
 

C–2440/BPHE–106/PHE–06 P. T. O. 

No. of Printed Pages : 10 BPHE–106/ 

  PHE–06 

BACHELOR’S OF SCIENCE (B. SC.)  

Term-End Examination 

June, 2025 

BPHE-106/PHE–06 : THERMODYNAMICS AND 

STATISTICAL MECHANICS 

Time : 2 Hours  Maximum Marks : 50 

Note : (i) All questions are compulsory, but 

internal choices are provided. 

 (ii) You can use a calculator. 

 (iii) Symbols have their usual meanings. 

 (iv) The values of physical constants are 

given at the end. 

1. Attempt any three parts : 5×3=15 

(a) Obtain the expression for the average 

speed of monatomic  gas atoms  
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obeying Maxwell’s distribution function 

given by : 5 
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(b) Write the equations of state for an ideal 

gas under (i) isothermal process and  

(ii) adiabatic process.  

Obtain the expressions for the work 

done in both the processes.  

(c) What is Joule-Thomson effect ? Write 

the mathematical expression for Joule-

Thomson coefficient (). Explain, what 

should be the sign of  to liquefy a gas. 

    5 

(d) Prove that for an ideal gas isothermal 

compressibility, T
1

p
   and volume 

expansion coefficient 
1

T
  . 3+2 

(e) Explain the fountain effect exhibited by 

He II.  5 
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2. Attempt any one part : 1×5=5 

(a) Define the coefficient of viscosity and 

write its SI units. Discuss the effect of 

temperature and pressure on viscosity. 

2+3 

(b) Draw the T-S diagram of Carnot cycle. 

Show that the efficiency of Carnot 

engine is given by 2
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3. Attempt any two parts : 2×5=10 

(a) What are critical constants of a van der 

Waals gas ? Prove that for a van der 

Waals gas : 1+4 
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(b) Explain the classification of boundaries 

of a system. Give one example of each 

type.  5 

(c) For a monatomic gas consisting of N-

identical, distinguishable, non-
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interacting particles, the partition 

function is given by : 
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Using this expression, obtain the 

expression for energy per molecule. 5 

4. Attempt any one part : 1×10=10 

(a) Explain the principle of working of a 

vapour pressure thermometer with the 

help of a diagram. Describe how 

temperature is measured using it. What 

are the limitations of this type of 

thermometer ? 2+6+2 

(b) Write the four Maxwell’s relations. 

Using these relations, obtain the 

following three TdS-equations : 4+2+2+2 
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5. Attempt any one part : 1×10=10 

(a) Define mean free path of a molecule. 

Obtain the expression for survival 

equation. Plot the survival equation. 

2+6+2 

(b) The total number of ways in which N 

particles can be put into various levels 

is given by : 


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Using this expression, obtain expression 

for Fermi-Dirac distribution function. 

Plot the Fermi function with energy at 

different temperatures. 8+2 

Physical constants : 

23 1
B 1.38 10 JKk     

5 21 atm = 1.03 × 10 Nm  

1 cal = 4.18 J  

23 1
AN = 6.022 × 10 mol  

–1 1R = 8.3 JK mol  
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 BPHE–106/ 

 PHE–06 

foKku Lukrd (ch- ,l-&lh-) 

l=kar ijh{kk  

twu] 2025 

ch-ih-,p-bZ-&106@ih-,p-bZ-&06 % Å"ekxfrdh vkSj 

lkaf[;dh; ;kaf=dh 

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

uksV % (i) lHkh iz'u vfuok;Z gSa] ijUrq vkarfjd fodYi fn, 

x, gSaA  

 (ii) vki dSYdqysVj dk iz;ksx dj ldrs gSaA  

 (iii) izrhdksa ds vius lkekU; vFkZ gSaA 

 (iv) HkkSfrd fu;rkadksa ds eku var esa fn, x, gSaA 

1- fdUgha rhu Hkkxksa dks gy dhft, % 3×5=15 

(d) eSDlosyh caVu Qyu % 
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dk vuqlj.k djus okyh ,dijek.kqd xSl dh ek/; 

