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WEST BENGAL STATE UNIVERSITY
B.Sc. Honours/Programme 3rd Semester Examination, 2022-23

PHSHGECO03T/PHSGCORO03T-PHYSICS (GE3/DSC3)

Time Allotted: 2 Hours Full Marks: 40

The figures in the margin indicate marks of question. o S SE Fo G Sred T AT T
Candidates should answer in their own words oA wIied e G T/ TGT TN T

and adhere to the word limit as practicable. Geq fare 9/
All symbols are of usual significance.

Question No. 1 is compulsory and answer any two from the rest
s TR SRS @3k AR e (AE @-@IA 7l Al TeR e

1. Answer any fen questions from the following:
R @- i elvse Oed nes
(a) Write the combined form of first and second law of thermodynamics.
iepfeRwa e g3k oS eaa 30 7w @
(b) What is an extensive and intensive thermodynamic variable?
TFI 93 AT 5% F 9
(c) Explain why a Carnot engine cannot have 100% efficiency.
I T @ 100% Fwe] 78 SIceH 26 #emt 78 741
(d) Prove that ‘entropy remains constant for a reversible cycle’.
2l FE ‘ATTASS BUT GAGIo W P AP |
(e) State the differences between reversible and irreversible process.
HOIRCE ¢ HeeeF elfF R AN Fedl|
(f) Write the Maxwell’s relations for a thermodynamical system.
@Al 5 SIASTST 2R &) WIHSTAET Howefa @i
(g) State two differences between Joule-Thomson expansion and adiabatic expansion.
o7 QI eFIAe @ TSI e G S @l
(h) Write two basic assumptions of kinetic theory of gases.
sicaa sffeergd ¢ qf6 RIS el
(i) Plot Maxwell’s velocity distribution function for two different temperatures on the

same graph.
wft fom eloaaia o) A EIr Aferan a5 ST 1 GTafbeg orale

(j) Give example of a good reflector and absorber of thermal radiation,
il fifad e «alh Tesl aefenas «az 9af Tan eiiacee Svizgd s
(k) What do you mean by a perfect black body”
S R 00 F (AN ¢

2x10=20
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(I) Draw the phase space of a one dimensional simple harmonic oscillator.
OIS e ANGH FNE w9102 o s et
(m) Give example of a Fermi gas and a Bose gas.

@f6 T U @R @ @ SR Bwigad wie |

(n) What is the total energy of 1 mole of an ideal gas in thermal equilibrium at
temperature 77 Given each gas molecule has degree of freedom = w.

T SR AT 1 (e @i | sicr sima =i fefy acan orel wiite @fefe sy
wqgmw'mm=w,

2. (a) A Carnot engine working between the temperatures 100°C and 0°C absorbs 10*

calories of heat at high temperature. What will be the work done when the cycle of
operation is over?

100°C @R 0°C-3 W 936 FAfEw fFafe o o1ffg T @ 2fg=i 10° =l
i (oIl S, 96 T BTEFa (0T o] T 274 7

(b) State two essential differences between an isothermal and an adiabatic process.
TR @ wmolsl &ff e ufb & #i @A

(c) P, V, T are thermodynamical variables, then prove that —

a(22) =L (3R) () (3 -

(‘)(BVL'(B_VJ- e (aVMaT)p(aP)V'I
oP ),

P, V, T Si=isroig beaif 2ge, e e —

N AR N AN ANE A
® (a_Vlv_(a_V] @ (aVMaT]p(aP]f 1
T

oP

3. (a) Derive the law of energy distribution from Maxwell’s law of velocity distribution.
WRECETEE MfSraet 35+ 78 Qs *If& 35 @b afewt s

(b) Plot most probable velocity, average velocity and rms velocity in a single velocity
distribution graph and give their ratio.

a3f6 siferas a% @FAbeg Fdrere 78y 5ifecas, M6 Afer@n @ rms e @ae g2
I TG (Al |

(c) Show that ¥ =1+2/f from the law of equipartition of energy where y is the ratio
of Cp, and C, of gas and f is the degrees of frecdom.
“fea Fufderaa MM @ @ae @ y=1+2/f, @AE y & W[ C, 8 ), -a7
TG 3k £ % ARl il

