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Topics for Today

• Optical illusion

• Index of refraction of materials

• Review of mirages

• Light curving in atmosphere

• Rainbows

• Sundogs

• Halos

• Virtual images, kaleidoscopes

• Reflections from curved mirrors
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Iridescent Clouds



• What is this?
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Prisms and
color

• A prism separates
white light into its
constituent colors

• These colors cannot
be separated any
more

• These colors can be
recombined into
“white” light
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Common Indices of Refraction

• Material Index
– Vacuum 1.0
– Air 1.0003
– Ice 1.31
– Water 1.33
– Alcohol (ethyl) 1.37
– Plastics ~ 1.5
– Glass 1.5
– Cubic Zirconia 2.15
– Diamond 2.4
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Diamonds

• Diamonds take
advantage of their
extremely high index
of refraction to
produce very bright
gems- thanks to total
internal reflection

θc n
= −sin ( )1 1
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Refraction: angle of transmission

•
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Index of refraction and dispersion

• Table shows the variation in index of refraction of a
few materials with the wavelength.

• This is called dispersion
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• Elevation angle
increase of
apparent sun vs
real sun

• Approximation is
that atmosphere
is plane parallel
(actually curved)
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Rainbows-1
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Rainbows-2
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Rainbow scattering angles

rainbow angles
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Rainbows-4

• For a given color, there is
a maximum angle that the
light takes.  At the
maximum there is a
brightening because
many incident rays are
scattered at about the
same maximum angle
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Rainbows-3

• Secondary bow
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• Sundogs
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Sun dogs

• Sundogs are at 22° from sun and are caused by
refraction through hexagonal ice crystals
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Solar halo at Manresa beach April
2003
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• Halo and sub
halo
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• 22° halo
around the
moon
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• 22° Halo
around the
sun  Note the
sun is
blocked to see
the halo
better
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Images from convex mirror
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Reflection
from sphere

• Escher drawing of
images from convex
sphere
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• Anamorphic
mirror and
image
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• Anamorphic
mirror (conical)
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• The artist Hans
Holbein made
anamorphic
paintings


