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BPHCT-135 : THERMAL PHYSICS AND 

STATISTICAL MECHANICS 

Time : 2 Hours     Maximum Marks : 50 

Note : (i)  All questions are compulsory. 

However, internal choices are given. 

 (ii)  The marks for each question are 

indicated against it. 

 (iii) Symbols have their usual meanings. 

 (iv)  You can use a calculator. 
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1. Attempt any five parts : 5×2=10 

(a) State third law of thermodynamics and 

give its mathematical expression. 

(b) State van der Waals’ assumptions for 

real gases. 

(c) Plot Maxwellian distribution function 

as a function of molecular speeds at 

three different temperatures. 

(d) Einstein discovered that Brownian 

displacement was independent of mass 

of suspended particles. Who verified 

this finding and how ? 

(e) List thermodynamic variables required 

for specifying a dielectric substance in 

an electric field. 

(f) Write Kelvin-Planck statement of 2nd 

law of thermodynamics.   
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(g) Plot M-B, F-D and B-E distribution 

functions vs. 




Tk
. Assume that each 

system is at the same temperature and 

has same number of particles. 

(h) Draw V-T and P-T diagrams for isobaric 

process. 

2. Answer any two parts : 2×5=10 

(a) Write the basic assumptions of kinetic 

theory of ideal gases. 

(b) Calculate rmsv for helium atoms at 27°C. 

At what temperature will oxygen 

molecules have the same value of rmsv  ? 

Take 27
He 6.67 10m    kg 

(c) Calculate the average velocity of a 

system of particles in random motion. 
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3. Answer any two parts : 2×5=10 

(a) State first law of thermodynamics. 

Show that for an ideal gas, it can be 

expressed as : 5 

VQ = C T + Vd pd   

and     PQ = C T – Vd pd  

(b) Obtain an expression for volume 

expansion coefficient for one mole of van 

der Waals’ gas. 5 

(c) Derive equation of state for an adiabatic 

process and hence obtain the work done 

during this process. 3+2 

4. Write the four Maxwell’s relations of 

thermodynamics. Using these relations, 

obtain the first and second TdS relations. 

4+3+3 
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Or 

Starting with the Planck’s radiation law : 



 
   

   
5

B

8 1

exp( / T) 1

hc
u d d

hc k
   

deduce (i) Rayleigh-Jean’s law, (ii) Wien’s 

law, and (iii) Stefan’ law. 2+2+6 

5. The thermodynamic probability for a F-D 

distribution is given by : 




!
W = 

N ! N !

i

i i ii

g

g
  

Obtain expression for F-D distribution 

function. Plot the Fermi function for T = 0 K 

and T > 0 K. 8+2 

Or 

Obtain the partition function for a single 

particle monoatomic ideal gas. 10 
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      BPHCT–135 

foKku Lukrd (lkekU;)  

(ch- ,l-&lh- th-) 

l=kar ijh{kk  

twu] 2025 

ch-ih-,p-lh-Vh--135 % Å"eh; HkkSfrdh vkSj lkaf[;dh; 

;kaf=dh 

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

uksV % (i) lHkh iz'u vfuok;Z gSaA ysfdu 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 
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1- fdUgha ik¡p Hkkxksa ds mÙkj nhft, % 5×2=10 

(d) Å"ekxfrdh ds rhljs fu;e dk dFku fyf[k, vkSj 

bldk xf.krh; O;atd fyf[k,A  

([k) ok.Mj okYl }kjk okLrfod xSlksa ds fy, dh xbZ 

vfHk/kkj.kk,¡ fyf[k,A  

(x) eSDlosy ds forj.k Qyu dk rhu fHkUu&fHkUu 

rkiekuksa ij vkf.od xfr;ksa ds lkis{k fopj.k 

fn[kkb,A 

(?k) vkbULVhu us ik;k fd czkmuh foLFkkiu dk O;atd 

fuyfEcr d.kksa ds æO;eku ij fuHkZj ugha djrkA bl 

[kkst dks fdlus lR;kfir fd;k vkSj dSls \  

(³) fo|qr {ks= esa j[ks ijkoS|qr inkFkZ dks fu£n"V djus ds 

fy, vko';d Å"ekxfrd pjksa dh lwph cukb,A 

(p) Å"ekxfrdh ds f}rh; fu;e dk dsfYou&Iykad 

dFku fyf[k,A 
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(N) M-B, F-D rFkk B-E forj.k Qyuksa dks 





Tk
 ds 

lkis{k vkjs[k [khafp,A eku yhft, fd izR;sd ra= esa 

leku la[;k esa d.k gSa rFkk os lHkh ,d gh rkieku 

ij gSaA 

(t) lenkch izØe ds fy, V-T vkSj P-T vkjs[k 

[khafp,A 

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

(d) vkn'kZ xSlksa ds fy, v.kqxfr fl¼kUr dh vk/kkjHkwr 

vfHk/kkj.kk,¡ fyf[k,A 

([k) ghfy;e ds ijek.kq 27°C rkieku ij gSaA mudh 

rmsv ifjdfyr dhft,A fdl rkieku ij 

vkWDlhtu ds ijek.kqvksa ds rmsv  dk eku leku 

gksxk \ 
27

He 6.67 10m    fdxzk yhft,A 

(x) ;kn`fPNd xfr dj jgs d.kksa ds ,d fudk; ds vkSlr 

osx dh x.kuk dhft,A 
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3- fdUgha nks Hkkxksa ds mÙkj nhft, % 2×5=10 

 (d) Å"ekxfrdh ds izFke fu;e dk dFku fyf[k,A 

vkn'kZ xSl ds fy, fl¼ dhft, fd bls fuEufyf[kr 

O;atd }kjk fu:fir fd;k tk ldrk gS % 5 

VQ = C T + Vd pd  

vkSj        PQ = C T + Vd pd  

([k) ,d eksy ok.Mj okYl xSl ds fy, vk;ru izlkj 

xq.kkad dk O;atd izkIr dhft,A 5 

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

dhft, vkSj blesa fd, x, dk;Z dk O;atd izkIr 

dhft,A  3$2 

4- Å"ekxfrdh ds pkj eSDlosy lEcU/k fyf[k,A bu lEcU/kksa 

dk mi;ksx dj izFke vkSj f}rh; TdS lEcU/k izkIr 

dhft,A   4$3$3 
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vFkok 

Iykad ds fofdj.k fu;e % 



 
   

   
5

B

8 1

exp( / T) 1

hc
u d d

hc k
 

ls 'kq#vkr djds  (i)jSys&thu dk fu;e] (ii) ohu dk 

fu;e] vkSj (iii) LVhQ+u dk fu;e O;qRiUu dhft,A  

2+2+6 

5- F-D forj.k ds fy, Å"ekxfrd izkf;drk dk O;atd 

fuEufyf[kr gS % 




!
W = 

N ! N !

i

i i ii

g

g
 

F-D caVu Qyu dk O;atd O;qRiUu dhft,A T = 0 K 

vkSj T > 0 K ds fy, QehZ Qyu dk vkjs[k [khafp,A 8$2 

vFkok 

,dijek.kqd vkn'kZ xSl ds ,dy d.k ds fy, laforj.k 

Qyu izkIr dhft,A 10 

× × × × × 


