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WHAT IS'A

MIRAGE?

magine this story. A lost traveler wanders through the

desert. It is hot and dry. The
traveler is very thirsty, Then he
sees a pool of water ahead.
He can't believe it. The trav-
eler runs forward and tries o
jump into the pool. But when
he gets there, the water dis-
appears. There is just sand
below him. There was never
any water. An image of water

Some deserts have real pools of water
) _ like this one, but images of water in
in the desert that really isn't the desert are often mirages.

there is one kind of mirage.




has to do with how much of a substance is in a
certain area. Air is made of particles of gas. Density of air
means how tightly packed the particles of air are.

Mirages appear in many forms. A mirage is an image
that looks real but is not truly there. Mirages are caused
by layers of air being at
different temperatures
and densities, Cool air
IS denser than warm ai.
These properties ¢can make
light bend as it passes
through the different layers.
This bending, called
refraction, creates images

that trick your brain into
The properties of the air in this desert cause

believing an oblje.ct IS the light to bend and form a mirage of a pool
located where it is not. of water.

.......



Light normally travels
in a straight line. However,
light moves at different speeds
through hot air and cold air. This
causes refraction. As the path of
light from an object gets bent, it
changes where we see the object.
The bent light may make us see the
image of a real object above or below
where the object actually exists.
Mirages are illusions, not
hallucinations. A hallucination is when
the brain senses something that does
nct really exist. A hallucination is com-
pletely imagined by the brain. An
llusion is different. It is something that

I:.""

Refraction makes this straw appear bent at the
surface of this drink.




THINK ABOUT IT r -

The words “mirage” and “mirror” look similar because they're
related. Why do you think these two words are related?

looks or seems different from what it is, but it is a real
image that can be seen and even photographed. The
brain simply understands the illusicn of a mirage image
differently from how it really exists.

11994 Enoyclopsedia Britannics, Ine.

When light rays are bent in unexpected ways, the brain can mis-
understand them and see an object differently from how it truly exists.



WHERE'DO

MIRAGES HAPPEN?

IVI any mirages are seen

around water or hot, flat
L e S LIrfaces. For example, ships

wmmﬂ .-_—‘r"""'-_l"""" [ """:'."I' i—"—"ig

ﬁ%ﬁg may look like they're sailing
. | upside down above the

= . In reality these ships
- | are beyond the horizon.
_d One of the mast com-
mon examples of a mirage

h hich Aur-
Mirages often happen at the horizon, SO (OISl B

where distant objects may appear ing the summer. A shallow
distorted or upside down. poal of water often seems to




VOCABULARY

The horizon is the line where the land or sea seems to meet
the sky.

fill the road ahead. The reascon for this false image is that
a thin layer of heated air forms above the hot black pave-
ment. This hot air meets
the cooler air above. Light
is bent, or refracted, where
the layers of air meet, Light
refracted from the blue

sky looks like water on the
ground. The “water” disap-
pears as the observer
approaches. A mirage
similar to this one can lead
people to think they are
seeing a pool of water in
the middle of a desert,

W
Mirages can be seen on hot summer
pavement. If you came close to the “water”
in this photo, it would simply disappear.



SUPERIOR

MIRAGES

In this superior mirage, upside-down
images of ships float above the true ships.

One type of mirage is called a superior mirage. In a
superior mirage, an upside-down image of an ¢object

appears above where the
object actually is. A well-
known example of a superior
mirage is a ship seen sailing
upside down above the ho-
rizon. The real ship is often
seen below the upside-down
image. However, the actual

- ship may be out of sight

below the horizon.




THINK ABOUT IT |

“Superior” means above. Based on what you know about
superior mirages, why do you think they have that name?

