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PHYSICAL SCIENCES
PAPER III

Note :—(@) Part A consists of 10 questions of 10 marks each. All questxons are

compulsory.

(@iD) Pért B consists of 16 questions of 25 marks each. Attempt any four
% questions from Part B.

PART A

1. Give the Fourier series analysis of finite wave train and establish the

uncertainty principle.

2. Show that the electric and magnetic field vectors satisfy

1 2 ﬁ
H

where v = ¢/n and n is refractive index of the medium which is source-free.

Also show that the Poynting’s vector for a plane electromagnetic wave is

-
=F|Eo|2 —’i—cosz(z.;—mt)
S

where E; is amplitude of the plane wave.

3. State clearly the Biot-Savart law. If two long parallel wires carry a steady

current I; and I, are separated by a distance R, then show that the force

per unit length between two wires is proportional to I;I5/R.

- - -
4. (@) Given a virial theorem <T> = > <ZF;.r, >, show that, for potential
i

V = ar**}, <T>=n+1

<V>,
(b) Define Legendre transform. Show that the Hamiltonian -H(q, p) ié a

Legendre transform of Lagrangian L(g, Q). R
Phy. Sc.—III | 3 - PTO.




10.

11.

Consider a motion of a simple pendulum.

(@ How many degrees of freedom are for simple pendulum ?
(b) Write equations of constraints for its motion.

(0 Write Lagrangian for the simple pendulum.

(d) Write Hamiltonian for the simple pendulum and write Hamilton’s

equations. Solve these equations in small angle approximation (sin 0 = 8).

(@) Using Heisenberg’s uncertainty principle estimate the ground state energy
of linear harmonic oscillator.

(b) Establish the commutation relations among the components of orbital
—
angular momentum I,.

Considering two-fold degeneracy prove that perturbation removes degeneracy

and discuss Stark effect on the first excited state of Hydrogen atom.

(@ Using canonical distribution, derive Maxwell-Boltzmann velocity

distribution for an ideal gas at absolute temperature T.
(b) Find the average energy of the gas at temperature T.

Discuss the differences in the detection mechanisms for gamma rays, neutrons
and B-particles.

Distinguish between the voltage pulse and current pulse at the output of a
photomultiplier in a scintillation detector. Use the output circuit network to

discuss your answer.
PART B

Explain P-N junction v-i characteristics. If in a semiconductor diode, the ip1
= 10 mA changes to ipy = 100 mA at the two different operating points with
corresponding voltages Vpy; and Vpy, respectively, calculate the corresponding
changes in voltage AV = Vpj; — Vo at room temperature 25°C. Given that
Boltzmann constant = 1.38 x 10723 J/K, e = electron charge = 1.6 x 10~19

coulomb.

Phy. Se.—III 4




o

12. Draw a clamping circuit using an Op-Amp. Explain its working with appropriate

wave-forms.

If an input voltage v; to the clamping circuit is shown in the figure, draw

the output wave-forms from time ¢ = t; to {g.

vy

ty s

tg

i7 |ig

13.  Design a voting machine for a corporation that has boardmembers possessing
all the stocks distributed as follows :

A  owns
B owns
C owns
D owns

45

30

15

10

percent
percent
percent

percent: -

Each member has a percentage vote equal to his holdings and a total vote

greater than 50 percent required to pass a motion.

Phy. Sc.—III
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B

14.

15.

16.

17.

18.

19.

Construct an astable multivibrator using NOR gates. Draw wave-forms of the
outputs vy; and vgy of two NOR gates and derive the expressions for periods
T;-ON time and Ty-OFF time of its output. Design the multivibrator circuit
for the output frequency 2 kHz assuming T; = T,.

Describe the Stern-Gerlach experiment taking a beam of silver atoms. Why
are neutral silver atoms used in this experiment ? If the magnetic moment
of the silver atom is 1 Bohr magneton and the field applied is 0.50 T, calculate
the energy difference between the magnetic moment orientations in the two
spots. What will be the frequency of the radiation that would induce transition

between these two states ? Why one needs inhomogeneous field ?

Obtain the expression for Compton shift. Show that though the shift is
independent of wavelength of incident radiation, the fractional loss of photon

energy in case of X-rays is larger than that in the case of visible rays.

Obtain the condition for electron spin resonance. Hence show that the population
difference between lower and upper levels is proportional to the resonance

frequency.

When a system of electron spin is placed in a field of two Wb/m?2 at a certain
temperature, the number of spins parallel to the field lines is twice the number
of spins antiparallel to the field (Given pg = 9.27 X 10724 J/T; Kp = 1.38
x 10723 J/K). Calculate the temperature of the system.

Explain the Raman effect. Discuss how it is useful to study the rotational

and vibrational levels of a moleculé.

State, what is Meissner effect in a superconductor. Show that the magnetic

field penetratiori'in the superconductor is given by

B(x) = B, /M.

Phy. Sc.—III 6




20.

21.

22.

23.

24.

Phy. Se.—II1

where

T
)\' - mc
L [4nnq]

where n is the number of superconducting electrons per unit volume and g

is their charge.

State and prove Bloch’s theorem. Explain the origin of energy gap for nearly '

free electron model using Bragg condition. (Use one-dimensional arguments).

What is Bohr magneton ? Consider a series of N spins (S = %h) at temperature

T. Find ratio of equilibrium populations of total up spins N1 to total number

of spins N = N¢ + Nj. Find resultant magnetisation. Take a classical limit

constant

and show % = T

What is a Bravais lattice ? What are the different space lattices in a cubic

system ? How many lattice points per unit cell are there in each of these

lattices ?

(@) Define binding energy of the nucleus. Give the binding energy curve and

on the basis of which explain the phenomena of fusion and fission.

(b) Define parity of a nucleus. How does it restrict the nucleus from having

pd

an electric dipole moment ?

(@) In natural radioactivity, why an a-particle is emitted and why not two

free protons and two free neutrons from the nucleus ?

(b)) What energy must be imparted to an o-particle to force it into the nucleus

1
of 83Bi209. (assume suitable data g - = 9x 109 newton.meterz./coulombz).
0

Charge e = 1.6 X 10-19C and rog = 1.3 X 10715 m.




dE .
25. (a) Derive an expression for I of heavy charged particles passing through
matter. Discuss its implications.

(b) Discuss the mechanism by which y-rays are absorbed in an absorber. Detail

the qualities of the best absorber.
26. (a) Discuss the electromagnetic structure of nucleons.

(b) Discuss SU(3) classification of elementary particles.

Phy. Sc.—III 8
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