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SECOND SEMESTER M.Sc. DEGREE (REGULAR/SUPPLEMENTARY)

EXAMINATION, APRIL 2025

(CBCSS)

Physics

PHY 2C 07—STATISTICAL MECHANICS

(2019 Admission onwards)

Time : Three Hours Maximum : 30 Weightage

Section A

8 Short questions answerable within 7.5 minutes.

Answer all questions, each question carries weightage 1.

1. Distinguish between Microstates and Macrostates ?

2. What do you mean by phase space ?

3. What is meant by Canonical Ensemble ?

4. What is meant by ideal gas ?

5. What do you mean by a density matrix ?

6. Define Fermi gas.

7. Outline the features of the Pauli theory of Paramagnetism.

8. What is the significance of chemical potential ?

(8 × 1 = 8 weightage)

Section B

4 Essay questions, each answerable within 30 minutes

Answer any two questions, each question carries weightage 5

9. Prove Liouvilles’ theorem and explain its physical significance.

10. Explain, the density and energy fluctuations in the Grand Canonical ensemble ?

651858

651858

1105

1105

1105
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11. Explain Landau’s theory of diamagnetism.

12. Explain the thermodynamic behaviour of the ideal Bose system.

(2 × 5 = 10 weightage)

Section C

7 Problem questions, each answerable within 15 minutes

Answer any four questions, each question carries weightage 3.

13. Derive the EoS of ideal Fermi gas.

14. Get an expression for the energy fluctuation of the Canonical Ensemble.

15. Show that ideal fermi gas deviates from ideal perfect gas by some factor and also find that factor.

16. Draw the Phase space trajectory of the Harmonic Oscillator.

17. Calculate the Fermi energy in electron volts for Sodium assuming that it has one free electron per

atom. Given the density of Sodium is 0.97 g/cm3, Atomic Weight = 23.

18. Find the average number of photons in an enclosure of 22.4 litres at 273 K ?

19. Find the pressure of black body radiation at 300 K and 6000 K ?

(4 × 3 = 12 weightage)

651858

651858
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(CBCSS)

Physics

PHY2C07—STATISTICAL MECHANICS
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Section A

Short questions answerable within 7½ minutes.

Answer all questions, each carries weightage 1.

1. What are the consequences of Liouville’s theorem ?

2. Describe how energy fluctuates in the Canonical Ensemble ?

3. What do you mean by the terms Phase space and Ensemble.

4. Write down the partition functions of Canonical and Grand canonical ensembles.

5. What is Gibbs Paradox ?

6. Define Fermi gas.

7. Explain Virial Theorem.

8. Outline the features of Landau’s diamagnetism.
(8 × 1 = 8 weighage)

Section B

4 Essay questions, each answerable within 30 minutes.

Answer any two questions, each carries weightage 5.

9. Differentiate between microstates and macrostates. Derive an expression for the entropy of classical

ideal gas.

10. Explain quantum mechanical ensemble theory. Explain the density matrix.

11. Explain the thermodynamic behaviour of the ideal Bose gas. What is the  condition for the onset of

bose condensation ?

 12. Define Fermi Temperature and Fermi Energy. Explain Pauli’s story of paramagnetism.
(2 × 5 = 10 weightage)

526644

526644

1105

1105
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Section C

7 Problem questions, each answerable within 15 minutes.

Answer any four questions, each carries,weightage 3.

13. Show that for an ideal Bose gas PV = 2E/3.

14. A Bose gas comprises 5 particles and 4 available energy states. How many macrostates are possible.

15. The Fermi energy of Silver is 5.5 eV. Find the average energy of Silver at 0 K.

16. Find the pressure of black body radiation at 500 K and 8000 K.

17. Find the average number of photons in an enclosure of 22.4 litres at 273 K.

18. Find the partition function of an ideal gas in a Canonical ensemble.

19. A system of N noninteracting and distinguishable particles of spin 1 is in thermodynamic equilibrium.
Find the entropy of the system.

(4 × 3 = 12 weightage)

526644

526644
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Section A

8 Short questions answerable within 7.5 minutes.

Answer all questions, each question carries 1 weightage.

1. Distinguish between microstate and macrostate.

2. State Liouville’s theorem. What are its consequences ?

3. Show that the partition function of a molecule is equal to the product of the partition functions due

to its various degrees of freedom.

