

omputing this matrix element-squared.

(b) Calulate the di�erential sattering ross-setion, in the Born approximation, for the eletron

sattering via this potential.
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