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BACHELOR OF SCIENCE 

(B. SC.) 

Term-End Examination 

June, 2026 

BPHE-106/PHE–006 : THERMODYNAMICS AND 

STATISTICAL MECHANICS 

Time : 2 Hours  Maximum Marks : 50 

Note : (i) All questions are compulsory, but 

internal choices are given. 

 (ii) The marks for each question are 

indicated against it. 

 (iii) Symbols have their usual meanings. 

 (iv) You can use a calculator. 

1. Answer any three parts : 3×5=15 

(a) Calculate the temperature at which 

root-mean square speed of nitrogen 

molecules exceeds their most probable 

speed by 200 ms–1. 
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(b) What is transport phenomenon ? Obtain 

an expression for viscosity of the gas. 

Assume that the average number of 

molecules crossing an arbitrary plane 

from either side per unit area per 

second is 
1

V
4

n .  

(c) What are intensive and extensive 

variables ? Write the intensive and 

extensive variables for the following 

thermodynamic systems : 

(i) Gas in a cylinder  

(ii) Paramagnetic solid 

(iii) Surface film 

(d) One mole of an ideal gas expands 

isothermally to three times its initial 

volume. Calculate the entropy change 

in terms of gas constant R. 

(e) Define Fermi energy. Show that the 

Fermi energy of a gas is given by : 

 
   

 

2/32

F

3N

2 8 V

h

m
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2. Define mean free path of a molecule. Derive 

an expression of mean free path when only 

one molecule is in motion. 1+4 

Or 

What is Brownian motion of a particle ? 

Obtain an expression for particle 

concentration in sedimentation process. 1+4  

3. Attempt any two parts : 2×5=10 

(a) Show that for an ideal gas : 5 

 T

1

P
 and 

1

T
    

where the symbols have their usual 

meanings. 

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

isothermal process is : 5 

W RTn   
 
 
 

V
ln

V

f

i

  

(c) What is a thermistor ? What materials 

are generally used to make the 

thermistor ? What is their range of 

temperatures ? Draw a resistance 

versus temperature curve for a 

thermistor.  1+1+1+2   
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4. Derive the Ehrenfest’s equation for a second 

order phase transition :  

 
2 1

2 1

C C

T TV

p p

p p

p 


  
  

Also draw temperature variation of heat 

capacity for second order transition. 8+2 

Or 

What is Joule-Thomson Effect ? 

Derive the relation of Joule-Thomson 

coefficient    : 

1 V
V T

C Tp p

  
        

  

Also obtain the expression of   for an ideal 

gas. What does this result imply ? 1+6+2+1 

5. (i) Discuss fountain effect observed in 

liquid He at low temperatures. 5 

(ii) Planck’s law for distribution of black 

body radiation is given by : 

 

3

3
B

8

exp / T 1

h d
u d

h kc


  
 

 
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Using this relation obtain an expression 

for Stefan’s constant.  5 

Or 

The thermodynamic probability for 

Bose-Einstein distribution is given as : 

 
 
N 1 !

W
N ! 1 !

i i

i i

g

g

 



  

Obtain an expression for Bose-Einstein 

distribution function. 

Also, plot Bose-Einstein and Fermi-

Dirac distribution functions at a finite 

temperature as a function of energy on 

the same graph.  7+3 
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foKku Lukrd  

(ch- ,l&lh-) 

l=kar ijh{kk  

twu] 2026 

ch-ih-,p-bZ-&106@ih-,p-bZ & 006 % Å"ekxfrdh rFkk 

lkaf[;dh; ;kaf=dh 

le; % 2 ?k.Vs   vf/kdre vad % 50  

uksV % (i) lHkh iz'u vfuok;Z g®] ijUrq vkUrfjd fodYi fn, 

x, g®A  

 (ii) izR;sd iz'u ds vad mlds lkeus fn, x, g®A  

 (iii) izrhdksa ds vius lkekU; vFkZ g®A  

 (iv) vki dSYdqysVj dk iz;ksx dj ldrs g®A 

1- fdUgha rhu Hkkxksa ds mÙkj nhft, % 3×5=15 

(d) og rkieku ifjdfyr dhft, ftl ij ukbVªkstu 

v.kqvksa dh oxZ ewy ek/; pky izkf;dre pky ls 

200 ms–1 vf/kd gksrh gSA 
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([k) vfHkxeu ifj?kVuk D;k gS \ xSl dh ';kurk dk 

