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What are the different 
types of telescope and 
what can they tell us?

How can big 
telescopes ‘see’ 
back in time?

Why do telescopes look at 
different parts of the 
electromagnetic spectrum?

How do you make a 
telescope the size of 
the planet Earth?

You’ll find all this out (and lots more) in...
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Telescopes allow us to see distant objects that would be invisible to the 
naked eye. Telescopes are like light buckets – they collect light – so, the 
bigger the bucket, the more light the bucket can collect and the more clearly 
we can see a distant object. A big telescope is a big bucket that can collect 

enough light to see some of the most distant objects in the universe. As 
well as allow us to see further, big telescopes also allow us to see dimmer 
objects. A very dim object, such as a planet orbiting another star, needs a 
very large mirror to collect enough light for astronomers to analyse.
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This image is called the ‘Hubble Ultra Deep Field’. It 
shows more than 10,000 galaxies that are so faint 
that it took more than 3 months for the Hubble 
Space Telescope to collect enough light to capture 
the image. In it we can see galaxies that are more 
that 13 billion light years away from Earth, which 
also means that they are more than 13 billion years 
old – almost as old as the universe itself.

Hubble Space 
Telescope
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TELESCOPES AS TIME MACHINES
Whenever we observe a distant planet, star or galaxy, we are 
seeing it as it was hours, centuries or even millennia ago. This is 
because light travels at a finite speed (the speed of light) and 
given the large distances in the Universe, we do not see objects 

When it is launched, the James 
Webb Space Telescope (Webb) will 
allow astronomers to see objects 
so distant, we will see them as 
they appeared just 200 million 
years after the Big Bang. 

as they are now, but as they were when the light was emitted. 
Telescopes allow us to gather more light than our eyes alone are 
capable of and the bigger the telescope is, the more light it can 
gather and the further back in time we can see. 

4.3 years ago

2.5 million years ago

13 billion years ago

2.5 million light-years 
Andromeda (nearest galaxy)

13 billion light years
Hubble Ultra Deep Field image

Homo habilis (modern 
human’s stone age ancestor 

has just evolved)

Not long after the 
Big Bang

4.3 light years
Proxima Centauri (nearest star)

93 million miles 8.3 minutes ago

We see it as
it appearedSun (our local star)

Light travels at a speed of 186,000 miles (or 300,000 km) per second. This seems really fast, but objects in space are so far away that it takes 
a lot of time for their light to reach us. The farther an object is, the farther in the past we see it.
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Telescopes come in all shapes and sizes; they can be small enough 
to hold in your hand, or they can be so big that just being able to 
support them is an epic engineering challenge. Telescopes can stand 
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atop mountains, be spread across deserts, or straddle 
continents, and they can be launched into space. Despite their 
variety, most telescopes work in one of two ways.

These use lenses to 
collect and focus light. 
Because large lenses 
are difficult to make and 
are very heavy, 
refractors aren’t used in 
big telescopes.

Almost all big telescopes 
are a variation on the 
design of the reflecting 
telescope.
Reflectors have the 
advantage that big mirrors 
can be made that are even 
light enough to launched 
into space. The primary 
mirrors of really huge 
telescopes are made up of 
many separate mirrors 
that act as one.

The largest refractor ever built had an objective lens one metre 
wide. It was built in 1892 at the Yerkes Observatory in the US. 

The Hubble Space Telescope (HST), the Extremely Large Telescope 
(ELT), and the James Webb Space Telescope (JWST) are all reflectors.   

REFRACTOR telescopes

REFlector telescopes

Objective lens Eyepiece

Eyepiece

Secondary mirror Primary mirror
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BIG DISHES AND BIG MIRRORS
Radio telescopes work in much the same way as big optical telescopes but, 
instead of mirrors, they use parabolic reflectors, called dishes, to collect radio 
waves. These dishes are the same shape as the mirrors in reflecting telescopes 
that study visible light, and work the same way.

Big optical telescopes don’t look much like the sort of telescope you 
might use at home, which are usually cylindrical with their mirrors 
housed internally. The majority look more like giant satellite dishes 
than what you might think of as a telescope.

Let’s have a look at one of the most modern, most powerful and largest telescopes in the world: the Extremely Large Telescope 
(ELT). The ELT is a reflecting telescope a bit the one on the previous page but, instead of having just two mirrors (one primary 
and one secondary), it has five – one huge 39.3 metre primary mirror and five other mirrors.

