CHAPTER 8
m* 1 4
la. E, =13.60 eVx—x—==6.3x10"eV
m €
b. r:aerxﬂ=6x10‘ecm
m*

c. Overlap will be significant at a concentration

1

47 3
3 I

N = ~10"atoms cm™

2a. From Eq. (53), N = (nONd)Me_Ed/2kEsT , in an approximation not too good for the present example.

- 3/2
nosz(m kBTj ~4x108 em™;

2rh?
E, =1.45: e'* =0.23.
2k, T
n=0.46x10" electrons cm™.
b. R, —— 1 13410™ CGS units
nec

3. The electron contribution to the transverse current is

. B
Jy(e>=neue(“eC Ex+Eyj;

for the holes j, (h) =nep, [_M”B E, + Eyj .
c

Here we have used

u,B

B
O Te = E<for electrons; O Ty = for holes.
C
The total transverse (y-direction) current is
0=(nep,’ - pew,’)(BIO)E, +(new, +pen,)E,,  (¥)

and to the same order the total current in the x-direction is
J, = (pep, +nep,)E, .

Because (*) gives
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2 2
Ey=EXBM-1
th‘H]He c

we have for the Hall constant

— Ey :i' thz_”Hez )
ij ec (th +nl"le)2

H

4. The velocity components are V, = Wk, /m,; v, =Wk /m,; v, =k, /m, . The equation of motion
in k space is Wdk/dt=—(e/c)vxB. Let B lie parallel to the k, axis; then
dk, /dt=0; dk, /dt =-ok,; ®, =eB/mc; dk,/dt=wk, ; o, =eB/mc. We differentiate
with respect to time to obtain dzky /dt? = —o, dk, /dt; on substitution for dk./dt we have

dzky /dt? + o,0,K, =0, the equation of motion of a simple harmonic oscillator of natural frequency
o, = (0,0,)"* =eB/(m,m,)"’c.

5. Define Q,=eBrt,/m.; Q,=eBt,/m,c. In the strong field limit Q>>1 the
magnetoconductivity tensor (6.64) reduces to

, Q;Z _Q;l O , ;2 El 0

- ne Te Qe_l Qe_z O n pe Th _le ;2 0
m m,

0 0 1

2 Q

10 0 1

We can write nec Q./B for nezre/me and pec Qu/B for pe21:h /'m,,. The strong field limit for oy,
follows directly. The Hall field is obtained when we set

i —0=5CIm- L
Jy_O_H{(n p)EX+[Qe+thEy]

The current density in the x direction is

Cecl(n o) oo
‘X‘BKQJLQJEX o p)Ey}’

using the Hall field for the standard geometry, we have

jx :E [l+£j+ﬂ Ex .
HILQ. Q (Mp]
Q. Q
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