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Answer any four questions.’

1. (a) Let the energy of a one dimensional simple harmonic oscillator is restricted
in the range £ — — and E + -é. What will be volume of the phase space

trajectories. Est1mate the number of eigen states within the allowed energy
interval. 242

(b) Show that the energy fluctuations in the canonical ensemnble < (AE)? >=
KT?Cy. Where Cy specific heat at constant volume. 2

(c) State Boltzmann H theorem. Prove it from the Boltzmann transport equation.
2+2
2. (a) Write down the basic postulates of quantum statistics. 2

(b) Show that if the basis functions are the eigen functions of Hamiltonian itself,
the density matrix p in a quantum mechanical ensemble is diagonal and for
any other representation p is symmetric. 242

(c¢) Consider a single electron which possesses an intrinsic spin %h& and a magnetic
moment pp, where & is Ponli’s spin operator. What is the configurational
Hamiltonian of the spin when the applied magnetic filed is in the =z direction.
Using the following Pauli’s spin matrices calculate the density matrix in the
canonical ensemble. Hence calculate the < o, >. 4
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3. (a) Derive the equation of state for an non-ideal gas using mean field approxima-
tion. Assume the following interaction potential.

u(r) = oo, for 0 <V, <V,
= —y, for Vo, <V, <V

Where, V., is the excluded volume and V is the size of the system. 7

{b) The universal equation of state for a van der Waal gas is given by
3
(Pr+ U—)(Svr —1) =8T,..

where, P, = £, v = = and T, = % Establish the “degree of flatness” of
the critical isotherm at ﬁle critical point. 3



4. (a) A chain of N spins interacting with its two nearest neighbours and with the ex-
ternal magnetic field can be modeled as one dimensional Ising system specified
by {01,02,...0,}. Configurational Hamiltonian is given by

E{o;}=-J Z 0i0; — ,u.Bza,-
<i> i
Using transfer matrix method, calculate the Helmholtz free energy. where
symbols have their usual meaning. ‘ 6

(b) What is Bragg-Williams approximation in the context of phase transition using
Ising model. Define order parameter in this approximation. 242

5. (a) An ideal Fermi gas satisfies the following equation

PV _ ~Be
ﬁrlnz—z:ln(l+ze )

1
N=d<ne>=) T
€ €

where, symbols have their usual meaning. Calculate the internal energy (U} of
the systemn. Show that the Fermi systen, in general, satisfies the relationship

P=%¥%). 4+ 2

(b) Derive the relation between Fermi energy and zero point energy (at T = 0).
Hence establish the ground state pressure of the system. 3+1

6. (a) What is the origin of the magnetic properties of a physical substance? 2
(b) Show that the low field susceptibility of a Pauli’s paramagnetism at very low
temperature is independent of temperature. o

(c) What is De Haas-Van Alphen effect? 3
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