
Qualifying Exam: Quantum Mechanics Fall, 2016

Name:_____________________________

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).
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Section A

August 20, 2016

Choose two of the following three problems.

1. ESTIMATING THE GROUND STATE ENERGY [25 Points]. Consider the potential:

V (x) =
1

2
kx4.

You are given the following trial wave function for a particle subjected to this potential well:

ψ(x) = Ae−bx
2

.

(a) [5 Points] Show how to normalize this trial wave function.

(b) [10 Points] Using the normalized trial wave function, estimate the ground-state energy of the
given potential.

(c) [10 Points] Find the value of b that minimizes your estimated ground-state energy.

2. GROUND STATE OF AN OSCILLATING POTENTIAL WELL [25 Points]. Consider
an in�nite potential well whose potential is described as follows:

V (x) =


∞ (x < 0)

V0 sin(
π
Lx) (0 ≤ x ≤ L)

∞ (x > L)

Estimate the ground-state energy of a particle of mass, m, in this potential well, for the condition
that E > V0 and assuming that the variation of the potential is slow compared to the wavelength
of the particle.

3. THE UNCERTAINTY PRINCIPLE AND A PARTICLE IN A BOX [25 Points].
Given the solution to the time-dependent particle-in-a-box problem,

ψ(x, t) =

{√
2
L sin(nπL x)e

− iπ2~n2

8L2m
t 0 < x < L

0 otherwise

for a particle of mass, m, in a state labeled by quantum number, n, show that this solution satis�es
the Heisenberg Uncertainty Principle for the case 0 < x < L.
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Section B

Choose two of the following three problems.

Problem 4

Problem 5

 



Problem 6

  


