SATELLITES

- NOW AND INTO THE FUTURE\




WHAT ARE
SATELLITES USED FOR?

International industries and businesses
exchange billions of items of information
every second using satellite links. Spy
satellites can photograph military bases,
troop movements and missile bases in every
corner of the globe. Survey satellites map

the land and study its use by farmers, loggers,

miners and builders. Navigation satellites
help explorers, sailors, pilots and travellers
to find their way. And each day, thousands /|
of people buy satellite dishes so that they
can watch satellite TV at home. The satellite
business is growing fast, and it will become
even more important in the future.
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Satellites help to make

maps of the Earth’s
surface, such as the
ever-changing ice sheet
that covers Antarctica.




All satellites, like this Intelsat IV from the 1970s,
have many tests before launch.

SATELLITES IN DAILY LIFE
Satellites began to affect daily life in
1962 with the launch of Telstar. It sent
live television pictures across the Atlantic,
between the USA and Europe. But Telstar
could only work for short periods because
of its type of orbit. In 1965, another
communications satellite was launched.
‘Early Bird' or Intelsat | had a different orbit
which allowed it to be used all the time.

It marked the start of the worldwide
satellite communications network.

MORE SATELLITES

Since those early days, more than 4000
satellites have been launched. Over half
are no longer in use. Some have drifted
away into space, or fallen back to Earth
and burned up. Others are still in orbit, but
switched off or without power. Today, at
least one satellite is launched every week.

Terresatrial (ground-based) radio and television
signals are broadcast from very tall masts,
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g A speedboat races across the ocean.

The crew know their exact position, by satellite navigation.




SPUTNIK 1

*The Satellite Age began on 4" October 1957
when USSR launched Sputnik 1 into space

* Sputnik was a metal ball, 58 centimeters
across, weighing 84 kilograms.

It Orbited Earth every 90 minuets at heights of
220 — 1000 kilometers.

It contained a small radio transmitter, and a
thermometer to measure temperatures in
space. It seems simple today, but at the time
the world was amazed.

Sputnik 1 sent back radio signals to Earth, but
after about 90 days, it fell back into the Earth’s
atmosphere, and burned up as a shooting
star

The first satellite,

" Sputnik 1, had

a ball-shaped case with
radio equipment inside.




EARLY SATFELLITES

In January 1958 the USA launched its first satellite,
Explorer 1. It carried several scientific instruments and
sent back information about rays and radiation in space.
Early satellites were used mainly for scientific research,
to find out about conditions in space, and to look at
distant stars and galaxies.




HOW A SATELLITE WORKS

A satellite is one of the most expensive pieces of machinery

in the world. Making its parts small and light make it less

costly to launch. But a satellite must be able to withstand
the freezing cold temperatures when it is in Earth's
shadow, and the great heat of the Sun.

SHAPES AND SIZES

There are two main designs of satellites.
One is the cylinder or drum. These types of satellite are
from one to five metres long. The casing is coated on

‘ the outside with shiny solar panels, which turn sunlight
into electricity. The cube design has solar panels on either

Drumdesign  side. The standard size of the cube is 1.8 metres, but some
larger satellites are as big as a family car.




)>| FUTURE TREND

SATELLITE TAKEOVER?

Some sophisticated satellites can
communicate with each other in space
using radio signals. At the same time,
computers are also becoming more
intelligent. The Internet brings together
millions of computers linked by hundreds
of satellites. Could these machines develop
their own intelligence, escape from our
control and try to take over the world?

J

UPS AND DOWNS

A typical satellite is controlled by radio signals. These
are beamed from a large dish-shaped aerial or antenna
at the ground station on the Earth's surface. This transfer
of information is called the Uplink. The satellite beams

information about its position, the state of its
batteries, photographs or measurements it has
taken, and so on, to the same or another
ground station. This is called

the downlink.
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Antenna receives uplink
’\ signals from Earth

Main dish reflector

Main beam of signals
on downlink to Earth

» | GROUND STATIONS

A ground station Is a bullding with electronic
equipment and antennae, which can be tilted
to send and receive satellite signals. It is
linked to the terrestrial or ground-based
communications
network by smaller
local dish antennae
and telephone
cables. Most of
the equipment
is controlled by
computers and
works automatically.

