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SKy WATCHING

When we sky watch, we look at everything above Earth. This includes
what is in Earth’s atmosphere and the objects we can see beyond it,

in (space.
Why do we sky watch?

Sky watching helps us to understand more about Earth’s place in space. Earth
is our home. It is also a planet that is part of a space neighbourhood called the
solar system. When we sky watch we learn about Earth, and our neighbours
inside and outside the solar system.

What objects are in the sky?

There are thousands of objects in the sky above Earth. These are Earth’s neighbours —
the Sun, the Moon, planets, stars and flying space rocks (comets, asteroids and
meteoroids). Some can be seen at night and others can be seen during the day.
Although some are visible with the human eye, all objects must be viewed through

a telescope to be seen more clearly.

When and how can we see objects in the sky?

Object in the sky  Visible Visible only Visible Ny Visible
with the @ through a during J@F at ‘

human eye telescope the day "' night
Earth’s X X X X
atmosphere
sun e specvsope) ¥ X
Moon v X Sometimes v
Planets Sometimes Sometimes Sometimes v
Stars Sometimes Sometimes X v
Comets Sometimes Sometimes X v
Asteroids Sometimes Sometimes X v
oteoroids Sometimes Sometimes X v
WHAT DOES @ the area in which the solar system, stars and galaxies
IT MEAN exist, also known as the universe
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THE MooN

The Moon is a space object that can be seen in the sky without a
telescope. It is visible on most nights, and sometimes during the day.

Moon watching

Humans have always
watched the Moon.
However, it was only after
telescopes were invented 500
years ago that astronomers could
finally see its surface. Because of space
exploration, we now know even more
about the Moon. We know what the
Moon is made of, what conditions on
the Moon are like and how the Moon
affects Earth.

Sky watching can be done during the day or
night, with or without a telescope. Just look up!

-ﬂ"ﬂ-.

Moon fact

The Moon is Earth’s closest neighbour
in space. This diagram shows the The fastest spacefliaht
approximate relative sizes of the Sun from Earth toﬂhe Mgon
and the planets. The distances between took 8 hours and 35

them are not to scale. minutes. Driving there

in a car would take
200 days!
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WHAT I1s THE MOON?

The Moon is a space object that [orbits|, or travels around, Earth.
It is a huge ball of rock, about one quarter the size of Earth. It first
formed 4.5 billion years ago.

The Moon is a big rock

Scientists believe the Moon formed from dust, rocks and gas that were orbiting
Earth. The Moon was hit by meteoroids and other space objects during its first
years. About 3 billion years ago, volcanoes under the Moon’s surface began to
erupt. Hot lava burst from the volcanoes. About a billion years ago, the lava began
to cool. The Moon became a ball of solid rock.

Scientists believe that

WHAT DOES (orbits | when one space object travels the Moon started to
IT MEAN

around another, larger space object form after a space object

crashed into Earth.

*6
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The Moon is a satellite

The Moon is a satellite of Earth. Its orbit around Earth is slightly
oval-shaped. This means that as it moves, the Moon’s distance from Earth
changes. At its closest, the Moon is 363300 kilometres from Earth. At

the furthest point of its orbit, it is 405500 kilometres away from Earth.

The diameter of the Moon
is 3476 km.

The diameter of Earth is 12756 km.

It takes 27.3 days for
the Moon to orbit

Earth and return to FAMOOS SKRY NATCHERS

its starting point. Italian scientist Galileo Galilei made
the first detailed study of the Moon
in 1609. He printed a book about his
sky-watching observations, called
Sidereus Nuncius (which means
‘starry messenger’).
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WHAT poEs THE MooN
LOOK LIKE FROM EARTH?

The Moon is the largest and brightest object seen in the night sky.
Dark markings are visible on its light face. Its shape changes from night
to night.

The Moon has darl markings

Using telescopes, astronomers have discovered that the darker areas on the
Moon’s surface are plains. The lighter areas that can be seen are highlands.

