TU

Grazms Institute of Solid State Physics

Technische Universitat Graz

Electrons




Free particles in 1-d

Fill the electrons states like in an atom.
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Free particles in 1-d
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Periodic boundary conditions
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Free particles in 1-d

Density of states
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free electrons (simple model for a metal)
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Fermi function

A(E) 1s the probability that a state at energy £ 1s occupied.
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http://lampx.tugraz.at/~hadley/ss 1 /materials/thermo/gp/gp/Fermi-function.html



Chemical potential
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The chemical potential 1s implicitly defined as the energy that
solves the following equation.
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Here n 1s the electron density.



Fermi energy

In solid state physics books,

E.= wW(T=0).

In semiconductor books, £ AT) = (7).
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Free particles in 3-d

Energy [eV]

At T=0:
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Fermi sphere
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Fermi surface,
at energy

k. = (372211)1/3

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



Bulk modulus

Table 2.2
BULK MODULI IN 10'° DYNES/CM? FOR SOME
TYPICAL METALS“

METAL FREE ELECTRON B MEASURED B

| 1 239 115

Na 9.23 6.42

K 3.19 2.81

Rb 2.28 1.92

Cs 1.54 1.43

Cu 63.8 134.3

Ag 34.5 99.9

Al 228 76.0

“ The free electron value is that for a free electron gas at the observed
density of the metal, as calculated from Eq. (2:37)

Ashcroft and Mermin
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Free electron Fermi gas
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: Table 2 Experimental and free electron values of electronic heat
L Be capacity constant y of metals B ¢ N

1.63 ] 0.17
‘0749 | 0500 (From compilations kindly furnished by N. Phillips and N. Pearlman. The
218 1034 | thermal effective mass is defined by Eq. (38).)
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Electron Band Theory

Calculate the dispersion relation for electrons in a crystal
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Bloch waves in 1-D

1/) _ eika:uk(w)

15
10 The 1-D Potential
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Band structure in 1-D

13 The 1-D Potential
L Initial energy &) = 0 _' [eV]
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Empty lattice approximation
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Empty lattice approximation
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Empty lattice approximation

Simple cubic

Face centered cubic
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PHYSICAL REVIEW VOLUME 118, NUMBER 5

Band Structure of Aluminum

WALTER A, HARRISON
General Electric Research Laboratory, Schenectady, New York

empty lattice approximation
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A separable potential
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¥ 1s the product of the solutions to the Kronig-Penney model.
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A separable potential
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