pky dk O;atd izkIr dhft,A 5 
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([k) (i) lerkih vkSj (ii) #¼ks"e izØeksa ds fy, voLFkk 

lehdj.k fyf[k,A bu nksuksa izØeksa esa fd, x, dk;ks± 

ds fy, O;atd izkIr dhft,A 5 

(x) twy&Vkelu izHkko D;k gksrk gS \ twy&Vkelu 

xq.kkad () dk xf.krh; O;atd fyf[k,A xSl dks 

æfor djus ds fy, dk fpÊ D;k gksuk pkfg,] 

le>kb,A 5 

(?k) vkn'kZ xSl ds fy, fl¼ dhft, fd lerkih 

laihM~;rk] T
1

p
   vkSj vk;ru izlkj dk lenkch 

xq.kkad 
1

T
   gksrs gSaA 3$2 

(³) He II }kjk izn£'kr QCckjk izHkko dh O;k[;k 

dhft,A  5 

2- fdlh ,d Hkkx dk mÙkj fyf[k, % 1×5=5 

(d) ';kurk xq.kkad dh ifjHkk"kk fyf[k, vkSj bldk SI 

ek=d crkb,A ';kurk ij rkieku vkSj nkc ds 

izHkko dh ppkZ dhft,A 2$3 
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([k) dkuksZ pØ dk T-S vkjs[k [khafp,A fl¼ dhft, 

fd dkuksZ batu dh n{krk dk O;atd  

2

1

T
1

T
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gSA   2$3 

3- fdUgha nks Hkkxksa dks gy dhft, % 2×5=10 

(d) ok.Mj okYl xSl ds ØkfUrd vpjkad D;k gksrs gSa \ 

fl¼ dhft, fd ok.Mj okYl xSl ds fy,  % 1$4 
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([k) ,d ra= dh ifjlhekvksa dk oxhZdj.k crkb,A 

izR;sd ifjlhek dk ,d mnkgj.k nhft,A 5 

(x) N-loZle] foHks|] vU;ksU;fØ;kghu d.kksa ls cuh 

xSl dk laforj.k Qyu fuEufyf[kr gS % 5 
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bl O;atd dk mi;ksx djds izfr v.kq ÅtkZ dk 

O;atd izkIr dhft,A 
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4- fdlh ,d Hkkx dks gy dhft, % 1×10=10 

(d) mfpr vkjs[k dh lgk;rk ls ok"inkch rkiekih ds 

dk;Z fl¼kUr dks le>kb,A crkb, fd blds mi;ksx 

ls rki ekiu dSls fd;k tkrk gSA bl izdkj ds 

rkiekih dh D;k lhek,¡ gksrh gSa \ 2$6$2 

([k) eSDlosy ds pkj lEcU/k fyf[k,A bu lEcU/kksa dk 

mi;ksx djds fuEufyf[kr rhu TdS lehdj.k izkIr 

dhft, %  4$2$2$2 
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5- fdlh ,d Hkkx dks gy dhft, % 1×10=10 

(d) v.kq ds ek/; eqDr iFk dks ifjHkkf"kr dhft,A 

vfrthfork lehdj.k dk O;atd izkIr dhft,A 

vfrthfork lehdj.k dk vkjs[k [khafp,A 2$6$2 
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([k) N d.kksa dks fofHkUu Lrjksa esa forfjr djus dh dqy 

fof/k;ksa dh la[;k dk O;atd fuEufyf[kr gS % 




!
W[{N}] = 

( N )!N !
i

i i i i

g

g
 

bl O;atd dk mi;ksx djds QehZ&fMjkd caVu 

Qyu izkIr dhft,A fofHkUu rkiksa ij QehZ Qyu ds 

ÅtkZ ds lkis{k fopj.k dk vkys[k [khafp,A 8$2 

HkkSfrd fu;rkad % 

23 1
B 1.38 10 JKk     

5 21 atm = 1.03 × 10 Nm  

1 cal = 4.18 J  

23 1
AN = 6.022 × 10 mol  

–1 1R = 8.3 JK mol  

× × × × × 

 

 

 

 

 


