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Based on Introduction to Solid State Physics by Kittel

Course content

• Periodic structures, understanding of diffraction experiment and reciprocal lattice

• Crystal binding, elastic strain and waves

• Imperfections in crystals: point defects and diffusion

• Crystal vibrations: phonon heat capacity and thermal conductivity

• Free electron Fermi gas: density of states, Fermi level, and electrical conductivity

• Electrons in periodic potential: energy bands theory classification of metals,   

semiconductors and insulators

• Semiconductors: band gap, effective masses, charge carrier distributions, 

doping, pn-junctions

• Metals: Fermi surfaces, temperature dependence of electrical conductivity

Andrej Kuznetsov, Dept of Physics and Centre for Material Science and Nanothechnology
Postboks 1048 Blindern, 0316 OSLO
Tel: +47-22852870, e-post: andrej.kuznetsov@fys.uio.no
visiting address: MiNaLab, Gaustadaleen 23b

FYS3410 lecture schedule and exams: Spring 2010

M/18/1/2010: Introduction and motivation. Periodicity and lattices 2h

W/20/1/2010: Index system for crystal planes. Crystal structures 1h

M/25/1/2010: Reciprocal space, Laue condition and Ewald construction 2h
W/27/1/2010: Brillouin Zones. Interpretation of a diffraction experiment 1h

M/01/2/2010: Crystal binding, elastic strain and waves 2h
W/03/2/2010: Elastic waves in cubic crystals; defects in crystals 1h

M/08/2/2010: Defects in crystals; case study - vacancies 2h
W/10/2/2010: Diffusion 1h

M/15/2/2010: Crystal vibrations and phonons 2h
W/17/2/2010: Crystal vibrations and phonons 1h

M/22/2/2010: Lattice heat capacity: Dulong-Petit and Einstein models 2h
W/24/2/2010: Phonon density of states (DOS) and Debye model 1h

M/01/3/2010: General result for DOS; role of anharmonic interactions 2h

W/03/3/2010: Thermal conductivity 1h

M/08/3/2010: Free electron Fermi gas in 1D and 3D – ground state 2h

W/10/3/2010: Density of states, effect of temperature – FD distribution 1h

M/15/3/2010: Heat capacity of FEFG 2h
W/17/3/2010: Repetition 1h

22/3/2010: Mid-term exam



M/14/4/2010: Electrical and thermal conductivity in metals 2h
W/12/4/2010: Bragg reflection of electron waves at the boundary of BZ 1h

M/19/4/2010: Energy bands, Kronig - Penny model 2h
W/21/4/2010: Empty lattice approximation; number of orbitals in a band 1h

M/26/4/2010: Semiconductors, effective mass method, intrinsic carriers 2h
W/28/4/2010: Impurity states in semiconductors and carrier statistics 1h

M/03/5/2010: p-n junctions and heterojunctions 2h

W/05/5/2010: surface structure, surface states, Schottky contacts 2h

M/10/5/2010: no lectures

W/12/5/2010: no lectures

W/19/5/2010: Repetition 2h

W26/5/2010: Repetition 2h

27-28/5/2010: Final Exam (sensor: Prof. Arne Nylandsted Larsen at the Aarhus University, 

Denmark, http://person.au.dk/en/anl@phys.au.dk)

Lecture 15: Free electron Fermi gas

• Free electron Fermi gas (FEFG) – a gas of electrons subject to Pauli principle

• One electron system – wave functions – orbits; FEFG in 1D in ground state

• FEFG in 3D in ground state

• Effect of temperature; Fermi-Dirac distribution
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Free electron Fermi gas – a gas of electrons subject to Pauli 

principle

• At low temperature, free mean path of a conduction electron in metal can be as long as 
1 cm!  Why is it not affected by ion cores or other conduction electrons? (30 seconds 
discussions)

– Motion of electrons in crystal (matter wave) is not affected by periodic structure 
such as ion cores.

– Electron is scattered infrequently by other conduction electrons due to the Pauli 
exclusion principle 
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One electron system – wave functions - orbits

• Neglect electron-electron interaction, infinite potential well, simple QM solution

- The Pauli exclusion principle 
– n: quantum number 
– m(=1/2 and -1/2): magnetic quantum number
- degeneracy: # of orbitals with the same energy

- Fermi energy (ΕΕΕΕF): energy of the topmost filled 
level in the ground state of the N electron system

In this simple system, every quantum state 
holds 2 electrons => nF = N/2 ���� Fermi energy:

Standing wave B. C.

n = 1, 2, …

Great, if we know the electron density, we know 
the Fermi energy!



Lecture 15: Free electron Fermi gas

• Free electron Fermi gas (FEFG) – a gas of electrons subject to Pauli principle

• One electron system – wave functions – orbits; FEFG in 1D in ground state

• FEFG in 3D in ground state

• Effect of temperature; Fermi-Dirac distribution

FEFG in 3D

• Invoking periodic boundary condition
instead of the infinite potential wall 
(standing wave) boundary condition, we 
get traveling waves as solutions:

Only if we know how much space one k 
point occupies (δδδδkxδδδδkyδδδδkz= (2ππππ/L)3) 

Fermi wave vector

Fermi energy

Fermi velocity

Due to spin
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Fermi-Dirac distribution

• Describes the probability that an orbit at energy E will be occupied in an ideal 
electron gas under thermal equilibrium

• is chemical potential, f( )=0.5; at 0K, µ ε = µ ε
F
= µ

In comparison,

High energy tail – approximation 

���� Boltzmann-Maxwell distribution

E − E
F
> 3k

B
T

DOS example: free electrons (parabolic dispersion)

• # of states between E and E+dE

Note here:
D(E) has a unit of ev-1.

N = N (ε )


