Examination in Condensed Matter Physics I, FK3004, 7.5 hp S o) ( Y '\—( olAg
Friday, March 25, 2011, 09.00-14.00.

Allowed help:

- periodic table and fundamental constants (distributed)

- formula sheet (distributed)

- pocket calculator, BETA / mathematics handbook or similar

Instructions:

All solutions should be easy to read and have enough details to be followed. The use of nontrivial formulas
from the formula sheet should be explained. Summarize each problem before its solution, so that the
solution becomes self-explained. State any assumptions or interpretation of a problem formulation.

Good luck! / AR.

1. The sodium chloride (NaCl) structure can be described using an fcc lattice with a basis of two ions
at 0 and (a/2)(%X + ¥ + 2), respectively. Assume that the ions can be regarded as impenetrable spheres
with definite radii »N, and rq.

a) Make a simple sketch of the ion arrangement in the (100) plane. Express the nearest neighbor distance
as a function of lattice parameter a. (1p)

b) Given rya = 0.95 A and r¢) = 1.81 A, verify that the Cl ions make contact only with the Na ions and
calculate the lattice parameter for NaCl. (1.5p)

c) A simple cubic structure has a filling fraction of 52%. Find the corresponding filling fraction for
NaCl. (1.5p)
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2. Metallic sodium (Na) has a density d = 0.97 g/cm?, a resistivity p = 4.2 uf2em and one conduction
electron per atom. Sodium is fairly well described by the free electron model. Assume that an electrical
field of 1V /cm is applied to drive a current through a piece of sodium. The field will shift the Fermi
sphere by an amount Ak. Find the ratio Ak/kp, where kg is the radius of the Fermi sphere. (4p)
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3. a) Show that the volume v, of the reciprocal lattice primitive cell is vy = (27)3/v,., where v, is the
volume of the direct lattice primitive cell. Hint: A x (B x C) = (A - C)B — (A - B)C. (1.5p)

b) Describe what a Brillouin zone is. (1p)

c) Iron (Fe) at room temperature has bec structure with a lattice parameter a = 2.87 A. Find the max-
imum k value of the first Brillouin zone in the < 110 > direction for iron. (1.5p)
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4. a) An intrinsic semiconductor has a temperature independent energy gap eg = 0.8eV. Assume that
the mean free path for electrons and holes are the same at 250K and 300 K. Estimate the resistivity
ratio p(300K)/p(250K). State your assumptions. (2p)

b) Explain the following concepts: Indirect bandgap, donor level. (2p)
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5. a) Explain what the Debye model is. (1p)
b) Estimate the Debye temperature for lead (Pb). Lead has a sound velocity v, &~ 1190m/s. (3p)
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6. a) Pauli paramagnetism is a weak form of paramagnetism, involving itinerant (as opposed to local-
ized) electrons. Make suitable assumptions and deduce an expression for the susceptibility of a Pauli

paramagnet. (2p)
b) Discuss two different kind of defects in materials and give examples of their influence on the physical

properties. (2p)
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