
BPHCT-135  1   P.T.O. 

 BPHCT-135  

BACHELOR OF SCIENCE (B.Sc.) 

(BSCG) 

Term-End Examination 

December, 2022 

 

BPHCT-135 : THERMAL PHYSICS AND  

STATISTICAL MECHANICS  

Time : 2 hours Maximum Marks : 50 

Note :  All questions are compulsory. However, internal 

choices are given. You can use a calculator. The 

marks for each question are indicated against it. 

Symbols have their usual meanings. 

1. Attempt any five parts :  52=10 

(a) Calculate the temperature at which the 

mean square speed of nitrogen  

molecules will be equal to 9 km s–1 . [Take  

R  =  8·3  J/mol  K, molecular weight of 

nitrogen = 28 g mol–1]  

(b) What is the effect of pressure on viscosity ? 

(c) State the third law of thermodynamics. 

Write its mathematical expression in terms 

of entropy. 
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(d) Define spectral emissive power of a body. 

How is it related to emissivity ? 

(e) What is an intensive variable in a 

thermodynamic system ? Give one example. 

(f) Write down the mathematical form of the 

first law of thermodynamics applied to a 

thermally insulated system. Comment on 

the nature of change in its internal energy. 

(g) Draw the labelled diagram of phase space for 

a linear harmonic oscillator. 

(h) Define Fermi energy. Plot Fermi function 

versus energy at T = 0 K. 

2. Attempt any two parts : 25=10 

(a) One mole of CO2 occupies 200 cm3 at 34C. 

Calculate the pressures exerted by CO2 

molecules, assuming that (i) it obeys perfect 

gas equation, and (ii) it obeys Van der Waal’s 

equation. It is given that  

 a = 3·59  10–6 atm m6 mol–2,  

 b = 42·7  10–6 m3 mol–1 and  

 R = 8·2  10–5 atm m3 K–1 mol–1.   2+3 
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(b) Define mean free path. How is it related 

with collision frequency ? If the radius of an 

oxygen molecule is 1·8  and the mean speed 

of oxygen molecules at room temperature is 

450 ms–1, calculate mean free path.  

 Take n = 3  1025 m–3. 1+1+3 

(c) Discuss Perrin’s method for determination of 

Avogadro number in Brownian motion. How 

can this method be used to estimate the 

mass of a molecule ?  3+2 

3. Attempt any two parts : 25=10 

(a) Explain the classification of boundaries in a 

thermodynamic system.  5 

(b) State the Zeroth law of thermodynamics. 

How does it introduce the concept of 

temperature ?     2+3 

(c) (i) Obtain an expression for work done in 

expanding a gas from volume Vi to Vf 

in an isobaric process. 

(ii) Two moles of an ideal gas occupy  

0·035 m3 volume at 2·6  105 Nm–2 

pressure. It is expanded to volume 

0·050 m3 by isobaric process. Calculate 

the work done by the gas. 2+3 
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4. Attempt any two parts : 25=10 

(a) With the help of Entropy-Temperature 

diagram of Carnot cycle, obtain an 

expression of efficiency of a Carnot engine.  5 

(b) Obtain an expression for  

Clausius-Clapeyron equation. Explain why 

vegetables cook faster in a pressure cooker.    4+1 

(c) Write Planck’s law in terms of wavelength. 

Hence, deduce Stefan’s Law.       2+3 

5. Attempt any two parts : 25=10 

(a) Define thermodynamic probability. How is 

it related to the entropy of a system ? Two 

systems have thermodynamic probabilities 

of 1·5  1026 and 2·0  1024. Calculate the 

entropies of the individual systems and the 

composite system.     1+1+3 

(b) N particles obeying the Maxwell-Boltzmann 

statistics are distributed among three states 

with the energies E1 = 0, E2 = 2 kBT and  

E3 = 3 kBT. If the equilibrium energy of the 

system is 1000 kBT, calculate the total 

number of particles.          5 

(c) Derive Planck’s Law using the  

Bose-Einstein Distribution Law for photons.  5 
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~r.nr.EM.gr.Q>r.-135 : D$î_r` ^m¡{VH$s Am¡a gm§p»`H$s` 
`m§{ÌH$s 

