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1. Answer any two questions :

a)

c)

( English Version )

10 x 2 =20

Show that for an ideal gas with pressure P,
density p and root mean square velocity of

the molecules c,
p= Lpc2

—pc
SP

Show also that for one mole of ideal gas the

total energy E at temperature T is given by

E = %RT, where R is universal gas

constant. 6+ 4

From the kinetic theory of ideal gases
establish a relation between the viscosity
and thermal conductivity. State clearly the

assumptions. 10

Derive the distributions for particles
obeying Maxwell-Botzmann, Bose-Einstein
and Fermi-Dirac statistics from grand

canonical functions. 10
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i) If bulk modulus at constant
temperature is k, density is p and
volume expansion coefficient is B,

then show that
0
k = l(_pJ and B = _l(@j
p\op )r p\OT /),

ii) Show that for an ideal gas k = 1 and
p

3aT®
v

and

iiij For a PVT system, B =

k = % Find out the equation of

state. 3+3+4

From the first law of thermodynamics,
show that, for adiabatic change of an ideal
gas,

C,-C, = nR and

p v

PVY = constant,

where the symbols carry their usual
meaning. From the results find out how the
temperature of the atmosphere varies with

height. 3+3+4
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f) i) Describe Otto cycle and find out its
efficiency.

2. Answer any three questions :

a)

ii) The T-S diagram for a reversible
engine is given below. Find out its

efficiency.
T (K)

500 (=

200 |= - < \

500 800 S (J/K)

3+3+4
6x3=18

The mean free path of the molecules of a
gas is 300 nm at STP. At STP the density of
the gas is 180 kg/mSand the mass of a
molecule is 8 x 10~ 27 kg. Estimate the
radius of the molecule. Deduce the
necessary formula. 3+3

The equation of state of a gas is given by
p=po(l+aT-pv); C,= constant.

Show that for adiabatic process

C,InT+ a pyV=constant. 6
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Starting from Stokes law, show that for

Brownian motion é’;g = R_T 1
N,y 3mnr

T, where

n = coefficient of viscosity of the medium,
r = radius of the particles, v = velocity of
the particles, & = displacement of the
particle, N, = Avogadro number and
T = time. 6
Find out
temperature and critical pressure for a gas

expressions  for  critical

whose equation of state is given by

a
(P+V5/3J(V—b)=RT. 3+3
Find out the number of ways for 4 identical
particles that can be distributed in 4 energy
levels when the particles are (i) classical
particles, (ii) bosons and (iii) fermions.
2x3

The coefficients related to heat are given by
o = L ( a_V) ; B - L a_V and
Vo L 0T Jp Vol dp )p

1 (op j
Yy = —| = where V; and pgy are
Ppo ( oT v 0 0

average volume and pressure, respectively.
Establish a relation between o, B and y.
Deduce the necessary mathematical

relation for it. 3+3

[ P.T.O.
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g)

3. Answer any four questions :

a)

If for a hydrostatic system Helmholtz free
energy is F, then show that

s (5)
oT ),

2
ii) cU:—T[%J : 3+3
oT
v

What is inversion temperature in Joule-
Thomson effect ? If the equation of state of
agasisgiven by P(V-b) = RTe™ @/RVT
where a and b are constants, find out the

inversion temperature of the gas. 6

Establish Stefan-Boltzmann law of

radiation. 6
3x4=12
If the mean free path of gas molecules is

S cm, what percentage of the molecules will

have a free path between S cm and 6 cm ?
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If the oxygen molecule is represented by
two mass points connected by a massless
straight spring, what will be its number of
degrees of freedom ? 3

If two monatomic gases have atomic masses

A; and A,, the ratio of their thermal

conductivities is given by

ky N1 4y .
— = ——, where n; and n, are their
ko mpAp

coefficients of viscosities. Prove it. 3

The potential energy between two molecules

is given by the expression

What is the equilibrium distance between
the two molecules ? Here € and ¢ are two

constants. 3

Prove that for a van der Waals gas,
oC
( ax}) ] =0. 3
T
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f) Find the partition function due to rotation
in quantum theory. 3
g) Sketch the Fermi-Dirac distribution
function at temperatures T} ,To and Tj
(T3 >Ty >T; =0K ). 3
h) The emf of a thermocouple is 2-3 x 10~ 2y
when the temperature difference between
the two ends is 700°C and 17 x 10~ 2V
when the difference is 500°C. Find out C;
and C,for the thermocouple. 3
i) Show that enthalpy values for the initial
and final states are the same for a Joule-
Thomson effect. 3
j) Draw the P-T diagram for water and
indicate the triple point. 3
k) Describe the imaginary experiment of
Bartoli related to radiation pressure. 3
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1) The pressure ( Pin mm of Hg column ) and
temperature ( T in K ) for solid and liquid
phases of ammonia are given by the
relations In P=23-03 — 3754 /T and
In P= 1949 - 3063/T, respectively. Find
out the pressure and the temperature at

the triple point. 3
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