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BACHELOR OF SCIENCE (B. SC.)  

Term-End Examination 

December, 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) The marks for each question are 

indicated against it. 

 (iii) Symbols have their usual meanings. 

 (iv) You can use a calculator. 

1. Attempt any three parts : 3×5=15 

(a) Two moles of a perfect gas occupy a 

volume of 0.060 m3 and exert a pressure 

of 4 × 105 Nm–2. It is compressed 

isobarically to 0.050 m3. Calculate the 

work done by the gas. 5 
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(b) The expression for the number of 

molecules in a Maxwellian gas having 

speeds in the range V  to V Vd  is 

given by : 
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Using this relation, obtain the 

expression for average speed. 5 

(c) Using Maxwell’s relations, derive 1st 

and 2nd TdS equations. 5 

(d) Draw the phase space for a linear 

harmonic oscillator. 5 

(e) Define mean free path of a molecule. 

The mean speed of oxygen molecules at 

room temperature is 450 ms–1. If the 

radius of an oxygen molecule is 1.8 Å, 

calculate (i) collision frequency and  

(ii) mean free path.  

 Given :          25 33 10 mn   . 5 
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2. Derive van der Waals’ equation of state for 

one mole of the gas. 5 

Or 

Define degree of freedom of a molecule. 

Write its general formula in terms of total 

number of constraints. Determine the 

degree of freedom for a rigid diatomic 

molecule.  2+1+2 

3. Attempt any two parts : 2×5=10 

(a) Prove that for a PVT system : 

  T

V
T P

V

d
d d   

where   is thermal expansivity and T  

is isothermal compressibility of a 

substance. 5 

(b) With the help of a schematic diagram of 

a platinum resistance thermometer, 

explain its construction. Write any two 

reasons for choosing platinum for 

fabrication of a resistance thermometer. 

3+2 
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(c) Define adiabatic lapse rate. Obtain an 

expression for adiabatic lapse rate for 

the Earth’s atmosphere. 1+4 

4. What is Joule-Thomson effect ? Obtain the 

expression for Joule-Thomson coefficient for 

an ideal gas. 2+8 

Or 

Define entropy and show that entropy 

increases when two gases mix with each 

other. 

Equal volumes of two gases are mixed under 

same temperature and pressure. The 

pressure remains unchanged but the total 

volume is doubled. Calculate the entropy of 

mixing for one mole of the mixture. 2+4+4  

5. Write down Planck’s formula for blackbody 

radiation and derive the expressions of 

Wien’s law, Rayleigh-Jean’s law and Stefan-

Boltzmann’s law. 2+2+2+4 
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Or 

What is Gibbs’ paradox ? Why does it arise ? 

Obtain Sackur-Tetrode equation and  

show that it is free from Gibbs’ paradox. 

2+1+6+1 
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foKku Lukrd (ch- ,l&lh-) 

l=kar ijh{kk  

fnlEcj] 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) izR;sd iz'u ds vad mlds lkeus fn, x, gSaA  

 (iii) izrhdksa ds vius lkekU; vFkZ gSaA 

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

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

(d) nks eksy vkn'kZ xSl 0.060 m3 dk vk;ru xzg.k 

djrh gS vkSj 4 × 105 Nm–2 dk nkc Mkyrh gSA 

lenkch; :i ls bls 0.050 m3 rd laihfMr fd;k 

tkrk gSA xSl }kjk fd;k x;k dk;Z ifjdfyr 

dhft,A  5 
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([k) ,d eSDlosyh xSl esa pky ifjlj V ls V Vd  esa 

v.kqvksa dh la[;k dks fuEufyf[kr O;atd }kjk O;Dr 

fd;k tkrk gS % 
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bl lEcU/k dk mi;ksx dj ek/; pky dk O;atd 

izkIr dhft,A 5 

(x) eSDlosy ds lEcU/kksa dk mi;ksx djds izFke TdS 

lehdj.k vkSj f}rh; TdS lehdj.k O;qRiUu 

dhft,A  5 

(?k) ,d ljy vkorhZ nksyd dh izkoLFkk lef"V dk 

vkjs[k [khafp,A 5 
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(³) v.kq ds ek/; eqDr iFk dks ifjHkkf"kr dhft,A  

dks"B rkieku ij vkWDlhtu v.kqvksa dh ek/; pky 

450 ms–1 gSA ;fn vkWDlhtu v.kq dh f=T;k  

1.8 Å gks] rks (i) la?kV~Vu vko`fÙk vkSj (ii) ek/; 

eqDr iFk dk eku ifjdfyr dhft,A  

 fn;k gS %   n = 3 × 1025 m–3A 5 

2- ,d eksy xSl ds fy, ok.Mj okYl lehdj.k O;qRiUu 

dhft,A   5 

vFkok 

v.kq dh Lokra«; dksfV dks ifjHkkf"kr dhft,A O;ojks/kksa  

dh dqy la[;k ds inksa esa bldk lkekU; lw= fyf[k,A  

n`<+ f}ijek.kqd v.kq ds fy, Lokra«; dksfV ifjdfyr 

dhft,A   2+1+2 

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

(d) PVT ra= ds fy, fl¼ dhft, fd % 

  T

V
T P

V

d
d d  

tgk¡   inkFkZ dh rkih; izlkj.kh;rk vkSj T 

lerkih; laihM~;rk gSA 5 
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([k) IysfVue izfrjks/k rkiekih ds la;ksftr vkjs[k dh 

lgk;rk ls bldh lajpuk dh O;k[;k dhft,A 

izfrjks/k rkiekih cukus ds fy, IysfVue dk mi;ksx 

D;ksa fd;k tkrk gS] blds dksbZ nks dkj.k crkb,A  

3+2 

(x) #¼ks"e Îkl nj dks ifjHkkf"kr dhft,A i`Foh ds 

ok;qe.My ds fy, #¼ks"e Îkl nj dk O;atd izkIr 

dhft,A  1+4 

4- twy&Vkelu izHkko D;k gS \ vkn'kZ xSl ds fy, 

twy&Vkelu xq.kkad dk O;atd izkIr dhft,A 2+8 

vFkok 

,UVªkWih dh ifjHkk"kk fyf[k, rFkk fl¼ dhft, fd nks xSlksa 

dh feJ.k izfØ;k esa ,UVªkWih c<+rh gSA 

,d gh rkieku vkSj nkc ij leku vk;ruksa esa yh xbZ nks 

xSlksa dks fefJr fd;k x;k gSA nkc vpj jgrk gS ijUrq 

vk;ru bu xSlksa ds ewy vk;ruksa ls nksxquk gks tkrk gSA ,d 

eksy feJ.k ds fy, xSlksa dh feJ.k ,UVªkWih ifjdfyr 

dhft,A   2+4+4 
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5- d`f".kdk fofdj.k ds Iykad fu;e dk lw= fyf[k, vkSj 

ohu ds fu;e] jSys&thu ds fu;e rFkk LVhQu&cksYV~teku 

ds fu;e ds lw= O;qRiUu dhft,A 2+2+2+4 

vFkok 

fxCl fojks/kkHkkl D;k gS \ bldh mRifÙk D;ksa gqbZ \ 

lkdj&VsVªksM lehdj.k izkIr dhft, vkSj fl¼ dhft, fd 

;g lehdj.k fxCl fojks/kkHkkl ls eqDr gSA 2+1+6+1 

× × × × × 

 

 

 

 

 

 

 

 