1.  Primary mirror: The 
39.3-metre primary mirror 
collects light and reflects it to 
the secondary mirror.

2.  Secondary mirror: A 
4.2-metre mirror that 
reflects light back down to 
the third mirror.

3.  Mirror 3: This 3.8-metre 
mirror relays light to the adaptive 
mirror located directly above.

4.  Mirror 4: This mirror 
changes shape thousands of time 
a second to compensate for 
atmospheric distortions. 

5.  Mirror 5: This 2.6 x 2.1-metre mirror is 
mounted on a fast-moving stage that allows it to 
tip and tilt to stabilise the image.

6.  Light from mirror 5 is directed to 
scientific instruments - cameras and 
spectrographs - on the stationary platforms.

The ELT has a unique system of 
five mirrors and an advanced 
adaptive optics system.

Primary
mirror

Human
to scale

Mirror 2

Mirror 3

Mirror 5

Mirror 4

Science
instruments

The primary mirror of the ELT is not just one giant mirror. 
It is actually made up of 798 individual hexagonal mirror 

segments – each measuring 1.45 metres. 

1

2

3

4
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MANY DISHES WORKING TOGETHER

If you place two or more telescopes 100 meters apart and combine their light, 
you can see the same amount of detail as a single 100 meter wide telescope.

The more telescopes that are added to ‘fill 
in the gaps’ the greater the resolution of 

the simulated telescope.

100 metres

Light collected 
by telescope

Ten-metre
telescope

Signals are 
combined

Simulated 
100-metre 
telescope

Very Long Baseline Interferometry (VLBI) is a powerful technique in 
radio astronomy. By linking together widely separated radio telescopes, 
it allows astronomers to see the universe in more detail than ever. 

VLBI links together widely separated radio telescopes to create a 
simulated telescope many time larger than the individual dishes that 
make it up. Using interferometry, astronomers can simulate telescopes 
from a few hundred metres across to the size of a planet.

With radio dishes that are 
effectively as large as entire 

countries or a planet, we can image 
distant black holes, study alien 

atmospheres, or look back to the 
birth of the Universe. 

Even though the individual dishes that make up ALMA (Atacama Large 
Millimeter/submillimeter Array) are only 12 metres wide, when all 66 
dishes are working together, they have the radiation-gathering ability 
of a telescope measuring a titanic ten kilometres wide.
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A rainbow is the spectrum of colours that make up the 
wavelengths of visible light. But there are other types of light 
we can’t see with our eyes. Scientists use a wide array of 
telescopes that are designed to detect light from different 
parts of the electromagnetic spectrum.

Light travels in waves – from long radio waves that can be kilometres in 
length, to super-short gamma rays that are shorter than an atomic nucleus. 
The Earth’s atmosphere blocks some of these wavelengths and lets others 
pass through. That is why we have some telescopes at sea level, others on 
top of mountains and some have to be launched into space.

RADIO MICROWAVE INFRARED ULTRAVIOLET X-RAYS GAMMA RAYS
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House Flea Tip of a needle Bacterium Molecule Atom
Atomic
nucleusPerson (height)

Relative sizes

Temperature of a surface emitting at that wavelength
0.01K 
(-273°C)

100K
(-173°C)

5,000K
(4,727°C)

30,000K 30,000,000K

Wavelength
100m 10m 1m 10cm 1cm 1mm 100µm 10µm 1µm 100nm 10nm 1nm 0.1nm
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Atmospheric opacity
(percentage of light

blocked by the
atmosphere)

100%

0%

Radio waves observable 
from Earth

Ultraviolet, gamma rays and 
X-rays blocked upper atmosphere. 

Best observed from space.

Most of Infrared spectrum 
absorbed by atmosphere. 

Best observed from space.

Long-wave-
length radio 

waves blocked.

the spectrum
telescopes across

ELECTROMAGNETIC SPECTRUM
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1. In visible light 
you can see the 
bright cluster of 
hundreds of 
millions of stars 
at the centre but 
most of the 
galaxy’s features 
are hidden behind 
a cloud of dust.

2. Ultraviolet doesn’t 
solve the dust cloud 
problem, but it does 
reveal some bright 
patches of UV light 
(blue patches, top 
left) that are actually 
newly-formed stars 
bursting into life.

3. Now we switch to 
infrared light (which 
can travel through 
the dust cloud) and 
suddenly that pesky 
cloud of dust 
disappears and the 
shape of galaxy 
within is revealed.