It was not until
the Moon was
seen through a
telescope that
people were
able to see what
its surface was
really like.

Moon fact

From Earth the Moon
seems to shine, but it
does not produce its own
light. The Moon’s light is
really a reflection of the
Sun’s light. The Moon
reflects about 10 per cent
of the light that hits it.
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The Moon seems to change shape

Sometimes the Moon seems round, like a disc. At other times it appears

as a half circle or a crescent. These different shapes are called the (phases
of the Moon.

The phases of the Moon

Half of the Moon is always lit by the Sun, while the other side is always dark.
As the Moon orbits Earth, we only see the part of it that is lit by the Sun. When
the Moon moves, different parts of it are lit, which makes it look as though it
changes shape. It takes 29.5 days for the Moon pass through all of its phases.

1 New moon (when
the Moon cannot be
seen from Earth) 2 Waxing crescent 3 First quarter 4 Waxing gibbous

5 Full moon (when 6 Waning crescent 7 Last quarter 8 Waning gibbous
the face of the Moon
is completely visible

from Earth)

The phases of the Moon begin with a new moon and end with a waning gibbous.

WHAT DOES (phases | the different stages in
IT MEAN a cycle or process of change

Macmillan Digital Library: Sky Watching © Carmel Reilly/Macmillan Publishers Australia 2011 ISBN 978 1 4202 9201 5



WHAT 1S THE MooN
MADE OF ?

From Earth we cannot tell what is inside the Moon. Scientists gather
information about the Moon from space exploration. They think the
Moon has two layers of rock, called the crust and the mantle. These layers
surround a small metal centre, or core.

The Moon has a crust

The Moon’s outside layer is called the crust. It is made from very hard rock.
Samples taken by astronauts who have landed on the Moon help us to understand
what the Moon’s crust is made of. These samples show that the crust contains mainly

silicon, magnesium, iron, calcium and aluminium.

FAMOOS SKY WNATCHERS

National Aeronautics and Space
Administration (NASA) is the United
States Government'’s space agency.
Much of the knowledge we have about
the Moon comes from the 14 NASA
the Moon. spacecraft that have landed there.

Six of those have carried astronauts

to the Moon'’s surface.

The Moon's crust

is made from very
hard rocks that were
formed when there
were volcanoes on

- (S e 2 A R
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The Moon has a mantle

Beneath the Moon’s crust lies a thick middle layer, called the mantle.
This is made up of two parts. The upper mantle, nearer the crust, is
about 1000 kilometres thick and is made of hard rock. The lower mantle
is thought to be partly made up of ([molten | rock.

The Moon has a core

Most scientists think the Moon has a small metal core, which is about
350 kilometres across. This core is probably mainly solid, but its outer area
may be molten metal.

Moon fact

The Moon'’s crust is not
the same thickness all

over. It ranges from 20
to 120 metres in depth,
and is thicker on the far
side of the Moon than

the near side.

The Moon is made

of mostly solid rock, WHAT DOES

but some parts IT MERAN
near the centre are

probably liquid.

(molten | turned into a liguid form,

or liquefied, by extreme heat
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WHAT IS THE SURFACE
OF THE MOON LIKE?

From Earth, the Moon looks smooth, glowing and white. But on the
Moon's surface everything is rocky, dusty and grey. Plains, highlands,
mountains and large holes called craters make up the Moon’s landscape.

The Moon’s surface is rocky and dusty

The surface of the Moon is covered in a layer of grey rock and dust called regolith.
Regolith can be up to 20 metres thick. It is formed when space objects, such as
meteorites, crash into the Moon and smash the surface into small pieces of rock
and dust.

The Moon's surface is
made up of craters, plains, FAMOOS SKRY NATCHERS
highlands and mountains.
All of these are topped with
a layer of rocks and dust.

Astronaut Neil Armstrong was the first
human to experience what the Moon's
surface is like. He walked on the Moon
as part of the Apollo 11 mission in
July 1969.

