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THE UNIVERSE

he universe or cosmos is the name used to

describe the collection of all matter, energy and
space that exists. How the universe was created is
not fully understood. Most scientists believe that it
began about 15,000 million years ago with an
unimaginably violent explosion known as the Big
Bang. This idea is called the Big Bang theory.

SIZE AND DISTANCE

The universe is so enormous, it
is impossible to imagine.
Distances across it are colossal
and are usually measured in
light years. One light year is
the distance light travels in one
year — that is about 9.46 trillion
kilometers. Light travels
300,000 kilometers in a second.

The closest star to the Earth is the Sun.
It is about 93,205,679 miles away.

Sun =

A ray of light takes eight minutes
to travel from the Sun to the Earth.

The universe contains billions of
stars gathered together in huge
collections called galaxies. So
far, astronomers have spotted
galaxies that are up to 15,000
million light years away, which
gives an idea of just how vast
the universe must be.

This cluster of galaxies, called
Abell 2218, is about 2,000 million
light years away from the Earth.

THE BIG BANG THEORY

The Big Bang created a huge
fireball, which cooled and formed
into tiny particles. Everything in
the universe is made up of these
tiny particles, called matter.

The particles spread out and the
universe began to expand. Over
time, thick clouds of hydrogen
and helium gases formed. These
clouds then gathered together
in dense clumps.

To begin with, the universe was
so dense that light could not
travel far within it, so it was very
dark. After a few thousand years,
the temperature fell to a few
thousand degrees.

Very gradually, the fog cleared.
This meant that light could travel
further, and the universe became
as transparent as it is today. The
first galaxies began to form from
the dense clumps of gases.

About 10,000 million years after
the Big Bang, the Sun and planets
of our Solar System formed near
the edge of a galaxy that would

later be named the Milky Way.

The modern universe contains
countless millions of stars and
planets, and huge clouds of dust
and gas, separated by vast areas
of empty space. Even today, parts
of the universe are still forming.

Events after the Blg Bang

After the Big Bang, the fireball spread
out and the universe started to expand.

Thick clouds of gases collected into vast
clumps of dense matter.

Stars and galaxies began to form. The
universe became transparent as light
was now able to travel through it.

Almost 10,000 million years after the
Big Bang, the Solar System formed.



BIG BANG EVIDENCE

One reason why most scientists
think that the Big Bang theory
is correct is that a weak signal,
like an echo, has been detected
from space by powerful radio
telescopes. It could be that this
echo is from the energy in the
early fireball, which spread out
into space after the Big Bang.

The energy from
the Big Bang
explosion spread
out into space.

Astronomers have calculated
that if the universe contains
only the matter that they know
about, it would have expanded
too quickly after the Big Bang
for galaxies to form. This means
that for the Big Bang theory to
be true, the universe must
contain a lot more matter than
we currently know about.

Scientists
think that
they only
know about
10% of the
universe. The
rest is still to
be found.

THE FUTURE

At the moment there are three
main theories about the future
of the universe.

The Slowing Down theory
states that the universe could
go on expanding continuously,
and everything woul!d gradually
fade away. Eventually the whole
universe would become just a
mist of cold particles.

The universe
could slow down
and then simply
fade away.

If more matter exists than is
known about, a pulling force,
called gravity, may eventually
slow down the expansion of the
universe. It will pull everything
back until the galaxies crash.
There could then be a Big
Crunch, like the Big Bang in
reverse. This idea is known as
the Big Crunch theory.

The galaxies
could collide
in a Big
Crunch.

When you
look at the night
sky, you are looking
out upon millions
and millions of stars.

Some scientists think that the
universe works like a heart,
beating in rhythm. They believe
that it expands, then shrinks,
then expands again, and so on.
So a Big Bang is followed by a
Big Crunch, in a repeating
cycle. This idea is called the
Oscillating Universe theory.

Big Bang  Big Crunch  Big Bang

Internet link

e-quickilnks.com
owing websites:

good introduction to the

bsite 2 How long does it take to
vel to the nearest star?

Website 3 Travel back 15 billion years
ago to the Big Bang.

Website 4 Lots of information
about the universe including
discoveries, video clips and

Website 5 Witness th:
revealed by a satellite
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GALAXIES

tars are grouped together in vast collections

called galaxies. Each galaxy contains billions
of stars. Galaxies are themselves generally grouped
together. Our Solar System forms a tiny part of a
galaxy called the Milky Way in a group called the
Local Group. This contains about 30 galaxies and

stretches across five million light years*.

STAR CLUSTERS

Inside galaxies, stars often group
together in clusters. Stars within
a cluster move at the same speed
and in the same direction. There
are two types of star clusters.

Open clusters are found in
areas of space that are rich in
gas and dust. They contain
from a few dozen to a thousand
bright young stars which are
scattered loosely in the cluster.

*
This is an open cluster of stars called
the Pleiades.

Globular clusters are much
larger than open clusters. They
contain up to a million stars,
densely packed together in
sphere-shaped clumps.

*

Globutar clusters like this one appear
like very faint stars to the naked eye.

* Light years, 154
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TYPES OF GALAXIES

Galaxies form in different shapes.
The four most common shapes
are spiral, barred spiral, elliptical
and irregular.

A spiral galaxy
has a bright
middle and two
or more curved
arms of stars.

A barrved spirail
galaxy has a
central bar of stars
with an arm at
each end.

Elliptical galaxies
vary in shape from
round to oval. They
contain many old,
red stars.

An irreguilar
galaxy is a cloud
of stars with no
definite shape.

One third of all known
galaxies are spiral shaped.
Using sophisticated telescopes,
astronomers have recently
found new galaxies which are
bigger and less tightly packed
with stars than any they have
seen before. These galaxies do
not give off much light, so they
are known as low surface
brightness galaxies.

The Cartwheel
galaxy is S00 million light years away.

CARTWHEEL GALAXY

The Cartwheel galaxy (shown
above) is an enormous galaxy,
150,000 light years across. Its
rare shape was formed when a
smaller galaxy smashed into it.

The outer ring is an immense
circle of billions of new stars.
These formed from the gas and
dust which expanded from the
core after the collision. Its
original spiral shape is now
starting to re-form.

NEAREST GALAXIES

The galaxies closest to our Milky
Way are the Large and Small
Magellanic Clouds. These are
small, irregular galaxies. The
nearest large galaxy is the spiral
Andromeda galaxy. It is over 2.5
million light years away, and is
the most distant object that can
be seen with the eye on its own.

The Large Magellanic Cloud is one of
the closest galaxies to the Milky Way.



THE MILKY WAY

Compared with other galaxies, the Milky Way is relatively
large, measuring about 100,000 light years across. The
Earth and the rest of our Solar System lie about 32,000
light years from the middle of the Milky Way.

Most astronomers believe that the Milky Way is a spiral
galaxy, although some describe it as a barred spiral
galaxy. It gets its name because in ancient times,
people thought that it looked like a trail of

spilled milk in the night sky.

The Miiky Way

This is one of at least 150
huge globular star clusters
which hover above or
below the middle

of the galaxy.

On a clear night you could
fook for the Milky Way. In the
northern hemisphere, the best
time to see it is between July
and September, although it
also looks impressive on dark
midwinter nights.

In the southern hemisphere,
the Milky Way is at its most
spectacular between October
and December. It looks like a
band of glowing light.

Like all spiral galaxies, the Milky

Way rotates slowly. Closer to
the middle it spins faster than
at its edges. Our Solar System
is thought to revolive around
the middle of the galaxy about
once every 225 million years.
According to this theory, the
Milky Way has rotated only
once since the dinosaurs were
living on the Earth.

e

This side view of the Milky Way shows
that it has a bulge in the middle, like
two fried eggs placed back to back.

The Earth and
the Solar System
are here in the
Milky Way.

Areas of glowing pink, blue
and green gases are nebulae,
the regions where new stars
form. For more about
nebulae, see page 158.
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STARS

NEBULAE

Some nebulae are bright and
some are dark. Dark nebulae
look like dark patches in the
sky. They are made mostly of
dust, which blots out the light
of stars behind them. The
gases in bright nebulae are
so hot that they glow in
beautiful colors.

Stars are formed in huge clouds
of dust and gas called nebulae.

The Horse’s
Head Nebula
is a dark
nebula. It is
silhouetted
against a
bright nebula.

The colors in a bright nebula
depend on the types of gases
it contains. For example,
hydrogen glows pink, while
oxygen glows green-blue.

The Trifid
Nebula is
a bright
nebula. Its
colors are
caused by

gases.

These columns of gas and dust, known
as the Pillars of Creation, are part of the
~ Eagle Nebula. The taller column
- measures about a light year
~ from base to tip.

hot, glowing

Every galaxy in the universe contains
millions and millions of stars. A star is a ball
of tremendously hot gas, which produces heat
and light from nuclear reactions within its core.
The closest star to the Earth is the Sun, which is
93 million miles away. The second closest star is
Proxima Centauri, 4.5 light years* away.

THE BIRTH OF A STAR

The clouds of gases and dust in
some nebulae swirl around and
form into clumps which grow
larger and larger. Eventually,
something causes these new
clouds to collapse. Astronomers
think this might happen when
they pass through the arms of a
spiral galaxy, or that the collapse
is caused by a shock wave from
an exploding star.

As each cloud collapses, the
temperature inside it rises. After
tens of thousands of years of
collapse, a hot core forms. The
core gets hotter and hotter until
nuclear reactions begin inside,
making the cloud of gases, now
a star, start to shine.

Gases and dust in the
nebula swirl around.

The clouds collapse.

A hot core forms.

A new star is born.




VARIABLE STARS

Some stars appear to change
occasionally in brilliance. These
are called variable stars and
they fall into three main types —
pulsating, eclipsing and
cataclysmic variables.

Pulsating variables are usually
larger than the Sun. They change
in size and temperature, giving
off more light when large and
less light when small. Some
variable stars shrink and grow in a
regular cycle, but others are more
erratic. The series of pictures
below shows Mira, a pulsating
variable star with a regular cycle.
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An eclipsing variable (EcV) is
a type of binary star. A binary
is actually two stars which orbit
around each other, held in place
by gravity. In an EcV, one star
passes behind the other, as seen
from Earth, so the brightness
changes. The diagram below
shows an EcV with a small, bright
star and a larger, dimmer one.

An eclipsing variable

The brighter
star is called
the primary.

The fainter star
is called the
secondary.

Cataclysmic variables are
binary stars that are very close
together. When the gravity of
one of them (usually a white
dwarf*) pulls material away from
the other (usually a red giant*),
a huge and sudden increase in
brightness occurs between and
around them. This is caused by
violent nuclear reactions.

One type of cataclysmic variable,
called a nova, flares suddenly,
then fades back to its original
brightness. It does this over
several months or even years.

THE LIFE OF A STAR

At first, most new stars burn
very brightly, appearing either
blue or white. They exist in this
state for millions of years. As a
star gets older, it shines less
brightly but more steadily.

The lifespan of a star varies.
Stars such as our Sun have a
lifespan of about 10,000 million
years. Stars smaller than the Sun,
called dwarf stars, live longer.
Stars that are larger than our
Sun are giant stars. The
biggest stars of all are
supergiant stars. They

have short lives of only

a few million years.

Four bright stars

Here is a comparison
of the sizes and

colors of some stars. Arcturus is
You can find out an orange
more about giant star.
star colors over

the page.

Rigel is a blue

supergiant star.

See for yourself

[f you look up at the sky on a
clear night, you will notice that
some stars seem to twinkle.

This happens because starlight
passing through the Earth'’s

atmosphere is bent and broken
up. The angle at which it bends
depends on the temperature of
the air. The light passes through
both warm and cold air, so the
starlight shines at you from

different directions at once,
making it appear to flicker.

*

Starlight
bending on its
way through
the Earth's
atmosphere.

Barnard’s Star is a red dwarf
star, cooler than our Sun.

The Sun is a yellow star.

Internet links )

Go to www.usborne-quicklinks.com
for links to the following websites:

Website 1 Fascinating facts about stars
and nebulae

Website 2 Star facts and images
and an introduction to the Hubble Space
Telescope

Website 3 See spectacular images of
stars and nebulae

Website 4 Go on a sky safari and spot
nebulae, supernovas and galaxies then
view them through different kinds of
NASA telescopes.

