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1. Rontgen bylgjubeygja — X-ray diffraction (12)

Pélon er eina frumefnid sem kristallast i einfaldan tening. I bognunartilraun med
Rontgengeislum af bylgjulengd 0.1789 nm, beygir fyrstu gradu toppur, sem tengdur
er (110) kristallaplaninu, um hornid 44.51°.

(a) Hver er grindarfasti polons 7

(b) Undir hvada horni veentir bt pess ad finna fyrstu gradu topp sem svarar til (111)
plansins ?
(c¢) Undir hvada horni veentir bt bess ad finna annarar gradu topp sem svarar til

(111) plansins ?

(d) T bognunartilraun med rafeindum er 200 keV rafeindageisli notadur til ad skoda

bunna polon hud. Reikna hornid sem toppur fra (110) planinu kemur undir.

Polonium is the only element that crystallises in a simple cubic structure. In a
diffraction experiment using X-rays of wavelength 0.1789 nm, a first order diffraction

peak associated with the (110) crystal plane is deflected through an angle of 44.51°.
(a) What is the lattice constant of polonium 7

(b) At what angle would you expect to find the first order peak corresponding to the
(111) plane 7

(c¢) At what angle would you expect to find the second order peak corresponding to

the (111) plane 7

(d) In an electron diffraction experiment, an electron beam with an energy of 200
keV is used to probe a thin foil of polonium. Calculate the angle through which the
(110) diffraction peak is deflected.



2. Rontgen bylgjubognun — X-ray diffraction (9)
Crindarfasti (lengd tenings) einsatoma bec kristalls er a = 4.28 A. Reikna skal byl-
gjubognunarhorn 26 fyrstu fjdgurra toppa (peirra fjogurra bylgjubognunartoppa sem
hafa leegstu 20 gildi) fyrir duft syni, pegar beitt er einlitri Rontgen geislun med byl-
gjulengd A = 1.5 A. (duft syni pydir ad allar kristallastefnur eru mogulegar i syninu.)

The lattice constant (length of the conventional cubic cell) of a monatomic bee crystal
is a = 4.28 A. Calculate the diffraction angles 26 of the first four diffraction peaks
(the four diffraction peaks with the lowest 260 values) from its powder specimen, using
monochromatic X-ray with a wavelength A\ = 1.5 A (Hint: powder specimen implies

that all crystal orientations are possible in the specimen.)

3. Likan Einstein fyrir edlisvarma — Einstein’s model for specific heat (12)

Likan Einstein fyrir péttefni gefur jofnu fyrir edlisvarma

B 0\ exp(0g/T)
Co = 3ok <?> (xp {6/ T) — 17

bar sem 0 = hvg/k. Studullinn fg er nefndur hid einkennandi hitastig. Syna skal

(a) ad fyrir ha hitastig feest 16gméal Dulong-Petit.

b) ad fyrir mjoe lag hitastig faest ekki 723 16gmalid.
( yrir mjog lag g g

Einstein’s model of solids gives the expression for the specific heat

C, = 3Nok (9_13)2 ( exp(6i/T)

T exp(fg/T) — 1)2
where g = hvg/k. The factor 0 is called the characteristic temperature. Show that
(a) at high temperatures Dulong-Petit law is reproduced.

(b) at very low temperatures the T° law is not given.



4. Periodic potential (12)

Gerum rad fyrir einviou rafeindakerfi sem hlitir veiku lotubundnu meetti
T 3
o=t ()
(x) o |cos” { — 3
Akvradid margfeldni punktana vid k = +m/a og k = +27/a. Finnid og teiknid
tvistrunarsambandid i fyrsta Brillouin svaedinu. Teiknid orkuna { einingunni 2*72 /2ma?,

bylgjuvigur i einingunni 1/a, og gerid rad fyrir ad Uy = 0.1 { pessum einingum.

Consider a one dimensional electron system subject to a weak periodic potential
T 3
U(z) =U [COS4 (—) — —}

(z) 0 a 8
Determine the degeneracy points at k = +7/a and k = £27/a. Find and plot the
dispersions of energy bands in the first Brillouin zone. Plot the energies in units of
h*7?/2ma®, the wave numbers in units of 1/a, and assume that Uy = 0.1 in these

units.



