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

February, 2021

PHYSICS

BPHE-106/PHE-06 : THERMIODYNAMICS
AND STATISTICAL MECHANICS

Time : 2 hours Maximum Marks : 50

Note: All questions are compulsory. However internal
choices are given. You can use a calculator.
Symbols have their usual meanings. The marks for

each question are indicated against it.

1. Answer any three parts : 3x5=15

(a) A certain mass of an ideal gas (y = 1-5) at
27°C is suddenly expanded to four times
its initial volume. Calculate the final

temperature of the gas.

(b) Show that the entropy S and the
thermodynamic probability W for a
completely ordered system are interconnected
through the relation S =k In W.
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(c) At what temperature will the rms speed of
hydrogen molecules be double the rms speed
of oxygen molecules kept at Standard

Temperature and Pressure (STP) ?

(d) What is Joule-Thomson effect ? Calculate
the inversion temperature of a Van der
Waal’s gas into a = 3-4 x 1078 atm m® mol~2
and b = 237 x 1078 m3 mol 1.
(Take R = 82 x 10° m3 atm™) 2+3

2. Write the differential form of first law of
thermodynamics explaining the various terms.
Show that the ratio of adiabatic to isothermal

elasticity for a perfect gas is the ratio of the two
heat capacities (y = c/c,). 4+6

OR

(a) What is an isothermal process ? For a perfect
gas undergoing isothermal expansion, obtain
the expression for the work done by the
gas in terms of its temperature T and the

expansion ratio of final to initial volumes. 1+4

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

these two statements are equivalent. 243
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3. What do you understand by the mean free path
of the molecules of a gas ? Calculate the mean
free path for hydrogen molecules at STP if the
number density of molecules is 3 x 102° cm™3

and the diameter of a hydrogen molecule is
29 x 10719 m. 2+3

4. (a) What is Entropy ? State second law of

thermodynamics in terms of entropy.

Calculate the gain in entropy when 30 g of

ice at 0°C is converted into water at the
same temperature. 2+1+2
(Latent heat of ice = 334-4 Jg~1)

(b) A thermodynamic system is taken from state
i to state f along two paths — if and iaf, as
shown in the figure. When the system is
taken along the path iaf, it is found that
AQ = 40 cal and AW = 20 cal. Along the path,
if AQ = 30 cal, what is AW along the path if ? 5

P

OR
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What is Adiabatic Demagnetisation ? Describe
an experimental arrangement for attaining low
temperature when a paramagnetic salt is made

to undergo this process. 5+5

5. The thermodynamic  probability for a

Fermi-Dirac system is given by

g.
W=]I ! .
le(gl —Ni)!

Derive the expression for the distribution
function and plot it as a function of energy for

finite temperature. 10

OR

What is Brownian motion ? Using Einstein’s
arguments of Brownian motion, derive Einstein’s
formula for the mean square displacement of a

Brownian particle. 248
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1. gl a7 a6 3w G 3x5=15

(%) 27°C qHH W 3 T (y = 1-5) T U
IEHF IRIUF AT ¥ AR TAT AH
qoh TG B T g | T H1 Ay dareEe
giehferd it |

(@) fag Hivw fF ofa: =wafeud steeen & oo
Tt S 3R FeAmifae WiRekdr W Fefafaa
99 g1 AdFEG & : S=kIn W.
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() TEENH SR h I WA A o1 foRd
qUAE W HEsh d9HE 3R e (STP) W
SIS AT 1 M AT A A1 hl I
gt 2

(9) SA-2THET I9TE R g ? JI0el dTed 19 @ oy
YcshH AT IR hIT, STaIfeh
a =34 x10"8 atm m® mol—2 31X
b=23'7><10_6m3m01_1%|
(R = 82 x 10~ m3 atm™! =ifom) 2+3

2. Tafys el i =T Hd gL FSATTCR % ToH

frem = staa w9 Ty | fig Sife 6 st
g & fu gy Joameear 3 guaTdt Jeameerdn
%1 U TR g 3 foR o1 m (ammed)
I FoH1 GIAISA & I (v = cj/c,) H T
BT g | 446

HAASAT

(%) THaTd TR T BT B 2 U e A * g,
e guadl war g ?, e U wE W
2ok ™ T 3 3ifqq = o IR

A & ITUT o UGl § U hIfT | 1+4

(@) Sl & fgdia fem & fou Sfca-wmes
IR FotgEE g fou U st o fafew |
fag ifsre 76 3 gHT e TaqeT 3 | 2+3
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3. T < VST h WL ek 99 H T T THA & ?
STP W ®EgNA A3l & fofu @iy g 9y
Tfwfad VT Afe W w1 wen w\d
3x102° cm™ 3 TFEENH M H AW
2:9x1010m% | 2+3

4. (F) T =1 Bl § 2 Terdl o ugi ®H SEATTieh!
& fefta frm = fafgn |
0°C T W 30 g 9% ohl IET ATIHH T I
H giEfdd s W Tl # g8 Jfg Tiepfad
HIfT | 24142
(fezm w8 : 9% 61 Ted ST = 3344 Jg )

(@) T FHTMGS oF I q U — if W jaf b
ST TN i W ST £qF o ST AT 2
St fop fo & fo@mn o 8 | 919 F I 9 iaf
% ey o SR AT B @ AQ = 40 cal 3R
AW = 20 cal T BT & | 99 if % ITfCw
AQ = 30 cal YT BT &, a1 99 if % ST
AW ST BT 2 5

P
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1
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TG fagee 1 7 ? 9@ fopell STggeh @au
I 3H ThY | AN ST 8 1 e a9 g

o ToTu arnifirer sxaEen <1 9ui HifST | 5+5

5. WHI-fetes 93 o fow Feamifaes TilResar f=fafaa
TR g ¢l STl B

W=TII B
Ni!(gi _Ni)!

T4 S H1 ITAM L §e Hed I Ash i
HIY R i@ aEe % fg s'e S *
%M % ¥4 U o Gt | 10

HAYAT

TS T AT 8 2 FISAT A o AT AR
dehl T ITANT Fleh ST hUT o fIEATOH o ATeg

% TOIQ 3TTg=eeTsd 1 g3 =gcad iU | 248
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