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BPHE-106/PHE-006

BACHELOR OF SCIENCE
(B.SC.)
Term-End Examination
June, 2026
BPHE-106/PHE-006 : THERMODYNAMICS AND
STATISTICAL MECHANICS

Time : 2 Hours Maximum Marks : 50

Note : (i) All questions are compulsory, but
internal choices are given.

(it) The marks for each question are
indicated against it.

(iti) Symbols have their usual meanings.

(iv) You can use a calculator.

1. Answer any three parts : 3X5=15
(a) Calculate the temperature at which
root-mean square speed of nitrogen

molecules exceeds their most probable
speed by 200 ms-1.
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(b) What is transport phenomenon ? Obtain
an expression for viscosity of the gas.
Assume that the average number of
molecules crossing an arbitrary plane

from either side per unit area per

.1 =
second 1s ZnV.

(0 What are intensive and extensive
variables ? Write the intensive and
extensive variables for the following
thermodynamic systems :

(1) Gasin a cylinder
(1) Paramagnetic solid
(i11) Surface film

(d) One mole of an ideal gas expands
1sothermally to three times its initial
volume. Calculate the entropy change

in terms of gas constant R.

(e) Define Fermi energy. Show that the

Fermi energy of a gas is given by :

h2 3N 2/3
eF:2— —_—
m\ 8tV
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2. Define mean free path of a molecule. Derive
an expression of mean free path when only
one molecule is in motion. 1+4

Or
What is Brownian motion of a particle ?
Obtain an  expression for  particle

concentration in sedimentation process. 1+4

3. Attempt any two parts : 2x5=10
(a) Show that for an ideal gas : 5

1 1

=— and a ==

P P T

where the symbols have their usual

meanings.

(b) Show that the work done by a gas in an

1sothermal process is : 5

\i
AW = nRT In| L
V.

l

(c) What i1s a thermistor ? What materials
are generally used to make the
thermistor ? What is their range of
temperatures ? Draw a resistance
versus temperature curve for a

thermistor. 1+1+1+2
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4. Derive the Ehrenfest’s equation for a second
order phase transition :

Ap Cp, ~Cp,

E: TV(ocp2 —ocpl)

Also draw temperature variation of heat

capacity for second order transition. 8+2
Or
What is Joule-Thomson Effect ?

Derive the relation of dJoule-Thomson

coefficient ( ;,t) :

__ 1
- C

b

1)

vr( 2]
or/,

Also obtain the expression of u for an ideal

gas. What does this result imply ? 1+6+2+1

5. (1) Discuss fountain effect observed in
liquid He at low temperatures. 5

(1) Planck’s law for distribution of black

body radiation is given by :

8nh vidv
¢® exp(hv/kgT)-1

u,dv =
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Using this relation obtain an expression

for Stefan’s constant. 5
Or
The thermodynamic probability for

Bose-Einstein distribution is given as :

_(gi+Ni—1)!
B NL‘(gL —1)'

Obtain an expression for Bose-Einstein

distribution function.

Also, plot Bose-Einstein and Fermi-
Dirac distribution functions at a finite
temperature as a function of energy on

the same graph. 7+3
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(@) AR feeT = % 2 W F v #6
S A Hitee | AE ofifere foh R
G (o5eh THAS o QI IR § Uid hTE &sThel
Tfd FHUE IR HIA et AT F Fed &

ln\_f %I
4

(1) srfaearenes 3R foeaRreHes =R 1 B ¥ 2
freafafea swmfaes a6 & fou Afaares
R fomarress =R fafem .

(G fafaerd g
(i) STTIIHE A
(iii) g ftheH

() TH U 3Teyl T gHardg YER § A9
YREE A& F A T e SR g1 T
e R & W&l § Tl qRedd uRefed
I |

(T)wH ST 1 gRefig sifse) fag wifse fw
T 1 ®HT Sl k1 SHSTeh TEfAfed § ¢

h2 ( SN ]2/3

SF= 2m\ 87V
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3T0] o HI%A Hokd 9 ol GRYINT RIS | A1ed god
9 H ek A BT SF had Th 3T

A 2 | 1+4
3ferar
3T i SIS TG & B § 2 SFIHRA URH H
U & Heh& 01 T FsTeh YT hiflC | 1+4
fr=l @ Wil & S ST 2x5=10
() Tog wifvT & eeel T & fag 5
BT:% 3R 00:%
Teltehl & 319 I 27 ¥ |
(@) gHadt Yo | 19 gN fohu T S 1 S
fr=fafea & - 5

AW =nRT In | £+
V.

l

(1) At wfadiesk R Er € 2 A wfadess
T & T SreReaen fea aerel a1 S
fopan ST § 2 S97eRT araETas 9RER fohaan @i
g 2 At gfady & o gfadis =61 a9 & qme
AR Sifeu | 1+1+142

C-3787/BPHE-106/PHE-006



[9] BPHE-106/PHE-006

4. fgdm =ifc waen 9waw & fau fr=fafed
A FHIR 0 Fcd— hifIT :

ap_ Ory~Om

AT TV(ocp2 -

p,)

AR fgdm =ife yewenm & fau am & @mw
ST AT STTeiE Wity | 8+2

3rar

S[oi-2TaE JTe 1 Bl ¥ 2 S[el- e Tk ()

o o h

o1 Trefafed =St o S

v_T[ﬁj
arJ,

3meyt 19 & forw oY w1 ST Y HifSTT | SaTsy
for =g afomy &8 = Y A § 2 1+6+2+1

__ b

Cp

1)

5. (1) 9= q9EE W Ea He H fera wear 99m@ &t
=l ST | 5
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(i) Ffoem fafeor & @7 & fou @

frm fefafea =asee g fear <
¥

8nh vidv
c? exp(hv/ kBT) -1

u,dv =

T gy & ST o WIRd e @

JSTeh YT ShiTeTC | 5

3rrar

G- AR &2 & fou SeanTfaent gifaendn o1
st Tefefed ©

_ (gl+Nl —]_)'
Ni! (gl—l)'

AH-3EHEA deH Held Sl FsTeh Fcd hiToT |

FH{-feUeh 3R FH-TEHEA ded WMl & daoh
Tl o e forel alftd qroam o fore uek € urw
iy 7+3

X X X X X
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