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Sunlight bending throegh o2 crystals in cimtion ciouds produces bands of color called sundogs,
or parheita, on bofh Sides of the sun on this cold winter day In Mianesoty
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CHAPTER

19

Light, Color, and
Atmospheric Optics
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he sky 15 dear, the weather cold, and the year, 1818. Near Eaffin

Island 1n Canada, a ship with full sails enters unknown waters. On
board are the English brothers James and John Ross, who are hoping to
find the alusive “Northwest Passage,” the waterway linking the Atlantic
and Pacfic oceans. On this moming, however, their hopes would be
dashed, for directly in front of the vessel, blocking their path, 15 a huge
towering mountain range. Msappointed, they tum back and report that
the Northwest Passage does not exist. About seventy-five years later
Admiral Perry met the same barmer and called 1t "Crocker land.”

What type of treasures dwd this mountain conceal—gold, silver,
precious gems? The cunosity of explorers from all over the world had
been aroused. Speculation was the nule, until, 1 1913, the Amencan
Museum of Matural History commssioned Donald MacMillan to lead an
expedibion to solve the mystery of Crocker land. At first, the joumey was
disapponting. Where Perry had seen mountains, MacMillan saw only vast
stretches of open water. Finally, ahead of his smp was Crocker land, but
1t was more than two hundred miles farther west from where Perry had
encountered 1t. MacMillan sailed on as far as possible. Then he dropped
anchor and set out on foot with a small crew of men.

As the team moved toward the mountains, the mountains seemed to
move away from them. If they stood shil, the mountains stood shill; +f
they started walking, the mountains receded again. Puzzled, they trekkad
onward over the ghttenng snow-helds until huge mountains surrounded
them on three sides. At last the nches of Crocker land would be thears.
But n the next instant the sun disappeared below the honzon and, as if
by maqic, the mountains dissolved into the cold archic twilight.
Dumbfounded, the men looked around only to see we w all direchons—
not a mountain was 1n sight. There they were, the vichms of one of
nature’s greatest prachical jokes, for Crocker land was a mirage.

CONTENTS

White and Colors
White Clonds and Scattered Light

Khae Skies and Hazy Days
Red Sons and Kloe Moons

Twinkling, Twilight, and the Green Flash
The Mirage: Seeing Is Mol Believing

FROLS ON AN DESERVATION
The Fata Morgana

Halos, Sundogs, and Sun Pillars
Raimibows

FOOLS ON AN DESERVATION
Can It Be a Rainbow If It Is Mot
Raining?
Coronas, Glores, and Hetligenscheln
Summary
Key Terms
Chesttons for Review
Chesttons for Thought
Problems and Exercises
Chesttons for Exploration

Melenralogy == Now “This kcon, appearing
throughout the book, indicates. an opporiunity io
ExXpiore imeractive fubonals, animatons, or praciice
probéems. svallabie on e Meteorniogyhow Web she
al iAo brooksCole. comsahrenss



L8Gax 19 LY UolG-oab pils 40 i0fith Scad PR Ml 00

E18  Chapter 10

he sky is foll of visual evenis. Optical ilhassons (mirages) can

appear as towering mountains or wet roadways. In clear

weeather, the sky can appear bhoe, while the horton appears
milky white. 5onrises and sunsets can fll the sky with brilliant
shades of pink, red, orange, and parple. Al might, the sky is black,
except for the hght from the stars, planets, and the moon. The
meck's size and color seem ko vary during the nighit, and the stars
twinkle. To understand what we see in the sky, we will take 2
closer book at sunlight, examining how ® interacts with the at-
mesphere o prodoce an array of atmaosphenc visoals.

White and Colors
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We know from Chapter 2 that nearly half of the solar radiation
that reaches the atmosphere is in the form of visible light. As
sunlght enters the atmosphere, it 15 etther absorbed, reflected,
scattered, or transmitted on throngh. How objects at the sar-
face respond to this energy depends on their general mature
(codlor, density, composition ) and the wavelength of light that
strikes them. How do we see? Why do we see vanous colors?
What kinds of vismal effects do we observe becanse of the in-
teraction between light and matter? In particalar, what can we
see when light interacts with our atmosphere?

