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UNIVERSITY OF NORTH BENGAL
B.S¢. Programme 3rd Semester Examination, 2023

DSC1/2/3-P3-PHYSICS

THERMAL PHYSICS AND STATISTICAL MECHANICS
Time Allotted: 2 Hours

The figures in the margin indicate full marks.

GROUP-A / Re1-% / WE-&
1. Answer any five questions from the following:
ffefie @-cot wlof aivea Bea wes
T RIS 7 9T THEep! S e

Fult Marks: 40

Ix5=35

(a) State the first law of thermodynamics. Mention_at least one limitation of this %4-%

law.

e RmR e vEf 3T 7741 2 Tl TReE g3l MRt Sred 721

Thermodynamics 1 UfEaAY 1 FAITERN 79 fade! $4 1@ AT gare3ara |

(b) Define entropy and write down the S.I. unit of entropy.
B TREA RIS G R GABPR S.1 93 &l @)
Entropy % 2 901S% T S.1.UhTE 3 7 qarsard |

(c) What are the extensive parameters? Give one example,
AWBARTS *FrEvE & ¢ a3 Srizge wis )
I ARTAER & 8 257 Teb SaTevvT el |

(d) State the principle of equipartition of energy.
e MH Rye 31
Equipartion of energy %} RigrFa Sacga |

(¢) Write down a différence between Helmholtz and Gibb’s free energy.
5T G P e e g 3 219
Helmboltz Y Gibb P free energy ®I $ (@ =TeT qaa7er |

(f) What is the relation between the two types of specific heats of a gas and degrees 1

of freedom?
CRITAI IR T A oA SRR Sriiees e QRO Tiaya 7o % ¢
TRy 53 BRI specific heats AT degrees of freedom AT H TH=H B ?
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(g) State Clausius-Clapeyron equation of state,
Clausius-Clapeyron-43 3@ 3@ ¥
T TR Clausius-Clapeyron 1 qHIHRU 4T |
(h) What is the main difference between the Bose-Einstein and Fermi-Dirac statistics?
AA-AEFIEA @R FIR-Foare AR G-97 Tz el ~idmh & 9
Bose-Einstein 31 Fermi-Dirac 3T statistics 7 & fr=Tar aare{e |

GROUP-B/ feri-4/ g

Answer any three questions
e ca-cm foafb ot Taa e
e Reguer g o e ST RAE
2 What is Camot’s cycle? On what factor does the efficiency of a.reversible

Carnot’s engine depend? Show that the efficiency of a Carnot’s heat engine can
not be 100%.

P53 v 7 ¢ ReRoq alftrm Fielb-ga sowa sl (in, oot R Bom e
I 7 2N T2 (T T 5T THS! 100% 2T 2

Carnot 37 cycle F 8 2 37'# 0% reversible Camnot I Sor TerTaT A el R
T8 ¢ 7 TITT Carnot BN heat ST T4FTAT 100% §7 T 4+ SESTER|

3. Prove that Cp —C‘V Y -‘?—E) (QK) . Using this relation prove that for an
T /vy \oT /p

ideal gas Cp -Cy =R. _

wqwch-cy=T(%) (%) a7 R TR A e I (A 6T
vV F ' .

] SR CF6a Cp —Cy = R |

STOT TR

or\ (ov
o /=11 (&5
N aT)V (ar)p

T iR AR G SHTa TRy e SR )
Cp—-Cy=R
4. (a) What is a black-body?
F%-TC IS (& @Rrp
TS HA e & ?

(b) Show that Wien’s formula and Rayleigh-Jeans formula are particular cases of the
Plank’s formula for radiation.

RN (1 BIR T GR IA-E-7 I ARt sRapre gieae e 7 Resta o)
Wien ! G 3If¥f Rayleigh-Jeans B 5% Plank $i fAfdwore! Feres! R arerss
FRARIECISS LT

5. At what temperature will the average speed of molecules of a hydrogen gas be
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double the average speed of the molecules of a nitrogen gas at 300 K?