(d) Define Phase-space,
V[Z1H 96108 I Il 9

4. (a) Show that Joule-Thompson coefTicient is zero for an ideal gas.
@le @, s ST (R0 G- (Joule-Thompson) @I X[« 21
(b) Define emissive power and absorptive power of matter,
ot e e @ oot wFaTol e wie |
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(¢) Suppose we have 4 coins in a bag. Find the different possible microstates of the II.II, — l!,ll
system and macrostates they belong to. W %"'
q3f et 415 1 wiiem) e SR RS SToy wizne wew @ Wite 5w e s x‘*“a;"=;:_sﬁ
(d) How is the entropy of a macrostate related to the total number of microstates 2
accessible to the corresponding macrostate?
9 TP STEE G Ol @S NI S Wi A R TS ¢
5. (a) Show that C, =| 4¥ X 2
ow that C, =| = | , where U is internal energy.
ar ),
dUu
GRS @, Cp = — | , @AW U Tl &)
dar ),
(b) Define Quasistatic Process. 2
21 Fa affeem Fi
(c) Draw the characteristics curves for black body spectra predicted by Rayleigh-Jeans 3
law, Wien’s displacement law and the Planck’s law at some given temperature.
G2 (@1 v e Cwo @ fiRE Siemia AitEd v, o | aR -
fere1 siar [Risaeas «ife 354 oe)
(d) State two differences between Classical Statistics and Quantum Statistics. 2
ST AR IR @ PFBIN ARPRA Tt 7f6 i @t
(e) State the zeroth law of thermodynamics. 1
oS =arew b T

X
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WEST BENGAL STATE UNIVERSITY

B.Sc. Honours/Programme 3rd Semester Examination, 2021-22

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

Time Allotted: 2 Hours Full Marks: 40
The figures in the margin indicate marks of question. oNfee T 0Z TG QT ST e T
Candidates should answer in their own words AT e IR I TS AT N
and adhere to the word limit as practicable. Geq e 2691

All symbols are of usual significance.

Question No. 1 is compulsory and answer any fwo from the rest
> TR & SRFE @3 AR e e (AITF @-FIAl 717 evad Ted me

I. Answer any ten questions from the following: 2x10 =20

fafeife @-cpiea 7o @cis Ted nies

(a) State the First Law of Thermodynamics.
Sivifefma el 1 fige Fel|

(b) Why is thermodynamic work done an imperfect differential?
SIS I STl SR (e 9

(c) Define Quasistatic Process.
i 1 alfe g s

(d) Can two isothermal graphs intersect each other?

(B A (@14 AR (@7 FA00 A & 9

(e) 20 g of hydrogen gas at 20°C are compressed isothermally to one-fourth of the
original volume. Find the value of the work done.

20 g TS MH-E 20°C OPNIGE e efFw el e a-bgdice
SIS PO T 2611 @2 2G0T M TS I [ fef7 e

(f) When air gets heated, it flows upwards. Then why do mountain tops have lower
temperature than sea surfaces?

A R 2 TG TCo AR | O ACGE TR QoI ARG NeF @ et @ 9
(g) What is meant by Gibb’s free energy?
R & *fe F 9

(h) Prove, pressure of gas, P = —[S—I;j , where F'= Helmholtz free energy.

T

s @ ST ivt P:—[S—I;j , @RI F = (@RISR & ¥
T
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(1) Define coefficient of thermal conductivity of a gas. State its SI unit.
SR Ol 2RRIRSE FP AT 2 @9 SI 95 i 9

(j) What do you mean by Joule-Thomson effect?
GeT-5a el Feice i @I 2

(k) State the Principle of Equipartition of Energy.
e Ifeie [ife [ige FE

(I) Draw the spectral distribution of an ideal black-body for three different
temperatures T, Tz, T3 following Wein’s Displacement Law.

T3 I g (N, [ SIoRI@i| (Ty, To, Ts) &, FRI€ [fdaced 3fifer IBcaa
@i’ w=a

(m) What are macrostates and microstates?
ICH-TN € TR ICF 0T 9

(n) What is the significance of enthalpy?
G Sles F 9

2. (a) Show that for an adiabatic process, the equation of state of a gas is
PV = constant.

2N SR @ FEeie! AfET M SEE ANF PV = $_F)

(b) An ideal monoatomic gas has undergone a cyclic process ABCDA as shown in the
figure. What will be the work done in this cyclic process and what will be the
amount of heat transferred during the entire cycle?

a3 Sl qFHRNIGT T or@d seet ABCDA 9IRS elfeaim s fwcw fe avea
27| 3 IS 2 FoFd Fo @R e feibre Fe oiv FReAiRe T 2

P
IR A% @P,2V)
B > C
A > D
P, V) 2,

(c) Find the relation between the slopes of adiabatic and isothermal curves.

FEOIo! @ AT (@T-GF o WM& T Bioie] Sl |

3. (a) Show that the work done by a gas in an isothermal process is W = nRT In (P\/P,),
symbols have usual meaning.

