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1. X-ray diffraction (8)
Gefid er ad kopar skotmark geisli fra sér rontgenlinu af bylgjulengd A = 1.54 A.

(a) Ef gefid er ad Bragg hornid fyrir speglun fra (111) planinu i Al er 19.2°, ba skal reikna fjarleegdina

4 milli pessara plana. Al er fcc.

(b) Pekkt er ad edlismassi 4ls sé 2.7 g/cm? og atémmassi 27.0. Avogadro talan er Ny = 6.0222 x 1023

mole~!. Finna skal grindarfasta &ls.

A Cu target emits an X-ray line of wavelength A = 1.54 A.

(a) Given the Bragg angle for reflection from the (111) planes in Al is 19.2°, compute the interplanar

distance for these planes. Recall the aluminum has an fcc structure.

(b) Knowing that the density and atomic weight of Al are, respectively, 2.7 g/cm?® and 27.0, and
the value of the Avogadro’s number is Ny = 6.0222 x 1023 mole~!. Calculate the lattice constant

for Al



2. Structure determination (16)

Tilraunamenn hafa myndad ofurleidara sem vinnur vid stofuhita, og pa heldur ad striukturinn sé
einfaldur teningur med grindarfasta 6.0 A. Tilraunamennirnir hafa Debye-Scherrer réntgenmyndavél

sem notar duftsyni med 1.5 A rontgengeisla. Reikna skal hornstédur ¢ fyrstu 3 tvistrunarhringjanna.
(a) Dragid upp mynd sem lysir tvistrunarsambandinu sem tengir G (nykurgrindarvigurinn), k
(bylgjuvigur innkomandi rontgengeisla), og k' (bylgjuvigur eftir tvistrun réntgengeislans).

(b) Nota skal myndina 1 1id (a) til ad leida at sambandid 4 milli |G|, |k|, og dreifingarhornsins .
(¢) Rita jofnu fyrir |G|.

(

d) Nota skal nidurstédurnar tr lidum (a) - (c) til ad reikna hornstédur ¢ priggja fyrstu tvistrunarhring-

janna. Nidurstadan & ad vera toluleg, en lattu 6ll floknari f61l, hornafoll, kvadratraetur o.s.frv. standa.

Experimentalists have created a room-temperature superconductor, and you (a theorist) think its
structure is simple cubic with a 6.0 A lattice constant. The experimentalists have a powder Debye-
Scherrer camera with a 1.5 A X-ray source. Calculate the angular positions  of the first 3 diffraction
rings.

(a) Draw a picture that illustrates the diffraction condition relating G (a reciprocal lattice vector),

)
k (the wave vector of the incident X-ray), and k’ (the wave vector of the scattered X-ray).
(b) Use the picture in part (a) to derive a relationship between |G|, |k|, and the scattering angle ¢.
(c) Write a symbolic expression for |G|.

(d) Use the results of parts (a)-(c) to calculate the angular positions ¢ of the first 3 diffraction
rings. Your answer should be numeric, but please leave any non-trivial trigonometric functions,

square roots, etc. unevaluated.



3. Debye temperature (18)
Pt hefur einnar atéma teningsgrind med grindarfasta a = 3 A og hljodhrada ¢ = 103 m/s.
(a) Hvert er Debye hitastigid, © 7 (Gefdu t6lugildi { gradum.)

(b) Segjum ad b @etlir ad gera tilraun med varmarymd grindarinnar & bili sem er full skammtad
(b. e. jafnvel hlj6dheettirnir eru “frystir ut”). Teekin sem bu hefur geta farid nidur ad hitastigi
fljotandi helins (4 K). Hve litid barf synid ad vera ? Gefa skal svarid { fjolda atoma. Uppastunga:
Fyrir endanlegt syni eru leyfdir bylgjuvigrar strjilir. P ert ad leita ad minnsta, bylgjuvigri sem
er ekki nall, sem gefur leegsta érvada orkustig kristallsins. Tengdu pessa orku vid varmaorku til ad

leysa petta deemi.

You have a monatomic cubic lattice of lattice spacing a = 3 A and sound velocity ¢ = 10% m/s.
(a) What is the Debye temperature, © ? (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 (4K). How small does your sample have to be ? 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. Drude model frequency dependence (8)
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fyrir rekhrada rafeindar vp til ad syna ad leidnin vid horntidnina w er

1+ jwr
1+ (wr)?

Nota skal jofnuna

o) = o(0)

bar sem o (0) = ne?r/m.