(I Sl ZRTHETA YT 91T @51 300 (T e igr AR S G @
fRedgay

T ATIHIAT GICT ST WTEa) AT 3G 3 300 K. AT9HFT AISEISH 2D

! S AT JEAT GHATED 2

6. Write short notes on: 2
(i) Joule-Thomson effect
(ii) Spectral distribution of radiation at different temperatures,

R o

(i) eE-2rset e

(i) Rfen wemign Rz 3@ Reon
B oot e

(i) Joule-Thomson effect
(i) T amr fafdRort spectral distribution.

GROUP-C / ffem-*t / wigar
Answer any twe questions from the following 10x2 =20
s - 7fF e San T
TR P 5§ THETRT ST e8]
7. (a) Prove that the equation of state of an ideal gas for an adiabatic process is 5+5
PV7 = constant. -
2l T A Tl AfTS @ Wi pieTE R ANwwl @ P = 63w
T3eT adiabatic HERITHT equation Pstate PV = constant 75 W} FATONT Tare |
(b) Derive the expression for the work done during an adiabatic process.
Faole Hafre FERgR AR e )
U327 adiabatic TERITETARTSY WW@W |

8. (a) Derive Maxwell’s four thermodynamical relations. 6+4

IS FREFIS PRSTA-F TR 3@ el T
Maxwell T TR thermodynamical TEEH GIoTa |

(b Show that [ﬁ] —-T[fo-] .
P

oP Ir~ lor?
2P A,
- -_3CP_ __T[aZ_V
2 2
| P Iy oT2 |p

[0Cp ] __T[QiK
| OP Ir
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9. (a) Define Phase space. 2+2+H(14+2)+2+1
Phase space-9 R A3
Phase space @Y IRMTST RTRRTI

(b) Write down the relation between entropy and thermodynamical probability.
B 6 SIS TSI TP FAE @ |
Entropy 31 thermodynamical probability AT T4 AGTEN |

(c) Write down the distribution function of Fermi-Dirac distribution and plot the
distribution function at (i) T = 0 K (ii) T = finite but close to 0 K temperature.
Fi-Taw RTeR sl @ ok (1) *F0 R @wfed o 8 (i) 7 T
5 R FERIR 93l Siemiam 68 Repmfta a3 301 erifog o 32
Fermi-Dirac distribution @7 distribution function ¥e&
() T = 0 K af¥ (ii) T = finite = 0 K PV Tofiea! i distribution funetion BT
EIfeEvT e |

(d) From this plot define Fermi-level.
@2 Fefoafd 22 wifil-wwa @i we)
R XFIRE0T 4R Fermi-level 31 aRoT e

(e) Give an example of a system of particles that follows the F-D distribution.
T G e Brigadt wie @i FN-foare R o 5o
F-D distribution 9Te T 1 TIeT system of particle, Bl SER g |

10.(a) Define and explain macro and micro=states of a system with appropriate (2+2)+2+4
examples. What do you understand by an ensemble of systems?

Toige SRR, 9F SUEA STIGE @R TG P I ©f T FA) ST
GACTEA 08 TP RS @l

Macro 3T micro-states Y R 2 Seravor At qui R{EI | TUTS ToTell BT @@
TE RIS FFTL
(b) What are the main difference between classical and quantum statistics?
TG R CPIAPOI] R T S 1 “Hidrafer e
Classical 31 quantum statistics P T H~TE® 6 P FL?

(¢) Show that under appropriate limiting conditions, both Fermi-Dirac and Bose-
Einstein distributions reduce to Maxwell-Boltzmann distribution.
@ie @ Ty ANS wwEn TRERAT oR @F-ARTORA  CReRYEE
HEEA-QFPETR AFERYI TRRe )
S T a@EveEr Fermi-Dirac 31T Bose-Binstein 3 distributions
Maxwell-Boltzmann distribution AT 0K §75 Y SFHI0T THEI | |

X
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