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BACHELOR OF SCIENCE (B. Sc.)  

Term-End Examination 

June, 2024 

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 three parts : 3×5=15 

(a) What are isotherms and adiabats ? Show 

that the slope of an adiabat is   (C /C )p v  

times the slope of an isotherm. 2+3 

(b) Draw T-s diagram for a Carnot cycle and 

calculate efficiency of a Carnot engine. 1+4 

(c) Define mean free path. Obtain the 

expression for survival equation. 1+4 
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(d) Starting from the expression for 

thermodynamic probability for a Fermi 

system, show that the Fermi-Dirac 

distribution function is given by : 5 

 
      

1
( )

exp ( ) 1
f . 

(e) Using Maxwell’s relations, derive first and 

second TdS equations. 5 

2. 1 kg of water is heated from 0°C to 100°C and 

converted into steam at the same temperature. 

Calculate the increase in entropy. Given that : 

Specific heat capacity of water is 

3 1 14.18 10 Jkg K   and latent heat of 

vaporization is 7 12.27 10 Jkg . 5 

Or 

What are bosons and fermions ? Give two 

examples of each. Of the two isotopes of helium, 

3He and 4He, which one is boson ? Justify your 

answer.   2+2+1 

3. Attempt any two parts : 2×5=10 

(a) The initial temperature of a gas is 27°C. 

Calculate the rise in its temperature when 

it is compressed suddenly to 8 times its 

original pressure. Take γ = 1.5. 5 
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(b) What is Brownian motion ? Show that 

during sedimentation, particle 

concentration decreases exponentially with 

height.  1+4 

(c) Two ideal gases having n1 moles and n2 

moles, respectively, are enclosed in two 

separate containers initially at constant 

temperature T and pressure p. If these 

gases are made to mix, obtain an 

expression for the entropy of mixing per 

mole of mixture. 5 

4. Write the mathematical form of Planck’s law of 

blackbody radiation. Obtain expressions for 

Wien’s law, Rayleigh-Jean’s law and Stefan-

Boltzmann’s law. 1+2+2+5 

Or 

For second order phase transition, derive the 

Ehrenfest equation. 10 

5. Attempt any two parts : 2×5=10 

(a) Explain the classification of boundaries in 

a thermodynamic system. 5 
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(b) The average energy of helium molecules is 

21E 3 10 J  . Calculate their average 

speed ( )v . 5 

(c) Explain the construction of platinum 

resistance thermometer. Write its two 

principal merits. 3+2 

Physical constants : 

Planck’s constant   346.63 10 J-sh   

Mass of electron, 319.11 10 kgem     

Mass of proton, –271.67 10 kgpm     

Avogadro constant 23 1
AN 6.02 10 mol    

Boltzmann constant 23 1
BK 1.38 10 JK     
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T-s

(survival)

 
      

1
( )

exp ( ) 1
f  

T Sd

kg 0°C 100°C

ª

3 1 14.18 10 Jkg K 

7 12.27 10 Jkg  
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3He

4He

2×5=10 

27°C
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1.5 

(concentration)

T

p 1n

2n

] ª
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×  

21E 3 10 J 

( )v

  346.63 10 J-sh

ª ] 319.11 10 kgem  

] –271.67 10 kgpm  

23 1
AN 6.02 10 mol 

   23 1
B 1.38 10 JKk
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