We perceive ight becanse electromagnetic waves stimukate
antenna-like nerve endings in the retina of the human eye.
These antennae are of bwo ty pes—rodds and cones. The rods re-
spond to all wavelengths of visible light and give us the ability
to distinguish light from dark. If people possessad rod-type re-
ceptors only, then only black and white vision woulkd be possi-
ble. The cones respond to specific wavelengths of visible Bght.
Radiation with a wavelength between (.4 and (.7 micrometers
(pm) sirikes the cones, which immediately fire an impulse
throwgh the nervous system o the brain, and we perceive this
impalse as the sensation of color. (Color Bindness is cansed by
missing or malfunctioning cones.) Wavelengths of radiation
shorter than 0.4 pm, or longer than 0.7 pm, do not stimulate
color vision in homans.
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For a ray of Bght striking 2 Nat, Moot surtace, the angks a1 which te incident
ray sirikes T surface {ihe angle of Indence, or &) ks equl o the angie at
whikch e refected ray leawes the sutace (the angie of FEaction, of &), This
[prenomenon s called Snals AW

White light is percerved when all visible wavelengths sirike
the cones of the eye with nearly equal intensity." Because the
san radiates almost half of its energy as visible light, all visible
wavelengths from the midday sun reach the cones, and the sun
usually appears white_ A star that is cooler than our son radi-
ates most of 1ts energy all slightly longer wavelengths: therefore,
it appears redder. On the other hand, a star much hotter than

our sun radiates more energy at shorier wavelengths and thos
appears bluer. A star whose temperabore is about the same as

the sun's appears white.

{¥bjects that are not hot enough to emit radiation at visi-
ble wavelengths can still have color. Everyday obgects we see as
red are those that absorb all visible radiation except red. The
red light is reflected from the object to our eyes. Bloe objects
have bloe light returning from them, since they absorb all vis-
ible wavelengths except bloe. Some surfaces absorb all visible
wavelengths and reflect no light at all. Since no radiaton
strikes the rods or cones, these sarfaces appear black.
Therefore, when we see colors, we know that light must be
rezching ouar eyes.

White Clouds and Scattered Light
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Cme exciting feature of the atmosphere can be experienced
when we watch the underside of a puffy, growing comuhos
clond change cobor from white to dark gray or black. When we
s this change happen, our first thought is usaally, "It's going
to rain.” Why is the clond initially white? Why does it change
cobor? To answer these questions, let’s investigate the concept
of scaneTing.

When sunlight bounces off a surface at the same angle at
which it strikes the surface, we say that the light is reflected,
and call this phenomenon reflection (see = Fig. 19.1). There are
various constituents of the atmosphere, however, that tend to
deflect solar radiation from its path and send it out in all di-
rections. We know from Chapter 2 that radiation reflected
this way is said 0 be scatbered. (Scattered light is also called
diffuse lighe.) During the scatiering process, nd energy is
gxined or lost and, therefore, no temperature changes ooour. In
the atmosphere, scattering is nsually caused by small objects,
such as air molecules, fine particles of dust, water moleoales,
and some pollutants. hast as the ball in a pinball machine
bounces off the pins in many directions, so solar radiation is
knocked about by small particles in the atmosphere.

Clond droplets about 10 pm or 5o in diameter are karge
encingzh to effectively scatier all wavelengths of visible radiation
more or less equally, 2 phenomenon we call geomesric somner-
ing. Clouds, even small ones, are oplically thick, meaning that

*Racall from Chapier 2 thai visibde whike light s 2 combimaikon of waves with dic
ferenl wavdenpihs The wavclengihs of visibde Bght In docreasing onder anc red
(onpesi), ornge, pllow, groen, bioe, and vicld (shoriesiL



