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1. Kristallsgerd og edlismassi — Crystal structure and density (8)

Jarn (56 g/mol) mé finna beedi sem midjusetinn tening (bce) og sem
hlidarsetinn tening (fcc) og reedst af hitistigi hvor formgeroin kemur
fram. Vid gerum rad fyrir ad lita megi 4 atém sem hardar kualur af radia
R sem er hinn sami fyrir bada fasa og er pannig ad sérhver kila rétt

snertl naestu granna.

(a) Hvert er hlutfall edlismassa pessara tveggja fasa 7
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(b) I bee fasanum hefur jarn edlismassann 7900 kg m™. Hver er pa

grindarfastinn 7

[ron (56 g/mole) can be found under both body centered cubic (bcc)
and face centered cubic (fcc) depending on temperature. We will assume
each atom can be modeled as a hard sphere the radius R of which is the
same in both phases and is such that each sphere just touches its direct

neighbors.
(a) What is the ratio of densities between the two phases ?

(b) In its bee phase, iron has a mass density of 7900 kg m™ . What is

the conventional lattice constant ?

2. Barium titanate (24)

Barium titanate BaTiO3 hefur fasa med formgerd par sem Barium (Ba;
137 g mol™!) atém eru 4 hornum teningsins med titan atom (Ti; 48
g mol™!) { midjunni og strefnis atém (O; 16 g mol™!) 1 midju hverrar
hlidar teningsins. I pessum fasa er edlismassi barium titanite p = 6.02
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g cm™°. Rontgengeislum af bylgjulengd A\ = 0.154 nm er beint ad
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barium titanate ptudri i Debye-Scherrer tilraun. Avogadro talan er N =

6.02 x 10* mol ™,

(a) Lysio formgerdinni, segid hver grindin og grunnurinn eru og reiknid

grindarfastann.

(b) Reiknid Bragg hornin fyrir fyrstu fjora toppana sem fram koma i

Debye-Scherrer tilrauninni

(¢) Gerum réao fyrir ad formstudlar frumeinda séu fastar meo fz, = 7fo

og fri = 3fo, og finnid samband styrks milli fyrstu fjogurra toppanna.

Barium Titanate BaTiO3 has a phase with a structure in which the
Barium (Ba; 137 g mol™') atoms are at the corners of a cube with
a titanium (Ti; 48 g mol™!) atom at the center and oxygen (O; 16 g
mol~1) atoms at the center of each face of the cube. In this phase,
barium titanate has a mass density p = 6.02 g cm ™ . Barium titanate
powder is exposed to X-rays with a wavelength A\ = 0.154 nm in a
Debye-Scherrer experiment. The Avogadro number is N = 6.02 x 10%
mol 1,

(a) Describe the structure, specifying the lattice and basis and calculate

the lattice constant.

(b) Calculate the Bragg deflection angles for the first four peaks that

appear in the Debye-Scherrer experiment.

(c) Assuming the atomic form factors are constant with fg, = 7 fo and
fri = 3fo, establish the intensity relationship between the first four
peaks.



3. Debye hitastig — Debye temperature (18)

P hefur einnar atoma teningsgrind med grindarfasta @ = 3 A og

hljodhrada ¢, = 10° m/s.
(a) Hvert er Debye hitastigio, ©p 7 (Gefou tolugildi i gradum.)

(b) Segjum ad pu etlir ad gera tilraun med varmarymd grindarinnar &
bili sem er full skammtad (p. e. jafnvel hljooheettirnir eru “frystir ut”).
Teekin sem bu hefur geta farid nidur ad hitastigi fljotandi helins (4 K).
Hve liti0 parf synid ad vera ? Gefa skal svarid i fjolda atoma. Uppés-
tunga: Fyrir endanlegt syni eru leyfdir bylgjuvigrar strjalir. P ert ad
leita a0 minnsta, bylgjuvigri sem er ekki null, sem gefur leegsta drvada
orkustig kristallsins. Tengdu pessa orku vid varmaorku til ad leysa petta

deemi.

You have a monatomic cubic lattice of lattice spacing @ = 3 A and

sound velocity ¢; = 103 m/s.

(a) What is the Debye temperature, ©p ? (Provide a numerical value

in degrees.)

(b) Say you want to do a lattice heat-capacity experiment in the fully
quantum- mechanical regime (i. e. even the acoustic modes have “frozen
out”). Your apparatus is capable of reaching liquid-helium temperature
(4 K). How small does your sample have to be 7 Give the answer in
atoms. Hint: Recall that for a finite sample, the allowed wavevectors
are discrete. You are looking for the smallest, non-zero wavevector, as
this will give you the lowest energy excitation of the crystal. Relate this

energy to the thermal energy to solve the problem.



4. Kristallsmatti 1D grindar — Crystal potential in 1D lattice (9)

Gerum 1ad fyrir ad kristallsmeetti 1 einviori grind samanstandi af rét-
thyrndum brunnum umbhverfis atomin. Gerum rad fyrir ad dypt brun-

nanna sé¢ Vj og a0 breidd beirra sé a/5.