Mountains are the

Plains are low-lying areas.

Highlands are areas that
are higher than plains.
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highest areas. Craters are large holes made
by impacts from space objects.

The Moon’s surface has plains

Plains are large, low-lying, flat areas on the Moon’s surface.
From Earth we see them as dark areas on the Moon.
Moon fact

Plains used to be craters
Early astronomers

The plains on the Moon’s surface were once craters. Billions of thought the dark areas on

years ago, they were flooded with dark-coloured lava that was the MO%:"S Surlfla(;e \r']Vere
ter. alled t

pushed up to the surface by underground volcanoes. When the A

i : . by their Latin names:
lava cooled it set into large plains. mare, meaning sea, and

oceanus, meaning ocean.

MareTranquiIIiltatils -d i
(873 km wide) : -

R
p L '1&," .
= . i

There are many plains on the Moon.
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The Moon’s surface has highlands

The highlands on the Moon are known by their Latin name, terrae,
which means lands. They were given this name by eatly astronomers
to set them apart from the‘seas’, or plains. From Earth, the highlands are
visible as lighter coloured areas.

The Moon’s surface has mountains

Most of the mountains and mountain ranges on the Moon were formed
following asteroid impacts. Mountains are usually found at the edges of deep
craters or at the edges of plains. The largest mountain range on the Moon is the

Apenninus mountain range.

The Apenninus
mountain range

runs for 600 kilometres
along the edge of the
Mare Imbrium. Its
tallest peak is more
than 3 kilometres high.

~ Apenninus fhountain range
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The Moon’s surface has craters

A crater is a large, bowl-shaped hole. The Moon’s surface is covered
in thousands of craters. Many of the Moon’s craters are small, but some
are very large. The South Pole-Aitken Basin is thousands of kilometres wide.

How craters were formed

Some of the Moon’s craters were formed by volcanoes. However, most were
formed when asteroids and meteoroids hit the Moon’s surface at high speed.

Moon fact

Space objects hit the
Moon with incredible
force. The craters that are
formed by these impacts

are usually about 15

times bigger than the
actual space object itself.

The Moon's surface is covered in craters. The largest is the
South Pole-Aitken Basin.
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The Moon has little atmosphere

WHAT ARE CONDITIONS _
9 Earth is surrounded by a layer of gases called ’Fhe atmosphere.
LIKE ON THE MOON? meteoroids s neps to eate condivonsfr e s, | OO FACE

Compared to Earth, the Moon has little atmosphere because its Most meteoroids heading

Conditions on the Moon are very different from those on Earth. weak gravity cannot hold gases close to its surface. Because of for Earth burn up in its

Compared to Earth, there is less  gravity|, no air or liquid water, extreme this, there is no air and only tiny amounts of ice on the Moon. atmosphere. Hundreds
temperatures, no daylight and no sound. Astronauts visiting the Moon hit the Moon each year,

d ial . tt 2 as its atmosphere is
need special equipment to survive. not thick enough to

stop them.

The MOO“ ha’s htﬂe gra""ty Earth’s atmosphere provides water and air, so plant
Gravity is a force that attracts all objects towards each other. The bigger an object, and animal life can exist. The Moon'’s thin atmosphere
the stronger its gravitational pull. The Moon is a lot smaller than Earth and has leaves it dry and airless.
very little gravity. Earth’s gravitational pull is six times that of the Moon.

Everything on Earth weighs six times more than it would on the Moon.
A person weighing 60 kilograms on Earth weighs 10 kilograms on the Moon.

WHAT DOES (gravity | the force that attracts all
IT MEAN objects towards each other

Macmillan Digital Library: Sky Watching © Carmel Reilly/Macmillan Publishers Australia 2011 ISBN 978 1 4202 9201 5 Macmillan Digital Library: Sky Watching © Carmel Reilly/Macmillan Publishers Australia 2011 ISBN 978 1 4202 9201 5



The Moon has extreme temperatures

Earth and the Moon are about the same distance from the Sun.
Earth’s dense atmosphere acts like a blanket to protect it from
the Sun. This keeps its temperature even. The Moon does not have
enough atmosphere to protect itself in the same way. This causes
extreme temperatures.

