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Optical illusion

| ndex 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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e What isthis?

The figure represented in these fragments
generally is not immediately perceived.
Recognition is accompanied by alte

¥ ! ! . s
farm and depth perception.




Derivation of Snell’ s law from wavefront continuity

n=c/v

Which yields

Timefor light to go from A’ to B’

thp _4_AB ="\ AB'sng
v, ¢/n cC

e =0 =2 =T Aggng
v, c¢/n, C

tAB':tAB

nsin@ =n,siné,



Red
Orange
Yellow
Green
Blue
Viaolet

Glass prism

) A pr | Srn Sep ar a‘t eS Figure 1.2 A prism separating the white light of the sun into the spectrum of colors.
white light into its
constituent colors

Screen with small opening

T hese colors cannot
be separ ated any

maore

e Thesecolorscan be
recombined into
“white” light
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Figure 1.4 Inverted second prism puts the colors back together again, resulting in white
light.




e Material

— Vacuum
— Air

— lce

— Water

— Alcohol (ethyl)
— Plastics

— Glass

— Cubic Zirconia
— Diamond
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Diamondstake
advantage of thar
extremely high index
of refraction to
produce very bright
gems- thanksto total

Internal reflection

T s TR

FIGURE 2.66

2003 April 24 Most of the Jight entering a diamond is
eventually reflected back out the front.




TABLE 2.5 Angle of transmission, 6,, for various angles of incidence, 6;, and
various media

From To

Air Water
Air Glass

Air Diamond

Glass Water
Glass  Air

See Sec. 2.5A for a discussion of the blank entries.
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e Tableshowsthevariation in index of refraction of a
few materials with the wavelength.

e Thisiscalled

ABLE 2.6 Index of refraction for various media

Watie: Index of refraction
length  Color Glass Glass Diamond
(nm) zinc crown  light flint

656 Red 1.514 1.571 2.410
. 589 Yellow 1.517 1575 2.418
:6 9l x 10 434 Deep blue  1.528 1.594 2.450
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Water

1.331
1.333
1.340




Dispersion in the Atmosphere

Atmosphere
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T he Geometric Horizon

o
A
earth
h d.
‘neigh% of observer distance G‘om observer
to Qeomedric horizon
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Calculating the elevation increase of the
apparent sun

01 is the zenith angle of the true sun (above atmosphere)
nl is the index of refraction of a vacuum

 Elevation an g| e 02 is the zenith angle of the apparent sun (seen on earth)\
incr ease of n2 is the index of refraction of air at sea level

apparent sun vs
real sun Snell's Law:  ni sinf] =n? sin®?

* Approximation is [l

that atmosphere 1
isplane parallée 50 62 = arcsin ( -5 sinf1)
(actually curved)

01 sinfl  Dsin@1  arcsin (25 sin61)
80°  0.9848 0.9845 79.90°

$2°  (.9903 0.9900 81.87°

84°  (.9945 0.9942 83 84°

86° 09976  0.9973 85.76°

88° 00994  0.999] 87.56

2003 April 24 90° 1.0000 0.9997 88.60°










FIGURE 2.67

A light beam is dispersed twice and
reflected once by a raindrop, letting the
eye see a rainbow. (The dispersion is
exaggerated here.)

“Red” drop

From sun

Dispersion

Reflection




b All drops on this arc appear
G ot red to viewer's eye

1 _—=2 —All drops on this arc

appear blue to viewer’s eye

"

.
- .
-

> Direction
& of sun’s rays

FIGURE 2.68

Only the drops along the rainbow’s arc
send light to a particular eye. All the
drops on the upper arc appear red—the
Z0OERASIIE blue light they send out misses the eye.
Similarly, all the drops on the lower arc
appear blue.




rainbow angles

0.4 0.6 0.8
impact parameter u




e For agiven color, thereis
a maximum anglethat the
light takes. At the
maximum thereisa
brightening because
many incident raysare
scattered at about the
same maximum angle
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FIGURE 2.70

(a) Light from the sun falls on the
raindrop at all levels. Most but not all of
the red rays from this light are returned
by the raindrop at about 42°. In the
magnified view, the arrow indicates the
special ray that is returned at 42°. (b) The
eve sees a red disk, brightest at the rim.
{c) Superimposed on the red disk is a
smaller blue disk (as well as disks of
intermediate colors).

