
Attempt all questions. Time is 2 hours. 28 October 2009

Mid-Term Waves and Optics

1. Unpolarized light falls on an interface at the Brewster’s angle. Which of the following

statements are true. (5 marks)

(a) The reflected light is unpolarized.

(b) The reflected light is partially polarized.

(c) The reflected light is perfectly polarized.

(d) The transmitted light is perfectly polarized.

(e) Both the reflected and transmitted light are polarized.

2. Freshly cut zinc has a shiny mirror-like appearance. One of the possible reasons is:

(5 marks)

(a) Zinc reflects electromagnetic radiation.

(b) Zinc absorbs light in the visible region.

(c) The plasma frequency of zinc is in the ultraviolet region.

(d) The plasma frequency is in the infrared region.

(e) Zinc has an unusually large value of the dielectric constant.

3. A and B are two dielectric slabs and Shown in Figure 1. Light is incident on the slabs

with angles of incidence θ equal to the Brewster angle. The plane of incidence is the

plane of the paper and the intensity of the final, reflected ray, CD, is I0. Now the

dielectric mirror B is tilted through an angle α such that the reflected ray CD comes

out of the plane of the paper. What is the intensity of the emerging light as a function

of I0 and α? (5 marks)

(a) I0 cos α

(b) I0 cos α sin θ

(c) I0 cos2 α

(d) I0, i.e., the intensity does not change.

1



Attempt all questions. Time is 2 hours. 28 October 2009

θ θ

A

B

C

D

FIG. 1: Figure for Q 3.

(e) zero.

4. The relative permittivity (dielectric constant) εr of water is 80 whereas its refractive

index n is 1.3. Why is n so different from
√

εr? (5 marks)

5. The ionosphere reflects radio waves with frequencies up to about 3 MHz, but transmits

waves with higher frequencies. Estimate the free electron density in the ionosphere.

(5 marks)

6. A highly focused beam of infra-red radiation from a CO2 laser has wavelength

10, 600 nm and power 3 KW. It is capable of burning a hole in a metal sheet kept

2 m away from the laser source, in just 10 s. Determine the intensity of the radia-

tion when the beam is focused to a spot size of 10−5 cm2. What is the electric field

amplitude? (5 marks)

7. Plane-polarized light with P -polarization (TM mode) is travelling in the xy plane.

The wavelength is λ0. Write a vectorial expression for the electric field. Explicitly

show the vectorial and scalar parts of the electric field. (10 marks)

8. Sea water has a refractive index of 1.33 and absorbs 99.8% of red light of wavelength

700 nm in a depth of 10 m. What is its complex dielectric constant at this wavelength?

(10 marks)
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9. Consider Figure 2. (a) Shows a Gaussian wave pulse sent into an optical fiber made of

fused silica SiO2 and (b) shows the wave pulse received at the other end. The length

of the optical fiber is 1 km. (10 marks)
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FIG. 2: Figure for Q 9.

(a) Why is the pulse at the output delayed in time with respect to the input?

(b) Why is the time-spread of the output pulse larger than the spread of the input

pulse?

(c) The silica is operating far away from resonance. Will the red or the blue light

travel faster?

(d) The refractive index of fused silica is 1.45248 at 850 nm and 1.44427 at 1500 nm.

Calculate the difference in time taken for Gaussian light pulses centred at 850

and 1500 nm to propagate down the fibre.
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