TRANSPONDERS

Most satellites have devices called
transponders. These take signals received by
the antenna on the uplink from one ground
station, make them stronger, and send them
out via another antenna on the downlink
to a ground station far away. This is how
communications satellites relay or repeat
signals across huge distances.

Small thrusters to keep
satellite pointing the right way

One of eight rechargeable battery
packs to power the satellite when it
is in darkness on the far side of the
Earth from the Sun

Surface covered with
shiny solar cells

Small rocket motor
which puts satellite
into correct final orbit
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Most satellites are launched into orbit by rockets called ELVs
(expendable lounch vehicles). The rockets include Atlas, Delta
and Titan from the USA, Proton and Energiya from Russia,
China’s Long March series. Japan's H1 and H2, and the European
ArianeSpace’s Ariane series Rockets are very expensive to bui
after they have been launched they burn up or drift away into s
The only reusable lounch vehicles are the US Space Shuttles
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| GEOSTATIONARY ORBIT (GEO)

A GEO is 35,787 kiometres cbove
IN O RB IT the Equator. The satellite orbits the
Earth once o day. It is usetul for
How does a satellite stay in orbit? Any object travels cosinaballids Shd e
In @ straight line unless a force, such as gravity, pulls or

A satellite tries to 80 In o straight line, but Earth’s gravit
pulls it down. The sateliite folls towards Earth, but it ney
gets there becouse the Earth’s surface is curved arounc
and away from the sotellite. The satellite follows the cur | ELLIPTICAL ORBIT (EO)

HIGH EARTH ORBIT [HEQ)

HEO varies from 10,000 to 20,000
| An EO varies from more than 40,000 to less . It s roughly Clroulor
and in this way continually circles the Earth than 200 kilometres high on each arbit. It is kitometres high. It is
ation
— | usoful for militory sotellites, and surveilionce and & uselul for navigat)
- ‘ The US Space Shuttle Atlantis biasts off
- from the Kennedy Space Centro USA
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There are hundreds of comsats (communications satellites)
in orbit around the Earth. The comsat passes, repeats or relays
radio signals between places on the ground that may be
thousands of kilometres apart. The signals can represent almost
anything, including people talking on the telephone, signals from
fax machines, cComputers, e-mail, and the Internet.

BUSINESSES AND BANK
Comsats also broadcast radio and

TV programmes, and send informati
to international banks and business
A modern comsat can handle 30,00
telephone calls and five colour

TV channels at the same time.

SENDING OUT SIGNALS
When you talk into a phone, or
send a fax, the sounds of your
voice or the marks on the paper
are changed to electrical signals.

In the telecom network, the signals
are changed into very fast on-off
bleeps of digital code. These bleeps

e The Internet uses are sent around the network, and bleeped up to a satellite as digital
satellites to pass on, radio signals. The signals are bleeped back to Earth, where the
or relay, radio signals p s
process is reversed, so that the person you are speaking to on

for the words and pictures

on a computer screen. the phone can hear your voice.
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GEOSTATIONARY ORBIT

Most comsats are in geostationary or
geosynchronous orbit (GEO). The satellites
speed along at 11, 700 km/h, but from the
Earth, they seem to hang perfectly still in

the sky. The satellite is available all the time,
and antenna dishes can be left pointing at it.

COMSAT SYSTEMS

Comsat systems began with Intelsat, the
international telecommunications satellite
organization, named in 1965. About 135
nations now belong to Intelsat. They pay for
a worldwide system of 20 comsats. Global
events screened live on TV, such as the
Olympic Games, usually come via Intelsat.

This Intelsat VI comsat, in low earth orbit, will soon
boost into the much higher geostationary orbit.