4. Seen in X-rays the galaxy 
now looks very different 
indeed. X-rays reveal what 
seems to be a jet of X-rays 
flying out from the centre of 
the galaxy. X-rays are emitted 
by very energetic or hot 
objects, so something very 
dramatic must be going on.

5. Swing to the opposite end of the spectrum into 
radio waves and that jet becomes very dramatic 
indeed. Two vast plumes of energy are seen being 
pumped into space. It is thought that jets are 
super-hot streams of matter whose atoms have 
been torn apart by a monstrous black hole 50 
million times the mass of our Sun.
They are thought to be responsible for the star 
formation revealed in the UV images.  

RADIO MICROWAVE INFRARED ULTRAVIOLETV
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Looking at an object at a single wavelength can only reveal so much. To get the full picture, astronomers need to use telescopes tuned to different 
parts of the electromagnetic spectrum. Just have a look at how different the same galaxy (Centaurus A) looks at different wavelengths.

1 2 3 4

5



RADIO MICROWAVE INFRARED ULTRAVIOLET X-RAYS GAMMA RAYS
100m 10m 1m 10cm 1cm 1mm 100µm 10µm 1µm 100nm 10nm 1nm 0.1nm

ALMAskao

the spectrum
telescopes across BIG

little book of

Telescopes

radio waves to far-infrared
Atacama Large 
MillimetER Array

SQUARE KILOMETRE 
Array observatory

Each antenna is 12 
metres wide. Linked 
together, they will 
produce images 
equivalent to a 
single telescope 
16km wide.

ALMA is giant array of 66 
dishes observing the 
far-infrared and 
submillimetre wavelengths. 

LOCATION: Atacama 
desert, Chile at an 
altitude of 5,000 metres

SCIENCE GOALS: To study 
the first stars and galaxies 
that emerged from the 
cosmic ‘dark ages’ billions 
of years ago.

The SKAO will be the world’s 
largest radio telescope. 
It will use thousands of dishes 
and antennae to mimic a 
telescope that measures 1sq km. 

It will consist of 250 
low-frequency array stations 

(each made up 10,000 
antennae), 250 
mid-frequency aperture 
arrays, and 3,000 dishes.

LOCATION: South Africa and 
Australia (HQ in the UK)

SCIENCE GOALS: To study black 
holes and pulsars to test 
Einstein’s theories. Map 
hundreds of millions of galaxies 
and improve our understanding 
of the evolution of the Universe.

Mid-frequency aperture arrayLow-frequency antenna



Webb will be 
able to reveal stars 

and galaxies that are too 
distant, dim or obscured 
for Hubble to see (as this 

Hubble image and a 
simulated Webb image 

shows) JW
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INFRARED to VISIBLE light
JAMES WEBB 
SPACE TELESCOPE

SCIENCE GOALS: To search for light from the first stars and 
galaxies to form after the Big Bang. Study galaxy formation 
and evolution. Study planetary systems and the origins of life.

SKAO ALMA

FOCUS ON
Primary
mirror

Secondary
mirror

Science
instruments

Sunshield 

Webb’s 
mirror has 
about seven 
times the 
light-collecting area 
of Hubble and has a 
field of view more 
than 15 times larger.6.5 metres

Hubble

Webb
2.4 metres

Spacecraft ‘bus’ 
with control systems

Antenna

Constructing the successor to the Hubble Space Telescope has taken 
more than two decades. The James Webb Space Telescope (Webb) 
can detect ancient light that its predecessors can’t and will reveal 
more information about the origins of the universe than ever before.

LOCATION: 1.5 million kilometres from Earth.
Webb will occupy a point in space known as 
Lagrange 2, which is a region about 1.5 million km 
from Earth, where the Sun’s gravity and Earth’s 
gravity cancel each other out – allowing the craft 
to remain relatively stationary.
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INFRARED to VISIBLE light
EXTRemely large 
TELESCOPE

SKAO ALMA

FOCUS ON
When complete, the Extremely Large Telescope (ELT) will be 
by far the largest visible to mid-infrared telescope ever built. 
It will gather 217 times more light than the Hubble Space 
Telescope and produce images 15 times clearer.

LOCATION: At the European Southern Observatory, 
Chile, on a 3,060-metre peak at Cerro Armazones.

ELT

39.3 metres 6.5m

JWST

Spanning 39.3 metres across, the primary mirror of the ELT will be made 
up of 798 individual hexagonal 1.45-metre mirror segments. Each 
segment can move independently to compensate for changes in the shape 
caused by temperature fluctuations and gravity.

