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PHYSICAL SCIENCES
PAPER III B
Note :—(i) 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. Attémpt any four
questions from Part B. Each question is to be answered in about 500

words (5 pages).

' '(viii) Log tables are allowed, but not a calculator
PART A
1. (@) Prove that

0 1

(b) Show that {1 0 1] js a Hermitian matrix. Also find out the
1 1 o) |

- eigenvalues and eigen vectors of this matrix.
2. The Lagrangian of a particle of mass m is L = mxy - mm(z,xy.

(@) Write down the e_quations of motion for this system. What is the physical
system représented by this Lagrangian ? What is the energy E of this

system ? Express E in_terms of coordinates and momenta.

) Find the Hamlltoman H associated with the above L. Compare E and

H. Comment on your result

3. Show that the total scattermg Ccross- sectlon of point particles from a perfectly
rigid sphere of radius R is nR2.

4, A current Iis umformly d18tnbuted over a wire of circular cross-section with

Phy. Sc—IIT . 3 P.T.0.



~radius R. Find the volume current density J. If the current density in this

. wire is proportional to the distance from the axis, find the total current in_

~ the wire and establish the continuity equation

3.3+%§=0.

Write down Maxwell's equations for an ohmic conduéting medium. Obtain’
the wéve.equations satisfied by ﬁ and B. Assuming plane wave solutions

of these equations obtain the relation between the propagation vector Z and
the frequency o of these solutions in terms of the conductivity &, the permittivity

€ and. permeability p of the medium. Obtain an expression for the refractive

| ir‘xdex, in terms of ®, €, 4 and G

(@) If the resolving limit of the electron microscope is twice the wax}elength ,

of its accelerated electron, find the resolving limit for 60 keV electrons.

(b) Estimate the ground state energy of Hydrogen atom using Heisenberg

- uncertainty principle.

(@) Applying the variation method estimate the ground state energy of a

. two-electron atom.

. 3

(b);‘ If the total angular momentum of a system is 3 =L + S, prove that
[J,, 2] = ~ iy and [, 5] = irz.

A photon gas confined in a volume V is in thermal equilibrium at temperature

| T. The photon is a massless particle so that € = pc.

Given that the number of states of photons in volume V with energy between

c and e + de is .

Phy. Se—II 4

~



11.

12.

10.

A%
D(e)‘de‘ =-.'7';2—(h-—c—)§- ez de,

obtain the Planck distz'ibution law for the spectral energy“density along the
followmg lines :

What is the chemical potentlal of a photon gas ? Show that the. temperature
.dependence of the average energy, < U >, of the photon gas is proportlonal

to T4

Describe a method to determine crystal structure of a polycrystalline material

by X-ray diffraction. If X-rays are to be replaced by neutrons, explain why

one has to use thermal neutrons.

State the principles of least squares. Describe the procedure of least squares

_for fitting a straight liné to a set of ﬁve (x;) assumed experimental points.

PART B

What are different} types of transistor biasing ? Give the circuit diagram of
a common emitter"'n-p-n\ transistor biasing circuit with a fixed bias to the

~ emitter. Using typica‘l numerical va_l’ués" for the different resistances in the

circuit and power supply value, calculate the circuit parameters Ig, I and
VeE: '
What is a discriminator ? Give the circuit diagram of the Schmidt trigger

‘and discuss its operation. Illustrate with an example how and where it.is

used.

Draw a c1rcu1t dlagram of a binary 1 b1t memory cell using basic gates. In
turn usmg it as building blocks draw the schematic diagram of a series in-

parallel out 5 digit shift reglster How to convert it into parallel-m parallel-

out’ reglster ?

hy. Sc.—III 5 "P.TO.



14.

15.

- 16.

17.

18.

19.

20.

Phy Sc.—II1 | ' 8

‘What .are the drawbacks of a basic R-8 Flip Flop ? How are they rectified

to get a perfect Master-Slave Flip- Flop ? Explain the developinient of the stages

1

using the truth tables.

NMR is the nuclear analog of ESR. Discuss this statement keéping in view -

the nuclear spin and magneti¢ motient, Bohr magneton and Zeeman splitting.

Show that the res_onance frequency lies in radio frequerncy range. :Nﬁcleaf

magnetic resonance in water is due to the protons of hydrogen. Calculate

the field when the resonance fféquency v, = 60 MHz.

[Given': pg = 5.05 x 1027 ampere : meter?, pp = 2.793 pN, I= %].

Why is Stark effect more important in molecular spectroscopy than Zeeman

 effect ? Under what condition the first order Stark effect is observed ? Obtain -

_ the expressmn for energies and discuss the selection rules.

Discuss the L-S coupling. H@w does it lead to Hundfs iule ? State the Hund’s

rules and ill_ustraté the applications of these rules.

In spite of having equal probabilities for the absorption and the stimulated

~ emission in a two level system we do not generally observe the latter. Why ? - |

What must we do to observe it ? What are different techniques to achieve
it ? Is it a sufficient condition for lasing ? If not, how one can obtain lasing

in He-Ne laser ?

In dielectric materials effect tOf polarization reduces the field while in case

“of ferromagnetic materials effect of polarization increases the field. Discuss.

Discuss_the salient features of BCS theory. How one can explain Josephson
effect on the basis of this theory ? ' )




21.

23,

24.

25.

26.

Derive expression for specific heat at constant volume due to the free electrons

in metals. Calculate the temperature at which the electronic contribution to
- C, of silver eventually become identical to the Dulong-Petit value. Ep and

Np for silver are 5 eV and 1088 respectively,

Explain the construetion of first four Brillouin zone for a simple cubic lattice
in two dimensions. Show that for a simple square lattice the kinetic energy
of a free electron at the corner of the first Brillouin zone is double than that
of an electron at the centre of the side face of the’ zone.

(@) Describe the basic nuclear properties and explein how nuclear forces can

be accounted for by liquid drop model.

(b) Point Olel‘tv validity and limitations of single particle shell model.

(@ What is a compound nucleus ? Discuss Bohr's theory of compound nucleus.

() By giving necessary reactions explain how the neutrons are produced.
What is the significance of neutron sources ?

Discuss Fermi theory of B-decay to explain the p-spectral shapes. What is
non-eonservatmn of parity ? Describe how this was eatabhshed by an experiment
on B- decay

(@ Give in brief the classﬂicatmn of fundamental forces and elementary
particles.

(b) State the significanee of the quadruple moment of a nucleus and obtam
expression for thia quantity.
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