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Thermoelectric currents



Thermoelectric effects
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Thermal conductivity 
The electrons carry heat as well as charge. 



Thermal conductivity

(Similar calculation as before, See notes)

For a free electron gas 



Free-electron model: Wiedemann–Franz law 



Thermoelectric current 



Thermoelectric current 



Thermoelectric current 

For a free electron gas 

(Similar calculation as before, See notes)



Seebeck effect



Seebeck effect

Solve by guessing S and integrating then iterating.



Seebeck effect

For cubic crystals, S is a constant

S can be written as the ratio of two integrals





For the free electron model



Seebeck effect
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Thermal conductivity again

T2T1

Open boundary conditions

new term



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

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.

V Thermocouple
TsenseTref



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

0

Need to go beyond the linear expansion in B.
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Nerst effect

Nerst effect: Apply a temperature gradient in a magnetic 
field and measure the voltage perpendicular to both the 
temperature gradient and the magnetic field.

Ettingshausen effect: Apply a temperature gradient in a 
magnetic field and measure the current that flows 
perpendicular to both the temperature gradient and the 
magnetic field.
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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.  
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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 
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Phonon transport

 = 0



Phonon transport



Linear acoustic branch, constant 

Optical branches don't contribute as much.

T3



Thermal conductivity


