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PHYSICAL SCIENCES
PAPER III

Note :(—(7) Part A consists of 10 questions of 10 marks each. Attempt each question

in about 200 words (2 pages). All questions are compulsory.

(i) Part B consists of 16 questions of 25 marks each. Attempt any four
questions from Part B.'E_ach question is to be answered in about 500
words (5 pages).

(ii)) Log tables be allowed, but not a calculator.

PART A
fx) = %2 over -t < x < T.

Expand f(x) in the form of Fourier Series, and using it show that :

o0 (_1)n+1 _ 1[2

et n 12

Evaluate the following, using contour integration

o 12
J- 1+x2dx

0

The kinetic and potential energies of 'a conservative system are :

.2 02 o8
o2 2
T=%Mx +m(x +140 ;-2lx9cose)

V = -~ mgl cos 6.
Obtain the Lagrange’s equations of the system.
A particle of mass 2 kg moving with a speed of 3 m/s hits another particle
of mass 4 kg headon. The collision is perfectly elastic. Find the final speeds
of the two particles.

A charged particle moving with a uniform velocity 4i m/s in the region where

- ~ ~> A
E=20j V/m and B = By % tesla. Determine By such that the velocity of the
" particle remains constant.

Phy. Sc.—III 3 P.T.O.




6. A large number of particles ‘N are distributed in two levels with energy
El =—e/2
E2 = + /2.

Obtain the expression for entropy of such a system as a function of total energy
of the system. At what energy is the entropy maximum ?

7. Using the Uncertainty Principle, show that a particle in an infinite square
well potential will have finite kinetic energy.

- 8. Describe Laue’s, rotating crystal, and powder methods of X-ray diffraction.
What additional information, if any, one can obtain if one carries out neutron
diffraction experiment ? |

9. Obtain the expression for reflection coefficient for a beam of particles coming
from — e and incident on a potential step given by :
Vix) =0 forx<0
V) = Vg for x > 0
[Kinetic energy of particles is larger than Vj for x < 0].
10.  Discuss briefly the measurement of energy and time using electronic signals.
PART B
11. (@) Explain energy band diagram of an open-circuit PN junction. Show that
the contact difference of potential of the PN junction is given by

NDNA

’
nl

kT 1ln

where Np, Nj and n; are donor, acceptor and intrinsic carrier
concentrations respectively.

(b) What are the four possible topologies of a feedback amplifier ? Identify
the output signal and the feedback signal for each topology.
12. (a) What is a comparator qircuit ? How does it differ from a clipping circuit ?
Draw the circuit of a diode comparator and its output waveform.
(b) Explain how to modify a ripple counter so that it divides by N, where
N is not a power of 2. ‘
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13.

14.

15.

16.

17.

18.

19.

(@) Using OPAMs, develop a suitable block diagram of an electronic analog

computer to program the differential equation

2
%;2—]-+k1%vz-+k2V—v1=0
where v, is a function of time, k; and kg are real positive constants.
(b) Prove the Boolean identity
A+BC=(A+B) (A+C)»
(¢ Why do we use, at times, D/A converter for realizing A/D converter ?
(@) Explain the function of a master-slave J-K flip-flop. How is race around
condition eliminated in it ?
(b) Explain briefly the function of a four stage ring counter.
(¢) Explain the function of a full adder. How many half adders are required
to implement it ?
Elaborate the difference between spontaneous and stimulated emissions. Why
is stimulated emission used for lasing action ? Explain why population inversion
is necessary but not sufficient for a laser ?
Discuss the basic principle of NMR. For a magnetic field of 1.5 Tesla, what
will be the resonance frequency ? Distinguish between spin-spin and spin-
lattice relaxation. Give a block diagram of NMR spectrometer, giving description
of each block. [Given : p = 141 X 1030 J/gauss]
What is London interaction ? Prove that the total potential energy of two

atoms at separation R in a weakly bonded solid is

UR) = 4 e[(c/R)m - (c/R)G],

Describe Stern-Gerlach experiment for silver atoms. If we use a beam of carbon
atoms, how many different beams will emerge ?

Describe the Hall effect experiment for a metal having one type of charge
carriers. Obtain an expression for the Hall coefficient in terms of charge carrier
concentration. |

A rectangular block of monoatomic metal of dimensions 2 cm X 8 cm X 4
cm is used for the Hall effect experiment. Constant current of 25 amp. is

Phy. Sc.—III 5 P.T.O.




20.

21.

22,

23.

24,

25.

26.

allowed to flow normal to one face of the block, and a magnetic field of 1
Tesla is applied normal to another face. Which faces should be chosen for
obtaining maximum Hall voltage ?

Distinguish between metals, semiconductors, insulators and superconductors.
Describe how Brillouin zone helps to understand diffraction phenomena in
crystal lattices. Show that for a square two-dimensional lattice, the kinetic
energy of free electron at a corner of the first Brillouin zone is higher than
that of electron at the midpoint of side-face of the zone by a factor 2.
What are different sources of polarizability of a solid ? Prove that the electric
field at the site of an atom in the solid is greater than the external field
by a factor proportional to the polarization density.

Describe the tight binding method for calculation of band structure. Obtain
an expression of the energy band in a simple cubic solid using this particular
method, Assume nearest neighbour interactions only.

Explain the terms :

(® secular equilibrium;

() transient equilibrium. ,

Obtain relevant equations and discuss the necessary conditions.

Give the evidence for nuclear shell structure, and explain the detailed structure
of nucleus using single particle shell model. What are its limitations ?
What do you understand by Q-value of nuclear reaction ? Discuss the compound
nucleus theory of nuclear reactions. Give the experimental evidence in support
of thé theory.

Discuss the classification of elementary particles in various families. Why is
it necessary to introduce strangeness quantum number ?
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