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Attempt Five questions in all,
Question No, 1 is compulsory,

l. Answer any five of the following : (2x5)

(a) Under what conditions Bose-Einstein and Fermi
Dirac distributions reduces to classical distribution,
Show graphically such variations.

(b) What are the main constituents of white dwarf
stars ? What prevent the gravitational collapse of

white dwarf stars ?

(¢) Explain whether the law of equipartition of energ‘y
can be applied to the system of classical harmonic

oscillators.

icati f Richardson
, one application o
(d) Discuss any
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(e) State wien's Displacement Law.,

0 Distinguish between the macrostates and

microstates.

(g) State Kirchhoff law of thermal radiation and give

one application of it.
UNIT -1

(a) Derive Sackur- Tetrode equation for the entropy
of an ideal gas. Show that the entropy of mixing
is zero for a reversible process.

(b) Suppose the number of microstates, Q(U, N) of
an isolated system is described by

Assuming N is very large, find entropy S(U, N).
internal energy U(S, N) and temperature for such

system. (4,3)

Consider a paramagnetic solid consisting of N particles
each having a magnetic moment L, that can either be
parallel or antiparallel to an external magnetic field

B.

(i) Find the total internal energy and the entropy

for such a system.
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(i) Discuss the case when the entropy of such a

system is maximum.

(i) Explain how it is possible for such a system to

attain negative temperature. (3,2,2)

UNIT - 11

(a) Derive the expression for pressure exerted by

diffuse radiation.

(b) Establish the relation between the volume and
temperature for blackbody radiation undergoing
adiabatic expansion in a spherical enclosure of
perfectly reflecting walls.

(c) Using Planck Radiation formula, derive the
Stefan’s law. (3:2,2)

(a) Explain the principle and working of a three level
laser. Discuss its limitations.

(b) Find the ratio of spontaneous to stimulated emission

for a two level system in thermal equilibrium.
(4,3)

UNIT - III

mber of quantum
d g + de for a
(2)

P.T.O.

(a) Derive the expression for the nu
states in the energy range & an
massless relativistic particle.




8.

9.

fixed number of
ture T, (1,4)

(b) Plot the distribution function as a function of energy
for a electron gas at T=0K and T>0K. (2)

(a) Explain the terms weak and strongly degenerate
gas @)

(b) Derive the expressions of chemical potential,

t
Pressure and specific heat for a strongly degener ?5‘)3
system of electrons.

(1600)

378 4
(b) Derive the expregy; 4
heat and cnlr.l %'.Om 4 “lfCl'ilnlcncf ' Specip
{ opy for the Photop Lag l("‘
5)
i w.(a) Discusg brlefly the quantuatlon Otatj
Mmotion, e
(1)
(b) Derjve the ey
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Attempt Five questions in all :
Question No. 1 is compulsory.
All questions WIY equal marks.

Symbols have their usual meanings.
5x3=15

I Atiempt any five of the following :
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(d) Giv; iwo applications of Kirchhoff’s law of thermal radiation.
(¢) The thermodynamic probability of an ideal gas increases from 101010 10100 . iy
the change in entropy.
(fy Graphically compare the distribution functxons for the three statistics,

(g) Whenis a gas called degehétaie ? How is a completely degenerate Fermi gas diffe

3 -ﬁ'om a completely degeneraxé Bose gas ?

(h) State the principle of equipartition of energy. Give two examples where it is ml

B T g

h?ﬁv paradox was mlved?
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(o)

For a strongly degenerate Bose gas,

'S specxﬁc heat C““anishow tbat CV :

(3)

Using this law, obtain : 6247

0] Wien's displacement law and
(ii) ~Stefan’s law.

Show that the electron gas in a white dwarf star of mass M =2 » 1099 ko and dens
B ity

= 10 __3 e .
p=10""kg m 1§ highly degenerate and relativistic. The temperature of the star is

of the order of 106 K. 4
Obtain the mass-radius relaﬁonship for such a star. g
Show that the star cannot exist(é:s a white dwarf star if its mass is greater than the

-
2

Chandrasekhar mass limit.

a2

A system 'of bosons c%mnot have a positive chemical potential. Explain.

find the expressions for the interna energy U, entiopy

1.5 8.