Website 5 Take a peek into the life
of a star.

* Red giont, White dwart, 161
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STARS
DESCRIBING STARS

Stars burn with different amounts
of brightness. Star brightness is
measured on a scale called
magnitude. The actual
brilliance of a star in space is its
absolute magnitude. A star’s
brightness seen from the Earth

is its apparent magnitude.
The brightest stars are classed

as 0 or even minus magnitude.

Magnitude scale

**********—
4 © 1 Z 8 4 586 7 8¢

Brightest stars Dimmest stars

Stars are classified by their color.
The youngest, hottest stars are
usually biue or white, and the
oldest, coolest ones are red. A
class of star is called a spectral
type. The main spectral types
are shown in the chart below.
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COLOR

| EXAMPLES

TEMPERATURE

CONSTELLATIONS

Since earliest times, people have
noticed patterns of bright stars
in the sky. These patterns are
called constellations. There
are 88 constellations visible from
the Earth. Many of them are
named after characters or objects
taken from ancient Greek myths.

Within constellations, there are

smaller patterns called asterisms.

The Plough, or Big Dipper, is a
famous asterism. It is part of the
constellation Ursa Major.

The constellation of
Ursa Major, or the
Great Bear. Here, the
imaginary shape of
a bear is drawn
around it.

The seven
stars of the tall
and hips make
the asterism calted
the Big Dipper.

Arcturus
Antares

s Taghr pesns, 54

The constellations are made up
of the most prominent stars in
the sky. From the Earth, the stars
in a constellation may look quite
close to one another. In reality,
they are extremely far apart. The
stars in the constellation Orion,
for example, vary between less
than 500 light years* and over
2,000 light years away. Viewed
from the Earth, the stars look like
a connected group, as they lie in
the same direction.

The stars in Orion look close together
ancl the same distance from the Earth.

Al

Here you can see that Orion’s stars lie at
very different distances from the Earth.

All constellations and asterisms
can be seen with the naked eye,
though what you can see
depends on the time of year
and your geographical position.
Next time you are outside on a
clear night, see if you can spot
the Big Dipper in the northern
hemisphere, or the four stars
that make the Southern Cross in
the southern hemisphere.
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THE DEATH OF A STAR

Eventually a star’s supply of gas
runs out and it dies. As it dies, a
star the size of our Sun swells up
and turns red. At this stage it is
called a red giant.

Slowly it puffs its outer layers of
gas into space, leaving behind a
small, almost dead star called a
white dwarf. This is about the
size of a planet and is extremely
dense and heavy for its size.
(Imagine a golf ball that weighs
as much as a truck.) The white
dwarf gradually cools and fades.
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This Hubble Space Telescope* image
shows six white dwarf stars (shown in
circies) surrounded by yellow, Sun-like
stars and cooler, red dwarf stars*.

 Dwanf stoes, Guant stors, 139, Hubbte Spoce Tetescope, 175
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This image, taken
by the Hubble Space
Tetescope, shows mysterious
rings around supernova 1987A, a
star that exptoded in 1987.

SUPERNOVAS

Giant stars* have a really
spectacular death. First they
swell into vast red stars, called
red supergiants. Then they
blow up with a colossal
explosion, called a supernova.

The supernova leaves a rapidly
expanding layer of gases and
dust with a small, spinning star
in the middle. This is a neutron
star. It is even denser and
heavier than a white dwarf (see
left). (Imagine a golf ball that
weighs as much as a skyscraper.)

Some neutron stars send out
beams of radiation that swing
around as the star spins. These
stars are called pulsars.

When a star dies in
a huge supernova
explosion, only its
dense core may
survive,

Pulsars are neutron
stars which spin
rapidly and flash
like lighthouses.

BLACK HOLES

When the very biggest stars die,
they form red supergiants, then
explode into a supernova.
However, when they collapse,
they shrink so much that they
virtually vanish from the
universe. They may become
what are called black holes —
bottomless pits from which
nothing escapes.

A black hole is so heavy and
dense that its gravity sucks
everything inside it, even light.
This means that it cannot be
seen. Anything that goes into a
black hole is likely to be crushed.
Some scientists think that in the
middle of our galaxy lies an
enormous black hole, surrounded
by a mass of ancient red stars.

Aring of cool gas around a suspected
black hole, as pictured by the Hubble
Space Telescope*.

Internet links

Go to www.usborne-quicklinks.com
for links to the following websites:

Website 1 Learn how to spot familiar
constellations with an online tutorial.

Website 2 Watch a movie about this
month’s consteliations and cosmic events.

Webslte 3 Try a constellation quiz
and learn lots more about stars.

Website 4 Explore more about
black holes with pictures, animations
and a quiz.

Website 5 Find a clickable list of the
88 constellations and discover their key
features and the best time to spot them.




THE SUN

ike all stars, the Sun is a massive
ball of exploding gas. Although it is
only a medium-sized star, life on Earth
could not exist without the heat and light
it providles. It also applies a huge pulling
force called gravity to everything within
billions of miles. This is why planets, moons
and other objects travel around or orbit the Sun.

INSIDE THE SUN

Within the Sun, atoms of
hydrogen are continually split
apart. The pieces fuse together
in a different structure to make
a light gas called helium. This
process, called a nuclear
fusion reaction, gives out
massive amounts of energy.

Structure of the Sun

1. The Sun’s core is 27 times
wider than the Earth, and has
a temperature of over 27

mitlion degrees Fahrenheit.

2. The radiative
zone surrounds
the core. Heat
produced in
the core
spreads
through
this part
in waves.

convective
zone carries
the Sun’s
energy up to
the surface. The
red arrows on the
diagram show its
churning motion.

4. The photosphere is the
Sun’s “surface”. It is made of
churning gases.

SURFACE OF THE SUN

Sunspots are small, dark patches
on the Sun’s surface which are
slightly cooler than their
surroundings. Clouds of glowing
gas called faculae often
surround sunspots. Huge loops
of gas, called prominences, leap
from the surface at up to 373
miles per second. Explosions
called solar flares are even
more violent and spectacular.

ECLIPSES

The Moon occasionally passes
between the Earth and the Sun,
blocking its light. This is called a
total solar eclipse. The Moon
can cover the Sun because
although it is much smaller, it is
also closer to us. If you close one
eye and hold up a coin between
your face and a ceiling light, you
can see how this works.

During a total solar eclipse, a thin
layer of gas around the Sun,
called the corona, can be seen.

Although the
Sun is larger than
everything else in the
Solar System put together, it is
only a medium-sized star.

AURORAS

The Sun blows a constant
stream of invisible particles out
into space, in all directions. This
is called the solar wind. When
particles become trapped near
the Earth’s Poles, they create a
dazzling light display called an
aurora. In thenorth, this is
called the aurora borealis, or
northern lights. In the south,
it is called the aurora
australis, or southern lights.

See for yourself

You should never look directly
at the Sun, as even glimpsing
it could blind you. But there
is a simple way in which you
can see it indirectly.

Point a pair of binoculars at
the Sun with a piece of white
cardboard behind them. Move
the binoculars around until a
white circle appears on the
cardboard, then focus them
until the image is sharp. You
may see dark smudges on the
image. These are

sunspots. Sun’s
image
Keep cover

on this tens.




THE SOLAR SYSTEM

Together, the Sun and
everything that orbits it is called
the Solar System. It includes
planets, moons, chunks of rock,
metal and icy debris, and huge
amounts of dust.

After the Sun, the most
important members of the

Solar System are its planets -
Mercury, Venus, Earth, Mars,
Jupiter, Saturn, Uranus, Neptune
and Pluto. They all orbit the

Sun at different distances and
speeds, spinning as they do so.

A planet’s day is the length

of time it takes to make a
complete 360° turn. An Earth
day, for example, lasts 24 hours.
A planet’s year is the length

of time it takes to orbit the

Sun. The Earth’s year is

365.3 days long.

Neptune

Many of the planets in the Solar
System have smaller companions,
called moons, orbiting them.
Moons vary greatly in size, shape
and number. For instance, Earth
has only one, but Saturn has at
least 18. You can find out more
about Earth’s moon

on page 167.

Earth’s moon is a
rocky, dusty ball.

The Solar System

Below, you can see the nine planets in the

Solar System. The distances between
them are not shown to scale
because they are too vast.

Large lumps of rock and metal
called asteroids, and chunks
of frozen gas and dirt called
comets, also orbit the Sun.
Most asteroids are found
between Mars and Jupiter, but
a comet’s orbit may be in any
part of the Solar System. You
can find out more about
asteroids and comets on
pages 172-173.

Mercury &
®

= — Most asteroids are found
g in this area, called the
Asteroid Belt.

Internet links

Go to www.usborne-quickiinks.com
for links to the following websites:

Website 1 Take an incredible tour of
the Solar System, with fly-bys of the
Sun and each planet.

Website 2 An animated guide to
the Sun, with lots of facts and things
to do online.

Website 3 Compare the sizes of the
planets and the Sun.

Website 4 Find out what causes the
aurora borealis, watch a short video clip
and try a quiz.

Website § Watch animations of solar
and lunar eclipses.

I




THE INNER PLANETS

Mercury, Venus, Earth and Mars are known as the
inner planets. This is because they are the closest
planets to the Sun. Although they all have a similar
small size and rocky structure, only Earth is the right
distance from the Sun for life to exist on its surface.
You can find out more about Earth on pages 166-167.

MERCURY

Mercury is a very small planet,
with a diameter of only 3,032
miles. It is the closest planet to
the Sun, orbiting it at a distance
of about 36 million miles. This
closeness means that Mercury is
blasted by the Sun’s rays. Its
daytime temperature can reach
800°F, which is over four times
hotter than boiling water.

Mercury is nearest to
the Sun, so orbits it in
a shorter time than
any other planet.

&
4

it takes Mercury 88 Earth days
to orbit the Sun. As it travels, it
spins slowly. In fact, each day
on Mercury is equal to 58.7
Earth days. This means that
there are fewer than two days
in one Mercury year. So during
its long night, when half of the
planet faces away from the
Sun, the temperature can
plummet as low as -297°F.

VENUS

Venus, the second planet from
the Sun, is a similar size to the
Earth. it orbits the Sun at a
distance of about 67 million
miles. The planet’s surface is
mainly flat, but it has raised areas
which look like Earth’s continents.

Venus has an atmosphere that
is mostly made up of carbon
dioxide gas. It presses down on
the planet’s surface like a great
weight. Dense clouds of sulfuric
acid reflect the Sun’s rays,
making Venus shine like a very
bright star. Any rays which are
not reflected become trapped
around the planet, raising its
temperature to around 900°F.

Venus's thick atmosphere acts like
the glass in a greenhouse. Any rays
that travel through it become trapped.

Venus  Sun Mercury

Earth Mars

The diagram above shows
the four inner planets and
their orbits around the Sun.

This computer-colored image shows
dense clouds swirling around Venus.

See for yourself

You can try spotting the inner
planets yourself. Mercury and
Venus can sometimes be seen
just before sunrise and just
after sunset. After the Sun and
Moon, Venus is the brightest
object in the sky. It is often
called the Morning Star or
the Evening Star, depending
on what time of day it appears.
Mercury looks like a bright star
close to the horizon.

CAUTION

When you are planet spotting,
always make sure that the Sun
has not begun to rise in the
morning or has fully set in the
evening. Glimpsing the Sun’s
rays might damage your eyes.
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STUDYING VENUS

Nobody knew what the
surface of Venus looked like
until 1975, when two space
probes named Venera were
sent by the Soviet Union.
Smaller probes were dropped
from them. Their cameras
revealed that the surface of
Venus was covered with sharp
rocks and looked like a gloomy,
orange-brown desert.

Venus’s surface has shallow craters.
Obijects cannot strike with enough
force to make deep craters because
the atmosphere slows them down.

In the late 1980s and early
1990s, an American space probe
named Magellan used radar to
map the planet’s surface in
greater detail. it was found to
be covered mostly by areas of
solidified lava, which had flowed
out of Venus’s many volcanoes.

Magellan
space
probe

The picture below
is a computer image of
Venus's surface. It was created
using information collected
by the Magellan probe.