SCIENCE GOALS: To obtain 
the first direct images of 
exoplanets, measure their 
atmospheres and search 
for signs of life. 
Investigate the nature of 
black holes and how 
galaxies form and evolve. 
To advance our 
understanding of ‘dark 
matter’ and ‘dark energy’.

1. Primary 
mirror.

2. Secondary 
mirror.

3.  Inner tower: Houses 
mirrors three, four and five. 

4. Lasers: Project artificial stars 
on the sky to calibrate the 
telescope’s adaptive optics system.

5. Instrument platforms: These 
house cameras and spectrographs 
used to study the light collected 
by the mirrors.

Dome
Labs and
research facilities

Two altitude 
cradles allow 

the telescope to 
pivot up and 

down

Instrument 
platforms sit 
on either side 

of the main 
telescope 

body

The 2800-tonne 
main body can 
rotate through 

360 degrees The ELT will dwarf the scientists that work with it

1

2

3

4
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infrared to ultraviolet
VERY LARGE
TELESCOPE

ISAAC NEWTON 
TELESCOPE

The telescopes can 
also work together – 
using interferometry 
to allow them to see 
details 25 times 
sharper than they can 
individually.  

The VLT is made up of four 
main telescopes (each with a 
8.2 metre mirror) and four movable 
1.8 metre diameter auxiliary telescopes.

LOCATION: At the European Southern 
Observatory, Chile, on a 2,635-metre 
peak at Cerro Paranal.

The INT is an optical 
telescope with a main 
mirror measuring 
2.54 metres. Together 
with the William 
Herschel Telescope 
and the Jacobus 
Kapteyn Telescope, 
the INT is part of the 
Isaac Newton Group of 
Telescopes (ING)

LOCATION:  La Palma, 
Canary Islands at an 
altitude of 2,396m.

SCIENCE GOALS: The INT discovered the first 
stellar-mass black hole to be confirmed in our 
galaxy and was used to make the first complete 
maps of the northern Milky Way in the red light 
of hydrogen and in ultraviolet light. There are 
plans to modernise the INT so it can focus on 
the detection and study of extra-solar planets.

SCIENCE GOALS: The VLT has achieved 
the first direct image of an exoplanet 
and the first tracking of individual stars 
moving around the supermassive black hole 
at the centre of the Milky Way. The VLT also 
discovered the most massive star known, 
R136a1 (265 times the mass of the Sun).

SKAO ALMA

Although located 
in the Canary 
Islands since 
1984, the INT 
originally began 
science operations 
in Sussex, 
England, in 1967.
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INFRARED to ultraviolet

SCIENCE GOALS: To create the largest, most precise 
three-dimensional map of the Milky Way by surveying about 1% 
of the galaxy's 100 billion stars. To discover new exoplanets 
and asteroids. To create a 3D map of the Milky Way.

SKAO ALMA Webb

FOCUS ON
The European Space Agency’s (ESA) Gaia satellite is capturing data on around one 
billion celestial objects to create a 3D map of the Milky Way. Every second, Gaia 
can identify the position and movement of up 8,000 stars. To do this it is equipped 
with a one billion pixel camera – the largest camera sensor ever flown into space.  

LOCATION: 1.5 million kilometres from Earth.
Like the JWST, Gaia will occupy the Lagrange 2 
region of space about 1.5 million km from Earth, 
where the Sun’s gravity and Earth’s gravity cancel 
each other out.

Dual telescopes

10 metre-wide
sunshield

1.04 metres

GAIA’s has 106 CCD detectors to 
capture the light of distant stars 
(the Hubble Space Telescope just 
two). Each CCD detector measures 
45mm by 59mm (each with 9 
million pixels) – giving a total of 
almost a billion pixels.

To the 
Sun

Hubble’s orbit
570km

Moon’s orbit
384,400km

L2L2

Gaia spins slowly, sweeping its two telescopes 
across the entire sky – recording the brightness 

and position of each of the one billion stars it 
will chart an average of 70 times.   

This might look like a piece of 
abstract art, but it’s actually a plot 

of the movement of clusters of 
stars within about 3,000 light years 

of the Sun. Purple lines represent 
the oldest stars – about 1 billion 

years old – while orange and red are 
the youngest stars – less than 100 

million years old (blue and green 
are in between this range).
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infrared to ultraviolet
next-generation 
transit survey

It uses a three-mirror 
design that gives it an 
extremely wide field 
of view. Images are 
recorded by a 3.2 
gigapixel camera (the 
largest ever built).

