HOMEWORK SET 09
Theory of Condensed Matter
UFV/TKL1/99 lecture by Martin Gmitra
Winter Semester 2024, room: KNKTFA

[3 points] Consider three dimensional system of fully occupied valence free electron like band
and a free electron like band separated by the energy gap of .18 ¢V. Assume for the valence
electrons effective mass m;, = 0.4 mgand for the conduction electrons the mass

m. = 0.014mg, where my is the free electron mass. How much energy from a 0.5 eVphoton
is converted into free electron kinetic energy, and how much is converted into the free hole
energy?

[2 points] Prove that if a uniform electron gas is displaced by a small amount in one direction
relative to the uniform background of compensating posigive charge and then is allowed to

e n .
relax, it will oscillate with the plasma frequency, €2, = ——, where n = N/V is the electron
eqgm

gas density. The oscillation modes describing the response on the displacement are called
plasmons.

Figures below show dielectric function and band structure of fcc aluminium.

a) [2 points] Extract plasmon frequency and calculate the average radius r, of the sphere
corresponding to the average volume per electron and compare to the Wigner-Seitz radius
knowing the lattice constant 4.046 A.

b) [7 poinf] The bound-electron contribution at about 1.4 eV is related to the specific optical
transition around which high symmetry points?

ztguoll ooy (0% (hhk (000) [*%0) (100)
AT i~z
259N \\2{
L 4 IM~aW g Ki
A O Sl e, re.~%s b
- o s - == vy
?—0%/55 III'-h f,‘myk\" \\QE- L AFE E-...rls *,_/:Er 5 \\?
\ { % ATl 2R
]*Q;S\ \\ .'! '! OXQQE‘Pf_ﬁ/%Qg . \\ I\ K ..\
W \ar (2] / AG B [N MR
DY /"I. /f | I NN P
5= \k)‘ bl Iy | W \ S.\ i
-2~ y ANl NN
= VNN !y / YW, M S g
2 !y ! W KR
=40 & ! M AN
€ 10¢€, =) s / 22N
—60- 4 = I 5 \‘\ 5
| = / Er kg
80 Al =1 Q\\\o‘ Uk Si %
Ay
o ! | | 1 | 1 1 1 1 | I [ ANNH Fasy Ty
10 a6 8 10 12 14 16 18 20 22 2 e
Elev)
5
A
Ty
L T K X
. . . o . 1 z : i
[2 points] Using the following mathematical identity — = — 44l —s—= and
T —1m e +n rc+n
. T 1 .. n . .
lim ——— =P, lim | ———— | = 7d(z), find real and imaginary components of the
n—=0t T+ 7 T =0t \ T +7n
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