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Telescopes
'Tele' means 'far' and 'scope' means 'to look'. So in simple terms, a telescope is used to
look at far away objects. Optical telescopes are the most common type and can be
easily purchased from many hunting and outdoors shops, even binoculars and camera
zoom lenses are forms of optical telescopes.
The origin of the telescope is believed to be in Holland and due
to three individuals (two of which were eye glass lens makers)
in the very early 1600s. But it was Galileo who first pointed
a telescope at the sky to observe celestial bodies. He took the
idea for the telescope from the Dutch design and improved it to
make it more effective. It was Galileo’s design that was first
called a telescope. Galileo Galilei was a very famous astronomer
as well as a mathematician, physicist, engineer and philosopher.
He proposed many ground breaking scientific ideas, mostly to do
Galileo Galilei
with space and the tides (some of which have now been proven
(1564-1642)
incorrect). A key concept was that the Earth revolved around the
Sun, rather than the Sun revolved around the Earth, which was previously thought. This
idea got him into a lot of trouble and he was sentenced to house arrest for the rest of his life and was prohibited from
publishing any further work.
These first telescopes were refracting telescopes which meant they used a lens and eyepiece to collect light and focus it
to create an image clearer and brighter than what the naked eye of a human can see at a distance. This type was quickly
superseded by the reflecting telescope which uses curve mirrors to create an image of a faraway object. This type was
more successful because it could be made bigger more cheaply and allowed for larger objects to be seen in full. These are
both examples of optical telescopes which use visible light waves to create an image, much the same as our eyes except
with a much longer range. These telescopes have been used to observe celestial bodies and gather data about them for
many, many years.
X-ray telescopes are found orbiting the Earth attached to a satellite-type vehicle. These telescopes can be used to identify
and locate black holes because they detect (and 'see') X-ray waves which the human eye can’t detect.
The infrared telescope picks up the heat radiation (or infrared
radiation waves) emitted by all objects (as long as there
temperature is above absolute zero or -273.15ºC). These
telescopes are much more effective if above the atmosphere
(water vapour interferes with the infrared radiation). NASA
currently have a solar powered infrared telescope on a
spacecraft in outer space. Infrared telescopes have been
used to find information such as temperatures of our galaxy
and other further away galaxies.
Another type of telescope used by organisations such as
NASA are submillimetre telescopes. These telescopes pick
up electromagnetic waves that are between infrared and
microwaves. This means they have wavelengths of 1 mm
or less and frequencies in the terahertz (1 THz = 1012 Hz)
range, hence they are sometimes called T-waves. These
telescopes have allowed scientists to study how stars form
and how galaxies change over time.
A radio telescope looks like a large dish and collects
microwaves from outer space. These microwaves are a This false-colour image taken from NASA's Spitzer Space Telescope
shows stars 1,500 light years away in the cosmic cloud of the Orion
type of radio wave that are used for communication in space
Nebula. Image credit: NASA.
and for information-dense, line-of-sight communication on
Earth. There are some radio telescopes that are programmed to look for signs of alien life and alien communication.
All of these types of telescopes can be used to examine and study the space around Earth and beyond. They all produce
images (in slightly different ways) that can be used to identify and map our Universe.
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Comets, Asteroids and Meteors
Space is full of different celestial bodies and bits of
space junk (manmade objects such as unneeded rocket
parts of defunct satellites) which is floating everywhere.
There are three main groups of non-manmade space
debris meteoroids, asteroids and comets.

Meteoroids

Meteoroids are small (smaller than an asteroid but larger than an atom), hard (usually rock or metallic in nature) objects
moving between the planets in outer space. They can range on size from a grain of sand to a truck tyre. Any smaller
than this and they are typically called micrometeoroids or space dust.
They travel around the Sun at a range of speeds, some at 40 km/s, double the Earth's speed. When Earth’s orbit comes
into line with the orbit of a meteoroid, it will enter our atmosphere. Once it does, this is what we commonly call a shooting
star or what is scientifically known as a meteor. Meteors travel very quickly through the atmosphere (20 km/s) hitting
air particles along the way which causes them to start breaking down and lose bits of their outer layer. This creates a
glowing tail or streak we can see at night.
A meteor can be any of; meteoroids, micrometeoroids, comets, asteroids or space dust as long as it travels through our
atmosphere. Meteors aren’t seen during the day time because they are too dull against the Sun's bright light but they do
still occur. Often there are meteor showers where large numbers of sand grain sized meteoroids enter the atmosphere
and burn up, creating a firework like effect. These particles are thought to come from comets and asteroids as they are
eroded or collided with as they orbit the Sun. The bits fly off on their own path and become meteoroids. There are small
meteoroids entering our atmosphere every few seconds,
most of which we never see (either because it is daytime
or they are so small they burn up completely in the
farthest regions of the atmosphere).
Meteors come in a range of colours, depending on the
metals present in them. For example, calcium produces
violet and iron produces yellow. If some of the meteor
survives through the atmosphere and lands in the Earth’s
surface, then it is called a meteorite. When they hit the
surface, they create a crater and often the collision is
so forceful that the meteorite is completely destroyed. It
has been calculated that the largest meteorite to enter
the Earth on any given day is 40 cm and each century
a 20 m one is expected. Because of our atmosphere,
the impact of meteorites on Earth is greatly reduced.
The majority of their mass is burnt up before it even
reaches the surface, in comparison the Moon which has
pretty much no atmosphere and suffers large craters
forming continuously.