g_` : 2 KÊQ>o  A{YH$V_ A§H$ : 50 

ZmoQ> :  g^r àíZ A{Zdm`© h¢ & bo{H$Z Am§V[aH$ {dH$ën {XE JE h¢ & 
Amn H¡$ëHw$boQ>a H$m Cn`moJ H$a gH$Vo h¢ & àË`oH$ àíZ Ho$ A§H$ 
CgHo$ gm_Zo {XE JE h¢ & àVrH$m| Ho$ AnZo gm_mÝ` AW© h¢ & 

 

1. {H$Ýht nm±M  ^mJm| Ho$ CÎma Xr{OE : 52=10 

(H$) Cg Vmn_mZ H$m n[aH$bZ H$s{OE {Og na ZmBQ>́moOZ 

AUwAm| H$s _mÜ` dJ© Mmb 9 km s–1 Ho$ ~am~a  

hmoJr & [R = 8·3 J/mol K, ZmBQ´>moOZ H$m AmpÊdH$ 

^ma = 28 g mol–1 br{OE ] 

(I) í`mZVm na Xm~ H$m Š`m à^md hmoVm h¡ ? 

(J) D$î_mJ{VH$s Ho$ V¥Vr` {Z`_ H$m H$WZ {b{IE & 

EÝQ´>m°nr Ho$ nXm| _| BgH$m J{UVr` ì`§OH$ {b{IE & 
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(K) {H$gr qnS> H$s ñnoŠQ´>_r CËgO©Z j_Vm H$mo n[a^m{fV 
H$s{OE & `h CËgO©H$Vm go {H$g Vah go g§~§{YV h¡ ? 

(L>) D$î_mJ{VH$ V§Ì _| A{dñVmamË_H$ Ma Š`m hmoVo h¢ ? EH$ 

CXmhaU Xr{OE & 

(M) EH$ D$î_mamo{YV V§Ì Ho$ {bE D$î_mJ{VH$s Ho$ àW_ 

{Z`_ H$m J{UVr` ê$n {b{IE & BgH$s Am§V[aH$ D$Om© 

_| n[adV©Z H$s àH¥${V na {Q>ßnUr H$s{OE & 

(N>) EH$ a¡{IH$ AmdVu XmobH$ H$s àmdñWm g_{îQ> H$m 

Zm_m§{H$V AmaoI It{ME &  

(O) \$_u D$Om© H$s n[a^mfm Xr{OE & Vmn_mZ T = 0 K na 

\$_u \$bZ D$Om© Ho$ gmW n[adV©Z H$m AmaoI It{ME &  

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

(H$) 34C na H$m~©Z S>mBAm°ŠgmBS> J¡g Ho$ EH$ _mob H$m 

Am`VZ 200 cm3 h¡ & `h _mZVo hþE {H$ `h J¡g  

(i) AmXe© J¡g g_rH$aU, VWm (ii) dmÊS>a dmëg 

g_rH$aU H$m AZwnmbZ H$aVr h¡, CO2 Ho$ AUwAm| 

Ûmam Amamo{nV Xm~m| H$m n[aH$bZ H$s{OE & `h {X`m 

J`m h¡ :    

 a = 3·59  10–6 atm m6 mol–2,  

 b = 42·7  10–6 m3 mol–1 Am¡a  

 R = 8·2  10–5 atm m3 K–1 mol–1. 2+3 



BPHCT-135  7   P.T.O. 

