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 BPHE-106/PHE-06  

BACHELOR OF SCIENCE (B.Sc.) 

Term-End Examination 

June, 2022 

 

PHYSICS 

BPHE-106/PHE-06 : THERMODYNAMICS  

AND STATISTICAL MECHANICS 

Time : 2 hours Maximum Marks : 50 

Note :  All questions are compulsory. However, internal 

choices are given. The marks for each question are 

indicated against it. You may use a calculator. 

Symbols have their usual meanings.   

1. Answer any three parts : 3 5=15 

(a) What is degree of freedom ? Calculate the 

degree of freedom for a rigid diatomic 

molecule. 

(b) State the first law of thermodynamics. Write 

its differential form. State its significance 

and limitations. 
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(c) Using Maxwell’s relations, derive the first 

and second TdS equations. 

(d) Define Fermi energy. Show that its 

expression is given by 
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(e) The average energy of helium molecules is 

2·89  10–21 J. Calculate their average speed 

and most probable speed. 

2. Answer any one part : 15=5 

(a) Obtain an expression for work done by an 

ideal gas in an adiabatic process which obeys 

the relation PV


 = constant, where  is the 

ratio of molar heat capacities at constant 

pressure and constant volume. 

(b) Derive Clausius-Clapeyron equation. Hence 

explain, why vegetables are cooked faster in 

a pressure cooker. 

3. Answer any two parts : 2 5=10 

(a) What is Gibbs paradox ? For an ideal 

monatomic gas, derive Sackur-Tetrode 

equation for the entropy. 
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(b) For second order phase transition, derive the 

Ehrenfest’s equation  
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 where Cp is specific heat capacity at 

constant pressure and p is isobaric volume 

expansivity. 

(c) Two moles of a perfect gas occupy a volume 

of 0·050  m3 and exert a pressure of  

2·6  105 Nm2. It is compressed isobarically 

to a volume of 0·035 m3. Calculate the work 

done on the gas and the change in its 

temperature. (Given : R = 8·3 JK–1 mol1) 

4. Define mean free path of a molecule. Obtain the 

expression for survival equation. Also plot 

survival equation. 2+6+2 

OR 

 The thermodynamic probability of a boson 

system is given by 
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Starting from this relation, obtain the expression 

for Bose-Einstein distribution function. 10 
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5. (a) What are critical constants ? For a  

Van der Waals gas show that 

 Cc = 

cc

c
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 What is the value of Cc for an ideal gas ? 1+3+1 

(b) What is the adiabatic lapse rate ? Show that 
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OR 

 What is Joule-Thomson effect ? Show that the 

expression for Joule-Thomson coefficient is given 

by  
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 Also show that for an ideal gas  = 0. 10 
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 {dkmZ ñZmVH$ (~r.Eg gr.) 
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^m¡{VH$ {dkmZ 

~r.nr.EM.B©.-106/ nr.EM.B©.-06 : D$î_mJ{VH$s  
VWm gm§p»`H$s` `m§{ÌH$s 

g_` : 2 KÊQ>o  A{YH$V_ A§H$ : 50 

ZmoQ> :   g^r àíZ A{Zdm`© h¢ & VWm{n, Am§V[aH$ {dH$ën {XE JE  

h¢ & àË òH$ àíZ Ho$ A§H$ CgHo$ gm_Zo {XE JE h¢ & Amn 

H¡$ëHw$boQ>a H$m à`moJ H$a gH$Vo h¢ & àVrH$m| Ho$ AnZo gm_mÝ` 

AW© h¢ &   

1. {H$Ýht VrZ  ^mJm| Ho$ CÎma Xr{OE :  35=15 

(H$) ñdmV§Í` H$mo{Q> Š`m hmoVr h¡ ? Ñ‹T> (rigid) {Ûna_mUwH$ 

AUw Ho$ {bE ñdmV§Í` H$mo{Q> n[aH${bV H$s{OE & 

(I) D$î_mJ{VH$s Ho$ àW_ {Z`_ H$m H$WZ {b{IE & àW_ 

{Z`_ H$m AdH$b ê$n {b{IE & BgH$s gmW©H$Vm VWm 

gr_mE± ~VmBE & 
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(J) _¡Šgdob g§~§Y H$m Cn`moJ H$a àW_ TdS g_rH$aU 

