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[5429] - 3001
M.Sc. (Semester - III)

PHYSICS

PHYUT - 701 : Statistical Mechanics in Physics

 (2014 Pattern) (4 Credits) (Credit System)
Time : 3 Hours] [Max. Marks : 50

Instructions to the candidates:

1) Attempt any five questions out of eight questions.
2) Draw neat diagram wherever necessary.
3) Figures to the right indicates full marks.
4) Use of logarithmic tables and calculator is allowed.

P2101

Q1) a) Explain, the concept of phase space. [4]
b) Show that the energy in Canonical ensemble can be represented as –

S = – K   P
r
 ln P

r
[3]

c) Explain the Boltzmann limit of Boson and Fermi gases. [3]

Q2) a) Compare the basic postulates of Bose-Einstein and Fermi - Dirac
statistics. [4]

b) Using Canonical ensemble, show that the pressure [3]

n1 l z
p =

β v




c) Two states with difference of energy 4.8 x 10–14 erg occur with relative
probability e2. Calculate the temperature. [3]

SEAT No. :

P.T.O.

Constants :

1) Boltzmann constant K
B
 = 1.38 x 10–23 J/K

2) Plank’s constant h = 6.623 x 10–34 J-sec

3) Avogadros’s number N = 6.023 x 1023 /gm-mole

4) Mass of electron m
e
 = 9.1 x 10–31 kg

5) Velocity of light C = 3 x 108 m/s

6) Charge on electron e = 1.6 x 10–19 C
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Q3) a) Write a note on White - Dwarf. [4]

b) Write a note on Gibb’s paradox. [3]

c) Write the postulates of equal priori probability. [3]

Q4) a) State the partition for B.E statistics and obtain B-E distribution in the
form [4]

ss ( μ)β

1
n

e 1 


where, μ  is the chemical potential.

b) State the equipartition theorem. Hence find out mean energy for solid
consisting of N-molecules. [3]

c) Write the assumption of Debye model. Hence calculate 3
D , where D  is

Debye cut-off frequency. [3]

Q5) a) Show that at high temperature Bose-Einstein and Fermi-Dirac distribution
reduce to Maxwell - Boltzmann distribution. [4]

b) Comment : To a given macrostate of the system there correspond a large
number of microstates. [3]

c) The molar mass of lithium is 0.00694 and its density is 0.53 x 103 kg/m3.
Calculate Fermi energy and Fermi temperature of the electron. [3]

Q6) a) When the chemical potential μ =0 , show that Bose temperature is

22 3

b

h N
T

2πmK 2.612
    

. [4]

b) Maxwell distribution of speed for a molecule is given by – [3]

23 mv2
22kT

m
F(v)dv= 4πn .e .v dv

2πkT

 
  

Show that root mean square (r.m.s.) speed is

rms

3kT
V =

m
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c) The system has two states of energy E
1
 = 0 J and E

2
 = 1022 J. Find the

probabilities P
1
 and P

2
 for the system to be in states 1 and 2 respectively,

when the mean energy of the system is 0.2 E
2
. Assuming Boltzmann

distribution calculate the Bose temperature. [3]

Q7) a) Obtain partition function of photon gas. Hence derive Planck’s radiation
formula. [5]

b) Show that the Fermi energy of Fermions is [5]

2
2 2 3

F

3π N

2m V

 
   

 


.

Q8) a) State and prove Liouville’s theorem. [5]

b) Obtain an expression for vibrational specific heat of constant volume for
a diatomic volume. [5]


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[5429] - 3002
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Instructions to the candidates:

1) Attempt any five questions out of eight.
2) Draw neat labelled diagrams wherever necessary.
3) Figures to the right indicates full marks.
4) Use of log table and calculator is allowed.