Use the equation
dUD UD
i I
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for the electron drift velocity vp to show that the conductivity at frequency w is

1+jw7)

o(w) =0(0) (m

where 0(0) = ne?r/m.



5. Debye frequency (12)

Einatéma, tenings grind med grindarfasta a. Hljodhradinn fyrir langsum og pversum hljodeindir er
nénast sa sami, ct = ¢, = ¢, og einsleitur, og haesta tidni hljodeinda er w*. Hver er Debye tionin ?

Er han hao w* ?

A monatomic, cubic material has lattice spacing of a. The sound velocity for longitudinal and
transverse phonons is approximately equal, ct = ¢, = ¢, is isotropic, and the highest phonon

frequency is w*. What is the Debye frequency ? Does it depend on w* ?



6. Dispersion in graphene (14)

r K/4 K72 3K/4 K

Myndin til vinstri hér ad ofan synir fyrsta Brillion svaedid i grafit plani. Myndin til heegri synir
reikninga (og meelingar) & tvistrun hljodeinda milli punktanna I' og K & fyrsta Brillion sveedinu.
Gerum rad fyrir grafit pynnu — 2D, en sum atém geta hreyfst i 3D. Par sem pad eru 2 atém i grunni
(honeycomb structure), gerum vid almennt rad fyrir sex hattum: AL (hljodgrein langsum), ATo
(hljodgrein pversum 1t ur plani), ATi (hljédgrein bversum { plani), OL (ljosgrein langsum), OTo
(ljosgrein pversum ut ar plani), og OTi (ljosgrein bversum i plani).

(a) Teiknid grindarplan grafits, og synid beer stefnur sem svara til hinna briggja gerda hatta. Ekki

hafa dhyggjur af grunninum hér.

(b) Hver hljodgreinanna hefur leegsta hljodhradann ?
(c) Hver hljodgreinanna hefur haesta hljodhradann ?
(d) Hver ljosgreinanna hefur leegstu orku neerri k =0 7
(

e) Hvada margfeldni er veenst 7 Merkid alla sex haettina & myndina til heegri hér ad ofan. tskyrid

hvernig pu veist petta.

The figure above left shows the first Brillouin zone in a graphite plane. The figure above right
shows some calculations (and data) for the phonon dispersion relation between the points ' and
K in the first Brillouin zone. Consider a graphite sheet—a 2D object, but the atoms are allowed to
move in 3D. Because there are 2 atoms in the basis (honeycomb structure), we expect six modes
in general: AL (acoustic longitudinal), ATo (acoustic transverse out-of plane), ATi (acoustic trans-
verse in-plane), OL(optical longitudinal), OTo (optical transverse out-of-plane), and OTi (optical

transverse in-plane).

(a) Draw a graphite lattice plane, and indicate directions corresponding to the three types of modes.

Don’t worry about the basis for this part.
(b) Which acoustic mode will have the lowest speed of sound ?

(¢) Which acoustic mode will have the highest speed of sound ?



(d) Which optical mode will have the lowest energy near k =0 ?

(e) What degeneracies do you expect ? Label all six modes on the above right figure. Explain how

you know all this.



7. Structure factor of diamond (14)

Kristallastriktur demants er vel pekktur. Grunnurinn samanstendur af atta atémum ef grindareiningin

er tekin sem venjulegur teningur.
(a) Finna skal formstudul grunnsins S.

(b) Finna skal null formstudullsins S og synid ad leyfdar speglanir demants uppfylla v1 +va+vs = 4n,

begar allir visar eru jafnir og n er einhver heil tala eda allir visar eru oddatélur.

The crystal structure of diamond is well known. The basis consists of eight atoms if the cell is taken

as the conventional cube.
(a) Find the structure factor S of this basis.

(b) Find the zeros of S and show that the allowed reflections of the diamond structure satisfy

v1 4+ v2 + v = 4n, where all indices are even and n is any integer, or else all indices are odd.



8. Fermi level adjustment in silicon (10)

Kisilsyni vid 300 K er ibeett med rafpega ibot af péttleika Nao = 3 x 10 cm—3. Akvarda ibotarpét-
tleika rafgjafa ibotar sem baeta verdur vid pannig ad kisillinn verdu n—Ileidandi og Fermi orkustigid
sé 0.15 eV nedan vid leidnibordabriun.

A silicon sample at 300 K contains an acceptor impurity concentartion of Nao = 3 x 10 cm™3.
Determine the concentration of donor impurity atoms that must be added so that the silicon is
n—type and the Fermi level is 0.15 eV below the conduction band edge. Virkur astandspéttleiki
leidniborda kisils er N¢ = 2.86 x 1012 cm™3.



