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PHYSICAL SCIENCE
Paper - III

NOTES :
(a) Part A consists of 10 questions of 10 Marks each. All questions are compulsory.
(b) Part B consists of 16 questions of 25 marks each. Attempt any four questions

from Part B.

Pk

PART A

(1-x?) Y & sty =0,
dy

dx?

Solve the Legendre's differential equation and obtain the Legendre's
Polynomials. Show that Legendre's polynomials are orthogonal.

(@) Prove that, as a result of an elastic collision of two non-relativistic particles
of equal mass, the scattering angle will be w/2.

(i1) On the basis of classical approach determine the differential scattering
cross-section and the total scattering cross section for the scattering of a
particle by a rigid elastic sphere of radius 'a'.

A particle is acted upon by a force E. Using spherical co-ordinate system
establish the relationship between the generalized components Q,, Q,, Q, of

the force and the physical components F,, F,,and F, of the fore. Also obtain

equations of motion of the particle by Lagrangian dynamics.

Obtain the reflection and transmission co-efficients when electromagnetic wave
is incident normally or on interface of two dielectric media. Also determine
reflection co-efficient for glass with refractive index 1.5 when light falls on it
from free space.
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5. Find the magnetic dipole moment of the 'bookend-shaped’ loop ABCDEFA as
shown. All sides are of length a and current I is flowing through the loop, as

shown \Z
{Hint : Consider the given shape as a
_ 4F ‘ superposition of two squares
A E._p :
A LA
= [
X I -
m:llﬁmd
2

6.  Develop the time dependent perturbation theory and derive an expression for
the Fermi Golden rule.

7.  Interpret and prove the following relation :

1
—<X> = — <p. >
dt m Px

8. Consider an assembly of harmonic oscillators of frequency @ at absolute
temperature T. Find

(i) 1its partition function and
(i) average occupancy.

Assume that the assembly of the oscillators is quantum mechanical.

9. With a neat diagram explain working of diffusion pump. What are its chief
characteristics and what precautions one should take to operate it ?

10. Briefly explain salient features of Einstein's theory of specific heat. Discuss how
far it agrees with the experimental result.

Phy. Sci. -III 6




PART B

11. (a) What do you understand by the v i characteristic of a Zener diode ? What
are the rating voltages and currents in Zener diodes ?
() A 7.2V Zener diode is used in a Zener diode voltage regulator shown in
following figure. The load current is to vary from 12 to 100mA. Find the
value rj required to maintain this load current if the supply voltage

vie= 12V.
|
l i iL 1
AN |
Vie —
(unregulated) T : R,

Fig. A Zener voltage regulator

12. (a) Explain various biasing techniques for a transistor circuit. Also explain
bias compensations using a diode & using a thermistor.
(b) Design a collector to base bias circuit for the specified conditions :
Voo =15V, Vog = 5V, I = 5mA and § = 100 of a transistor circuit.

13. (a) Derive voltage gain for (i) a linear inverting amplifier (i) a linear non-
inverting amplifier using an Op-amp.

(b) An Op-amp has R; = 100k ¢y, Ag = 100,000 and Ro=100¢). IfR; = 1K)
and Ry = 50K (), calculate (i) voltage gain (i1) input impedance (iii) the
output impedance.

14. What are the standard forms for logic expressions ? Explain synthesis
techniques using (i) standard expressions (i) using only NAND or NOR gates
for realizations of various logic circuits. Design a half adder circuit using logic
gates.
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15. (a) Calculate the wavelength of the third member of a Balmer series of
Hyvdrogen.

(b) Explain why the ground state of carbon is BPO and that of Oxygen is 31:2.

() Using L.S coupling obtain the terms for pd configuration. Show that the
number of terms are same for the pd configuration when j - j coupling is
applied.

(d) Calculate g value for 3D, term.

16. Workout the theory of Compton effect and derive the expression for the
difference in wavelength of incident and scattered photons.

17. How the internsities of the bands are governed by Franck-Condon principle ?
What is Condon parabola ?

18. (a) Describe the principle and working of CO, laser.

(b) Explain what is NMR. Derive the expression for resonance frequency.

19. (a) Derive an expression for diffraction condition in reciprocal lattice and show
that it is just another statement of Bragg's law.

(b) Define geometrical structure factor and determine Miller indices planes

which will be present and absent in diffraction pattern of f.c.c. structure.

20. Derive an expression for dispersion relation for a monatomic linear lattice, plot

o versus  and discuss the physical significance at k _, 0 and k= % .

21. Show that the conductivity at frequency o in free electron gas model is given
by

_! HCT

12071 here o(0) = 2%
2 ; m

+(o

Taking the real part sketch the form of o(w)/o(0) as a function of ®T .

(o) = o(0) }
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22.

23.

24.

25.

26.

Show that paramagnetic susceptibility of a Fermi' gas of conduction electron is

__3Nu2
P A

3e;

, independent of temperature for kT <<€, .

What is evidence for nuclear shell structure ? What are ground state spins and
parities for following nuclei : 017, 018, Si29, Ca4l, Pb208, first few single particle
level's are ordered as follows :

172 3/2 172 51 172 32 7/2 3/2 12 52
s, p, p”,d, s, d, " p,p L f

Experimentally it is observed that nuclear density is almost constant which
properties of nuclear force are responsible for this ? Find the nuclear density
from following data : mass of 9gN;64 = 63.9280 amu, R, = 1.2 fm compare it with
the density of water.

(a) Using the semiempirical mass formula find the most stable isobar for a
nucleus having odd A. (Hint: Find 1 for maximum stability. Estimate Z
and N for A = 100]

(b) Estimate the neutron separation energy using semi-empirical mass

formula.

Consider a low energy n - p scattering. What is the range of energy of neutrons
so that this low energy scattering cross-section is isotropic. What conclusions

you can draw from this observation ?
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