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

E(k)v(k)D(k) f (k)dk
nbl\ean density of phonon occupation

phonon dispersion phonon group velocity

For phonons, there 1s no external force term.



Student project
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Assume that the dispersion relation is

*
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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
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Calculating free energies
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Helmholtz free energy

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

2. Beciprocal {or converse) piezo-electric effect
3. Reciprocal (or converse) piezo-magnetic effect.
4. Thermal dilatation.

5. Piezo-electnc effect.

&, Electric polanzation.

7 Magneto-electnc polarization.

d. Pyroelectricity.

9. Piezo-magnetic effect.

10, Eeciprocal (or converse) magneto-electric polanzation.
11. Magnetic polarization.

12, Pyromagnetism.

13, Piezo-caloric effect.

14, Electro-calonc effect

15, Magneto-calonc effect.

14, Heat transtrassion.
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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.

32 point groups (one point remains fixed during transformation)
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Strain

A distortion of a material is described by the strain matrix
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Stress

9 forces describe the stress

XX, XY, Xz, YX, Yy, Yz, ZX, 2y, Zz

XX 1s a force applied in the x-direction to the plane
normal to X

Xy 1s a sheer force applied in the X-direction to the
plane normal to y
stress tensor:

Stress is force/m?2
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Stress and Strain

€ij = SijkOu

The stress - strain relationship 1s described by a rank 4 stiffness
tensor. The inverse of the stiffness tensor 1s the compliance tensor.

= Cij €

Einstein convention: sum over repeated indices.

8SG+SO'+SG+SG+S

XX XXXX XXXy~ Xy XXXZ = XZ XXYX XXyy yy
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XXYyZ — Yz XXZX ™~ ZX XXZYy XXZZ 7



Pyroelectricity

Pyroelectricity is described by a rank 1 tensor
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rank 1: pyroelectric effect, pyromagnetic effect, electrocaloric effect, magnetocaloric effect



