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PHYSICS — MDC
Paper : CC-3
(Wave and Optics)
Full Marks : 75

Candidates are required to give their answers in their own words
as far as practicable.
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The figures in the margin indicate full marks.

Answer question no. 1 and any five questions from the rest.

1. Answer any five questions : 3x5

(2)

(®
(c)
(d)
(e)

®

(®

(b

(b)

(c)

Calculate the displacement to amplitude ratio for a simple harmonic motion when kinetic energy is
75% of the total energy.

Distinguish between damped and forced vibrations.
What is sharpness of resonance? What is Q-factor?
What is wavefront? State Huygen’s principle.

State the essential conditions for sustained interference. Explain whether light energy is destroyed
or not in the region of destructive interference.

Two waves travel in the same direction :

¥, = Ssin(kx - ot)
Vo= 5sin(kx—cot+§-)

Write the resultant wave equation.

What is meant by resolving power of an optical instrument? How will you increase the resolving
power of a diffraction grating?

What is optical activity? Define specific rotation.

Write down the differential equation of 1d SHM and solve it.

Show that the sum of kinetic energy and potential energy of a particle executing S.H.M. is
constant.

Two mutually perpendicular oscillations are represented by x(f)=asinwf and
¥(f) = b sin(2ot + ¢). Write the resultant wave equation. Also, sketch the Lissajous figure resulting
from these oscillations with ¢ = —m. (2+3)+3+4
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(b)

(©)

(a)

(b)

(c)

(2)

(b)

(c)

(a)

(b)
(©)

(a)
(b)
(c)

Distinguish between free and forced vibrations.

Write down the differential equation of motion of a damped harmonic oscillator. What is decay
constant?

Show that in forced vibration, the total energy of the vibrating system is not constant. Also, prove

2

0

. . ® .
that the ratio of average P.E. to the average K.E. is —, where o is the natural frequency and
®

o is the frequency of the driving force. 3+(2+2)+(3+2)

What are transverse and longitudinal progressive waves? How are they different from standing
waves?

2
% oy where

2
Show that the wave equation for a transverse wave through a string is zx—fz 2
t

v=,[— with T being the tension and p is the linear density of the string.
\j p

A string of linear mass density 0.1 Kg/m is stretched with a force of 1000 N. If travelling waves
with an amplitude 0.05 m and frequency 400 Hz are setup in the string, calculate (i) the velocity,
(ii) the wavelength and (iii) the equation of motion of the wave. 3+6+3

State Fermat’s principle. Deduce from it, the law of refraction at the plane surface separating two
media.

Using Fermat’s principle, show that all the rays passing through one focus of an elliptic reflector
pass through the other focus after reflection.

Consider two strings of same material with same length. Tensions in the two strings are in the ratio
4 :1 and dimeters of the wires are in the ratio 1 : 2. Compare the frequencies of the fundamental
modes of vibration. (2+4)+3+3

What are Newton’s rings? How are they formed? Under what conditions does the central spot
Newton’s ring become bright?
What is the difference between fringes produced by a biprism and Newton’s rings?

In a Newton’s ring experiment, the diameter of 10th dark ring is 0.50 cm and the wavelength of
the light used is 6250 A. Find the radius of curvature of the lower surface of the lens and the width
of the air space at the position of the ring. (1+2+2)+3+4

What is a normal spectrum? Explain Rayleigh’s criteria of resolution.

Deduce the condition for secondary maxima and minima for a plane diffraction grating.

Light of wavelength 5893 A falls normally on a plane diffraction grating. The second order
maximum is produced at an angle of 30° from normal. Find the number of lines per meter of the
grating, (2+2)+6+2



(2)
(b)

(c)

(a)
(®)

(c)
(d
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What is a Zone Plate? Derive an expression for its focal length.

Show that the radius of a particular zone is proportional to the square root of the number of the
zone.

Deduce the expression for maxima and minima for intensity distribution of double slit.
(1+3)+4+4
What do you mean by ordinary and extraordinary rays?

State Brewster’s law. A ray reflected from diamond at 67°32” is found to be completely plane
polarised. What is the refractive index of diamond?

What is quarter-wave plate?

If refractive index of glass be 1.55, find the polarising angle for glass and angle of refraction at
this polarising angle. 2+(2+4)+2+2
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