. ghe varl - p |
W:ththe help of graphs: s_ho“.'-‘hi‘ Sl -
A P
states, With temperature. o 5

_mdthatinm'“"‘.‘“ £




7. @  Write the expressio

0
0

- | &
' microstates forasystexﬁ obeying F-D styr..

; n for the total number of

'

the F-D distribution function.

Using this, obtain
(%) Plot the distribution as a function pf energy for T = 0 K and T > 0 K.

(¢) Obtain
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Question No. 1 is compulsory.
' Attempt one question from each of the units.

I. Answer any five of the following :

(a) Calculate the number of ways of arranging three
Fermions in four available states.

(b) Show that for adiabatic expansion of black body
radiation

TV3 = constant

(c) Derive the relationship between energy density

of diffuse radiation and the pressure exerted by
it.

|
Es
:

(d) Explain the significance of partition function in
statistical thermodynamics.

B0,
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(e) Can negative temperatures exist in a system
having energy levels going toO infinity 7 Give

reasons.
i)

(f) What are the drawbacks of a two-level laser ?

1 Gas and Bose

(g) Compare the properties of Ferm
(2%5)

Gas at T=0K.
UNIT -1

7 Obtain the expression for the thermodynamic

probability of a system following Maxwell Boltzmann

Statistics and hence deduce most probable distribution

s of chemical potential and i
(2,3,2)

function 1in term

temperaturec.

artition of

3. (a) State and prove principle of equip
(4)

energy.

(b) Discuss 1ts relevance in the study of specific heat

of a monoatomic gas and diatomic gas. 3)

UNIT - 11

4, (a) Derive Saha’s Tonisation formula.

(b) Give any one of its practical application. (6,1)

10
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(a) Derive Planck’s law of Black Body radiation.
Discuss its limiting cases for large and small

wavelengths.

(b) Distinguish between spontaneous and stimulated

emission. (5,2)
UNIT - III

6. (a) Derive the expression for the temperature at which

Bose Einstein condensation occurs. (4)

(b) Explain the relationship between Bose Einstein
condensation and Lambda point transition in
Helium. (3)

7. Distinguish between Ortho and Para hydrogen. Explain

the relative proportion of Ortho and Para hydrogen at

room temperature and absolute zero. (2,5)
UNIT -1V

i. Derive Richardson Dushman equation for thermionic

emission of electrons from a metal. How can it be

used to calculate the work function of a metal ?

(7)
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(a) Define Fermi Energy and derive the expressia
n

9.

for it.
(3)

(b) If the Fermi energy of a metal is 3.15 eV, find
the Fermi energy of another metal whose

number density is nine times that of the former

metal. )

(c) Show that the electron gas in a White Dwarf Star ‘,

is relativistic and completely degenerate. (2) |

-

(500)
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(h)

(a)

- the temperature, number density and mass of particles ?

(¥ 956
Determine the wavelength corresponding to the maximum emissivity of a black body at

a temperature T equal to 3°K and 5000°K. Take b = 2898 umK. In what spectra]

region will the wavelengths be found ?

Explain Bose-Einstein condensation. How does it differ from ordinary

condensation ?

Derive conditions for a strongly degenerate gas. How does the degeneracy depend upon

Derive the expression for the Fermi momentum of a collection of electrons with number

density . '

Calculate the partition function, energy and specific heat for a classical system of N particles

and three energy levels 0, €, 2 €.

The Fermi energy for metal-A is 3.15 V. Find its value for metal B given that the free

electron density in metal B is nine times that in metal A.

State and derive the law of equipartition, of energy. Discuss its relevance and Jimitations

with respect t0. the Spet:iﬁc' heat of 5 diatomic gas,

NS

13
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(b)

(@) '

(a)

()

~ Calculate the num

956

What do you understand by p

artition function 9 ryee \
function 9 Derive expressions for interrial energy

(U), entropy (S) and s SRt e - ‘
; hea (Cy) in terms of partition function. 10.5

What 1s the t P o St
hermodynamic definition of temperature ? Explain the emergence of negative

CMPEratures in & system of magnetic dipoles with spin half in & magnetic field.

