This Week

Burning Questions

Isaac Newton vs. Pink Floyd

This Week

Talking Over The Rainbow:
Why Are Things The Color They Are?

This is really a question of biology.

X The three different types of cones
Relative e different color sensitivities.

sensitivity

You have 3 different
types of cones in
your retina, each
sensitive to a
different range of
the spectrum.
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What color is
the moon?

Mixing Colors I: Additive Color Mixing
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Mixing Colors Il: Subtractive Color Mixing

Cyan + Yellow = Not Red + Not Blue
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At a boundary between two media, there is a change
in the index, and so there is a reflection

Scattering.

Il

Skin is made of transparent components, with differing
indices of refraction.The size of the elements is a bit larger
than the wavelength of light, so all colors scatter equally.

Net result: No pigment means white skin.

Air molecules are very
small compared to the
wavelength of light.
Short wavelengths
scatter more.

Same thing

with milk.




Blue light
scatters, red
light doesn’t.
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Scattering from
melanocytes
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No Pigment, But Still Blue

Scattering from
particles in feathers

Scattering from
air molecules

Blue Skies, Red Sunsets
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‘ Blue bends more

(a) 2. Dispersion causes different colors

to refract at different angles.

Sunlight 3
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1. The sun is behind
your back when
you see a rainbow.

. Most of the light refracts
.+ into the air at this point,

but a little reflects back
into the drop.

".... 4. Dispersion separates the
colors even more as the rays

refract back into the air.

Sunlight

You see a rainbow with red on
the top, violet on the bottom.

(b) e

Red light is refracted
predominantly at 42.5°. The red
light reaching your eye comes
from drops higher in the sky.

Violet light is refracted
predominantly at 40.8°. The violet
light reaching your eye comes
from drops lower in the sky.

A rainbow
is a circle




The
position of
the circle
depends on
your
location.

Colors by
Diffraction
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The wave moves straight forward.

Barrier Barrier

“Shadow”

The wave spreads out behind the opening.

A wave approaches
* a narrow opening
from this side.

The drawing is not to scale: The distance
to the screen is actually much g
than the distance between the slits.

Interference

Viewing
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The two waves overlap as
they spread out behind the
two slits. The two overlapped
waves interfere, resulting in
a pattern of light and dark

bands on the screen.
Incident laser beam

Single axis grating

Double axis grating




Holography

Viewing screen

Diffraction
pattern
Related by
Fourier
transform

Complex pattern
of light and dark
lines

Acidem laser beam
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Constructive interference between the two waves leads to
strong reflections at certain colors.

Now, back to the story....

Colors by
Thin-Film
Interference

For gators, it’s red.

Interference Colors

Thin-film interference

Interference occurs between the waves reflected from the two sur-
on 7. A wa lects

faces of a thin film with index of re
from a surface at which the index of refraction inci
phase change.
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The First Experiments: Isaac Newton

Why Seven?

Newton originally
had five colors:
Red

Green
Blue
Purple

Why seven?
Correspondence with music.




