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WEST BENGAL STATE UNIVERSITY
B.Sc. Honours/Programme 3rd Semester Examination, 2020, held in 2021

PHSHGECO03T/PHSGCORO03T-PHYSICS (GE3/DSC3)
THERMAL PHYSICS AND STATISTICAL MECHANICS

Time Allotted: 2 Hours Full Marks: 40
The figures in the margin indicate full marks. aNfer T F0Z FIMo Q"Y/VW fac e
Candidates should answer in their own words AT TS ST I AT AN
and adhere to the word limit as practicable. s FREI

Answer Question No. 1 is compulsory and answer any two from the rest

> TR & RFE @3 AR e e (AITE @-FIl 717 evad Ted me

I. Answer any ten questions from the following: 2x10 =20
feaferfae @-coiel 7ife elvss Teg wies

(a) Three distinguishable identical particles are distributed in two states of different
energies. If more than one particle can be in a state, find the number of macrostates
and the total number of microstates for the distribution.

foafb eltoncaiyg 1 Fics ¥ fon wfesr Raw o1 2011 @3l B Gl Fol A0S
Al | GUHCG, FOA0F SYICFI-SREE TR 8 NICF-TF2F (i Ry 4w T

(b) State the significance of the first law of Thermodynamics.

wrifefma 2w safta siesr JeE

(c) Differentiate between reversible and irreversible processes.
2ETIRGS (reversible) € TAGTASS (irreversible) afER e TN

(d) Show that in a P-V diagram, the adiabatic curve is steeper than the isothermal curve
at any given point.

@S @, P-V @b A-GI! @we [Rvee saels! (@l ke @RI (6 & <ol
(e) Draw indicator diagrams for (i) an isobaric and (ii) an isochoric process.

(i) MBI (isobaric) &f& @2k (ii) MA@ (isochoric) &R Hps b wr& |
(f) Define entropy. State its physical interpretation.

GG FREI 7€ | G (ST® I W |

(g) The temperature of 500 g of air is raised by 2°C at constant volume. Calculate the
change in its internal energy. Given Cp= 1000 J kg 'K ' and y = 1.4 for air.
3% SIS 500 g IAYF SIPEIEN 2°C I FA T GURT Srerede ®fe ARTST s
I @we, AF & Cp= 1000 T kg 'K ' @R y = 1.4
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(h) Assuming entropy to be a function of temperature and volume show that

TdS=C, a’T+T[a—Pj dv
aT ),

GEHE I € TR TS 4F (Tl (@,

TdS=C, a’T+T[a—Pj dv
aT ),

(1) What is Gibbs free energy?
foret & #Ifie 9
(j) Write down Clausius-Clapeyron equation, explaining all the terms.
AN M feT PR FORA-FICAT AN T
(k) What is the relation between thermal conductivity and thermal diffusivity?
ol SRRIRSE G 7 GioTorR T F2IF F 9
(1) State the principle of equipartition of energy.
e Tfeie [ife [ge FE

(m) Plot Maxwell’s speed distribution function for two temperatures 77 and 7> (7> > T1)
on the same graph.
s SNl 7, @R T, (15 > T))-99 & STIRSEF-aF @9 57 Sorss @3 (#14foeg

el
2. (a) Show that the work done by an ideal gas in an isothermal process is 3
W =nRTIn(R/P,)
B and P, are respectively the initial pressure and final pressure of the gas.
(1S (AR A o ot Fge Fort
W =nRTIn(R/P,)
P, 8 P, 7o I R 2 ¢ Sfes biof|
(b) Whenever the pressure inside a car tyre reaches three times the atmospheric pressure, 3

it bursts. Assuming the tyre-burst to be an adiabatic process, find the ratio of the final
temperature to the initial temperature. Given, y=1.4.

@Il NSRBIl fowcam A7 AN Bicel fomae 2eig siefl @ a1 biel
ol WA 9T Faols elfe & Reapal FE ooy @3k 2T TR Serie
ffa @ ewe, y=1.41

(c) Find the difference between Cp and Cy for an ideal gas. 3
S O &) Cp @R C)~F e foiefy el
(d) State the principle of increase of entropy. 1
GG e |ife [ige el
3. (a) State Carnot’s theorem. 2
-7 Toeiw o [Kge et
(b) Find the efficiency of a Carnot engine working between temperatures 500 K and 3

300 K. If the source temperature is decreased to 450 K, what is the percentage change
in efficiency?

a6 FICA 2GR TR Tl 500 K @R ©iofalizida Tee! 300 K | @3 Fwwe] F© 9
TR Tl I 450 K Z(E FHTFOF I *oikH 2Afie 2 9
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(c) Calculate the work done in isothermal compression of 2 moles of an ideal gas at 27
to one-fourth of its volume.

27°C TReO e FREFHCER T 2 @F Sl sfieR e @-5gdiked #fRee %
FOII F© 2 O Ml T |

(d) Find the ratio of ¢Z, . of an ideal gas at 200 K and 800 K, where ¢, is the root mean 2

S

square velocity.
ICA Sl oo Sed 918 35 SfOTaeom I (rms) ¢, T, 200 K @R 800 K Trewr
G2 MR ¢, -9 TGS F© Z ?

4. (a) Write down the four Maxwell’s relations. 2
SS9 Bl F#1F (&l
(b) Show that Joule-Thompson coefficient is zero for an ideal gas. 3
e @ Sl SICR CF0g GA-550 (Joule-Thompson) @€IIE %[5 23|
(c) Define Helmholtz free energy and find out the change in Helmholtz free energy 1+2

during an infinitesimal reversible process in a gas.

(@TRISE (Helmholtz)-97 & *f&d el wie|l @ MR FUfoFw oo
ARG (FCT (TNRIT-3 & ¥ #few ey Fet

(d) Write down Maxwell-Boltzmann energy distribution law in Statistical Mechanics. 2

AR IR S - RIFAET *IfG-35+ Jaib ETeal|

5. (a) Define mean free path of a gas molecule. The number of particles per cubic metre of 1+2
a gas is 3x 10%. If the radius of a gas molecule is 2 A, find its mean free path.
QT TR TOF AT TST WG| W8 | GF MR &fe IO weF WAt 3x10%° @R
IR T T 2 A 20 eIt SR o Teei e @

(b) Derive Rayleigh-Jeans law from Planck’s law of blackbody radiation. 3
2F-97 FR7E- R 9@ @A FIE-foei-93 @l efsst sa@n
(c) The wavelength (Amax) corresponding to maximum of the spectral distribution of a 2

blackbody kept at temperature 1373°C is 1.78 micron. If an astronomical object
(assumed to be a blackbody) has Ama.x = 14 micron, find its temperature.

1373°C Tmeor Al @ Fwaed [ied 3ffem s (maximum) Rwee [iFwem
CITD Ao = 1.78 NG| T A CHCET TN Ao = 14 N2F =7 OIS GIio
Teo] F© 9 (403 7€ (Eifonh goh F29) |

(d) State the law of thermodynamics that establishes the concept of temperature. 2
sivhifsRvR @ @t S et afod w0, G @l

N.B. : Students have to complete submission of their Answer Scripts through E-mail / Whatsapp to
their own respective colleges on the same day / date of examination within 1 hour after end of
exam. University / College authorities will not be held responsible for wrong submission (at in
proper address). Students are strongly advised not to submit multiple copies of the same
answer script.
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