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

December, 2022 
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.  
 (v) The valuesof the physical constants are 

mentioned at the end.  

1. Answer any three parts :  

 
3.5 × 10–10 m. Calculate mean free path at 
temperature 27°C and pressure one atm.  
(k = 1.38 × 10–23 m2 kg/s2

(b) Obtain expression for mean translational 
energy per degree of freedom for the 

 K). 5 
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molecules following a Maxwellian 
distribution given by : 5 

                        ( ) ( )2A exp Bx x x xf v dv v dv= −
  

where BA =
π

. 

(c) State zeroth law of thermodynamics and 
use it to establish the concept of 
temperature. What are ‘extensive’ and 
‘intensive’ variables in Thermodynamics ?  

1+2+2 
(d) A reversible engine takes-in heat from a 

reservoir of heat at 527°C and gives-out 
heat to sink at 127°C. How many calories 
per second must it take from the reservoir 
to produce useful mechanical work at the 
rate of 750 W ? 5 

(e) Starting with the equation of motion of a 
linear harmonic oscillator, show that its 
phase space is an ellipse. 5 

2. Using van der Waals gas equation, obtain the 
expressions for critical constants of the gas  
(P , Vc c  and Tc ). 5 

Or 
Show that :  5 

 ∂ ∂   − = +    ∂ ∂    T P

U VC C P
V Tp v   
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3. Attempt any two parts :  
(a) If the average energy of helium molecules 

is 2.5 × 10–21 

(i) Average speed 
J, calculate : 

(ii) Root-mean-square speed 
(Given that : f = 3, mHe  = 6.7 × 10–27

(b) With the help of a schematic diagram, 
explain the construction of a platinum 
resistance thermometer. Write any two of 
its merits. 3+2 

 kg) 

(c) Write down the expression for adiabatic 
lapse rate. If the rate of fall in temperature 
is 9.8 K per km with height, estimate 
( )C /Cp vγ = . Given that : m = 28.94. 1+4 

4. Write the expressions for the four 
thermodynamic potentials. Derive Maxwell’s 
four thermodynamic relations using these 
expressions. 4+6 

Or 
Explain the phenomenon of adiabatic 
demagnetization. Describe the experimental 
arrangement to produce very low temperatures 
using this phenomenon.  

5. Attempt any two parts : 5+5 
(a) Obtain Boltzmann relation of 

thermodynamic probability. 5 
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(b) State Dulong and Petit’s law. Using 
Einstein’s theory, derive the expression for 
the constant volume heat capacity. 1+4 

(c) State Gibbs’ paradox. How can it be 
resolved by using Sackur-Tetrode  
equation ? 1+4 

Physical constants : 

     23 1
B 1.38 10 JKk − −= ×   

1 atm = 1.05 × 105 Nm

                        1 cal = 4.18 J 

–2 

     1 u = 1.673 × 10–27

                              g = 9.8 ms

 K 

–2

N

  

A = 6.022 × 1023 mol

         R = 8.314 JK

–1 

–1 mol

 

–1 
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foKku Lukrd (ch- ,l&lh-) 

l=kkar ijh{kk  

fnlEcj] 2022 
ih- ,p- bZ-&06@ch- ih- ,p- bZ--106 % 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) izR;sd iz'u ds vad mlds lkeus fn, x, gSaA  

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

1- fdUgha rhu Hkkxksa ds mÙkj nhft, %  

(d)  ukbVªkstu ds v.kqvksa dk O;kl 3.5 × 10–10

 

 m 
gSA rkieku 27°C vkSj nkc 1 atm ij ekè; 

eqDr iFk ifjdfyr dhft,A 5 

( )−= × 23 2 21.38 10 m kg/s Kk  ysaA 
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([k)  fuEufyf[kr eSDlosyh forj.k dk vuqlj.k djus 

