
f)

The electrical conductivity is defined as

j = σE (16)

and is in general a tensor. Using the Drude approach, and giving breaking the current into the
form

j = nev (17)

we assume that each electron is accelerated by an electric field E in between collisions. The
average velocity attained over a time τ , using a simple F = ma model, is

∆v =
−eE

m
τ (18)

putting 16,17,and 18 together, we find

σ =
ne2τ

m
(19)

g)

The Wiedeman-Franz ratio is the ratio of the thermal conductivity to the electrical conductivity.

K

σ
=

v2
F mc

e2
(20)

Inserting our forumla for heat capacity, and using εF = 1
2mv2

F , D(εF ) = 3N
2εF

:

K

σ
=
π2

3

(

kB

e

)2

T = LT (21)

Problem 2)

For a semimetal at very low temperatures, we assume parabolic bands and can treat both the
equal number of electrons and holes as free particles of effective mass me and mh respectively.

We can use results from problem 1, except the zero is now at µ, and we have an effective
mass
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