4. Differentiate between an ‘ideal gas’ and an ‘ideal classical gas’.

5. Draw curves for the distribution of energy in the spectrum of a black body at two different

temperatures. List the result obtained from these curves.

6. How Maxwell-Boltzmann distribution can be considered as a limiting case of Bose-Einstein

distribution ?

7. What do you mean by fluctuations ? When are these fluctuations negligible ?

8. Define Fermi energy. What is its significance at (i) T = 0 K ; and (ii) T > 0 K  ?

(8 × 1 = 8 weightage)

383170

383170
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Section B

4 essay questions answerable within 30 minutes.

Answer any two questions, each question carries 5 weightage.

9. Explain the Gibbs paradox and its resolution by deriving the Sackur -Tetrode formula.

10. State and Prove Equipartition theorem and Virial theorem using canonical ensemble formalism.

Illustrate with example.

11. Explain the quantum mechanical ensemble theory. Explain density matrix.

12. Discuss Landau theory of diamagnetism for an ideal Fermi Gas.

(2 × 5 = 10 weightage)

Section C

7 problems answerable within 15 minutes.

Answer any four questions, each question carries 3 weightage.

13. Ten distinguishable particles are to be placed in four energy levels with energies 0, , 2 and 3 .∈ ∈ ∈

If the total energy of the system consisting of these particles is 3∈ , find :

(i) The number of possible microstates of the system ;

(ii) The number of microstates corresponding to each macrostate ; and

(iii) The total thermodynamic probability of the system.

14. The thermodynamic probability of an ideal gas increases from 
310 10to .e e   Find the change in its

terms of the Boltzmann’s constant k.

15. Find the average energy of an ideal classical gas in a canonical ensemble in temperature T.

16. For a Bose gas at 2 K, find the condensation fraction 0 Nn  and the gaseous fraction

N, if T 3.2 K.ex cn =

17. State and explain equipartition theorem.

18. The density of electron in lithium is 4.7 × 1028m–3. Calculate the degeneracy pressure of the electron

gas in the metal.

19. Find out the wavelength corresponding to maximum emission by a black body at 500° C. Would

you be able to see this radiation ?

(4 × 3 = 12 weightage)

383170

383170
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General Instructions

1. In cases where choices are provided, students can attend all questions in each section.

2. The minimum number of questions to be attended from the Section/Part shall remain the same.

3. The instruction if any, to attend a minimum number of questions from each sub section/sub part/

sub division may be ignored.

4. There will be an overall ceiling for each Section/Part that is equivalent to the maximum weightage

of the Section/Part.

Section A

8 Short questions answerable within 7.5 minutes.

Answer all questions, each question carries weightage 1.

1. Differentiate between µ-space and -space.Γ

2. Explain Gibb’s paradox.

3. A system has three energy levels , 2 and 3 .∈ ∈ ∈ Determine the partition function

4. What do you mean by a grand canonical ensemble and write an expression for the density function?

5. State the postulates of equal a priori probability.

6. Why is the electronic contribution to the specific heat of a metal vary with temperature at low

temperatures ?

7. How is Bose-Einstein condensation different from the ordinary condensation of a gas in physical

space ?

8. What do you mean by an ideal Fermi Gas ?

(8 × 1 =  8 weightage)

214527

214527

1105

1105

1105
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Section B

4 essay questions answerable within 30 minutes.

Answer any two questions, each question carries weightage 5.

9. Derive Liouville’s theorem and explain its consequences.

10. Explain microcanonical ensemble. Find the quantum states and the phase space of linear harmonic

oscillator.

11. Derive Plank’s formula for black body radiation using Bose-Einstein statistics. Using the result,

deduce Stefan’s-Boltzmann law.

12. Explain Pauli Para magnetism and obtain the expression for susceptibility.

(2 × 5 = 10 weightage)

Section C

7 problems answerable within 15 minutes.

Answer any four questions, each question carries weightage 3.

13. The energy of a mole of an ideal gas at constant volume is doubled. How would the total number

of available microstates change ?

14. A composite system has two interacting systems 1 and 2 having thermodynamic probabilities

20 19
1 28 10 and 3 10 ,Ω = × Ω = ×

(i) Calculate the individual entropies S1 and S2 of the two systems.

(ii) Also calculate the total entropy and the thermodynamic probability of the composite system.

15. A system in a canonical ensemble is at a temperature of 400 K. If the probability of the system

being in a microstate 1 is 3 times the probability of it being in microstate 2, which of the two states

has higher energy and by how much ?

