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QM Subject Exam Review, May 3, 2022

Work in groups of 2 – choose your partner
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1. Consider a 1−dimensional world. A particle of type A and mass mA is in the ground state of
a harmonic oscillator characterized by frequency ω. It is surrounded by a bath of massless B-
particles in a large length L. The massless particles can be absorbed onto the massive A-particles
and excite the A particle to an excited state. The probability that a given state for the massless
particles is occupied is fB(k), where l is the wave number of the massless particle. The interaction
contribution to the Hamiltonian is

V = g

∫
dx [Φ(x) + Φ†(x)]Ψ†A(x)ΨA(x),

where g is a small coupling constant, and the field operators are defined by:
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k
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(a) What is the matrix element describing the absorption of a B-particle of wave number kB
that excites the A-particle from the ground state |A0〉 to the first excited state A1〉? I.e., find
M(kB) = 〈A1|V |A0, kB〉. Express your answer as an integral – but don’t do the integral.

(b) Do the integral and findM. You can use the fact that

x =

√
~

2mω
(A+A†),

where A† is the raising operator for the harmonic oscillator, and apply the Baker-Campbell-
Hausdorff lemma or use your knowledge of coherent states.

(c) Using Fermi’s golden rule, what is the rate at which A particles are excited to the first excited
state? Express your answer in terms ofM.



2. A fixed charge Ze is spread out uniformly in a spherical ball of radiusR, so the density is
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3Ze
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A charge emoving with wave number k scatters off the charge density. As a function of the scatter-
ing angle θ, what is the differential cross section, dσ/dΩ? FYI: Rutherford’s cross section is
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