okys xSl ds v.kqvksa ds fy, izfr Lokra=; dksfV 

ekè; LFkkukarjh ÅtkZ dk O;atd izkIr dhft, % 

      ( ) ( )2A exp Bx x x xf v dv v dv= −   

 tgk¡ BA =
π
 gSA  

(x)  Å"ekxfrdh ds 'kwU; dksfV fu;e dk dFku 

fyf[k, vkSj bldk mi;ksx dj rki dh 

la/kj.kk dks LFkkfir dhft,A Å"ekxfrdh esa 

^foLrkjkRed* pj vkSj ^vfoLrkjkRed* pj D;k 

gksrs gSa \ 1$2$2 

(?k)  ,d mRØe.kh; Å"ek batu 527°C okys Å"ek 
HkaMkj ls Å"ek ysrk gS vkSj 127°C ij vfHkxe 

dks Å"ek nsrk gSA 750 W dh nj ls mi;ksxh 

;kaf=kd dk;Z djus ds fy, ;g batu Hk.Mkj ls 

fdruh dSyksjh izfr lsdaM ysxk \ 5 

(Ä)  ljy vkorhZ nksyd dh xfr ds lehdj.k ls 

izkjEHk dj fl¼ dhft, fd mldh izkoLFkk 

lef"V ,d nh?kZo`Ùk gSA 5 

2- ok.Mj okYl xSl lehdj.k dk mi;ksx dj xSl ds 

Økafrd vpjkad (P , Vc c vkSj Tc) ds fy, O;atd 

izkIr dhft,A  5 
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vFkok 

fl¼ dhft, fd % 5 

 ∂ ∂   − = +    ∂ ∂    T P

U VC C P
V Tp v  

3- fdUgha nks Hkkxksa ds mÙkj nhft, %  

(d)  ghfy;e v.kqvksa dh ekè; ÅtkZ 212.5 10 J−×  

gSA ghfy;e v.kqvksa dh (i) ekè; pky]  

(ii) ewy ekè; oxZ pky ifjdfyr dhft,A 
(fn;k gS % 3f =  vkSj 

                     27
H 6.7 10 kg

e
m −= × )A 

3+2 
([k)  O;oLFkk fp=k dh lgk;rk ls IYkSfVue izfrjks/ 

rkiekih dh lajpuk le>kb,A blds dksbZ nks 
ykHk fyf[k,A 3$2 

(x)  #¼ks"e ßkl nj dk O;atd fyf[k,A ;fn 

rkieku esa Å¡pkbZ ds lkFk fxjkoV dh nj  

9-8 K izfr km gS] rks ( )γ = C /Cp v  dk eku 

ifjdfyr dhft,A fn;k gS % 28.94m = A 

1+4  

4- Å"ekxfrd foHko ds pkj O;atdksa dks fyf[k,A bu 

O;aatdksa dk mi;ksx dj eSDlosy ds pkjksa Å"ekxfrd 

laca/ksa dks O;qRiUu dhft,A 4$6 
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vFkok 

#¼ks"e fopqacdu ifj?kVuk dks le>kb,A bl ifj?kVuk 

dk mi;ksx dj fuEu rki izkIr djus ds fy, 

izk;ksfxd O;oLFkk dh O;k[;k dhft,A 5$5 

5- fdUgha nks Hkkxksa ds mÙkj nhft, %  

(d)  Å"ekxfrd izkf;drk ds cksYV~teku laca/ dks 

izkIr dhft,A 5 

([k)  M~;wyk¡&isfVV fu;e dk dFku fyf[k,A 

vkbULVhu fl¼kar dk mi;ksx dj vpj vk;ru 

Å"ek/kfjrk dk O;atd O;qRiUu dhft,A 1$4 

(x)  fxCl+ fojks/kHkkl dk dFku fyf[k,A 

tkdj&VsVªksM lehdj.k dk mi;ksx dj bldk 

lek/ku (resolved) dSls fudkyk tk ldrk  

gS \  1$4 

 HkkSfrd fu;rkad % 

      
23 1

B 1.38 10 JKk − −= ×   
1 atm = 1.05 × 105 Nm

                        1 cal = 4.18 J 
–2 

     1 u = 1.673 × 10–27

                              g = 9.8 ms
 K 

–2

         N
  

A = 6.022 × 1023 mol
        R = 8.314 JK

–1 
–1 mol
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