16. Find the condensation temperature for the vapour of Rb87 atom at a number density of

n = 2.5 × 1012 cm–3 treating it as a B.E gas.

17. Derive the density matrix for a system in a canonical ensemble.

18. TheFermi energy in silver is 5.49 eV. What is the average energy of a free electron in silver at

0K ? At what temperature would the molecules of an ideal classical gas have this much average

energy ?

19. The cosmic microwave background radiation (CMBR) has a temperature of 2.7 K.≈  Find out the

wavelength λm corresponding to maximum spectral density of the cosmic background radiation.

What photon energy corresponds to the maximum U
λ
 ?

(4 × 3 = 12 weightage)

214527

214527

1105
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1105
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General Instructions

In cases where choices are prouided, stud.ents can attend all questions in eaeh section.

The nzininum number of questions to be attendnd ftam the Secti.orulPa.rt sholl remain the sarrle.

There wilt be an ouerall ceiling for each Section I Part that is equiualent to the mwimum weightage

of the SectionlPart.

Section A

8 Short questbns answersble'within 7'5 minutes.

Answer all questians, each question carries weightage L.

1. What arethe expectedvalues of S and Q for a system atT = 0 K?

2. Differentiate between distinguishable and indistinguishable particles.

3. Defrne partition function. What is the significance of partition function in statistical mechanics ?

4. What is an Ensernble ? Write down the probability distribution function of a micro canonical

ensembles ?

5. Which are the different motions a diatomie molecule is capable of performing ?

6. What is Bose-Einstein condensation ? Whicn property of boson is responsible for this
phenomenon ?

7 . Defrne black body radiation. What are its characteristic properties ?

8. Show that the Fermi distribution curve is symmetrical abut the Fermi energy E..

(8x 1=8weightage)

1.

2.

o
.-, .
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9.

10.

11.

2

Section B

4 essa.y questions answerable within 30 minutes.

Answer any two questions, each question carries weightage 5.

Derive expressions for energy fluctuations in the case of canonical ensemble.

Describe the thermodynamic behaviour of an ideal Bose gas.

Derive the equation for thermodynamic probability of an ideal gas from micro-canonical ensemble.

Hence derive thermodynamics of the system.

Describe the thermodynamic behaviour of an ideal Fermi gas.

(2x5 = l0weightage)

Section C

Answero;'r:I"ff ":;,::::;;:r:;l"IiT,'"i;ishtages
13. How does the number of microstates of 1 g of H, gas change, if its volume gets doubled by a

process of reversible adiabatic expansion?

14. The entropy of a microstate of a system is 1 JK-1 while that of another one is 1.001 JK-l. How

many times more likely is the second microstate as compared to the frrst one ?

15. A system in contact with a heath bath at temperature T has two accessible energy states with

energies 0 and 0.1 eV. If the probability of the system being in the higher energ:y state is 0.1eV,

frnd the temperature of the heath bath.

Find the condensation temperature for liquid helium with a density of 145 kgm{.

What is Gibb's paradox ? How is it resolution ?

The peak wavelength of radiation coming out of a hole in an enclosure is 5 pm. Find the total

energ'y density inside the cavity.

The density of electrons in eopper is 8.51 " 1928*-3 ,Fir{,(i) the fermi energ:y of copper ; (ii) The

average zero point energy of a free electror in copper';,-5qq (iii) The degeneracy pressure of the

electron gas in copper.

(4x3=12weightage)

L2.

16.

17.

18.

19.
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;

2.

3.

4.

5.

'section A

Answer oill qucstinns,
.

Eash qtnstion earries a weiglt of L"

E"ptti" ylhat is meant by thermodynamic limit.

Write a prief uote on.the formuk 'S = &ln fI

&plai&tho impoftane of tlre syumetry property of density matrix glrven a? F*n =ina,

For a canoniaal ensemltq derive the formula for the density matrix given below

p-

icles; and (b) Indistinguishable particles'6, Explain ttrs teims : (a) Identical parti

B. For a Ferml-Dirac disfibution tlre meadoccupation number for single particle state is given by,

(a)=pnfu

Show graphicallyhsw this function varies with temperature.