REACHING ALL AREAS

Comsat systems are especially useful for very
large countries, or those with remote and
mountainous areas, or with lots of scattered
islands. These features make it difficult to
send signals in the usual way, by terrestrial
radio (at the surface) or along cables.

[:] WORLDWIDE COMSATS

EUTELSAT
Set up by the European Space Agency
to serve Europe, from Iceland to Turkey.

AUSSAT
Three older and two newer comsats
link the whole continent of Australia.

BRAZILSAT
Dense rainforests and swampy areas
make satellites very useful in Brazil.

INSAT
India is covered by Insat,
which also monitors monsoons.

PHILIPPINES
The Philippines is a nation of
islands - perfect for comsats.

ASIASAT

Centred in China, this system should
eventually serve 30 countries and
almost half the world's people.



Most satellites communicate only with one or a few
ground stations on the Earth’s surface. The ground
stations have very large dish antennae, 18 metres
or more across. Large dishes can pick up very weak
signals that cannot be picked up by a domestic
satellite TV dish. If the signals are
for radio and television programmes,
they can be sent from the ground
station to local TV and radio centres,
and then broadcast from masts or
along cables. This is how satellites
beam TV pictures from around the
world for broadcast on terrestrial
TV channels.

Satellite dish aerial
receives downlink

sends signals
on downlink

Normal aerial receives | K
terrestrial signals L NS
|

Terrestrial = LIS
broadcast mast

Signals travel
by land line cab

Satellites can broadcast via a ground station into
the terrestrial network, or directly to your home.

STRAIGHT TO YOUR HOME
Since the early 1980s, satellites have
beamed television and radio signals direct
to our homes. This is called DBS (direct
broadcasting by satellite). At first, there were
two problems to overcome. The signals had
to cover a very wide areaq, so that lots of
people could receive them. And, the signals
needed to be fairly powerful, so that only a
small, cheap satellite dish was needed,

plus a decoder to attach to the TV set.

DBS dishes must
point exactly at
the correct satellite.

e




MORE AND MORE CHANNELS

During the 1990s new forms of satellite
solar cells, batteries, transponders and other
equipment were developed. This meant that
satellites could broadcast more powerful
signals, more widely. The Hot Bird series of
DBS satellites in Europe, launched in 1996,
will give people more satellite TV channels
across more of Europe. Japan, Southeast
Asia and South America are also developing
satellite TV systems.

In the USA, there are already dozens
of national channels and hundreds of local
ones, available by terrestrial broadcast
or cable. So DBS has
been slow to start
there, but it may
soon catch up.




Hot Bird 2
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»| THE FOOTPRINT

The area over which a satellite broadcasts

TV signals is called its footprint. It can be
drawn on a map as a number of lines. In the
centre, the signals are strongest, so the TV
picture and sound are best. Nearer the edge,
the signals are weaker, so the picture and
sound quality are not so good. The quality
can be improved by using a bigger receiver
dish to collect more signals.
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RECEIVING

INFORMATION
Travellers, sailors and explorers used to find their way using A BES mcetvar on.0 boat, shp or
G compass, and by measuring the positions of the Sun, Moon inside o vehicle enywhere in the
and stars. Today, all you need is a GPS (Global Positioning SOrIC 1S betwean i cnd sieven
System) receiver, It looks like @ mobile phone. When itis IS iies pasing overhend
switched on, it can tell you where you are anywhere at any time. The receiver detects

in the world. It will give you a map reference, to the
nearest 50 metres or less. It also shows your height
above sea level, and if You are moving, how fast
you're going and in which direction.

