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BPHE-106/PHE-06 : 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.

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

(v) The values of physical constants are
given at the end.

1. Answer any three parts : 3x5=15

(a) Calculate the root mean square speed and
the most probable speed for a gas whose

density is 1.4 gm~ 2 at a pressure of
106 Nm—2. 5
(b) Obtain expression for Boyle temperature

for a gas obeying Berthelot equation of
state : 5

Km%) (V—b)=RT}

P.T.O.
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(¢) Write the mathematical form of first law of
thermodynamics. What is its significance ?
What are its limitations ? 1+2+2

(d) A freezer is operated between — 5°C and
25°C.  Calculate its coefficient of
performance. If 1 kg. of water, initially at
0°C is to be frozen by it, then how much
electrical energy would be required ?
(Specific latent heat of fusions for water =

334 kd kg—1). 3+2
(e) Define microstate and macrostate of a
system. If two indistinguishable particles
are to be placed in 4 cells, enumerate the
possible microstates and the corresponding
microstates. 2+3
If average speed and radius of hydrogen
molecules is 920 ms™! and 1.37 x 10710 m,
respectively, then calculate : 1+2+2
(a) Collision cross section
(b) Collision frequency and
(c) Mean free path
(No. of molecules per wunit volume 1is
3 X 1025 m3).

Or
Show that the ratio of adiabatic and isothermal
elasticities is equal. 5
Attempt any two parts : 2x5=10

(a) Write any four characteristics of Brownian
motion. Describe Perrin’s experiment for
determination of Avogadro’s number. 2+3
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(b) What is thermocouple ? Give one example.
Explain, how it can be used to measure
temperature. Write any two of its

limitations. (1+1+2+1)
(c) Explain Gibbs Phase rule with the example
of sulphur. 5

Derive Clausius-Clapeyron equation for liquid-
vapour phase transition. Explain why vegetable
1s cooked faster in a pressure cooker. 7+3

Or

Explain the Joule-Thomson experiment. Derive
an expression for Joule-Thomson
coefficient. (4+6)

Give an account of Bose’s derivation of Planck’s
law. Discuss its limiting cases for long
wavelength and short wavelengths. (6+2+2)

Or

Derive the expression for Fermi-Dirac

distribution function. Draw the function at
T=0Kand T>0K. 8+2

Physical Constants
kg =138x10"23JK!

1 atm =1.05x10° Nm—2
1 cal =418J

1u=1673x10"2'K
g=9.8ms?
N, =6.022 x 102 mol !
R =8.314 JK! mol!

P.T.O.



[4] BPHE-106/PHE-06

BPHE-106/PHE-06
fag™ waeR (S TE-H)

qATa g
S|, 2023
ifeen fagm
o, 0. W=1.2.-106/U1.US1.3.-06 : SSATTIceh a9
AR ATfAeh!
g ;2 g2 SAfHaH 3FF : 50
WA : (i) |Et gy SfErd @ W snaRe fadhed
few 7T 2

(ii) 39 Hokell B FANT FT Gohd 2l
(iii) Tl & 3797 G e 2l

(iv) T G99 & 3% 39P GHA 2T 7T 7
(v) Hifge Fras ® a7 o/ ¥ KT 71T 8

1. fo=l a7 9 & S e . 3x5=15

(F)Th T fEH TFd 14 gmB T,

106 Nm~2 q@ R T 7@ &1 go red o

T 3R Wifehay =Td qRekfod sifal 5



[5] BPHE-106/PHE-06

(@) sefen T THEHT
a!
KmWJ(V—b):RT} FT SO HH

aell 19 & fau S9a d9 w1 SHee |

Hif| 5

(M) SHrIfaet & ggm fEm w1 A ®9
foafieu| gt weferar =1 ¢ ? yuw frad
1 dad oo § 2 1+2+2

(F) T WISK - 5°C 3R 25°C & o= Yaferd
gl @1 T TWRA T uRenferd
FIFTT| 3T BISK § 0°C W W 1 kg A i
qatad s & fau feant foaga o=t &
HETIHAl BN ? (S i fafre dorm
T S = 334 kd kg1 ®) | 342

(Z) a1 I GeH Sraeeell SR T SYowensy i
R wifwl R | sifawe &
IR Hiftcket § W S@ @ d gefed
A LA q1 Y&EH STEEAISA hl UM
HifST 2+3

P.T.O.
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2. TESSH S @l W e iR e s

3.

920 ms- 13X 1.37x 10-10m &, @ :  1+2+2

() WEEIA TIIE U=T

(i) FEEA-3Mgf, 3R

(i) A R U

gfiehfaa wifsel (afd S o § STufstl @i
& 3% 1025 m3 7)1

SOCH

fag wifSu fo oA don oA Joameearstt
1 3UE Cp/Cy & a&X Bial B 5
fr=l € 9r & W ST 9%5=10

()T g & FE G ifeer fafeu)
smarmsl @' & fAuier & fau ufm @
AT T JUM hifST] 2+3

(@) dqa-dgag™ o1 Bl § 2 i Teh I
ST gHeRT qOEH Ao % fow wd W
fpn SmTam ® ? @Rl wE S
fafem) 1+142+1

(1) FTHL (THR) KT IR0 Tk e grareen

7w =1 =) 5
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S-aTS] YTEEl GehUl o oAU senfuag—aeiuiH
AU Fea— HIfTT 9T fh TR H |
osfl Seel o Uk St § 2 7+3

AT

S[A-SAET YA 1 AR HITT| S-S A
0TIk kT SSich gcd~ ohiTiU| 446

ik oM 1 orH g & e sgedta 1 forerm
dfeul soh 6 qeTeEl @R oy aTeE &
fau 9% 9T ®9 B =9 BIST 6+2+2
SeC)
wHi-feleh T Her @1 SR o ity
e & T=0K 3R T>0K W a1 s =y 8+2
Wifaer fHadie
kg =1:38x10~ 23 JK !

1 atm =1.05x10° Nm2
1cal=418J

1u=1673x10"?'K
g=9.8ms™
N, =6.022 x 103 mol !
R =8.314 JK! mol!
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