
FYS3410 - Vår 2012 (Kondenserte fasers fysikk) 
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Based on Introduction to Solid State Physics by Kittel 

 

Course content  
   

•  Periodic structures, understanding of diffraction experiment and reciprocal lattice 
  

•  Imperfections in crystals: diffusion, point defects, dislocations  
 

•  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 

 



Ukenplan for FYS3410; moduler 1, 2, 3, og 4 undervisas respektive i uker 3-4, 5-6, 7-8, og 9-10 

ojämna uker förelasningar oppgaver obliger 

måndag kl 9-12,   Ø394 tilbakemeldning kl 16 

tisdag kl 8-10,  Ø443A kl 14-16, Ø394 

onsdag kl 12-14, Ø443A 

torsdag kl 10-12, Ø443A kl 14-16, Ø394* släpps ut kl 15 

 
fredag kl 13-15, Ø443A 

jämna uker förelasningar oppgaver obliger 

måndag kl 10-12, Ø394* 

tisdag 

onsdag 

torsdag levereringsfrist kl 15 

fredag 
 

 * Notera att i nagra enstaka dagar pagar gruppeundervisningen i Ø443A istallet (se kursens det “officiella” tidsplannen).  



FYS3410  lectures: Spring 2012 
 

MODULE 1 – Crystals (Kittels chapters 1, 2, 3, and 20) 

 

16/01/2012: Introduction and motivation, chemical bonding in solids, 

  periodicity, lattices, index system for crystal planes                3h 

 

17/01/2012: Reciprocal space, Laue condition, Ewald construction,   

                      interpretation of a diffraction experiment                  2h 

 

18/01/2012: Ideas of Fourier analysis, Bragg planes, and Brillouin zones      2h 

 

19/01/2012:  Defects and diffusion in crystals            2h 

 

20/01/2012:  Mechanical properties and elastic waves in crystals         2h 

 

      



FYS3410  lectures: Spring 2012 
 

MODULE 2 – Thermal properties of the lattice (Kittel’s chapters 4 and 5) 

 

30/01/2012: Lattice vibrations as harmonic oscillators .  1D infinite  

  and finite lattice.                                          3h 

 

31/01/2012: Quantized vibrations – phonons             2h 

 

01/02/2012: Lattice heat capacity              2h 

 

02/02/2012:  Lattice heat capacity (continuation)             2h 

 

03/02/2012:  Lattice thermal conductivity and expansion            2h 

 

      



FYS3410  lectures: Spring 2012 
 

MODULE 3 – FEFG and energy bands (Kittel’s chapters 6 and 7) 

 

13/02/2012:  Free electron Fermi gas (FEFG) and Fermi-Dirac distribution 3h 

 

14/02/2012: Properties of  FEFG and shortcomings of the model   2h 

 

15/02/2012: Nearly free electron model       2h 

 

16/02/2012:  Kronig-Penney model               2h 

 

17/02/2012:  Empty lattice approximation and number of orbitals in a band  2h 

 

      



Lecture 12: Properties of FEFG and shortcomings of the model 

 
 

•Heat capacity of the FEFG 

 

•Electrical conductivity 

 

•Hall effect 

 

•Shortcomings of the FEFG and Drude models 

 

 



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()



kBT 

The fraction of electrons that we “transfer” to higher energies ~ kBT/EF, the energy 

increase for these electrons ~ kBT. Thus, the increase of the internal energy with 

temperature is proportional to n(kBT/EF) (kBT) ~ n (kBT)2 /EF.  

To calculate the heat capacity, we need to know how 

the internal energy of the Fermi gas, Et(T), depends on 

temperature. By heating a Fermi gas, we populate 

some states above the Fermi energy EF and deplete 

some states below EF. This modification is significant 

within a narrow energy range ~ kBT around EF (we 

assume that the system is cold - strong degeneracy). 
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The Fermi gas heat capacity is much smaller (by kBT/EF<<1) than that of a classical ideal 

gas with the same energy and pressure. The small heat capacity is a direct consequence 

of the Pauli principle: most of the electrons cannot change their energy, only a small 

fraction kBT/EF  of the electrons are excited out of the ground state.  
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One of the greatest successes of the free electron model 

and FD statistics is the explanation of the T dependence of 

the heat capacity of a metal. 

compare 

Heat capacity of a cold FEFG 



Comparison between Boltzmann and FD Distributions 
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9,10E-31 1,38E-23 300 1,36E+10 1,17E+05 

9,10E-31 1,38E-23 273 1,24E+10 1,11E+05 

9,10E-31 1,38E-23 77 3,50E+09 5,92E+04 

9,10E-31 1,38E-23 15 6,82E+08 2,61E+04 

Lambda tau q n conductivity 

1,00E-09 8,56E-15 1,60E-19 5,00E+28 1,20E+07 

1,00E-09 8,97E-15 1,60E-19 5,00E+28 1,26E+07 

1,00E-09 1,69E-14 1,60E-19 5,00E+28 2,38E+07 

1,00E-09 3,83E-14 1,60E-19 5,00E+28 5,38E+07 

Here we have a problem: 

the calculated conductivity has 

increased but the actual 

experimental increase is 

significantly bigger. 

However, one otfthe most convincing pieces of evidence of the Drude theory in his time used 

to be a qualitatively correct description of the Widemann-Franz law – the ratio of teermal and 

electrical conductivity is a constant for all metals at a given temperature: κ/σ =LT. 



magnetic force: right-hand rules  



Basic assumptions of the Drude model 

 

Combining ideas of an electron as a “charge” carrier and kinetic gas theory   

• no collisions between electrons - independent electron approximation;  

 

• positive charge is located at the immobile ion cores and electronc can collide with the ion 

cores canging their velocity – however in between collisions no interaction is taking place 

– free lectron approximation; 

 

• electrons reach thermal equilibrium with the lattice participating in the collisions so that 

the mean kinetic energy is 1/2 (mvt
2) = 3/2(kBT) 

 

• τ - is a time in between collisions and λ =vt τ - is a mean free path  

 

• number of electrons participating in, e.g. conduction, is equivalent to the number of 

electrons on the outer shell of the atom providing concentrations in the range of 5x1022 

electrons/cm3 



• temperature dependence of the electrical conductivity even for pure metals   

  – because of unclear of the magnitude of the mean free path 

 

• Scattering of RH-values in terms of the sign and magnitudes 

 

• alloying of very small amount of material (doping) may incease the  

  conductivity by several orders of magnitude  

 

• nearly no contribution to the specific heat from electrons at room  

  temperature – controdiction to the 3R-value by Dulong-Petit. 

 

• …  

 

 

!!! FEFG concept explains the last shortcoming. Indeed, only a small fraction 

of electrons – of the order of kT in the DOS-plot – have to be taken into 

consideration when calculating the heat capacity related to the electrons.  

 

Bur FEFG can not explain the alloying or Hall effects… 


