PHYS 551  Lecture #19

Title: Properties of a Fermi-Dirac Gas of Electrons
From the Sommerfeld calculation we now have the complete form of the heat

capacity for a crystalline metallic solid

electrons ions electrons (negligible)

Cy = T + AT*® — BT®

Question: Why do the ions behave as if they interacted with only
short range forces? (A metal does not have ionic long-range forces.)
Answer: Screening of the ion potential due to electron-gas.

At T ~ Troom, the net contribution of the electrons to the heat capacity is negligible.

CIT sopegives A

intercept gives Y

T 2
7 is a measure of D(er) (T = 0)! Observe that, in this case, bulk properties can be

used to give information concerning microscopic details.

ELECTRICAL CONDUCTIVITY:

What happens in the presence of a DC electric field? p= hk

— — . — . - di —
8k = —eE/h dt (Motion of E opposite to that k) T =—ek
8k is the change in the wave-vector of the electrons. dp = —eET

Again (as was the case for the simple classical gas), if there are no scattering pro-
cesses, this should happen indefinitely. Recall, the characteristic scattering time from

the Drude model.

Thus dt — 7 and assume it is the same for all e’s

60 = —eEr

57 = —eEr/m

j= —nev =ne*Er/m = ok

o =ne’r/m (Same as Drude mode)



How can we visualize this?

One-dimensional

T = 0 and no electric field,

-~ half of the conduction electrons
are travelling to the left, half

to the right. NO NET CURRENT

One-dimensional E= EO?
More than half are moving to
¢ the right. Electrons far below
_____________________________________ ; er balance out. Only electrons
near the Fermi level effectively
---------------------------------- \\ contribute to the net current.
electrons below this
energy do not contribute

Kk

What determines 77

The electron-electron scattering, electron-phonon scattering, and the electron-impurity

scattering.
Resistivity
phonons
p
""""""" impurities
T Temperature



% =141 7 — relaxation time

1 — impurities

L — lattice

p = pr + pi — Matthiessen’s rule

The lattice scattering requires that there be conservation of crystal momentum and

conservation of energy.

Since the energy of a phonon is on the order of a few meV, only electrons near € are

effectively scattered by phonons.

Simple one electron (per atom) metal:

Recall that ey ~ 2 — 10ev and h"-’phonon

7 - - Reciprocal lattice point
Ay NS
—1
~ 100meV

Note: If |E| << |Ef|, then there are no states available which can satisfy conservation

of energy.
- > R k2
kE+q = K o + hw, =
. . . h2k2
k+qg, = E'+G + hw, =
2m

Thermal conductivity:

h2k12

h2 kllZ

Simple case

Umklapp process

Since the electrons form a “gas”, the same formula found derived previously for a

phonon gas is appropriate.

1

K = gcvl

¢ is the heat capacity

v is the average velocity



{ is the mean free path
L = wvpr

1
c = EWZNkBT/TF

1
= EWZNkéT/eF
12

1

= 7°NkyT/mus

71_2

K = ?NkéT/mv%vF-vFT

71_2

= ?NkéTT/m

On the whole, Sommerfeld’s model is slightly more complex than Drude’s.

Explains Pauli susceptibility (T independent magnetic susceptibility)

Explains heat capacity

Explains thermal conductivity

Does not explain Hall effect!

More importantly, it does not explain why some materials are metals, while others
are insulators.

For this we have to study the motion of electrons in a periodic ion potential

(i.e., band theory).