MARS

Mars is the fourth planet from
the Sun. It is just half the size
of the Earth and orbits the Sun
at a distance of about 142
million miles, taking just under
687 days to do so.

Mars is

sometimes
\ called the

. Red Planet,

By because of

the reddish
. dust covering
its surface.

Mars has two moons, called
Phobos and Deimos, which
are dark and dusty. Many
scientists think that these
odd-shaped moons are really
asteroids that became trapped
in orbit around Mars millions
of years ago.

Deimos, Mars’s
smaller moon,
is about 9 miles
across at its
widest.

Phobos is 17
miles across at
its widest. it has
a large crater
named Stickney on
its surface which is
about 3 miles across.

- Go to www.usborne-quickiinks.com
i for links to the following websites:

| Website 1 Fascinating facts and a

| lots of fascinating facts.

STUDYING THE SURFACE

In the 1960s and 1970s, the
Mariner and Viking space probes
sent back detailed pictures of the
surface of Mars. It was shown to
be covered in reddish-orange
dust, with many rocky canyons
and craters. Huge dust storms,
which may last for weeks, often
rage across the landscape.

The most recent successful Mars
missions, called Mars Pathfinder
and Mars Global Surveyor, were
launched in 1996. The Pathfinder
mission is now over, but the
Surveyor craft will continue to
send information and images
from Mars for a few more years.

The Pathfinder spacecraft carried this
tiny vehicle named Sojourner, which
roamed over the planet’s surface,
studying and photographing rocks.

‘ Internet links

picture gallery of Mercury.

Website 2 Picture gallery of Venus and '

Website 3 Find out more about Mars,
with facts and a photo gallery.

Website 4 Information about NASA’s
missions to Mars.

L

Website § Watch slide shows of Mars.




THE EARTH AND MOON

he Earth orbits the Sun at a distance of about 93

million miles. This distance makes it just the right
temperature for water to exist as a liquid, rather than just
ice or vapor. The Earth also has a breathable atmosphere.
All these things create the right conditions for life to exist.

EARTH'S ATMOSPHERE

From space, the Earth's
atmosphere looks like a very

thin blue layer surrounding the
planet. It is a mixture of nitrogen
and oxygen, with traces of other
gases. |t contains more oxygen
than the atmosphere of any other
planet. This gas is vital to life.

From space, the Earth’s atmosphere
looks like a thin haze. It appears

blue because of the way sunlight is
filtered through atmospheric gases.

EARTH'S SURFACE

Beneath the atmosphere is

the planet’s surface, called the
crust. This is split into a number
of enormous slabs called plates®,
which have pushed and pulled
against each other for millions
of years, creating mountains,
valleys and other features.

Mountain
ranges

like the
Himatayas
formed when
the Earth’s
vast plates
crushed
together.

Two-thirds of the Earth’s surface
is covered in vast oceans of
water. These are believed to
be the birthplace of Earth’s first
life-forms, around 3,500 million
years ago. Scientists study other
planets and moons for signs of
water or ice on their surface.
This could show that they are
or were once home to
primitive life.

The Earth as seen from space.
Early astronauts described it
as a beautiful blue jewel.

THE EARTH FROM SPACE

Today, people are learning

more and more about the Earth,
from information sent back by
satellites and space stations. For
instance, weather forecasters use
data collected by satellites to
predict weather patterns. They
can use this information to warn
people of severe weather
anywhere in the world.

information from satellites is
also used to find out more
about the Earth’s surface. Even
areas that are normally hard to
see, such as the ocean floor,
can now be seen in detail using
sophisticated satellites.

This map of the ocean floor was
produced by a satellite named Seasat.
The dark shapes are continents.

The Earth is the only planet in the Solar
System which is definitely known to
support life. This is because it
is mostly covered in water,
which has yet to be
found on any other
planet’s surface.




THE MOON

The Earth has a single

moon that orbits it at a distance
of about 238,855 miles. Most
moons are tiny compared to the
objects they orbit, but our Moon
is a quarter of the Earth’s size.

Because of the Earth’s gravity,
the same side of the Moon
always faces us as it orbits. The
other side of the Moon, known
as the far or dark side, has
only been seen by space probes
and astronauts.

The Moon is kept in
orbit by the pull of
the Earth’s gravity.

Unlike the Earth, the Moon has
no atmosphere to prevent it
from becoming too hot or too
cold. This means that the Sun's
rays can make its temperature
rise to 253°F. When the Sun is
not shining on the Moon, the
temperature can fall to -261°F.

_See for yourself

P The Moon'’s

surface is marked
with many craters. You

can see some of them with the
naked eye, but binoculars will
give a much better view. The

dark patches you can see on the
Moon's surface are known as
seas. They formed millions of
years ago from solidified lava.

PHASES OF THE MOON

The Moon does not make its

own light, but it reflects the Sun’s
rays. This can make it look very
bright in the night sky. Different
amounts of the Moon'’s sunlit side
can be seen as it orbits the Earth.
This makes the Moon appear to
change shape each night. The
different shapes are called the
phases of the Moon.

it takes 28 days for the Moon to
orbit the Earth once. The diagram
below shows the Moon's phases
during this time.

The phases of the Moon

Direction of sunlight
-— q ( Moon
ap-an 4

G / Earth e

The pictures below show what the Moon
looks like from the Earth when it is in each
of the numbered positions shown above.

1. New moon . 5. Full moon

.' 6. Waning

(becoming
smaller)

" 7. Half moon

) 2. Crescent
' 3. Half moon

4. Waxing (
(becoming
larger)

8. Crescent

The dark
circles are crate
They formed milliof
of years ago, when
meteoroids and asteroids
struck the Moon'’s surface.

THE MOON'S FORMATIO

Scientists are still not completely
sure where the Moon came from.
They used to think it was formed
at the same time as the Earth,
but studies of Moon rocks seem
to show that this is not the case.

Most astronomers now think that
the Moon was formed when a
massive object, the size of a small
planet, collided with the Earth.
This threw out an enormous
amount of rocky debris, which
Joined together in a single mass
to form the Moon.

Large object

Earth

The Moon may
have formed from
rocky debris thrown
out after a huge
object smashed
into the Earth.

the Earth |

as of the
, of astronauts




THE OUTER PLANETS

Jupiter, Saturn, Uranus, Neptune and Pluto are known The Galileo space

probe has been
studying Jupiter

as the outer planets. They lie in the outer regions of _
since 1995.

the Solar System. Except for tiny, rocky Pluto, all of
these planets are huge balls made almost entirely of
gas, so they are sometimes called the gas giants.

JUPITER

Jupiter is the largest planet in the Solar System, measuring Structure of Jupiter
88,846 miles at its equator. It takes about 11.9 Earth years to
orbit the Sun once. Despite its distance from the Sun, Jupiter
is not a frozen planet. Pressurized hydrogen at its heart breaks

down to create huge amounts of heat. 1. The atmosphere’s top layer is
broken into vast clouds by high winds.
Violent storms rage around the planet.

Scientists base this idea of Jupiter’s
structure on information from space probes.

Several space probes have been sent to Jupiter.
In 1979 the Voyager probes discovered that
Jupiter has faint rings, which cannot be
seen from the Earth.

2. The dark bands are gaps in the clouds.
Deeper, hotter layers of the planet’s
churning atmosphere can be
seen beneath.

3. This layer is
10,563 miles thick.
it is made of
hydrogen gas
which is so
compressed
that it acts

In 1995, the Galileo space probe
took a new series of photos, and
also sent a mini-probe down
into Jupiter’s atmosphere.

it discovered that Jupiter’s

winds blew harder than like a liquid.
any on Earth, and gathered 4. This layer
more in orma.tlon on is also made
the planet’s rings of hydrogen,
and moons. but it is sod
compresse
Ganymede that it behaves
like a solid.
JUPITER S MOONS 5. The core,

which is slightly

So far, astronomers larger than the

. - Earth, is thought to
Ihavi g;scovered at O be solid and rocky.
eas moons
around Jupiter. The ' —d
four largest are called Sl Augh
the Galilean Moons, After the Sun, Moon and
aﬁer t_he lta'_'an The Galilean Moons (not shown to scale above) Ve|:1us, .]uplter is the brightest
scientist Galileo, who object in the sky. With the
discovered them in Ganymede is the Callisto is a ball of dusty na.ked eye it looks like a very
1610. Jupiter’s other largest moon in the ice. Its surface is scarred bright star. If you have a

. o Splar System. tt is even with hundreds of craters. telescope, you may be able to

?n:);{‘esl' aSrZr:\neufnay k/;g?cetrr;han = Europa may have a deep sesjuntediclondibneLiany
be just.asteroids ocean beneath its fractured, the Gre:; :ed SPO:' 2 ViSt

dby.th : lo is covered with icy crust. Some scientists storm which rages throug
captured by the volcanoes that pour believe that this ocean the planet’s atmosphere.
planet’s gravity. sulfur onto its surface. may contain simple life.
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SATURN

Saturn is the second largest planet in the Solar
System. It measures about 74,898 miles around its
equator — nine times wider than the Earth. Saturn
orbits the Sun once every 29.5 Earth years, at a
distance of about 888 million miles.

The planet is made up mostly of hydrogen and
helium, which are very light gases. This makes

Saturn very light compared to the other planets.

Astronomers believe that Saturn may be
similar to Jupiter on the inside,
because it also generates its
own fierce heat.

Saturn’s rings
are made of
dust and rocks.

SATURN'S
RINGS

Saturn is often
called the Ringed
Planet, because it is
surrounded by rings of
dust and rocks. These

were identified in the

seventeenth century by Galileo.
Space probes such as Pioneer 11 (in
1979) and the Voyagers have since sent lots

of information about the rings. Scientists now know

that there are other planets with rings.

Saturn’s rings are just under one mile thick and are
made up of dust, rocks and icy boulders. The rings
that can be seen from the Earth are actually made
up of thousands of smaller ringlets. The outer ring
particles are kept in place by the gravity of two
small moons, known as the Shepherd Moons.

SATURN’S MOONS

Saturn has at least 31
moons, some of which

are shown on the right.

Scientists think that
Saturn’s and Jupiter’s
moons are among the
places in the Solar
System where evidence
of simple life is most
likely to be found.

Saturn is the second largest
planet in the Solar System.

It is about nine times the
size of the Earth.

Saturn’s biggest moon,
Titan, is surrounded by
dense orange clouds.

Mimas is about 247
miles wide and heavily
cratered. The impact
that created its largest
crater almost destroyed
it completely.

Enceladus is slightly
larger than Mimas R
and is much -
smoother. Most 9
of its craters

are covered

by ice.

Tethys has huge craters
and long valleys. The
longest valley, Ithaca,
is 1,243 miles. The
largest crater,
Odysseus, is

249 miles wide.

Saturn spins so fast
that it appears to
bulge slightly in
the middle and

to be squashed

at the poles.




THE OUTER PLANETS
URANUS

Uranus was discovered by
British astronomer William
Herschel in 1781. It takes just
over 84 Earth years to orbit the
Sun, at a distance of around
1,783 million miles. it

travels slowly, moving at

about 4.3 miles per second. By
comparison, the Earth moves at
nearly 18.6 miles per second.

Most planets spin around like
tops, but Uranus rolls around
the Sun on its side, like a barrel.
it may have been tipped onto its
side millions of years ago by a
collision with a planet-sized
comet. Uranus spins quickly,
making one turn in 17.9 hours.

Like Saturn, Uranus has a system
of rings, which were discovered
in 1977. in 1986, the Voyager 2
space probe photographed and
measured them. The rings were
found to be made up mostly
of dark dust.

MOONS OF URANUS

For many years, Uranus was
thought to have 15 moons.
Astronomers have now officially
identified at least 21, and there
may be more awaiting discovery.

The five largest moons are shown
below. Ariel and Umbriel are
both dark and cratered, while
Titania has deep, long valleys.
Oberon is heavily cratered, but
little else is known about it.
Miranda is a small ball of ice,
about 293 miles across. It is
thought that it may once have
been broken apart by a comet.

Umbriel

Titania

Oberon

Miranda e

This picture of Uranus and its
rings was created using
information taken with
the HST's* Near
Infrared Camera.
The red patches
are high
cloucdts.