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

priggja orkugeilanna. Berid saman steerd pessara orkugeila.

(b) Reiknid orkugeilar fyrir tilfellin pegar Vy = 6 éV og a = 4 A.

Suppose that the crystal potential in a one-dimensional lattice is com-
posed of a series of rectangular wells which surround the atoms. Suppose

the depth of each well is V4 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 = 6 eV and a = 4 A.

5. Einstein og skammtafradi — Einstein and quantum theory (8)

Lysid hvernig Einstein notadi skammtafraedi til ad ttskyra laghitahegdun

varmarymdar { péttefni. Hafio svarid fleiri en fjorar setningar.

Describe how Einstein used quantum theory to explain the low-temperature
behavior of the specific heat in solids. Use more than four sentences in

your response.



6. Varmarymd d—vids einangrara — Specific heat of a d—dimensional

insulator (18)

Gerum rad fyrir d—vidum kristalli med tvistrunarsamband gefid sem
w = Ak* par sem A og \ eru fastar. Setjum N sem fjolda grindarpunkta
i syninu.

(a) Reiknid hneppishradann sem fall af k.

(b) Ef Debye hitastigio ©p er i réttu hlutfalli vio N* finnid pa « sem
fall af A og d.

(¢) Ef 4standspéttleiki hljodeinda D(w) er i réttu hlutfalli vid w” pa skal
finna £ sem fall af A og d.
(d) Ef ad varmarymdin C vid lag hitastig er 1 réttu hlutfalli vid 7 finnid

0 sem fall af X og d. R&edid nidurstodurnar fyrir linulegt tvistrunarsam-

band med d = 1, 2, and 3.

Consider a d—dimensional crystal with the dispersion relation given as
w = Ak* where A and \ are constants. Let N be the number of lattice

points in the sample.
(a) Calculate group velocity in terms of k.

(b) If the Debye temperature Op is proportional to N®. Calculate a in
terms of A and d.

(c) If the phonon density of states D(w) is proportional to w” calculate
£ in terms of A and d.

(d) If the heat capacity C at low temperatures is proportional to 7°.
Calculate ¢ in terms of A and d. Discuss your results for the particular

case of linear dispersion relation, with d =1, 2, and 3.



7. Two-dimensional triangular lattice — reciprocal lattice (9)

Y

\VAVA )
JAVA

(a) Merkid inn grunngrindareiningu i pessari tviviou prihyrningsgrind.

Finnid grunn vigrana.

(b) Finnid grunn vigra nykurgrindarinnar.

(a) Identify the primitive unit cell of a two-dimensional triangular lat-

tice. Find the basis vectors.

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

8. Stefnur i krist6llum — crystal directions (6)

Hve margar stefnur tilheyra (100) fjolskyldunni ?

How many directions belong to the (100) family ?



1 Fastar 2 Halfleidarar
—1.602x 107 C =Tt 136
¢= 200X T 8e2h?n?  n2
_ —34 —4 2
h=10546 x 107 Js B, — 117 (473 x1079)7°
(T + 636)
_ —-31
me = 9.1096 x 10 Js . Lso (54 % 1074)T2 CaA
= 1. — aAnS
& (T + 204)
Ny = 6.022 x 10**  sameindir/mol
\ h’
"= PE/dk?
kp =138 x107*J/K =8.62x 107> eV/K
1
f(E) =
T (E) 1+ exp (%)
€0 = 8.854 x 10 F/cm
Ec
6OX/EO =39 "= /oo f<E)N<E)dE
27m* 3/2
esi/eo = 11.9 N(E) = 7T< 3 > E'?
E—E
€ge/€0 = 16 f(E) = exp <— T F> ef £ — By > 3kT
By — E
E)~1— — f E—FEp < 3kT
€Gane/€0 = 13.1 J(E) ~ 1-exp ( KT ) eETE
Fyrir kisil vio stofuhita: - < E. — EF>
n ~ N.exp T

n; =9.65 x 107 cm™?
Fyrir GaAs vio stofuhita:

n; = 2.25 x 10° c¢cm™3

arm* kT \**
Ne =2 (T)

Eyp — EV>

~ N, —
= Noew (~

orm*kT\*?
=2 (T)



E
np = NNy exp <—ﬁ> = n?

Er — E;
v (575

N
B, — Bp — kTn (==
¥ H(ND)

N
Fe— E, = kTIn (—)
A

np = n?
Vid stofuhita fyrir kisil
N, =28x 10" em™

N, =1.04 x 10 cm™

Vio stofuhita fyrir GaAs
N, =4.7x 10" em™

N, =7x10"¥ cm™3

n-leidandi halfleidari

1
n =5 [Np — Na +1/(Np — Np)? + dn?
0g
n;
Pn = —
Tin

p-leidandi hélfleidari

1
pp:é NA—ND+\/(NA—ND)2+4’I’L12

3

0g

J = q(npn + ppp)€ = o€

R_pL_ L 1
- Wd Wdo

Vionam



