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June, 2015 

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. 

Attempt any three parts : 	 3x5=15 

(a) One mole of oxygen at STP is adiabatically 
compressed to 5 atm. Calculate the 
final temperature. Take y = F4 and 

R= 8.31 J morl 

(b) State the operational ranges and limitations 
of platinum resistance thermometer and 
Fe-Constantan thermocouple. 
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(c) What is entropy ? Calculate the change in 
entropy of an ideal gas for an isothermal 
expansion. 

(d) Calculate the mean free path of H2  
molecules at 300 K. The diameter of H2  

molecules is 3 A and the number density is 
3 x 1025  m-3  

(e) Show that the Fermi energy of a gas is given 
h2 r  3N  2/3 

, - by E 
r  2m 87cV) 

2. Attempt any one part : 	 1 x 5=5 

(a) For a gaseous system, show that 

=13 dT - Kdp 
V 

where symbols have their usual meanings. 

(b) Show that the work done by a gas in an 
isothermal process is 

AW = n RT In 

dV 

PHE-06 	 2 



3. Discuss the significance of Brownian motion in 

kinetic theory of gase. Obtain the expression for 

particle concentration in sedimentation process. 

The motion of soot particles of radius 

0.5 x 10-4  cm in water-glycerine solution 

characterized by 

= 2.80 x 10-3  kg m-1  s-1  at 300 K was observed 

for 10 s. The observed value of A(R2) was 

3.30 x 10-8  cm2. 	Calculate Boltzmann 

constant. 	 2+6+2=10 

OR 

(i) Define mean free path. Assuming that the 
collision probability is a function of distance, 
obtain the Survival Equation. 	 1+4=5 

(ii) The pressure exerted by an ideal gas is given 

by 

p =3 mn v
-2  . 

Using this expression deduce Avogadro's 
law. 	 5 

4. What is Joule-Thomson effect ? Obtain the 

expression for Joule-Thomson coefficient for an 

ideal gas. 

	

	 2+8=10 

OR 

Using Maxwell relations, derive 1st and 2nd  

energy equations. Discuss their physical 

significance. 	 8+2=10 

PHE-06 	 3 	 P.T.O. 



5. What is Gibb's paradox ? Why does it arise ? 
Obtain Sackur-Tetrode equation and show that it 
is free from Gibb's paradox. 	 1+1+6+2=10 

OR 

The thermodynamic probability for a 
Fermi-Dirac system is given by 

W = n 	gi  
(gi — ni)!ni ! 

Obtain the expression for Fermi-Dirac 
distribution function, fFD  (e). Also plot fFD  (E) as 
a function of at T = 0 K and T > 0 K. 	7+3=10 
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