P2102

Q1) a) Derive an expression for carrier concentration for the intinsic
semiconductor. [4]

b) Write a note on diffusion process. [3]

c) Find the position of Fermi level with respect to the bottom of the
conduction band (E

C
 – E

F
) for a silicon sample at 300º k, which is dopped

with 2 x 1010 cm–1 fully ionized donors. [3]

Q2) a) Describe the different methods of fabrication of p-n junction. [4]

b) What do you mean by Hall effect? Derive the expression for Hall voltage.
[3]

c) Define the Depletion layer capacitance. Derive the expression for the
same. [3]

Q3) a) Explain the method of formation of transistor. [4]

b) Write a short note on Schottky diode. [3]

c) A silicon sample at T = 300ºk contains an acceptor impurity concentration
of N

A
 = 1016 cm–3. Determine the concentration of donor impurity atoms

that must be added so that the silicon is n-type and Fermi energy is
0.2 eV below the conduction band edge. [3]

SEAT No. :

P.T.O.
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Q4) a) Derive the basic current voltage relationship for transistor. [4]

b) What do you mean by power transistor? Explain its working. [3]

c) Calculate the built in potential for a Silicon p-n junction with
N

A
 = 1018 cm–3 and and N

D
 = 1015 cm–3 at 300ºk. [3]

Q5) a) Explain energy band diagram in metal Semiconductor contact with the
help of neat diagram. [4]

b) Derive an expression for barrier height. [3]

c) Calculate the applied reverse - bias voltage at which the ideal reverse
current in a p-n junction diode at T = 300ºk reaches 95% of its reverse
saturation current value. [3]

Q6) a) State and explain working of narrow base diode. [4]

b) Define and explain the diffusion theory in metal insulator semiconductor
devices. [3]

c) Compare the Schottky diode with p-n junction. [3]

Q7) a) State and explain the basic equations for semiconductor devices
operation. [5]

b) Explain in detail formation of transistor. [5]

Q8) a) Explain the carrier transport phenomenon in semiconductor. [5]

b) What do you mean by carrier generation and recombination? Explain in
brief. [5]


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M.Sc. (Semester - III)
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Instructions to the candidates:

1) Attempt any five out of eight questions.
2) Figures to the right indicates full marks.
3) Use of logarithmic tables and calculator is allowed.

P2102

Q1) a) Using WKB approximation, show that energy of linear harmonic oscillator
is [4]

1
E =

2
n w  
 



b) Obtain Bohr’s quantization condition that bound state satisfy. [3]

c) Explain discrete lattice translation. [3]

Q2) a) Explain the Collision process between identical particles. [4]

b) Interpret the concept of identical particles. Explain parity. [3]

c) State connection formulae for WKB approximation. [3]

Q3) a) Obtain antisymmetric wave functions for a system of two electrons. [4]

b) Explain Einstein coefficient for spontaneous emission. [3]

c) Discuss Ramsaur effect for low energy Scattering. [3]

Q4) a) Show that the variational method gives an upper bound to the ground
state energy. [4]

b) State Wigner - Eckert theorem. Write its applications. [3]

3
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c) Show that the kinetic energies in laboratory frame (Lab) and centre of
mass (CM) frame are related by - [3]

l
Lab cm

M
T T

μ


where, μ  is reduced mass.

Q5) a) State and prove Fermi-Golden rule for transition probability per unit
time. [4]

b) Discuss space and time translations. [3]

c) Using WKB approximation, obtain the transmission probability for barrier
potential. [3]

Q6) a) Discuss Heisenberg picture in Quantum Mechanics. [4]

b) Discuss the conditions of validity of WKB approximation. [3]

c) Using WKB approximation, explain field emission of electron. [3]

Q7) a) Deduce the expression for scattering amplitude using Born-approximation
for Yukawa potential. [5]

b) What is harmonic perturbation? Obtain an expression for transition
probability. [5]

Q8) a) Using variational method, obtain ground state energy of hydrogen atom
by using trial wave function

αrψ(r)= A.e , where α  is variational parameter.. [5]

b) Using partial wave analysis method, show that total Scattering cross-

section for Scattering from hard sphere is 24πa , where ‘a’ is the radius
of Sphere. [5]


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