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Closed book and closed notes. Put your name on each answer sheet and write on one side only.
Remember to show all your work; correct final answers are not enough. Formulas are on the last
page.
(24 points)
1. Consider the following equation of motion of an electron in an ac field;
dZx(t) m dx(®)
m ae + T dt
a. Solve this equation for the case of w << 1/t (equivalent to wt << 1) to derive the low
frequency dielectric function «(w). (Hint: once you have solved for the electron motion,
use the polarization density to get you to €. Then use the fact that w is small to simplify.)

b. What is the phase of the polarization relative to €(t) in this frequency range? State if the
polarization is leading or lagging.
c¢. What is the phase of the electron current relative to £(t) in this frequency range? State if

the current is leading or lagging.
d. Is the material absorptive in this frequency range7 Explain physically
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(14 points)

An n-type semiconductor is illuminated with 30 pm infrared light. For what dopant
concentrations will the semiconductor be transmissive (non-reflecting)? Assume that all the
dopants are activated, i.e., the electron concentration is equal to the dopant concentration,

that er =7, and that the effectlve mass m* = 0.2 m,,.
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In an amorphous semiconductor there is no k-space, and hence all valence band to

conduction band transitions are allowed without the need for phonon emission or absorption.

a. Find an expression which is proportional to the joint density of states as a function of
photon energy 7%w for optical transitions in an amorphous semiconductor. This .
semiconductor has a bandgap E o conduction band density of states, g (E) « (E — Eg)l/ 2,

and a valence band density of states g, (E) « |E|!/2, where E = 0 at the top of the valence

band. Set up and simplify the integral completely, but do not solve it.

b. Would you expect the absorption coefficient a for amorphous semiconductor to be
greater or less than that for crystalline semiconductors having an indirect gap? Why?
Assume that 7w > E, in both cases.

c. Would you expect the absorption coefficient o for amorphous semiconductor to be
greater or less than that for crystalline semiconductors having a direct gap? Why?
Again, assume that ha) > Eg4 in both cases.
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4. Derive the density of states in the x-y plane of a two-dimensional quantum well, g2d
starting with the density of states in the x-y plane per unit k-area:

g24(ky,) = 2 (1/2m)2
You may use the fact that

2
= 2m (kxy2 +k22 ).
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5. What types of electromagnetic waves are supported in a region that is free of external
charge? Describe two poss1b111t1es
-
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6. What assumptions are made in deriving Fermi’s Golden Rule?
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7. Explain qualitatively why the reflectivity of NaCl in the middle of the restrahlen band is
observed to decrease from 98% at 100 K to 90% at 300 K.
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8. T X detisity of zero-point energy electromagnetic modes in vacuum is proportional to @”.
Why is that significant? (There are several possible answers.)
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FORMULAS

V +» D = p =0 (in absence of external charge)

VeB=0 J=0¢
VXSZ—% €=¢gjexpi(ker—ot)
2
vxH=-2 ] w,?=—2
ot €,y M
2 2,2
V:VxA=0 e PO
2 w,
VxVxeg=V (V) Ve eg =8.85x 10712 F/m
D=ceg e=1.6x1019C
2608+P
¢=3.00x 108 m/s
P=yx¢
m,=9.1 x 1031 kg
P =—nex(t)
e(w) = () +1iex(w) =1+ y(w) A(um) =124/ hw (eV)

T = sin2 2Q sin2 ndAn
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