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Time : Three Hours Maximum : 80 Marks

Symbols used in this question paper have their usual meanings.

Section A ( Answer in a word or phrase)

Answer all questions.

Each question carries 1 mark.

1. For an adiabatic process, the ————— of the system remains constant.

2. The source of a Carnot’s engine can supply any amount of energy. (True or False)

3. The dimension of phase space for a single particle is —————.

4. An isochoric process is one in which ————— remains constant.

5. When heat is given to a system, its internal energy —————.

6. What is statistical probability ?

7. What is a canonical ensemble ?

8. What is a thermodynamic system ?

9. What are bosons ?

10. Explain the terms open system and closed system.

(10 × 1 = 10 marks)

Section B (Answer in a short paragraph three or four sentences)

Answer all questions.

Each question carries 2 marks.

11. Define entropy. Discuss the physical meaning of entropy.

12. Distinguish between microstates and macrostates.

13. Give the expressions for isothermal and adiabatic elasticity.
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14. Which are the two ways to represent the work done by the working substance in one complete

cycle of a Carnot engine ?

15. State and explain the second law of thermodynamics.

16. Derive an expression for the work done in an isothermal process.

17. Explain the conditions under which FD statistics holds good.

(7 × 2 = 14 marks)

Section C (Answer in a paragraph of about half a page to one page)

Answer any five questions.

Each question carries 4 marks.

18. Show that during a reversible adiabatic process, the entropy of the system remains constant.

19. Using Maxwell’s thermodynamic relations, prove that for any substance, the ratio of the adiabatic

and isothermal elasticities is equal to the ratio of the two specific heats.

20. What are the limitations of Maxwell-Boltzmann method ?

21. What is Bose-Einstein statistics ?

22. State the first law of thermodynamics. Express it mathematically and explain its physical

significance.

23. Deduce the second latent heat equation of Clausius C2 – C1 = (dL/dT) – (L/T) where C1 and C2

represent the specific heat of a liquid and its saturated vapour and L is the latent heat of the

vapour.

24. State and explain the third law of thermodynamics.

(5 × 4 = 20 marks)

Section D (Problems–write all relevant formulas. All important steps carry separate marks)

Answer any four questions.

Each question carries 4 marks.

25. Air at N.T.P is compressed to half of its volume. Calculate the change in its temperature.

26. A carnot’s engine whose temperature of the source is 400 K takes 200 calories of heat at this

temperature and rejects 150 calories of heat to the sink. What is the temperature of the sink ? Also

calculate the efficiency of the engine.

27. 1 kg of water at 273K is brought in contact with a heat reservoir at 373K. What is the change in

entropy of water as it reaches 373K ?
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28. Prove that in a T-S diagram the slope of the isochoric curve is T/Cv and that of isobaric curve is

T/Cp.

29. Calculate the change in temperature of boiling water when the pressure is increased by 27.12 mm

of Hg. The normal boiling point of water at atmospheric pressure is 100ºC. Latent heat of steam =

537 cal/g and specific volume of steam = 1674 m3.

30. Calculate the rms velocity of H2 at 27ºC. Given k = 1.38 × 10–23 J/deg and mass of hydrogen

molecule = 3.34 × 10–27kg.

31. Using Maxwell’s thermodynamic relations, prove that the ratio of the adiabatic to the isobaric

coefficient of expansion is ( )1 / 1 .− γ

(4 × 4 = 16 marks)

Section E (Essays–Answer in about two pages)

Answer any two questions.

Each question carries 10 marks.

32. Derive Maxwell’s four thermodynamic relations. Discuss the usefulness of these relations.

33. Define adiabatic process. Derive the equation for an adiabatic process of a perfect gas in terms of

pressure, temperature and volume.

34. What is meant by Fermi energy of conduction electrons ? Derive an expression for the same.

35. What is T-S diagram ? What is its importance ? Find the expression for efficiency of a reversible

Carnot’s engine with the help of T-S diagram.

(2 × 10 = 20 marks)
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\ ,^Section A (Answer in a word or phrase)

Answer all questians.
Each question carries I tnark.

1. Isothermal elasticity of a gas is its ---------.-.

(a) Pressure.

(c) Entropy.

(b) Volume.

(d) Temperature.

2.

3.

fhe slope of an adiabatic is . than that of isothermal.

The area under the indicator diagram of a thermodynamic system represents pnessure. (True or

False)

4. The entropy of a system in an irreversible pnocess.

5. In Carnot's cycle, the first step is

6. Write down the FD distribution function.

7. What is Wiedmann Franz law ?

8. What is mgant by thermodynamic equilibrium ?

9. What kinds'of particles obey the Max-,vell-Boltzmann statistics ?

10. What is an isobaric process ? .

(10x1=10marks)

Section B (Answer in a Short Paragraph- three or four sentences)

Answer at least six questians.
Each que.s.tion caties 2 ma:hs,

Overall Ceiling L2.

State the first law of thermodynamics,

11.

t2.

Turn over
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13. What are the parts of a heat engine ?

14. Explain the difference between distinguishable and indisfinguishable particles.

15- Give the expression for the effrciency of a diesel engine and explain the symbols.

16. What is T-S diagram ? Give its use.

L7. What is the difference between a canonical ensemble and a microcanonical ensemble.

(6x 2=L2marks)
section c (Answer in a paragraph of about half a page to one pagie)

Answer at least fo:ur questions.
Each question carries 5 marks.
All questions can be attended.

Ouerall Ceiling 2O.

18. Give two versions of the second law of thermodynamics.

19. State and prove the principle of increase of entropy.

20- Ilsing Maxwell's thermodynamic relations, prove that the ratio of the adiabatic to the isobaric
co-effrcient of expansion is U(l - y).