Superior mirages happen when there is a layer of
cool, dense air just above the surface of the water. The
image reaches the
person seeing it Formation of a Superior Image
through this layer
of air. Rays of light

from the top of the cold air )
ship are bent down
more sharply than = hotair

are rays from the _—— observer

bottom of the ship. sl

This makes the
image of the ship

appear upside Light bends between cold and hot air to produce
down. a superior mirage of an upside-down lighthouse
above the real lighthouse.
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Another type of illusion is called looming. Looming is similar
to a superior mirage because an image appears above

E where the object really is. However, in looming, the image
< appears as the cbject truly is. It is not upside down.
B Looming occurs when there is a layer of warm air

_5,‘};;_'% above a layer of cool air. Light rays extending from an ¢hject
A
- This diagram
shows how looming
works. The sailboat
appears to be
floating above
where it truly is,
but it is not upside

Looming

oy s, Briaoni o Inc




COMPARE AND CONTRAST

How are superior mirages and looming similar? What is the
difference between the two?

in the cool layer are bent when they hit the warmer air. The
light rays bend down and travel to an observer. The observ-
er's brain thinks the light rays came
from above so it tells the observer
that the object is above, This makes
it possible to see objects that are
below the horizon. At such times, a
boat below the horizon might
appear as a right-side-up image
that is floating in the sky.

Looming can also make it
possible to see a distant shoreline

that is normally too far 10 see, even  Sometimes, looming makes distant
- shorelines appear closer and larger,
In the clearest weather. such as the islands in this photo.




robably the most common type of

mirage is the infericr mirage. Inferior
mirages are often seen in the summer
over flat, hot surfaces. A car on the high-
way ahead of you may look like it's
driving through a shallow pool of water.
You may even see a reflection of the car
in the water.

Inferior mirages are causad by a
thin layer of heated air that is close to the
pavement. The heated air is less dense
than the air above it. Light rays that _
reflect off the car and enter this heated i a cal on fhe road In the

summer looks like it's reflected

in a pool of water, it's most
likely just an inferior mirage.




COMPARE AND CONTRAST

How are the conditions that cause superior mirages and
inferior mirages different?

layer of air bend upward. An upside-down image ¢f the car
appears beneath the car. [t seems to be a reflection of the car
in a pool of water.

An inferior mirage Formation of an Inferior Image
and a superior mirage
appear for opposite rea-
sons. Remember the
superior mirage of an )
upside-down ship sail- -
ing above the horizon.
The superior mirage is
caused by a layer of cool,

dense air that hangs This diagram shows how light bends to produce an

some distance above the inferior mirage. The palace and trees appear
upside down, below where truly stand.
surface of the water. e they truly




irages of water in the desert are ac
inferior mirages in which the blue sky appaars
as a pool of water on the surface of the sand.

The mirage of water in the desert is also an inferior
mirage. Inferior mirages are often seen in desert country
where they appear as pools of water, This is because layers
of air near the sand are hot. The "water” is simply the
image of the blue sky appearing upside down below the
line of sight. As the person seeing the mirage comes closer,

the image
disappears.
This infe-
rior mirage is
the source of
popular and
exaggerated
desert stories.
Many stories
speak of des-
ert oases with
pools of water,
palm trees, and




VOCABULARY

An exaggerated story has details that have been changed to
sound more interesting or extreme.

palaces. However, these are not realistic descriptions of
mirages or of most actual cases.

An actual casis is any area in a desert that has a
supply of fresh B,
water and where :
plants can therefore
grow. It may be
temporary or perma-
nent, small or large.

. - .';_.‘,L__i | ' 1 '
An oasis may appear 4 IOt

as simple as a lone - I . ||| I

palm tree and a
spring in the middle Desert mirages have inspired popular tales, but

of a sandy desert, often these stories are not realistic.




elated 1o inferior mirages is heat haze. Heat haze describes

the blurry, moving image of an object seen through heated
air. An airport worker, standing on the runway, might see dis-
tant chjects shimmering through the
exhaust coming out of a plane
engine. Somebody standing across
from you at a barbecue might look
blurry through the heated air above
the grill’'s flames.