A photo of

Neptune, taken

by the Voyager 2
space probe in 1989.

NEPTUNE

Neptune was first discovered by
astronomers John Couch Adams
and Urbain Jean LeVerrier. it is
slightly smaller than Uranus, and
spins once every 19.2 hours.
Neptune is about 2,799 million
miles from the Sun. it takes
about 165 Earth years to
complete a single orbit.

You cannot see Neptune with
the naked eye, and even through
a telescope it only looks like a
small, bluish circle.

NEPTUNE'S ATMOSPHERE

Methane gas in the atmosphere
gives Neptune its blue appearance.
Neptune’s atmosphere also
contains ammonia and helium.
Beneath its dense blanket of gases,
the planet is thought to have an
outer layer of liquid hydrogen.

Voyager 2 observed long, wispy
clouds swirling around Neptune,
blown by winds of up to 1,243
miles per hour. It also saw dark
spots. The largest, named the
Great Dark Spot, was a vast
storm the size of the Earth.

Neptune’s Great
Dark Spot.
Voyager 2 scientists
named the little
cloud below it the |
Scooter, because it
raced around the

planet every

16 hours.

T HST (hivehie Spore Tolescoped, 175




NEPTUNE'S MOONS

Neptune has twelve moons. The
largest of them are Triton and
Nereid. Triton is bigger than
the planet Pluto. Most moons
orbit their planet in the same
direction as the planet spins.
Triton, however, travels in the
opposite direction, as shown

in the diagram below.

Neptune spins
counterclockwise.

Triton orbits in a
clockwise direction.

Most of Triton's surface is
bright and smooth. it has some
dark streaks over it and pink ice
around its south pole. Triton
has a thin atmosphere of
nitrogen and methane.

oo

This photograph of Triton shows the
polar cap. Its pink tinge may be due to
the evaporation of frozen nitrogen gas.

* Hubble Space Tolescope (HST),
NASA (National Acronautics Space Adnunistribon), 175

PLUTO

Pluto is the Solar

System’s smallest

planet, measuring

just 1,412 miles

across. It was first

discovered in 1930

by American astronomer Clyde
Tombaugh. Pluto has an oval orbit,
so its distance from the Sun varies a
great deal. Most of the time Pluto
is the furthest planet in the Solar
System. At its closest, it is about
2,749 million miles from the Sun.
At its furthest, it is about 4,582
million miles away. It takes 248
years to orbit the Sun once.

Although Pluto is currently classified
as a planet, some astronomers
believe it may not be one. its small
size and odd orbit suggest it could
actually be a huge asteroid.

Pluto has a single moon, called
Charon, which was discovered
in 1978. Charon is nearly half
Pluto’s size, making it unusually
large for a moon. For this reason,
some astronomers think that
Pluto and Charon are in fact a
pair of planets.

Charon

Pluto and its moon
Charon are very close
Lo each other. They
are only about 12,427
miles apart.

et e o

Neptune

Pluto’s orbit is tilted at an angle
compared with the other planets.
It cuts across Neptune's orbit.

STUDYING PLUTO

Pluto is very hard to see, because
it is so far away. Even powerful
telescopes on Earth show Pluto
as just a tiny circle with no surface
markings. But images from the
Hubble Space Telescope* suggest
that it may be an icy, rocky ball
like Neptune’s moon, Triton,
with an atmosphere of frozen
methane and nitrogen.

Astronomers are keen to send a
probe to Pluto, because it is the
only planet yet to be explored
and photographed in detail. This
is a difficult task, as a probe would
take about 12 years to get there.
itis also thought that the planet’s
atmosphere freezes solid and falls
to the surface as it moves away
from the Sun. The probe would
have to reach Pluto before this
happened, or surface features
might be hidden from view.

Internet links

GCo to www.usborne-quickiinks.com
for links to the following websites:

Website 1 Read lots of fascinating
facts about Uranus.

Website 2 Find out about Neptune
with lots of facts.

Website 3 Learn more about Pluto
with fascinating facts.

Website 4 More facts, figures and
images of Uranus, Neptune and Piuto.

Websites 5-7 Picture galleries of
Uranus, Neptune and Pluto, and their
fings and moons.




SPACE DEBRIS

s well as many planets and moons, the Solar

System also contains millions of smaller objects,
called asteroicls, comets and meteoroicls. They are
believed to be pieces of debris left over from the
birth of the universe.

ASTEROIDS

Asteroids are large pieces of
rock, or rock and metal. The first
was spotted in 1801, by an
Italian astronomer named Piazzi.
He found an object in space
which he believed was a tiny
planet. Piazzi named his
discovery Ceres.

Soon, other astronomers noticed
similar objects, which they called
asteroids. This means “like stars”.
Most orbit the Sun between
Mars and Jupiter, in an area
called the Asteroid Belt.

The first close-up pictures of an
asteroid were taken in 1991, by
the space probe Galileo. It
photographed the asteroid
Gaspra. The images showed
Gaspra to be about 12 miles across
with an irregular shape. Its surface
is grooved and pitted with craters.

Gaspra is one of the largest
asteroicls in the Asteroid
Belt. it is dark reddish-
brown, with
patches of gray ‘»
and blue.

7]

NUMBERS AND TYPES

Several hundred thousand
asteroids have already been
discovered and many more are
discovered every year. Most
asteroids fall into one of three
main groups, depending on
what they are made of. These
groups are carbonaceous (like
Ceres), silicaceous (like Gaspra)
and metallic.

Carbonaceous (or
C-type) asteroids are
the most common.
They are stony and
darker than coal.

Silicaceous (or
S-type) asteroids
are bright anct shiny.
They contain metal.

Metallic (or M-type)
asteroicts may be the
exposed, metat cores
of originally much
larger objects.

Asteroids are often scarred with
craters, made by smaller
pieces of space debris
colliding with them.

o

Hale-Bopp, the clearest comet to
be seen for 100 years, came into
view between 1995 and 1997.

TROJANS AND APOLLOS

There are several other groups of
asteroids besides the ones in the
main Asteroid Belt. For instance,
Jupiter holds clusters of asteroids
in its gravity. These asteroids are
called the Trojans. Some orbit in
front of Jupiter, and others orbit
behind it.

Apollo asteroid Trojans

jupiter
Trojans

Asteroid Belt

Other asteroids, known as the
Apollo asteroids, sometimes
cross the Earth’s path. Their
usual orbit, however, is further
away from the Sun.

Although they are shown close together
here, the distances between these asteroids
are 50 huge that spacecraft can
pass through without
hitting any ol them.




NEAR ENCOUNTER

Asteroids which ciosely approach
the Earth are cailed near-Earth
asteroids. The NEAR project,
which stands for Near Earth
Asteroid Rendezvous, was
created to study one of these
asteroids, called Eros. The NEAR
spacecraft was launched in
February 1996, and reached
Eros in February 2000, to
complete a one-year orbit.

Before it landed on Eros’ rocky
surface, NEAR took thousands of
pictures of the asteroid’s craters
and features. Thanks to this
successful mission, astronomers
now know much more about the
structure of near-Earth asteroids.

The NEAR spacecraft. Pictures
from it have revealed lots of
new information about
near-Earth asteroicls.

o8,
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COMETS E

Comets are balls of dirty ice. They
travel around the Sun in huge, oval
orbits. This means that they spend
most of their time far away from the
Sun. Some comets have such wide
orbits that they may travel far above
or below the Solar System for
thousands of years. The diagram on

the right shows some comets’ orbits.

<~

A COMET'S TAIL

The central, solid part of a comet
is called the nucleus. This is
made up of frozen gases, ice, grit
and rock. When a comet is near
to the Sun, its nucleus becomes
warmer. As the comet begins to
melt, a tail is formed. Some
comets have more than one tail.

How a comet tail forms

This is a comet
flying through
space, far from
the Sun. At
this stage it
has no tail.

As the comet
approaches the
Sun, it melts. Gas
anct clust stream
out into space,
forming a cloud
called a coma.

A constant stream
of particles from
the Sun, calted the
solar wind, blows
the coma out
behind. This creates
the comet’s tail.

Comet
orbits are
shown
in red.
IRAS
— Araki-
Alcock

Uranus

Neptune

Kohotitek

Halley

| — lkeya Seki

METEOROIDS

Meteoroids are very small
pieces of space debris. They
may be grains of dust from
comets, chunks of rock, or even
bits of shattered asteroids.

Occasionally, the Earth crosses thd
path of these meteoroids. As they|
plummet through the atmospherg
they burn up in a streak of light.
At this stage, they are called
meteors, or shooting stars.
Meteoroids that travel all the way
through the atmosphere and

land on the Earth are called
meteorites.

The Earth’s
atmosphere

Meteoroid Earth

When a meteoroid
enters the Earth’s
atmosphere, it
becomes a meteor.

See for yourself

A meteor shower is a short but
spectacular display of meteors
caused by the Earth crossing

a comet’s path. Astronomy
magazines and the Internet can
tell you the best dates to look for
showers in your hemisphere.

Internet links

Go to www.usborne-quickiinks.com
for links to the following websites:

Website 1 Animated presentation on
asteroids, comets and meteroids.

Website 2 Follow the life of a comet
and build a comet online.

Website 3 How NASA studies comets,
with animated guides and a quiz

Website 4 Explore a meteorite exhibit
and examine 3-D meteorite fragments.
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SPACE EXPLORATION 4

tudying space in detail only became possible after

the invention of the telescope in the seventeenth
century. Since then, astronomers have used many more
sophisticated devices to look further and further into
space. In the twentieth century, scientists discovered
how to send man-made satellites, and then people,
into space to study it in even greater detail.

OPTICAL TELESCOPES

Optical telescopes create images using light.

Some optical telescopes, called refractors,
collect light through lenses. Reflectors use
mirrors to collect light and reflect it back to
the observer. Astronomers use vast reflector
telescopes, housed in buildings called
observatories, to look far into space.

The Keck observatories in Hawaii house the world’s most
powerful optical telescopes. Like many observatories,
they are built on mountaintops, which are above most
of the haze and pollution in the atmosphere.

This reflector telescope, Keck 1,
is over 33ft wide. Its mirror

is made up of 36 segments
which act like a single,

giant mirror.

'i.;

Y Mirror
/A‘LJ )

The first true
oM astronomical
-./ telescope was built
>4 by Galileo in 1610. It
could magnify up to nine
times, but his later ones
could magnify up to 30 times.

RADIO TELESCOPES

Radio telescopes have very large dishes

with moveable antennas, that collect the faint
signals given out by objects in space. They allow
astronomers to detect things that are too dark
or too far away to see, even through the most
powerful optical telescope.

The largest radio telescope is the Arecibo dish
in Puerto Rico. Its 1,000ft wide dish is built into
a natural valley. It is sensitive enough to detect
faint signals from galaxies in distant areas of the
universe. These signals are 100 million years
old when they reach the Earth.

el

A radio telescope.
It can be steered to
face a particular
target in space.




' SPACE TELESCOPES

Telescopes that are placed out in
space can see much further than
telescopes on Earth, because
the planet’s atmosphere does
not block their view. The largest
telescope to have been placed in
space so far is the Hubble Space
Telescope (HST), an optical
telescope launched by NASA
(the National Aeronautics Space
Administration) in 1990.

"4

The HST’s
7 main mirror
: measures
—y 8ft across.

When the HST was launched,
astronomers hoped it would
provide the answers to many
questions about the nature and
size of the universe. After its
main mirror was repaired in
1993, it sent back some of the
most astonishing pictures of
the universe ever seen.

T '*'ﬁ Galaxy M100
S8%

o is tens of
M millions of
light years
away. This
image was
taken by the
HST after its
mirror was
repaired.

SATELLITES

There are many man-made
devices orbiting the Earth.
These are known as
satellites - the same
word that is used for
any object, such
as a moon,
which orbits a
planet or star. Some
man-made satellites gather
and transmit information
about space directly to
scientists on Earth. Others
pick up radio, TV or
telephone signals, and
send them back down to
other places on Earth.

The first man-made object ever
to go into space was a satellite
named Sputnik 1, which was
launched in 1957 by the Soviet
Union. it could not take pictures
or record information, but it
proved that man-made
structures could be launched
successfully into space.