Asteroids

Asteroids are larger than meteors and range in size from
10 m to 1000 km in diameter. It is for this reason they
are often referred to as planetoids, planetesimals or
minor planets. Usually, the preferred term is small Solar
System body. Typically they are irregular in shape and
much smaller than the planets. They orbit the Sun or
some of the larger planets. These large rocky bodies

'Meteor Crater' is a 50,000 year-old meteorite impact crater in Arizona, USA. It
is roughly 1200 m in diameter, 170 m deep and has a rim that rises 45 m above
the surrounding ground.
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can be found throughout the Solar System with millions located in the asteroid belt between the orbits of Mars and Jupiter.
Many of these asteroids are believed to have been ejected by Jupiter as it reached its maximum size. The largest asteroid
is Ceres which is 975 km in diameter. The larger the size of the asteroid, the fewer there are of them, so there are few
massive ones and millions of smaller ones. They are composed of a metallic-rocky
core with various crusts such as ice or metals. Some smaller asteroids are thought to be collections of smaller pieces held
together by gravity.
It is believed that the first water and ingredients needed for life arrived on Earth when an asteroid collided with the surface.
Scientists think this because they have discovered water as ice and amino acids (components of proteins) on asteroids
currently in our Solar System. When asteroids breakup, the pieces become meteoroids.

Comets

Comets are similar in size to asteroids, ranging from 100
metres to a few kilometres in diameter. This space body
is made of rock pieces, dust and ice. They also orbit
the Sun. As they near the Sun on their orbit, the heat
of the Sun and severe solar winds cause the comet's
nucleus (core) to sublimate, turning the frozen water
and other trapped material to gas. This produces a
coma – a glowing ring or atmosphere that can be clearly
seen around the comet. As well as this, the tail that
is synonymous with comets is also made during this
process. As the tail of the comet forms, it grows larger
and larger (mainly due to the increase in solar winds as
it approaches the Sun). The tail can even become larger
than the Sun itself.
Comets take a long time to complete their orbits and can
be classified as one of two main time groups:
• Short Period: Less than 200 years and come from
just past Neptune.
• Long Period: 200 to thousands of years.
The atmosphere around the nucleus is what distinguishes
comets from asteroids. As the comets pass by the Sun
many times, they lose their ice and dust so don’t produce the gases anymore and come to look like asteroids. Comets
originate outside the Solar System, well beyond Neptune in an icy region called the Oort Cloud.
As comets pass by Earth, their tails leave behind a trail of dust and debris that create meteor showers. Comets can have
one of five fates:
1.
Depart from the Solar System into the greater galaxy and Universe due to extreme speeds.
2. Have all the gases evaporated due to numerous trips past the Sun and become small inert lumps.
3. Breakup due to pressure and weak structures, forming many meteoroids.
4. Collide with another celestial body and be broken into pieces.
5. Be engulfed by the Sun and burnt up completely.
Possibly the most famous comet is Halley’s Comet which was the first comet to be recognised as passing Earth more
than once. This didn’t happen until the 18th century and previously thought that each comet was new and that they had a
straight path through the Solar System never to return. Halley’s Comet passes by every 75 years and will next be visible
in 2061. It is very bright and can easily be seen with the naked eye.

3

4

Outer Space DOWNLOADABLE EXTRAS

Black Holes
How do you know something exists if you can’t see it? Black holes are invisible to the human eye because they have
such strong gravity that they pull nearby objects into them, even light. Because the light can’t escape, they can’t be seen.
To see a black hole, scientists use specially designed telescopes to look at how stars (and the gases that make up stars)
around them behave. They survey the skies by looking at stars and working out if the stars are orbiting a black hole. It
often looks as though the matter of a nearby star is being sucked into nothing. Think of it as being like watching a large
soft pillow being sucked up a vacuum cleaner pipe.
Side View of Black Hole

