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BACHELOR OF SCIENCE (BSCG)
Term-End Examination
December, 2021

BPHCT-135: THERMAL PHYSICS AND

STATISTICAL MECHANICS

Time : 2 Hours Maximum Marks : 50

Note : (i) All questions are compulsory. However,

internal choices are given.

(it) You can use a calculator.

(itt) Symbols have their usual meanings.

(iv) The marks for each question are

indicated against it.

P.T.O.

1.
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Attempt any five parts : 2x5=10

(a)

(b)

(c)

(d)

Calculate the root mean square speed
(Vyms) Oof oxygen molecules in a gas at
300 K. Take, the molecular weight of

oxygen molecule to be 32 g mol-1.

What do you understand by Self-diffusion ?

Write one example of self-diffusion.

Write Kelvin-Planck and Clausius
statements for the second law of

thermodynamics.

The first energy equation is given as :

UY _pfP) _p
oV )y aT )y
Show that internal energy of an ideal gas

1s independent of its volume.



2.

(e)

®

(g

(h)

(a)

(b)
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Write one example each of (1) closed

and (11) 1solated thermodynamic

system.

Write down the parametric and exact
equation of state for a real gas.

Distinguish between the macrostate and
microstate of a system.

What 1is the significance of degeneracy
parameter A ? What does A << 1

correspond to ?

Answer any two parts :

State three assumptions made by van der
Waals and write van der Waals’ equation

of state for p moles of a gas. 3+2

Obtain an expression of mean free path for

zeroth order approximation. 5

P.T.O.

(c)
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What 1s the process of sedimentation in
Brownian motion ? Show that during
sedimentation, particle  concentration
decreases

exponentially as height

1ncreases. 1+4

3. Attempt any two parts : 5x2=10

(a)

(b)

(c)

Explain, what are (1) isobaric, (i1) isochoric,
(111) isothermal, and (iv) cyclic processes.
Represent these processes on indicator

diagrams.

Obtain an expression for work done in an
isothermal expansion process for an deal

gas.

Two identical gaseous systems containing
1 mol of ideal gas each are at 500 K

temperature and 3.0 atm. pressure. The
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ratio of heat -capacities at constant

pressure and constant volume (y) is 1.4.

One of the gases is expanded adiabatically,
while other isothermally till both reach
atmospheric pressure. Calculate their final

volumes. [Given : R = 8.3 JK-! mol-1].

4. Attempt any two parts : 5x2=10

(a)

(b)

Suppose that two ideal gases having n,
moles and n, moles are enclosed in two

separate containers at constant
temperature T and pressure P. If these
two gases mix, obtain an expression
for the entropy of mixing per mole of

mixture.

An 1deal heat engine operates by taking in

steam from a source at a temperature of

P.T.O.
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327°C and rejecting heat to a sink at a
temperature of 27°C. The heat taken in

each cycle 1s 500 kcal. Calculate :

(1) The Carnot efficiency of the engine

(1) The work done in each cycle in units of

joules. (1 calorie = 4.2 J)

(¢) Using Maxwell’s relations, obtain the first

TdS equation.

5. Attempt any ftwo parts : 5x2=10

(a) Suppose that a phase space consists of

three cells labelled 1, 2 and 3 and two
particles A and B. Enumerate the different
macrostates and microstates corresponding
to each of them when the particles are

(1) indistinguishable, (i1) distinguishable.
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(b) Derive the expression for the single-

(©

particle partition function in p space for

an 1deal monoatomic gas consisting of N
identical particles each of m occupying a

volume V. You may use the relation :

Ijo exp{_sﬁ}dx = /m
0 m B

Derive an expression for the zero point

energy of a Fermion system.

P.T.O.
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FIS Glrel 91 8 HITST ; 2x5=10

(F)TF T H 300 K T e o073t =i

SEq o WA AA A (v,,,) TR

rms )

LaW o] =l

HITST|  STdSH  3ueTl &1 3AfUger ¥R

(molecular weight) 32 g mol-! &I

(@) =-TaEor ¥ 39 R 9931 ¢ 7 SO

1 Teh IZEIV ST

(M) Forfaest & fedwg g = fou

Ffea-wid 3R Fafaaa & Fouq fafau)

(9) 999 Sl FHIHR i Fefafaa s g/

ﬁ'QT\_rl'IﬁT%:

)l
fag wifse o emeel @ =t erdles St
A R R =& H|

P.T.O.
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(T)(@) de 3R i) faafia swmfaes 9 @
Teh-Tch 3360 faf@n|

() ardfas 19 & gatas iRk gend sreren
gt fafam)

(B)fordt o3 & fau T sfaeen 3k gsH

IR H 3= FdEU|

(H) ST9gs=dl TNF A & N Hed T ?

A<<1 & N a9d & 2

FIE S 9N B HITST ;

(F)aUet ded B & T8 A STIMIONST i
fafeu v 9 & u Al & fou awet
Iied TR GHIRT of fafau| 3+2

(@I wife gfred & fau 7 gaq 9o

T Sk YT hifSTd| 5
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(M) wA g H stEded ywg w7 2 fusg (1) e A9 ® 1 mol & 3 HaGH THF T
FIFAT o TR & A S & Y H 500 K a9 31X 3.0 atm. <@ W &1 79 &
% ThgUl § TREMEIHRT HHT ST T 1+4 =R <T@ UG X AFaT W HEHTERAreT

1 SAIA (y) 1.4 T TH § TH TH R

3. &I & 9N BA HIWT : 5x2=10

TE YT SR SHd Kl Huddl YwH 9

() (@) THEEl, (i) THSFAMH, (Qii) FHa, qRHEAd @ d% g9ia fEar S 21 e
AR Gv) THE FHE K oA i i e % sifm e % AW uReRfad

1 YAl kI Hueh IR@l W fefud Fiftul (fean 71 2 : R =8.3 JK-1 mol-1 )|
i 4. T A 91 A FHIST 5%2=10

(@) ey g & fau gmardt yOR ywE | feu (®)OF oifSe foh < sterm-ster uel A SR
MU HE HT FSF AT HIToT aoEE T 3R <@ P W & oieel 6 &

P.T.O.
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FAIA: n, HIA FR p, A AR T G () gl ool 1 STAN Hh GUH TdS

F1 fafym fem smo, @ fago &1 wfode THIEHOT YT hifea|

Ay T2t &1 =S 9T hifSia|
T 5. hIZ @ 9N BA HIGT ; 5%2=10

(@)TF e 1 5[, st ff admm 327°C (YT & e fo w1 e EifeeE

Il Fid § A9 STEEifid i & AR 27°C

F 1, 2, 3 BN odfad fEa S R, 3R

I AT W e fd e ®,
9 & U A 3R B fammE €1 3 wOl i

genferd feran Sar 81 9ieh UHH (cycle) H

g fafg= e seResli IR §eg
500 kcal oI ST o W @1 TOMI

saeenell &I MUMT HifST SE U
ST

() IS I HME & () stfadm, (i) fade =)

(@)Iad V ¥ uiEs, m S99 i N

Gi) &% gHa H fear o s Sa o

afteRferd ifsT (1 e = 4.2 J)| TdgY FU § 9 THREE Y T &

P.T.O.
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fau |y e § s *9 dfaar weH &6
Sleh 9T shifsu| 39 FeAfafaa 9e9y &l

ITINT H FHA T

w Qa2
J-_ooexp[ gx }dx: 2mn

m

(M) wfHaE 99 & fou v fa< 9 &1 a5

—

S~ hifSU|
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