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1. Ge kristallur — Ge crystal (10)

Ge has the same crystal structure (diamond) as Si, with a lattice constant of a = 5.64
A. Find the atomic density (atoms/cm?®) and the spacing between nearest-neighbor

atoms in Ge.

Ge hefur somu kristallsgerd (demant) og Si, med grindarfasta a = 5.64 A. Finna

skal atompéttleika (atoms/cm?) og fjaraegd 4 milli nsestu granna atéma i Ge.
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2. M=ttisorka tengja — Potential energy of bonds (40)

Tengi milli tveggja atéoma i péttefni hafa meettisorku E, sem fall af fjarlaegd r er

s -o[-(2)'+ (@)

par sem C' = 1.0 x 107% J /tengi og a = 0.38 nm.

gefin med jofnunni

The bonds between two atoms in a solid have a potential energy F, versus distance

T curve given by the equation

where C'= 1.0 x 107%° J/bond and a = 0.38 nm.

(a) Teiknid addrattar og frahrindi lidi meettisorkunnar sem fall af fjarleegd milli

kjarna atémanna.

(a) Plot the attractive and repulsive terms of this potential energy versus distance

between the nuclei of the atoms.
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(b) Hvor lidurinn af E,(r) er radandi begar mikill fjarleegd er 4 milli atoma ? Hvor

lidurinn er radandi ef fjarleegd er litil 7

(b) Which of the terms in E,(r) is dominant at large distances ? Which of the terms

is dominant at short distances ?
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(c) Finna skal jafnveegisfjarleegdina r, milli atoma ef enginn kraftur er lagdur &

tengid.

(c) Find the equilibrium distance r, between the atoms if no force is applied to the

bond.
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(d) Finna skal orkuna sem leggja barf til ef draga 4 atémin fra r, og i sundur og

mikla fjarlaegd. Pessi orka er nefnd bindiorka tdknud med E.

(d) Find the energy that must be supplied to pull the two atoms from r, to a very
large distance apart. This energy is called the binding energy FE,.
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(e) Bera skal saman bindiorkuna vid varmaorkuna kg7 vid stofuhita, bar sem kg
er fasti Boltzmann. Ef kgT > E}, b4 er betta hvorki péttefni eda jafnvel vokvi vid

stofuhita (varmatitringur ryfur tengin). Vid hvada hitastig er varmaorkan jofn Fy, ?

(e) Compare the binding energy with thermal energy kgT at room temperature,
where kg is Boltzmann’s constant. If kg7 >> FE, the material will not be a solid
or even a liquid at room temperature (thermal agitation will break the bond). At

what temperature is will thermal energy be equal to E, ?
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(f) Akvarda skal kraft F sem fall of fjarlaegd og teikna upp. Hver er “gormstudull’

tengisins ?

(f) Determine the force F' versus distance curve for the bond and plot it. What is

the "spring constant" of the bond ?
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(g) Ef engin varmaorka er fyrir hendi (7' = 0 K), hver er b4 mesti kraftur sem tengid

getur stadist 7

(g) If no thermal energy is available (7' = 0 K), what is the maximum force the

bond can support?
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3. Tengi milli atéma i péttefni — Bonds between pairs of atoms in a solid
(15)

Tengi & milli atoma i péttefni geta verid
(a) jonisk tengi

(b) samgild tengi

(c) méalmtengi

(d) van der Waals (tvipol-tvipol vixlverkun)
(e) vetnistengi

Hvada tengi hafa, i mikilli fjarlaegd, addrattarkraft sem fellur eins og 1/r? milli para
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The bonds between pairs of atoms in a solid can be
(a) ionic bonds
(b) covalent bonds

(c) metallic bonds

(d) van der Waals (induced dipole-dipole interaction)
(e) hydrogen bonds

Which type(s) of bond has, at long distance, attractive force that varies as 1/r?

between pairs ?
Which type(s) of bond cannot occur in pure solid elements ?

Which type(s) of bond is found is solid Si ?




4. 2D Nykurgrind — 2D Reciprocal lattice (10)

Finnid nykurgrind tvividrar grindar med |a;| = 1.25, |ay| = 2.50 og 5 = 120°.

Construct the reciprocal lattice for a two-dimensional lattice in which |a;| = 1.25
lag| = 2.50 and S = 120°.
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5. Linuleg kedja — Linear chain (25)

Skodum nu sveifluhaetti linulegrar kedju, par sem gormstudlar milli nesestu granna
skiptast 4 ad vera C' of 10C. Massarnir eru allir beir somu, og setjum fjarlegd
milli neestu granna sem a/2. Finna skal d w(k) vid k = 0 og k = 7/a. Rissa skal

tvistrunarsambandid. Petta deemi likir eftir kristalli tviatoma sameinda eins og Hp.

Consider the normal modes of a linear chain, in which the force constants between
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
in the dispersion relation by eye. This problem simulates a crystal of diatomic

molecules such as Hs.
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The o solubons are
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