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Leyfileg hjalpargogn eru skriffeeri, vasareiknir og eintak af kennslubok(um) (ein eda
fleiri):

e Harald Ibach and Hans Liith, Solid-State Physics: An Introduction to Principles of
Materials Science, 4th ed., Springer-Verlag, 2009

Steven H. Simon, The Oxford Solid State Basics, Oxford University Press, 2013
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Neil W. Ashcroft and N. David Mermin, Solid State Physics, Brooks Cole, 1976

M. Ali Omar, Elementary Solid State Physics: Principles and Applications, Addison-
Wesley

en engar glosur eda daemi.



1. X-ray diffraction (13)

NaCl kristallast { hlidarsetna teningsgrind par sem grunnur Na og Cl eru adskilinn
med vegalengd sem er helmingur hornalinu teningsins. Atém tolur Na og CI eru 11

og 17.

(a) Akvarda hvada Réntgenspeglanir koma fram (merkt visum fyrir deemigerda ten-
ingsgrind).

(b) Af bessum hoépum hver hopurinn gefur sterkt merki og hver veikt 7

NaCl crystallizes in a face-centered cubic lattice with a basis of Na and Cl ions
seperated by half the body diagonal of the cube. The atomic numbers of Na and Cl
are 11 and 17, respectively.

(a) Determine which X-ray reflections will be observed (indexed for the conventional

cubic unit cell).

(b) Of these which group will be strong and which group weak 7

2. Diatomic chain (16)

Skooum sveifluhaetti 1 linulegri kedju par sem kraftstudlar milli naestu granna atéma
eru til skiptis C' og 10C. Gerum rad fyrir a0 massar atéma séu peir sému, og ad
fjarleegd milli neestu granna sé a/2. Finna skal w(K) vid K = 0 og K = 7/a. Rissid

tvistrunarsambandid. Petta deemi likir eftir tviatéma sameind eins og Hs.

Consider the normal modes of a linear chain in which the force constants between the
nearest-neighbor atoms are alternately C' and 10C. Let the masses be equal, and let
the nearest-neighbor separation be a/2. Find w(K) at K = 0 and K = 7/a. Sketch
the dispersion relation. This problem simulates a crystal of diatomic molecules like
H,.



3. Conduction mechanism of a solid (18)

Myndin hér ad nedan synir edlisvidnam béttefnis sem fall af hitastigi (ErRhB, 6hreint,

en ekki viljandi skemmt).

(a) Utfra grafinu segid hvort péttefnid er malmur eda einangrari.

(b) Lysido megin ferlunum sem styra leininni & eftirfarandi hitastigsbilum:
(1) T' mjog neerri 0 K
(2) T neerri 25 K
(3) T neerri 300 K

(c) Aztlid medal frjalsa vegalengd og medal frjalsan tima vid T = 0 K og T = 300
K. Er petta godur malmur ?

Nota ma4 eftrifarandi gildi: n = 10 cm™ og vp = 10® cm/s.

The figure below shows a rough plot of the electrical resistance of a solid (ErRhBy

impure, but not purposely damaged).
(a) From the graph, is this material a metal or an insulator ?

(b) Describe the principal physical processes that account for the following three

temperature regions:
(1) T very near 0 K
(2) T near 25 K
(3) T near 300 K

(c) Estimate the mean free path and mean free time at 7' = 0 K and 7" = 300 K. Is

the material a good metal ?

Useful parameters: n = 103 cm™3 og vp = 10% cm/s.
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4. Crystal potential in 1D lattice (15)

Gerum ra0 fyrir ad kristallsmeetti { einviori grind samanstandi af rétthyrndum brun-
num umhverfis atémin. Gerum rad fyrir ad dypt brunnanna sé Vj og ad breidd beirra

sé a/b.

(a) Beita skal nanast frjalsa rafeinda likanio til ad reikna steerd fyrstu priggja orkugeilanna.

Berid saman steerd pessara orkugeila.

(b) Reiknid orkugeilar fyrir tilfellin begar Vo =5 eV og a = 4 A.

Suppose that the crystal potential in a one-dimensional lattice is composed of a series
of rectangular wells which surround the atom. Suppose the depth of each well is

and its width a/5.

