Solutions to problem set 10 (141A Sp07) 1

1. (ISSP 8.1).
(a) ISSP, page 210, equation (51):

13.6 13.6
E; = =221,y = 2200 01501 = 6.3 x 10~%eV
e m 182

(b) ISSP, page 210, equation (52):

_053xe; (05318, .
= T Too1s 4T 0%64A

(c) The wavefunctions of the impurity electrons need to overlap if they are to form a band:
then the density needs to be at least one electron per (636A)%, ie

=1.6x10"m™3

n= -
(636A)3
2. (ISSP 8.2).

(a) ISSP, page 213, equation (53),
Eg/(2ksT)

n = \nynge
with
3/2
=3.9%10Ym™2 = 3.9x103cm =3

o (mkeT 2 5 (©001)(9.1 X 10-1)(1.38 x 1024
0" N2z T 27(1.05 X 10-34)2

and so /oy = V3.9 x 1026 = 1.97 x 1083cm 3.

Also, since 4K corresponds to 0.345 x 1073V, we have
1 = (1.97 x 1083cm=3)e1/034) = 4 6 x 102cm ™3

(b) In SI units,
1
R =1 = = 13 3 C
=i = M6 x 10y~ o

3. (ISSP 8.3).

Recall that
jx =ouEx + nyEy jy = nyEx + GWEy

Since the transverse current must be zero, E, = —oyyEy / Oy and so

. OxxOyy
jx = (axy - E,
Oyx

giving
RH = E = 1 = O-yx
jxB B (ny _ Gxxgw) B(Oxyoyx - Uxxayy)

Oyx
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Note that 0,, and 0, are of order B, and so 0,0y, is of order B? and can be ignored. Therefore

_ow/B

OxxOyy

H =

In the presence of two carriers, and ignoring terms of order B?, ISSP page 159 equation 64

gives
Jx O, —oewit, 0O oy, ahw’:’(h 0 E,
Jy |=1|] cewite O, 0 |+ —ahw’c'l’[h o 0 E,
jz 0 0 Oe 0 0 oy E,

The second term comes from the hole carriers. Its derivation is identical to that of electrons,
but with 7, replaced by 7, m, replaced by m;, and —e replaced by e. Since the cyclotron
frequency is always defined to be positive, this gives the above expression. The conductivity
matrix is given by the matrix sum enclosed by the square brackets in the previous equation.

Then
Ror = (0eait, — ohwi’rh)/B B ne*t2e/(mc) — pe%ie/(mﬁc)
H=— - _
(Ge + Oh)2 (nez'fe/me + PEZTh/mh)Z
63’[% mic 72
W - Tﬁm?c
B 21y, 2 my, et, 2
(F) (p+ 2 50m)
1 p-—nb?
~ec (p+ nb)?
where
_ ete/me _ He
etn/my Uy
4. (a)

<

1 [3 3 3
s = in px(0,¢) = E% py(e, }) = 4 , iy p=(0,0) = lﬂi

Imagine an observer sitting at the point (1, 1, 1). Looking towards the origin, the observer
sees (proceeding clockwise) the x, then z, then y axes, each separated by 120°.

The action of a rotation on a function is given by (Rf)(7) = f(R™'#). Therefore, a clockwise
rotation by 71/3, which takes the x-axis to the z-axis, takes p, into p,. It also takes p, into
pz, and p, into p,. Therefore

1 1
¢2:§(S_px_py+pz)_> E(S_Py_Pz""Px):QbS

Similarly for ¢3 and 4.
(b) Consider |¢1|*(7):
1
RGE -(1+3m 7>
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(c)

(d)

where 7; = (1/V3)(1,1,1). Clearly |¢;[*(7) is a maximum when 7 points along 717, and
a minimum when 7 points opposite to fi;. Identical forms hold for |¢p34/*(F) with
fiz = (1/V3)(-1,-1,1), i3 = (1/ V3)(1,—1,-1), and f1y = (1/ V3)(-1,1,-1).

Therefore the function |¢j[*(7) has a maximum along 7;. Since the 7; point along the four
directions of the tetrahedron, so do the functions |¢ jlz(f).

Since each of the s and p wavefunctions are mutually orthogonal and normalised to 1,

then
f Pripi? = 31( f Prlsl> + f Prip > + f Prip, > + f d3r|pz|2): }1(4): 1

Therefore ¢; is normalised to 1; similarly for ¢, 3 4.

Note that s, py, py, and p, can be constructed from the ¢; by inverting the linear trans-
formation given:

s 172 1/2 12 1/2 \( ¢
pe | 1 172 <172 172 <12 || ¢
py |71 12 <12 <172 172 || ¢s
P, 172 12 -172 -1/2 )\ ¢4

The angle between any two is given by 0;; = cos ' (#; - 71;). Therefore

012 = cos H((1/3)(=1 =1+ 1)) = cos 1(=1/3) =~ 109°

The same result follows for any choice of i, j = 1,2,3,4 as long as i # j.