27' Explain the term Helmholtz free energy. Show that in a natural isothermal change at constant
volume, Helmholtz free energT decreases. ) : -

22' Draw the Maxwell-Boltzmann velocity distribution curye and state the features of the distribution
curve.

23. Distinguish between Classical and euantum Statistics.

24. From the frrst law of thermodyzramics prove that Co - C., = R.

(4x5=20rnarks)
Seetion D (Problems- write all relevant formulas)

Answer at least three questions.
Each question carries G marhs.
All questions can be attended.

Ouerall Ceiling Lg.

25. Find the most probable, average and root mean square speeds of nitrogen molecule at21"C.Given
the molecular mass of N, molecule = 2.8 i 10-3 kg/mol, the gas constant R = g.B1J/mol K.

26' A quantity of air at 27"C issuddenly compressed to half its original volume. Find the final pressure
and temperature. (Given y = 1.4,2r.4 = 2.64).
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27. Find the effrciency of a Carnot's engine working between L27"C and,27"Q..It absorbs 80 cals of
heat.IIow much heat is rejected?

28. When 50 g of water is heated from 10oC to 90"C, by how much does its entropy change ?

29. Calculate the specific heat of saturated steam. Given that the specific heat of water at
l0O'C = 1.01 and latent heat of vapourization decreases with increase in temperature at the rate

of0.64ca|lK.Latentheatofvapourizationofsteamis540cal.

30. Fermi energy of conduction electrons in silver is 5.48 eV. Calculate the numbe.r of such electrons

per cms given that h = 6.62 x L0-27 erg sec. and 1 eV = 1.62 x 10-12 erg.

31. Show that adiabatie cume is Steeper than isothermal curve

(3x6=18marks).,
Section E (Essays - Answer in about two pages)

Answer any tvto question.

Each question carries LO rnarks.

32. Derive the two expressions for the work done in an adiabatic process.

33. State anC prove the theorem of equipartition of energy-. Give the merits of this theorem.

34. Discuss with necessary theory the construction and working of an Otto engine.

35. Derive Maxwell'-r four thermodynamic relations. Discuss the usefulness of these relations.

(2 x 10 = 20 marks)
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SDruH SEMESTER BA"/B.Sc. DEGREE EXAwIINATION,
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Physics/Applied physics

PHY 68 1O/APY 6B II._THERMAL AND STATISTICAL PI{YSICS

Maximum: 80 Marks

Syrnbols used in this qu.estion pape{ ha.ue their usual mdanings.

Section A.t

(Answer in a word or phrase).
Arlsu) er all questions,

Each question carri.es I mark.

1. Isothermal elasticity of a gas is its 

-

fime : Three Hours

(a) Pressure.

(c) Entrgpy.

(b) Volume.

(d) Tem-pbrature.

2. The slope sf anadiabatic is ---.,-,than that of isothermal.

3. The area under the indicator diagram of a thermodynamic system represents pressure.

(T\nre qr False)

4. The entropy of a eystem 

- 

in an irreversible process.

5. In Carnot's cycle, the first step is t

6. Write down the FD distribution function.

7. What is Wiedmann Franz law ?

8. What is.meant by thermodynamic equilibrium ?

9. what kinds of particles obey the Maxwell-Boltzmann statistics ?

lO. What is an issbaric process ?

Section B

.(Answer in a short paragraph- three or four sentences).
Answer all questions.

11. How do you find the slope of an isotherm ?

L2. State the frrst law of thermodynamics.

(10x1=10marks)
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13. What are theparts of a heat engine ?

t4. Explain the difference between distinguishable and indistinguishable particles.

15. Give the expression for the efficiency of a diesel engine and explain ttre symbols.

16. What is T-S diagram ? Give its use.

17. What is the difference between a canonical ensemble and a microcanonical ensemble.

(7 x2 = 14 marks)

Section C

(Answei'" 
" o"'ff::i!,'"#'&y"n':,;":;: to one pase)'

Each questian camies 4 marhs"

Give two versions of the second law of thermodynamics.

State and prove the principle of increase of entropy.

Using Maxwell's thermodynamic relations, prove that the ratio of the afiabatic to the isobaric
clefficient of expansion is U(l - Y).

21. Explain the term Helmholtz free enerry. Show that in a natural isothermal change at constant
volume, Helmholtz free energy decreases.

22. Draw the Maxwell-Boltzmann velocity distribution curye and state the features ofthe distribution
curve.

Distinguish between Classical and Qtrantum Statistics.

From the first law of thermodynamics prove that Ce - C, = R.

Section D

(Problems- write all releuant forrnulas. All important s;teps carry
Answer any foat questions.

Each question canies 4 marks

25. Find the most probable, average and root mean square speeds of nitrogen molecule at27"C. Given

the molecular mass of N, molecule = 2.8 x 10-3 kglmol, the gas constant R = 8.81J/mol K.

26. A quantity of air at 27"C issuddenly compressed to half its original volume. Find the final pressure

and temperature. (Given y = L.4,2r.4 = 2.64).

18.

19.

20.

23.

24.

(5x4=20marks)

sgparate marhs)
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27. Find the effrciency of a Carnot's engine working between L27'C and 27"C.It absorbs 80 cals of
heat. How much heat is rejected ?

28. When 50 g of water is heated from 10'C to 90oC, by how much does its entropy change

29. Calculate the specific heat of saturated steam. Given that the specific heat of water
at 100'C = 1.01 and latent heat of vapourizdtion decreases with increase in temperature at the
rate of 0.64 caVK. Latent heat of vapourization of steam is 540.caI.

