TR
O P

No. of Printed Pages : 8 PHE-06

BACHELOR OF SCIENCE (B.Sc.)
Term-End Examination

December, 2014
PHYSICS
PHE-06 : THERMODYNAMICS AND STATISTICAL
MECHANICS
Time : 2 hours Maximum Marks : 50

Note : All questions are compulsory. Marks allotted for
each question are indicated against it. You can use
log tables or non-programmable calculators.
Symbols have their usual meanings.

1. Attempt any three parts : 3Ix5=15

(a) A gas undergoes adiabatic transformation.
Using the first law of thermodynamics, show
that this process is represented by the

equation pVY = constant.
(b) Define the term adiabatic lapse rate. Obtain

an expression for adiabatic lapse rate for the
Earth’s atmosphere.

(c) State the third law of thermodynamics and
show that the heat capacities of a substance
converge as T — 0.
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(d) The mean free path of the molecules of
a gas at 27°C is 6-:0x 10~% m. Calculate
the pressure exerted by the gas.
The radius of the molecule is 1-8A.
Take kg =138 x 10722 JK 1,

(e) Obtain the Boltzmann relation between
entropy and thermodynamic probability.
Discuss its significance.

2. Attempt any one part : I1x5=5

(@) Two moles of a perfect gas occupy a
volume of 0-060 m? and exert a pressure of
4 x 10° Nm™. It is compressed isobarically

to 0:045 m3. Calculate the work done by the
gas.

(b) State and explain Zeroth law of
thermodynamics. Discuss its significance.

3. Explain Brownian motion. Obtain an expression
for mean square displacement based on
Einstein’s theory. How can it be wused to
determine Avogadro’s number ? 1+7+2

OR

What is transport phenomenon ? Obtain an
expression for viscosity of the gas. Assume that
the average number of molecules crossing an
arbitrary plane from either side per unit area
per second is — nVv. Discuss its pressure and
temperature dependence. 2+6+2
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4.
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Define 1% order phase transition. Depict the
temperature variation of Gibbs free energy,
entropy and volume for it. Obtain the
Clausius — Clapeyron equation to describe
temperature variation of pressure of two phases

to remain in equilibrium. 1+3+6

OR

What is adiabatic demagnetization ? How is it
used to produce low temperatures ? Obtain an

expression for drop in temperature. 2+3+5

(i) The thermodynamic probability for
Bose — Einstein distribution is given by
_(gi+N; - D!
N; !(g; - D!
Obtain an expression for Bose — Einstein

distribution function.
(ii) Discuss fountain effect observed in liquid He
at low temperatures.

OR

(i) Planck’s law for distribution of black body
radiation is given by

8nh v3dv
u,dv = 3
¢ exp hy -1
kgT

Obtain an expression for Stefan’s constant.



(i) Compute Fermi energy of a monovalent

metal using the following data :

m,=91x 1073 kg, h=66x10"*Js,

N _85%x1028m3.
%
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(i) TrfaRaa fest w1 ST = THEdNS 91g
% fou wef St uftesfera Sifste . 5

m, =91x 1031 kg, h=66x107*Js,

=85x 1028 m3,

<|=z
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