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BACHELOR OF SCIENCE (B. Sc.)

Term-End Examination

December, 2024
BPHE-106/PHE-06 : THERMODYNAMICS AND
STATISTICAL MECHANICS

Time : 2 Hours Maximum Marks : 50

Note : (i) All questions are compulsory, but

internal choices are provided.
(it) You can use calculators.
(iti) Symbols have their usual meanings.

(iv) The values of physical constants are
given at the end.

1. Answer any three parts : 5x3=15

(a) Define mean free path of a gas molecule.

Show that for the =zeroth order

approximation (only one molecule in
motion), the mean free path is given by :

1+4

1
A= .
nd?n
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(b)

(c)

(d)

(e)
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Write the differential form of the first law
of thermodynamics. Write the significance
and limitations of the first law of
thermodynamics. 1+2+2

Three moles of a perfect gas occupy
0.06 m®> and exert a pressure of
3x10°Nm 2. It is compressed isobarically

to 0.05m®. Calculate the work done on the

gas and the change in the temperature.

3+2
(Take R =8.3JK 'mol™!)

Assuming equal specific entropies of two
phases, obtain the Ehrenfest’s equation for

second order phase transition. 5

Define Fermi energy. Show that it is given
by : 1+4

2

W% (3N)3

Ep=—| — | -
8m\ V

2. Attempt any one part : 5x1=5

(a)

Find out the number of degrees of freedom
for a rigid diatomic molecule. Calculate the

thermal energy associated with it. 3+2

C-2418/BPHE-106/PHE—-06



(b)
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The efficiency of a Carnot engine operating

between temperatures T, and T, is é If
the temperature of the sink is lowered by

70 K, the efficiency doubles. Calculate the

source and sink temperatures. 5

3. Attempt any two parts : 5x2=10

(a)

(b)

(©

A monoatomic gas obeys van der Waals’

equation. Its T.=44.75 K and
P, =26.86 atm. Calculate the diameter of
the gas atom. 5

Show that the expression for adiabatic

lapse rate is : 5

at _ _(y-1)|Mg
dh v JR

Establish Boltzmann relation between

entropy and probability : 4+1

State its significance.
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4. Attempt any one part : 10x1=10
(a) Derive the equation of state for an

adiabatic process given by

TV'™! = constant. Using it obtain the other

two equations of state viz. : 7+3
¥
T = constant
prt
and PVY = constant.

(b) (1) Derive the expression for the
difference of heat capacities at
constant pressure and constant

volume : 6

2
e [3),
T Jp\ oV )y

(i1) Prove that Cp can never be less than
Cy. 2
(111) Comment on the behaviour of the heat

capacity values as the temperature

approaches absolute zero. 2
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5. Attempt any one part : 10x1=10

(a) Derive van der Waals’ equation of state.
Express it in terms of compressibility
factor. Hence, show that the van der
Waals’ equation reduces to perfect gas
equation at low pressure and high

temperature. 5+2+3
(b) The thermodynamic probability of a boson

system 1s given by :

(g +N,-1)!
WENH =11 Ni(g, —1)!

Starting from this relation, obtain the
expression for Bose-Einstein distribution

function. Plot your result. 9+1
Physical constants :

kp =138x10723JK !

1 atm =103 x10°Nm2
1 cal=418]
N, =6.022 x10%*mol !

R=83JK ! mol!
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BPHE-106/PHE-06
faam =aes (=, Ta-4, )

A ure
feaE, 2024
o . T.3.-106/0.TH.3.-06 : SEATTIqehl qdT
wiferema Tt
gaT ;2 g2 STfHTH 37FH ¢ 50

Tz : ) @I FeT S 8 wg ik laEeq
T 7T &1
(ii) 39 HeRei BT FIT FT Thd 8/
(iii) Fdll & 3797 GHEr= 374 81
(iv) Hifaes FFas & 77 379 9 2T 73 8

1. Tl @7 9 & I N 5x3=15
(%) T & v & fau g g 9o &
IRV HINT I il Hi-Tehed

(®aad TH 3] TfaaH §) & fou fag

ISt & w@eg g 99 kT ASH

)= T R 1+4

nd’n
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(@) SHMdhl & JoH fom &1 o sd &9
fafedl omfaet & Yam f=m =t
Hrefendl qen WA, SdET) 1+2+2

(M) g T % d9 " 0.06 m® A
A & 3R 3x10°Nm2 1 @ S &
T gusEl ®9 9 gufed #le TR
I 0.05 m® Toman ST @1 T W fma
T wmE R 3HE aM H gu uRedd @

UE giehfald shifsTg| 342

(R=83JK 'mol™" &)
(%) = waene & fafte wifmt wme

TS

ey, fgda ife gaeen dwau & fag

TEh< THIHIUT YT hifsd| 5

(S) ®H ot ol gRefig swifsu fag sifse

1+4

2. Tl e 9 &1 SW fafed 5x1=5
(%) TH 3¢ GTA 3] & fau @@= whife
H HE A KIS FH A § TEG

AT il GRehfed hifsT| 3+2
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(@) T, ¥R T, a9 & 9 FE FE TS TH
M IS T Taw % T Az sifom

a9 70K Ee fe@n S, 1 q& g el
S ®1 g iR s &% a ufiewfea

EAISI 5
3. fw=l g ami =l g *ifew . 5x2=10

(k) TUEL dAcd HHIRIUT TRl STHT KT STl

THUAEE T & AU T =44.75 K 3R
P.=26.86 atm @ TH % Y] s =9

C

r o (al

qfishfera HifSq) 5

o

(@) fag FiNY & To™ @ RN ®1 9+
frfafaa ® . 5

ar _ [y-1)Mg
dh v ) R

(M) TR R wfawa & = desHH
Y S=kplnW TEAMYd HINT 39

T HT Grefear = © 2 4+1
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4. Todl ek 9 * TA BN : 10x1=10
(%) TEOH YhH & fau  qoen  THIRIO

TV = =R A hifSWl THHRT ITAN

T AT T STALT THEI 7+3
T
pr1

R PV’ = 3R

YT hifaa|

(@) () AR <Ta TWI FHN A

SEHTTERT | 3T h1 HsTeh

2
e (5
T Jp\ oV )y

q— hIfIT| 6
(i) fog =T f& ¢, &+ +t ¢y @
wY el B el 2

(i) A9 & TH IF Kl W®E g1 W
SOt & WAl o STRROl i
==l hifed| 2
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5. Tt wer 91T &1 g HIfWTC : 10x1=10
(F) SMUE AcH 3T HIHIU Fcq— HiTaU|
U UETdl HR& & UG B Ha it

31d: Tag wifst fos = T@ 3k 3= dm

T AUEL oeH eIl SEY T FHewo

o gftafdd & w2 5+2+3

(@) 99 99 Hi SHNGHIET  Gifgshal 8H

o o

Ao e @ eiid | © ¢

_ (g +N; -D!
W[{N}]_rf Nl!(g; —1)!

T GHRO 9 URY Hlh  aH-3EH

S Bold ] AN U hifSTT|  3T9H
gfomg =1 emfEa wifsu 9+1

Wifaes i :

kg =138x10723JK !

1 atm =103 x10°Nm™2
1 cal=418]
N, =6.022 x 10?*mol !

R=83JK ! mol!
XX XX XXX
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