30; Fermi energT of conduction electrons insilver is 5.48 eV. Calculate the number of such electrons

. per cm3 given that h = 6.62 x L0-27 erg sec. and 1 eV = 1.62 x 10-12 erg.

31. Show that adiabatic curye is steeper than isothermal curve

(4x4=16marks)

Section E

(Essays-Answer in about two pages).

Ei;';::,:;!":::,::?;tr;*.
32. Derive the two expressiorrs for the work done in an adiabatic process.

33. Stat€ and prove the theorem of equipartition of enerry. Give the merits of this theorem.

84. Discuss with necessary theory the construction and working of an Otto engine.

35. What is meant by Fermi energ:-y of conduction electrons? Derive an expression for the same.

(2 x LA = 20 marks)
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_ Sectlon A

Answer in a word, or phrase.
Answer all questions.

Each question carries L mark.

1. What do you mean by quasi static process ?

3. Ttre rate of fall of temperature with distance is called

5' lhe efficiency of petrol engine is greater than that of diesel engine. (True or False).
6' A sphere, a cube and a thin circular plate, all made of the same material and having the same

mass are initially heated to a temperature of 3000'C. Which of these will cool fastest ?

?. Write dowu the Clausius -Clapeyron equation.

8. Writ€ down the BE distribution function.

9- Give the Kelvin Plank statement for the second law of thermodynamics

10. What is Nernst theorem ?

(L0x1=10marks)

Section B

fuiswer in a srwrt parugraph three oc four sentetuces.

Answer all questians.

Each qu.estbn carrics 2 marhs.

11. Explain isothermalprocess.

L2. What is phase space ?

18. Derive an exprlession for the efficiency of a Carrrot's engiqe using TS diagram

Turn over
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L4. State and explain the zeroth law of thermodynamics.

15. Draw Otto cycle and explain the various strokes.

16. Distinguish between microcanonical and gfand canonical ensembles.

17. Explain the conditions under which BE statistics holds good'

(7 x2=L(marks)

Section C

Answer in a ParasraPh ':::'X"TI,i,:;r: to one pase'

Each questi.on carrics 4 morks.

18. State the first law of thermodynamics. Give its physical significance. What are the limitations of

first law ? 
.

19. What is entropy ? Show that entropy remains constant iir a reversible process, but increases in an

irreversible process.

20. State and explain Nernst's heat theorem.

2L. Deduce the second latent heat equation of Clausius Cz - Cr= (dUdT) - (Ltr) where C, and C,

represent the specific heat of a liquid and its saturated-vapour and L is the latent heat ofthe
vapour.

22. Show that for a perfect gas (aUlaV)r = 0.

23. What do you mean by breakdown of equipartition theorem ? When does it occur ?

24. Compare the MB, FD and BE statistics.

(5x4=20marks)

Section D

Problems- write all releuant formulas.

$lt im.portant steps earry separate marks.

Answer anY foat questinns.

Each questian carries 4 marks.

25. Show that adiabatic curve is steeper than isothermal curve.

26. A motor car t5rre has a pressure of 2, atmospheres at the room temperature of 27"C.If the tyre

suddenly bursts find the resulting temperature. '

27 . Find the efficiency of a Carnot's engine working between the steam point and the ice point.

28. Calculate the increase in entropy of 10 kg of water at 100"C when it changes to vapour.
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29. Calculate the specific heat of saturated steam at 100'C from the following data. L at g0.C = 545.Z5eal
L at 100'C = 539.80ca1L at 110"C = 533.17ca1. Specific heat of water at 100'C = 1.018 cal/g.

30. Consider 100 molecules and 10 cells of equal energy. Find log '51 for (i) the most probable
distribution; (ii) the least probable distribution.

31. Caleulate the root mean square speed ofa molecule ofhydrogen at N.T.P. The Boltzmann's constant
is 1.38 x 10-rG erg per degree and Avogadro's number is 6 x ldsglmol.

(4x4=16marks)

Section E (Essays)

Answer in abouttwo pages
Answer ony twa questions.

Each questinn caties l0 marks.

(a) What is an adiabatic process ?

(b) . Derive an exprebsion for the work done in an adiabatic process.

berive Maxwell's four thermodynamic relations. Discuss the us-efulness of these relations.
Descrile with neeessaqr theory the construction and working of a diesel engine. Explain its merits
over Otto engine.

State and prove the theorem of equipartition of energy. Give the merits of this theorem.

(2 x lO = 20 marks)

32.

33.

34.

85.
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:13. What do you mean by a quasistatic process ? How ctin you realiz" a q.r""irtatic process ? 
;

14. wtrat do you mean by a heat engine f wt.t are its esseintial parts ? i,:
i5. Draw fieTS &agram of a Carnot cycle. . ", , ", i

re eurire f*'trn t and eecond order phase transitions 
':

:17. lVrite down an expression forthe distributioa of:uolecular speeds in a classical ideal gas and plot
it.

(V x2= 14uarks)
;

Section C

Arwwer in a parograph of obottt lwlf a pa,ge to one page.

fuiswer any five qwstions.
Erch qu.estion co*rirs 4 marhs.

18. Obtain the relation between isothermal and adiabatie elasticity of a gas.

19. show that the slope of an adiabatic is y times that of an isothermal

20. Writ€ dowu the Planck and Clausius statements of the second law of thermodynamics.

21. Obtain an expression connecting the first and second laws of tlrer.:modynamics.

22. Discuss the equipadition theorern.

23. ExplainPlanekradiation law.

24. Explain the term degeneracy pressure and mention any of its astrophysical significance.

(5.x4=20marlcs)

Sestion D

Answer dny four questiaw.

Each questton carri.es 4 rnarks.

25" . A Carnot,engine *rhosp low temperature reservoir is at 7 dqgree Celsius has an effieieocy of 5A%.