Hlow Is entropy related to probability ? Derive a relation between them. 114

What are the basic assumptions of Planck’s theory of black body radiation ? Derive
Planck’s law of black body radiation. Under what conditions does this law reduce to

Rayleigh Jeans’s law and Wien’s law ? "

Deduce the expression for Stefan’s constant from Planck’s black body radiation

10,5
formula.

‘What is Bose-Einstein distribution law ? Derive expressions for energy, entropy, specific
is -

heat and pressure of strongly degenerate Bose gas.

‘ i i Sation.

f ways of arranging four Bosons in seven different states, 10,3.2
st Be” 5" s . \ :

< REOK

14
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Instructions for Candidates

Write your Roll No. on the top immediately on receipt of this question papes.
Attempt five questions in all.

Question number 1 is compulsory. f
Symbols have their usual meaning.

Answer any five of the following:

(a) Describe two applications of Kirchhoff’s law of black body radiation.

(b) Find the number of microstates for a system of three particles
and three quantum “states, if the system obeys M-B, B-E and F-D

statistics.

(c) A photon gas is an ideal boson gas. Justify this statement b

J

reasons.
A
(d) The density of conduction electrons in a metal is 0.1 kg/
erature for the metal.

Fermi energy and Fermi temp

i _.y' - ol
. A B
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(b)

(b)

(b)

2

A body at 1600 K emits maximum energy at a wavelength 20,000 A°. If the

sun emits maximum energy at wavelength 5500 A° what would be the

temperature of the sun ?

Define ensemble. Distinguish between micro canonical, canonical and grand

canonical ensembles.

What is Hertzsprung-Russell diagram ? Discuss the position of white dwarf

and red giant stars on this diagram.

Can negative temperature be achieved in a system having infinite number of

energy levels ? Justify your answer. (5x%3)

State and derive the principle of equipartition of energy using statistical

method and discuss two of its limitations.

Establish the relation S = k,log Q, where Q is thermodynamics

probability. (9,6)

What are the basic assumptions of Planck’s theory of blackbody radiation ?

Derive Planck’s radiation formula for a blackbody treating it as a collection

of oscillators.
Use Planck’s radiation formula to obtain Stefan’s constant. (10,5)

What is ultraviolet catastrophe ?

For a particular temperature the emissivity and absorption coefficient

at wavelength 1000 A for a body is 8 and 0.5 units respectively
Deduce the emissivity for & black body at the same bemget atmr e paed

wavclength

17




(c)
5. (@
(®)
6. (a)
(b)
7. (a)

3

Derive Sap
Sana’s mmmlmn formu)y
<

and mention two of its important

(3,3,9)

applications,

; : ;
What 1s Bose-Emstein Ccondeng

ation and how is
. it differe 0
condensation ? Show *nt from ordinary

that the lemperature

at which the onset of Bose-Einstein
condensation occurs j 1S given by

2 %
T = h N ; :
2nmk | 2.612V where k is Boltzmann’s constant.

Obtain the fractions of bosons in the condensed phase (N_,/N) and in the

excited state (N, /N) as a function of temperature parameter (T/T ). Represent
them graphically. (10,5)

Obtain the expression for the thermodynamic probability(Q)of a fermion

system and hence deduce its distribution function

1

n(EN=_

< ( ]> eﬁ(c‘p}_i_l

Show that the specific heat at constant volume for an ideal Fermi gas at
T<<T, is given by

(T

' 10,5
where T, is Fermi temperature. (10,5)

ic di i i nonical

Consider a system of N magnetic dipoles in a microca ;
ic i ; yumber 0

ensemble under a magnetic field B. Enumerate the I e
ystem at energy E and henc

microstates, Q(N,E), accessible to the s

RT.Q,

18
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~ evaluate the expressions for anarsy and entropy. Discugs t’he-att'aih'abi'l{ Sre
s § 2 negative temperature for such a system with suitable Hﬁhémat:y

A _ i ‘ i
 diagrams. L

1

¥

R e ¥ 5 PTG oS ai el I 3 S - ) - i a
(b) Show that the maximum entropy for thl__s-::systema,;s given by e = N

i e bt '-4..‘:‘ | 5

2 5 S=Nk3 iﬁg"f?.\ .

