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BACHELOR OF SCIENCE (B. Sc.) 

Term-End Examination 

June, 2021 
BPHE-106/PHE-06 : THERMODYNAMICS AND 

STATISTICAL MECHANICS 

Time : 2 Hours     Maximum Marks : 50 

Note : (i) All questions are compulsory. However, 

internal choices are given.  

 (ii) You can use a calculator.  

 (iii) Symbols have their usual meanings.  

 (iv) Marks are indicated against each 

question.  

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

(a) A mass of an ideal gas (γ = 1.5) at 27°C is 

suddenly compressed to eight times its 

original pressure. Calculate the final 

temperature of the gas.  
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(b) Describe in brief the phenomenon of the 

Brownian motion of a galvanometer 

mirror. What is Johnson noise ? 

(c) For a mono-atomic gas consisting of N 

identical yet distinguishable particles, the 

partition function is given by : 

π⎛ ⎞= ⎜ ⎟
⎝ ⎠

3N /2
BN

N 2
2 TZ V mk

h
  

Show that energy per molecule is B
3 T
2

k . 

(d) What do you mean by entropy of a 

thermodynamic system ? State second law 

of thermodynamics in terms of entropy. 

Draw the T-S diagram for a reversible 

Carnot cycle.  

2. Attempt any one part : 

(a) What do you understand by the mean free 
path of the molecules of a gas ? Show that 

it is equal to 2
1

n dπ
, where n is the number 

of gas molecules per unit volume and d is 
the diameter of a gas molecule. 2+3 
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(b) Starting from the van der Waals’ equation 

of state for real gases, obtain reduced 

equation of state that is applicable to all 

gases.  5  

3. Attempt any two parts : 

(a) Obtain an expression for change in entropy 

when two gases left in separate containers 

are allowed to mix.  5 

(b) Starting from the relation 1
T

p

γ

γ −
=

 
constant, 

obtain an expression for adiabatic lapse 

rate. What is its physical significance ? 4+1 

(c) State Kelvin-Planck and Clausius 

statements of second law of 

thermodynamics. Show that these two 

statements are equivalent. 2+3   
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4. (a) The energy distribution of blackbody 

radiation, according to  Planck’s law, is 

given by :  

3

3

B

8

exp 1
T

h du d
c h

k

υ
π υ υ

υ =
⎡ ⎤υ −⎢ ⎥
⎣ ⎦

  

By calculating the total energy (u), obtain 

the expression for Stefan-Boltzmann’s law.  

5 

(b) Show that a gaseous system can be 

characterised by the relation :  

V T
V

d d kdp= β −  

where k is isothermal compressibility and β 

is isobaric expansivity.  5 

Or 

What is adiabatic demagnetisation ? Describe 

an experimental arrangement for attaining low 

temperature when a paramagnetic salt is made 

to undergo this process.  5+5 
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5. (a) What is zero point energy ? Obtain an 

expression for zero point energy of an 

fermion. 5 

(b) 214.2 10×  electrons are confined in a box of 

volume 31 cm . Calculate their Fermi 

energy.  5 

Take       −= × 289.1 10 gem    

and         276.62 10 ergh −= × .  

Or 

What do you understand by the phenomenon of 

Brownian motion ? Give an outline of Einstein’s 

theory of Brownian motion and hence derive 

Einstein’s formula for the mean square 

displacement of a Brownian particle.  10  
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foKku Lukrd (ch- ,l&lh-) 

l=kkar ijh{kk 

twu] 2021 

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

lkaf[;dh; ;kaf=kdh 

le; % 2 ?k.Vs     vf/dre 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) izR;sd iz'u ds vad mlds lkeus fn, x, gSaA 
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1- fdUgha rhu Hkkxksa ds mÙkj nhft, % 3 × 5 = 15 