GPS SATELLITES
Today, most planes and ships use satellites
to help them navigate, GPS has 24
NAVSTARs (Navigation Satellites for
Time and Ranging) in six groups of four,
The four members of o group follow each other in e
one endless orbit, 20,180 kilometres high. The orbits of and lonely pioce
the six groups are at angles to each other so thot the @ Satellite can link
whole world is covered., This means that a ship in the ,Y:m D oy
e world network.
middle of the ocean can pinpoint its exact location.

their signals, including the code
name of the satellite and the exoct
time, correct to millionths of a
second. It takes a different length

of time for the signals to travel from
each satellite, so the signols from the
sotellite which is furthest away arrive
last. A tiny computer in the receiver
takes in the information, ond works
out where you are,

Even in romote

e Future cors with GPS receivers could fing their
Own way and disploy the route on screen

e A boat and its crew
In donger on stormy
seas con be locoted by

sotellite and rescued by
emergancy servicos

N |

N SARSAT
| jl Mony pianes. boats and vehicies carry @
T SARSAT transmitter. kn on emergency, this
i ,—d = ‘i 3 by o world systom of SARSATs, search ond
= ! = 4 b | WMIMMONW' ency
_— : mossagn ond send their own signols waming
1 | peodiem
_——H of the and its location.
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When people travel to a new areaq, they usually take e
@ a map. Survey satellites help to make maps.
They have very powerful cameras, which can see
fields, roads and buildings, and natural features
such as hills, cliffs, rivers and lakes. They also see
the seaq, with its coasts, islands, ports and ships.
The cameras turn the patterns of light rays that
are given off from everything on the Earth's
surface, into radio signals, and beam them
down to ground stations on Earth. Here,
the radio signals are changed into

photographs. These are used to make SN ; FUTURE TREND i
new maps and check existing ones. & - . S :

' ) \ SEEING UNDER THE SEA?
LANDSAT AND SPOT Z ¢ g Today's satellites cannol see properly into
- L4 L '

The main series of Survey satellites began in 1972 water to reveal what's below the surface :
with Landsat 1. Today, Landsats 4 and 5 go around But one day, someone may invent a type o
the Earth 15 times every day. As the Earth spins sateliite ray or beam that can poss mr(_’u?,n“,
beneath them, the satellites gradually pass over water and detect what Is in lakes nnd' L'(l:!_\l' 8
its surface, detecting images as they go. SPOT The sateilite coyd mop ihe eea-Ded, foliow
is a European survey satellite. It orbits about
830 kilometres high and sees a path

20 kilometres wide. It covers the v
whole planet every 26 days. = ’

shoals of fish and great whales, expose
secret submarines, and open up the last
great unexplored region on Earth

[ WHAT LANDSAT SEES

CH Landsat orbits

a path about 185 kilometr

ameras can pick out
533 metres wide

ilding or ship Is easily vi

I cameras detect ordinary

S0 Infra-red or

' rays that show up at night




EARTH RESOURCES REMOTE SENSING

Photographs from survey satellites Survey photos show rock formations and
show areas of different plants, such as fault lines (cracks) in the ground, which
a forest of pine trees and fields of wheat may have reserves of coal, oil or other
or corn. They can even reveal whether valuable minerals beneath. This gathering
the plants are growing well. This helps of information from a distance is called
farmers to improve their crop yields. remote sensing. Some photos show narrow

valleys with fast rivers where dams might
be built to produce hydro-electricity.

A photograph of
infra-red ‘warmth’ rays
shows plants as red and
the sea as almost black.
This is Jakarta,
capital of Java.

The grid-like road
network shows
clearly in this satellite
photo of Chicago, USA.




Satellites have greatly increased our knowledge of weather and

climate, and made our forecasts more accurate. Millions of

people rely on daily weather reports, from farmers and
fishermen, to the captains of planes and boats.

BEWARE THE HURRICANE
Many series of weather satellites have monitored
weather and climate. They

began with the first TIROS

(Television and Infra-Red
Observation Satellite)

in 1960. It recorded

cloud cover and

different types of

clouds, and helped

give early warnings

of storms such

as hurricanes.




O A spiral of clouds over
the North Atlantic

means wet and windy

weather for Europe.

Britain and France are

at the bottom right.

0 Swirling clouds,
photographed by
a satellite, give early

warning of a hurricane

heading for North America.

|»| THE OZONE HOLE

Weather satellites show that the world’'s
atmosphere and climate are changing. Thé
TOMS-Meteor-3 satellite, launched in 199'].,

NOAA REPORTS

From 1970, US NOAA satellites

(National Oceanographic and Atmospheric
Administration) went into polar orbits and
monitored the Earth twice every day. Their scientific instruments detect
cloud types and cover, snow and ice on the ground, icebergs at seq,
the temperature of the air, the temperatures of the ground and sea
surface, and humidity — the amount of water vapour in the air.

