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I. MODULE3: MANDATORY EXERCISES

A. Problem 7.3

Figure 1: Density of states dependence on the dimensionality of the sample

The density of states of a material is critical if one want to estimate its response to radiation and also its conducting
properties, especially at interfaces. The figure abowe shows typical density of states for free electrons confined to 3,
2, 1 and 0 dimensions. Derive the energy dependence of the density of states for all four cases(you do not need to
worry about constant factors) and compare with the figure. (Tip: in zero dimensions (often called quantum dots) we
have localized states, as in the case of an atom) What is the underlying physical reason that the density of states is
qualitatively different in the four cases? Optional: In the figure there is multiple peaks, can you explain this? Can
you find a criteria for when a material can be teoretically treated as an object of lower dimension (use your knowledge
from quantum mechanics).

B. Problem 8.1

In this problem we will consider the original classical model Drude used to describe electrons in a metal. It is very
instructive to compare qualitatively the physics of this model with the Fermi gas model.

a) Show that the Wiedemann-Franz coefficient in the Drude model is given by
3k
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b

2e2 . How is the coefficient modified
when considering the FEFG model? b) Show (calculate) that the Drude model provides reasonable values of electrical
resistivity at room temperature, ρ0 at T0. Further, it is know experimentally that the temperature dependence of the
resistivity is given by ρ(T ) = ρ0(1 + α(T − T0)) where α is so called thermal resistance coefficient. Show that the
Drude model is in qualitative disagreement with the observation. Please discuss if the application of FEFG model
improves the situation.
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C. Problem 8.3

Umklapp scattering is a scattering/transformation of a wave vector to another Brillouin zone. Both electrons and
phonons (and other quaiparticles) in a lattice have the possibility to take part in Umklapp processes. Such that for
an Umklapp process, crystal momentum is not conserved (when specified in the primitive cell). For electrons, this is
the major contribution to resistivity when the concentration of defects or impurities are low. Umklapp processes are
also important in superconductivity, where they contribute to the phonons responsible for the Cooper mechanism.
We now consider resistance in metals due to phonon scattering of electrons. Show, using a sketch that when the
Fermi surface lies entirely inside the first Brillouin zone, there is restrictions on which phonon wavevectors q0 that
can contribute to scattering. Next, consider a simple 2D square lattice. Find an explicit expression for q0 given by
the fermi temperature T .
Now use your expression to find out what happens at low temperatures. Is Umklapp processes still important at very
low temperatures?

D. Problem 9.3

Kronig-Penney model: The KP model is a strongly simplified one-dimensional quantum mechanical model of a
crystal. A complex many body problem is reduced to that of a single electron in a periodic potential consisting of an
infinite periodic array of rectangular potential barriers. Despite of the simplifications, the electronic band structure
obtained from this model shares many features with band structures that result from more sophisticated models.

a) For the delta-function potential and with P << 1, find at k = 0 the energy of the lowest energy band. Here P

is the parameter from Eq.21 in the book, P = mU0ba

~2 . b)Find the band gap for k = π

a
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