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1. Conduction mechanism of a solid (15)

Myndin hér ad nedan synir edlisviondm péttefnis sem fall af hitastigi (ErRhBy

6hreint, en ekki viljandi skemmt).

(a) Utfra grafinu segid hvort péttefnid er malmur eda einangrari.

(b) Lysid megin ferlunum sem styra leininni & eftirfarandi hitastigsbilum:
(1) T mjog neerri 0 K
(2) T neerri 25 K
(3) T neerri 300 K

(c) Aeetlid medal frjalsa vegalengd og medal frjalsan tima vid T = 0 K og T = 300

K. Er betta géour malmur ?

Nota mé eftrifarandi gildi: n = 10% ¢cm™3 og vp = 108 cm/s.

The figure below shows a rough plot of the electrical resistance of a solid (ErRhBy

impure, but not purposely damaged).
(a) From the graph, is this material a metal or an insulator ?

(b) Describe the principal physical processes that account for the following three

temperature regions:

(1) T very near 0 K



(2) T near 25 K
(3) T near 300 K

(c) Estimate the mean free path and mean free time at 7" = 0 K and 7" = 300 K. Is

the material a good metal ?

Useful parameters: n = 10?3 cm™3 og vp = 10% cm/s.
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(Prof desember 2015)

. Conductivity of a metal (10)

Notio jofnuna
dp p
dt + T

fyrir skriopunga rafeinda til ad finna AC leidni malms. Svar bitt skal vera & forminu

—cE

o(w,n,e, ).

Use the equation

dp p
T4 X — _¢E
dt+7' €

for the electron momentum to find the AC conductivity of a metal. Your answer

should be of the form o(w,n,e, 7).

(Prof desember 2015)

. The Kronig-Penney model (20)

Consider an electron in 1D in the presence of the periodic potential (Kronig-Penney

model)
Ux)= > UyO(z —ma)®(ma+b—x)

m=—00



(a) Restrict your attention to a single unit cell, and write down the boundary con-

ditions for the wave function as required by Bloch’s theorem.

(b) Solve the Schrodinger equation by constructing 1(x) from plane waves and
imposing suitable boundary conditions at = 0,0,a. The results is a relation

between the Bloch index £ and the energy.

(c) Take the limit b — 0, Uy — oo with Uyb — Woh2“_2. Show that the

m

condition for the Bloch index simplifies to
Wi
cos(ka) = — sin(ga) + cos(qa)
qa

where ¢ is related to the eigenenergy £ via ¢ = (2m&/h*)'/2.

(d) Produce plots of the lowest two energy bands &,;(n = 0, 1) in the limit of part
(¢)witha=1,m=1, A =1, and Wy = 0.5.

. Fermi level adjustment in silicon (10)

Kisilsyni vid 300 K er ibaett med rafpega ibot af péttleika Ny = 5 x 106 cm=3.
Akvarda ibotarpéttleika rafgjafa ibotar sem bzeta verdur vid pannig ad kisillinn
verdi n—leidandi og Fermi orkustigio sé 0.12 ¢V nedan vid leidnibordabrin. Virkur

astandspéttleiki leidniborda kisils er No = 2.86 x 10" ¢cm™3.

A silicon sample at 300 K contains an acceptor impurity concentartion of Ny =
5 x 10' ecm=3. Determine the concentration of donor impurity atoms that must
be added so that the silicon is n—type and the Fermi level is 0.12 eV below the

conduction band edge.

(Prof mai 2016)