If it is desired to increase the efficiency to ?0 7a, by how ;y degrees should the temperature of
high temperature riselryoir be increased ?

26. Air at NTP is connpressed:adiabaticalty to half of its voluree. What is the change in its
temperature?Given, y = 1.4.

27. :Calculate the change in entropy'when 0.02?3 kg of ise at zero degree Celsius is converted ints
water at the same temperature. Given latent heat = 80 caUg.

28. Using Clausius Clapeyron equation, prove that the boiling point of a liquid rises when the pressure

increases.

i



r
I

I

I

F

t
L

F.
I
i

...nr::

Disssss the,pri@le dhc*exe of ,entropy.
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29.

30.

89.

8&

,34;

rr0.

Cald*e the mi:rate of'€aqy traasf,er behreen two closely spacad coam61c spheres (black
bodie) e8*rltained at temperatures 2fi) K and 3O0 K. Assume that flrc qpacne Uet r*o the spheres
is evsuated. Given, the Sttjfbn's ooastant = E.6Z x IOJ Wrhz.K4.

'\at tlrc probetrility'fry two bogong to ociupy the.sarne state is tw,ice thecase ifthe particles
are diatingui$able"

'(4x4=16marks)

Seetim S'
EsscXrs-answ* iil ahoa two pagBe.

. Ansuer an! fuo qwstiotu,' Eoth qtnstion @ 10 rrla.rfts.' ,

Obtain'ttrb @to between the speqific teat * qqPEta+t *.ohmli aad pressure using the first law

eplaio the ciiln* qyde witn a rr€at PIr diagrqn. Obtaitr irn expre*ion &r the w6u:k done ia a
Camst cycle

obt"in Marireli's urcmstr€dyaanic relatisw the,rm4neanicpteotials,
Discuss briefty tle Marwen+atimano, Bose-Einsein ,oa'r-',* l-Dt*" statistics.,Compare the
tlree statistim.

: (2 x lO = 20 raarks)
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The symbols used in this questian p@per haue tlwir usual meanings.

Section A

(Answer in a word. ot phrase.)

Answer arllquestions ; each question corrics \ mark-

1. The physical quantity that determines whether a system is in thermal equilibrium with another

sYstem is 

-

Z, In an otto engine, greater the compression produced before iguition, the 7a is the effieiency

of the engine. (higher/smailer)

B. The change of entropy in a completely reversible thermodynemis gyslg is 

-.
4. Is there any change in internal enerry of a perfect gas during an isothermal change in volume ?

5. Is it possible for two photons to occupy the same quantum state ?

Questions 6 b 1A. Write Tlue ot ?alse.

6. Heat is a path function.

7. fur infinitely slow adiabatic expansion is not a reversible process.

8. Entropy change can never be negative.

9. Classical particles obey Maxwell-Boltzmann statistics

10. The ernissivity of a substance depends on its tempeiature.

Section B

(Answer in two or three sentennes)

Answer all questions.

Each questian cati.es 2 marks.

11. Define a thermodynamic systerr ? Give an example.

12. Distinguish between extensive and intensive variables

(10x1=10marks)

(Pages :3)

Tunn over
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18" What do you mean bV a Oua5istatic process ? How can you realize a quasistatic process ?

14. Distinguish between isobaric and isochoric processes

15. Explain Clausius inequalitY.

16. Draw the entropy versus temperature curve of first and second order phase transitions.

L7. Discuss the equipartition theorem.

(7 x2 = 14 marlcs)

18:

19.

Section C

(Answer in a paragraph of about lwlf a paSe to one page)

Answer any frve questions ; each questinn carries 4 tnarks

What are the features of a cyclic process ?

Show that the slope of an adiabatic is Y times that of an isothermal.

What are internal comlustion eqgines ? Discuss the different classes.

lVhat is the third Iaw of thermodynamics ? Explain its outrome

Show thaf the Joule-Kelvin co-efficient for a perfeet gis is zero.

Compare the properties of fermions and bosons.

What do you mean by Fermi energ.T ? Write down an expression for the same.

20.

21.

22.

23.

24;
(5x 4 ='20 marks)

Section I)

(Problems-write alt releuant formulos, oll important steps carry separate marks)

Answer any fovr questians; each questian carrizs 4 marks.

25. A quantity of dry air at 300 K is compressed suddenly to one third of its volume. Detennine the

change in temperature. Given, T =L,4

26. A Carnot engine whose lorv temperature reservoir is at 7 degree Celsius has an'effieienry of 50%.

If it is desired to increase the efficiency to 70 Vo,by how many degrees should the temperature of
the high temperature reservoir be increised ?

27. One mole of oxygen gas expands isothermally to four times of its initial volume. Determine the

change in entropy. Given, the ges constant R = 8.314 JlmoVK.

28. Explain the working principle of a refrigerator.

29. Show that the different statements of the second of thermodynamics are equivalent to each other.

I
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30. Calculate the rms velocity bf hydrogen gas at 21"C.

31. Consider a system of two fermions 1 and 2 with two possible states a and b. Write down the

expression for the wave function ofthe system. Prove thatforthis system, the presence ofaparticle

in a certain state prevents any rthg" particles from beiqg in that state.

Section E

(Essoy s-answer' in about two pages)

Answer ony two questions ; each qwstion carrics L0 marks,

92. Using an indicator diagram, obtdin expressions for work done during an isothermdl and adiabatic

83. Discuss the otto cycle and obtain an expression for the efficiency.

.,1 34. What are the basic thermod5mamic potentials ? Obtain Maxwell's thermodynamic relations from

vr 35. Explarn briefly the :

(i) Planck's radiation law ;

(ii) W'ien's displacement law ; and

(iii) Stefan-Boltzmannlaw.
(2 x 10 = 20 marks)
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fime: Three tlours

Part A

Answer all questibns.
Eaek questions carri.es V* wei,ghtoge,

1. The first law of T,hermodynamies is conservation of :

(c) Bbth (a) and (b).

