
Assignment 3 Due date: Friday, 4 December, 2 pm

Assignment 3: Interference, Fourier Theory and

Propagation of Light

1. Phase and group velocity. For wavelengths in the visible spectrum, the index

of refraction for a certain type of crown glass can be approximated by the relation

n(λ) = 1.5255 + (4825 nm2)λ2. (a) Is the material dispersive? (b) Find the refractive

index for this glass for 400 nm light. (c) Find the phase velocity through this glass for

harmonic waves of wavelengths 400 nm and 700 nm. (d) Find the group velocity for a

small bandwidth pulse with frequency components centred around 400 nm. How does

this compare with the phase velocity?

2. Phase and group velocity. Waves in the ocean have different velocities depending

on their depth. Long-wavelength waves, travelling deep in the ocean, have a speed

approximately given by,

vp =

(
gλ

2π

)1/2

,

where g is the acceleration due to gravity. Short-wavelength waves, corresponding to

surface ripples, have an approximate velocity,

vp =

(
2πT

λρ

)1/2

,

where ρ is the density and T is the surface tension. Show that the group velocity for

the deep waves is 1/2 of their phase velocity and for surface waves, it is 3/2 their phase

velocity.

3. Superposition and interference. Determine the result of the superposition of the

following harmonic waves.

E1 = 7 cos (π/3− ωt), E2 = 12 sin (π/4− ωt), E3 = 20 cos (π/5− ωt).

What is the resultant amplitude and phase angle of the resulting wave?

4. Interference. Two mutually coherent beams have parallel electric fields described

by,

E1 = 3 cos

(
ks1 − ωt + π/5

)

E2 = 4 cos

(
ks2 − ωt + π/6

)
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with amplitudes in kV/m. The beams interfere at a point P where the phase difference

due to the path is π/3 (the first beam having the longer path). At P , calculate (a)

the intensities I1 and I2 of the individual beams; (b) the intensity I12 due to their

interference. (c) What will you observe if the electric fields were perpendicular? (d)

The visibility is defined as V = (Imax + Imin)/(Imax − Imin). What is the fringe

visibility?
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FIG. 1: Figure for Question 4.

5. Double slit interference (recap). In an interference experiment of the Young type,

the distance between the slits is 0.5 mm, and the wavelength of the light is 600 nm.

(a) If it is desired to have a fringe spacing of 1 mm on the screen, what is the proper

screen distance?

(b) If a thin plate of glass (n = 1.50) of thickness 100 microns is placed over one of

the slits, what is the lateral fringe displacement on the screen?

6. Thin film interference. White light is normally incident from air (refractive index

n0 = 1) onto a dielectric film (refractive index nf ) grown on top of a substrate (re-

fractive index ns). The arrangement is shown in the accompanying figure, the oblique

incidence is shown for clarity purposes. The light reflected from the air-film and film-

substrate interfaces is brought into focus at point P using a lens. The goal is to make

an anti-reflection film for a wavelength λ0, reducing the wavelengths centred around

the free-space wavelength λ0 in the reflected spectrum. (a) If ns > nf > n0, what are
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the phase changes upon reflection from the two interfaces? (b) What thickness of film

results in minimization of the wavelength λ0 from the reflected light? (c) Is it possi-

ble to completely extinguish λ0 from the reflected light and under what conditions?

(HINT: Use Fresnel equations.)
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FIG. 2: Figure for Question 6.

7. Thin film interference. A thin film of MgF2 (n = 1.38) is deposited on glass so

that it is anti-reflecting at a wavelength of 580 nm under normal incidence. What

wavelength is minimally reflected when the light is incident at 45◦?

8. Fourier theory. Find the Fourier transform for a sawtooth wave,

f(x) = 2x |x| ≤ 0.5

= 0 |x| > 0.5.

9. Fabry Perot interferometry. The plates of a Fabry-Perot interferometer have a

Fresnel coefficient r = 0.99. Calculate the minimum (a) resolving power and (b) plate

separation that will accomplish the resolution of the two components of the H doublet

of the hydrogen spectrum, whose separation is 13.60 pm at 656.3 nm.

10. Fabry Perot interferometry. Consider a light source consisting of two components

with different wavelengths λ1 and λ2. Let light from this source be incident on a

scanning Fabry-Perot interferometer of nominal length d = 5 cm. Let the scaled

transmittivity through the interferometer as a function of change in the cavity length
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be as shown in figures (a) and (b); (b) shows the first set of dual peaks over a small

length scale in order to reveal a closer examination of the structure of the overlapping

peaks.

FIG. 3: Figure for Question 10.

(a) What is the nominal wavelength of the light source?

(b) Estimate the difference in wavelengths λ1 − λ2 presuming that the overlapping

transmittivity peaks belong to the same mode, N1 = N2 = N .

(c) Estimate the difference in wavelengths λ1 − λ2 presuming that the overlapping

transmittivity have mode numbers differing by one, N2 = N1 + 1.

11. (Optional) Transmission through a glass slab. A collimated beam of white

light falls at normal incidence on a plate of glass (refractive index n) and thickness d.

Develop a formula for the transmittivity T as a function of wavelength. (Assume the

glass does not absorb.) Show that maxima occur at the wavelengths,

λ0 =
2nd

N
, (1)

where λ0 is the wavelength in air and N is an integer.
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