(8x1=Swe.igtrtage)

Turn over
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Section B

tuestions.Answer any two g

9. Explain the Gibbs paqdox and its resolutiim byderiviqg the Sackur-Tetrode formula.
:

10. Derive orpressions for energy fluctuatioRs in the case of canonical ensemble.

r in tihe cases of Bose -Dirac11. Find the expnessions for grand partitiod frrnction in the qases of Bose-Einstein and Fermi
distribution assuinhg:ideal gas conditionS..

I:2. Derive ttrre formula for specificheat of a sblid iri term of Einstein function.

, (2x6=l0weiehtage)

Section C

. Ansrrtel. oay four gu,e.stbns.

i. Eath qucstion urrics a weiglrt of $.

18. thoqr that inthe case of an ideal gas untlergoingarwersible adiabaticpnocess pysp is a constant.

14. Show thatthe eotmpy of a system in e.grand canonical ensemble can be written as,

lr8

where

, p - 
qP(-d"-FE)rr':f=re

16. \{trich of the following riratrices qualiff as a density fratrir ior a two lryel system? Qualify your

in each case.

.tr 0l 1 [1 1l [o 0l
or =fo tJ, ,, =ELn 11, os =lo 1J'

16. Shorr that fsr a free particle coirfined to a box ofvolume V the partition function is,

where

fi=-Le.
bn
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Section A

12 slrcrt questions. Ea.ch answerable within 5 minutes.

Answer all questions. Each qtrcstion carries weightage L.

1. Compare classical statistics with quantum statistics.

2. Define the statistical quantity O. How is it related to entropy ?

3" Distinguish between micro canonical, canonical and grand canglical ensembles.

4. Find the relationship between the Boltzmann factor exp(-pEr) and Helmholtzfree enerry.

5. Define phase space. Distinguish between I spaee and p space.

6. State and explain Liouville's theorem in quantum statistics.

7. Classiff the following into fermions and Bosons with reason : a) aHe ; b) 3He ; c) photon ; and

B. lr::T::ature of wave tunctions show that Bosons do not ou"v purti exclusion principle while

Fermions obeyit.

9. Defrne the g, functions for Bose systems.

10. What is Bose -Einstein condensation ? Write down the criterion to occur it.

11. What is Fermi enerry ? Write down an equation for it in terms of z.

L2. Distinguish betqreen strongly degenerate and completely degenerate Fermi systems.

(12x1=12weightage)

Turn over
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Section B

4 essay questions. Each-a,nswerablc. within 30 minutes

Answer any two questinns. Each. question carri.e,s weightage 6.

13. Derive the statistical factor P", for a system in grand canonical ensemble and relate it to various
thermodynamic functions.

L4. Derive the most probable occupation numbers for the three cases ofquantal gases in the formalism
of micro-canonical ensemble.

15. Discuss the thermodynamics ofphonons and hence derive Debye equation for specific heat capacity
of solids.

16. Discuss Landau diamagnetism and explain how is it different from Langevin diamagnetism.

(2xG = 12weightage)

Section C

6 problern questians. Each answera.bl,e within L5 minutes.
Answer any foar questions. Each questinn carrizs weightageS.

t7. Derive coudilioir for equilibrium betneen two systenrs under enerry and particle exchange in an
adiabatic enclosure.

18. Draw the phase space of a linear-classical harmonic oscillator. What happens for a quantum
oscillator ?

19. Consider an N particle system and a phase space consisting of 2 cells with energies 0 and E. Find
the partition funetion and internal energy.

2d. Derive the density matrix for a system in microcanonical ensemble.

. 2L. Derive an expression for specific heat capacity at constant volume for an jdeal Bose gas.

22. Calculate the pressure of electron gas discharge at 2500 K and concentration 1016/cm3.

(4x3=12weightage)
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^^,::fi2!,,*.,Eonh qu,estinn lws a weightoge of L.

Write Boltzmann formula for entropy and explain.

What is Gibbs paradox ?

StateVirial theorem.

State Liouvilliehtheorem-

What is density matrix ?

Find expressions for pressure and energy ofan ideal Bose gas.

Write blackbody distribution law and explain the terms.

What is Stefan - Boltzmann law ?

Distinguish between para and diamagnetism.

Write the expression for specific heat for a metallic soli& ?

Define Fermi enerry.

What are photons and phonons ?

(12x1=12weightage)

Section B

Answer any two questions.
Eo,ch questinn carries a weightage of 6.

13. Obtain the partition function for a collection of classical, one dimensional harmonic oscillators
using canonical ensemble. Hence find pressure, internal enerry and chemical potential.

