
M.Phys Option in Theoretical Physics (C6)

Summer Vacation Work

Recommended Course Books

The lecturers are aware of no book that presents all parts of this course in a unified way
and at an appropriate level. For this reason, detailed lecture notes will be made available.

An overview of some of the ideas covered in the course is contained in A. Zee, Quantum

Field Theory in a Nutshell, Part I. This book is recommended for college libraries, but its
overlap with the course is probably not sufficient to justify purchase of a personal copy.

Some books that cover parts of the course are:

D. Bailin and A. Love, Introduction to Gauge Field Theory, mainly chapters 1 - 6 for
sections 1, 2, 6, 7 and 8.

R. P. Feynman, Statistical Mechanics, mainly chapters 3, 4 and 6 for sections 1, 6 and 9.

F. Reif, Statistical and Thermal Physics, chapter 15 for section 5.

J. M. Yeomans, Statistical Mechanics of Phase Transitions, chapters 1 - 5 for sections 3
and 4.

Lagrangian and Hamiltonian Mechanics

Students who have not taken the Short Option in Classical Mechanics should learn the
basics of the Lagrangian and Hamiltonian formulations of classical mechanics during the
summer vacation.

One approach to this is to read Prof Binney’s lecture notes on Classical Mechanics, available
at http : //www−thphys.physics.ox.ac.uk/user/JamesBinney/lectures.html, and to do
Problem Set 1, Qu.1, Qu.5, Qu.8 and Problem Set 2, Qu.1.

Covariant electromagnetism

Read Jackson Classical Electrodynamics, Chapter 11, especially from 11.9 to the end of the
chapter.

Complex analysis

Students who have not taken the Short Option on Complex Analysis should learn the basics
of this subject during the summer vacation. Prof Binney’s lecture notes give a treatment
at the right level with embedded examples. See

http://www-thphys.physics.ox.ac.uk/people/JamesBinney/lectures.html
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Suitable texts are: R. Churchill, Complex variables and applications, McGraw-Hill, and G.
Carrier, M. Krook and C. Pearson, Functions of a complex variable: Theory and Technique,
McGraw-Hill. The main tool needed is the residue theorem. Problem Sheet 3 from the Short
Option provides suitable practice: see

http://www-thphys.physics.ox.ac.uk/people/FrancescoHautmann/ComplexVariable

Operator Methods in Quantum Mechanics

Operator methods for angular momentum: read Messiah, chapter XIII, part I - V (pages
507-569, beginning of second volume), do questions 1, 4, 9 given at the end of this chapter.

The following problems should help re-establish familiarity with the use of raising and
lowering operators to treat the quatum mechanics of the harmonic oscillator, as covered in
2nd year quantum mechanics.

Qu.1 Let a† and a be raising and lowering operators for the harmonic oscillator. Express
x2 in terms of these operators, and hence calculate the matrix elements of x2 between
harmonic oscillator eigenstates. Thus calculate the expectation values of the potential and
kinetic energy in eigenstates of the harmonic oscillator.

Let |n〉 be the eigenstate of the harmonic oscillator Hamiltonian with energy (n + 1/2)h̄ω
for a particle of mass m. Show that

〈n|x4|n〉 = (h̄/2mω)2[3 + 6n(n + 1)] . (1)

Qu.2 Consider the three-dimensional harmonic oscillator in quantum mechanics. Show
that, if we take m = ω = h̄ = 1, its Hamiltonian can be written as

H =
3∑

j=1

a†
jaj +

3

2
, where a†

j =
1

21/2
(xj − ipj) and aj =

1

21/2
(xj + ipj), j = 1, 2, 3.

Show that the orbital angular momentum operators Lj are given by

Lj =
1

2
iǫjmn(ama†

n − a†
man)

and that these operators commute with H . Find five other Hermitian operators, also
bilinear in a and a† and not including H itself, which are constants of the motion.

Qu.3 Consider the Hamiltonian

H = H0 + H1, where H0 = h̄ωa†a and H1 = λh̄ω(a† + a),

with a† and a harmonic oscillator raising and lowering operators. Find the eigenvalues of
H by using perturbation theory, assuming that λ is a small quantity and going to second
order in λ.
By writing H in the form βA†A+γ, where β, γ are constants and A†, A are new creation and
annihilation operators (with the same commutation relations as a†, a), solve the problem
exactly.
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