(a) Change in volume.

(c) Change in temPerature.

(a) H=U+PV+S.
(c) If=U+PV.

(d) I$oneofthese.

Maximum : 30 Weightage

that absorbed from

Turn over
i

2. In a refrigerator the heat exhaust€d to the outer atnrosphere is

the source.

3. \lVhich of thefollowingis correct ?
' .' ,. :- .

TH'
/^\ 

-T--:1.
\a/ H2 T,

H, H,
-=-(D' T2 T,'

(d), FInl + H, T, =0.(c) Hr I =-HrTr.

4. The change in internal energT of the gas is directly proportional to :

b. Two ends of a rod are kept at 12 degree a4d 227 degreewhen 2000 cal ofheat flows in this rod the

change in entropy is :

(a) 1.0 cal/k.

(c) 6.9 cal/k.

6. Ihe enthalpy of unit mass for any system is :

(b) Change in pressure.

(d) Atomicity.

(b) 2'O caW.

(d) 0.? calrk.

(b) H=U+PV-S.
(d) H=U-PV.
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7 . The average translational I(E of the molecules of a gas will be doubled if :

(a) A + constant.'olo*", the pressure is doirbled'

(b) A + constant volume, pressure is halved.

(c) A + constant temperature, the prdssure is doubled'

(d) A + constant temperature, pressure is halved'

8. The quantity remaining constant in the isothermal expansion of an ideal gas is :

(a) Heat. (b) Internal gnerry'

(c) Fressurq. (d) Temperature and pressure'

g. The Clausius-Clapeyron equation indicates that an increase in pressure increases the melting

point in case ofsubstances that on solidification.

10. In an isotherrnal, isobaric andleversible process the Gibb's function is :

(b) Infinity.
(d) Negative.

(d) Infinity.

(LZxYt-Sweightage)

(a), Zera.

(c) Constant.

11. The average value of, u, in Maxwellian distribution is :

(a) Zeto.

(.) KTlm.

m(b) l;.

lZ. The quantum statistics reduces to classical statisties under the condition

Answer all qtestionl' 
-

Each, question earrics t weightage'

13. state the firstlaw of thermodynamics. Give its importance.

14. How does temperature fall with height ?

15. Explain the terrms reversible process and revers'ble cycle.

16. Defirre entropy. What is its significance ?

L7. Define free energT alrd thermodynamic potential'

18. State and explain Nernst theorem.

19. Explain thermodynamic probability.

20. How is equilibrium state related to most probable state ?

21. .Do electroris have zero enerry at 0 Kelvin' Why ?

(9x1=gweightage)
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Answer any fle questians.
Each question cani.ei 2 weightage.

22. Explain thermodynami0 state, thermodynamic coordinates, thermodynamic equilibrium and quasi
static processes.

23. Derive an expression for the work done in adiabatic expansion. Find the work done in
gompressing adiabatically 1 grn of air initially at NTP to air at 360 K. Density of
air = 0.0001293 gm/cc, t = L.4, atmospheric pressure = 106 dyner.

24. Derive an expression for the efficiency of an otto engine ,r 
-'

26. Discuss adiabatic and isothermal elasticities of a perfect gas. 
: -1:';: : '''

26. Calculate the change in temperature of the boiling point of water due to a change of pressure of
1crnofmercury(L=540caIs,vo}of1gmofwaterat10ffC=trcc.Vo1of1gmsaturatedsteamat
100"C = 1600 cc).

27. State and explain equipartiti,on theorem.

28. Give a comparison between classieal and quantum statisticd. -
(5xZ=l0weightage)

Part D 
-" -'""*"*'-'

Ansuer any tuto qtnstians. .
Each qwcstion carri.es 4 weightage. !

29. Describe the Carnot's engine. Draw the P-V indicator diaglam for a cycle of its operations betrreen
two given temperatures and derive an expression for the thernral efficiency of the engine.

30. With the help of Ma:rwell's thermodynamical relations, derive the specific heat equations.

31. Dgduce expressions for null point enerry as applied to electron gas according to Fermi-Dirac .-
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SDMH SEMESTER

Time : Three Hours

1. Loss ofheat is :

(a)' Areversible process.

(c) Anirreversibleprocess.

(b) An isotheirnal process.

(d) None of these.

(b) False.

(d) Needs more data to make the above statement.

(b) Negative.

(d) Positive.

(UG-CCSS) ..'

physics

PH 68 16_THERJVIAL AND STATISTICAL PITYSICS

(2013 Admissions)

Maximum : 30 Weightage

Section I (Objective fipe Questions)

Answer all questi,ons.

Each question carrihs r/+ weightage.

2. An adiabatic process is one in which:

G) The temperature of the gas changes.
:(c) The change in internal gnergy is equal to thernechanical work done.

(d) All the above.

-='-€:*-rtr&en€?as is heated.at constant volume, the he_at supplied irlcreases the interoal enerry of the
gas ? Comment the statement.

(a) True.

(c) Work will also be done.

4. Work done in a free expansion is :

(c)'Zero.

5. The most probable velocity of the gas molecules is :

&) (2kTlm)12,

(d) None of these-(c) (3kT/m)12.

Turn over
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6. The dimensi,orl rii*re phase space formed by a particle moving in straight wire is :

i

I

i

I

i

I

I

1") 0.

(c) 2.

7. MaxwellBoltzman statistiis is :

(a) Quantumstatistics.