A

19
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‘(;g) .-A black body has its cavity of cubvical gy
‘Dmermtpe the number of modes of vibration - "
volume in the wavelength range of 4990 - 5010

CF upy

(h) Differentiate between degenerate energy. leve| g
degenerate gas. » £ S

2. (a) Define thermodynamic . probability and heng
establish the relation between thermodynarmic probabilj
and entropy. Identify the constant appearing in
SXpression.

(b). Consider a gas consist of N distinguishabl
particles, Every particle has access to two non-degenerat
energy levels of energy 0 and & . The gas occupies th
fixed volume and also in: thermal equilibrivm with 4
reservoir at temperature T. Calculate the internal energy
and entropy of such system. 10,3

3. (a) Prove that the parﬁﬁon- function for an ide
monoatomic gas consisting of N indistinguishabl
particles is given as:

__;.V” ﬁg AN
ZE '*ﬁ(“ 7 ) _

arice of 1/N! term in the abow

Explain the signific
eXpression. '

rive the Sackue
ence show th.

3

(b) Using' the. above ‘éxpression, de
Tetrode equation . for the entiopy. Hence
entropy is behaving as an eX{ensive parameter.

|
' _ . ' : S mh“

4. (a) Write an: expression _fpr-therqu;:}r;}aﬁn;:;g;l g
ability of a macrostate for a syste‘,:“ 19 f;q_ui!ibl’i"'

Dinstein statistics and hence obtai

\

21



A

disteibution function for bosons having fixed mumber o
particles and energy at temporature T,

(b) Show that below the condensation temperatur
{Te )\ the specific heat of'a *He gas is given by ;

Cv = 1,92 Nk (T/Te) "2 oy

"

5. (&) Consider a photon gas enclosed in a valume ¥V o+
equilibrium with temperature T, Show that the averan
number of photons in this volume V is proportional 67

- {b) Starting from distribution function for Fermi Dir

statistics, derive an expression for Fermi montentum o

| electrons at T=0 K and hence show that the de Brogtic
wavelength associated with the electrons is:

| L A=2n” f
- where n is the number density of the electron gas. 8.7
6. (8) What is Hertzsprung-Russell diagfﬁﬁif? Disouss the
position of white dwarf and red giant stars on this
diagram. |

_ ~ {b) Consider the followiny model of a white dwir _

.~ star 8 gas sphere consisting of helivin of mass Mejo™ 2=
kg at a density of p=10"" kg m™ and & (conwa) e
temperature 1 is of the order of 0% K. Show th
gas inside the white dwarf star is steongh
ghly relativistic, i

T

5

B
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 Instructions for Candidates

1. Write your Roll No. on the top immediately on receipt
of this question paper.

2. Non-programmable Scientific Calculators are Allowed.

SECTION A

Question No. 1 is compulsory.

1. Attempt all parts of this question :

~ (2)Find out the total number
3 particles in two energy gro

24




2268A 2 )

so that 2 particles are placed ip One ene; |

8y
€3 here
are (1) identical and distinguishab]e (i) identjc,

group and one particle in the other, Partic]

indistinguishable and (iii) identical 1'nd1'stinguis,hab[E

and obeying Pauli exclusion principle.

(b) Find out the condensation temperature for He J|

given that the volume occupied by 1 g mole of the

gas is 27.4 cm?,

(c) Find the Fermi energy of the electrons in silver.

Given that atomic weight is 108, density being 10.5

gm/cm?3.

(d) Given a Fermi gas, what 1s the mean occupation |

number for a state with energy 3kT/2 above the
Fermi energy?

