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1. Construction of Fermi surfaces:

1.1 For free electron:

Brillouin zones of a square lattice in two dimensions. The circle shown is a
surface of constant energy for free electrons; it will be the Fermi surface for some

particular value of the electron concentration.

The total area of the filled region in k space depends only on the electron
concentration and is independent of the interaction of the electrons with the
lattice. The shape of the Fermi surface depends on the lattice interaction, and the

shape will not be an exact circle in an actual lattice.
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Figure 3

1.2 For nearly free electrons:

How do we go from Fermi surfaces for free electrons to Fermi surfaces for
nearly free electrons? We can make approximate constructions freehand by the

use of four facts:

e The interaction of the electron with the periodic potential of the
crystal creates energy gaps at the zone boundaries.

e The Fermi surface will intersect zone boundaries perpendicularly.

e The crystal potential will round out sharp comers in the Fermi
surfaces.

e The total volume enclosed by the Fermi surface depends only on the
electron concentration and is independent of the details of the lattice
interaction.
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1.3 Effective mass. Allxil) 41icl)

Consider an electron in a periodic solid which is subject to an external electric

field E.
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Acceleration o= -4V dk (1)
dt  dk dt
p_do
dk
E=ho o= Vzl-dE ........ (2)
h hodk
dv 1 d°E 3)
T
wE=F-x dE=F -dx
dE = F -Vdt
d—E: F.V
dr
dE dk =F-V......... (4)
dic  dr

Substitute equation (2) in equation (4)
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dk
h—=F ......... 5

dt )

By substitute equation (3) and (5) in equation (1)
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The effective mass of an electron near the top of a band is negative. Negative
effective mass means that on going from state k to state k+ Ak the momentum
transfer from the lattice to electron is opposite to and larger than the momentum

transfer from the applied force to the electron.
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Although k is increased by Ak by the applied electric field, the consequent

approach to Bragg reflection can result in an overall decrease in the forward
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momentum of the electron, if this happens the effective mass is described as

negative.
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