5. Grafin bognunarhattur — Graphene bending mode (14)

Til viobotar vio hina venjulegu hljoo- og ljosheetti, pa er 1 fristandandi grafin pynnu
lika bognunarhattur. Petta er pversum hattur med tvistrun w(q) = aqg?, par sem a
= fasti. Gera skal rad fyrir ad tvistrunarlogmalio gildi fyrir 0 < ¢ < ¢gp. Finna skal

framlag pessa bognunarhattar til edlisvarmans i tveimur jadar tilfellum:
(a) kBT > th
(b) kgT < hwp

bar sem wp = w(gp).

In addition to the usual acoustic and optical modes, a free-standing membrane of
graphene supports a bending mode. This is a transverse mode with dispersion w(q) =
aq®, where a = const. Assume that this dispersion law holds for 0 < ¢ < ¢p. Find

the contribution of the bending mode to the specific heat in two limiting cases:
(a) kBT > th
(b) k?BT ¢ th

where wp = w(qp).

6. Miller visir — Miller index (5)

Hver er Miller visir plansins & myndinni ?

What is the Miller index for the plane in the figure ?
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7. Hlidarsetinn teningur og bylgjubognun — Face centered cubic and diffrac-
tion (18)
(a) Med hjalp teikningar, synid hvernig atémum er pakkad { hlidarsetna teningsgrind.
Synid pétt pokkudu plonin og Miller visa peirra.
(b) Grindarfasti einingargrindar midjusetins kopar er 0.36 nm. Reikna skal lengstu

bylgjulengd Réntgengeisla sem framkallar bylgjubognun fra pétt pékkudu plonunum.

(c) Innkomandi Réntgengeisli er gefinn med 3.49 x 10'°(2i —j+2k) m™! og er beint 4
koparsynid. Rita tilsvarandi bylgjuvgur fyrir ttgangandi geisla, sem kemur fra pétt
pakkada planinu i 1id (a).

(d) Hver er radii koparatoms 7 Gerid grein fyrir 6llum nalgunum sem notadar eru.

(e) Utskyrid hvers vegna ekki kemur fram bylgjubognun fra Réntgengeisla sem hefur
bylgjulengd 0.6 nm.

(f) Myndurdu veenta bess ad sja bylgjubognun fra NaCl (grindarfasti einingargrindar
er 0.56 nm) med Rontgengeisla af bylgjulengd 0.8 nm ? Réttlettu svar pitt.

(a) With the aid of a diagram, show how atoms are packed on a face-centered cubic

lattice. Identify the close-packed planes and their Miller indices.

(b) The unit cell dimensions of face-centered cubic copper is 0.36 nm. Calculate the
longest wavelength of X-rays that will produce diffraction from the closed-packed
planes.

(c) An incoming X-ray beam given by 3.49 x 10'°(2i — j + 2k) m~? is incident on
a copper sample. Write down the corresponding wavevector for an outgoing beam,
diffracted by the close-packed plabe from part (a).

(d) Stating any assumptions that you use, what is the radius of a copper atom ?

(e) Explain why there is no diffraction from X-rays of 0.6 nm.

(f) Would you expect to see diffraction from NaCl (unit cell lattice constant 0.56

nm) using X-rays of wavelength 0.8 nm ? Justify your answer.



8. Eiginleidandi kisill — Intrinsic silicon (9)
Steerd orkugeilar kisils er had hitastigi samkvaemt
T2
T + 636
Finna skal péttleika rafeinda i leidniborda eiginleidandi (6ibaettum) kisli vio T = 77
K ef vid 300 K n; = 1.05 x 10'° ¢cm™3.

E,=117eV —4.73 x 10~*

The band gap of Si depends on the temperature as

T2

E, =1.17e¢V —4.73 x 1074 .
8 e T 636

Find a concentration of electrons in the conduction band of intrinsic (undoped) Si
at T =77 K if at 300 K n; = 1.05 x 10 cm 3.

9. Snertimeaetti p-n-skeyta — Built-in potential for a p-n-junction (9)

Finna skal snertimaetti fyrir kisil p-n skeyti vio stofuhita ef boledlisvionam kisils er 1
Q cm. Hreyfanleiki rafeinda 1 kisili er 1400 cm?/Vs; u,/pp, = 3.1; og ny = 1.05 x 101
cm 3.

Find the built-in potential for a p-n Si junction at room temperature if the bulk
resistivity of Siis 1 Q cm. Electron mobility in Si at RT is 1400 cm? /Vs; py/p1p = 3.1;

and n; = 1.05 x 10'% cm™3.



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

1
Nnn = 5 |:NDNA+\/(NDNA)2+4TL?:|
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