VWm {ÛVr` TdS g_rH$aU ì`wËnÞ H$s{OE & 

(K) \$_u D$Om© H$mo n[a^m{fV H$s{OE & {gÕ H$s{OE {H$ 

BgH$m ì`§OH$ {ZåZ{b{IV hmoVm h¡ : 
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(L>) hr{b`_ AUwAm| H$s _mÜ` D$Om© 2·89  10–21 J h¡ & 

BZ AUwAm| H$s _mÜ` Mmb VWm gdm©{YH$ àm{`H$Vm 

Mmb n[aH${bV H$s{OE & 

2. {H$gr EH$  ^mJ H$m CÎma Xr{OE :  15=5 

(H$) éÕmoî_ àH«$_ _| AmXe© J¡g Ûmam, Omo {H$ g§~§Y  

PV


 = AMa, H$m AZwnmbZ H$aVr h¡, {H$E JE H$m`© 

H$m ì`§OH$ àmßV H$s{OE, Ohm±  AMa Xm~ Ed§ AMa 

Am`VZ na _mobr` D$î_m Ym[aVmAm| H$m AZwnmV h¡ & 

(I) Šbm°{g`g-Šb¡noam°Z g_rH$aU ì`wËnÞ H$s{OE & 

AVEd, ì`m»`m H$s{OE {H$ àoea Hw$H$a _| gpãµO`m± 

OëXr Š`m| nH$ OmVr h¢ &  

3. {H$Ýht Xmo  ^mJm| Ho$ CÎma Xr{OE :  25=10 

(H$) {JãµO {damoYm^mg Š`m h¡ ? EH$na_mUwH$ AmXe© J¡g Ho$ 

{bE EÝQ´>m°nr H$m µOmH$a-Q>oQ´>moS> g_rH$aU ì`wËnÞ H$s{OE & 
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(I) {ÛVr` H$mo{Q> àmdñWm g§H«$_U Ho$ {bE, {ZåZ{b{IV 

EoaZ\o$ñQ> g_rH$aU ì`wËnÞ H$s{OE : 
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 Ohm± Cp AMa Xm~ na {d{eîQ> D$î_m Ym[aVm VWm p 

g_Xm~r Am`VZ àgm[aVm h¡ & 

(J) Xmo _mob AmXe© J¡g 0·050 m3 Am`VZ KoaVr h¡ Am¡a 

2·6  105 Nm2 H$m Xm~ S>mbVr h¡ & Bgo g_Xm~r 

ê$n go g§nr{S>V H$aHo$ BgH$m Am`VZ 0·035 m3 H$a 

{X`m OmVm h¡ & J¡g na {H$`m J`m H$m`© Am¡a BgHo$ 

Vmn _| hþE n[adV©Z H$m _mZ n[aH${bV H$s{OE &  

({X`m J`m h¡ : R = 8·3 JK–1 mol1) 

4. AUwAm| Ho$ _mÜ` _wº$ nW H$mo n[a^m{fV H$s{OE & 

A{VOr{dVm g_rH$aU Ho$ {bE ì`§OH$ àmá H$s{OE & 

A{VOr{dVm g_rH$aU H$m AmaoI ^r It{ME & 2+6+2 

AWdm 

 ~mogm°Z V§Ì Ho$ {bE D$î_mJ{VH$s àm{`H$Vm H$m ì`§OH$ 

{ZåZ{b{IV {X`m J`m h¡ :  
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 Bg g§~§Y go àmaå^ H$a, ~mog-AmBÝñQ>mBZ ~§Q>Z \$bZ H$m 

ì`§OH$ àmßV H$s{OE & 10 
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5. (H$) H«$m§{VH$ {Z`Vm§H$ Š`m hmoVo h¢ ? dmÊS>a dmëg J¡g Ho$ 

{bE {gÕ H$s{OE {H$ 
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  AmXe© J¡g Ho$ {bE Cc H$m _mZ Š`m h¡ ? 1+3+1 

(I) éÕmoî_ õmg Xa Š`m hmoVr h¡ ? {gÕ H$s{OE {H$ 
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AWdm 

 Oyb-Q>m°_gZ à^md Š`m hmoVm h¡ ? {gÕ H$s{OE {H$  

Oyb-Q>m°_gZ JwUm§H$ H$m ì`§OH$ {ZåZ{b{IV hmoVm h¡ :  
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 gmW hr {gÕ H$s{OE {H$ AmXe© J¡g Ho$ {bE  = 0 hmoVm  

h¡ & 10 