O;atd O;qRiUu dhft,A eku yhft, fd fdlh 

;kn`fPNd lery ds nksuksa vksj ls izfr bdkbZ {ks=Qy 

izfr lsd.M ikj djus okys v.kqvksa dh vkSlr la[;k 

1
V

4
n  gSA 

(x) vfoLrkjkRed vkSj foLrkjkRed pj D;k gksrs g®\ 

fuEufyf[kr mG"ekxfrd ra=ksa ds fy, vfoLrkjkRed 

vkSj foLrkjkRed pj fyf[k, % 

(i) fl¥yMj esa xSl 

(ii) vuqpqacdh; Bksl 

(iii) i`"B fQYe 

 (?k) ,d eksy vkn'kZ xSl lerkih; izlkj esa vius 

izkjfEHkd vk;ru ls rhu xquk txg ?ksjrh gSA xSl 

fu;rkad R ds inksa esa ,UVªkih ifjorZu ifjdfyr 

dhft,A 

(³)QehZ mGtkZ dks ifjHkkf"kr dhft,A fl¼ dhft, fd 

xSl dh QehZ mGtkZ dk O;atd fuEufyf[kr gS % 

 
   

 

2/32

F
3N

2 8 V

h

m
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2- v.kq ds ek/; eqDr iFk dks ifjHkkf"kr dhft,A ek/; eqDr 

iFk dk O;atd O;qRiUu dhft, tc dsoy ,d v.kq 

xfreku gSA   1+4 

vFkok 

 v.kq dh czkmGuh xfr D;k gksrh gS \ volknu izØe esa 

d.kksa ds ladsUnz.k dk O;atd izkIr dhft,A 1+4 

3- fdUgha nks Hkkxksa ds mÙkj nhft, % 2×5=10 

(d) fl¼ dhft, fd vkn'kZ xSl ds fy, 5 

 T
1

P
 vkSj  

1

T
 

 izrhdksa ds vius lkekU; vFkZ g®A 

([k) lerkih izØe esa xSl }kjk fd, x, dk;Z dk O;atd 

fuEufyf[kr gS % 5 

 
    

 

V
W RT ln

V

f

i

n  

(x) rkih izfrjks/kd D;k gksrk gS \ rkih izfrjks/kd dks 

cukus ds fy, lk/kkj.kr;k fdu inkFkks± dk mi;ksx 

fd;k tkrk gS \ mudk rkiekiu ifjlj fdruk gksrk 

gS \ rkih izfrjks/k ds fy, izfrjks/k dk rki ds lkis{k 

vkjs[k [khafp,A 1+1+1+2 
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4- f}rh; dksfV izkoLFkk laØe.k ds fy, fuEufyf[kr 

,sjuQsLV lehdj.k O;qRiUu dhft, % 





  

12

2 1

C C

T TV( )

p p

p p

p
 

vkSj f}rh; dksfV izkoLFkk ds fy, rki ds lkis{k 

mG"ek/kkfjrk dk vkys[k [khafp,A 8$2 

vFkok 

twy&VkWelu izHkko D;k gksrk gS \twy&VkWelu xq.kkad () 

dk fuEufyf[kr O;atd O;qRiUu dhft, % 

  
     

   

1 V
V T

C Tp p

 

vkn'kZ xSl ds fy, Hkh  dk O;atd izkIr dhft,A crkb, 

fd ;g ifj.kke gesa D;k cks/k djkrk gS \ 1+6+2+1 

5- (i) fuEu rkieku ij nzo He esa izsf{kr QOokjk izHkko dh 

ppkZ dhft,A 5 
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(ii) Ïf".kdk fofdj.k ds caVu ds fy, Iykad  

fu;e fuEufyf[kr O;atd }kjk fn;k tkrk  

gS % 

 

3

3
B

8

exp / T 1

h d
u d

h kc


  
 

 
 

 bl lEcU/k dk mi;ksx dj LVhQu fu;rkad dk 

O;atd izkIr dhft,A 5 

vFkok 

cksl&vkbUlVkbu caVu ds fy, mG"ekxfrdh izkf;drk dk 

O;atd fuEufyf[kr gS % 

 




(g N 1)!
W

N ! (g 1)!

i i

i i

 

cksl&vkbUlVkbu caVu Qyu dk O;atd O;qRiUu dhft,A 

QehZ&fMjkd vkSj cksl&vkbUlVkbu caVu Qyuksa ds oØ 

mGtkZ ds lkis{k fdlh ifjfer rkieku ds fy, ,d gh xzkQ 

ij [khafp,A  7+3 

× × × × × 

 


