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Electrical and thermal 
transport in metals



Thermodynamic properties of metals

From the band structure measurements, we obtain the electron 
density of states.

Thermodynamic 
properties can be 
calculated from the 
tabulated data for the 
density of states



http://www.sciencedirect.com/science/article/pii/036459169190030N

SGTE data for pure elements 



Close packed  bcc

http://lampx.tugraz.at/~hadley/ss1/materials/sgte/SGTE.html

Ti Hf

Close packed  bcc: Am, Be, Ca, Gd, Nd, Pr, Hf, Sc, Sm, Sr, Ti, Tb, Th, Tl, Y, Yb, Zr



Metals, semiconductors, and insulators

From Ibach & Lueth

Insulators: band gap > 3 eV



Chemical potential of  semiconductors 
and insulators

 is in the middle of the band gap
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Ballistic transport
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electrons in an electric field follow a parabola.

electrons in a magnetic field move in a spiral 

electrons crossed electric and magnetic fields spiral 
along the direction perpendicular to the electric and 
magnetic fields
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Ballistic motion 

diode



describe electrons as a gas of particles

vF = 108 cm/s. 

kinetic theory

The average time between scattering events tsc

can be calculated by Fermi's golden rule

mean free path: l = vFtsc ~ 1 nm - 1 cm



Diffusive transport

<v0> = 0 <t - t0> = tsc < average time between scattering events
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drift velocity:
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time between two collisions
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  Ohm's law:



Matthiessen's  rule
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phonons, temperature dependent

mostly temperature independent
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Waves or Particles

Scattering between Bloch states can be calculated by 
Fermi’s golden rule.

The particle picture is not rigorously correct.



Diffusion equation/ heat equation 
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Continuity
equation

Fick's law

Diffusion constant



Drift and Diffusion

http://lampx.tugraz.at/~hadley/ss2/transport/drude.php



Crossed E and B fields

Ballistic transport

Diffusive transport
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Hall angle:
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Magnetic field (diffusive regime)

 
sc

dv
F ma e E v B m

t
     

   

sc

dv
F ma eE m

t
   

 

If B is in the z-direction, the three components of the force are
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Magnetic field (diffusive regime)

If Ey = 0, Ez = 0
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The Hall Effect (diffusive regime)

Ey = vd,xBz = VH/W = RH jxBz VH = Hall voltage, RH = Hall Constant

If vd,y = 0,
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RH=Ey/jxBz = - 1/ne

jx=- nevd,x



Kittel



Einstein relation

In equilibrium, drift = diffusion
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Über die von der molekularkinetischen Theorie der Wärme geforderte Bewegung von 
in ruhenden Flüssigkeiten suspendierten Teilchen, A. Einstein (1905).


