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BACHELOR OF SCIENCE (GENERAL)
(BSCG)
Term-End Examination
June, 2022

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.

1. Attempt any five parts : 2x5=10

(a) Define degree of freedom of a molecule.
Calculate the degree of freedom for a rigid

diatomic molecule.

P.T.O.



(b)

(©

(d)

(e)

(®

(g
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The coefficient of viscosity of helium is
18.6 x 106 Nsm=2, M = 4 kg K mol-! and
Cy =125 103 JK moll. Calculate

thermal conductivity of helium.

Define entropy and state second law of

thermodynamics in terms of entropy.

Planck’s law is given by :

_ 8mhc 1
Ao | exp he/ AkgT -1

Using this relation deduce Rayleigh-Jean’s

law.

Write one example each of (i) diathermal
and (11) adiabatic boundary of a

thermodynamic system.

Write down the differential form of the
first law of thermodynamics explaining all

the parameters.

What do you understand by a phase

space ?



[3] BPHCT-135

(h) Show that in the high energy range, the
Bose-Einstein distribution reduces to the
Maxwell-Boltzmann distribution.

Answer any two parts :

(a) The expression of the number of
molecules in Maxwellian gas having
speeds in the range v to v + dv is given
by :

3/2 9
dNy = 4nN m v2 exp| - my dv

Using this expression, show that the

expression of the most probable

speed v, of a molecule in a Maxwellian
gasis: 5
2k
v, = Bl )
P m

(b) Derive the survival equation :
N x =N, exp(—%j

for distribution of free paths. Hence, plot
distribution of free paths as a function

off. 5
A

P.T.O.



3.

(©
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What is Brownian motion ? Write any four

characteristics of Brownian motion. 1+4

Attempt any two parts :

(a)

(b)

(©

Obtain the values of 1sothermal

compressibity By  and coefficient of
volume expansion o for an ideal gas.

3+2

Is work a function of the state ? Explain its
path dependent behaviour with the help of

an indicator diagram. 1+4

Three moles of an ideal gas at STP 1is
expanded isothermally to twice its volume.
It is then made to undergo isochoric change
to attain its original pressure. Calculate
the total work done in these processes.

(Given : R = 8.3 JK-1 mol?). 5
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4. Attempt any two parts :

(a) A freezer operates between —13°C and
33°C. Calculate (1) maximum value of
coefficient of performance (w) of this
refrigerator and (i) the amount of
electrical energy required to freeze 0.5 kg
of water, initially at 0°C. It is given that :
Latent heat of fusion = 334 kd kg-1. 243

(b) Using Maxwell’s relations, obtain first and

second energy equations. 5

(¢c) State Stefan-Boltzmann’s law. Write its
mathematical expression. Plot spectral
energy density of a black body with

wavelength at different temperatures.
2+1+2
5. Attempt any two parts :

(a) Suppose two indistinguishable particles
are placed in four states. Enumerate the
possible macrostates and the

corresponding microstates. 5

P.T.O.
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(b) Write down the expression for the single-

(©

particle partition function in p space. Use

this relation to derive expressions for

entropy and pressure. 1+2+2

Derive Planck’s law wusing the Bose-

Einstein’s distribution law for photons. 5
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(@) difermm 1 wFEd Uik 18.6 X 107

(M)

(¥1)

(¥)

(=)

(3)

Nsm2, M=4keKmol? € 3R
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(3 fag =fsw f& S== == & fa,
G- e Hoqddl-aledqdH &
¥ yfafda g < e

2. I3 I 9N B RIS :
(F) A D v ¥ v+dv IR T Hegael g
H oAUl & G w1 e EfarEd
mﬁ?ﬂw%:

3/2 9
dNy = 4nN m v2 exp| - my dv

T ey w1 YA w fag wifsw fw
Togae 19 ® fou wifgedd 9@ v, &0

p

m

FSlh v =

D 5

o (aWa

(@) g 9l & ded & fau  efdsifadn
e N «x =N0exp(—%J T

aﬂﬁm%@w@wﬁ%wﬁﬁ
deA &1 AR@ Hifau) 5

P.T.O.
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() S g 0 e § 2 S A B R
TR e fafam) 1+4
H3 T 9N A HIfWT :

()

(@)

(M)

Ayl g & fau gHardt "deaar gy
R AFEH WOR OF o P HAE U
IfSTT| 3+2
1w IR H Hed € 7 guH ARG
®1 TEEd 9 THh! 9y fAvRar & =men

HifsTu| 1+4

AM® 99 R <@ STP W dF Hia
eyl T w GEAd wEH @ SEH qd
SETH ¥ T A™AT dh gEa o

S ®1 39 9§ 3H 9ARdME UHH 9

AU ol @ Tk uRafdd feren wmar @1 e

yRdl W fRa T R &R dRefad
STl (M2 ¢ R = 8.3JK tmol 1) 15
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4. HIZ A 9N A HIGT :
(F) TH HISK —13°C 3 33°C & &9 =eldl

5.

(@)

(M)

(%)

gl @) o U qoie w W
Jfehad W 3R (i) 0°C W W 0.5 kg

Sl 1 HeAad i o T evdesw fogq
S 1 TH UReRfad st K g ;S
i fof¥Te He&m o oA = 334 kd kg 1 |

2+3
Herael Hal o1 SUAN i, YUH 3R
fedia o TR 9 Shifsa| 5

EoA-dieemy e w1 e fafag)
TSR] TOE SHseh fatau fafy= am
W HOHRT & TagH  FHell T Bl
TWieed & e & ®9 H e it
2+1+2

aﬁé éT'ﬁFIaﬂﬁﬁQ :

qA it fe & sfadm &l @ WX
HifSw § @ W ¢ Hefad T
JTaEIet dU1 WG G&H TS 1 T

Hif| 5

P.T.O.
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(@) p-mafe d wha o & fag e
wod fafau 59 9@ &1 ST &
Tt Td @ & fau s o
CAIS1E 1+2+2

() wRMAE & fau Sg-smEeE §eq fam @

TN Hd g Wil | =Yoo= wifsul 5
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