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BACHELOR’S OF SCIENCE (B. SC.)
Term-End Examination

June, 2025

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 a calculator.
(iti) Symbols have their usual meanings.

(iv) The values of physical constants are

given at the end.

1. Attempt any three parts : 5x3=15

(a) Obtain the expression for the average

speed of monatomic gas atoms
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obeying Maxwell’s distribution function
given by : 5

3/2 V2
dNy = 47N| — > V2 exp| - 22X gV
27TkBT 2kBT

(b) Write the equations of state for an ideal
gas under (i) isothermal process and
(1) adiabatic process.

Obtain the expressions for the work
done in both the processes.

(c) What is Joule-Thomson effect ? Write
the mathematical expression for Joule-
Thomson coefficient (u). Explain, what
should be the sign of pu to liquefy a gas.

5

(d) Prove that for an ideal gas isothermal

i eqe 1
compressibility, Pfp=— and volume
p

expansion coefficient o = % . 3+2

(e) Explain the fountain effect exhibited by
He II. 5
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2. Attempt any one part : 1x5=5

(a) Define the coefficient of viscosity and

write its SI units. Discuss the effect of
temperature and pressure on viscosity.

2+3

(b) Draw the T-S diagram of Carnot cycle.

Show that the efficiency of Carnot

engine 1s given by n=1- [%J . 2+3
1

3. Attempt any two parts : 2x5=10

(a) What are critical constants of a van der

Waals gas ? Prove that for a van der

Waals gas : 1+4
T
CC = R ¢ = §
PV. 3

(b) Explain the classification of boundaries
of a system. Give one example of each

type. 5

(c) For a monatomic gas consisting of N-

1dentical, distinguishable, non-
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interacting particles, the partition
function is given by :
N/2
N[ 2nmkgTY’
Z,=V —
h
Using this expression, obtain the

expression for energy per molecule. 5

4. Attempt any one part : 1x10=10

(a)

(b)

Explain the principle of working of a
vapour pressure thermometer with the
help of a diagram. Describe how
temperature is measured using it. What
are the limitations of this type of
thermometer ? 2+6+2

Write the four Maxwell’s relations.
Using these relations, obtain the

following three TdS-equations :4+2+2+2
TdS = nCy dT + T(@J av:
aT )y

TdS =nCpdT — T(ﬂj dP; and
aT Jp

TdS = nCy (j—g dP + nCP[%j av .
A\ P
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5. Attempt any one part : 1x10=10

(a) Define mean free path of a molecule.
Obtain the expression for survival

equation. Plot the survival equation.
2+6+2
(b) The total number of ways in which N

particles can be put into various levels

is given by :

_ g;!
WhR = ?(gi ~N,)!N,!

Using this expression, obtain expression
for Fermi-Dirac distribution function.
Plot the Fermi function with energy at

different temperatures. 8+2

Physical constants :
kp =1.38x10" 23 JK

1 atm = 1.03 X 10° Nm ™2
lcal=4.184J

N, = 6.022 x 102 mol
R=8.3JK 'mol™
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formm raes (st T -4t
e arer
S, 2025
oW T2, - 106 /. T3, -06 : SEATThT 31T
HifteTenta =ifsrent

gHg ;2 qU2 SIfeHaH 37%F : 50

T (i) T g fErd § Wy Ak fawey fiu
TqE |
(ii) 37T HeHAX BT TIT F GHd &1
(iii) Tl & 3797 G 37 &1
(iv) Yifaw fai! & a7 37q 4 few T &1

1. gl &= 9l R B RIS 3x5=15
(%) Hermaet sed Her :
3/2 9
dNy = 47N| — = V2 exp| - TV |y
ZTCkBT 2kBT

T STTEON HIA el THUTHIH 19 T A1

a1 T FsTeh YT Tl | 5
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(@) () THaTdY 3R (i1) THoA YhHl o foru ofaen

TRt fafem | 7 M1 g # fope e St

% foTu =i 91 Shifsa | 5

() SA-TEET YWE FM B T 7 ST
UM () 1 TIOTAE et fafea ) 9 @l
sfad & & fau por fag == 2 =nfew,
HHLATRT | 5

(%) 3meyt T & fou fag wifsu f& wgard

T, BTzl AR AT TER T GHSTS
p

Wq:%@ﬁ%l 3+2
(¥) He II g YSf¥d Heal Y9G hi A&
hITSTT | 5
fordl wem I o1 I farfe 1x5=5

() TAAT oMk i gRamen fafen IR gt SI

q5eh ddE | IEal W dIEE 3R < &
JUTS St ==l HITSTT | 2+3
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(@) &M T w1 T-S @ wifaw| fag wifse

TR Tt SO 1 CeTdT 1 ST
T
—1-| =2
k [TJ
Tl 243
3. ol S 9Nl 1 B BT 2x5=10

() AU Ied T4 & il TR 8 § 2
fog sy fF avesr arc@ T & faw @ 1+4

_RT, 8

“ Py, 3
c’'c

(@) Tk I k! TREERT 1 IR0 &dsT |

Yeh qRETHT SR Wk 3aTeLUT ST | 5
(M) N-gauw, fave, Fa=afeaEs &« 9 o=
9 =1 Gfaaeor o Fefafed © 5
N (2nkaT jSN/z
In=V"|—"07%
h

9 S hl STIRT Hlh Ufd 3] el ol

JTeh YT ohifoIT |
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4. Tordl Uah I & T HITC ¢ 1x10=10
(%) 3fad @ * SR § AU AIHT
1 fagra = 9uemst | s fa 39 S9an

Y a9 AU $Y fRA S T OTH YRR &

AT T T HETd et § 2 2+6+2

(@) Foael & aR gy fafeq | 37 gl &
ITAN e FAfAfEd dF TdS FHIEH0 9
HIfT : 4+2+2+2

TdS = nCy dT + T[@J av:
T )y

TdS = nCpdT — T NV ap; s
aT Jp

TdS:nCV(d—Tj dP+nCP(§j av .
dp )y, v Jp
5. foelt weR wFT 1 B HIT 1x10=10

(%) Y] s WA TK 9Y Skl GRISE Hifse
srfasiifadr THieRol &1 =F5ieh I hifiT |

Afashiforar THiRTor 1 3T WIfAT| 2+6+2
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(@) N il &l fafv= @l # faalka & &1 &

faferi =1 G 1 s feferfed © :

WINY] = Hg—i!
i (gL—Nl)'NL'

TH S hl SYANT hieh HHI-feUw A
el I shifee | o= ardl ™ &t Bed &
ol & grue] fomror 1 oee Eifen) 8+2

wiferer Freaien :
kp =1.38x10" 23 JK

1 atm = 1.03 X 10° Nm 2
lcal=4.18J

N, =6.022 x 10%* mol

R=8.3JK 1mol™!
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