ANS (@ A 2f @ S F$F I W = nRT In (Py/P,) =)
(b) Write down the TdS equations in thermodynamics.
SsfeRmia TdS FNwaeefe @l

(c) The number of particles per unit volume of a gas is 3x10%°. If the radius of a gas
molecule is 2 A, find its mean free path.

a6 TR &fo TN SR TR 3x10%° 20e1 @R A6 we 13 2 A =¢et ayiioa
e ofe Tei [T Tt
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(d)

4. (a)

(b)

(c)

5. (a)

(b)

(c)

(d)

3232

Write down Maxwell-Boltzmann Distribution Law in Statistical Mechanics.

ARPRA IR SR NFEA-@IFBETIF 35+ IG(6 @ |

How can you relate Wien’s law and Rayleigh-Jeans law with Planck’s law of
energy distribution in radiation spectrum?

2CEa e 3effetia =i 354 seaa MR S ¢ AIE-GI A F°91F S 9

How much heat energy will be radiated per second from a blackbody with a

temperature of 1000 K and an area 2x107°cm*? At which temperature will it

radiate double of this energy? Given Stefan’s constant o =5.67x107° Wm* K *.

2x10 cm’ CFaTS 7o @I FIE 1000 K THeoR Fovl wioNe [Rided 33 9
@ Treel @3 12ed wivrie [Ride 39 2 awe - oM &% 0=5.67x10° Wm™>
K

State Maxwell’s Law of distribution of molecular speeds in gases. Show that the
most probable speed is given by C,,, = \/% where the symbols are bearing usual
meaning.

AFEREE @9-354 @l [Rge T mare g weefer s icers weRy s
Cpp :\/% @ Iz oafe apfrs i)

Justify that ‘Under isothermal condition, the external work done by a system is at
the cost of its Helmholtz free energy’.

I FR- T TREE, I I9F A FoIN O @CI0E F GFfe-a &=
TN |
State two characteristics of Maxwell-Boltzmann Statistics.

NHER-E@FDETI “ARRLI-a3 96 &HEy @l |

Determine the change in entropy when 15 gm of ice melts into water at 0°C.
Given, latent heat of ice= 80 cal/g.

15 &% I9F 9IET 0°C To Teel #ifFes 2e1 qaeHa sfiaew ey sl ewe, e
11 ©i7f 80 cal/g|

Draw the TS diagram of a Carnot cycle.
I beeen TS @rfbat it

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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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 [NCST ©IRNF TR TG AT M
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 eltoncaiay s Fics ¥b fon wfesr Ras T 2011 93l B@ aPife el APee
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, dT+T[a—Pj dv
aT ),

GEHE I € TR TS 4F (Tl (@,

TdS=C, dT+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

Cleal
2. (a) Show that the work done by an ideal gas in an isothermal process is

W =nRTIn(R/P,)

B and P, are respectively the initial pressure and final pressure of the gas.

Rile (@ AR 2f @ sl o FeF Fodr
W =nRTIn(R/P,)

B € P, T TG MR 2T ¢ wfew 51

(b) Whenever the pressure inside a car tyre reaches three times the atmospheric pressure,

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.

I Sl DIl fewts RGP IR e Toqee 26T SISl @6 A1 Bl
FIoR AT @ Faole afel AR [apal T ooy Rk aidfie Teor wite
ffa @ ewe, y=1.41

(c) Find the difference between Cp and Cy for an ideal gas.
S O &) Cp @R C)~F e foiefy el

(d) State the principle of increase of entropy.
GG e |ife [ige el

3. (a) State Carnot’s theorem.
-7 Toterf [ige e

(b) Find the efficiency of a Carnot engine working between temperatures 500 K and
300 K. If the source temperature is decreased to 450 K, what is the percentage change
in efficiency?

@35 PICH et TR el 500 K @R Si7iaizi@d Twel 300 K | @3 Fwwel F 9
TR TReel S 450 K ZE FHFold o *ois 2Affae 21 2
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(c) Calculate the work done in isothermal compression of 2 moles of an ideal gas at 279C 3
to one-fourth of its volume.
27°C TR (AR FRCFIHEE T 2 Gl S+l SieR Ses @3- dikeet #ifiere 2@
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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WEST BENGAL STATE UNIVERSITY
RSe Honours/Propramme Wvd Semester Examination. 2019
PHSHGECOIT/PHSGCOROIT-PHYSICS (GE3I/DSC'3)
THERMAL PHYSICS AND STATISTICAL MECHANICS
Time Allotted: 2 Hours Full Marks: 40

The fiwres i the margin indicate full marks
Candidates should answer in their own words and adhere to the word limit as practicable
411 symbols are of usual significance.

