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i) Section A

 Answer all questions.
Each question carries a weight of 1.

1. Explain what 1s meant‘by thermodynamic limit.
9. Write a brief note on the formula S=£In Q.
3. What do you mean by a grand canonical éns‘emble ?
4. Explain the importance of the syﬁmetw property of density matrix given &s p,..,. =0,...
5 For a canonical ensemble, derive the formula for the density matrix given below
a e"‘"ﬁ
6. Explain the terms : (a) Identical particles ; and (b) Indistinguishable particles.

7. What do you mean by an ideal Fermi gas ?

8 For a Fermi-Dirac distribution (he mean occupation number for single particle state 1s qiven by,

1
<nﬁ) - ﬂ(:: - }l)/k'l*':_; '

Show graphically how this function varies with temperature.

(8 x 1 = 8 weightage)
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Section B

Answer any two questions.

. . r
. l)r
Each question carries @ weight of

ackur-Tetrode formula,

9. Explain the Gibbs paradox and 1ts resolution by deriving the S

.. . : - ical ensemble.
10. Denve expressions for energy fluctuations 1n the case of canonic

11. Find the expressions for grand partition function in the cases of Bose-Einstein and Ferrg; ;-
distribution assuming ideal gas conditions.
12. Derive the formula for specific heat of a solid 1n terms of Einstein function.
(2 x 5=10 Wﬁg’;jé

Section C

Answer any four questions.
Each question carries a weight of 3.

13. Show thatin the case of an ideal gas undergoing a reversible adiabatic process py3/2 is a cons:

14. Show that the entropy of a system in a_grand canonical ensemble can be written es,
S=-k> P, InP,
r,s '

where

P exp(“a'Nr_BEs)
r,s

’ Z r'sexp ( - CINr - BES)—‘.

15. Which eof the following matrices qualify as a d-ensity matrix for a two level system? Qualify
answer In each case. -

p;IO S 1(1 1 [0 0
] 01’p2_201$p3‘"01.

16. Show that for a free particle confined to a box of volume V the partition function is

3/2

Q) (B) = Tr(e'm‘l) =V leﬂ,(z ’;, 5
B

where

—— T aeemm——

fi. X
2m



=Y
3 C 83073

17. Give a qualitative argument for treating photons and phonons as bosons.

18. State and explain equipartition theorem.

19. Given the following data, make an estimate of the Fermi energy of free electron gas in metallic
sodium and express it in the units of electron volts. Effective mass of electron = 8.9 x 107> kg,
charge e = 1.6 x 10~1° C, no. of conduction electrons per atom = 1, atoms per unit cell = 1, lattice
constant a = 4.29 x 1010 m, Planck’s constant & = 6.6 x 10734 Js.

(4 x 3 = 12 weightage)