(c) Semi classical statistics.

8. Whichpf the following relation is correct ?

(a) dU=TdS+PdV. (b) dU=TdS-PdV.

9. Entrgpy of the universe can reach a maximum value. This statement is :

(a) Wrong.

(b) Against Itd law of thermodynamics.

(d) Correct. 
.:

10: A white dwarf, which is a highly degerate system, can be studied using:

(a) Maxwell'Boltzrnan Statistics. fbl Fermi-Dirac Statistics.

(c) Bose-Einsteinstatistics.

(a) Fenni-DiracStatistics.

(c) Maxwell-BoltzmanStatistics.

12. 'At absolute zero, the value of entropy:

(b) 1.

(d) 3.

(b) ClassicalStatistics.

(d) None of these.

(b.-) Bose-EinsteinStatistics.

(d) None of these.

13.

LA.

15.

(a) Is maximum. ' (b) Is negative.

(c) Can be taken as zero. (d) Cannot be determined.

(L2x r/e = 3 weightage)

Section II (Short Answer $pe Questions)

Answer all questinns.

Each question carries L weightage

State Carnot theorem.
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Write Clausius-Claperon equation and explain the terms.

What is Clausius inequality ? ;

what is the net change in internal enerry of a gas during free expansion (neglect heat capacity of
the container) ?

19. Explain the term enthalpy.

20. Explain the concept of fermi energy.

21,. Write one difference between i.ermi Dirac and Bose-Einstein statistics.

,[nswer any five questions. ,.WVV
Each question carries 2 weightage. **" 

"9

-q 22' The Fermi energy of a system is 15 Joules. Find the average ground state zero point enerry.

,: 23. Two bodies made of same material one sphere-shaped other cube-shaped having the same mass
t E is heated to the same fihal temperature. Which body will have more rate of radiation ?

\ 24. If the maximum wavelength of emission of a blackbody is 2 x 10-e nm, find its temperature. The
value of Weins constant is 0.00289g mK.

25. Find RMS velocity of the molecules of nitrogen at 20oC. Given Molar mass = 0.02g kg and gas
constant R = 8.315 JlmoK.

26' Calculate the change in entropy when 2 kg of ice melts into water at the same temperature.
Given specifrc latent heat of water = BBE x 103 JKg-l.

27. The effrciency of an ideal heat engine is 0.2. If the temperature of the sink is lowered by 20Vo,the
efficiency becomes 0.25. Calculate the temperature of the source and sink.

28. Find the rise in boiling point of water at 373 K when the pressure is increased by two atmospheres.
Specific latent heat of steam is 2256 x 103 Jkg and I kg of steam occupies a volume of
L677 x 10-3ms and 1kg of water occupies a volume of fOaml. 

"-r---

(5xZ=l0weightage)
Section fV (Essay euestions)

Answer any two questions.

Each question camies 4 weightage

Derive Maxwell's thermodynamic relations.

Explain the laws of black body radiation with necessary graphs.

Derive the expression,, for work done in isothermal, adiabatic and isobaric processes.

(2 x 4 = 8 weightage)

16.

17,

18.

29.

30.

31.
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PH 6B 16-THERT\,IAL AND STATISTICA,L PHYSICS

Time: Three Hours MrMaximum : B0 Weightage

Section I
.Answer all questions.

Each questian carrics Y+ weightage.

1. For water below 4oe an increase of pressure will be accompanied by :

(a) Heating. (b) Cooling.

(.) Heating first and then cooling. (d) None of the above.

2. An ideal gas is isothermally expanded. Its internal energy wilr :

(a) Increase. (b) Decrease.

(c) Increases and then decreases. (d) Remains the same.

3. Ttre slope of PV and V for an-isobaric process will be :

(a) - 1.

(c) + 1.

4. Ttre law of equipartition of energy was postulated by :

G) Planck.

(d) Einstein.

5. The total ehange in entropy of the working substance during a complete reversible process is :

(a) Maxwell.

(c) Boltzmann.

(b) Zero.

(d) nRT.

G)

6. Ttre work done in an isothermal expansion is given by :

(a) 1.

' (c) Zero.

(a) w =fi.ero -"(?,)

#.,"8)

w=Bolos 
"(*r)

/\
w =Ror-lrr,lt).(d)(c)

Turn over
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7. Arefrigerator is :

(a) Heat engine. (b) Melting of ice.

(c) Anelectricmotor. (d) Heat engine working backward.

8. The efficiency of.a Carnot engine working between steam point and ice point is :

(a) L6.87o. (b) 26.8LVo.

(c) 36.8?o. (d) L0O.Vo.

9. When an ideal diatomic gas is heated at constant pressure, the fraction ofthe heat enerry supplied
that increases the internal energy of the gas is :

2g(a) =. (b) ;.oo
-35

(c) i. (d) i.
10. A frictionless heat engine can be IOAVo efftcient only if its exhaust temperature is :

(a) 0oC. (b) 0oK.

(c) Equit to its input temperature.. (d) Equattahalf its input teurperalure.

11. If two or more events are mutually independent of each other then the probability of all events

happening simultaneously is the : 
.

(a) Sum of individual events. (b) Product of iudividual events.

Lz. r"*r3"":#:="" 
of iudividual events' (d) None of the'1bove'

(a) Odd half integral spin. (b) Even half integral spin.,
(c) Full integral spin. (d) Zero spin.

Section Il
Answer all questions.

Each qwestian carries L weightage

7.4. What is a quasistatic process ?

15. How does temperature fall with height ?

16" Give frpo conclitions for obtaining maximum amount of work.

L7 . Are spontaneous process reversible ? Justifr your answer.
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18. What is free energ-y ?

