Solutions
Chapter 8

Problem 3

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

Jy = €PVpy — envey = 0, (1)
where e is the magnitude of electron charge, p the hole density, n the electron density, ve, the
electron drift velocity in the y direction and vy, the hole drift velocity in the y direction. So,

PUhy = NVey. (2)
The current in the x direction is

Je = (nepe + pepin) B, (3)
where F, is the x component of the electric field. p. and pp are the electron and hole mobilities
respectively. They are given to be

He = Uex/E:c = 67—6/77167 (4)

where v, is the electron velocity in the x direction, 7. the electron collision time, m. the electron
effective mass and
Uh = Vhe/ By = eTp/my, (5)

where vy, is the hole velocity in the x direction, 75, the hole collision time and my, the hole effective
mass.

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

Ver = —HeFEr — WeeTeley (6)
Vey = —Helly + WeeTeVex (7)
Vhe = phBr + WenThUny (8)
Vhy = Py — WenThUpg, 9)

where we and w.y, are the cyclotron frequencies for electrons and holes respectively. Substituting
equation 6 in equation 7 for v., and equation 8 in equation 9 for vy, and then neglecting terms
containing (weee)? and (wenmh)?, we get

Vey = —feBy — weeTepteEy (10)
:U’hEy — Weh Thith By (11)

Uhy



Dividing equation 10 by equation 11, we get

Vey _ _,UeEy — WeeTelte By (12)
Vhy  MrEy — wenThpn By

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 _ _HeEy — WeeTelte (13)
n o ppEy — wenThpin By
Hence,
pﬂh(Ey - wchThE:c> = _nﬂe(Ey + wceTeE:v>- (14)
Then, collecting all F, and E, terms, we get
(plu'h + nﬂe)Ey = (p:uhwchTh - nuewceTe)Em- (15)
Then, using equations 4 and 5 as well as the following cyclotron frequency formulas
Wee = €B/me,  wep, = eB/me, (16)
we get
(piin + 1) By = (pByi — nByi2)E,. (17)
and ) )
& — pB:uh B nB/-‘Le (18)
Ey PHh + Nfle
Now, from the definition of the Hall coefficient
E
Ry = —%. 19
e (19)
Using the expression for j, from equation 3, this gives
E
Ry = Y : 20
(nepie + pepin) BEy (20)
Then, using the ratio E,/E, from equation 18, this gives
2 2
PHy — Nle
Ryp=—"""—""= 21
e(pun + npte)? &)
Then, dividing both numerator and denominator by u%, we get
p —nb?
Ry=——, 22
H e(p + nb)? (22)

where b = e/ pp.



Problem 4

Using the definition of group velocity

vzh—1<86§<+aey+ Oc ) (23)

Oky Ok, " Ok
Then, using the given expression for €, we get

hk. . hk, .  hk,
X+ —y+
my my my

‘_;:

7. (24)

Now using equation 8.6 of the textbook, and a magnetic field along the x axis (]:3; = Bx),

dk k k k k.B_. k,B
——e(x&—i-yy—i-zi)x(ch)——e( z y—yz>. (25)
dt my my my my my
So, in components,
dk
o 26
=, (26)
dky ek.B
My 27
n e (27)
dk, eky B
= ) 28
dt mye ( )
Taking the derivative of equation 27 and inserting in it dk./dt from equation 28, we get
d2k' 232
v 2 g (29)
dt? mymy
This gives
d’k
W;’ + w2k, =0, (30)
where B
e
= 31
“ = Gram) 2 oy
This is the cyclotron frequency, as solving equation 30 and then using equation 27 gives
ky = kocos(wet+ @), (32)
ke = (my/my)"?kosin(wet + o). (33)

The above equations show that the vector K rotates in an ellipse with the angular velocity w.



