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1. [5] Following lecture notes, derive the Drude formula for the conductivity of two-
dimensional electrons. Then, use the relations between the electron density, Fermi ve-
locity, density of states γF and the mass of two-dimensional electrons to show that the
Drude formula is equivalent to the Einstein relation σ = e2γFD between the conductivity,
σ and diffusion coefficient, D.

2. [6] Describe the phenomenon of the enhanced back-scattering of waves from disordered
media. Explain how does the enhanced back-scattering of electrons in phase-coherent
conductors lead to the weak localisation effect?

3. [5] Explain (qualitatively) the origin of the weak-localisation magneto-resistance effect
in a two-dimensional electron gas in semiconductor heterostructures.

4. Open-ended assignment [4]. The attached graph contains the magnetic field
dependence of conductance of a mesoscopic metallic ring measured at a very low tem-
perature. Interpret the origin of the observed magneto-oscillations (in terms of the
Aharonov-Bohm effect) and determine the size of the ring used in the experiment from
the data shown in the graph.
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Given a pattern of Aharonov-
Bohm oscillations observed 
in a small conducting ring 
and 

estimate a radius of the ring 
used in this experiment.
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