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BPHE-106/PHE-06

BACHELOR OF SCIENCE (B. SC.)
Term-End Examination
December, 2025

BPHE-106/PHE-06 : THERMODYNAMICS AND
STATISTICAL MECHANICS

Time : 2 Hours Maximum Marks : 50

Note : (i) All questions are compulsory, but

internal choices are provided.

(it) The marks for each question are

indicated against it.
(iti) Symbols have their usual meanings.

(iv) You can use a calculator.

1. Attempt any three parts : 3X5=15

(a) Two moles of a perfect gas occupy a
volume of 0.060 m3 and exert a pressure
of 4 x 105 Nm=2. It is compressed
isobarically to 0.050 ms3. Calculate the
work done by the gas. 5
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(b) The expression for the number of
molecules in a Maxwellian gas having
speeds in the range V to V+dV is
given by :

3/2
dNy =4nN| — 2 V2
27TkBT

Using this relation, obtain the

expression for average speed. 5

(¢) Using Maxwell’s relations, derive 1st

and 2nd TdS equations. 5

(d) Draw the phase space for a linear

harmonic oscillator. 5

(e) Define mean free path of a molecule.
The mean speed of oxygen molecules at
room temperature is 450 ms-1. If the
radius of an oxygen molecule is 1.8 A,
calculate (i) collision frequency and

(i1) mean free path.
Given : n=3x10°m=2. 5
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2. Derive van der Waals’ equation of state for
one mole of the gas. 5

Or

Define degree of freedom of a molecule.
Write its general formula in terms of total
number of constraints. Determine the
degree of freedom for a rigid diatomic
molecule. 2+1+2

3. Attempt any two parts : 2x5=10
(a) Prove that for a PVT system :

dVv
7=0(dT—BT dP

where a 1s thermal expansivity and By
1s 1sothermal compressibility of a
substance. 5
(b) With the help of a schematic diagram of
a platinum resistance thermometer,
explain its construction. Write any two
reasons for choosing platinum for

fabrication of a resistance thermometer.
3+2
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(c) Define adiabatic lapse rate. Obtain an
expression for adiabatic lapse rate for

the Earth’s atmosphere. 1+4

4. What is Joule-Thomson effect ? Obtain the
expression for Joule-Thomson coefficient for

an ideal gas. 2+8
Or

Define entropy and show that entropy
Increases when two gases mix with each

other.

Equal volumes of two gases are mixed under
same temperature and pressure. The
pressure remains unchanged but the total
volume is doubled. Calculate the entropy of

mixing for one mole of the mixture. = 2+4+4

5. Write down Planck’s formula for blackbody
radiation and derive the expressions of
Wien’s law, Rayleigh-Jean’s law and Stefan-

Boltzmann’s law. 24+24+2+4
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Or

What is Gibbs’ paradox ? Why does it arise ?
Obtain  Sackur-Tetrode equation and

show that it is free from Gibbs’ paradox.

2+1+6+1
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