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 BPHE-106/PHE-06  

BACHELOR OF SCIENCE (B.Sc.) 

Term-End Examination 

February, 2021 
 

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. You can use a calculator. 

Symbols have their usual meanings. The marks for 

each question are indicated against it.    

1. Answer any three parts : 35=15 

(a) A certain mass of an ideal gas ( = 1·5) at 

27C is suddenly expanded to four times  

its initial volume. Calculate the final 

temperature of the gas. 

(b) Show that the entropy S and the 

thermodynamic probability W for a 

completely ordered system are interconnected 

through the relation S = k ln W.  
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(c) At what temperature will the rms speed of 

hydrogen molecules be double the rms speed 

of oxygen molecules kept at Standard 

Temperature and Pressure (STP) ? 

(d) What is Joule-Thomson effect ? Calculate 

the inversion temperature of a Van der 

Waal’s gas into a = 3·4  10–8 atm m6 mol–2 

and b = 23·7  10–6 m3 mol–1. 

 (Take R = 8·2  10–5 m3 atm–1) 2+3  

2. Write the differential form of first law of 

thermodynamics explaining the various terms. 

Show that the ratio of adiabatic to isothermal 

elasticity for a perfect gas is the ratio of the two 

heat capacities ( = cp/cv). 4+6 

OR 

(a) What is an isothermal process ? For a perfect 

gas undergoing isothermal expansion, obtain 

the expression for the work done by the  

gas in terms of its temperature T and the 

expansion ratio of final to initial volumes. 1+4 

(b) State Kelvin-Planck and Clausius statements 

of second law of thermodynamics. Show that 

these two statements are equivalent. 2+3 
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3. What do you understand by the mean free path 

of the molecules of a gas ? Calculate the mean 

free path for hydrogen molecules at STP if the 

number density of molecules is 3  1025 cm–3  

and the diameter of a hydrogen molecule is  

2.9  10–10 m.   2+3 

4. (a) What is Entropy ? State second law of 

thermodynamics in terms of entropy.  

 Calculate the gain in entropy when 30 g of 

ice at 0C is converted into water at the 

same temperature.  2+1+2 

 (Latent heat of ice = 334.4 Jg–1) 

(b) A thermodynamic system is taken from state 

i to state f along two paths – if and iaf, as 

shown in the figure. When the system is 

taken along the path iaf, it is found that  

Q = 40 cal and W = 20 cal. Along the path, 

if Q = 30 cal, what is W along the path if ? 5 

 

OR 



BPHE-106/PHE-06 4 

 What is Adiabatic Demagnetisation ? Describe 

an experimental arrangement for attaining low 

temperature when a paramagnetic salt is made 

to undergo this process.  5+5 

5. The thermodynamic probability for a   

Fermi-Dirac system is given by 

W =  
!)N–g(!N

g

iii

i .  

 Derive the expression for the distribution 

function and plot it as a function of energy for 

finite temperature.     10 

OR 

 What is Brownian motion ? Using Einstein’s 

arguments of Brownian motion, derive Einstein’s 

formula for the mean square displacement of a 

Brownian particle.  2+8 
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 ~r.nr.EM.B©.-106/nr.EM.B©.-06  

 {dkmZ ñZmVH$ (~r.Eg gr.) 

gÌm§V narjm 

\$adar, 2021 

 

^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¢ & naÝVw Am§V[aH$ {dH$ën {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¢ & àË`oH$ àíZ Ho$ A§H$ CgHo$ gm_Zo {XE JE  
h¢ & 

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

(H$) 27C Vmn_mZ na AmXe© J¡g ( = 1·5) H$m Ðì`_mZ 

AMmZH$ àma§{^H$ Am`VZ go Mma JwZm Am`VZ  

VH$ àgm[aV hmo OmVm h¡ & J¡g H$m ApÝV_ Vmn_mZ 

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

(I) {gÕ H$s{OE {H$ nyU©V: ì`dpñWV AdñWm Ho$ {bE 

EÝQ´>m°nr S Am¡a D$î_mJ{VH$ àm{`H$Vm W {ZåZ{b{IV 

g§~§Y Ûmam A§V:g§~Õ h¢ : S = k ln W.  
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(J) hmBS´>moOZ AUwAm| H$s dJ© _mÜ` _yb Mmb {H$g 
Vmn_mZ na _mZH$ Vmn_mZ Am¡a Xm~ (STP) na  
Am°ŠgrOZ AUwAm| H$s dJ© _mÜ` _yb Mmb H$s XþJwZr 
hmoJr ? 