19. Define atomicity of a gas. On what factor does it depend ?

20. What is thermodynamic probability ?

2L. What do you understand by phase space ?

(9x 1=gweightage)
Section III

Answer any frve questions.
Each question caries 2 weightage.

22. An automobile car tyre has a pressure of two atmospheres at the temperatu re of 27oC. Find the
resulting temperature if the tyre suddenly bursts.

2g. Can an engine working between temperatures 600 K and 300 K be developed to have an efficiency
of 56Vo ?

24. Calculate the change in entropy when 5 kg of water at 100oC is converted into steam at the same
temperature.

25. Distinguish between internal and external latent heats.

26. Do electrons have zero energ:f at OK ? If not why ? Explain.

27. State and explain Wien's displacement law.

28. TWo six faced diee each marked I to 6 are thrown. Calculate the probability that one of the dice
shows 6 and the other shows E.

section fv 
5x 2= 1o weightage)

Answer any two questions.

Each questian carries 4 weightage

29. Define Entrop5.. !1r5at is its physical significance ? Show that the entropy of a perfect gas remains
consiant in a reversible process but increases in an irreversible process

30. Calculate the work done in a Carnot's cycle of operations. Deduce the effrciency of a Carnot,s
engine in terms of the temperature between which it works.

31. Give the important chiracteristics of the Maxwell-Boltzmann, Bose Einstein and Fermi dirac
statistics. what are the merits and demerits ofthe three statistics ?

(2xE=Sweightage)
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Section A

. Answer all twelve questions.

1. Which of the following is an intensive quantity ?

(a) Volume.

(c) e.m.f.

2. Name the process in whieh dQ= dw :

(a) Isothermal.

(c) Isochoric.

(b) Enthalpy.

(d) Surface area.

(b) Adiabatic.

(d) Isobaric.

(b) a<b <c.
(d) b>a>e.

(b) dU = 0.

(d) dS = 0.

(b) ds = 0.
:(d) ds < 0.

Maximum : 30 Weightage

3. One mole of mono atomic gas is mixed with 2 moles of diatomic gas, then C, of mixture will be :

(a) |n

(b) fn

(b) ! n.

4. Ifmean sped, most pmbable speed, r.m.s. speed of ideal gas molecules are'a','b' and'c' respectively.

Then co:nect relation is :

(a) a=b=c.
(g) b<o<c.

5. In an isothermal isobaric proc€ss :

(a) dG = 0.

(c) dF = 0.

6. In thermo dynamic process change in entropy is:

(a) ds > 0.

(c) ds > 0.

Turn over
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7. Thermal efEciency of a Carnot engine is 1007o' then :

(a) Ternperature of source = ooc, (b) , Temperature of sink 
-= 

oqc'

(c)Temperatureofsource=0K.(d)Temperatureofsink=0K.

\*
c 60117 n

",8. On increasing pressure, meltirrg point of ice

(a) Increase.

(c) Remain same.

(a) Hyperbolic

(c) Circular.

n(c) 
1 .,1

(b) Decrease.

(d) NotPredictable.

- (b) Furnace B.

(d) UnPredictable.

by:
(b) Bose-Einsteinstatistics-

(d) All the three.

(U Parabolic.

(d) Straight line'

g. There are two furnaces, Furnace A with blue flarne, Furnace B with yellow flame, which would

have large temPerature :

(a) Furnace A.

(c) Both have sariie temPerature'

10. Black body radiation can be explained

(a) Maxwell-Boltzmann statistics'

(c) Fermi-Diracstatistics'

11. Shape ofT-S diagramfor adiabatic process :

LZ., If n is the thermal efficiency of Carnot bngine, if it is reversed to operate as a refrigerator, its

coeffrcient of Performance is :

(a)
1-1(b) -n

(d) ff
Section B

' : Answer all riine questians'

13. State second law of thermodynamics'

14. Formulate first law of T.d. for a liquid surface'

15. Distinguish between reversible and irreversible process.,

16. State the principle of increase of enJropY'

t7. What is meaqt bY Gibbs function ?

18. Distinguish between Bosons and Fermions'

(LZfU=Sweightage)

1+n
q



19.

20.

21.

22.

23.

3

Can we drive a ship across ocean by utilising internal energ'y of ocean ?

What is meant by free expansion ?

Prove that entropy is a state function.

'section C

Answer any five ftom szuen questions.

Prove that slope of adiabatic is T times slope of isothermal.

c 60117

($ix 1=9weightage)

2 moles of O, at OoC are compressed to one-forth of its initial volume at same temperature. Calculate

the work done.

24. The efficiency of a Carnot engine reducing temperature of sink by 65oC efficienry
.1rs 6, on

becomes |. ,r"U out initial temperatures of source and sink.

25. Calculate the change in entropy in an irreversible r"o."rr.
26. Calculate average enerry per molecule of an ideal gas by Maxwell-Boltzmann distribution.

27. Calculate the efficiency of Carnot engine from Temp-entropy diagram of Carnot cycle.

28. Find r.m.s. speed of O, molecule at OoC. (K = 1.38 x 10-23 Jk-l).
(SxZ = l0weightage)

Section D

Answer any two questinns from thtee.

Explairi four thermo dynamic potentials. Derive Maxwell's T.d. relations from them.

Calculate change in entropy of a perfect gas in terms of temperatures and pressures.

State and prove C-arrrot's theorem.

(2x4=Sweightage)

29.

30.

31.

t--
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(a) Adiabatic.

(c) Isobaric.

PH 68 16*{HERMAL AND STATISTICAL P,EYSICS

Section A

1. If dQ = dW in a thermodynamic process, then process is :

(b) Isotherrnal.

