
Solutions

Chapter 8

Problem 3

Let the current be in the x direction and the magnetic field in the z direction. The Hall voltage is
measured in the y direction. So the current jy is zero in the y direction:

jy = epvhy − envey = 0, (1)

where e is the magnitude of electron charge, p the hole density, n the electron density, vey the
electron drift velocity in the y direction and vhy the hole drift velocity in the y direction. So,

pvhy = nvey. (2)

The current in the x direction is
jx = (neµe + peµh)Ex, (3)

where Ex is the x component of the electric field. µe and µh are the electron and hole mobilities
respectively. They are given to be

µe = vex/Ex = eτe/me, (4)

where vex is the electron velocity in the x direction, τe the electron collision time, me the electron
effective mass and

µh = vhx/Ex = eτh/mh, (5)

where vhx is the hole velocity in the x direction, τh the hole collision time and mh the hole effective
mass.

Using equation 6.52 of the textbook for the electron and the hole gives the following 4 equa-
tions.

vex = −µeEx − ωceτevey (6)

vey = −µeEy + ωceτevex (7)

vhx = µhEx + ωchτhvhy (8)

vhy = µhEy − ωchτhvhx, (9)

where ωce and ωch are the cyclotron frequencies for electrons and holes respectively. Substituting
equation 6 in equation 7 for vex and equation 8 in equation 9 for vhx and then neglecting terms
containing (ωceτe)

2 and (ωchτh)2, we get

vey = −µeEy − ωceτeµeEx (10)

vhy = µhEy − ωchτhµhEx (11)
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Dividing equation 10 by equation 11, we get

vey
vhy

=
−µeEy − ωceτeµeEx

µhEy − ωchτhµhEx
. (12)

However, equation 2 shows that this ratio of velocities is equal to p/n, the ratio of hole to electron
densities. Hence, equation 12 becomes

p

n
=

−µeEy − ωceτeµeEx

µhEy − ωchτhµhEx
. (13)

Hence,
pµh(Ey − ωchτhEx) = −nµe(Ey + ωceτeEx). (14)

Then, collecting all Ex and Ey terms, we get

(pµh + nµe)Ey = (pµhωchτh − nµeωceτe)Ex. (15)

Then, using equations 4 and 5 as well as the following cyclotron frequency formulas

ωce = eB/me, ωch = eB/me, (16)

we get
(pµh + nµe)Ey = (pBµ2h − nBµ2e)Ex. (17)

and
Ey

Ex
=
pBµ2h − nBµ2e
pµh + nµe

(18)

Now, from the definition of the Hall coefficient

RH =
Ey

jxB
. (19)

Using the expression for jx from equation 3, this gives

RH =
Ey

(neµe + peµh)BEx
. (20)

Then, using the ratio Ey/Ex from equation 18, this gives

RH =
pµ2h − nµ2e

e(pµh + nµe)2
(21)

Then, dividing both numerator and denominator by µ2h, we get

RH =
p− nb2

e(p+ nb)2
, (22)

where b = µe/µh.
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Problem 4

Using the definition of group velocity

~v = h̄−1

(
∂ε

∂kx
x̂ +

∂ε

∂ky
ŷ +

∂ε

∂kz
ẑ

)
(23)

Then, using the given expression for ε, we get

~v =
h̄kx
mt

x̂ +
h̄ky
mt

ŷ +
h̄kz
ml

ẑ. (24)

Now using equation 8.6 of the textbook, and a magnetic field along the x axis (~B = Bx̂),

d~k

dt
= −e

(
kx
mt

x̂ +
ky
mt

ŷ +
kz
ml

ẑ

)
× (Bx̂) = −e

(
kzB

ml
ŷ − kyB

mt
ẑ

)
. (25)

So, in components,

dkx
dt

= 0, (26)

dky
dt

= −ekzB
ml

, (27)

dkz
dt

=
ekyB

mt
. (28)

Taking the derivative of equation 27 and inserting in it dkz/dt from equation 28, we get

d2ky
dt2

= − e2B2

mlmt
ky (29)

This gives
d2ky
dt2

+ ω2
cky = 0, (30)

where

ωc =
eB

(mtml)1/2
. (31)

This is the cyclotron frequency, as solving equation 30 and then using equation 27 gives

ky = k0 cos(ωct+ φ), (32)

kz = (ml/mt)
1/2k0 sin(ωct+ φ). (33)

The above equations show that the vector ~k rotates in an ellipse with the angular velocity ωc.
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