(e) A cavity of volume V, and at temperature T i$

filled with radiation, rf the radiation pressure is 1 |

atm, what is its temperature? (1 atm = 1.01'* 10% 's
N/m?) r

25
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(f) Consider a system of three distinguishable particles

with particle energies 0, o, 2¢, 3¢ ... Let the

total energy of the system be 3g. Enumerate e
macrosates and microstates of .the syStem What

is the probability that at Ieast one partlcle has

energy €.

(3><5_4)

Attempt any two parts from each quést?ibn;_:__

Each part carries 7 marks.

2.

26
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/

Assuming that the system ig In thermg] equilip,
”um

at temperature T, compute (a) the mean g,
! r'if'(;

speed v? and (b) mean Square displacemey,, 4

f
a particle, where 12 = x2 4+ y? + 22

(¢) For a system of N particles, distributed ip 7 nop.
degenerate SHCIgyYEstatess s €, find the

internal energy and éntropy at temperature T9
Show graphically the variation of internal energy

and entropy with temperature,

3. (a) Show that the single particle partition function for

an ideal monatomic gag enclosed in volume V and
at temperature T is

( 2nka)3/2
Zi= | el
h? '

Find the average energy ang Pressure for 4 system

of N such distinguishab]e Particleg.

(b) For a system of N particles distributed i .
states and degeneracies given by

27
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LE];O‘gl: | and €, = 2€, o L
Find the ratio of particles in the ground and excited

state at a temperature T. Also calculate the internal

energy of such a system at temperature ik

(c) Consider a system of N particles accommodated
in non-degenerate states of energy 0, €, 2€, -
Calculate thermodynamic probability for the system
for( ) E= € and (ii) E = 2¢, where E is the total
energy of the system. What is the temperature of

the system as E changes from € to 2€?

4. (a) Derive gaha’s ionisation formula for the degree

of ionisation of gas in @ star.

(b) Using Planck’s 1aw of black body radiation

grh v dv
u, dv= e—
¢ (e“ -1)

e total energy density

derive an expression for th
fic heat of black

of radiation. Compare the speci

P.T.O.

7

28



2268A 0

i
body radiation in a cavity of volume Vat tem

Dcraturg

T, with the specific heat of a monoatomie g,
b (“'

N particles at same temperature and volyp,

Given f = i :
0-e*=1-9(0

(c) A planet of radius R; is in a circular orbit aroynd
a star of radius R,. The obital radius is r. The star
can be assumed to be emitting radiation at
constant rate as a black body, Assuming the planet
too to be a bIack-bédy, Which both absorbs the
radiation from the star and emits it into the space,
find its equilibrium temperature as a function

of star temperature T0i [hec planct cap be

approximated to be g disk of radjys R

5. (a) Give Bose’s derivation of PJ

anck’s black body
radiation formula.

(b) A system of five non-interacting Spin-legg Bosons

le can p in T

N an €Xcited

in equilibrium is such that each partie
the ground state with energy B =g or i

state with energy E, = 3e. The gro

29
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6.

non-degenerate and the exciteq state is four-f 1d
-fo

degenerate. If the tota] Cnergy of the System i
1s

= l1e, what is the €ntropy of the System?

exceeds g(%) (27trnkT)§2' /hs :

(a) What are the contents of a white dwarf star?

Show that electrons in a white dwarf star behave

like a strongly degenerate relativistic gas.

(Parameters of a white dwarf star: M = 2 x 1030k
P=10' kg/m? and T=107K.)

(b) For a completely degenerate Fermi Dirac gas of

N molecules the density of states is given by :
g(e)de = ag Ve’

where a, and n are constants, g_is spin degeneracy
- and V is the volume, Calculate the Fermi energy

. and total energy of the system at zero Kelvin

temperature.

30



if number of electrons in the sa

Me volym, i
doubled.

Constants

k=1.38x102 /K
m=-071 1] )31 Kg
b =2.898 x102 m-K

G = 5.67 %1078 J/m?/s-K4
h™=%6,626 <1034 T.o

Avogadro No. = 6,023 x 123 particles
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