In 1989, the satellite Hipparcos
was launched by the European
Space Agency. For three and a
half years, it mapped the night
sky in the greatest detail ever.
Results were published in 1997
and this new information has
since allowed astronomers to
calculate, with greater accuracy
than ever before, how far away
thousands of stars and other
objects are.

B
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This satellite orbits
at the same speed
as the Earth spins.
This is known as a
geostationary

This is one of
NASA's Tracking and Data
Relay Satellites (TDRS). They
communicate with spacecraft
orbiting close to the Earth.

See for yourself

If you would like to look at the
stars and planets yourself, you
will need a map of the night sky.
Star maps in astronomy books
will help you to identify the
consteltations, but the sky looks
different from the Northern
and Southern hemispheres, so
you need the right map for
your part of the world. If you
want to spot planets, charts in
the monthly astronomy
magazines show which planets
can be seen at a particular time.

Internet links )

Go to www.usborne-quickiinks.com
for links to the following websites:

Website 1 Take a photo tour of the
Arecibo Observatory, the world’s largest
single-dish radio telescope.

| Website 2 Find out how the Keck
observatories work and take a virtual tour.

Website 3 Learn about the Hubble
Space Telescope and track the Hubble
| to see where it is now.

Website 4 Find out how different types
of space telescopes work.

Website 5 Learn about satellites, and
even build one.



SPACE EXPLORATION

SPACE PROBES

Since the 1960s, unmanned
spacecraft called space

probes have been sent to
explore the Solar System.
Many carry cameras, which
take detailed photographs of
distant planets. They beam
the pictures back to Earth,
where they are studied by
astronomers.

One such project was NASA's
Galileo mission to jupiter,
launched in 1989. Galileo also
carried a smaller probe, which
split from its mother ship to
study the planet’s atmosphere.
Recently, the Mars Pathfinder
probe landed on Mars and
sent a small remote-controlled
vehicle to explore the surface.

So far, Pioneer 10 (which
studied Jupiter and Saturn) and
Pioneer 11 (which studied
Saturn) have journeyed further
than any other probes. After
completing their missions, they
drifted out of our Solar System,
and are no longer active.

These astronauts have been
sent into space Lo repair
a damaged satelite.

FIRST MAN IN SPACE

For many years, space travel was
thought to be too dangerous for
humans. But advances in technology
throughout the 1950s led to Russian
astronaut Yuri Gagarin becoming the
first man in space, in 1961. His flight
lasted for one and a half hours.

MEN ON THE MOON

In 1959, a Soviet space probe,
Luna 9, was the first man-made
object to land on the Moon. Ten
years later, American astronauts
Neil Armstrong and Edwin “Buzz”
Aldrin traveled to the Moon in
the Apollo 11 spacecraft and
became the first people to walk
on its surface.

During the 1960s and 1970s there
were six Moon landings. Each
crew collected information and
rock samples. Scientists are still
studying these rocks in order to
understand more about how the
Moon formed and evolved billions
of years ago. This may also offer
clues about the Earth’s formation.

This is the Space Shuttle’s
Remote Manipulator
System, a moveable
“arm” which can retrieve
objects and bring them
into the Shuttle.

The most recent manned Moon
mission was Apollo 17, in 1972.




SPACE STATIONS

Space stations are used to
carry out studies which cannot
be done by satellites or probes.
Astronauts may remain on a space
station for over a year. Their
reactions to life in space help
scientists on Earth to understand
more about the effects of zero
gravity on the human body.

The USA's first space station,
Skylab, was launched in 1973.
The Russian space station, Mir,
was launched in 1986. Specially
made pieces, called modules,
can be attached to or removed
from space stations in space. In
this way, a station can be adapted
according to the mission being
carried out on board.

Huge solar cell panels on the International
Space Station will provide it with power.

A joint project of many nations
called the International
Space Station (ISS) should
be nearing completion around
2007. Once assembled, it will
provide six laboratories for
international space research.
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THE SPACE SHUTTLE

In the past, satellites and
supplies for space

stations were

launched into

space on single-

use, unmanned

rockets. But this was
expensive and inconvenient,
as the rockets were mostly
made up of fuel tanks, which
were jettisoned when empty
and could not be re-used.

The USA’s Space Shuttle was
designed as a more efficient
alternative. It is boosted into
space by two huge, solid-fuel
booster rockets. These are
released at a height of 28
miles, to be carried slowly

down to the sea on parachutes.

They can then be retrieved and
used again.

At the end of a mission, the
Shuttle glides back to Earth.
It is protected from the
intense heat of re-entry into
the atmosphere by special
heat-resistant coverings.

The Shuttle’s missions usually
last about a week. They have
included taking astronauts
to repair the Hubble Space
Telescope*.

The Space
Shuttle’s
booster
rockets allo
it to reach a
speed of just
under a mile
per second.

See for yourself

At certain times, you can see

the ISS, Shuttles and satellites
drifting across the sky like slow-
moving stars. Various Internet
sites tell you when and where
to look, and many others have
updates on research projects.
Some useful Web sites are listed
below and on page 175.

Internet links

Go to www.usborne-quicklinks.com
for finks to the foliowing websites:

Website 1 Explore an animated
timeline of NASA’s space probes and
find out about the key events of each
mission.

Website 2 Watch lots of video clips
and discover what it's really like living
in space.

Website 3 Take a photo tour of the
International Space Station and find
fascinating space facts and activities.

Website 4 Find out more about the
Space Shuttle, the world’s first reusable
spacecraft, and take a virtual tour or try
an online countdown simulation.




FREREAR YO EAR B

~he Earth is a tiny planet in a vast universe, which

contains hillions of stars, planets and moons, as well as

huge areas of space containing other, smaller particles. There

is no definite proof of how ancient events such as the Earth’s

formation took place. Many scientists, however, believe that

patterns of radiation in space show that the universe was = ey comets
ar ky

created in a huge explosion about 15 billion years ago. This "7 Sy
idlea is called the Big Bang theory. e e

Earth's early surface.

-

BIRTH OF THE EARTH " EARLY LIFE

The Earth is thought to have formed about 4,600 Around 3,500 million years ago, simple life-forms
million years ago, and it has been constantly developed from the churning chemical soup of the
changing and developing ever since. [t probably Earth's early oceans. Like modern green plants,
started as a huge, swirling cloud of dust and they made food using water, carbon dioxide and
gases. Over time, this cloud began to shrink and _*  energy from sunlight. This released oxygen into
become solid. Heavy iron-rich minerals collected . the early atmosphere.

at the middle of the growing planet, eventually

creating a core of iron. nel ) i
e For many millions of years, these tiny organisms

i continued to make oxygen from the carbon dioxide
As the Earth formed, gases such as methane, surrounding the Earth. This formed a barrier,
hydrogen and ammonia rose from volcanoes on preventing most of the Sun’s harmful ultraviolet
its surface. Over time, ultraviolet radiation from , rays from reaching the planet. Eventually,
the Sun broke down these poisonous gases, . ° conditions were right for complex life-forms to
leaving a thick blanket of nitrogen and . ... begin their development. For more
carbon dioxide. At the same time, Pt i e : : g about life on Earth, see pages
steam from volcanoes, and SRR R e . 186-187.
huge chunks of ice which 2 ' G
rained down from space,
formed early oceans.

This cluster of

stars formed many
billions of years
before the Earth

and Sun. Scientists
study these ancient -
stars to try to learn
more about the O
early universe.




ANCIENT HISTORY

The amount of time it has taken the Earth to
develop is so vast that it can barely be imagined.
For some idea of how ancient the Earth is, try to
picture its entire history taking place in one hour.
On this scale, each minute would equal about
76.7 million years. Because the history of the
Earth goes back so far, scientists must measure

its development in periods of millions and billions
of years. They use the terms deep time or

geological time to refer to such a vast timescale.

CHANGING CLIMATE

Ever since the Earth began to form, its climate
has been changing. For instance, at certain
times it was much warmer than it is now. At
other times, huge areas were covered with ice.

Ice ages are periods

of time lasting for
thousands of years,
when huge, moving
layers of ice called
glaciers cover much

of the Earth. Many
scientists think that past
ice ages were caused by
the Earth’s orbit around
the Sun changing shape.
This would have reduced
the amount of sunlight
the planet received,
leading to an ice age

as its climate cooled.

A glacier forms as snow
builds up over many years
anct becomes a mass of
ice. Its huge weight causes
it to move stowly downhilt.

Diagram showing change in Earth’s orbit

Earth’s
present orbit
is almost
circular.

= "
\Earth

» When an ice

. @

\

Earth’s orbit

During an ice age, glaciers travel slowly across the
land. In the past, these have helped to shape the
landscape in many parts of the world, by carving

vast valleys out of rock as they moved. Most of the

ice at the North and South Poles may also have
" been formed during the last ice age.

) — age took place,

Sun / may have been
\ 4 more oval.
_,——"/

THE SHAPE OF THE LAND

Soon after the Earth was formed, the first
landmasses appeared. They moved around,
joined together and split up again many times.
About 250 million years ago there was just one
giant landmass, called Pangaea. [t began to
split up about 225 million years ago, and the
continents which exist today were slowly formed.

Development of modern continents

225 million
years ago

135 million
years ago

Present day

Pangaea The spreading sea floor (pink area)

caused the land to break up.

STUDYING THE PAST

Most of the information scientists have about the
Earth’s past comes from rocks. Most rocks form
in layers over many thousands and millions of
years. By studying these layers, scientists called
geologists can figure out what conditions may
have been like as each one was formed.

Rocks formed in warm climates
contain more fossils than those
formed in cooler climates.

Rocks which were on the Earth’s
surface during ice ages show signs
of being worn away by glaciers.

Internet links

Go to www.usborne-quicklinks.com for links to the
following websites:

Website 1 An interactive lesson about the Earth’s history.

Website 2 Try an online tectonic puzzle where you can recreate
Pangaea by moving the continents.

Website 3 Find out what fossils are and what they tell us.
Website 4 See how the Earth’s climate has changed over the

past 2 billion years and find maps of the Earth during the
different periods in Earth’s history.
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* crust is up to

O G o " miles thick. 43 miles thick. |

Ocean

Inner core

crust makes up ocean

floors. Continental crust
is made of light rocks
such as granite, sandstone
and limestone. Oceanic
crust is made of heavier rock
such as basalt and dolerite.

Below the crust is the mantle,
which is about 1,800 miles thick.

The movement of the liquid
outer core is believed to create
the Earth’s magnetic field. This
field creates two poles, called
magnetic north and magnetic
south. You can see their effects
using an ordinary compass.
Whichever way you hold the
compass, its needte always
points to magnetic north.
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magnetic field J \ .
is just like that
of a giant bar | .
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PLATES

The lnthosphere is divided into
! large areas called plates, which
- are constantly movmg There are
about seven main plates and
,many smaller ones. Each one is
-made of contlnental or oceanic

5 where the plates edges et~ o
are called plate bou } 3
-»h«»::ffi#ﬂy :

Al the Earth’s plates
~fit together like the TR

pieces of a ;lgsaw /
puzzle Sy

The plates move very slowly
over the asthenosphere,
typically at about 1.5 inches
per year. They can move
toward each other, move
apart or shift sideways.

Because all the plates fit
together, movement of one
plate affects the others
around it. The study of plate
movement and its effects is
called plate tectonics.

NEW FEATURES

Plate movement is constantly
causing the formation of new
features on the Earth’s surface.

For example, where plates mdi
apart below the ocean, magm

from the mantle wells up all
along the boundary. It cools and

hardens to form a mountain
range, or ridge, of new crust.

= 'As the movement continues

the center, the ridge
" l"spureads out sideways,

- '-becomlng a spreading
:'ridge Boundaries where

- new crust is formed are called
constructive boundaries.

A destructive boundary,

or subduction zone, occurs
where an oceanic and continental
plate move together. The heavier
oceanic plate moves beneath the
lighter continental plate, forming
a trench where they meet. As the
plate sinks, some of it becomes
molten, forming new magma.