(I) _mÜ` _wº$ nW H$s n[a^mfm {b{IE & `h g§KÅ>Z 

Amd¥{Îm go {H$g àH$ma g§~§{YV h¡ ? H$j Vmn_mZ na 

Am°ŠgrOZ AUwAm| H$s _mÜ` Mmb 450 ms–1 h¡ & 

`{X Am°ŠgrOZ Ho$ AUw H$s {ÌÁ`m 1·8  hmo, Vmo 

_mÜ` _wº$ nW n[aH${bV H$s{OE &  

n = 3  1025 m–3 br{OE &  1+1+3 

(J) ~«mD$Zr J{V _| AmdmoJmÐmo g§»`m Ho$ {ZYm©aU Ho$ {bE 

n¡am± {d{Y H$s MMm© H$s{OE & Bg {d{Y H$m Cn`moJ 

AUw Ho$ Ðì`_mZ H$m AmH$bZ H$aZo Ho$ {bE {H$g 

àH$ma {H$`m Om gH$Vm h¡ ?  3+2 

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

(H$) D$î_mJ{VH$ V§Ì _| n[agr_mAm| H$m dJuH$aU  

g_PmBE & 5 

(I) D$î_mJ{VH$s H$m eyÝ` H$mo{Q> {Z`_ {b{IE & `h Vmn 

H$s g§H$ënZm H¡$go àñVwV H$aVm h¡ ?  2+3 

(J) (i) g_Xm~r àH«$_ _| EH$ J¡g H$m Am`VZ Vi go Vf 

VH$ ~‹T>mZo _| {H$E JE H$m` © H$m ì`§OH$ ì`wËnÞ 
H$s{OE &  

(ii) Xmo _mob AmXe© J¡g 2·6  105 Nm–2 Xm~ na 
0·035 m3 Am`VZ KoaVr h¡ & Bgo g_Xm~r 
àH«$_ go 0·050 m3 Am`VZ VH$ àgm[aV {H$`m 
OmVm h¡ & J¡g Ûmam {H$`m J`m H$m`© n[aH${bV 
H$s{OE & 2+3   
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4. {H$Ýht Xmo  ^mJm| Ho$ CÎma Xr{OE : 25=10 

(H$) H$mZm} MH«$ Ho$ {bE EÝQ´>m°nr-Vmn_mZ AmaoI H$s ghm`Vm 

go, H$mZm} B§OZ H$s XjVm H$m ì`§OH$ àmßV H$s{OE &  5 

(I) Šbm{g`g-Šb¡noam°Z g_rH$aU H$m ì`§OH$ àmßV  

H$s{OE & g_PmBE {H$ àoea Hw$H$a _| gãOr OëXr Š`m| 

nH$ OmVr h¡ &  4+1 

(J) Va§JX¡Ü ©̀ Ho$ nXm| _| ßbm§H$ {Z`_ {b{IE & AVEd, 

ñQ>r\$Z {Z`_ ì`wËnÞ H$s{OE &    2+3 

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

(H$) D$î_mJ{VH$ àm{`H$Vm H$mo n[a^m{fV H$s{OE & BgH$m 

{H$gr {ZH$m` Ho$ EÝQ´>m°nr go Š`m g§~§Y h¡ ? Xmo {ZH$m`m| 

H$s D$î_mJ{VH$ àm{`H$VmE± H«$_e: 1·5  1026 Am¡a 

2·0  1024 h¢ & ñdV§Ì ê$n go àË`oH$ V§Ì H$s EÝQ´>m°nr 

VWm g§`wº$ V§Ì H$s EÝQ´>m°nr n[aH${bV H$s{OE &  1+1+3 

(I) N H$U _¡Šgdob-~moëQ²>µO_mZ gm§p»`H$s H$m AZwnmbZ 
H$aVo h¢ & ò VrZ D$Om© AdñWmAm| E1 = 0, E2 =  

2 kBT Am¡a E3 = 3 kBT _| {dV[aV h¢ & `{X V§Ì _| 

gmå`mdñWm D$Om© 1000 kBT h¡, Vmo H$Um| H$s Hw$b 

g§»`m n[aH${bV H$s{OE &  5 

(J) \$moQ>moZm| Ho$ {bE ~mog-AmBÝgQ>mBZ ~§Q>Z {Z`_ H$m 

à`moJ H$aVo hþE ßbm§H$ H$m {Z`_ ì`wËnÞ H$s{OE &  5 

  


