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(24 lectures : 36 hrs)
A. Crystal lattices

Bravais lattices with examples

The Wigner-Seitz unit cell

Lattices with a basis

Close packed lattices

B. The reciprocal  space

Plane waves

Definition of reciprocal lattice

The Brillouin zone

C. Energy bands

Bloch's theorem The k-dependent Hamiltonian

Fermi level and surface

Density of states

Fermi-Dirac distribution

Energy and heat capacity of free electrons

D. The quasi-free-electron model

Plane waves in periodic potentials -

Splitting degeneracies

Estimate of splitting using bare Coulomb attraction

Thomas-Fermi screening

E. Tight-binding approximation

Derivation and limit of vanishing coupling

Matrix elements between s and p states

Examples (fcc and bcc with a s and p orbitals)

F. Applications of band theory

Optical properties of crystals

Vertical transitions

Direct and indirect gap

Velocity of a Bloch state

Semiclassical transport

Bloch oscillations

G. The Born-Oppenheimer approximation

The full hamiltonian (ions + electrons)

The electronic hamiltonians

Newton's equation as classical limit

Ion dynamics

H. Phonons

Expansion of total energy

The force-constant and the dynamical matrix

Normal modes

Linear monoatomic chain

Linear chain with two springs

Acoustic and optical modes

