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BACHELOR OF SCIENCE (B. Sc.)  

Term-End Examination 

December, 2023 

PHE-06/BPHE–106 : THERMODYNAMICS AND 

STATISTICAL MECHANICS  

Time : 2 Hours     Maximum Marks : 50 

Note : (i) All questions are compulsory, but 

internal choices are given.  

 (ii) You can use a calculator.  

 (iii) Symbols have their usual meanings.  

 (iv) The marks for each question are 

indicated against it.  

1. Answer any five parts : 5×2=10 

(a) State Zeroth Law of Thermodynamics. 

(b) Write any two examples each of extensive 

and intensive variables of a 

thermodynamic system. 

(c) Write any three assumptions of kinetic 

theory of gases. 

(d) How does coefficient of viscosity vary with 

pressure and temperature ? 
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(e) The efficiency of a Carnot engine is 

independent of the nature of working 

substance. Then why do we depend so 

much on petrol and diesel as fuel ? 

(f) Why is it easier to cook food in a pressure 

cooker ? 

(g) What is Gibbs Paradox ? 

(h) Draw the plot of Fermi function with 

energy at different temperatures. 

2. Attempt any two parts : 2×5=10 

(a) Calculate the temperature at which root 

mean square speed of oxygen molecules 

will exceed their most probable speed by 

100 ms–1. Assume that the molecules obey 

Maxwellian law. 

(b) Discuss Andrew’s experiments on 

liquefaction of gases. 

(c) What is Brownian motion ? Describe 

Perrin’s experiments to determine 

Avogadro’s number. 

3. Attempt any two parts :  

(a) Represent an adiabatic process and 

isothermal process on P-V diagram. Which 

curve has greater slope and how much ? 

2+3 

(b) What is Seebeck effect ? What are the 

principal limitations of thermocouples ?  

2+3 
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(c) Using the relation : 

P V 2
P

V
C C P

V T

a    
        

  

show that for a van der Waals’ gas, the 

difference between molar heat capacities at 

constant pressure and constant volume is 

given by : 5 

P V

2
C C R 1

RTV

a 
    

  

4. Attempt any two parts :  

(a) What is entropy ? Can we calculate its 

absolute value ? If yes, how ? If not, why ? 

2+1+2 

(b) A Carnot engine has an efficiency of 50% 

when the temperature of the sink is 27°C. 

Calculate the change in the source 

temperature for increasing the efficiency to 

60%.  5 

(c) (i) State Gibbs phase rule. Use it to 

explain the existence of triple point of 

water. 3 

(ii) Draw plots of CP vs. T for first order 

and second order phase transitions. 

1+1 
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5. Derive Sekar-Tetrode equation based on 

Boltzmann counting. Show that it is free from 

Gibbs paradox. 8+2 

Or 

Obtain Planck’s law based on Bose’s derivation. 

Hence, derive Rayleigh-Jean’s law and Wien’s 

law as its limiting cases. 6+2+2 
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ª

×  

Vrms Vp

100 ms–1

ª
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P-V

P V 2
P

V
C C P

V T

a    
        

 

P V

2
C C R 1

RTV

a 
    

 

×  

ª

(absolute) ]

]
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27°C ] 50%

60%

(i)  

(ii)   CP

ª
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