14. Show that for large N, micro-canonical, canonical and grand canonical ensembles are
'equivalent.

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

ffi:.l':'*:$fi
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15. Obtain an €xpnession for the specific heat of a non-metallic solid at high and low temperatures.

16. Using Landau's theoryddirmagnetism obtain an expression for susceptibility.

. ,., .,,,,,.,,,r.,.,,,.,'.*-'/' (2 x 6= 12 weightage)

Section C

Answer any fotr questians.

Each question carries a weiglttoge of 3.

17. Obtain the phase space trajectory of a freely faling particle.

18. 2 particles and 3 enerry levels are given. Compute the number of possible states if the particles are
bosons and fermions.

19. Starting from grand canonical ensemble, using oceupation number concept, obtain expressions for
partition function for bosons and fermions.

20. Find an expression for eriticaltemperature of a Bose gas below which Bose Finstein condensation
will occur.

21. Show that entropy ofphoton gas is proportionat to 19.

22. If number density of electrons in a white dwarf is 1036/m3, what is the approximate Fermi
, temperature? , ;, 

"' 'i"L'r". 'jr-rr"'''"{'}+i:i:'i! :
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m-L-., r6 ---.--r. 
section A

(T'otal 12 questions each answerable within 5 minutes)
Answer 4lquestions.

Each question carcics a weightage of L.

Distinguish between micro states and macro states.

Name thermodynamic potentials. What is their significance ?

What is the importance of Hamilton's equations in classical statistics ?

What is Partition function ? Derive its relationship with Helmholtz free energy.

5. Explain the equivalence of grand canonical ensemble with canonical ensemble.

6. Define density matrix. What is its importance ?

7. Compare the properties of fermions and bosons.

8. Define thermal wavelength:

9. Explain radiation pressure.

10. Define Fugacity. How does it vary with temperature for Bosons ?

11. Write down Feimi distribution. Explain how it varies with temperature.'

L2. Distinguish behrreen degenerate and nondegenerate Fermi systems.

(12 x L= 12 weightage)

Secticn B
(+ Essay questions, each answerable within 3O minutes)

Answer any two questions.

Each question carcies a weightage of 6.

13. Expl4in Gibb's paradox and its resolution.

74. What is grand canonical ensemble ? Discuss the derivation of thermodynamics of a system

using grand canonical ensemble.

1.

-2.

3.

4.

Turn over



c 6n089

' 15. Defive rhost probable occupation numbers for the three cases of quartal gases in the formalism

of micro-canonical ensemble.

16. Explain Bose Einstein condensation. Derive the criterion for Bose Einstein condensation

to occur.

(2x6=l2weightage) ,

Section C
(6 Probtem questians, each answerabl.e within L5 minutes)'

Eac^ff*:::Y"X"':::#ff ;"ors.
Lt. Derive the statistical condition for equilibrium between two systems in thermal contact

Evaluate the paitition function for.a classical one dimensional harmonic oscillator. '

18. Evaluate the partition function for a classical one dimensional harmonic oscillator.and find

. its entropy.

19. Derive the density matlix for a free particle of mass rz enclosed in a cubical enclosure of

side L.

20. Assuming the sun to be black body at temperature at of 5800 K, calculate the power received

aithe earth's surface per unit area. The radius ofsun = 7 x 108m and the distance ofthe sun

from earth =15 x 1010 m, o = 5.87 x 104W m-21s.

. 2L, Derive an expression fcr specific heat capacity at constant volume for an ideal Femi gas at

low but finite temperatures.

22. The molar mass of Li is .00694 and its density is 0.53 x 103 kglm3. Calculate the Fermi
l

energT and Fermi temperature of electrons

(4x3=12weightage)
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Answer allqrzzstiotts,
Each qwstibn corrics L we$htqe.

Marimum : 36 Weightage

1. What is phase space ?

2. Differentiate micro canonical, canonical and grand canonical ensembles'

B. Derive the statistical interpretation of entropy with reference to micro canonical ensemble'

4. Studying the statistics of paramagnetism, derive Curie law of paramagnetism'

5. State and explain the Viriat theorem'

6. Derive an eipression for the density fluctuation in grand canonical ensemble'

. 7, What do you mean by Bose-Einstein condensation

8. Give a brief description of Landau diamagnetism

9. state the conditions of appticability of Fermi-Dirac distribution'

10. Write a note on themionic emission'

11. Bring out the statistics of occupation uumbers'

L2. What do you mean by statistical equilibrium ? '

Section B

Answer qnY ttto qucstions.

