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BACHELOR OF SCIENCE (B.Sc.)
Term-End Examination

June, 2012

PHYSICS

PHE-06 : THERMODYNAMICS AND
STATISTICAL MECHANICS

Time : 2 hours Maximum Marks : 50

Note : All questions are compulsory but internal choices are
given. Marks are indicated with every question. You
can use log tables and non-programmable calculator.

1.  Answer any three parts : 3x5=15

(a) Starting from the first law of
thermodynamics, show that for an
adiabatic transformation

p V™ =constant

Also show that an adiabat is steeper than
an isotherm.

(b) m gram of water at temperature T is mixed
with an equal mass of water at temperature

T,. Show that the change in entropy is

Tav

2 mCp ln[\/Tl—Tz ]
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(d)

(b)

The coefficient of viscosity of a gas is
16.6 X107® Nsm~2. Calculate the mean
free path, and diameter of the gas molecule.
Given =450 ms~1, p=1.25 kgm—? and
n1=27x10% m-3,

Calculate Fermi temperature of electrons in
a white dwarf star using the following

N
data : 7=1O30 electron com™3,

h=6.62x10"% erg—s, m,=9.11x10~28 ¢
and kg=1.38x10716 erg K1,

For two (or more) phases of one -
component system to exist in equilibrium,
the specific Gibbs potential must be equal.
Using this fact, derive Clausius - Clapeyron
equation.

A cyclic heat engine draws 350 KJ heat from
a source at 1000 K. It supplies 125 KJ of
heat to the low temperature reservoir at
400 K and performs 225 KJ of work. Is this
machine reversible, irreversible, or
impossible ? Why ?

3. A person consumes a diet of 10 J per day and
spends a total energy of 1.2 x 104 J per day.
Calculate the daily change in her/his internal
energy. If the net €nergy spent comes from sucrose
at the rate of 1.6 x10* ] kg~ 1, in how many days
will the person reduce his/her mass by 1 kg.
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State

the characteristic features of the

International Practical Temperature Scale. Give

. the boiling point of water and triple point of water
on IPTS-68.

4. Write down the equation of motion of a free

Brownian particle moving along a particular

direction using Langevin’'s arguments. Obtain its

particular and complimentary solutions. Clearly

spell out why we solve it for mean squared

displacement.

OR

Define coefficient of viscosity of a gas. Derive its

expression. Discuss its temperature and pressure

dependence.

5. (a)

(b)

PHE-06

Show that the phase space of a linear

harmonic oscillator is an ellipse.

The partition function for photons can be

oo 1
. Z, =T
written as “ph n=1 1 — exp (_ €, /kBT) .

using the relation F(T, V)= — NkgT In th
show that the specific entropy of an
assembly of photons is given by

S - 32 ‘TI'S k34 VT3
45 K3 3 :

2+6+2

1+7+2
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()

T 9 FT &6 O0F 16,6 X 10-6 Nsm—2
?1 T Wer gE Uy, A 9 F ST @
Y i ied Hifag | ﬁ?ﬂ%:v=450ms‘1,
P=125kgm 3 qM n=27x105 m~3.
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7 =1030 electron cm ™3,

/z=6.62><10_27erg—s, me=9.11><10'28 g
AT k=138 x10716 erg K1,
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PHE-06

qnr



FIUETE WA aHE Sha # fovvae fag ) o S
¥ I fag T triple point % WH IPTS-68 T F
g7

4, UE @A 9181 1 IR H 1 ASed ad| I A
Tfe gtww fafge) @ favm aa = ' 9@
Ffe frde ST 59 50 T fareem &
fore & =i g %@ €1 2+6+2
o
9 & vaFa Tuid @t g fad a sweE e

eqe i1 IqH! AIHH T & T i F:) fag=
ey 1+7+2

5. (a) fog #ifoT & Yaw amedl o & gEen 3
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(b) I % foau wnfaarn wem frefafes € 7

x 1
= 7

Z
Pt u=1 1 —exp (—e,/kgT)

fag sifse fs wfA 93 =t fafie o=
frefafad @ : (T, V)= —NkgT In Z,,,

S _ 32 "IT5 kB4 VT3
a5 Bt )
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