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Quantum Mechanics Core Proficiency Exam
January 2022

Problems provided by the Physics Faculty.
Exam assembled by the CPE Committee

Instructions

The exam consists of two longer questions and two shorter questions. 
All four problems will be graded. You have two hours to work on the solutions. 
You are allowed one textbook of your choice, one math reference, and a calculator 
(no cell phone calculator allowed)  .   

Write your personal identifier (e.g. name, number, etc.) on the cover sheet of this exam.

We will scan the exams to PDF, so please write only on one side of the page.
Sort your copy of the exam together with your scratch paper (exam on top) with the problems in
numerical order. You may wish to number the pages so we can check the scanner did not miss a
page. 

Problem Points Score Final Score

1 20

2 20

3 30

4 30

Total 100
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Problem #1 (20 points) 

(20 points) What are the wavelengths of

(a) (6 points) a 100 eV photon?

(b) (6 points) an electron with kinetic energy 100 eV?

(c) (6 points) a neutron with kinetic energy 100 eV?

(d) (2 points) Which of these would be most useful to study 
crystals by using diffraction.
Why?

Problem #2 (20 points) 

At time t = 0, a free particle of mass m in three dimensions has the wavefunction:
ψ(r, 0) = A sin(2x/L) exp[i(y + 3z)/L],

where L is a length.

(a) (6 points) If the energy were measured at time t = 0, what values could be 
obtained and with what probabilities?

(b) (8 points) If, instead of energy, the momentum vector were measured at time t = 0,
what values could be obtained and with what probabilities?

(c) (6 points) Neither the energy nor the momentum are measured. At time t = 0, what
is the probability of finding the particle at (x, y, z) = (L, 0, 0)?
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Problem #3 (30 points) 

23 Points

7 Points
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Problem #4 (30 points) 

6

3

6

6

9