From Sun

Reflected
red rays

(a)

Drops reflecting Drops reflecting
red light to the eye  blue light to eye

a; 40°
Eye

[
(c) Red disk

Blue disk




e Secondary bow

From sun

FIGURE 2.69

The secondary rainbow is caused by two
reflections and two refractions in each

2003 April 24 raindmp. The extra reflection reverses
the order of the colors.




e Sundogs

Rays from sun

FIGURE 2.72

A sun dog is caused by refraction in
hexagonal ice crystals. (a) As seen by an
observer. (b) The path of a light ray
through a crystal, as seen from above.
Only those crystals that are at 22° from
the eye send light to it. Light from all the
(b) ' other crystals misses this particular eye.
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Sundogs are at 22° from sun and are caused by
refraction through hexagonal ice crystals

FIGURE 2.73

Photograph of the sun flanked by sun
dogs on each side.
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FIGURE 2.74

The 22° halo, caused by tiny pencil-
shaped ice crystals. As in Figure 2.72b,
only those crystals that are at 22° from
the eye send light to it.
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e Halo and sub
halo
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e 22° halo
around the
moon
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e 22° Halo
around the
sun Notethe
sun is
blocked to see
the halo

better

2003 April 24 FIGURE 2.75
Photograph of a 22° halo. |
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FIGURE 3.2

(a) Rays from an object that reach three
different eyes can be used to locate the
image. (b) Photograph taken from the
position of eve £,
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FIGURE 3.3

(ah Construction of a kaleldoscope. () A
kaleidoscope view. An object, A, is
placed between Lhe two mirrors, You see
the object directly. The object is also
reflected in mirror 2, 50 you also see a
virlual imaye at B, As this is an image,
the light appears to come from 8 just as
If there were an object there. Hence
both the object, A, and the image, B,
are reflected in mirror T and their virtual
Images are lecated at C and O

irmage of an image.) Thus, lool

peephobe between the mi WO se
what appear to be objects at Cand 0
loutside the actual tube). Again, these
are reflected in mirror 2, and the new
virtual images occur at F and F. The final
pattern observed is then the abject, A,
and the five virtual images, 8 to F,
arraved in the threefold symmetric
pantern shown. (c) Photograph of object
reflected in two mirrors: (1) mirrors at
&0°, {21 mirrors al 45°, (3) mirrors at 36°,
and (4} mirrors at 50°, a nonintegral
fraction of 3G,

Reflection of mirsor 2 in milreae § Miror 7
&

Mirror 2 extonded 2

Mirror | extended - T Reflection of mirrer T in mirrer 2




2003 April 24

80B-Light

FIGURE 3.5

{a) Light rays illustrating the three rules,
incident on a convex spherical mirror,
Note direction of the rays

all incident paraliel to the
two-dimensional diagram and throughout
thie rest of the book, the three-
dimensional spherical micror appears as a
part of a circle. (b} A shiny copper bowl
makes a fine convex spherical mirmor,




FIGURE 3.6

Construction of the image in a convex
mirror: (a), (b}, and (c) show the use of
ray 7, ray 2, and ray 3 rules respectively;
(d) shows how you can mass produce
other rays—for example, one going to
eye £—once you have found the image.




e ——

FIGURE 3.7

Photograph of a convex mirror used to
give a wide-angle view. The plane mirror
on which it is mounted shows the
normal view. (a) The camera is focused
on the image in the convex mirror, just
behind the mirror (see Fig. 3.6). (b) The
camera is focused on the image in the
plane mirror, as far behind the mirror as
the object is in front. From a distance,
your eye can focus on both images
simultaneously.




From Q

3 % -

Axis - ~ - -

FIGURE 3.8

An object Q, too distant to be shown,
sends parallel rays to a convex mirror. Its
image, Q', lies in the mirror’s focal
plane.



FIGURE 3.9

M. C. Escher, “Hand with Reflecting
Globe.”

e Escher drawing of
Images from convex
sphere
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* Anamorphic
mirror and
Image

2003 April 24 FIGURE 3.10

Cylindrical anamorph, with mirror that
reconstructs the image.




e Anamorphic
mirror (conical)
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FIGURE 3.11

A conical anamorphic photograph, made
by the method of the TRY IT. The conical
mirror in the center reconstructs the
undistorted image from the anamorph
surrounding it, so you see the cat’s head
in the central circle surrounded by the
deformed image.




e Theartist Hans
Holbein made
anamor phic
paintings
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FIGURE 3.12

Hans Holbein's “The Ambassadors.”
View the streak across the foreground of
the picture from the upper right.
[Reproduced by courtesy of the
Trustees, The Mational Gallery, London.)




