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Boltzmann equation: relaxation time approx.

in a stationary state 
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The relaxation time approximation:  
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If the system is not far from equilibrium, f  f0, and we can 
substitute f0 for f on the right



Seebeck effect
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Seebeck effect:
A thermal gradient causes a thermal current to flow. This results in a voltage which 
sends the low entropy charge carriers back to the hot end.

S is the absolute thermal power (often also called Q). The sign of the voltage 
(electrochemical potential, electromotive force) is the same as the sign of the charge 
carriers.

Thermoelectric effects

S T   

The Seebeck effect can be used to make a thermometer. The gradient of the 
temperature is the same along both wires but the gradient in electrochemical 
potential differs.
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Thermoelectric effects

Intrinsic Q is negative 
because electrons 
have a higher 
mobility.



Thermoelectric effects

Peltier effect: driving a through a bimetallic junction causes heating or 
cooling.

Cooling takes place when the electrons make a transition from low entropy 
to high entropy at the junction. 

Bismuth chalcogenides Bi2Te3 and Bi2Se3
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Hall effect



Nerst effect
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Ettingshausen effect



Albert von 
Ettingshausen, 
Prof. at TU 
Graz.  

(Standing, from the left) Walther Nernst, Heinrich Streintz, Svante Arrhenius, 
Hiecke, (sitting, from the left) Aulinger, Albert von Ettingshausen, Ludwig 
Boltzmann, Ignacij Klemencic, Hausmanninger (1887).

Boltzmann Group

Nernst was a 
student of 
Boltzmann and 
von 
Ettingshausen. He 
won the 1920 
Nobel prize in 
Chemistry.  



Thermoelectric effects
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Electrical current:
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Particle current:
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Energy current:
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Heat current:



Thermoelectric effects
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Thermal conductivity: 0B 
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 Peltier coefficient: 0, 0T B  
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Thermopower (Seebeck

effect):
0, 0ej B 


l
l mn

em n

ER
j B

Hall effect: 0, 0elT j  

Nerst effect: l
lmn

m n

EN
B T




0elecj 



Velocity of k-states
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Student Projects

Calculate some transport property for a free electron gas or for 
a semiconductor.

Numerically calculate a transport property for a one 
dimensional material.

Prove that my two expressions for probability current are the 
same. 



Probability current in 1-D

The normalized probability current density:
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The properties of solids

electronic band structure E vs. k
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structure
bond potentials

density of states

Boltzmann transport

equilibrium properties
cv, free energies, bulk modulus,...

optical 
absorption

optical properties

phonon band structure  vs. k

density of states


