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PHYSICAL SCIENCE
PAPER - 111

Notes : (@) Part A consists of 10 questions of 10 marks each. All questions

are compulsory.

(b) Part B consists of 16 questlons of 25 marks each. Attempt any four
questwns from Part B.

Part A
1. (@) Expand the following periodic function in & sine-cosine Fourier
series :
flx) .= 0 ~t<x<0
=1 0 <x < %2
=0 2 <x <nm

()  Write down various differential equations useful in physics.

2. (@)  Lagrangian for a particle is given by :

R T SN ST
L-2mx+2my mgy

Obtain the Lagrange’s aquatlons of motion and obtain the path of
the particle in space.

()  State Hamilton’s principle.
3. A meson in its rest frame has an average life time of 2.21 x 106 s

If mesons, formed high in atmosphere travel with speed of 0.99 ¢, where

¢ is the speed of light, find the average distance travelled by the meson

before decaying.



T

Derive an. expression for the propagation of electromagnetic wave in a
medium of conductivity o, and show that for “poor” conductor, skin depth
is independent of frequency, whereas for a “good” conductor it decreases
with increasing frequency.

A long coaxial cable carries current 1 as shown in figure below. Find the
energy stored in a section of length [.

"~

o

Radius of inner wire = ¢
Radius of outer cylinder = b.

Derive the expressions for spherical harmonics Y, for I = 2,

' 'Explain the Born approximation. Derive the expression for the amplitude.

Comment on the long range Coulomb potential. .Discuss the validity of

Born approximation.

(@)  Obtain the expression for Debye’s Theory of specific heat and show

that at low temperatures, it varies at T°.

(d) Show that at high temperatures, it leads to the classical Dulong
and Petit's law.

Discuss Bragg’s law for X-ray diffraction. Describe the working of a powder
diffractometer. How can one identify crystal structure from a XRD

pattern ?

_ Phy.8c Il _ 6



10. Name the different techniques for Anglog to digital conversion. Explain
~ dual-slope ADC in detail. What are its merits and demerits ?

1. (a)

&)

Part B
Describé various applications of diodes ﬁvith the helﬁ of
circuits. '

Draw and discuss characteristics of rectifier diode and Zener
diode.

12.  Sketch circuit diagrams of transistor in CE, CB and CC configurations
and list important characteristics of each as well as ‘applications.

13. (a)
)
14. (a)
®»

Outline circuit diagram and explain working of square wave generator
using OPAMP. I

State applications of Schmidt trigger.

Prove that NAND and NOR gates are universal gates.

A simple eount& type of ADC of 8 bits has input voltage range
of 0 to 4 volts. If clock used is 1 MHz, find the average time required’ ..

for conversion.

15. A beam of neutral atom is passed through a gradient magnetic field. Discuss
the outcome of the experiment and.explain slgmﬁcanoe of the results.
16.  What are the different types of bonds between atoms in molecules ? Draw
a representative potential-energy curve as a function of intermolecular

separation. Explain how one can obtain binding energy from this.

17. (a)
)
()

Phy. Sc Tl

Discuss the three types of transition probabilities.
Explain the phenomenon of population inversion.
Derive the threshold condition for operation of three level

laser.

7 _ PT.0)



18,

19.

21,

With neat diagram, explain the principle of operation of NMR. Describe

applications of NMR.

{a)

)
(c)
(a)
(!_J)

(e}

(@

%)
(c)
(@)

®)

- {e)

Phy.Sc-HI

Explain reciprocal lattice and discuss the significance of reciprocal
lattice vectors in condensed matter physics. Prove that reciprocal
lattice of BCC is FCC.

Obtain phonon digpersion relations for diatomic lattice leading to

acoustical and optical branches of dispersion curves.

Giving examples write down various point defects.

" On the basis of free electron theory obtain an expression for Fermi

energy and interpret the concepts of Fermi surface, Fermi
temperature and density of states.

With illustrations point out different bondings in common erystal
structures. '

Explain classification of metals, semi-metals, insulators and

semi-conductors using band theory of solids,
Interpret Bloch functlon, Bloch state and Bloch orbltal State and

prove Bloch theorem.

Derive an expression for the bond effective mass of an electron.

State and explain Wiedemann-Franz law.

- Explain the formation of Coopér pair and discuss in brief BCS theory

of superconductivity.

What are paramagnetic and ferromagnetic materials ? Give examples

of each and deduce Langevin’s equation for diamagnetic

susceptibility.
Distinguish between type I and type II superconductivity.

8




i 23. (a}

@

()

' - 24. (a)

®)

25. (a)

()]

26, (a)

(b)

Phy. Se 1T

Why is it necessary to moderate neutrons in a nuclear reactor ?

"~ What is the origin of fission threshold energy ?

How much energy is released purely from electrostatic point of view

if U298 gplits symmetrically into two parts ? Ry = 1.3 Fm.

Which different quantum numbers are used in particle physics ?
State the interactions which conserve these numbers and which

break the corresponding symmetriés.-_
Write a note on eight-fold way.

What are different parameters involved in the expression for the
stopping power ? What are different detectors used to detect and
count nuclear radiations ? Which of these can be used to measure

the energy of these radiations ?
How are neutrons detected ?

What. are the magic numbers in nuclear physics ? How do these

differ from the corresponding numbers in atomic physics ?

Give the evidence for nuclear shell model. What are its

limitations ?

°o ' (PTO]
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