Moon fact

Temperatures on the
Moon can be very hot
and very cold. They range
from 120°C when the Sun
is overhead, to less than
-150°C when it is not.

. /. 120°C during
the day

The Moon's thin atmosphere
cannot protect it from the Sun’s
heat during the day, or keep it
warm at night.
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The Moon has no daylight

There is no daylight on the Moon. The reason we see daylight on

Earth is because our thicker atmosphere scatters the light from the Sun.
Because the Moon'’s atmosphere is so thin, it does not scatter the light in
the same way. Therefore, on the Moon the sky stays dark, even when the
Sun is overhead.

There is no sound on the Moon

We hear sound on Earth because sound waves are carried through the
atmosphere. On the Moon, there is not enough atmosphere to carry sound.
When astronauts hammered a flagpole into the surface of the Moon during
the Moon landing in 1969, it made no noise.

Astronauts visiting the Moon need special suits that allow them to
breathe and protect them from extreme heat and cold, and radiation.

Temperature
controls

Oxygen to
breathe
"s J Motor, fan
8 ) ™\ Communication and pump
? system
// Water tanks
/N | |
& ’ ‘/
\\\ %_1\‘ ) | = : |
&\\‘ 1 ‘J‘ o &F Battery
= | NG® ‘
‘t\\, /) ‘\:IL;?/
W A
N ‘\ / \\ / |
Liquid cooling | « | Oxygen to
= and ventilation breathe
) ‘:\\ | E :\ T
//\,, ;7// ! =
(o7 ) 7\ 4 /‘ ‘ i
- y \
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Does THE MOON MOVE?

The Moon moves in two main ways. It orbits Earth, and at the same
time it rotates on its axis.

The Moon orbits Earth

The Moon is a satellite of Earth, which means it orbits Earth. It does this

because Earth’s gravity pulls on the Moon as it moves through space. The
Earth’s gravitational pull keeps the Moon on the same orbital path and stops
it from flying off into space.

It takes 27.3 days for the Moon to orbit Earth, and 27.3 days
for the Moon to rotate on its axis.

" FAMOUS SKY WATCHERS

In 1687, British scientist and sky

P watcher Sir Isaac Newton put forward
his theories of motion and gravity in
his book the Mathematical Principles
of Natural Philosophy.These theories ,-°

. explain why the Moon orbits

the Earth.
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The Moon rotates

As the Moon orbits Earth, it also rotates on its own axis. This means that
it turns around like a spinning top. The Moon rotates in an anti-clockwise
direction.

We cannot see the far side of the Moon

The far side of the Moon is the part we cannot see from MO oh f A (,l.
Earth. As the Moon orbits Earth, the Moon and Earth are

also both rotating. Because the Moon takes the same time The Moon travels
to rotate on its axis as it does to orbit Earth, the same side through space at
of the Moon always faces Earth. The far side is therefore 3683 kilometres per
; ; hour.This is as fast as
always hidden from view. the fastest jet plane

can travel in the skies

around Earth.
The first photos of the far side of the Moon were

taken in 1959 by the spacecraft Luna 3. This photo
was taken by Apollo 15 in 1971.
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How poEes THE MooN
AFFECT EARTH?

From Earth, the Moon looks beautiful in the night sky. However, it is more

than just a pretty object. The Moon affects the living things on Earth and
our daily lives. Scientists believe that life on Earth would be very different

without a Moon.

