
Electrical & Thermal Conduction

• Thermal conductivity
• Electron dynamics
• Fermi-Dirac distribution
• Electronic heat capacity
• Boltzmann transport theory
• Relaxation-time approximation
• Electron mobility
• Hall Effect



Thermal conductivity





Electron dynamics
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Electron velocity:

<p> = -iħ∫d3rψ*(r)▽ψ(r),

where

<p> =ħk -iħ∫d3r u*(r)▽u(r) = ħk + <p>u

Now consider the S.E. for u

<p>u =(m/ħ)< ƏH/Ək>u = =(m/ħ)ƏE(k)/Ək – ħk ……Feynnman-Hellman Thm.

So, we obtain the group velocity for electron in solids

vk = <p>/m = (1/ħ)ƏE(k)/Ək



Free Electron Gas



Fermi-Dirac distribution





Electronic Heat Capacity





Relation between thermal and electrical conductivity



Scattering mechanisms



Boltzmann transport theory



Scattering rate





Relaxation-time approximation



DC conductivity

Good approx. for metals



Electron mobility



AC conductivity



Electron conduction in metals



Electron motion in B field



Hall Effect


