
Thermoelectric effects
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Thermal conductivity
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Thermoelectric effects
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Thermoelectric effects
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Boltzmann equation for phonons

For phonons, there is no external force term.

( ) ( ) ( ) ( )phj E k v k D k f k dk 
     

phonon dispersion           phonon group velocity
mean density of phonon occupation



Student project

Assume that the dispersion relation is
2 2
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m
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and that a single relaxation time can be used for all k. 
Calculate the some transport property.



The properties of solids

electronic band structure E vs. k
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bond potentials

density of states

Boltzmann transport

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

optical 
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phonon band structure  vs. k
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Calculating free energies

Electronic component

Phonon component



Helmholtz free energy

Cannonical ensemble: At constant temperature, make a Legendre transformation to 
the Helmholtz free energy. 

F = U - TS

F(T, N, M, P, )

dF = dU - TdS - SdT
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Gibbs free energy
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Groups

Crystals can have symmetries: translation, rotation, reflection, 
inversion,...
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Symmetries can be represented by matrices.
All such matrices that bring the crystal into itself form the group of 
the crystal.  

AB  G for A, B  G

32 point groups (one point remains fixed during transformation)
230 space groups



Strain

A distortion of a material is described by the strain matrix
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Strain is dimensionless L/L

x̂

ŷ
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Stress

9 forces describe the stress

Xx, Xy, Xz, Yx, Yy, Yz, Zx, Zy, Zz

Xx is a force applied in the x-direction to the plane 
normal to x

Xy is a sheer force applied in the x-direction to the 
plane normal to y
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stress tensor: 

Stress is force/m2
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Stress and Strain

The stress - strain relationship is described by a rank 4 stiffness 
tensor. The inverse of the stiffness tensor is the compliance tensor.
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Einstein convention: sum over repeated indices.
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Pyroelectricity
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Pyroelectricity is described by a rank 1 tensor
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rank 1: pyroelectric effect, pyromagnetic effect, electrocaloric effect, magnetocaloric effect


