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BACHELOR OF SCIENCE (B.Sc.) 

Term-End Examination 

December, 2013 

PHYSICS 

PHE-06 : THERMODYNAMICS AND 
STATISTICAL MECHANICS 

Time : 2 hours 	 Maximum Marks : 50 

Note : All questions are compulsory. Marks are given with 

each question. You can Use log tables and non-

programmable calculators. Symbols have their usual 

meanings. 

1. 	Answer any three parts : 	 5x3=15 
(a) What are isothermal and isobaric 

processes ? Give an example of an 
isothermal - isobaric process. Draw p-T 
diagrams for an 
(i) Isothermal compression and 
(ii) Isobaric expansion 

(b) A mass m of a liquid at temperature T1  is 
mixed with an equal mass of the same liquid 
at temperature T2. The system is thermally 
insulated. Show that the change in the 
entropy of the system is 

(T1  + T2 )/2 
2 m C In 

 \ tfl T2 	where C is the 

specific heat at constant pressure. 
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(c) What is the physical meaning of Fermi 
energy ? How is it related to Fermi 
temperature ? Calculate the Fermi 
temperature for electrons in a white dwarf 
star having number density of 1036  electrons 
m 3. 	 1+1+3 

(d) What is meant by root mean square speed 
of a gas ? Express it in terms of temperature 
and molecular weight of a gas. Calculate 

Vans for He  atoms at 250 K. Take 
MH  = 6.67 x 10 - 27  kg. 	 1+1+3 e   

2. Show that the work done by a gas during an 3+2 
adiabatic expansion process is given by : 

W - 	 R  (TI  - T2 ) 
-y — 1 

A gas is suddenly compressed by 10 times its 
original pressure. Calculate the rise in the 
temperature of the gas if its initial temperature is 
27°C (-y =1.5). 

OR 

Name the thermocouple that can be used for 1+9 
measuring temperature of 70 K. Calculate the 
thermo emf across the two junctions of a thermo 
couple with C1 = 54.8 pAPC -1  and 
C2  = 0.05p, \PC 2  when its hot junction is at 
200°C more than the cold junction temperature. 

3. Derive van der Waal's equation of state for a real 
gas. Discuss the shortcomings of this equation. 
State any one modified equation of State that 
overcomes these short comings. 	 5+4+1 

OR 
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What do you mean by mean free path of gas 
molecules ? Show that the mean free path is given 

by X = 	
1

where cr is the collision cross-section 
6n 

and n is the molecular density. Write down the 
exact relation for X obtained by taking into 
account the Maxwellian distribution of molecular 
velocities. 	 2+6+2 

4. 	(a) 	Establish the relation : 	 4+1 

C - C1, v 

avr ap 
al- 4p ay iT 

and show 

that Cp  ----> Cv  as T ---> 0. 

(b) What is Gibbs phase rule ? Salt is gradually 
added by way of a special mechanism to a 
beaker containing ice and water in 
equilibrium under a bell-jar. The latter 
contains air at atmospheric pressure. Using 
Gibbs phase rule compute the number of 
degrees of freedom when : 	 1+2+2 
(i) all the salt goes into solution, and 

(ii) some salt remains undissolved. Name 
the variables corresponding to these 
degress of freedom. 

5. 	Attempt any two parts : 

(a) Two particles are to be accommodated in 	5 
three energy states. Calculate the number 
of ways in which this can be done if the 
particles obey : 

(i) Classical statistics 

(ii) Fermi - Dirac statistics 
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(b) What is Bose - Einstein condensation ? 
Show that Bose - Einstein condensation 
temperature is given by : 

= 	
h2 

1, - 	
N 

2-n-mkB  [2.612V 

(c) The partition function for an N - particle 3+2 
system is given by : 

3N  
N 	V N L'ITM 2 

ZN = Z h  3N 	0 

Obtain the expression for heat capacity at 
constant volume, Cv  and Helmholtz free 
energy F. 
Physical Constants : 
h=6.6 x10 -34  Js 
me  = 9.1 x 10 31  kg 
kB  =1.38 x10 -23Jk -1  

1+4 
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(c) 71:11 6,),11 T 	342i cf-qt t? 	Trff cI144-11-1 

f-*74 ci 	f c t. ? 1036 	m 3 .q-r 
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 (T1  - T2 ) 
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3+2 

1+4 
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(b) -4)T1 -37-4z179. 	.TEfT ? -ft:1Z ch ch 	1+4 

3-7-4aTi 	dp-14-11-r 	 gRi 

fTr 'ikirt-: 

h2 N  3  
T — 	 
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(c) N chur 	as mi 4racRui 	-14-1 F c.1 3+2 

: 

3T--4T 31rd7117 Tun-m-rf-cd-r cv  

F chi 04\1* 

h=6.6 x 10-34  Js 
me  = 9.1 x 10 -31  kg 
kB  = 1.38 x 1 0 - 23Jk -1  

3N 

N 	
ITI VN  2Tr 2 I 

ZN = Z = 	 
h3N R 
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