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Full Marks : 40 .- Time : 24 Hours
The figures in the right-hand' margin indicate marks.

Candtdates are requzred to give their answers in their

own words as far as practicable.

GROUP-A |
- 1 Anewer any five questions: R 2x5=10
_a) Define the eoncjef)t of miei'ostatcs and -
.. macrostates in 'etatistical mechanics.
B b) v State.the ppStulate'of equé.l -5 priori prbbaBility.
). What is 2 transition in liguid Helium?
d) ~‘What is the Boltzmann entropy formula? Wr1te
‘ 1ts expressmn
e)

, Explam the concept of the partition functlon _

~[Turn over]



f). Show that for a canonical system, mean energy

is glven by -

(E) = p(InZ)

Where Z is canomcal partltlon function.

g) How many ways can 5 Bosons be arranged in
three quantum states?

h) Write the expression. for Bose-Einstein
distribution ‘and mention one apphcatlon
GROUP-B . |

2. Answer any two questlons.. I 'x'2‘=10

a) Discuss the differences befwe,en Bose-

'Einstein, Fermi-Dirac, and Maxwell-Boltzmann

statistics. Provide examples of systems where

_ each applies. What is meant by Fermi-leﬁel?

2+1+2

b) What is the phase trajectory of a simple
pendulum performing small oscillations? Show
that the area enclosed by the'trajectory is equal
to the product of the total energy E and the
time period T of the pendulum. 243

c) A system consists of three dlStlngUIShable
partlcles with energy levels 0, £, 2¢ . Calculate

. thepartition function, entropy and the average
energy at temperature 7. T 3414

520 Phs.(N.S) B (2)

d) ‘ Find the variation of the specific heat C, as a-
functlon of the temperature T for photon gas

conﬁned in ID box. 5 '
'GROUP-C -
Answer any two questions: ‘ 10x2=20

3. a) Con31der a photon gas confined in a volume. V
_at temperature- T. Show that the number of
_ photons in this volume is proportional to T°.
b) - A photon gas is confined in volume ¥ at
| temperature T- If the volume is increased
adiabatically to 2V, determine the final

temperature. . ' _ ‘
¢) Derive Wein’s displacement law from Planck’s
law. : - ) 3+2+5

4 : a) ' A particle in 1D has energy

P
| E = o +Aq |
* where ¢ and p are the generalized coordinate
and momentum respectively. Show that heat
.capaéity of a gas comprising of N such particles

is '

3
' ‘CV = ZN k -

b) The grand canonical partition function for an

‘ideal gas is given by

Zg(T,V, ) = exp [e“""f F]
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'Where 4= —====is the thermal de Broglie
- wavelength. Calculate\'average number .of
particles and hénce calculate the equation of
‘state of the system.
- ¢) Explain why mlcrocanomcal canomcal and
grand canonical ensembles give almost same
. results for a system with large number of
particles? . S 44343
5. a)  Define Bose-Einstein condensation and explain
the conditions under ‘which it occurs.
b)- 'Derive’ the critical temperature T, for Bose-
' Einstein condensation for a system of non-
interacting bosons in three dnnensxons
c) Calculate T, for 10® bosons in a volume of
T lem - o 3+4+3
"6.- a) Sketch the Ferrm—Dn'ac distribution function
"~ and its demvatwe for T=0K and 7> 0 K
_ * showing clearly the Fenm energy. |
*b) " Explain physically how the electronic spec1ﬁc
. heat of a metal behaves as a functlon of
‘ temperature ' ' |
c) Deduce the pressure-volume relationship for
a free electron gas obeying Fermi-Dirac
statistics at O0K. Hence find an expression for
the bulk modulus of the gas. ‘34344
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