
Summary Exam Questions Advanced Quantum Mechanics

Orjan Ameye

December 2020

Lecture 1
• There is expected you can solve the free Schrödinger equation for any initial condition.

• What is the abstract definition of an angular momentum operator? When is an operator a
scalar operator? When is an operator a vector operator? When is an operator an angular
momentum operator?
If you sum two angular momenta, is it again an angular momentum? If you take a com-
posite system and you add the angular momentum like 1

4L1 +
3
4L2, is that again an angular

momentum?

• Suppose you have 20 spin 1
2 particles. What is the dimension of the Hilbert space of the

composite system?

• There will be a question on density matrices ρ.

– Pure v.s. mixed.

– Calculate Tr
[
ρÂ

]
for 2× 2 and 3× 3 matrices.

– Calculate restrictions. (Partial traces)

– Suppose component systems with a ρ and you look at an restriction. Is it entangled or
not?

– Calculate von Neumann entropy?

• Lecture 1 exercises 5, 7, 8, 9, 10, 11, 13, 14, 17, 18, 19.

Lecture 2
• There is expected you can solve the free Schrödinger equation for any initial condition.

• p42: Go from the first eq. to the second eq.

• You can do a similar calculation as on p48 to p49.

• The spin calculation on spin dynamics p52 to p53, e.g. trick to go to rotating frame of
reference.

• Lectures 2 exercises 1, 2, 3, 8.

Lecture 3
• You must know how to apply Rayleigh perturbations.

• There will be a question on variational methods. He referred to question 5 p74 (Exercises
lecture 3).
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Lecture 4
• If you apply a magnetic field to a double slit experiment, which effect happens?

−→ Aharonov–Bohm effect
What are the changes that you get?

• Check energy level calculations (XIII.1).

• Lectures 4 exercises 1, 3, 4, 5.

Lecture 5
• Solve the free Schrödinger equation or Quantum Harmonic oscillator with Feynman propa-

gator.

• He really likes the Aharonov–Bohm effect, study p 83.

Lecture 6
• Compute the differential cross section and total cross sections for different types of potential.

−→ do the born approximation
Start from the Lippmann–Schwinger equation, find the first born approximation and then
apply it for a potential. (Lectures 6 exercise 5)

• Quantum effects: Scattering of two identical bosons and scattering of two identical fermions.
He said he can give the figure below and you will have to explain what it is and how it is
associated with quantum effects.

Figure 1: Figure 13.11 from Bransden and Joachain p624
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Figure 2: Figure 13.11 from Bransden and Joachain p624

Lecture 7
• Conceptual multiple-choice questions where you defend your answer.

Lecture 8
• What are the phenomena that were predicted by the Jaynes-Cumming model which were not

predicted by the Rabi model?

• What are the experiments were the quantization of light or EM radiation is prominent?
−→ photo-electric effect
−→ Compton scattering

• Calculation similar to that of exercises. Know how to work with coherent states and quantum
harmonic oscillator. Calculate expectation of coherent states.

Lecture 9
Lecture 10

• Reading circuits and applying unitary gates.
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