Eath question corries 6 wei4htage-

(12x1=12weightage)

13. What is Gibbs paradox ? How is it resolved ?

14,. What is a Fermi gas ? Deduce an expression for the energy ofFermi gas at absolute zero' Comment

on its physical significance

Ib. Derive plancr-s formula for blacbbody radiation usiqg Bose-Einstein statistics. Using this result,

deduce Stefan'Boltzmann law.

Tum over
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. 16. Define canonic?l partition function. How can yog obtain various thermodymamic quantities from
it ? Also discuss the enerry fluctuation in canonical enserirble.

Section C

Answer ony fovr questions,

Each questkin carries 3 weightage.

L7. Show that the number of microstates accessible to a system in the enerry interval between E and
E+dEis:

o(E) =ffrr*'fp}rp6s "

where rn is the mass of the phrticle constituting the system and V is the volume of ihe system.

18. Calculate the probability that a harmonic oscillator with energy ,, = (,. *)^ r, in a state with

n an odd number. Assume that the harmonic oscillator is in contact with a heat bath at a
temperature T.

19. A system consists of three particles. Each particle has two enerry states 0 and e. Obtain the
partition function and probability of finding the particle in each 

"*rry 
state when the system is

. in equilibrium with a heat bath at temperature 600 K assuming that the particles are (i) fermions
.and (ii) bosons.

20. Show that the entropy of a system in grand canonical ensemble can be written as

S=-UI,*n 
"t1,

where P,," is the probability that the system is in a state characterized by the number N" of
particles and the amount E" of enerry.

2L. Treating ,H"4 - I as an ideal Bose-Eiqstein gas,,find the critical temperature T6 at which' 
there is.a transition of liquid IIe-I to liquid ne-II. Given the molqr volume of liquid tle at T6 is
27.4 x 10a m3 aird mass of ,Hea is 6.65 x 1012? k6'"- --l-- 

1

22. Find the probability that a system is in a state with enerry 0,2 eV above the Ferrni enerry in a
*metal atom.

(4x8=12weightage)
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Section A
(L2 short questions. Each answerable within 30 minutes)

_ ,4ywer aUl questions.

Each question carries a weightage of L.

1. Explain the role of statistics in the study of thermodynamic sy.tems

2. State hnd explain postulate of equal a priory probabilities.

3. What is an ensemble? What is its relevance in the statistical apProach?

4. State Liouville's theorem. What are its consequences?

5. Write down the different forms of partition function.

6. Explain the quanlum statistical analogue of principle of equal- a-priori probabilities

7. Write down the equation for mean occupation number <nr> of a single particle state with
enerry e and give a graphical representation of its variation with e.

8. Write down the anti symmetric wave function using Slater determinant. Show that it obeys

Pauli exclusion principle.

Compare Debye lheory of specific capacity of solids with that'of Einstein.

Show that Bose Einstein condensation is a first order phase transition.

Fermi systems are quite lively at absolute zero. Explain this statement.

Explain Landau diamagnetism.

(12x1=12weightage)

Section B
(4 es s av'"" "T;1i,":;T::';lkTr'" 80 rninutes

Each question caries a weightage of 6.

13. Derive the equation for thermodynamic probability of an ideal gas from micro-canonical

ensemble. Hence derive thermodynamics of the system.

9.

10.

11.

12.

Ibrn over
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14. State and prove Equipartition law and Virial theorem using canonical ensemble formalism.
Illustrate with examples.

15. Derive the equation of state and number density of Bose systems in terms ofg functions.
Hence work out the thermod5ma'nic functions.

16. Work out the temperature dependent paramagnetic susceptibility of ideal Fermj systems.

, (2 x 6112 weightage)

Section C
(6 problem questbns. Each answerable within !5 minutes)

. hswer any fovr questians.

Each question carricsa weightage of B.

From the extensive nature ofentropy and multiplicative nature ofthermo dynamical probability
o. show that entropy of a system is related to o by the relationship s = k ln o.
Show that canonical distribution is a Gaussian. Hence find out its dispersiorr.

Derive the density matrix for a system in canonical ensemble.

For an trflB gas in quantum mechanical canonical ensemble derive the partition function in
tems of thermal wave length

Derive Stefan's law from Plank's radiation law.

