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Electrons



free electrons (simple model for a metal)
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Fermi function
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f(E) is the probability that a state at energy E is occupied.



 = chemical potential

http://lampx.tugraz.at/~hadley/ss1/materials/thermo/gp/gp/Fermi-function.html



Chemical potential

The chemical potential is implicitly defined as the energy that 
solves the following equation.

Here n is the electron density.
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Fermi energy
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EF = (T=0).

In semiconductor books, EF(T) = (T).

At T = 0

In solid state physics books, 



Free particles in 3-d 

At T = 0:
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Fermi sphere
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n = electron density
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The thermal and electronic properties depend on the states at the Fermi surface.



Internal energy density at T = 0
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Pressure 3-D

 
1

2 4 5 392 2

3 5 5F
N

nU U
P nE

V V m
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Bulk modulus
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5/3P V 

See: Landau and Lifshitz, Statistical Physics 1
or Ashcroft and Mermin, Solid State Physics
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Bulk modulus

Ashcroft and Mermin
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Free electron Fermi gas
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Electronic specific heat 
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Effective mass
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from Kittel



Entropy

Entropy density 
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Helmholtz free energy
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Helmholtz free energy density 
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Electron Band Theory

Calculate the dispersion relation for electrons in a crystal

silicon



Bloch waves in 1-D



Band structure in 1-D



Empty lattice approximation

ReducedExtended Repeated
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Empty lattice approximation
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Empty lattice approximation



G           X     W             G             U  X

empty lattice approximation



A separable potential 

Y is the product of the solutions to the Kronig-Penney model.
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A separable potential 
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http://lampx.tugraz.at/~hadley/ss1/separablecrystals/thermo.html