Moon fact

For centuries it was
believed that the full
Moon had the power to The Moon is important to Earth in many ways.
affect people’s behaviour.
However, modern studies
have shown that this
is not true.
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The Moon makes our days longer

While Earth’s gravity keeps the Moon in orbit, the Moon’s gravity also
pulls on Earth. The Moon’s gravity affects Earth’s rotation by slowing it
down. Billions of years ago, Earth rotated very quickly and days were only
six hours long. Since the Moon was formed, its gravity has worked to slow
Earth’s spin. A day is now 24 hours long.

What if there was no Moon?

Without a Moon, Earth would spin more quickly and less steadily. Days and
nights would be shorter, and there would be very strong winds and uneven
temperatures.

With shorter days and less even temperatures, it is unlikely that
human life would have developed on Earth.
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The Moon creates tides

The Moon’s gravity affects the water on Earth. Its gravitational pull
makes oceans all around Earth rise and fall twice a day. When they rise,
it is known high tide. When they fall, it is known as low tide.

High tide is followed by low tide, just
over six hours later.There are two high
tides and two low tides daily.

Moon fact

Each day, the times of
high and low tides on any
particular spot on Earth
are 50 minutes later than
the day before. This is
because the Moon takes
24 hours and 50 minutes
to travel completely
around the Earth.
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How the Moon creates tides

As Earth travels around the Sun, it rotates. On the side of Earth that

is facing the Moon, the Moon’s gravity pulls the Earth’s seas and oceans
towards it. This makes a high tide. On the side of the world that is not
tfacing the Moon, the water is not pulled by the Moon’s gravity. This makes
it flow away from the Moon, also creating a high tide. At the same time, the
parts of Earth that are not in line with the Moon have low tide. This is because
these areas are not as strongly affected by the Moon’s gravity.

The Moon'’s gravity
pulls on Earth’s water,
causing high tides.

There are high tides on
the side of Earth that is
opposite to the Moon.

Low tides occur on the
sides of Earth that are
not directly opposite

to or facing the Moon.

The tides rise and fall at different times
all around the world.

FAMOOS SRY NATCHERS

As long ago as BCE 150, the Babylonian
astronomer Seleucus of Seleucia
observed that the Moon seemed to
affect Earth’s tides. He noticed that
tides were higher when the Moon
was closer to the Sun.

What if there was no Moon?
Without the Moon, there would be
little difference between low and
high tides on Earth. Plants and
animals that have adapted to live
with changing water levels would
not survive.
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The Moon helps us keep time

Before there were clocks and calendars, the phases of the Moon helped
humans keep track of time. One month is about the length of time that it
takes the Moon to go through all of its phases. The word ‘month’ comes from
the word "‘Moon’".

The last day on our calendar is New Year's Eve. It is
celebrated around the world on 31 December every year.

Moon fact

Chinese people, Muslims
and Jews all use the lunar
calendar rather than the
solar calendar to mark
their years. Their special
days do not occur at a If there was no Moon, months would not exist because

fi>r<1ed tr:me, bu;f iep&"d ol there would be no moon phases. Time would only be
t t : i
£ BlEE0E BN zeT marked by day and night, and the seasons.

What if there was no Moon?
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The Moon helps animals to see at night

Some animals sleep during the day, and explore and hunt at night.
These animals are nocturnal. Many nocturnal animals have developed
vision that allows them to see in the low light reflected by the Moon.
Nocturnal hunters tend to become busier when the Moon is full. Other
nocturnal animals avoid the moonlight so they are not hunted.

What if there was no Moon?

Without a Moon, many animals would not have become nocturnal. This could
have meant that fewer types of animals would have existed on Earth.

The barn owl’s eyesight has adapted to work in the
low light of the Moon so that it can see its prey.
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WHAT IS THE FUTURE
OF THE MOON?

Humans watching the Moon have worried that it might somehow be
destroyed or one day leave Earth's orbit. However, scientists believe that
although the Moon is slowly moving further away from Earth, there are
no threats to it in the near future.

