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1. (a) [7] Following notes, use Schroedinger equation for an electron in a magnetic to
derive the spectrum of Landau levels for two-dimensional electrons in a semiconductor
heterostructure. Explain meaning of the following terms: 'magnetic length’ and ’filling
factor’. (b) [4] For B = 10Tesla estimate the value of magnetic length for electrons and
determine how many Landau levels are completely filled by electrons in a two-dimensional
electron gas with electron sheet density n, = 10''em™2. (c¢) [4] Describe what is the Hall
effect. Describe the quantum Hall effect phenomenon from the point of view of empirical
observations and explain how one can use it in metrology.

2. [15] Open-ended team-work assignment. Describe the principle of operation of
scanning tunneling microscope. Using internet (Google search for ’scanning tunneling
microscope’, STM), find one example demonstrating how STM was used, and, as part
of a team, participate in the preparation of a presentation on the results of your search.
Write a report (about 2 pages) describing what observations have been made and how
these observations have been interpreted in the example you found. Supplement your
report with a printout of the discussed STM scan(s). In your report, state what role
did you play in the team. Presentations will take place during the class on Monday, 13
December, 2010.