Formation of ridges and trenches

Oceanic
crust

Trench

Slow
currents
of hot
rock

7 Ridge

Where two plates push together
above ground, the crust buckles
and folds upward to form high
mountain ranges, called fold
mountains. The Earth’s crust

is thickest at these points.

This mountain range was
formed by two plates
crushing together.

TYPES OF ROCK
The rock that makes up the
Earth’s surface is constantly
being added to. It can be
divided into three basic types:
igneous, sedimentary and
metamorphic.

Igneous rock is formed when
molten rock cools and becomes
solid. Sedimentary rock is
formed when sediments, such as ‘
rock particles, are deposited by |
water or weather, buried and ]
then squashed into layers called
strata. When any type of rock

is changed by intense heat or
pressure, metamorphic %2
rock is formed.

Granite is %
a type of
igneous rock.

Limestone
is a type of
sedimentary
rock.

Marble is

a type of
metamorphic
rock.

Internet links i)

Go to www.usborne-quicklinks.com
for links to the following websites:

Website 1 Explore an interactive
exhibit all about rocks found on the
surface and deep inside the Earth.

Website 2 A good introduction to the
three main rock types and the clues they
give about the Earth’s history.

Website 3 Watch animations of the

S Earth’s structure and see what happens

when continental plates sink or collide.

Website 4 Find out more about plates e
and how they shape our world. |



EARTH'S STRUCTURE

FAULTS

As plates move, the strain
sometimes causes brittle rock to
crack. These cracks, called faults,
are often weak zones where more

movement or cracking may occur.

For example, rift valleys may
form when land containing faults
is forced in opposite directions.
All plate boundaries are major

faults which began as minor ones.

Formation of a rift vailey

‘lnlllll "I formed.”
upward. ’

-

Rock is pushed upward from ¥

underneath and pulled apart at faults.

EARTHQUAKES

The constant movement of
plates causes pressure to build
up at faults, and at the plate
boundaries themselves. If there
is a sudden slippage of rock, this
pressure is released quickly, and
an earthquake occurs. Most
earthquakes are too weak to be
felt by people, but some cause
huge damage, as the ground
shakes and buildings collapse.

! The North American
A plate moves 1/3in
per year.

San Andreas
fault

The Pacific
plate moves over
2in per year.

Earthquakes often occur on the San
Andreas fault, on America’s west coast.
This is because the two plates on
either side of the fault slide in the
same direction at different speeds.

FOCUS

The point where energy is
suddenly released and an
earthquake starts is called the
focus. It is usually 3-9 miles
under the ground. The point
on the surface directly above
the focus is called the
epicenter. Vibrations called
seismic waves travel from
the focus in all directions.

An earthquake is caused when rock
gives way at a fault, releasing vast
amounts of built-up energy.

Fault

-,

Epicenter —'

Vibrations
travel outward
from the focus.

PREDICTION

Scientists who study earthquakes,
called seismologists, use plate
movement to predict when major
earthquakes are going to happen.
Horizontal movement along
plates can be measured by
bouncing a laser beam off a series
of reflectors on the ground. A
computer records the time it
takes to travel between them. If
this changes, it shows that
ground movement has taken
place. Animal behavior may also
be used to predict an earthquake.

Snakes came out of hibernation early
before an earthquake in China in 1975.
This may have been because

they were disturbed
by very slight
vibrations
in the

VOLCANOES

The magma within the largely
solid mantle sometimes rises
and collects in certain places.
Volcanoes are formed when it
rises to the Earth’s surface and
bursts out. At this stage magma
becomes known as lava. This
explosive effect is known as an
eruption. Most volcanoes
form along plate boundaries

or under the sea.

Inside an erupting volcano

The volcano below, called a
composite voicano, is made up

of alternating layers of lava and ash.
These have built up over long periods
of time to form a steep-sided cone.

1. Place where magma gathers
beneath Earth’s crust, called
magma chamber

2. Vent - the main pipe up the
middle of a volcano

3. Dyke - a sheet of igneous rock
which cuts across existing rocks

* 4. Layers of ash and lava
5

. Hole at top of volcano, called a
crater

=i 6. Dust, ash and gases

- 7. Lumps of lava, called volcanic
bombs



A row of _
volcanoes may |
form where
plates are
moving apart,
particularly at
spreading '
ridges*. '
Spreading ridges

form when plates
move apart.

Volcanoes may also form above
subduction zones*, where one

plate is forced beneath the other.

At subduction
zones, one
plate is forced
below the other
plate, where it
starts to melt.

Some volcanoes form in

the middle of plates, at

hot patches on the Earth's
surface called hot spots.
Scientists think that these are
formed when especially hot
currents of magma called
plumes shoot up and burn
through the crust, bursting
out of the surface.

DEAD OR ALIVE?

Volcanoes that erupt regularly
are known as active
volcanoes. If it is thought that
a volcano will never erupt
again, it is said to be extinct.
Sometimes, people think a
volcano has become extinct,
but it is actually just inactive,
or dormant.

SUPERVOLCANOES

Supervolcanoes are formed
from huge collapsed craters,
called calderas, with a
magma chamber beneath.
Only a few supervolcanoes
exist, but they are so
powerful and destructive that
a single eruption could alter
all life on Earth. This is
because enormous pressure
builds up in the magma
chamber over thousands of
years, then bursts in a
devastating explosion.

Scientists think that the last
supervolcano eruption was in
Sumatra, 74,000 years ago. It
is believed that this eruption
blew out enough ash to block
the Sun’s light for around six
months, causing the Earth to
cool down. This would have
caused environmental
changes all over the world,
killing huge numbers of
living things.

Here, fountains of lava
are shooting out of
an erupting volcano.
They may travel up to
2,000 feet into the air.

See for yourself

You can do a simple test to
show how seismic waves travel
from an earthquake focus. Place
a handful of sand or grit on a
table, then tap the table gently
with a hammer. This point is
the “focus”, and the waves
which travel outwards will make |~
the sand jump. Try striking the 4
table further from the sand, and

see what happens. The waves

lose strength as they travel

further away from the focus.

Internet links é)

Go to www.usborne-quickiinks.com
for links to the following websites:

Website 1 Watch an animated guide to
earthquakes and how they occur.

Website 2 Discover why earthquakes
happen.

Website 3 Build your own volcano
online and watch it erupt.

Website 4 A good introduction to
volcanoes, with video clips and a quiz.

Website 5 See how a supervolcano is
born, with animations and diagrams.

Website 6 Case studies and photo
galleries of earthquakes and volcanoes
around the world.

* Spreading ridges, Subduction zones, 181
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THE ATMOSPHERE

he Earth is surrounded by a blanket of different
gases called the atmosphere. It is the presence

of this atmosphere that allows life on Earth to exist,

as it contains oxygen and other gases needed by
living things. The atmosphere also acts as a shield
against harmful ultraviolet rays from the Sun.

EARLY FORMATION

When the Earth was forming,

it was first surrounded by
hydrogen and helium. However,
as the Sun heated these light
gases, they escaped into space.

An atmosphere which could be
held in place by the Earth’s
gravity was eventually formed
from gases such as methane,
ammonia and water vapor.
These poured out of volcanoes
on the surface, in a process
known as outgassing. Over
billions of years, these gases
reacted to form an atmosphere
of nitrogen and carbon dioxide.

Earth’s early atmosphere would
have been poisonous to living
things. It took millions of

years to become the

way it is today.

The atmosphere as we know
it did not start to form until
plant-like organisms
appeared in Earth’s oceans,
around 3,500 million years
ago. These very simple living
things used the Sun’s light to
make food from water and
carbon dioxide, releasing
oxygen as a by-product. This
process continued for many
millions of years, until there
was enough oxygen in the
atmosphere to support
other forms of life.

These single-celled
cyanobacteria were
among the first
organisms

on Earth.

The atmosphere
protects our planet from
the Sun’s powerful rays.

OUR ATMOSPHERE

The atmosphere is a mixture
of gases — around four-fifths
nitrogen and one-fifth oxygen,
with traces of others. Water
also exists in the atmosphere
as vapor, droplets in clouds,
and as ice crystals.

Snowflakes
are formed
from ice
crystals.

Percentage of gases in
the atmosphere

Nitrogen 78%
Oxygen 21%
Argon 0.9%
Carbon dioxide 0.03%
Other gases (such as

xenon, neon, krypton) 0.07%




ATMOSPHERIC LAYERS

The atmosphere is around 310
miles thick and is made up of
several layers. These extend out
from the Earth and fade into space.
All the Earth’s weather happens in
the layer nearest the surface. Most
of the higher atmosphere is a thin
mix of calm, unchanging gases.

Layers in the atmosphere, showing
number of miles from Earth

Exosphere (over 310 miies)

The atmosphere merges into space.
This layer contains almost no gases.

Thermosphere (up to 310 miies)

Temperature in this layer is very
high, because of a gas called atomic
oxygen. This helps to absorb

some radiation from the Sun.

The Space Shuttle
orbits in the
thermosphere. =

Mesosphere (up to 50 miies)

This layer has no ozone
and no clouds, so the
temperature is low.

Meteors
burn up here.

Stratosphere (up to 30 miies)

This layer contains about 19%

of all the atmosphere’s gases.
Temperature is higher, because it
contains the ozone layer (see right).

LT
planes E R

fly in the ‘;,-t:"“\
stratosphere. s
Troposphere (up to 6 miies)
Contains 80% of all gases in the
atmosphere, as well as all
weather. Temperature in

this layer decreases
with height.

CHANGING ATMOSPHERE

Burning fuels and forests has
released extra carbon dioxide
into the atmosphere. Plants

can’t convert this to oxygen
quickly enough, so the carbon
dioxide has built up, trapping
the Sun’s heat around the Earth.
This greenhouse effect is likely
to cause global warming, a rise
in future global temperatures.

Smoke from burning fuels adds
carbon dioxide to the atmosphere.

The Sun’s rays,
absorbed and given
back out by the
Earth, are trapped
by the carbon
dioxide and sent
back down.

People have already begun to
take steps to reduce the release
of gases that lead to global
warming. The main way that
this can be done is by using
alternative energy sources, such
as wind or solar power,

This mountaineer has to carry
a supply of oxygen, because
the air in the troposphere
contains less oxygen as

he climbs higher.

Satellite
images
such as this are
used to monitor the ozone
layer. Orange areas show where
ozone levels are highest.

THE OZONE LAYER

Within the stratosphere is a
layer of ozone gas. This absorbs
most of the Sun’s harmful
ultraviolet radiation, preventing
it from reaching the Earth.

The ozone layer is being
damaged by man-made gases
called chlorofluorocarbons
(CFCs). These are released by
some refrigerators and aerosols,
and react with sunlight in the
stratosphere. The products of
this reaction break down the
ozone. As the layer becomes
thinner, more ultraviolet rays
reach the Earth's surface.

Internet links )

Go to www.usborne-quickiinks.com
for links to the following websites:

Website 1 A good introduction to the
atmosphere with a test-yourself quiz.

Website 2 Pictures, facts and puzzles
about the Earth’s atmosphere.

Websites 34 Find out more about
global warming and how it's monitored,
play online games and watch animations.

Website 5 Interactive lab experiments,
quizzes, animations and lots of facts
about the atmosphere.

Website 6 Satellite images, animations
and facts on how the ozone layer over
the South Pole is monitored.
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First single-celled 2

organisms, then S
early many-celled, &
soft-bodied &
creatures §

- cambrian Period

First creatures with
hard outer coverings

Ordovician Period

First land plants,
first fish

Silurian Period

First small land animals
|

Devonian Period
First amphibians

LIFE ON EARTH

he Earth is the only planet on which life is known

to exist. To survive, living things need the right
amounts of light and heat from the Sun, along with
food, water and oxygen. It has taken many millions of
years for conditions on Earth to become suitable for the
wide variety of plants and animals which exist today.

LOOKING AT THE PAST

Scientists measure the Earth's
ancient past in geological (deep)
time. This divides into four eras,
which break down further into
periods of several million years.

Evidence from rock formations
suggests that five mass
extinction events have taken

place in the Earth’s past. During
each one, huge numbers of
living things died out in a
very short time. Only the
organisms which were
best suited to conditions
on the Earth at that
time survived and
~ multiplied.