Heat haze happens because

of unequally heated air hetween a
taat haze o wvhs person and an object they are seeing.
from a plane makes another
plane appear blurry.



VOCABULARY

Lenses are clear curved pieces of glass that bend rays of
light. They are used in eyeglasses, cameras, telescopes, and
other devices to change the view of an object. Lenses can
make things look clearer, smaller, or bigger.

convex lens Moving layers of air act on light
as do. They bend the
light rays that come from an
object so the object appears
distorted. “Heat devils” seen
above hot radiators happen
for the same reason. A heat
devil is another name for the
appearance of air shimmering

light rays above a heated surface.

light rays

concave lens

This diagram shows how lenses bend light
rays. Moving layers of air have a similar
effect on rays of light.

: Im.m“w o
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bt FATA MORGANA

he most famous mirage is che
called the Fata Morgana. This
mirage will sometimes appear over a
body of water called the Strait of
Messina between ltaly and Sicily. It is
named after the legendary sorceress
Morgan le Fay, who appears in many
stories about King Arthur. The Fata
Morgana takes the form of weird
castles that rise from the sea and
change their shape. The castles may

rise into the air or hecome squished
This illustration shows the into a thin line.

sorceress Morgan le Fay

casting a spell on Merlin the
sorcerer.
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VOCABULARY ¥

Something legendary is well-known. A legendary story is a story
that is believed by many people but cannot be proved to be true.

The Fata Morgana is a complex mirage. It is probably
the result of looming and a mix of supericr and inferior
images. Changing layers of air change the image of the
cliffs and houses on the
opposite shore and make
them bigger. The houses
appear to become the
legendary castles of
Morgan le Fay.

The name “Fata
Morgana® is now used
for a type of mirage that
locks like islands and other
stretched-out or floating
objects in the sea.

A Fata Morgana is a type of complex
mirage in which islands or objects at
sea appear floating or stretched out.




MIRAGES HIGH'IN
THE'SKY

Mirages don’'t only happen when viewing
objects that are in our atmosphere.
Mirages can also occur when we view
objects from Earth that are in space. Such
mirages are usually visible during sunrises
and sunsets. Mirages in Earth's sky
may also take place when viewing the
Mocn and other visible plansts in our
solar system.

Most often, an inferior mirage is what
Is taking place in the sky. Hot air near
Earth’s surface makes the Sun appear dis-
g i wiﬂl .torted as it sets. HDweverl', because the SLIJH
the rest of the Sun’s image. IS s0 big, a person watching the sunset will

It looks like an Etruscan

vdse.




An Etruscan vase is a large, round container with a small base.
This type of vase was made by the Etruscan people, who lived
thousands of years ago in what is now Italy.

see some parts of the Sun directly
while other parts are refracted.
Some phases of a sunset
mirage have names based on the
shape of the Sun’s image. Early in
a sunset mirage, the Sun looks lke
an . While the Sun
IS still mostly above the horizon,
its bottom edge is refracted. This
upside-down image blends with
the rest of the Sun’s iImage.
The refracted part locks like a
vase's base.

The shape of this Etruscan vase is
similar to that of many sunset mirages.




As sunset continues, the top part of the image gets
smaller, At the same time, the base grows larger, The
Sun slowly begins to ook like the capital Greek letter
omega (). Eventually, the Sun looks like a thin disc
before setting.

Another mirage made by the Sun’s image is the
Novaya Zemlya
effect. (Novaya
Zemlya is a group
of islands in Rus-
sia where this type
of mirage was first
seen.} This mirage
lets people see the
Sun rising before it
has actually reached
the horizon.