(d)  27°C rkieku ij vkn'kZ xSl (γ = 1.5) dk dqN 

nzO;eku vpkud izkjafHkd nkc ls vkB xq.kk 

rd laihfMr fd;k tkrk gSA xSl dk vfUre 

rkieku ifjdfyr dhft,A  

([k)  xSYosuksehVj niZ.k dh czkÅuh xfr dh ifj?kVuk 

dk la{ksi esa o.kZu dhft,A tkWulu 'kksjo D;k  

gS \ 

(x)  N loZle ysfdu foHks| d.kksa okyh 

,dijek.kqd xSl ds fy, laforj.k iQyu 

fuEufyf[kr gS % 

 π⎛ ⎞
= ⎜ ⎟

⎝ ⎠

3N/2
BN

N 2
2 TZ V mk

h
 

 fl¼ dhft, fd izfr v.kq ÅtkZ B
3 T
2

k  gksrh 

gSA  
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(?k)  Å"ekxfrd ra=k dh ,UVªkWih ls vki D;k le>rs 

gSa \ ,UVªkWih ds inksa eas Å"ekxfrdh ds nwljs 

fu;e dk dFku fyf[k,A ÅRØe.kh; dkuksZ pØ 

ds fy, T-S vkjs[k [khafp,A  

2- fdlh ,d iz'u dks gy dhft, % 

(d)  xSl ds v.kqvksa ds fy, ekè; eqDr iFk ls vki 

D;k le>rs gSa \ fl¼ dhft, fd ;g 2
1

n dπ
 

ds cjkcj gksrk gS] tgk¡ n izfr bdkbZ vk;ru 

xSl v.kqvksa dh la[;k vkSj d xSl v.kq dk 

O;kl gSA  2$3 

([k)  okLrfod xSlksa ds fy, ok.Mj okYl voLFkk 

lehdj.k ls izkjEHk dj lekuhr voLFkk 

lehdj.k izkIr dhft, tks fd lHkh xSlksa ds 

fy, ekU; gSA 5 
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3- fdUgha nks Hkkxksa ds mÙkj nhft, % 

(d)  tc nks ik=kksa eas j[kh vyx&vyx xSlksa dks 

feJ.k djus fn;k tkrk gS] rks ,UVªkWih ifjorZu 

dk O;tad izkIr dhft,A  5 

([k)  laca/ 1
T

p

γ

γ −
= fLFkjkad ls izkjEHk dj #¼ks"e 

kl&nj dk O;atd izkIr dhft,A bl laca/ 

dh HkkSfrd lkFkZdrk D;k gS \ 4$1 

(x)  Å"ekxfrdh ds f}rh; fu;e ds fy, 

dsfYou&Iykad vkSj Dykfl;l }kjk fn, x, 

dFkuksa dks fyf[k,A fl¼ dhft, fd ;s nksuksa 

dFku lerqY; gSaA 2$3 
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4- (d)  Iykad ds fu;e ds vuqlkj Ñf".kdk fofdj.k 

dk ÅtkZ iQyu fuEufyf[kr O;atd }kjk fn;k 

tkrk gS %  

           
3

3

B

8

exp 1
T

h du d
c h

k

υ
π υ υ

υ =
⎡ ⎤υ −⎢ ⎥
⎣ ⎦

 

 dqy ÅtkZ (u) dk eku ifjdfyr djds 

LVhiQ+u&cksYV~teku ds fu;e dk O;atd izkIr 

dhft,A  5 

([k)  fl¼ dhft, fd ,d xSlh; ra=k dks 

fuEufyf[kr laca/ }kjk vfHkyf{kr fd;k tk 

ldrk gS %  

V T
V

d d kdp= β −  

 tgk¡ k lerkih laihM~;rk vkSj β lenkch 

izR;kLFkrk gSA  5 
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vFkok 

#¼ks"e fopqacdu D;k gS \ tc fdlh vuqpqacdh; 

yo.k dks bl izØe ls xqtkjk tkrk gS] rks fuEu rki 

izkIr djus ds fy, izk;ksfxd O;oLFkk dh O;k[;k 

dhft,A    5$5 

5- (d)  'kwU; fcUnq ÅtkZ D;k gksrh gS \ iQfeZ;ku ds 

fy, 'kwU; fcUnq ÅtkZ dk O;atd izkIr dhft,A 

5 

([k)  31 cm  vk;ru ds ,d ckWDl esa 214.2 10×  

bysDVªkWu ifjc¼ gSaA budh iQehZ ÅtkZ ifjdfyr 

dhft,A  5 

 289.1 10 gem −= ×  vkSj 276.62 10h −= ×  

erg ysaA 
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vFkok 

czkÅuh xfr dh ifj?kVuk ls vki D;k le>rs gSa \ 

czkÅuh xfr ds vkbULVkbu fl¼kUr dh :ijs[kk 

nhft,A vr,o czkÅuh d.k ds foLFkkiu oxZ ekè; ds 

fy, vkbaLVkbu dk lw=k O;qRiUu dhft,A 10 
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