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Ionic potential eliminated. Free
Fermi gas, surprisingly effective
with alkali metals.

Ions treated as static potential.
Born-Oppenheimer approxima-
tion.

Nuclei treated as classical poten-
tials. Many electrons combined with
nuclei in closed shells to form ions.

All electronic degrees of freedom
eliminated, turned to effective po-
tential for ions. Phonon dynamics.

Coulomb interaction incorporated
self-consistently into lattice poten-
tial. Single electron approxima-
tion, partially justified by Fermi liq-
uid theory

Ions treated classically. Studies of
cohesive energy, molecular dynam-
ics.

Ions arranged in a lattice, form-
ing periodic potential for single
electrons. Starting point for first-
principles’ calculations. Weak ionic
potentials justified by pseudopoten-
tials.

Ionic potential eliminated, interact-
ing electrons move in uniform pos-
itive potential. Jellium, starting
point for field theoretic work.
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Approximations 3

Main physical idea is the Pauli principle, which has two consequences:

1. It populates solids with electrons whose energies would classically signify

temperatures on the order of 10,000 K.

2. It prevents all electrons but those whose energy differs slightly from the highest

occupied state from participating in transport processes

Important terms:

☞ Occupation number

☞ Fermi energy

☞ Fermi surface

☞ Density of states

☞ Sommerfeld expansion

☞ Effective mass
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The Basic Hamiltonian 4
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Single electron problem:
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Periodic Boundary Conditions 5
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Densities of States 6
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The eigenvalue corresponding to the eigenfunction (6) is
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Occupation number f� k of a state indexed by

�

k is 1 if this one-electron state is part of the

ground state, and 0 otherwise.
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Densities of States 7

kF

�

k states described by Eq. (L7) occupy a cubic lattice in
�

k or reciprocal space, with

neighboring points separated by distances of 2 �
�

L,

k space volume per state is� 2 �
�

L � 3.
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Densities of States 8
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Definition of Density of States D 9

Density of electronic states or density of levels
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Energy Density of States 10

From here onwards, red question marks bracket areas deliberately left blank so that students can fill

them in!
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Results for Free Electrons 11
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Results for Free Electrons 12

Electrons in sphere of radius kF is
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3

�

1 � 3Å
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Results for Free Electrons 13

radius parameter rs
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Fermi energy, � F , or Fermi level
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Fermi surface, electrons with energy � F .
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One- and Two-Dimensional Formulae 14
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Statistical mechanics of noninteracting
electrons 15
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Statistical mechanics of noninteracting
electrons 16

Therefore the grand potential is given by
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Fermi Function 17
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Fermi Function 18
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Classical Limit 19

Boltzmann statistics
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Elements as free electron gases 20

Element Z n kF � F TF � F rs �

a0

(1022 cm

� 3) (108 cm

� 1) (eV) (104 K) (108 cms

� 1)

Li 1 4.60 1.11 4.68 5.43 1.28 3.27

Ag 1 5.86 1.20 5.50 6.38 1.39 3.02

Be 2 24.72 1.94 14.36 16.67 2.25 1.87

Al 3 18.07 1.75 11.66 13.53 2.02 2.07

Sn 4 14.83 1.64 10.22 11.86 1.89 2.22

Sb 5 16.54 1.70 10.99 12.75 1.97 2.14

Mn 4 32.61 2.13 17.28 20.05 2.46 1.70

Fe 2 16.90 1.71 11.15 12.94 1.98 2.12

Co 2 18.18 1.75 11.70 13.58 2.03 2.07

Ni 2 18.26 1.76 11.74 13.62 2.03 2.07
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Sommerfeld Expansion 21

Paradox that density of states too small solved by
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Sommerfeld Expansion 22
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Specific Heat 23
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Specialize to Free Fermi Gas 24
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As predicted, c � � D� � F � T .

Linear coefficient, Sommerfeld parameter
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Specialize to Free Fermi Gas 25
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Specific heat effective mass of the electron.
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Specialize to Free Fermi Gas 26

Metal Z � (mJ mole � 1 K � 2) Metal Z � (mJ mole � 1 K � 2)

Expt. Eq. (L73) Expt. Eq. (L73)

Li 1 1.65 0.74 Al 3 1.35 0.91

Na 1 1.38 1.09 Ga 3 0.60 1.02

K 1 2.08 1.67 In 3 1.66 1.23

Rb 1 2.63 1.90 Sn 4 1.78 1.41

Cs 1 3.97 2.22 Pb 4 2.99 1.50

Cu 1 0.69 0.50 Sb 5 0.12 1.61

Ag 1 0.64 0.64 Bi 5 0.008 1.79

Au 1 0.69 0.64 Mn 2 12.8 1.10

Be 2 0.17 0.5 Fe 2 4.90 1.06

Mg 2 1.6 0.99 UPt3 450

Ca 2 2.73 1.51 UBe13 1100
Sr 2 3.64 1.79

Ba 2 2.7 1.92

Zn 2 0.64 0.75

Cd 2 0.69 0.95 Stewart (1983), and Stewart (1984).
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Heavy Fermions
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