(a) Using the near free electron model, calculate the values of the first three energy

gaps. Compare the magnitudes of these gaps.

(b) Evaluate these gaps for the case in which Vy =5 ¢V and a = 4 A.

5. Conductivity of a metal (12)

Notid jofnuna

dp p
T Y O
dt T ¢

fyrir skriopunga rafeinda til ad finna AC leidni malms. Svar pitt skal vera & forminu

o(w,n,e, 7).

Use the equation

dp p
T Y O
dt T ¢

for the electron momentum to find the AC conductivity of a metal. Your answer

should be of the form o(w,n,e, 7).



6. Two-dimensional triangular lattice — reciprocal lattice (10)

Y
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(a) Merkid inn grunngrindareiningu { pessari tvividu prihyrningsgrind. Finnid grunn
vigranna.

(b) Finnid grunn vigra nykurgrindarinnar.

(a) Identify the primitive unit cell of a two-dimensional triangular lattice. Find the

basis vectors.

(b) Construct the basis vectors of the reciprocal unit cell.



7. Intrinsic semiconductor (16)

Gerum rad fyrir eiginleidandi halfleidara. Latum & vera orku rafeindar. Latum
gc(&) vera astandspéttleika i leidnibordanum, og gy (&) vera astandspéttleika i gild-
isbordanum. Gerum rad fyrir ad E¢ — Ep > kT, Er — Ev > kT, og

9c(E) = C1(E — E)VV?
gv(€&) = Ca(Ev — 5)1/2
ar sem Ec tdknar orku vid lagmark leidniborda og &y orku vid hamark gildisborda.
b Eq tak ku vid 14 k leidnibord & ku vid h4 k gildisbord
Fermi orkan er &.

(a) Finna skal jofnu fyrir n, rafeindapéttleika i leidnibordanum, sem fall af kg, T', C1,

Ec, & og einingarlausu dkvednu tegri.

(b) Finna skal jofnu fyrir p, holupéttleika i gildisbordanum, sem fall af kg, T', Cs, Ev,

&r og einingarlausu akvednu tegri.
(¢) Finna nékveema jofnu fyrir Ex(T).

(d) Hver eda engin, af nidurstodunum i (a), (b) eda (c) gildir ef halfleidarinn er

fbaettur med rafgjafa atomum ? Utskyrid.

E
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gc{E]
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EV'—\V{E]
>
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Consider an intrinsic semiconductor. Let £ be the energy of an electron. Let gc(E)
be the densty of states in the conduction band, and gy (£) be the density of states in
the valence band. Assume ¢ — & > kT, & — Ev > kT, and

go(E) = CL(E — E)Y?
gv(E) = Cy(Ev — E)VV?

6



where E¢ represents the energy of the bottom of the conduction band and &y the

top of the valence band. The Fermi energy is &r.

(a) Find an expression for n, the number of electrons in the conduction band, in

terms of kg, T', C1, Ec, &k and a dimensionless definite integral.

(b) Find an expression for p, the number of holes in the valence band, in terms of

kg, T, Cy, Ev, &k and a dimensionless definite integral.
(c) Find an explicit expression for Ex(T).

(d) Which, if any, of the results of (a), (b) or (c) remain true if the material is doped

with donor atoms 7 Explain.



1 Fastar

g=1602x107* C

B =1.0546 x 1073* Js

me = 9.1096 x 10731 Js

Nay = 6.022 x 10*®  sameindir /mol

kg =138 x 107#J/K=8.62x 107> eV/K

€0 =8.854 x 1071 F/cm

€ox/€0 = 3.9
631/60 =119
€Ge/€0 = 16

€GaAs/€0 = 13.1
Fyrir kisil vid stofuhita:
n; =9.65 x 10° cm™3
Fyrir GaAs vid stofuhita:

ni=2.25x10° cm™3
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np = n?
Vid stofuhita fyrir kisil
N.=28x 10" c¢cm™®

N, =1.04 x 10 e¢m™3

Vid stofuhita fyrir GaAs
N, =4.7% 10" cm™3

N, =7x10"® e¢cm™3

n-leidandi héalfleidari
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