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

2.      Question 1 is compulsory.

3.     Attempt any 4 questions out of the remaining 5 questions.

4.     Symbols have their usual meaning.

Q. 1  Answer any sir from the following:

(i) Define the term, microstate and macrostate giving one example each?

(6 x 3 -18)

(ii) Draw the graph for the variation of  entropy (S and specific heat (Cv) with respect to
temperature (r > 0 )  for  a  two level system.

(iii)  For a classical system of N-atoms, energy of each atom of mass ;# is given by

€=4(x3+y3)+±(p:+p;)+@2(x2+y2)+¢(x+y)

where    cr, P and ® are constants. Determine the total energy and average energy

per particle of the system using equipartition theorem.

P.T. O .
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(iv) Write three properties of liquid Helium.

(v)  Calculate the total nuniber of possible ways of distributing 2 bosoms in 3 quautum states.

(vi)WritethreepropertiesoftheparticlesthatfollowsFermi-Diracstatistics.

(vii) Calculate the Fermi energy for silver using the following data:

Atomic weigiv = 108, Density = 10.5 g/cm3.

Q. 2 (a) Show that the entropy (S) and themodynamic probability (a) are related as

s = kBbeQ

® A system of 4 ideal classical particles can be in any one of 4-states of energies €, 2€,
3€ and 4€ respectively. Iftotal energyis l5€  forthis system, calculate its entropy.         6

(c) Prove  that  the  partition   function  for   an   ideal   monoatomic   gas   consisting  of  N
distinguishable particles in a cubical volume V at temperature T is given by :

Z = VN C2.ITmkBT /h;2y3N /2.

Q. 3  Consider a two level system of N distinguishable particles. Each particle can occupy
only one of two energy levels of energy €i  and  €2   (where  €i  <  g2).  Particles are distributed
in such a way that ni particles are present in level of energy 81   and n2  paticles resides in
energy level €2. (Assume N to be very large and N =  ni + n2)

(a)  Find  the  entropy  and  energy  of this  system.  Show  that  entropy  of this  system  is
maximum when n2 = N/2.                                                                                                         9

a)  Obtain the general expression of temperature for the above mentioned isolated system and
explain how it is possible to attain negative temperature for this system.                            9

Q. 4. (a) Obtain Planck' s radiation formula using Bose-Einstein statistics.

a)  For  a photon  gas,  show that the  speciflc heat at  constant volume  (Cv)  is  3
times  its entropy.                                Cv = 3S
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Q. 5  (a)   Obtain the Bose-Einstein distribution function. Show that at high temperatues, this
function reduces to Maxwell-Boltzmam distrit)ution function.                                    9

@) Show that below the transition temperature (T < Tc), pressure of an ideal quantum gas
consistingofNnon-relativisticspinlessBosonpaticlesin3dimensionsisgivenby

PCT) = O.51CNexkB/V)T

where Ives is the number of bosoms in the excited state and Pis the volume.

Q. 6 (a) Using the following data of a white dwarf star, find the nature of the electron gas
insidethesame:asphereconsistingofheliumgasofmassM=103°kgwithdensityp=10]°

kg/m3 and temperature T of the order of 106 K.   (use mass of proton a 10-27 kg and  mass of

electron a 10-30 kg)                                                                                                                                         9

(b)  Calculate the  temperature  (in terms  of Fermi temperature  TF)  at  which the  chemical
potential H of an electron gas become zero.

Use:

/ocO# - 0.678

Some useful constants and integrals :

c = 3 x |08 ms-1,

J"e -9.11 x 1o-3l Kg,

b = 2898 Hm K,

a = 5.67 x |0-8 Tm-2s-lK4,

ft = 6.626 X 10-34 J s = 4.136 X |0-]5 ev s,

frB = 1.38 x lo-23 uns = 8.617 x io-5 evK,

xn-1dx
(z-1e#)-1

-I(tt)gtt(z) ;  gft(1) -?(71)

P.T.O.
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#n-1d#
(z-1e#)+1

= r(7t)f7.(z) ;  f7t(z) = 97,(z) _ [2i-7ig„(z2)]

?(3/2)  =  2.612,?(5/2)  =  1.341,f3/2(1) =  0.765,

"2,-g,"4,-g,r(:)-V=