Carboniferous Period

Large insects, first

reptiles, first forests

Fhis imehne

shows all the

periods of the

tarth’s tistory,

and which life-forms

were present during

each one. "Mya” stands
for “mulhons of years ago”,
and the numbers given
are approximate

- Precambrian Era (dawn of hie)

- Paleozoic Era (ancient life)
. Mesozoic Era (middle life)
. Cenozoic Era (recent life)
l Mass extinction

Permian Period SRl )
First swimming reptiles

ANCIENT LIFE

The first single-celled organisms
appeared on Earth around 3,500
million years ago, during the
Precambrian Era. The earliest
known fossils date back to this
time. Around 545 million years
ago, many-celled organisms began
to increase rapidly in number. This
was the start of the Paleozoic Era.

These worm-like
creatures, called
Spriggina, livect on
the ocean floor at
the end of the
Precambrian Era.

Some of the earliest
evidence of life comes
from fossils known as
stromatolites, which
contain the remains
of cyanobacteria.
Some of them

are 3,500 million
years old.

2
a

205149 Mmya

"\@ Triassic Period

First dinosaurs,
bony fish

Jurassic

Large dinosaurs,
first mammals
and birds




DEVELOPING LIFE

Fossil records suggest that in a
part of the Paleozoic Era called
the Cambrian Period, there was
a huge increase in the number of
different creatures on the Earth.
Sea creatures began to develop
hard body parts. These protective
coverings would have made the
creatures tougher, increasing their
chances of living long enough

to reproduce.

Many creatures with hard
body coverings, like

this trilobite, began to
appear in seas during

the Cambrian Period.

Some small arthropods (creatures
with jointed bodies), such as
millipedes and insects, were

able to move onto the land.

This was because the Earth's
temperature had cooled enough
for land plants to grow in large
numbers, providing food. The
earliest vertebrates (animals with
backbones) also appeared.

During the Devonian Period
(around 415-355 million years
ago), the climate in many
areas was hot and dry, and
water levels dropped in rivers
and lakes. One group of fish
became able to breathe both
in and out of water. These
were the earliest amphibians.

This fossit shows
that seed-carrying
plants existed in the
Devonian Period.

140-65 mya

Cretaceous Period
Flowering plants

Around 355 million years ago,
during the Carboniferous
Period, many parts of the world
became hot and humid. This
allowed huge numbers of plants
to grow, forming vast, steamy
swamps. These became home to
many types of bugs

and amphibians.

Meganeura, a

giant dragonfly,

had wings that

measured 24 inches across.

THE AGE OF REPTILES

During the Permian Period,
amphibians evolved into early
reptiles. They were able to spread
all over the world because all the
land became joined together as
one huge continent. At the same
time, huge numbers of sea
creatures died because the
shallow seas around the
continents disappeared.

Hylonomus

was one of

the earliest :
known reptiles.

The Mesozoic Era began 250
million years ago, with numbers
of reptiles increasing rapidly.
During this era, the dinosaurs
appeared. They became the
dominant vertebrate life-forms
on the Earth until 65 million
years ago, when they suddenly
died out, probably as a result of
a major climatic change.

A
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Tertlary Period

Modern mammals,
invertebrates, birds

THE AGE OF MAMMALS

The current age of mammals,
called the Cenozoic Era, began
after the dinosaurs died out. It is
thought that mammals may have
survived the change in climate
which killed the dinosaurs
because they can control their
own body temperature. Dinosaurs,
probably could not do this.

MODERN EXTINCTION

Extinction has always happened
naturally over time. However, the
current extinction rate is thought
to be about 10,000 times greater
than it would be if humans did
not exist. Modern extinctions are
almost always caused by pollution
or loss of habitats (natural living
spaces), brought about by the
growing human race, and its
need for land, food and water.

The white
rhino s one
of many
species
threatened
by habitat
loss or
hunting.

Unless we can make better

use of the Earth's resources, it is
possible that humans may be
responsible for the next

major extinction

event

Quaternary Period
Appearance of humans

Internet links J

Go to www.usborne-quickiinks.com
for links to the following websites:

Website 1 Explore the Earth’s history.
Website 2 Online activities about

dinosaurs and the periods when
they lived.




SEAS AND OCEANS

Around 71% of the Earth’s surface is covered in
salty water, which makes up five vast oceans
and several smaller seas. Oceans are very important
to life on Earth, and are home to huge numbers of
living things. The oceans also influence weather and
climate conditions all over the world.

OCEAN CURRENTS

Ocean water constantly moves in huge, flowing bands called currents.

These carry vast amounts of water around the Earth. There are two
main types of ocean currents: surface and deep. Surface currents
affect the top 380yds or so of oceans. They are pushed along by
prevailing winds (the most common types of wind in an area).

Deep currents are made up of very cold water coming from the North
and South Poles. Cold water is heavier, so it sinks beneath the warmer
surface currents which constantly arrive at the Poles. it then drifts toward
the equator, where it warms up and rises to become a surface current
itself. It then changes direction and starts to drift back toward the Poles.

How currents circulate

Equator

Warm surface water

!

Cold, deep water warms
and rises to surface.

ﬂ

Surface water travels
to North Pole, where
it cools and sinks.

H

Surface water travels
to South Pole, where
it cools and sinks.

Pacific

The largest of Earth’s vast oceans,
called the Pacific, covers around
30% of the planet’s surface.

See for yourself

You can do a simple activity to
show that cold water is heavier
than warmer water. Half fill a
large, clear bowl with warm
water. Fill a jug with ice-cold
water containing a little food
coloring. Gently pour the
water into the bowl. You
should notice that it

sinks, just as cold

water does at

the Poles.

W | 2
\ “‘
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Ice-cold water sinks to
the bottom of the bowl.



CLIMATE CONTROL

Oceans and seas play an
important role in controlling
the world’s climate. Their
waters absorb heat from the
Sun, especially in tropical
regions, and spread it around
the Earth in surface currents.

Warm ocean currents may
cause tropical cyclones
(called hurricanes in America
and typhoons in the Far East).
These are fierce storms, with
strong winds which form waves
up to 27yds high.

How a tropical cycione forms
| N "
_ 9 Al above the ocean

/" rises and cools,
/ forming clouds.

Moist, warm air

Air from the
surrounding

\ B ocean surface
- =3 ) rushes into the
space and
A begins to spiral
) upward.
{ L S ..’)
W £ Wind speeds
1 4 increase, and
A~ 77 landinthe

cyclone’s path
/ is hit by a
fierce storm.

TIDAL MOVEMENT

Seas and oceans are constantly
moved by the tides. Tidal
movement is caused mainly by
the Moon. As it travels around
the Earth, the force of its gravity
makes the water on either side of
the Earth bulge out. In a 24-hour
period, this causes two high
tides, when sea levels are at their
highest, and two low tides,
when they are at their lowest.

Tides are also influenced by the
Earth, Moon and Sun lining up
in certain ways. At full moon
and new moon, there are very
high spring tides. At quarters,
when the Moon and Sun are
at right angles to each other,
there are very low neap tides.

Spring tide

4,375yds
A The abyssal zone
R~ 1 is freezing and dark.
\ ; Many animals in this
,ft'\nhgler %0 %% z0ne can produce
15 light from their bodies.
{001 [
Animals in ocean trenches
Crinoid may be almost 4 miles
(sea lily) from the surface.

LIFE IN THE OCEANS

Seas and oceans contain a huge
variety of plant and animal life,
from the surface all the way
down to the deepest trenches.
Billions of microscopic plants
called phytoplankton drift
near the surface of the water.
These are the main source of
food for many creatures which
live and feed at different ocean
levels, called zones.

Ocean feeding zones

............ Sea level
Tuna The suniit
zone is home
2 to all the
2 plants and
many animals.
220ydS ---sneeneieeieincanans
Swordfish

In the twilight

zone, only a
- x little light gets
: through.

1,095yds
Lantem T o Amnals
(2 @W  feed mair.\Iy on
dead plankton which
sink from the surface.

B s e el O Sl
Internet links

Co to www.usborne-quicklinks.com
= for links to the following websites:

Website 1 Facts about oceans, from
~ how oceans move to why they are salty.

Website 2 Lots about life in the sea.

Website 3 Learn more about waves,
weather and survival in the sea.

Website 4 Find out how El Nifio
affects weather around the world.

Website 5 Investigate the science
behind the world’s ocean currents.

i Website 6 An online exhibit about the
importance of oceans to everyday life.



RIVERS

Rivers are formed when small streams join together and flow across
the land, eventually flowing into a sea or lake. Rivers shape the
Earth’s surface by wearing away the rock they flow over and
depositing rocks, pebbles, sand and silt as they do so.

A RIVER'S SOURCE How springs are formed

The beginning of a river is called
its source. Many rivers have their

. . . .".. :'I fag -~
source in mountain regions where % I A4
water has run across the surface from
various places and flowed into one Rain or snow falls on Water soaks into rock, Springs begin to flow
channel. A river may also begin as permeable rock, building up from the where the water-filled
which lets in water. lowest permeable level. rock meets the surface.

a spring or a flow from a glacier.

STAGES OF A RIVER

A river’s course can be divided into three stages.
In its upper stage, the valley tends to be V-shaped
- .with steep sides, formed as the turbulent water cuts
~ down into the rock. The slope or gradient of the
~ river’s rocky bed is steep.

In the middle stage, the river’s speed increases
because the bed is smoother. The gradient is more
gentle, and the valley becomes wider as the water
wears away its sides. The river flows from side to
side in wide loops. This is called meandering.

in the lower stage, the river’s muddy or sandy
A waterfall forms when bed is even smoother, so it flows faster. The river is

a rivefrt flow'/(s fTr;‘)m hatrd large, because it has been joined by others, called
to soft rock. The water ; ; :
ey the soft tributaries. At its end it flows into the sea or a lake
rock more quickly and
. forms a ledge. V-shaped
R valley
pr - _"_ Upper stage |
] u'.;.t?.' Each wide loop is o » B "% =
i called a meander. > v f ’
i h e b The wide, flat 5 : ¥ ,
1 e valley floor is called Middl
R E the flood plain. stz;gee
A ~ The river has split into b S =
- several channels. This - N B = gt}.
~ areais called a delta. = & “%
Lower & . = &

S AN
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EROSION

Running water wears away or erodes rock by the constant movement
of the pebbles and sand grains it carries. This is how a river bed forms.
The amount of erosion depends on the speed and amount of water,
how much material it carries and the rock it flows over. Softer rock,
such as sandstone, is eroded faster than harder rock, such as granite.

The diagram below shows four types of erosion which take place at different
stages of a river's course. The length of the river is not shown to scale.

2. Rocks and pebbles roll and
bounce along, wearing away

.

i
away pieces of <

rock and other 3. Pieces of the river bed

o 3 and deepening the river bed.
P IGP o pning
'3' A @, . ‘U
Q = @
- (Y =

1. River ? %
loosens, lifts ¥ .o
and carries ° @9

™ \_'
] o

4. River water
contains
chemicals from
rocks and soil,
which eat away
at the river bed.

Fow

yo»

material. may be torn away. The S

water may also force air into -
cracks, weakening the rock. il J

TRANSPORTATION PET—

W

All the material transported, or carried along, T —
by a river is cal[ed its load._Finer particles of clay L R coc B
and silt are carried along with heavier ones, such : '??J*ifg" .
as pebbles and boulders. Wherever a river slows VML &

down, some of this material is deposited. The
heaviest material is deposited first, followed by
the smaller particles, creating a layering effect.

DELTAS

As a river flows into the sea, any material it is still
carrying is deposited. If this is deposited faster
than it is washed away by the sea’s currents and
tides, it builds up in an area of flat land called a
delta. The river splits into narrower channels as
it crosses the delta and travels to the sea, creating
a number of sediment islands. As the fresh
river water and the salty sea water meet, chemical
reactions take place and minerals that have been
carried down, dissolved in the fresh water, come
out of solution and are added to the sediment.

Large particles sink
to the river bed
before smaller ones.

This is a delta in the
Tenakee Inlet, Alaska.
You can see how the
sediment has built
up in islands.

The mineral-rich sediment in delta areas
makes the land fertile and ideal for farming.

