
Attempt all questions. Time is 2 hours. 16 December 2009

Final Exam Waves and Optics

1. Write brief answers to the following questions. (15 marks)

(a) There is a strict requirement that reflective mirrors used in the the solar panels

for Hubble telescope are perfectly flat. How can a Michelson interferometer be

used to verify or determine the flatness of plane surfaces?

(b) White light comprises frequencies ranging from 384 THz (1 THz=1012 Hz) to

769 THz. Estimate the coherence time and coherence length for white light.

(c) Roughly what is the linewidth of a hypothetical source if it has a transition

(coherence) time (τ0) of 10−8 s. Compute the coherence length as well. The

vacuum wavelength is 650 nm.

(d) Why is the coherence time of a laser expected to be longer than the coherence

time of radiation from an ordinary light bulb?

(e) The refractive index of a medium depends on wavelength through the relationship

n(λ) = A + B/λ where A and B are positive constants. Does the medium show

normal or anomalous dispersion?

2. A glass chamber 25 cm long filled with air is positioned in between the two secondary

slits and the screen in a Young’s double slit interference experiment. The air is removed

from the chamber and a test gas is introduced instead. On comparing the fringe system

corresponding to air with that of the test gas, it is found that the entire interference

pattern on the screen is displaced by 21 bright bands. Given that the illumination was

performed by the red line of wavelength 656.2816 nm, for which the refractive index

of air is 1.000276, determine the refractive index of the gas. (5 marks)

3. A Michelson interferometer is used with red light of wavelength 632.8 nm and is

adjusted for a path difference of 20 µm. Determine the angular radius of the (a)

first ring observed and the the (b) tenth ring observed. (5 marks)

4. Calculate and plot the Fourier transform of the function f(x) shown in the Figure. (5

marks)
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FIG. 1: Figure for Q 4.

5. Consider the accompanying Figure. Blue light (λ = 487.99 nm) falls obliquely on a

film of thickness 1.648 µm which has a refractive index of nf = 1.555 immersed in

air (refractive index=1). The angle of incidence is θ = 30◦. The beam is split and

we consider the first and second reflected rays shown in the figure. (a) Compute the

optical path difference between the two reflected rays. (b) What is the phase angle

difference between the reflected rays? (c) What is the smallest film thickness for which

the reflected rays interfere constructively and give rise to an interference maximum?

(10 marks)
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FIG. 2: Figure for Q 5.

6. A medium is disturbed by an oscillation described by, (10 marks)

y = (3cm) sin
( πx

10cm

)
cos

(
50πt

)
. (1)

(a) Determine the amplitude, frequency, wavelength, speed and direction of the com-

ponent waves whose superposition produces this result.
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(b) Does this disturbance represent a standing wave? If yes, what is the distance

between the nodes?

(c) What are the displacement, velocity and acceleration of a particle in the medium

at x = 5 cm and t = 0.22 s?

7. A Fabry-Perot interferometer is to be used to resolve the mode structure of a He-

Ne laser operating at 632.8 nm. The frequency separation between the modes (two

adjacent frequency components) is 150 MHz. The plates are separated by an air-gap

and have a reflectivity R = r2 = 0.999. (10 marks)

(a) What is the coefficient of finesse of the instrument?

(b) What is the required resolving power?

(c) What is the required plate spacing?

(d) What is the free spectral range of the interferometer under these conditions?

(e) What is the minimum resolvable wavelength under these conditions?

8. In an interference experiment, a light beam is split into two equal-amplitude parts.

The two parts interfere after traveling along different paths. The light is of wavelength

541 nm, with a linewidth of 1 Å and the path difference is 1.50 mm. Determine the

visibility of the interference fringes. How is the visibility modified if the path difference

is doubled? (10 marks)

3


