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BACHELOR OF SCIENCE (B. SC.)
Term-End Examination
December, 2022

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

Time : 2 Hours Maximum Marks : 50

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

(it) You can use a calculator.

(iti) Symbols have their usual meanings.

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

(v) The valuesof the physical constants are
mentioned at the end.

1. Answer any three parts :

3.5 x 1010 m. Calculate mean free path at

temperature 27°C and pressure one atm.
(R =1.38 x 10-23 m2 kg/s? K). 5

(b) Obtain expression for mean translational

energy per degree of freedom for the

P.T.O.



2.

(c)
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molecules  following a  Maxwellian

distribution given by : 5
f (v, )dv, = Aexp (—BU% ) dv,

where A = E

T

State zeroth law of thermodynamics and
use 1t to establish the concept of
temperature. What are ‘extensive’ and
‘intensive’ variables in Thermodynamics ?

1+2+2

(d) A reversible engine takes-in heat from a

(e)

reservoir of heat at 527°C and gives-out
heat to sink at 127°C. How many calories
per second must it take from the reservoir
to produce useful mechanical work at the
rate of 750 W ? 5

Starting with the equation of motion of a
linear harmonic oscillator, show that its
phase space is an ellipse. 5

Using van der Waals gas equation, obtain the

expressions for critical constants of the gas
(P.,V, and T,). 5

Or

Show that : 5

- |(&), 7[5,
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3. Attempt any two parts :

5.

(a) If the average energy of helium molecules
1s 2.5 x 1021 J, calculate :

(1) Average speed
(1) Root-mean-square speed
(Given that : f= 3, mue = 6.7 x 10-27 kg)

(b) With the help of a schematic diagram,
explain the construction of a platinum
resistance thermometer. Write any two of
1ts merits. 3+2

(¢) Write down the expression for adiabatic
lapse rate. If the rate of fall in temperature
1s 9.8 K per km with height, estimate

y(= C,/C,). Given that : m =28.94.  1+4

Write the expressions for the four
thermodynamic potentials. Derive Maxwell’s
four thermodynamic relations using these
expressions. 4+6

Or

Explain the phenomenon of adiabatic
demagnetization. Describe the experimental
arrangement to produce very low temperatures
using this phenomenon.

Attempt any fwo parts : 5+5
(a) Obtain Boltzmann relation of
thermodynamic probability. 5

P.T.O.



[4] PHE-06/BPHE-106

(b) State Dulong and Petit’s law. Using

(©

Einstein’s theory, derive the expression for
the constant volume heat capacity. 1+4

State Gibbs’ paradox. How can it be
resolved by  using  Sackur-Tetrode
equation ? 1+4

Physical constants :
kg = 1.38 x10723JK!
1 atm =1.05 x 105 Nm—2
lcal=4.184J
1u=1.673%x1027K
2=9.8ms™
Na =6.022 x 1023 mol-!

R =8.314 JK-1 mol-!



[5] PHE-06/BPHE-106

PHE-06/BPHE-106
foa™ e (&, Ta-H)

LEICRCNT N
feawr, 2022
W, TS, 3.-06/a, U, U, $.-106 : SEATTIceht
qen |iferena aifrent
gaT ;2 g2 STfHTH 37FH ¢ 50

iz : () G weA eaferd ¥, wg eviafes ey
few g 2
(i) @9 kel HT T FX ehd
(ifi) TRl & 3T T 31 B
(iv) F&I% Y¥ & ek SH gAY Y €
(v) Hifder Faidl ® A9 od § e U )

1. =l dF 9rm & Sw EfST -

(%) A & AU &1 A 3.5 x 10-10 m
21 UM 27°C 3R TE 1 atm T HEA
oK 99 YRekfeld iU 5

(k =1.38 x 10_23m2kg/s2K) Sl

P.T.O.
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(@) frfefea feraet famo w1 SgEo i\

(M)

(¥1)

(¥)

ot TE & et & ferg wia s wife

e TAAGA ol bl dsTsh YT hifsg

f (v )dv, = Aexp(—ng)dvx

S A - JE 5
T

FHMIART & I hife Fm w1 wed
fafeu 3k Tgw1 SYAM T a9 H
TYROT k1 T hifSWl SSATIGRT |
foredreness ' =R @R ¢ etfereariens | =X R
R 1+2+2
T ISHITT ST 391 527°C aTed o1
TSN W T ofdl ® 3R 127°C W g
FT S @RI 750 W AT R G ST
T wE FH & faw T8 I 9UeRr d
ot Saldt wfa Tehe @ 2 5
WA 3TEdl Jleieh i Tq % GHIROT 9
gy w fag wifSw foe 3Igeht greren
Tafe Tk g T 5

U Ied T THH H STAN HT g &

Fifds 3=R% (P, V, 3R T,) & fou =iew
T hifeTq| 5



[7] PHE-06/BPHE-106

g +ifee T 5

e[, 7],

forel ot vl & W fSm
(%) Tifcem oTueti &1 A" el 2.5 x 10721
2 dferm el Wt @) Wer =,
(i) Ha " O @ 9ReRfed it
(fem @ ¢ f=3 &R
my, = 6.7 x10727kg )|

3+2

(@) =ae oo % Wemd 9 wife™ gy

AMHT k1 =T THEU| TESh i T

oy fafEm) 3+2

() T BE L HT Fodh far@ul g

TEE H %EE % Wy fiee w5

9.8 K ¥ km 2, @ y(=C,/C,) 1 AF
qfeRferd shitsTa) fean & ¢ m = 28.94 |

1+4

SO fave & 9r =9l o fafeu ==

SSeh] 1 SN HT HoEee & SR SO

qadl sl a1 HIfTl 4+6

P.T.O.
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gar

TS fagasa qfeel &1 9ueey| 39 aiEe
H I W T oam ww s & fau
YAIfTeh ST i SARE hifsu| 5+5
fr=l @ 9 = s fST .

(%) FHMGHR JMIRdl & dcesHE Fad &l

(@)

(M)

I hifSTq| 5
ggal-fee fm @1 ®um  fafau
= fagid &1 ST & =R A
SO 1 S Fd— HIfST 1+4
g fouuy@ w1 Faw faf@u
STh-22Ie GHIRTUT 1 IYANT S THhI
Y (resolved) 4 THhTell S Hehdl
g ? 1+4
e Faaies
kg = 1.38 x10723JK !
1 atm = 1.05 x 105> Nm~2
lcal=4.18dJ
1lu=1.673x1027TK
2=9.8ms™

Na =6.022 X 1022 mol-!
R =8.314 JK-! mol-!
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