Show that electron gas in Cu is degbfieiate:at room tffiiratuie 80" C. Density of
Cu = 8.5 x 1018 m4 and Molar mass GB.E4G g/mol.

(4x3=12weightage)

L7,

18.

19.

20.

2t.
22.
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' Section A
A -.,,,-- oll'attao,linn e

Each question carries 7 weightage

1. Shat is an Ensemble ? Distinguish between microstates and macrostate.

2. Explain the concept of equal apriori probability.

3. Explain the postulate of random Phases.

5. Define Density Matrix.

6. State and explain Liouville's theorem.

7. Show that S = -k z, (P, log P").

g. prove that the phase space area equivalentto one Eigen state of a linear harmonic oscillator is 'h'.

g. Bring out the statistical origin of the third law of thermodynamics.

11. How is fugacity of a system related to g potential ?

L2. Show that virial for a free particle is 2 T where T is the kinetic energT.

(12x1=12weightage)

Section B

Ansuer anY two questians.
Each question carries 6 weightoge

18. Using the grand partition function derive the general form of g potential for M.8., B.E. and F'D'

statistics.
- L4. Give ihe thermodynamics of an ideal Bose Gas and derive the condition for Bose Einstein

' I\trn overCondensation.
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15. DeriVe an expression for the equation of state of an ideal Fermi gas at :

(a) High temperature aqd.low density.

16. Describe the classical treatment ofparamagnetism and derive Carie's law.

(2x6 = 12weightage)

" Seetion C l

Each question carrics 8 weightage.

L7. What is Gibb's Paradox ? How is it revolved ?
i:'

18. Obtain the expression for the partition function of a linear haruonic osciUator in Canonical ensemble.

19. Show that the partition function Q* (V, D ofan extreme relativistic gns consisting of N monoatomic

molecules with the energy momentum relationship E = Pc is Qr'r 
'(U t; =.1

ZO. Two particles are to be distributed in I cells. I.Iow many micro states are possi!.Ig if tJre. particles

are: '

(a) Bosons. r
(b) Fermions.

Zt. Find Helmholtzis free energy of a Bose system of N partieles with fugacrty Z and temperature T.

ZZ. What is Brownian motion ? Give Einstein's concept of explaining Brownian MQtion. l
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Section A'

1. Differentiate between microstate and macro state with reference to an ensemble?

2. Explain the postulate of randorn phases.

3. What is Gibbs paradox?

4. State and'explain Liouville's theorem.

7. Using equipartition theorem, find c, of a monoatomic ideal gasi 
l

8. A Bose system consists of 5 particles and 4'available energy statbs. How many macro states

are possible?

9. What is meant by Fermi energy? '

10. Bring out the statistical origin of Third law of thermodynamics?

11. How is fugacity of a system related to q potential?

1/
12. Show that number of states in unit volume of phase sOaceis fire'

Maximum: 36 Weightage

(12x1=12weightage)

Turn over

Section B

Answer any two questions.
13.Discuss various ensernbles in statistical mechanics. Show that for a perfect gas, root mean square

I
fluctuation in number density is proportionalto 

- 
.

vlv
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' potenti.tfor M.B, B.E and F.D

the condition for the onset of

1"4.

15.

Using grand,partition function derive the general form of 'q
!.
sta tist ics

:

Outline the thermodynamics of an ideal Bose gas and derive

Bose- Einstei n cclnderrsation

16. Obtain the equation of state of an ideal Fermi gas at l)High temperature.and low density

2)Low temperature and high density

(2x6 = I-2weightage)

Section C

Answer any four questinns.

l

i
!

I

I

i

A is Helmholtz free energy.

18. Average energy of harrnonii osiittatoi'lit =4nnf,lnwizn where.r1i0,1,2....-.-findthe partit*en., . .
lunction of the oscil\ator?

Trt ntl\
19. Prove that expectation value of a physical quantity O O ,%

20, Two particles are to be distributed in 3 cells. How rnany micro states are possible if the particles

tT.showthai in canonicalensemble.forinulation, internal energy of th system ,t aV?%p,wfiere

are 1) Bosons 2)Fermions 3)Boltzons

Zi. finA Helrnholtz's 'free energy of a Bose system of 'N' particles with fugacity 'z' and

temperature 'T'? |

22. A system has 2 particles, each of which can he in any one of 3 quantafi states of energies 0,E

and 3[,. System is in contact with a heat reservoii at T. Find the partition functions if the
particles obey 1)B.E statistics and2) F.D statistics?

x3=tl2weightage)(+

'j

l
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Section A
Answer all questions.

