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Raindrops Make Rainbows



Snell’s Law

n sinθ = n’ sinθ’

where n = refractive index
(n =1 for air, 1.33 for water)

and 
θ = angle of incidence
θ’ = angle of refraction

n n’
θ

θ’
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Raindrops Make Rainbows
Primary & Secondary Rainbows

Alexander’s Dark Band



From www.philiplaven.com

Mie theory for unpolarized red light (λ = 0.65 µm) by water 
drops of radius r.
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Right- and Left-Handed Images
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• Also called “TV Rock”

• Forms in alkali salt flats where
local water is rich with Boron,
like around Boron, California

• Has silky white crystals that line
up in one direction and transmit
light like a fiber optic bundle

Ulexite:  A Natural Fiber Bundle



Murty Shearing Interferometer
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Observation of Spectra with 
Small Point Source
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Feathers as Diffraction Gratings
Sea gull feather 
at 100x
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viewed through
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Optical Activity Demo “Barber Pole”

From Jenkins & White, Page 575

"Another very striking demonstration of 
optical activity and rotatary dispersion is 

achieved by passing plane-polarized light 
vertically into a clear solution of cane sugar 

contained in large glass tube. On 
observing the tube from the side with a 

Nicol prism, a very fine spiral arrangement 
of colors, somewhat like a barber-pole will 

be seen."
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Birefringence Observation
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Birefringence Observation

This pattern produced by Gary Fisher
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Young’s Two Pinhole Experiment
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Scatter Fringes with White Light

2t

forward scatter

P P’P
θ
2t

2t cos θ

OPD = 2t –2t cos θ
≈ t θ2

= mλ
(m=1,2,3,…)

First Fringe = t θ1
2 = λ

2nd Fringe  = t θ2
2= 2λ
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Scatter Fringes with White Light

reflected forward scatter

P’tP t

θ
θ’

OPD = 2nt –2nt cos θ’
≈ t θ2/n
= mλ

First Fringe = t θ1
2 /n = λ

2nd Fringe  = t θ2
2 /n= 2λ



Fun with Moire Patterns

coarse pattern 2

coarse pattern 1



Moire Patterns Reveal Contours

irregular surface coarse grating

without grating with grating



Equal Straight Lines
+

Equal Straight Lines

= Equal Straight Fringes

(spacing dependent on the angle)

Fun with Moire Patterns
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Fun with Moire Patterns

Equal Concentric Circles
+

Equal Straight Lines

= Ellipses, Parabolas, & Hyperbolas
(depending on relative spacing)
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Fun with Moire Patterns

Newton Circles
+

Newton Circles

= Straight Lines with Small Displacement
or

Newton Circles with Large Displacement
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Ruler Diffraction Grating

α

β

0
1
2
3

steel ruler

laser

order, m:

-1

sin α – sin β = mλ/d

where m = 0,1, 2, 3…

λ = laser wavelength

and d = ruler spacing




