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Average electron energy at T =0

n(E)= j ED(E)dE
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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



Valence electrons
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Sommerfeld Expansion

We would like to perform integrals of the form

Arnold T H(E)f(E)dE

Sommerfeld

Examples:

n= T DE)f(EYAE — u= T ED(E) f(E)dE

Integrate by parts (Partielle Integration)
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Sommerfeld Expansion

j H(E)f(E)dE = j K(E)+=~ df (E ) 4
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Sommerfeld Expansion
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Sommerfeld Expansion

4 3
dE 360 dE

E=pu E=u

T H(E)f(E)dE ~ K(u)+ %(kBT)

dK (E)
dE

K(u)= | H(E)dE H(E) =

+ e



Sommerfeld Expansion: chemical potential

» dH (E)
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Sommerfeld Expansion: chemical potential
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Sommerfeld Expansion: chemical potential
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Sommerfeld Expansion: internal energy
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Sommerfeld Expansion: internal energy
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Sommerfeld Expansion: internal energy
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Sommerfeld Expansion: specific heat
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The electronic specific heat is linear in temperature
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: Table 2 Experimental and free electron values of electronic heat
L Be capacity constant y of metals B ¢ N
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Heavy Fermions

%

m _ 7 observed

m /4

Heavy fermions are materials that have effective masses 100 - 1000 times
larger than the value expected from the free-electron theory. Examples are
CeCug, the UBe,;, and CeAl;. The last two are superconductors.

Something goes seriously wrong with the free electron model in these
materials.



Entropy
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Helmholtz free energy
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Results of the quantization of the Schridinger equation for free fermions in 1, 2, and 3 dimensions.

A simple model for metals is the free electron model where the potential energy of the electrons iz zero and the electron-electron mteractions are ignored. This 15 ecquivalent to any system of noninteracting
fermions with zero potential energy. In this model the thermodynatic properties only depend on one parameter, the particle density #. In the table below, # denotes the number of particles per meter i
one-dimension, the number of particle per square meter i two-dimensions, and the number of particles per cubic mter m three dimensions.
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Electron bands
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Band Theory, Kittel chapter 7

Calculate the dispersion relation for electrons in a crystal
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Linear differential equations
with periodic coefficients

Have exponentially decaying solutions,
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Empty lattice approximation
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Bloch Theorem v .(F)=e""u_(¥)
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Bloch form p.(r)= ei#'FuE (7)

Eigen function solutions of the Schrodinger equation have Bloch form.



Empty lattice approximation
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Empty lattice approximation

Simple cubic
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Band Structure of Aluminum
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