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Prerequisites
Physics 90 credits, mathematics 45 credits or equivalent. A course in Solid State Physics
at the level of 4FY827 Solid State Physics II or equivalent.

Objectives
At the end of the course the students:

e should have learnt a deeper use of quantum mechanics in the theory of solids

e should be able to account for the effects of the electron-electron interaction on
the electronic properties of metals and insulators via mean-field approaches such
as the Hartree-Fock approximation

¢ should have acquired an introduction of the use of density-functional theory in the
calculations of electronic structures

e should have become familiar with the main ideas of Fermi liquid theory (e.g., the
concept of quasi-particle) and its crucial role in justifying the one particle
approximation in solid-state physics

e should have acquired a basic knowledge of the theory of electron transport,
including quantum corrections to the semiclassical treatment

¢ should be knowledgeable about the optical properties of metals and insulators

e should have become familiar with the concept of broken symmetry in condensed
matter physics through the introductory study of far reaching phenomena such as
magnetism and superconductivity.

Content
Electron-Electron Interaction
A. Beyond the independent electron approximation



B. The Hartree-Fock approximation
C. Screening
D. Landau's Theory of a Fermi Liquid

Electron transport

A. Dynamics of Bloch electrons

B. Transport phenomena and Fermi liquid theory
C. Microscopic theory of conduction

Magnetism

A. Introduction

B. Magnetization and magnetic susceptibility
C. Diamagnetism and paramagnetism in solids
D. Exchange

E. Spin Hamiltonian and Heisenberg model

F. Magnetism in Metals

G. Magnetic Ordering

Superconductivity

A. Fundamental properties

B. Electrodynamics of superconductors
C. The BCS Theory

Optical Properties of Solids
A. Macroscopic Theory

B. Optical modes in ionic crystals
C. Interband Transitions

D. Optical properties of Metals

Type of Instruction
The teaching consists of lectures and tutorials.

Students can also register for the “distance” version of the course and follow the course
via the internet. I'T support and technical information: Email and web connection. Real-
time and recorded lectures on course homepage.

Examination

The course is assessed with the grades Fail (U), Pass (G) or Pass with Distinction
(VG).

Assessment of student performance is made through written test and oral examinations
and presentation of mandatory assignments. Reexamination will be offered within six
weeks under the regular semester periods.

On request, students may have their credits translated to ECTS-marks. Such a request
must be sent to the examiner before the grading process starts.

Course Evaluation

A course evaluation will be carried out and compiled after the course is completed. The
compilation will be presented to the current board as well as to the students and filed by
the coordinating department.

Required Reading and Additional Study Material
Main references
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Anderson, P.W., Concepts in Solids, Addison-Wesley, 1963.
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Kittel, C., Quantum Theory of Solids, 2nd Revised Ed., John Wiley, 1987.
Landau, L.D. and Lifschitz, E.M., Quantum Mechanics, Addison-Wesley, 1958.
Mattis, D.C., The Theory of Magnetism I, Springer-Verlag, 1988.

Sakurai, J.J., Modern Quantum Mechanics, Addison-Wesley 1994.

Schrieffer, J.R., Theory of Superconductivity, Addison-Wesley, 1988.