Meteoroid impacts threaten the Moon

Although there are still meteoroid impacts on
the Moon almost every day, there has not
been a very large impact for millions of FAMOOS SKY NATCHEES
years. Scientists do not believe there Until 1980. the United States and
will be another large impact in the Russia we’re the only countries to
near future. This is because there are send spacecraft the Moon. Now
no longer as many large meteoroids Japan, China and India have all sent

spacecraft. The United States and
as there were when the solar system China both hope to build lunar

was first formed. bases in the 2020s.

Space scientists think that the Moon is
struck by meteoroids weighing more than
1 kilogram around 260 times a year.

crater
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The Moon is moving away from Earth

Scientists have discovered that the Moon is gradually travelling away
from Earth. Each year it moves about 3 centimetres further away. It is
unlikely that the Moon will ever leave Earth’s orbit. However, in millions
of years it will look much smaller in the night sky than it does today.

Moon fact

As the Moon moves
away from Earth, its orbit
becomes longer. In about

50 million years it could
take 20 days longer than it
does now for the Moon to
travel around our planet.

Scientists use laser beams to measure the exact distance
between Earth and the Moon.
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WHAT ARE THE BEST
wAvYS To MOON WATCH?

Because the Moon is so close to Earth, it can be viewed with the
human eye. However, thanks to telescopes and photos taken from
space, we also have other ways of looking at the Moon.

Moon watching with the human eye

Look at the Moon every night for a month and see how it changes shape.
Make drawings to show these different phases of the Moon.

Moon watching through a telescope

Watch the phases of the Moon through a telescope or binoculars. Do they
look different from what you see with your eyes?

Moon watching online

Research the phases of the Moon online. What more can you learn from
these websites?
Useful equipment for backyard astronomy

Equipment What it is used for

Baonlaicor A ptalr of b;r;‘ocltjﬂlars (?r a telesgo:)e_zlv_\ll_lrlll he|p'|?l0|u sehe The
a telescope craters on the Moon in more detail. They will also help you

to distinguish the plains and highlands.

Map of A map of the Moon will help you identify the features of
the Moon the Moon that you can see.

- % Useful websites \

BioEd Online: www.bioedonline.org/news/news.cfm?art=2766

Spacekids: www.spacekids.co.uk/spacesuits

Images for the Classroom — Earth’s Moon and the Apollo Program: http://spaceplace.
nasa.gov/en/educators/teachers_moon_images.shtml

Apollo 11 - First Footprint on the Moon: www.nasa.gov/audience/forstudents/k-4/home/
F_Apollo_11.html J
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(GLossARY

asteroids
astronauts
astronomers
atmosphere
axis
binoculars

comets

extreme

gravitational
pull

gravity
highlands
lava
meteorites

meteoroids

molten
orbits
phases
plains
rotates
rotation
satellite

solar system

sound waves

space

telescope

small, rocky or metal space objects that orbit the Sun
humans who travel into space

people who study stars, planets and other bodies in space

the layer of gases that surrounds a planet, moon or star
an imaginary line through the middle of an object, from top to bottom
an instrument with two eye pieces, for making faraway objects look bigger

small, rocky and icy space objects that have long, shining tails that appear
when orbiting near the Sun

the highest or lowest degree of something
the forces of gravity that attract two objects towards each other

the force that attracts all objects towards each other

land that is hilly and higher than seas or plains but not as high as mountains
hot, liquid rock that flows out of volcanoes

pieces of meteoroids that have landed on the surface of larger space objects

small space objects that are made of rock and metal, ranging from metres wide
to the size of a pea

turned into a liquid form, or liquefied, by extreme heat

when one space object travels around another, larger space object

the different stages in a cycle or process of change

low-lying, flat areas of land

turns or spins around a fixed point or an axis, like a spinning top

the process of turning around a fixed point or an axis

a natural or human-made object that orbits, or travels around, a planet

the Sun and everything that orbits around it, including planets and other
space objects

moving waves in the air that produce and carry sound

the area in which the solar system, stars and galaxies exist, also known
as the universe

an instrument with a single eye piece, for making faraway objects
look bigger
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