Answer Question No. 1 is compulsory and answer any fwo from the rest
> A e TR @3k AR el (AT - 716 2t Ted e
1. Answer any fen questions from the following: 2410 =20
frsfafie @-@E i e ez we:
(a) State zeroth law of Thermodynamics.
e smrew Jaft [Rge s
(b) Define work done by a thermodynamic system.
SIS B B AT WG|
(¢) What is meant by reversible process in thermodynamics?
wisteifefmT erenad) afea 2@rs & @i 9
(d) State Carnot’s theorem.
B Ty 7w A1
(e) Distinguish between the concepts of microstate and macrostate.
MRLEFIHE @ WLEEHEea Wy~ sl e
(f) What is meant by Heimholtz free energy?
EECADE F @GR W F 9
(g) What is Joule-Thomson effect?
G- AT QIS IS 0T ?
(h) Write down Maxwell’s law of speed distribution of gas molecules.
MR Sjafers ot RFas WIFSTEER F4i @l
(1) Explain the physical significance of entropy.
G- (SIS Sleo IRl T
(j) State Wien’s displacement law.
it 729 s g s
(k) The average kinetic energy of a molecule of H, at 0°C is 5.6x10™" Joule. Calculate
the Avogadro number. Given R = 8.31 J/K-mol.
0°C @ H, @3 @3fb q9a 516 fo=fe 5.6x10" gl syrig skl fHd s ave
R =8.31 J/K-mol.
(1) Which are the essential differences between the BE statistics and FD statistics?
(AH-SNZH1Z «ae Il fGare A s 351 “Neferaf e
(m) What is meant by degrees of freecdom of a molecule in kinetic theory of gases?
AR 51918 ©rg «<f5 wie FBrora Wil 2oT0e 6 @RI 9
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(n) What is meant by diffusion of a gas?

ST o=l 9e7cs & Q@R 9 '|
|
1

W .
2. (a) State the first law of Thermodynamics. Show that for reversible adiabatic process in ""\\H 243
e 0

(b)

(c)

3. (a)

(b)

(©

4. (a)

(b)

(©

ideal gas PV7 = constant, where the symbols are bearing usual meaning.
SISRWIR e 35aft Rge 3t sl siic @6 eerias] Faeist 2ifFaE o Gate @
PV’ = &3, A ol TreiRe w72 o)

Show that C, —C), = R for a mole of ideal gas, using the fact that internal energy

of ideal gas may be expressed as a function of temperature only (symbols bearing
usual meaning).

S ER SeTee X& (T SoR S ot AP, @B ) IR FE
A8 A Cp —C), = R (el FreiRs wef 7z w3)

What is an ideal black body?

e 327 9

Find the efficiency of an ideal gas Carnot engine working between two temperature
baths at 7} K and 7, K (7 >T,) respectively. Plot schematically this cyclic process
on 7-S diagram.
3T et &= 3R F@N T, K @k T, K (7 > T,) Tweifafiz il Frea S wiias
<3 amed e e Zform Frfewer fif w1 725 wfice @2 s@in afFne ool
JAT! OFA AT

Can we get an efficiency of 52% from a Carnot engine working between
temperatures 600 K and 300 K? Explain.

300 K @R 600 K 9 3 F1Ea1 @36 it 2fetaa el i 52% 20 211 2 101 I
State the law of equipartition of energy and use it to find C, /C,. for a diatomic ideal
gas.

e e @it [ge @ ez aftes T2 @ 936 ey /e st smem=
Cp/C, Rzl

What is r.m.s speed of gas molecules? Find its relation with temperature of the gas.
ST ST r.m.s TS & ¢ @fba 7o AneR Sreor 71 3y e

What is Fermi gas? Why do you consider electron gas as a Fermi gas?

I 151 6 2 ZETFEA D @ @ i 2 s sz 9

What is meant by enthalpy? How can one predict a chemical reaction to be
exothermic or endothermic from the calculations of enthalpy?

QYA FeT0® B @AY 9 QR a1 (A Tl a3l arefae [RiEa stz st
SIS Of S fdiRe = A 9

5. (a) Write down Bose-Einstein distribution law. How can one obtain Planck’s

distribution law from it?

RA-SNZAB12A 04 @fs &A1 @fbd Ut [FoIa 21eaa 75 3 #1931 I3 2

(b) What is meant by mean free path of gas molecules? Find its relation with the

3232

coefficient of viscosity of a gas.
SR WP 518 T& 912 IeT0e & @I 9 «fba Ao AR Ameiess 74 e s
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