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Electron energies in metals

To understand thermal and electrical conduc-

tion we must realize that E levels up to the

Fermi Energy EF are fully occupied. (See fig.

12-14 of the “Fermi sphere”.)

Substitute vF for vRMS into the classical ex-

pressions for σ, K.

Must also use a heat capacity C appropriate for

electrons. Only a small fraction of the elec-

trons are available to store thermal E, since

most are locked in by the “Fermi sea”.
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Making these substitutions (eqns. 12.24–12.26)

leads to

K

σT
=

π2k2
B

3e2

= 2.45× 10−8 W ·Ω/K2,

which is in excellent agreement with the mea-

sured values (Table 12.7).
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Quantum Mean Free Path

If we estimate the mean free path of electrons

using vF and experimental σ,

L =
mevFσ

ne2
,

we get a value that is many times the spacing

between metal atoms.

Quantum calculations show that electrons can

travel through a perfect lattice for long dis-

tances,as the evenly spaced atoms allow elec-

tron wave to pass without scattering. Resis-

tance is due to thermal displacements and im-

perfections of the lattice.
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Phonons

Vibrations of the lattice are of course quan-

tized too, with energy h̄ω. These are phonons

and obey Bose-Einstein statistics. Just like

photons, there are more of them produced ther-

mally at high T:

np ∝
kBT

h̄ω
.

So the number of scatterers of electrons, and

thus the resistivity ρ, is proportional to T.

Imperfections in the crystal lattice will produce

a contribution to ρ that is not dependent on

T . This is Matthiesen’s rule.
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Problems for this section

12.10, 12.13—Calculating τ, L etc. for Silver

both classically and using Fermi energy EF.
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