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UNIVERSITY OF NORTH BENGAL

B.Sc. Programme 3rd Semester Examination, 2023

DSC1/2/3-P3-PHYSICS

THERMAL PHYSICS AND STATISTICAL MECHANICS
Time Allotted: 2 Hours Full Marks: 40

The figures in the margin indicate full marks.

GROUP-A / el-% / wg-&
1. Answer any five questions from the following: Ix5=5
famfeiie @-pi 2 eis Tee wiss
et fegTepT 1 gFe THEvse! SR fefei:

(a) State the first law of thermodynamics. Mention at least one limitation of this
law.

wiesfoRma @ el Ko F1 92 3@ g FHCF G Am<ae! Tra F</1
Thermodynamics ﬁtr%aﬁﬁwaamﬁ;w I WW@@@WW I
(b) Define entropy and write down the S.I. unit of entropy.
GG FRE WG I GG S. 1. 9 [ Of (774
Entropy & 81 3% I S.1.UHTS Bl A TS T61 |
(c) What are the extensive parameters? Give one example. 1
GG ANRARGHE & 2 @b Tuigge e
U RIAC P & ? Pl T SRV eI |
(d) State the principle of equipartition of energy. 1
e Aifet Ko

2=
2=

2=
2=

Equipartion of energy &1 RIg SIS 814 |

(e) Write down a difference between Helmholtz and Gibb’s free energy. 1
(TR Gk Tt T& =6 50y @56 21ef =741

Helmholtz 31 Gibb @ free energy Eﬁgﬁ U =TT 9 Bﬂélﬂ I

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

CICAI 9T T2 4R SRS S SPIced 3 FIAToIR NqE 5791F 1 9
W?ﬁﬁﬁﬂiﬁr specific heats 31T degrees of freedom HT & T & ?
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(g) State Clausius-Clapeyron equation of state.

Clausius-Clapeyron-a7 3@(b Rg® w41
P1 ITMT Clausius-Clapeyron ®T FHHRU SRR |

(h) What is the main difference between the Bose-Einstein and Fermi-Dirac statistics?
@AA-SEF512 43R IR AR =-93 [y @i ALH 2

Bose-Einstein 3T Fermi-Dirac @T statistics AT I [RERIER SRELSY

GROUP-B / -4/ wg-&@

Answer any three questions

Fferiie @-@W foqf etsw Tea e
et feguent g o7 TaEm®! IR e
2. What is Carnot’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%.

F15-93 5 & ¢ Reifioy A el F16-93 brea wwel @9 @F [ees B e
T 9 2 T4 @ FI6 HoFa el 100% 20 AN 4|

Carnot & cycle & & ? 1 U reversible Carnot BT SoIIebT FEFHT P TTHT ¥R
e 2 1 3T Carnot BT heat T FEHAT 100% & Fara W1 SEISTEN |

3. Prove that Cp —C), =T] (6_Pj (6_V) . Using this relation prove that for an
oT )y \oT Jp

ideal gas Cp —Cy = R.

QWT‘TWC?ICP—CV:T(a—PJ (a—Vj 43 I R @ @ 9 (@ @I
oT Jy \oT Jp

S SR CFT Cp —Cpy = R |

THTOT TE

B apj (an
Cpr—-C,=T| | <&
F 4 (8TV oT /p

AT FHIHRUT TATR P AT RIDT e THTor e |
Cp—Cy =R
4. (a) What is a black-body?
F-IG 100 [ @RI 9
TSI BTt R P &l 2

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

418 (X BICR I GR FE-GIe-931 3 el S 2iews @ iva vib [{ess w1
Wien &¢ Skl 31 Rayleigh-Jeans @V A5 Plank &Y faforar Qfl’cﬁ oy ATES
&7 ¥ SIS B |

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 SIPIEIY RIZCGICS SR G (51 300 (TS SI2IqR FELHCS S NG ([l
fRed =1 9

P YA USCT BISQISH RIRIeT V[T A T 300 K. ATTHHHT ARG ST IReh]
U SR TebT JeTTHT ST &6 ?

