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Note : (i) All questions are compulsory. However,

Brownian motion of a galvanometer

mirror. What is Johnson noise ?

For a mono-atomic gas consisting of N
identical yet distinguishable particles, the

partition function is given by :

7 _yN (2nkaT j?’N/Z
N = bbb = Tl

h2

Show that energy per molecule is %kBT.

internal choices are given. (d) What do you mean by entropy of a

(it) You can use a calculator.
(iii) Symbols have their usual meanings.

(iv) Marks are indicated against each

question.

1. Answer any three parts : 3x5=15

thermodynamic system ? State second law
of thermodynamics in terms of entropy.
Draw the T-S diagram for a reversible

Carnot cycle.

2. Attempt any one part :

(a) What do you understand by the mean free

(a) A mass of an ideal gas (y = 1.5) at 27°C is
suddenly compressed to eight times its
original pressure. Calculate the final

temperature of the gas.

P.T.O.

path of the molecules of a gas ? Show that

it is equal to where n is the number

nnd?’
of gas molecules per unit volume and d is
the diameter of a gas molecule. 2+3



3.
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(b) Starting from the van der Waals’ equation
of state for real gases, obtain reduced
equation of state that is applicable to all

gases. 5

Attempt any two parts :

(a) Obtain an expression for change in entropy
when two gases left in separate containers

are allowed to mix. 5

. . T
(b) Starting from the relation e constant,
D

obtain an expression for adiabatic lapse

rate. What is its physical significance ? 4+1

(c) State Kelvin-Planck and Clausius
statements of second law of
thermodynamics. Show that these two

statements are equivalent. 2+3

P.T.O.

4.
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(a) The energy distribution of blackbody
radiation, according to Planck’s law, is

given by :

8nh vidv
c3 hv
exp| ——1
kpT

By calculating the total energy (u), obtain

u,do =

the expression for Stefan-Boltzmann’s law.

5

(b) Show that a gaseous system can be

characterised by the relation :

dv
== = BdT - kd
v B p

where k is isothermal compressibility and

1s 1sobaric expansivity. 5
Or

What is adiabatic demagnetisation ? Describe
an experimental arrangement for attaining low
temperature when a paramagnetic salt is made

to undergo this process. 5+5
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5. (a) What is zero point energy ? Obtain an BPHE-106/PHE-06

expression for zero point energy of an

fermion. 5 Taa Eaes (&, W—'{:ﬁ' )

(b) 4.2x10%! electrons are confined in a box of
|ATa qqaw

volume 1cm?. Calculate their Fermi

energy. 5
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Take m, =9.1x10728 g

and h =6.62x1027erg.
Or witeaenta aifaent

What do you understand by the phenomenon of

Brownian motion ? Give an outline of Einstein’s THT 2 HUe ST 3% : 50

theory of Brownian motion and hence derive

AT : () G T IATd B W ARk e

Einstein’s formula for the mean square

displacement of a Brownian particle. 10 rT 7T ?1/

(ii) 377 FeHelel & FIT FT THd 8/
(iii) FAIHT & 397 G 374 81

(iv) T J97 & 7% 39%F TF7 [T 7T &)

P.T.O.
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3x5=15

27°C q9HM W AR T (y = 1.5) 61 6D

SHM SEM® URMMe @ W S TOm
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P.T.O.
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SOATIfeh A i TEdl W S9N HHSd
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& fau T-S @ wifau)
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3. f&=l a7 wmi & S ST .

(F) a0 & Ul § T - W&

fagor & e s ®, @ T ufteds

T FSieh YT hifTq| 5

(@) Hay T _ femis ¥ w9 X o=
p

=

E-X & Hh G HifSQl ST FaY

H1 wifae Trefmdr w1 g ? 4+1

(1) FwraeRt & fgdw fem & fou

Hfco-wlis IR Foggs g fu 7w

HeAl ok fafgu fag wifst & I <=

FUF HAGH & 2+3

P.T.O.
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(F) whw & 90 & STER FHiwek fafh

[ [
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TS| 5
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frafafea gay gr Afvafaa foear <

THA T

dv
22 — BdT - kd
v B p

SEl k Hudadt gieEa iR g gHemEl

P reiceon 5
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AT

Toron fogasd @ © 2 Wa R ST gesE

AU I TH YhW W [N Wl ®, @ A dr

I ki ok AU Uit el &l SARe

ﬁﬁﬂzl 5+5

(%) 3= fag &t @0 6 ? 2 wifam &

fere 31 forg 3stl o1 SR 91w shifSig)

5

(@) 1cm?® 3FAT & Th & H 4.2x1021

soie( Ufeg 21 STR! WA Sl UReRfad

i 5

m, =9.1x1028g R h = 6.62x10%

erg IS

P.T.O.
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