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Course summary:

Multi-particle wave functions and the symmetrisation postulate; creation and annihilation operators for
fermions and bosons (second quantisation); variational principles and the Hartree-Fock approximation;
screening and linear response; Bogoliubov transformations; superconductivity and magnetic flux
quantisation.

Outcomes of course:

One aim of the course is to give students a basic working knowledge of the formalism of second quantization
(creation and annihilation operators) and its application to many-body systems. This includes the ability to
formulate and interpret a many-body problem in the context of second quantization and the ability to use
basic approximation methods to solve such problems. At the end of the course students should also be
familiar with some basic results regarding interacting many body systems in a condensed matter setting.

Lecturer:

Prof M Kastner

Telephone number: 021 808 3863

E-mail address: kastner@sun.ac.za

NITheP, Wallenberg Research Center

Course content:

Formal lectures

This course is usually presented in the second semester and constitutes a first exposure to second
quantisation in Quantum Mechanics. Many-body systems of identical particles, symmetries of the many-
body wave function and the formalism of occupation number representation are covered in detail. The
second quantization format is used to study interacting systems. First some toy-models are considered for
which exact results are available. These results are used to justify mean field and other approximations.
Linear response theory is covered. The theory is then applied to calculate physical quantities in some
condensed matter systems. In the final lectures one of the main triumphs of many-body theory, namely the
BCS description of the superconducting state, is studied.

Laboratory work

None

Practical (Tutorials):

Six 2-hour tutorials: These are used for working through examples and discussing homework problems
Study material:

Study material will be provided during the course.

Learning opportunities:



Assessment:

Methods of Assessments
One homework project per week for the duration of the course. Each project will contribute approximately
10% of the total mark. One closed book test at the end of the course weighing 50%.

Venue and time of assessment opportunities
See timetable

Availability of marks:

Calculation of final mark for the module:
Each of five homework projects will contribute approximately 10% of the total mark. One closed book test
at the end of the course weighing 50%.



