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Hjalpargogn: Kennslubdkin, ,,Thermal Physics eftir Kittel og Kroemer,
handskrifadar nétur og reiknivélar.

Vagi verkefnanna er jafnt. Skrifid skyrt og greinilega allar tdtleidslur med hnit-
midudum stuttum skyringum par sem pad 4 vid. Oll verkefnin eru 16gd fyrir 4 islensku
og ensku.

1. Islenska: Ovixlverkandi tvivitt rafeindagas er 4 ferningnum L>

(a) Finnid Fermi-orku, ¢, og Fermi-hitastig, 7z, gassins sem fall af
péttleika pess n = N/L?.

(b) Leidid ut medalorku gassins 4 eind, Uy/N, vid hitastig 7 = 0.

(c) Reiknid dstandapéttleika gassins D(e).

(d) Eru nidurstodur lidanna tveggja hér ad undan { samremi?

English: Non-interacting two-dimensional electron gas is on the square L?.

(a) Derive the Fermi energy, cr, and the Fermi temperature, 75, for the gas as

a function of it’s density n = N/L?.

(b) Find the average energy per electron, Uy /N, for the gas at
temperature 7 = 0.

(c) Calculate the density of states of the electron gas D(¢).

(d) Are the results in the last two items consistent?



2. Islenska: Skodum rafeindir og holur { halfleidara. Par myndast og eydast sam-
kvamt hvarfinu
e+h=0

vegna varmaflokkts kerfisins. Par hafa mismunandi massa m. = 0.2mg og
my, = 0.7mg, par sem m, er massi rafeinda 1 tdmardmi. Notid massalogmalid

int
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til pess ad reikna péttleika eindanna vid 7' = 300 K ef ng(mg) = 1.25 x 10
cm 2 vid T' = 300 K, og minnsta orka sem losnar pegar par sameinaster A /7 =
10. Nullpunktur orkuskalans er orkan pegar engar eindir eru til stadar. Vid

sleppum spuna eindanna og gerum rad fyrir ad péttleiki rafeinda sé jafn péttleika
hola.

English: We investigate electrons and holes in a semiconductor. They are cre-
ated and distroyed according to the reaction

e+h=0

due to the thermal fluctuations in the system. They have different masses m. =
0.2mg and m;, = 0.7mg, where my is the mass of an electron in the vacuum.
Use the law of mass action

[Tn}" = IIng; exp
i

J

to calculate the density of the particles at 7 = 300 K if ng(mg) = 1.25 x 10"
cm 3 at T = 300 K, and the minimum energy release when they combine is
A/7 = 10. The zero of the energy scale is the energy with no particles present.
We neglect the spin of the particles and assume the density of electrons and holes
to be equal.



3. Islenska: Oreida o(U, V, N) kerfis tengist efnamaetti pess 4 eftirfarandi hatt

B (f%)
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Kerfid er med efnametti 1 = —0.2 eV, hversu mjog fjolgar mogulegum smasx;j-
um 4stondum bess pegar einni eind er batt vid pad vid herbergishita?

English: The entropy o(U, V, N) of a system is related to it’s chemical potential

by
B <<%>
T ON o

The system has chemical potential i = —0.2 eV, by what factor is the number of
microstates increased when a single particle is added to it at room temperature?

. Islenska: Kerfi einnar eindar { varmatengslum vid geymi er med orkudstond
g1 =0, g9 = £ 0g £3 = 3¢ med margfeldni g; = 1, go = 3 0g g3 = 5.

(a) Reiknid kérsummuna, hlutfallslega s@tni orkustiganna, og medalorkuna
vid hitastig 7 = ¢.
(b) Vid hvada hitastig er s@tni annars og pridja orkustigsins jofn?

English: A system of one particle in thermal contact with a reservoir has energy
levels ¢1 = 0, €2 = ¢, and €3 = 3¢ with degeneracies g; = 1, g = 3 0g g3 = 5.

(a) Calculate the partition function, the relative populations of the energy lev-
els, and the mean energy at temperature 7 = €.

(b) At what temperature are the populations of the second and the third energy
levels equal?