(d) Isochoric.

Maximum: 30 Weightage

2. Which of the following is an extensive quantity ?

(a) Enthalpy.

(c) SurfacelTension.

3. Which of the following is fermions ?

(a) Electron.

(c) Photon.

(b) e"m.f.

(d) ' Pressure.

(b) Helium.

(d) Graviton.
4. ,Co : C, : R for monsatomic gas is : .,

(c) 7;5:t. , (d)

5. If T is the ratio of, specific heats of gases
relationship.:

5:3:I.
7 :5 :2.

ald f is the degree of freedom, then correct

6' Most effective method for increasing effrciency of carnot engine is :

(a) Increase temperature of source. (b) , rncrease temperature of sink.

Turn overt



c #40s

7 . Adiabatic crrv"r of ox5rgen and helium are d,rawn. Slope of adiabgtie for oxygen is b' and that for

helium is-'6', then
o.

b-

(a) 1.

(c)

(a) i*t

,", **|

(a) ,dQ = fu.

(e): fr=Tds,

(a) Iafinity,

(c) ' Finite.

,7
rr), s'

:

35(d) G

(b) Isetherrealisobaric.

' (d) Adiabatic'isobaric.

(b) Boltzons,

(d) Ptrotons.

or Jn.

<u,>1, 
'2i,fr

b) dQ: du,

(d) dQ = 0.

2l
25

8: The process in which enthalpy'is a cansbant is :

(a) Isothernalisochoric.

(i)'Adiabaticisoihoric.

9. Particles:which obey Pauli's exclusion principle :

'(a) Boson.

(c) FermionS.

10. Mean energy of monoatomic ideal gas molectrle is :

11. which of the following is mathematical formulation of qBcond law of Thermody4amics 2

(b) Zero.

Section B

Answer all,nirie q uestions.

:.

(I2xY4=Sweig,htage)

13.

14, Distinguish between intensive and extensive parameters with examples.
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18. What are the conditions for reversibility ?

L9' A thermos bottle contathing eCIffee is vigorously shaken. what happends to its internal energy ?

20. What is free expansion ?

2l' Can we drive a ship across ocean by utilising internal energy of ocean ? Explain.

(9xl=gweightage)

22.

Section C

(*I=-'(#iProve the relation

calculate the maximum amount of'energy lost per second by radiation by a sphere 10 cm diametbr
at227'Cwhen plaeed in an enclosure 

^f 
Zr.C.'

(c=5.67x10-8 Wmrt*)
Compare Maxwell-Boltzmann, Bose-Sinstein and Fermi-Dirac statistics
1 kg of water at 100"c is dropped into Indian ocean at 25uc, calculate change in entropy of

A Carnot engine with cold reservoir at ll"chas ilxvoefficieney, by how mueh hot reservoi.r alone

calculate and writedown the missing term in the given two process.

(5xZ=l0weightage)

24.

25.

26.

2i:1.

28.

dlJr=U, -Y

Turn over
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Section A
Answer.all questians.

2. An ideal monoatomic gas is heated at consf,ant pressure. If heat given is,E0 J, how much of this
energ:y is converted into internal energy ?

(a) 50 J. (b) 30 J.

200 _(d) :J
5

(b) 7: 5:: 1.

(d) 6:8:1 '

! ffcoefficient of performance of Carnot refrigeratol is 1007o 
'ttlen 

temperature of Sink is :

1. N4me the process in which dQ = dU is

(a) Isothermal.

(c) Isobaric.

3. C, : C., : B for diatomic gas is :

: (a). 7:522t.
(c) 5:322.

G) dw= +ve.

(c) d.w = 0.

(a) ds = 0.

(c) ds ) 0.

(b) Adiabatic.

(d) Isochoric.

(b) dar = -ve.
(d) d.w 20

(b) ds > 0.

(d),' ds < o.

Maximrrm : 30 Weightage

(a) OIC (b) Equal to temperature of source.

(c) I\po times tempeiatureof source. (d) Half the temperature of source.

5. \trork done in free expansion of ideal gas : ' '.. ,

6. The behaviout ofelectron las can be described by :

(a) Maxwell Boltzman statistics. (b) Bose-Einstein st'atistics. .

(c) Fenrri-Dirac statistics. (d) 'By all the three statistics.

7, In all thermodynamic process; the change in entropy ds'is :

Turn over
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slope of adibatic

slope of isothermal
for oxygen is :

(a)

(a) E=oT4

(c) n =o(r-&)u

(a) Remain same.

(c) Increase.

5

a
(b) ;.

o) E=o(ro -roo)

(d) I
9. Stefan's law for a black body at a temperature T in cold sur^roundings at TOI( is :

10. If mean speed , most probable speed, and rms speed of ideal gas molecules are a, b, c respectively
then :

(a) a=b=c.
(c) b <a<c.

(d) s'=r(ra *rb*)

(b) Decrease.

(d) None of the above.

(b) First law of thermodynamics.

(d) Third law of thermodynamics.

72. It is impossible to operate an aeroplane by utilising internal enerry of air in atmosphere. This is

(a) Zercthlaw of thermodynamics.

(c) Second law of thermodynarnics.

(l2x%=Sweightage)

Section B

Answer all nine questions.

L4. Distingrrish between Isothermal and Adiabatic proeess.

15. Explain the principle involved in the function of refrigerator.

16. Draw T-S diagram for Carnot cycle.
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L?. Give the mathematical formulation of first law of thermodynamics. 

.

18. Suggest the colour your clothes used in

(a) Summer season. (b) Winter season. 
l

19. Calculate workdone in isobaric expansiorr.

entropy pasitive negative or zeto ? Explain.

2L. What is Bose-Einstein distribution law ?