Each question carrics a weightage of L.

1. What is the difference between a micro state and a macro state?

2. Explain degenerate state and statistical weight factor.

3. State the postulates of equal a priori probability

4. Ttrhat is the criterion for classifyiag.particles into bosons and fermions?.

5. Draw the phase diagram for a particle free to move in one dimension.

6. What is grand partition function?

7, What is the thermodynamic meaning of Fermi enerry?

8. Define virial co-efficient

9. Explain Gibbs paradox.

10. Name and explain the statistics obeyed by free electrons in metals.

11. Explain the term fugacity.

12. Why the electrons in a metal do not contribute to its specifrc heat at room temperature?

(12 x 1= 12 weightage)

Section B
Answer any two questions.

Each questinn cani,es a weightage of 6.

Derive Liouville's theorem and explain its consequences.

Explain microcanonical ensemble. Find the quantum states and the phase space of linear
harmonic oscillator.

13.

14.

T\rr:r over



-.:'
:.

15. Describe the therrnodynamic behaviour of an ideal Bose gas.

16. Give a theoretieal description oJPauli pararnagnetism.

G 836n0

(2xG = 12weightage)

Section CSection C

Answer any forlul. questinns.

Each question carries a weightage,of i.

17. A Maxwell-Boltzmann system"of N particles exists in any of the three non-degenerate
states-E,0, E. Find the entropy of the system at OI(

18. tr'ind Cv of a monoatomic ideal gas using equi-partition theorem.

19. For a gas obeying Maxwell velocity distribution, obtain the most probable speed of the
molecules..

20. Prove that the phase space area equivalent:to one figen state of a }inearhamonic oscillator
is n.

21. -Find the fluctuation in the number of particles in a perfect gas obeying F D, statistics.
.

22. A cubic meter of atomic hydrogen at STP contains about 2.6 x 1d5 atoms. Find,tbenumber of
atoms in their first excited state at 1000 K"

:1.,*::= -?'r '"- -.: _ :,, 1=i'.ai":-l -:,i:f:n :':,(4Je8,:l:.l2rXeightage)
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Section A
Answer all questians.

.EachQuestion carries a weightage of l.

Maximum: S6.Weightage
Time: Three llours

1. Define micro canonical ensemble.

2. Explain degenerate state and statistical weight factor.

3' What is the difference between Bose partieles and Fermi particles with respect to their spin and
wave function ?

Dra'vv the phase diagram for a partiele free to move in one dimension.

6. What is grand partition function ?

7. What is the thermodynamic meaning of Fermi energy ? '

8. Explain Bose-Einstein condensation.

9. Explain Gibbs.paradox.

10. Give the statist

11. What is the relation between fugacity and g potential ?

12' Why the electrons in a metaldo not contribute to its specific heat at room temperature ?

Section B
. a-- -Ansuer any two questinns., Each question caruies a weightage of 6.

13. Derive Liouville's theorem and explain its consequences.

(L2 x.L = 12 weightage)

/'

Tur:n over
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15.

16.

2

Explain the quantum mechanical ensemble theory. Explain density matrix.

Describe the thermodynamic behaviour of an ideal Bose gas.

Explain Pauli paramagnetism and obtain the expression for susceptibility.

(2 x 6 = 12 weightage)
Section C

Awwer any fout questians. .

Eaoh qrnstian 
"iui*" a weightage of g._vov v, e.

17' Caleulate the number of micro-states for four particles having a total energy of 6 E,
levels are equally spaced.

18' Atomic weight of Li is 6.94 and its density is 530 kg/m3. calculate the Fermi energy and Ferrni
fernFeratureofelectrons.,

.

19' show that when $r >> n, the B.E. distribution formula reduces to M.B. distribution._l

20. Prove that the nhase snrl'o qroq aa-i.,ol^-+ +^ ^-^ Er:--pnase space area equivalent to one Eigen state of a linear hdtrlinic oscillator is D.

2L' Find the {luctuation in the number of particles in a perfect gas obeying F.D. statistics.
22. A ryrticle of unit mass is executing s.H,M.,Fiad itsfajec@rJ.+ntli6.fffi*ffiffi-*-:=F1-*+- :

(4x3=12weightage)

F
i\,t*U

c-nazs
,\

i

tfue energy

l

l


