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BACHELOR OF SCIENCE (B. Sc.) 
Term-End Examination 

December, 2024 
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 calculators.  
 (iii) Symbols have their usual meanings.  

 (iv) The values of physical constants are 
given at the end.  

1. Answer any three parts : 5 × 3 = 15 

(a) Define mean free path of a gas molecule. 
Show that for the zeroth order 
approximation (only one molecule in 
motion), the mean free path is given by : 

1+4 

2
1
d n

λ =
π

.  
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(b) Write the differential form of the first law 
of thermodynamics. Write the significance 
and limitations of the first law of 
thermodynamics. 1+2+2 

(c) Three moles of a perfect gas occupy 
30.06 m  and exert a pressure of 

5 23 10 Nm−× . It is compressed isobarically 

to 30.05m . Calculate the work done on the 
gas and the change in the temperature. 

3+2 

              (Take 1 1R 8.3JK mol− −= )  

(d) Assuming equal specific entropies of two 
phases, obtain the Ehrenfest’s equation for 
second order phase transition. 5 

(e) Define Fermi energy. Show that it is given 
by :   1+4 

2
2 3

F
3N=

8 V
h
m
 ε  π 

. 

2. Attempt any one part : 5×1=5 

(a) Find out the number of degrees of freedom 

for a rigid diatomic molecule. Calculate the 
thermal energy associated with it. 3+2 
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(b) The efficiency of a Carnot engine operating 

between temperatures 1T  and 2T  is 1
3

. If 

the temperature of the sink is lowered by 

70 K, the efficiency doubles. Calculate the 

source and sink temperatures. 5 

3. Attempt any two parts : 5×2=10 

(a) A monoatomic gas obeys van der Waals’ 

equation. Its =T 44.75 Kc  and 

=P 26.86 atmc . Calculate the diameter of 

the gas atom. 5 

(b) Show that the expression for adiabatic 

lapse rate is : 5 

T 1 M
R

d g
dh

 γ −
= − γ 

. 

(c) Establish Boltzmann relation between 

entropy and probability : 4+1 

k= BS ln W   

State its significance. 
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4. Attempt any one part : 10×1=10 

(a) Derive the equation of state for an 

adiabatic process given by  

1TV γ− =  constant. Using it obtain the other 

two equations of state viz.  : 7+3 

1
T

P

γ

γ− =  constant 

and          PV γ =  constant. 

(b) (i) Derive the expression for the 

difference of heat capacities at 

constant pressure and constant 

volume : 6 

 
2

P V
P T

V PC C T
T V
∂ ∂   − = −    ∂ ∂   

. 

(ii) Prove that PC   can never be less than 

VC . 2 

(iii) Comment on the behaviour of the heat 

capacity values as the temperature 

approaches absolute zero. 2 
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5. Attempt any one part : 10×1=10 

(a) Derive van der Waals’ equation of state. 

Express it in terms of compressibility 
factor. Hence, show that the van der 
Waals’ equation reduces to perfect gas 

equation at low pressure and high 
temperature. 5+2+3 

(b) The thermodynamic probability of a boson 
system is given by :  

+ −
= Π

−
( N 1)!W[{N}]
N!( 1)!

i i
i i

g
g

  

Starting from this relation, obtain the 

expression for Bose-Einstein distribution 
function. Plot your result. 9+1 

Physical constants : 

  
23 –1

B 1·38 10 JKk −= ×  

  5 –21 atm 1·03 10 Nm= ×  

  1 cal 4·18J=  

  
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=kkar ijh{kk 

fnlEcj] 2024 
ch-ih-,p-bZ--106/ih-,p-bZ--06 % Å"ekxfrdh rFkk  

lkaf[;dh; ;kaf=kdh 

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

uk sV % (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 ds mÙkj nhft, % 5×3=15 

(d)  xSl ds v.kq ds fy, ekè; eqDr iFk dks 

ifjHkkf"kr dhft,A 'kwU; dksfV lfUudVu 

(dsoy ,d v.kq xfreku gks) ds fy, fl¼ 

dhft, fd ekè; eqDr iFk dk O;atd 

2
1
d n

λ =
π

 gksrk gSA 1+4 
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([k)  Å"ekxfrdh ds izFke fu;e dk vody :i 

fyf[k;sA Å"ekxfrdh ds izFke fu;e dh 

lkFkZdrk rFkk lhek,¡ crkb,A 1+2+2 

(x)  vkn'kZ xSl ds rhu eksy 30.06 m  vk;ru 

?ksjrs gSa vkSj 5 23 10 Nm−×  dk nkc Mkyrs gSaA 

bls lenkch :i ls laihfMr djds bldk 

vk;ru 30.05 m  fd;k tkrk gSA xSl ij fd;k 

x;k dk;Z vkSj blds rki esa gq, ifjorZu dk 

eku ifjdfyr dhft,A 3+2 

                        ( 1 1R 8.3JK mol− −=  ysa) 

