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BACHELOR OF SCIENCE (B.Sc.)
(BSCG)

Term-End Examination

December, 2022

BPHCT-135 : THERMAL PHYSICS AND
STATISTICAL MECHANICS

Time : 2 hours Maximum Marks : 50

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

1. Attempt any five parts : 5x2=10

(a) Calculate the temperature at which the
mean square speed of  nitrogen
molecules will be equal to 9 km s7!. [Take
R = 83 J/mol K, molecular weight of
nitrogen = 28 g mol™1]

(b) What is the effect of pressure on viscosity ?

(c) State the third law of thermodynamics.
Write its mathematical expression in terms

of entropy.
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(d)

(e)

®

(g)

(h)

(a)

Attempt any fwo parts :

Define spectral emissive power of a body.

How is it related to emissivity ?

What is an intensive variable in a

thermodynamic system ? Give one example.

Write down the mathematical form of the
first law of thermodynamics applied to a
thermally insulated system. Comment on

the nature of change in its internal energy.

Draw the labelled diagram of phase space for

a linear harmonic oscillator.

Define Fermi energy. Plot Fermi function

versus energy at T = 0 K.

One mole of CO, occupies 200 cm? at 34°C.
Calculate the pressures exerted by CO,
molecules, assuming that (i) it obeys perfect
gas equation, and (ii) it obeys Van der Waal’s
equation. It is given that

a =359 x 1078 atm m® mol—2,

b = 42-7 x 106 m3 mol~! and

R =82 x 107 atm m3 K~! mol 1.
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(b) Define mean free path. How is it related
with collision frequency ? If the radius of an
oxygen molecule is 1:8 A and the mean speed
of oxygen molecules at room temperature is

450 ms™1, calculate mean free path.

Take n = 3 x 1025 m=3. 1+1+3

(¢) Discuss Perrin’s method for determination of
Avogadro number in Brownian motion. How
can this method be used to estimate the

mass of a molecule ? 3+2

3. Attempt any two parts : 2x5=10

(a) Explain the classification of boundaries in a

thermodynamic system. 5

(b) State the Zeroth law of thermodynamics.
How does it introduce the concept of
temperature ? 243

(c) (1) Obtain an expression for work done in
expanding a gas from volume V; to V,

in an isobaric process.

(ii)) Two moles of an ideal gas occupy
0-035 m3 volume at 2:6 x 10° Nm™2
pressure. It is expanded to volume

0-050 m3 by isobaric process. Calculate
the work done by the gas. 243
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4.

Attempt any two parts : 2x5=10

(a)

(b)

(c)

With the help of Entropy-Temperature
diagram of Carnot cycle, obtain an
expression of efficiency of a Carnot engine. 5

Obtain an expression for
Clausius-Clapeyron equation. Explain why

vegetables cook faster in a pressure cooker. 4+1

Write Planck’s law in terms of wavelength.

Hence, deduce Stefan’s Law. 2+3

Attempt any fwo parts : 2x5=10

(a)

(b)

(c)

Define thermodynamic probability. How is
it related to the entropy of a system ? Two
systems have thermodynamic probabilities
of 1'5 x 1026 and 2:0 x 1024, Calculate the
entropies of the individual systems and the

composite system. 1+1+3

N particles obeying the Maxwell-Boltzmann
statistics are distributed among three states
with the energies E; = 0, E; = 2 kT and
Eg = 3 kgT. If the equilibrium energy of the
system is 1000 kgT, calculate the total
number of particles. 5

Derive Planck’s Law using the
Bose-Einstein Distribution Law for photons. 5
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3G G 13T 77 & | Fdiwl & 3797 T 3¢ & 1

1. gl i s o S AT . 5%2=10
(%) 39 AUHH HT GRehed hifore, 8 T A18eeH

e 1 wed T WA 9 km s % TR
B | [R = 83 J/mol K, AEEISH &1 AT(0aeh
R = 28 g mol~1 &fifoTu ]

(@) TIHAT T € i F1 IHTE BT 8 2

(1) FeATIfGRl % g fRm e s fafew |
Tt & UGl § Rl TV o3ieh [IRgU |
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2.

(a) fore fie 1 Sl Icas &mar o1 gried
$IfSTe | I8 Icasiehar § fopm ag @ Hefia @ 2

(T) FEATTIGH T H AfEARIcHS =’ F 1 8 & 2 T
IETETT i |

(F) TH SHAEG 97 & Y SHEGH & goH
=1 nfordfte ®v fafae | gaehi 2t St
¥ qitEae i Thid W et T |

(®) = g 3nad! s I TEEST HHE @
IR IR TiT |

(F) wHT ol I RIS T | aIEE T = 0K W
BHT B ol o 1Y YNEd ol 3R Ty |

ﬁéa%wnﬁé;waﬁq 2x5=10

(%) 84°C W Hed SEINFAES N4 & Teh HIA
HEAT 200 cm® B | ¥E A T T I8 ™
() 3TMest T gHeRr, qom (i) dvel ded
GHIERT 1 AT HLdl B, CO, o A
I SR grell o1 qiehe shifse | o8 feam
RIp % :
a =359 x 107 atm m® mol 2,
b = 427 x 106 m3 mol~! 3T
R =82 x 107 atm m3 K1 mol1. 2+3
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(@) wrea g ug i g fafge | a8 dweA
Mgfd & fopd TR Tafed 8 2 e aOHH W
ffeRfis STupeTt I WeT = 450 ms! ® |
Ifg Afefie & o1 6 B 18 A 7,
ey gk 9 Uikfold sIfT |
n =3 x 1025 m=3 T | 1+1+3

(1) ST i T AEnTg g & Fyir & faw
9 fafy i ==t HifSw | 39 Tl = s|m
3] % GAYM HT e A & fou form

YR TeRa ST FehdT B 2 3+2
3. Todl @ wrmi & s G . 2x5=10
(%) WM dF H ufEmen & affeor
HHATRT | 5
(@) ST &1 I Hife Fg fafew | a8 a™
&I FeheTT hY T LAl § 2 2+3
(M) () TS A H T 16 1 AT V, H V;
T SeH | fhU 7T SRl 1 AT Fead
HIT |

(i) < A e N 2:6 x 105 Nm2 T W
0-035 m3 AT 9Tl B | W THE
TshH T 0-050 m3 TG b TG feha
ST B | T grr TR T @ uftefera
i | 243
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4.

5.

el g 9Tl % I AR 2x5=10
(%) HMI =k o I T2IUI-qIUT TG I TR
T, M1 S hl T&IAT ol SASTeh ITed hITT | 5
(@) FAEEIG-FART TR HT F9eh I
HifSTe | TueEy foh IIR FHoRt | Heslt Jeal wi

T ST 2 | 441
(M) qORE % ug ¥ wiie fem fafaw | e,

B fm sgeaa i | 243
el @ 9Tl % 3 AR 2x5=10

(%) Feumifaes UTfehdr i giTiya hife | gaem
forelt fepa & Terdt @ @ Tey § 2 @ e
& SN IReRaTd shAST: 1-5 x 1026 3R
2:0 x 1024 § | TIdd T4 ¥ T dF hl Tgidt
AT T A I Tordl Gienford hifIT | 1+1+3
(@) N & Heddd-sieesdH AIfETehl 1 FAITeH
FAE | I AE S ST By = 0, By =
2 kgT 3 E; = 3 kT | fordfid & | afg @ #
TS Fol 1000 kpT &, o1 UMl <l Hd

A1 itehferd I | 5
(1) weHl % fou drE-seEe sed frm
TR hid §Y TeATeh o1 [HaH sgcd= shifeT | 5
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