6. Write short notes on: 2

|—
|—

(1) Joule-Thomson effect
(i1) Spectral distribution of radiation at different temperatures.

oz =143

(i) eer-2ret s

(i) Tfeq oemiar R[iFcem 3+ K
BieT feuult oReTEy

(1) Joule-Thomson effect

(ii) faf¥=F =T fafRuraT spectral distribution.

GROUP-C / fT@iat-at / -
Answer any two questions from the following 10x2 =20
fwfefie @@= T% THF Ted wie
TTeTebT P §3 THEHD SR Fargen]
7. (a) Prove that the equation of state of an ideal gas for an adiabatic process is 5+5
PV’ = constant.
e 9 (A P17} “mere G S AT SR A 2 PV = @7
T3eT adiabatic TfohaTdT equation @1 state PV = constant Wﬁﬂqﬁﬁﬂﬂ@?{l

(b) Derive the expression for the work done during an adiabatic process.
FTol7 Ao FORI TN ez 3411
U3 adiabatic HTehaTHT TR PTeb! FHIDRU GISIEN |

8. (a) Derive Maxwell’s four thermodynamical relations. 6+4
lrsoRmyl R MHERE-9F BTG 3 e 41
Maxwell @7 IR thermodynamical TFE=EE< 3§ ISI8 |

2
(b) Show that [8&} =—T{8—V} .
T P

opP oT>

29 9 @,

[oCp | o2y |
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L OP Ir LOT~ 1p
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9. (a)

(b)

(c)

(d)

(e)

10.(a)

(b)

(©)

3138

Define Phase space. 2+2+(1+2)+2+1
Phase space-49 e wS |
Phase space @1 4R [STE1 |

Write down the relation between entropy and thermodynamical probability.
GG 8 SIS FSITOIR WK T (77|
Entropy 31 thermodynamical probability HTsTeh] T+ ol EIeNT |

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.

FIf-fEaF ROCR S @74 @R (i) 47 B8 @eifod Seman € (i) 7 T
% 7 FRFIR 90 OiemaR €2 Rt @l T3 @Teba oFw 391

Fermi-Dirac distribution @7 distribution function @S

(i) T = 0 K 31 (ii) T = finite T 0 K @I Tsfiad! ofT distribution function &I
G TR |

From this plot define Fermi-level.

@2 @foaft 23re T -wEa k@i wie |

I 1o SRY Fermi-level aﬁQﬁWﬁﬂﬁH I

Give an example of a system of particles that follows the F-D distribution.
G G FerorEa Twizae e @i wIE-fGae Reps o see
F-D distribution Wﬁgﬁ T3 system of particle &Y SETEU ?Hoé q |

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?

TG THIZFOPE G OET WILEF R NF-7 FICF T ©F 1T 91 O0F
QTR 00 1 @RI Ol (721

Macro 31 micro-states aﬁmﬁémﬂ%ﬁmﬁﬂﬂﬁ?{l SEIERCISI B Th
AHE GRT P §5I670 ?

What are the main difference between classical and quantum statistics?
FANOH @R (PRGN 2R A NP T 2Lyl @2
Classical 31 quantum statistics ﬁﬂﬂ'@ﬁﬂﬁ'@'ﬁ%%g‘[?

Show that under appropriate limiting conditions, both Fermi-Dirac and Bose-
Einstein distributions reduce to Maxwell-Boltzmann distribution.

mdle @ Toe AE weEm wif-fla @R @P-SIEiRd  ofregee
AHEEA-@IFTEI ARPRLAIC FeRio 27|

Iuh HfFT  adERUMT  Fermi-Dirac 31 Bose-Einstein gﬁ distributions
Maxwell-Boltzmann distribution #T GiRUreT g0 T HTOT "Iﬂ%ﬁ?:[ I
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