(K) Oyb-Q>m°_gZ à^md Š`m h¡ ? dmÊS>a dmëg J¡g Ho$ {bE 

ì`wËH«$_ Vmn n[aH${bV H$s{OE O~{H$  

 a = 3·4  10–8 atm m6 mol–2 Am¡a  

 b = 23·7  10–6 m3 mol–1 h¡ & 

 (R = 8·2  10–5 m3 atm–1 br{OE) 2+3 

2. {d{^Þ nXm§o H$s ì`m»`m H$aVo hþE D$î_mJ{VH$s Ho$ àW_ 
{Z`_ H$m AdH$b ê$n {b{IE & {gÕ H$s{OE {H$ AmXe© 
J¡g Ho$ {bE éÕmoî_ àË`mñWVm Am¡a g_Vmnr àË`mñWVm 
H$m AZwnmV pñWa Xm~ Am¡a pñWa Am`VZ na (AmXe©) J¡g 
H$s D$î_m Ym[aVmAm| Ho$ AZwnmV ( = cp/cv) Ho$ ~am~a 
hmoVm h¡ & 4+6 

AWdm 

(H$) g_Vmnr àH«$_ Š`m hmoVm h ¡ ? EH$ AmXe© J¡g Ho$ Ûmam, 

{OgH$m g_Vmnr àgma hmoVm h¡, {H$E JE H$m`© H$m 

ì`§OH$ Vmn T Am¡a A§{V_ Am`VZ VWm àma§{^H$ 

Am`VZ Ho$ AZwnmV Ho$ nXm| _| àmßV H$s{OE &  1+4 

(I) D$î_mJ{VH$s Ho$ {ÛVr` {Z`_ Ho$ {bE Ho$pëdZ-ßbm§H$ 

Am¡a Šbm{g`g Ûmam {XE JE H$WZm§o H$m o {b{IE & 

{gÕ H$s{OE {H$ `o XmoZm| H$WZ g_Vwë` h¢ & 2+3 
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3. J¡g Ho$ AUwAm| Ho$ _mÜ` _wº$ nW go Amn Š`m g_PVo h¢ ? 

STP na hmBS´>moOZ AUwAm| Ho$ {bE _mÜ` _wº$ nW 
n[aH${bV H$s{OE `{X AUwAm| H$m g§»`m KZËd  
3  1025 cm–3 Am¡a hmBS´>moOZ AUw H$m ì`mg 
2·9  10–10 m h¡ & 2+3 

4. (H$) EÝQ´>m°nr Š`m hmoVr h¡ ? EÝQ>́m°nr Ho$ nXm| _| D$î_mJ{VH$s 
Ho$ {ÛVr` {Z`_ H$mo {b{IE &  

  0C Vmn_mZ na 30 g ~\©$ H$mo Cgr Vmn_mZ na nmZr 
_| n[ad{V©V H$aZo na EÝQ>́m°nr _| hþB© d¥{Õ n[aH${bV 
H$s{OE &  2+1+2 

  ({X`m J`m h¡ : ~\©$ H$s JwßV D$î_m = 334·4 Jg–1)  

(I) EH$ D$î_mJ{VH$ V§Ì H$mo Xmo nWm| – if Am¡a iaf Ho$ 
AZw{Xe AdñWm i go AdñWm f VH$ bo Om`m OmVm h¡ 
O¡gm {H$ {MÌ _| {XIm`m J`m h¡ & O~ V§Ì H$mo nW iaf 

Ho$ AZw{Xe bo Om`m OmVm h¡ Vmo Q = 40 cal Am¡a 
W = 20 cal àmßV hmoVm h¡ & nW if Ho$ AZw{Xe  
Q = 30 cal àmßV hmoVm h¡, Vmo nW if Ho$ AZw{Xe 
W Š`m hmoJm ? 5 

 

AWdm 
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 éÕmoî_ {dMw§~H$Z Š`m h¡ ? O~ {H$gr AZwM§§w~H$s` bdÊm 

H$mo Bg àH«$_ go JwµOmam OmVm h¡ Vmo {ZåZ Vmn àmßV H$aZo 

Ho$ {bE àm`mo{JH$ ì`dñWm H$m dU©Z H$s{OE & 5+5 

5. \$_u-{S>amH$ V§Ì Ho$ {bE D$î_mJ{VH$ àm{`H$Vm {ZåZ{b{IV 

ì`§OH$ Ûmam Xr OmVr h¡ :  

W =  
!)N–g(!N

g

iii

i  

 Bg ì`§OH$ H$m Cn`moJ H$a ~§Q>Z \$bZ H$m ì`§OH$ ì`wËnÞ 

H$s{OE Am¡a n[a{_V Vmn_mZ Ho$ {bE BgH$m D$Om© Ho$ 

\$bZ Ho$ ê$n _| {MÌ It{ME & 10 

AWdm 

 ~«mD$Zr J{V Š`m h¡ ? ~«mD$Zr J{V Ho$ {bE AmBÝñQ>mBZ Ho$ 

VH$mªo H$m Cn`moJ H$aHo$ ~«mD$Zr H$U Ho$ {dñWmnZ dJ© _mÜ` 

Ho$ {bE AmBÝñQ>mBZ H$m gyÌ ì`wËnÞ H$s{OE & 2+8 

 