Top View of Black Hole

event horizon

singularity

singularity

event horizon

There are three main types of black holes:
• Primordial – formed when the Universe formed.
• Stellar – formed from a collapsing and exploding star at the end of its life.
• Supermassive – formed as the galaxy that they are at the centre of formed. Their size is relative to the size of the
galaxy.
Black holes can be created when a star dies. As the star runs out of energy, it collapses in on itself, resulting in a huge
explosion called a supernova. The remains of the explosion (and this is a massive amount of matter – even more than
the mass of our Sun) collapse together into a single point called a gravitational singularity where the amount of gravity
is said to be infinite. This is essentially the centre of the black hole, the part doing the pulling. Around this point is a
region called the event horizon. Within this zone, gravity is so immense that anything entering it cannot escape the pull.
If an object like a spacecraft or piece of space debris reaches the event horizon, it undergoes spaghettification (or the
noodle effect). The gravity is so much stronger nearer the singularity than the edge of the event horizon that the object is
stretched into a thin shape like a piece of spaghetti. A black hole resembles a plug hole in a bath of water. The plug hole
itself is like the singularity and the area around it pulls any floating objects in (maybe a rubber ducky or bar of soap), is
like the event horizon.
Black holes can vary in size, from a very small pinhead size, to supermassive black holes like the one in the centre of the
Milky Way. This black hole is estimated to have a mass four million times that of the Sun and is called Sagittarius A. No
matter the size of the black hole, they all have a enormous amount of mass in common. Even a black hole the size of one
atom would contain as much matter (have as much mass) as a mountain. Black holes can grow by 'sucking' in matter from
around them. The more matter a black hole contains, the greater its mass and the greater the gravity it will have.
You might be thinking “oh no Earth is doomed, it’s just a matter of time before we are sucked into a black hole and
everything becomes spaghetti”. But don’t worry, this is almost impossible. Black holes don’t move around space, they
are fixed in one position, so a stray black hole won’t pass by and suck
Earth in. Also, new ones aren’t expected to pop up over night near Earth
and consume it. If the Sun reached the end of its life and started to die, it
wouldn’t form a black hole. This is because the Sun is becoming a red giant
star so it isn’t big enough or energetic enough, instead it would become
a white dwarf. Even if the Sun did form a black hole, it would only have
as much gravitational pull as the Sun so Earth would continue to orbit it
without being pulled in.

DOWNLOADABLE EXTRAS Outer Space

Word Games
1.

Terminology Tornado

Using the following science term, see how many words of 3 or more letters you can make in 10 minutes.

tella

s

tion

Points
3-4 letters = 1 point
5+ letters = 2 points

C on s

Scores
0-5 points = awful
6-10 = average
10+ = amazing

2. Six Word Scramble
Use the clues to work out what the 6 key science words are and then spell the word in the grid by colouring in the
squares that make up the word. Use different colours for each answer.

TY

EC

GHT

IG

NI

ING

ITE

MET

EOR

GR

SE

WE

HT

LIP

SPR

AVI

a. This is a very high, high tide. (6)

Clues

b. When one celestial body shadows another celestial body. (7)

__________

__________

c. Mass multiplied by gravity. (6)

__________

e. This occurs when the Earth is facing away from the Sun. (5)

__________

d. A meteoroid that hits the surface of the Earth. (9)
f.

An important force that is relative to the size of the object. (7)

__________

__________

3. Block Buster
Cross out each of the words that fit with one of the clues. You will be left with one word that doesn’t fit; this is your
answer.
gravity

the Sun

waning
space travel
crescent

Neptune

Jupiter
water

asteroids

the tides
comets

the Moon
waxing

new
temperature

magnetic field

Venus
Saturn

tectonic plates
neap tides

meteoroids
gibbous

spring tides
atmosphere

Clues

a. celestial bodies

b. Terms to do with the Moon.

c. Earth’s key features for life.
Answer
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4. Lingo Lattice
All of the answers to the questions are in the lattice below, either as a word or picture. Once you have found each
one, there will be one left over, this is the final answer.

1.

Questions

Which is showing a solar eclipse?

solstice

2. Which is the term for an object that orbits a celestial
body?

neap tide

3. Which is showing Summer in the Southern Hemisphere?
4. Which is showing a full moon?
5. Which has gravity 119% greater than Earth?

nebula

6. Which is a constellation common in southern skies?

Neptune

7. Which is produced when a supergiant explodes and
collapses?
8. Which is produced when the Earth casts a shadow onto
the Moon from the Sun?

satellite

9. Where is a star made?

black hole

10. Which is the longest or shortest day of the year?
11. Which is the amount of matter an object is made of?
Final Answer

lunar eclipse

mass

5. Crossword
Across

1

1.

The planet with the most moons and gravity.

6.

The time taken for Earth to spin once on its axis is
______ ____ hours.

4.

10.
11.

2.

3.
5.

4

5

6

When the Moon is decreasing in illumination.

7

The name of a star when it first forms.

8

Down

The Moon ________ the Sun’s light.

Our galaxy is called the _____ ___. (2 words.)

This is found between the orbits of Mars and Jupiter.
(2 words.)

The lighter, outer-shadow cast by the Earth or Moon.

9.

This is needed for life and comes from the Sun, planets’
and Earth’s core.

10.

3

The length of time for the Earth to orbit the Sun is one
____.

7.

8.

2

When the day and night are of near equal length.

When the Moon is increasing in illumination.

9
10

11