THE WEATHER NETWORK

There are several weather satellites in geostationary orbit, too.
They include Europe's Meteosats for Europe and Africa; India’s
Insat for parts of Asia and the Indian Ocean; and the US GOES
for the east Pacific, North and South America, and the Caribbean.
These satellites are linked into a network that monitors the
planet’s atmosphere, air pressure, winds, temperatures and

other information about the weather.



SCIENCE SATELLITES

Most scientists believe that the Universe suddenly came into
- being 14 billion years ago in a gigantic explosion. They call
S this the Big Bang. Satellites can help us to discover
whether or not this really happened. The COBE
(Cosmic Background Explorer) satellite,
launched in 1989, spent five years
detecting natural
microwaves in space.
Scientists believe that
the waves are left over
from the Big Bang.

If your eyes could see radio waves instead of

The COBE satellite  light rays, this is how the night sky might look.

£ .
" detected microwaves

from space, and was '
also tracked by /

microwaves beamed

up from Earth, / \

‘

“ ' ASKY FULL OF RAYS

. When we look at the Moon and stars in the
. ... . clear night sky, our eyes can only see visible
: light rays. We cannot see the many other
kinds of rays that reach Earth from space.
Satellites can. Their instruments detect radio
' waves, infra-red and ultra-violet rays, x-rays,
gamma and cosmic rays. They send the
information as radio signals to Earth for
analysis by scientists.
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Two Space Shuttie

astronauts coptured
the Hubble Spoce
Telescope for maintenance

ond improvements, In 1993

|»>| THE HUBBLE SPACE TELESCOPE

One of the biggest satellites was lounched by Spoce
Shuttle Discovery in 1990. It is the Hubble Space

| Telescope nm13muoslm43mquﬂ'=

| 813 kilomatres high. It's o very powerful telescope, like the
ones used on Eorth. But it is for above the dust and haze
olEonh‘scmw«o.wnmmmmad@l'-
awwmummunwmmumunwnmuq

fontastic pictures of planets, stars and golaxies. ¥

SOME RECENT
FINDINGS
Hundreds of satellites
in space are used just
for research. The
Compton GRO
(Gamma Ray
Observatory) detects
gamma rays. it hos
found ‘nurseries
where baby stars are
forming from huge
clouds of interstellar
dust. In 1992 the EUE
(Extreme Ultra-Violet Explorer) begon to scan the skyk for ulltrz';xsslet
rays. It keeps watch for extremely hot stars which f:ou.d explo e
supernovas, and the massive, mysterious objects called quus'o .e
(Infra-Red Astronomy Satellite) mapped infra-red rays from f;pocté
These come mostly from stars that are warming up, but aren't qui

hot enough to shine with visible light
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In the 1950s and the 1960s. the USA and the USSR were
engaged in a political conflict which became known as the
Cold War. It was a time of possible nuclear attack In 1963,

the Americans launched a series of satellites called Vela Hotel,
or ‘watchman'’ They carried Instruments which

were designed to
watch for large exp

losions and especially tests of nuclear weapons
At the same time, the Russians began building their

long-running Cosmos series of satellites, to listen
into radio messages around the world

SECRET SATELLITES

Since then, many countries have launched hundreds of sate
to spy on other nations and keep checks on troops, tanks,
missile bases, air force planes and navy ships. These
satellites are kept secret. The experts who design
and operate them do not want ordinary people, ong
especially other countries, to know what their sate

can see and do. Some countries deny that the
satellites exist, or call

.
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them observation satellites

‘ . Photographs of Russian Cosmos sotellites were
only relecsed many years

after the sotelies
hod fallen out of use
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Individual tanks

can be seen by
spy satellites far
above, which beam the
pictures to secret ground
stations on Earth

TYPES OF MILITARY SATELLITES

Most spy satellites are in elliptical or low earth orbit (see
where they can see or hea

telescopes that take detailed photog

of troops on a march, the markings o
small roun

page 11),
r more. Some have amazingly powerful

raphs. These reveal the numbers

n a truck or plane, and even the
d shapes in the ground which are underground missiles.

