Qualifying Examination – Statistical Mechanics
Spring, 2014
1. (Fundamental concepts in statistical mechanics, 30 points)
Please EXPLAIN (not just describe or write equations/formula) the following terminologies in Statistical Mechanics.

(a) Pure state and density matrix
(b) Bose-Einstein Condensation and superfluidity
(c) Pauli paramagnetism and Landau dia-magnetism
2. (Harmonic oscillators, 30 points)
Consider an idea gas absorbed on a 2D surface at temperature T. The energy of the ith molecule is
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where a and b are constants and xi and yi are position of that molecule. 

(a) Consider these molecules to be a classical gas. Determine the average energy of such molecule.

(b) Calculate the uncertainty of the position and momentum of each molecule.

(b) Consider them to be a quantum gas (bosons), what will be the difference (or similarity) for above two results ? why ?
3. (Free bosons, 20 points) 
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Consider now a number conserved Bose gas with energy dispersion [image: image3.png]Clp|®




: (a) show that there will be a Bose-Einstein condensation if d>a (b) Show that the critical temperature scales with the total number of particles, N, as . (Hint: you do not need to do the full calculation, and may use dimensional argument for the density of states first).
4. (Free fermions, 20 points)
Consider a system of spin polarized fermions in 2D space : (a) Write down the expression of the total number of particles, N, and total energy, U, at zero temperature and zero magnetic field. (b) What is the eigenstate energy and wave function if now a magnetic field (B) is applied in the z axis ? (c) What is Landau level degeneracy. (d) Calculate the magnetization, M, and its susceptibility μ in the zero B limit at zero temperature.
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