(?k)  nks izkoLFkkvksa dh fof'k"V ,UVªkWfi;k¡ leku 

ekudj] f}rh; dksfV izkoLFkk laØe.k ds fy, 

,gjsuiQsLV lehdj.k izkIr dhft,A 5 

(³)  iQehZ ÅtkZ dks ifjHkkf"kr dhft,A fl¼ dhft, 

fd bldk O;atd 
2

2 3
F

3N=
8 V
h
m
 ε  π 

 gksrk gSA 

1+4 

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

(d)  ,d n`<+ f}ijek.kqd v.kq ds fy, Lokra=; dksfV 

dh la[;k Kkr dhft,A bl v.kq ls lEc¼ 

rkih; ÅtkZ ifjdfyr dhft,A 3+2 
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([k)  1T  vkSj 2T  rkiksa ds chp dk;Z djus okys ,d 

dkuksZ batu dh n{krk 1
3
 gSA ;fn vfHkxe dk 

rki 70K  ?kVk fn;k tk,] rks n{krk nqxquh gks 

tkrh gSA lzksr vkSj vfHkxe ds rki ifjdfyr 

dhft,A 5 

3- fdUgha n k s Hkkxksa dks gy dhft, % 5×2=10 

(d)  ok.Mj okYl lehdj.k dk vuqlj.k djus okyh 

,dijek.kqd xSl ds fy, =T 44.75 Kc  vkSj 

=P 26.86 atmc  gSaA xSl ds ijek.kq dk O;kl 

ifjdfyr dhft,A 5 

([k)  fl¼ dhft, fd #¼ks"e ßkl nj dk O;atd 

fuEufyf[kr gS % 5 

T 1 M
R

d g
dh

 γ −
= − γ 

 

(x)  ,UVªkWih vkSj izkf;drk ds chp cksYV~teku 

lEcU/ k= BS ln W izLFkkfir dhft,A bl 

lEcU/ dh lkFkZdrk D;k gS \ 4+1 
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4- fdlh ,d Hkkx dks gy dhft, % 10×1=10 

(d)  #¼ks"e izØe ds fy, voLFkk lehdj.k 

1TV γ− =  vpj O;qRiUu dhft,A bldk mi;ksx 

djds vU; nks voLFkk lehdj.k % 7+3 

1
T

P

γ

γ− =  vpj 

 vkSj       PV γ = vpj 

 izkIr dhft,A  

([k)  (i)  vpj nkc ,oa vpj vk;ru 

Å"ek/kfjrkvksa esa vUrj dk O;atd  

 
2

P V
P T

V PC C T
T V
∂ ∂   − = −    ∂ ∂   

 

 O;qRiUu dhft,A 6 

 (ii)  fl¼ dhft, fd PC  dHkh Hkh VC  ls 

de ugha gks ldrkA 2 

 (iii) rki ds ije 'kwU; dh rjiQ c<+us ij 

Å"ek/kfjrkvksa ds ekuksa ds vkpj.k dh 

ppkZ dhft,A 2 
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5- fdlh ,d Hkkx dks gy dhft, % 10×1=10 

(d)  ok.Mj okYl voLFkk lehdj.k O;qRiUu dhft,A 

bls laihM~;rk dkjd ds inksa esa O;Dr dhft,A 

vr% fl¼ dhft, fd fuEu nkc vkSj mPp rki 

ij ok.Mj okYl lehdj.k vkn'kZ xSl lehdj.k 

esa ifjofrZr gks tkrk gSA 5+2+3 

([k)  ckslkWu ra=k dh Å"ekxfrdh; izkf;drk ge 

fuEufyf[kr O;atd ls fu:fir djrs gSa % 

+ −
= Π

−
( N 1)!W[{N}]
N!( 1)!

i i
i i

g
g

 

 bl lehdj.k ls izkjaHk djds cksl&vkbULVhu 

caVu iQyu dk O;atd izkIr dhft,A vius 

ifj.kke dks vkjsf[kr dhft,A 9+1 

 HkkSfrd fu;rkad % 

  
23 –1

B 1·38 10 JKk −= ×  

  5 –21 atm 1·03 10 Nm= ×  

  1 cal 4·18J=  

  
23 –1

AN 6.022 10 mol= ×   

  –1 –1R = 8.3 JK  mol  
× × × × × × × 


