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PHYSICS � HONOURS 

1. Answer any five questions : 

The figures in the mnargin indicate full narks. 
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(Thermal Physics) 

Full Marks : 50 

Candidates are required to give their answers in their own words 

as far as practicable. 

Answer question no. 1 and any four questions from the rest. 

(a) Distinguish between extensive and intensive variables. 

P 

P, 

(b) The mean free path of a gas is 5.0 cm. Among 100 free paths of those molecules, how many are 
between 4.9 cm. and 5.1 cm? 

(c) Using the indicator diagram shown below, show that the work done is not a state function. 

A 

V 
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(d) Explain the concept of temperature on the basis of Zeroth law of thermodynamics. 

(e) What is the reason for considering Quasi-static process in the context of thermodynamics? 

() Show that Clausius's theorem leads to the concept of entropy as a state function. 

(g) State Gibbs phase rule. Explain the rule with an example. 

(a) Write down the assumptions used in the derivation of Maxwell's speed distribution law. 

(b) According to Maxwell's speed distribution law, the number of molecules per unit volume with speed 

between v and Vt dv is given by n(v)dy = nae -yt:v.dv, dv. where symbols have 

2x5 

their usual meaning. Calculate the constant 'a' in terms of the constant b. 
(c) Show that Maxwell's speed distribution law is normalized. 
(d) Calculate the average of x-component of velocity of a Maxwellian gas. 2+3+3+2 
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[a, 
b

 

are 

constants]. 

RVT 

(a) 

E
quation 

of state 
of a non-ideal 

gas 
is 

given 

by 

P
V

-b
) 

=
 

R
T

 

exp 

3. 

Show
 

that 

th
e 

above 

equation 

reu
ces 

to
 

th
e 

ideal 

gas 

equation 
(i) 
as 

V
’
 

a 

and 

(ii) 
if 

'a
' 

and '5
 

are 
sm

all. 

(b
) 

W
hat 

is 

B
rovw

nian 

m
otion? 

O
btain 

th
e 

expression 

for 

the 

m
ean 

free 

path 
of a 

m
olecule 

of an
 

ideal 

gas 

as 
a 

function 
of its 

m
olecular 

diam
eter. 
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(C) 

(a) 
W

hat 

4. 

(b
) 

W
hat 

is 

adiabatic 

lapse 

rate? 

Find 
an

 

expression 

for 
it. 

w
here 

P
 

is 

th
e 

pressure, 
N

 
is 

the 

num
ber 

o
f 

m
oles. 
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?T 

(c) 
A

 

certain 

gas 

h
as 

equation 
of state 
P

 
=

 

V
is 

th
e
 

volum
e, 

T
 

is 

the 

tem
p
eratu

re 

and 
a is 
a co

n
stan

t. 

O
ne 

m
ole 

of 

th
e
 

g
as 

u
n
d
erg

o
es 

ex
p
an

sio
n
 

from
 

volum
e 

V
 

to
 

2V
 

at 
a constant 

tem
p
eratu

re 
T. If 

the 

change 

in 

energy 

in
 

th
e
 

iso
th

erm
al 

(1+2)+(1+3)+3 

find 

the 

value 
of B. 

aT
 ex

p
an

sio
n
 

is 

Ju
stify

 
th

is 
statem

ent. 

(b
) 

S
tarting 

from
 

2nd 

law
 

of therm
odynam

ics 

sh
o
w

 

that 

for 
a m

echanically 

isolated 

system
 

at 

5. 

(a) 

T
he 

perpetual 

m
otion 

(c) 

D
erive 

C
lausius-C

lapeyron 

equation 

from
 

T
dS 

equation. 

(d) 

W
rite 

dow
n 

the 

characteristics 

of 

second-order 

phase 

tran
sitio

n
 

w
ith 

a suitable 

exam
ple. 
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6. 

(a) 

W
hat 

is entropy? 

State 

its 

properties. 

(b
) 

E
ntropy 

of 
an 

ideal 

gas 

w
ith 

N
 

num
ber 

of 

m
olecules 

in 
a volum

e 
V

 
is 

given 
by 

3
N

K
B

 

2
 

+
 

4Tum
 3h 

S=N
kg 

In 

w
here 

m
 

is 

th
e
 

m
ass 

o
f 

one 

m
olecule, 

E
 

is th
e
 

en
erg

y
, 

h
 

is 

P
lan

ck
's 

constant 

and 

kp 

is 

th
e
 

B
oltzm

ann 
co

n
stan

t. 

S
how

 

th
at 

this 

expression 

for 

entropy 

does 

not 

satisfy
 

extensive 

p
ro

p
erty

 
of en

tro
p
y
 

an
d
 

leads 
to G

ibbs 
paradox. 

(c) 
H

ow
 

is 

do 
you 

m
ean 

by 

internal 

energy 
of 
a 

therm
odynam

ic 
system

? 
W

hat 

are 
the 

lim
itations 

of the first 

law
 

of therm
odynam

ics? 

constant 

tem
p
eratu

re, 

th
e 

H
elm

holtz 

free 

en
erg

y
 

never 

in
creases. 

m
achine 

of 

2nd 

kind 
is 

im
p
o
ssib

le 
to

 

construct." 

this 
paradox 
rem

oved? 



co
m

po
sit

e sla
b is

 
2
6
 

cm²
 and the 

te
m

pe
ra

tu
re

 

di
ffe

re
nc

e 

be
tw

ee
n the two 

fac
es o

f 
the sla
b is

 
20

°C
. 

co
nd

uc
tiv

iti
es

 o
f 

0.0
43

 

W
m-

'K- and 0.1
1 

Wm
K-

re
sp

ec
tiv

el
y.

 

The 

cr
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s-
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ct
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na
l 
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a o

f 
the 

(c) 

C
al

cu
la

te
 the rat
e o

f 
hea

t 

flow
 

thr
ou

gh
 a 

co
m

po
sit

e sla
b o

f 
wi

dth
s 

2
 

cm
 

and 0.8 cm
 

wit
h 

th
er

m
al 

2+
(2

+3
)+

3 

wh
ere

 

sy
mb

ols
 

hav
e 

the
ir 

usu
al 

m
ea

nin
g. 

O
p

 
H

 

1
 

(b) 

Wh
at 

is
 

Jo
ul

e-
Th

om
so

n 

ef
fe

ct?
 

Sho
w tha

t 

Jo
ul

e-
Th

om
so

n 

co
ef

fic
ie

nt
 o
f a 

rea
l gas 

is
 

giv
en

 b
y

 

7
. 

(a) 

D
ist

in
gu

ish
 

be
tw

ee
n free

 

ex
pa

ns
io

n and 

Jo
ul

e-
Th

om
so

n 

ex
pa

ns
io

n.
 

400 

J 
and 100 

J 
re

sp
ec

tiv
el

y.
 

He
at 

re
jec

ted
 

du
rin

g the 

pr
oc

es
s C

A
 

is
 

46
0J

. 

Fin
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ef
fic

ie
nc

y.
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cle

 

AB
C, hea
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m
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and B
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2
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