Sometimes,
complax “mock

The Novaya Zemlya effect lets a person see the Sun
rising before it has actually come up or continue to
see the Sun after it has already set.
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THINK ABOUT IT

The Novaya Zemlya effect is also called an Arctic mirage,
because it happens in Arctic regions. In those regions, air
near Earth’s surface is cold and dense. Do you think Arctic
mirages are superior mirages or inferior mirages? Why?

mirages” happen
when viewing the
sun, the Moon, or
other planets in
Earth's sky. In a
mock mirage, sev-
eral different images
can be produced.
The Sun might

seem cut up !nto In a complex mirage, the Sun may look
layers or flat like a flattened out or cut up into layers, as it

pancake. appears here.




GREEN FLASHES

ometimes an effect called a green

flash can be seen during a sunset.
A green flash happens just as the Sun
moves below the horizon. For one short
moment, a bright green ray of light
appears at the top of the Sun.

Whenever light is refracted, it can

create different colors. Mirages are seen
when Earth’s atmosphere acts like a

Just before the Sun sets, it sometimes creates a
bright green flash, as seen in the lower two photos
of this setting Sun.




VOCABULARY

A prism is a transparent, or see-through, object that bends
the light that passes through it into different colors.

. Green flashes are simply another effect of light
being refracted as it passes through the atmosphere. In the
case of this mirage, the Sun's image
becomes magnified. Its magnification
helps somebody watching the sunset
see the green edge, or green flash,
without binoculars or a telescope.
Green flashes are difficult to see.

Green flashes can also be seen
during sunrise. Then, the green flash
appears just before the Sun rises
above the horizon. Sometimes, if the seté“gm fising Sun can al::m create
air is clear, a blue flash can also be a blue flash, such as this one.
seen during a sunrise or sunset.




WILL-0:-THE-WISPS
ANDIOTHER

UNEXPLAINEDLIGHTS

will-o-the-wisp IS a mysteri-

ous light often seen at night
flickering over marshes., When
approached, it moves away. In
some places it is called a jack-
o'-lantern. In popular legend
they are considered a bad sign.

There is no certain expla-
nation of will-o’-the-wisps. Some
scientists believe they happen

The mysterious will-o'-the-wisp
is an unexplained type of light
that often appears floating over
marshes.




THINK ABOUT IT

Marfa, Texas, is in the desert. Knowing what we’ve learned
about mirages, how could car headlights appear to be
floating in the sky above where they truly are?

when marsh gases catch fire. (Marsh gases are mostly
made up of methane, a gas that catches fire easily))
Other unexplainad lights
appear regularly on clear nights
in the town of Marfa, Texas. The
twinkling lights appear at a dis-
tance, sometimes as colored
light. They float in the air, split in
two, come together, or hover.
Some pecple believe they are
just headlights from a nearby

. ) 15 road sign PHnts Tne way to an

caused by the refraction of light mystery lights of Marfa, Texas.

as it passes through the air. q
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ATMOSPHERE Thc wholo mass of air
surrounding Earth.

BINOCULARS A handheld device that
magnifies faraway clkjects 1o maks
ther easier 10 see.

GOMPLEX Composed ol lwo ar mare
parls.

DENSITY | |owr close together or
compact the particles that maks up a
substance ara.

DISTORTED T.istod out of a
natural, nermal, or ariginal shapa ar
ApRCaranca.

FLICKERING Joving irregularly or
Lunsteadiky.

INVERTED Turned upside down.

il-i'll-"f-"“:.‘,l'l*' s

MAGHNIFIED Largor in appoarance.

METHANE - colotless gas that has no
smell and that can be burned for fusl,

MOCK Mol real; make-belisve.

PHASES Farts or steps in a process or
saries of related svents,

REFLECTION Tha bouncing of light off
of a surfaca.

REFRACTION The bending of a light
as it passes from one meadium into
another,

SORCERESS - f=male witch.

TELESGOPE 4 device shaped like a
kg Lube Lhal you leck through in
order Lo see Lhings Lhal are (ar away.
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This book takes a closer look at mirages and similar
phenomena, explaining to elementary readers that there is
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Fata Morgana castle in the sky mirage.
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