Navigation satellites and the GPS (see page 16) are also used by
armies, who must

make sure they attack the correct enemy.

CODE-BREAKERS

Some communications satellites are just for military use. They relay
secret coded messages between planes, ships, submarines, ground

bases and command centres. Other countries use satellites called
‘ferrets’ to listen into these signals, hoping to break the codes.



» TRACKING THE SHIPMENT
Drug squad police suspect that a boat is being used to smuggle
drugs into a country. One night, the police secretly attach a radio
beacon to the boat. This shows the boat's position by satellite
Spy satellites are used to help countries snoop on each other navigation, and sends the information as radio signals to the police.
and check their latest troop movements or missile bases. But Even at night, they can track the boat’s exact movements, and
the images and information from these satellites con be used catch the drug smugglers.
for many other low-and-order purposes, where countries work
together to fight international problems, such as pollution and drug

smuggling. Here are four ways in which satellites might be used A rodio dug’ on this
boat, tracked by

sotellte, helps to prove

that it cormes itlegal drugs.

RAINFOREST PROTECTION
A group of people begin to cut dows

trees in a rainforest. The area is o
protected nature park, and cutting do
trees is illegal. Satellite pictures show ¢
growing hole in the forest, and smoke frg
burning twigs and leaves. Wildlife ranges
and police are soon on the scene to stog
the domage and arrest the people

Computer-coloured
satellite photos
show how Brazil's noturol
rainforests (dork green)
ore logged ond cleored

in strips, for tienber

ond Snond S WATER SHORTAGE

No rain has fallen for months. Farmers are told that they connot
water their crops, unless they have a special licence. In satellite
photographs, one farmer's fields look amazingly green, but a
nearby small lake has shrunk. The water authorities discover
that the farmer has been pumping water illegolly from the loke
on 1o his fields.

> CATCHING THE TERRORISTS
A satellite detects radio signols coming from a tall ceriol in
the middle of a desert. The signals are on an unusual channel,
ond in o stronge code. Computer engineers break the code, and
discover a terrorist plot to threaten world peace. The national
army soon discover the terrorists’ underground base in the

desert, and stop the plot.




Many research satellites orbiting the Earth detect rays and
signals coming from deep space. Computers study these

SATELLITES AND SETI
signals for certain features, such as regular stops and starts,

changes in strength, or other repeated patterns. This might

indicate that the signals are not natural. They could come from aliens.
This is called SETI (the Search for Extra-Terrestrial Intelligence).

IS ANYONE OUT THERE?

Today's real SETI programme listens to some types of radio signals
using ground stations. It also sends out messages into the Universe
in the hope that someone or something is listening,

MYSTERIOUS MESSAGES

A big SETI satellite in orbit far above the
Earth could detect much weaker signals
from space, away from the atmosphere and
the busy oir waves around Earth, It might
be able to pick up other forms of messages,
such as patterns of mysterious gravitational
waves. But it would be very expensive to
build the satellite, launch it into space,

and pay for people to study the signals.

to go and interesting oliens to meet

WHO WOULD KNOW? :
What if signals really were received from aliens?
Unless the aliens could travel through space,
they would be at home - billions of kilometres
oway. Even radio signals, which go ot the speed of
light, would take years
to travel such distances.
One of our spacecroft
/’ would toke centuries.

ALIEN VISITORS
But if the aliens could travel through
space, then they might be closer than
we'd like. They would olso be more
odvanced, in machinery ond technology,
than we ore. They might view humans
0s omusing creatures, like pets.
Or they might think
that we were nosty,
oggressive beings
» who were
destroying our
world, To save the
plonet, the oliens
might get rid of us!
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