
Quantum mechanics in theory and application
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Dr. Philip Walker, P.Walker@leeds.ac.uk. Office: 9.18i.

Description

In quantum mechanics, we study the physics of the very small: molecules, atoms, and subatomic particles. As
mathematical physicists, we begin with the assumptions underlying the physical theory, turn these into mathe-
matics, and proceed to derive our results from these mathematised assumptions. The Quantum Mechanics module
(MATH3385) describes the foundations of this theory and explores some simple applications.

In this project, you will focus on the further development from this starting point into an area of application
or deeper theory.

This will require you to have taken the module MATH3385, and you will pursue one theme or another from the
list below in more depth. Suitable textbooks are recommended below.

Possible themes of study include the following:

• atomic physics, the hydrogen atom and beyond;

• relativistic quantum mechanics and modelling electrons;

• Green’s functions in quantum mechanics; and

• symmetry in quantum mechanics.

Modules

Essential A pass in Quantum Mechanics (3385), taught in Semester 1 of academic year 2013/14.

Helpful Linear Differential Equations and Transforms (2375); Linear Algebra modules.

Additional The following modules contain interesting material which is relevant in various ways to quantum me-
chanics. Students taking these modules with an interest in this project may wish to explore with Dr. Walker
how to combine the two.

• Special Relativity (2410),

• Hilbert Spaces and Fourier Analysis (3215)

• Algebras and Representations (3193).

Annotated bibliography

A. Bohm. Quantum Mechanics: Theory and Applications. Springer-Verlag, 1993.

Annotations: Solidly mathematical text, with physical applications and intuitions built in.

R. P. Feynman. The Feynman Lectures on Physics: Quantum Mechanics. Vol. 3. Addison-Wesley, 1965.

Annotations: The relevant volume from one of the classic textbook series on modern physics by an extraordinary
physicist and lecturer.

K. Hannabuss. An Introduction to Quantum Theory. Oxford University Press, 1997.

1

mailto:{P.Walker@leeds.ac.uk}


Annotations: Mathematically rigorous, modern presentation of quantum theory. Only available through interli-
brary loans, or on nicely asking to borrow Dr. Walker’s copy.

L. D. Landau and E. M. Lifschitz. Quantum Mechanics: Non-relativistic Theory. Vol. 3. Pergamon Press, 1958.

Annotations: The relevant volume from one of the classic textbook series on modern physics, written by a famous
Soviet collaboration.

P. T. Matthews. Introduction to Quantum Mechanics. McGraw-Hill, 1963.

Annotations: Mathematically sound, but a little dated in its language and presentation. Deals almost exclusively
with systems whose properties are unchanging with respect to time.

A. I. M. Rae. Quantum Mechanics. Institute of Physics, 1980.

Annotations: Considerably less mathematical than the others. Suitable to get a rough grounding in conjunction
with more mathematical treatments.

L. Schiff. Quantum Mechanics. McGraw-Hill, 1955.

Annotations: Fairly mathematical treatment of quantum mechanics, but showing its age at points.

R. Shankar. Principles of Quantum Mechanics. Plenum Press, 1980.

Annotations: A fairly easy but mathematical introductory text which extends out to material covered in our Level
5 module. Available as a download from CalTech.

S. Weinberg. Lectures on Quantum Mechanics. Cambridge University Press, 2012.

Annotations: Modern textbook providing a condensed introduction to quantum mechanics. Tougher than Hannabuss,
but complementing nicely at some points. Only available through interlibrary loans, or on nicely asking to borrow
Dr. Walker’s copy.
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http://www.ligo-wa.caltech.edu/~ehirose/Shankar%20-%20Principles%20of%20Quantum%20Mechanics.pdf

