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1A.  Explain Nernst’s heat theorem and its consequences. [6]

1B. Obtain the TdS equations. [4]

2A.  Calculate the volume element in the phase space for a harmonic oscillator, and obtain
an expression for the number of quantum states in a volume element of the phase
space. [5]

2B. State and prove Liouville's theorem. (5]
3A. Derive the statistical interpretation of entropy with reference to micro-canonical
ensemble. [5]
3B. Obtain the most probable distribution of energy in a canonical ensemble. [51
4A. A diatomic gas is in thermal equilibrium at temperature 500 K. Its rotational
constant is B =200/m. Compute the rotational populations (in terms of ground

state population) in the rotational states: J = 0, 10, 20. The rotational energy is
E=JJ+1)hcB. Boltzmann constant = 1.38 x 107 J/K, Speed of light in

vacuum = 3.00 x 10° m/s, Planck's constant = 6.63 x 107 J.s. [5]
4B. Derive the expression for grand canonical partition function and hence grand canonical

distribution. [5]
5A. Deduce Stefan’s law from Planck’s law of radiation. [3]

5B. Discuss the Pauli's theory of paramagnetism of an ideal Fermi-gas and derive an
expression for the magnetic susceptibility. [7]
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Useful formulae:
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Setup the diffusion equation and solve it. Show that (r?(t)) =6Dt.

Stirling formula:  n! = (2rn)%n"e™
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Obtain the relation between the fractional fluctuation in energy of a canonical system
and the number of particles in the system.
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