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1. [7] Use the Ginzburg-Landau approach (taking into account the effect of crystalline

anisotropy) to describe magnetisation near a ferromagnetic phase transition in a crystal

with cubic symmetry. How many energetically equivalent directions (easy-axes) may

exist in such a crystal?

3. [5] Describe lattice structure (Braviais lattice and the unit cell), Brillouin zone, and

electronic band structure of graphene.

4. [5] Using internet or science magazines/journals, find an example of either experimen-

tal studies or a suggested application of graphene. Write, in your own words, a 2-page

report upon the results of your reading (when suitable, including sketches).

5. [5] Following notes, reproduce the derivation of the formula describing conductance

of a smooth (’adiabatic’) ballistic constriction between two 2D electron gases. How can

this formula be generalized in order to include the effect of a scatterer in an imperfect

wire?

6. [4] (a) Describe how a high-quality 2D electron gas is formed in GaAs/AlGaAs

heterostructures, and how it can be used to manufacture one-dimensional wires.

[4] (b) Estimate conductance of a long ballistic wire (produced using split-gates de-

posited on the top of GaAs/AlGaAs heterostructure) with the width ⊥ = 100nm con-

necting two 2D reservoirs of electrons with the sheet electron density  = 10
11cm−2.


