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Sommerfeld Theory

(Quantum Free Electron Gas or Free Electron Quantum Model)

application of quantum mechanics to statisti
anics led to modification of Drude's theo
t theory for the many-fermion syste

istribution approaches

antum Free Electron Gas:
sity of available states

rt with the simple cubic lattice!
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Quantum Free Electron Gas:
Density of available states

For electrons in a SC solid of lattice parameter
L, the density of states as a function of energy

g(EY=W /27 2m/n*)*E'?

auli Exclusion Principle
hat we “fill up” this
starting at the lowest E

What about T > 07
* Fermi-Dirac distribution function:

(B) = —
1+ eEEr)ksT and kg is the Boltzman cor

|
—= Boltzmann
| approximation

where Eg is the Fermi energ;
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), the density of occupied states is then

1,(E)=DOS = f(E)g(E) | e

chupied
total number of
tion electrons is

occupied

"

Fermi Surface

1 3 dimensions, we can define a sphere in k-
ace of radius
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Effect of an electric field

original
Fermi
surface

d structure — Na (BCC)
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Fig. 8-10. The first Brillouin zone and the energy bands in sodium metal. See D. A. Papaconstantopoulos,
Handbook of the Band Structure of Elemental Solids (Plenum, New York, 1986)
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Band structure — Na (BCC)
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lergy bands in sodium metal. See D. A. Papaconstantopoulos,
Solids (Plenum, New York, 1986)
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Fig. 8-13. Energy bands in barium metal. The first Brillouin zone is the same as that of sodium, shown in Fig. 8-6.
See D. A. Papaconstantopoulos, Handbook of the Band Structure of Elemental Solids (Plenum, New York, 1986).
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nd structure — Cu (FCC)
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Fig. 8-15. Conduction-electron band in copper metal. See D. A. Papaconstantopoulos, Handbook of the Band
Structure of Elemental Solids (Plenum, New York, 1986).

nd structure — Cu (FCC)

o [100]
Fermi surface

k(A1)

— Joper metal. See D. A. Pap los, Handbook of the Band
Structure of Elemental Solids (Plenum, New York, 1986).




Jand structure - Si

more complicated picture — indirect semiconductor

structure

Energy [Ha)

Successes?

ree electron gas model explains electri
nductivity reasonably well for some

rials (e.g., low carrier concentrati
o classical result

ssical Hall effect
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o0 unlike metals

Work function = minimum energy B
equired to remove an e- from a metal

PD, = contact potential difference =
p, develops across the junction
tal2 is at higher potential than
al1)

ontact Potential: e [ I

Metal 1 Metal 2

dependent (thermocouples)
thod (a nulling method) can

Fig. 1 Band diagram of tip and sample
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