In Bangladesh, for example, millions of people
live on islands formed in the delta of the River
Ganges, despite the threat of flooding.

See for yourself

You can show how water
deposits materials in layers.
First, cut two 1 inch slits in the
bottom of a 2 liter plastic
bottle. Cover each slit with
tape.
—

h\n\__// Tape over slits.

Next, use a funnel to
half fill the bottle with / v
soil. Then almost fill

the bottle with water. |
Screw on the lid, - hE
shake vigorously, and | ﬁ
feave for 24 hours. 3 25

Plastic ;
tubing Remove the lid and place

one end of some plastic
tubing in the water. Suck
the water up, making
sure not to swallow any,
|| then put your thumb
L;_.;“Jover the end. Bend the

tube downward into
the sink or a container.
Move your thumb,
and the water will

=~ drain out.

Finally, pull the tape
off the slits in the base,
and leave to drain for ||
24 hours. You should
see the soil has
settled in layers.

Bottle
cut away

Internet links V]

Go to www.usborne-quickiinks.com
for links to the following websites:

Website 1 Useful information about
rivers and streams.

Website 2 Play the watershed game,
and learn about the importance of fresh
water in our lives.

Website 3 Explore the different stages
of a river with pictures, diagrams and lots
of facts.

Website 4 Animated diagrams and
information on rivers and erosion.

Website 5 Lots of useful information
about water and the Earth.



WEATHER

he conditions in the atmosphere near to the Earth’s

surface are called the weather. These conditions
include the temperature of the air, wind speed, air
pressure, and the amount of water in the air, called
humidity. Other factors include the amount of cloud _
and how much rain or snow falls, called precipitation.

E SUN'S EFFECT AIR PRESSURE
w-t'h_;- OSt_"-_ ety Tﬁ%:(at;;o .. here pre_ss'
ibRertlinicausing Fpss ', pconithe bartlys sutaes




_+ These dark clouds are

- full of water droplets,
hich may fall as rain,
ow or hail.

CcLou

The Sun’s ater to
evaporate fi 5. The
water vapo s,
condensing a o form
tiny water dro ass
together as clo
form slowly and
spread out acros:
sheets. On hot d
faster and puff

Common types of

THE SEASONS

Weather conditions change
throughout the year. These
changes are called the seasons,
- and they occur because the Earth
is tilted at an angle in relation to
he Sun. As the planet makes its
-long journey around the
 most direct sunlight

ent areas. .|' o i Y

Ir| '
4
In January, at the start of
each orbit, the southern
hemisphere (the half of th:
Earth below the equator) is
tilted toward the Sun,.c ausin
temperatures to rise the
June, the northern ern
is tilted toward the Su
Temperatures rise in the r
and fall in the south In
-and fall, neither he
tilted more toward {i

"-’ T

.' I'___I-III'[ ~n
T T
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Internet links

Go to www.usborne-quicklinks.com
for links to the following websites:

Website 1 Watch an animation about
the seasons and what causes them.

Website 2 Investigate what causes
weather with lots of online activities.

Website 3 An illustrated introduction
to clouds with weather information and
experiments to try at home.




g are queature:of.
’ ,-;-. temperate
s regions.

Deciduous trees,

which lose their leaves

in the fall, are found in
temperate areas.

North American

prairies have very
hot summers.
f
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See for yourself

Piant life in a mountain climate

Small, low-growing plants such
as moss and lichens grow on
the high mountainside.

Above a certain level,
called the treeline,

it is too cold for

trees to grow.

Internet links

Go to www.usborne-quicklinks.com
for links to the following websites:

Website 1 An interactive guide to
the Earth’s climate.

~ Website 2 Build your own virtual
~ tallgrass prairie.

Website 3 Investigate climate zones,
or biomes, with online activities.

Website 4 Find out about the Sahara
¥ Desert and its varied landscapes.

Website § Explore a clickable climate
map and find graphs and facts about




WORLD POPULATION

AII the people living in a particular place are called its
population. Today, the world’s population is greater
than ever before, and it is increasing all the time. People’s
need for food, shelter and fuel creates demands on the
Earth and its resources. As a result, people have altered

In some places, where the land

the natural environment to suit their needs.

SPREADING OUT

If all the Earth’s surface were
suitable to live on, there would
be plenty of room for everyone.
However, few people live where
the climate is very hot or cold,
or where the soil is unsuitable
for farming. This means that
the world’s population is spread
unevenly over the continents.

This satellite image shows Washington
DC, USA. Over a third of the world’s
population lives in cities like this.

There are now over 6 billion
people in the world, compared
to around 4 billion in 1980. In
countries with fast-growing
populations, more people are
being forced to live in
overcrowded conditions or
unsuitable places.

Graph showing world population
since the year 1000

114 Scientists predict
104 that population
9 4 numbers will
reach a peak in
the year 2200,
then start to
decline.

World population in billions

000 1200 1400 1600 1800 2000 2200
Year

is crowded, some people live in
houseboats on rivers or lakes.

CITY PROBLEMS

All over the world, people

move from the country into
towns and cities, to find work.
This is called urban migration.
As city populations grow, some
areas become crowded, and
pollution increases.

In some countries, shanty
towns, made up of makeshift
buildings, build up on the edges
of cities to house the extra
people. Houses in shanty towns
are usually built from waste
materials and scrap. There is
often no clean water supply,
electricity or sewage system.

This is a shanty town on the outskirts
of Cape Town, South Africa. People
may be forced to build these when
they can’t afford housing in the city,
or when there isn’t enough available.




POPULATION CONTROL

Many countries are trying

to prevent their population
from growing too quickly.
For example, in China, couples
are discouraged from having
more than one child. Health
education projects also teach
people birth control — how
to avoid having too many
children. However, many
people object to birth control
because of their religious or
cultural beliefs.

PEOPLE AND THE LAND

Since early times, people’s lives
have been influenced by the
natural features of their
surroundings. People looked
for areas where they could find
water, food and safety from
attack. When they discovered
a suitable place, they formed
permanent groups called
communities.

Many communities began near
rivers, springs or wells, or in
areas that were not likely to
flood. Fertile soils for farming
and natural resources, such as
coal, also encouraged people
to settle in particular places.

EFFECTS ON THE LAND

People often change their

surroundings to suit their needs.

Over the centuries, more and
more land has been cleared for
building, transportation systems
and growing crops. Huge areas
of forests have been destroyed
and natural wetlands drained.
Dry areas have been watered
artificially or irrigated.

Here, a wooded area is being cleared
to make way for a building site.

These methods help to
provide more food, housing,
and transport routes. But the
natural world suffers as a result.
In many areas of cleared land,
fertile topsoil has been washed
or blown away. This is called
soil erosion. It leaves infertile
soil, which cannot be used to
grow crops. In some countries,
soil erosion combined with
drought has led to famine.

—

.‘ﬁ Go to www.usborne-quicklinks.com

’-— Website 1 Videos, pictures and
’g information on how the growth of the
- world’s population impacts the Earth.

FARMING

As the world’s population
increases, so does the demand
for food. Many international
charities are helping to improve
farming techniques in developing
countries. They set up projects to
teach farmers how to produce
more crops from the same
amount of land. This removes
the need to clear more land.

Some new farmland has been
created in desert border land.
These areas once had trees and
shrubs, but have been turned to
desert through soil erosion. This
is caused by overgrazing, tree
felling and dry winds. But with
the help of irrigation, this land
may be used to grow crops.

In areas with very little water, drip
irrigators deliver water drop by drop
to each plant. Sometimes fertilizers
are added to the water. This is
known as fertigation. =

: Internet Inks

for links to the following websites:

Website 2 Investigate world population
with animations, games and an atlas.

Website 3 Compare population and
growth statistics, with lots of graphs
and charts.

Website 4 Lots of up-to-date world
population facts.

Website 5 find out about the growth
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EARTH’S RESOURCES

Beneath the Earth’s surface are many resources which are
used by people all over the world. Some of these are
precious stones, which can be sold or traded; others are metals,
which are used for building and other purposes. Almost all the

fuel currently used also comes from within the Earth.

FOSSIL FUELS

Oil, coal and gas are known as
fossil fuels. They are formed
from the remains of plants and
animals which have built up in
rock for millions of years. The
chemical energy trapped in
these organisms is released
when fossil fuels
are burned.

Coal is formed
from the
remains of
ancient plants.

People need fuel for cooking,
heating, lighting, running motor
vehicles, generating electricity,
and many other things. But
demand is great and supplies are
limited, so all of the Earth’s oil
and gas may be used up within
a few decades. This means that
people need to find other fuel
sources to meet their needs.

* Solar panels, 109; Wind turbines, 108.

RENEWABLE ENERGY

Sources of energy which will

not run out are described as
renewable. These include the
Sun’s rays, which are captured
by solar panels*; the wind, which
turns wind turbines*; and moving
water, used in hydroelectric
power stations. Geothermal
energy (heat energy from
underground rocks) is used in
volcanic areas. Biogas, which is
given out by rotting waste, can
also be burned to produce heat.

However, only 5% of the Earth's
energy currently comes from
renewable sources. This is mainly
because they are often less
reliable or less efficient than fossil
fuels. For instance, many rely on
certain climatic conditions, such
as strong winds or constant,
bright sunshine, which are not
always available in some areas.

This drink

can contains
aluminum, one

of several metals
that can be melted
down and reused.

NUCLEAR POWER

Nuclear energy is produced
from radioactive substances,
such as uranium, when their
tiny particles, called atoms, are
broken apart. Many people
believe it could be the most
convenient energy source for the
future, but it creates dangerous
radioactive waste, which is
difficult to dispose of safely.

Waste from nuclear power plants may
remain dangerous for thousands of
years. Radioactive material is labeled
with a warning symbol.

[ X]

These rows of huge, reflective solar panels capture the
Sun’s rays and use the energy to generate electricity.

Solar power
provides a clean,
safe form of energy.




MINERALS

For centuries, people have dug
rocks out of the Earth because
of the useful minerals they
contain. Minerals are usually
made up of a mixture of
elements, for instance carbon,
silicon and metals such as iron.
. these garnets, are minerals
which are mined for their
beauty. They are usually
i 9 E cut and polished
R before being sold.

Rocks which contain a high
level of minerals, particularly
metals, are called ores. Metal
ores taken from the Earth have
to be processed to extract the
pure metal. There are various
ways of doing this, including
smelting*, which involves
heat, and electrolysis*, which
uses electricity.

Gemstones, such as

Iron is
extracted
from an
ore called
hematite.

MINING

Rocks which contain useful
minerals are mined, or taken
from the ground. The mining
technique used depends on the
depth, value and amount of
the ore. If it is found in large
amounts underground, tunnels
are dug beneath the Earth’s
surface to reach it. Ore near
the surface can be dug out
from an open pit.

- —-x%m“"

Here, coal is being extracted from a
mine at the surface of the ground.
This is called an open cast mine.

Although people rely heavily on
mining to supply many substances
that they need, it can be bad for
the environment. Mining for a
single ton of ore may produce
thousands of tons of waste rock,
which may be spread over

a wide area. Plant and animal life
in the areas around a mine may
be badly affected.

MANAGING RESOURCES

People have always depended

on metals, fuels and the Earth’s
other natural resources. But
mining and extracting different
fuels and ores is an expensive and
difficult process. Some substances,
such as oil, are also becoming
harder to find, as the best sources
have already been used up.

At some time in the future, there
will no longer be enough non-
renewable resources to meet
everyone’s needs. Reusing and
recycling materials, and using
renewable fuel sources wherever
possible, are the best ways to
make the Earth’s existing
resources last as long as possible.

~(___See for yourself “'j

There are many materials

| which can be recycled. These
include paper, glass, aluminum
cans and steel. You could find
out if there are any recycling
centers near where you live.
Your school might also
organize recycling activities.

You can help save energy

by remembering to switch off
lights when leaving a room,
or by asking your parents

to use energy-

efficient light

bulbs, like

this one. “

| Go (.o www.usborne-quicklinks.com

B for links to the following websites:

Website 1 Test-yourself games

P and quizzes on fossit fuels and world

energy use.

Website 4 Energy demands and how
to manage the world’s resources.

—

* Hlectrolysis, 82-83; Smelting, 36.