The discoveries of 
NGTS will be studied 

further using other 
larger telescopes, 

including the VLT (Very 
Large Telescope). 

The VRO is a wide-field telescope 
with an 8.4-metre mirror that 
will photograph the entire 
available sky every few nights.

LOCATION: Chile, on a 
2,682-metre peak at  
Cerro Paranal.

SCIENCE GOALS: To study dark 
matter and dark energy. Map 
small solar system objects 
(such as asteroids). Detect 
supernovae and gamma ray bursts. 

Map the 
Milky Way.

The Next-Generation Transit 
Survey (NGTS) is a ground-based 
robotic search for exoplanets 
(planets that orbit stars beyond 
our solar system).

LOCATION: Atacama 
desert, Chile at an 
altitude of 2,518 
metres

SCIENCE GOALS: To search for 
transiting exoplanets (planets 
that pass in front of their parent 
star and produce a slight 
dimming of the star’s light). It 
will search for super-Earths and 
Neptune-size exoplanets.

VRO Vera C. Rubin 
observatory

NGTS consists of an 
automated array of 12 
telescopes each with a 20 
cm light-collecting mirror.
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X-RAY to GAMMA RAY
NEWTON

With a length of 10 
metres and an array 

span of 16 metres, 
XMM-Newton is the 

biggest scientific 
satellite ever built in 

Europe.

The CTA will be the largest 
and most sensitive 
high-energy gamma ray 
observatory in the world.

SCIENCE GOALS: To understand 
the role of cosmic particles to 
the search for dark matter. Study 
the universe’s most extreme and 
high-energy violent events. Probe the 
environment close to black holes.

LOCATION: Southern 
hemisphere: Paranal 
Observatory, Chile. Northern 
hemisphere: La Palma, Spain.

XMM-Newton is designed to 
study some of the most violent 
space phenomena. It has three 
advanced X-ray telescopes. Each 

contains 
58 
30cm 

high-precision 
mirrors, giving it a total 

X-ray collection area the size of a 
tennis court.

SCIENCE GOALS: To study 
star-forming regions. Investigate 
the formation and evolution of 
galaxy clusters. Study the 
environment of supermassive 
black holes. Map dark matter.

LOCATION: Earth orbit at an 
altitude varying from 7,000 km 
to 114,000 km.

CTA Cherenkov 
Telescope Array

Initially intended as a 
two-year mission, 
XMM-Newton began 
operation in 1999.

SKAo ALMA webb

It will consist of two 
arrays of dishes, 99 in 
the southern 
hemisphere and a 19 in 
the northern.
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Although many telescopes can only see a specific part, or parts, of the 
electromagnetic spectrum and may have some specific science goals, the 
majority are designed to be flexible instruments that can be given a wide 
variety of tasks and look at a wide variety of astronomical objects. Some 
telescopes however, are more specialist and are designed to examine a 
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particular type of object or phenomenon. Solar telescopes, for example, will 
spend all of their time studying the Sun. Sometimes many non-specialist 
telescopes will team up to achieve a specific task – in the case of the Event 
Horizon Telescopes, radio telescopes from around the world teamed up to 
take the first ever picture of the disk of matter surrounding a black hole.
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looking at the sun  
European Solar 
Telescope

Daniel K. Inouye 
Solar Telescope

The EST is 4-metre-aperture 
telescope designed to investigate 
the Sun at unprecedented 
resolution. It will help
scientists understand the 
magnetic coupling
of the solar atmosphere. 

SCIENCE GOALS: To investigate the 
structure, dynamics, and energetics of the 
lower solar atmosphere, where magnetic 
fields continually interact with plasma, and 
magnetic energy is sometimes released in 
powerful explosions.

With a 4-meter primary mirror, 
DKIST is the most powerful solar 
telescope in the world. It is capable 
of seeing structures as small as 
25km and will study the Sun’s 
surface, corona, and magnetic 
fields in unprecedented detail. 

LOCATION: Haleakala Observatory, 
Hawaii at an altitude of 3,050m

LOCATION: Canary Islands, 
Spain

SCIENCE GOALS: To reveal in 
unprecedented detail of processes that 
channel energy from the Sun’s interior. 
To find out why the corona is so much 
hotter than the Sun’s surface, and what 
launches the solar wind out into space.

Hawaii

Canary
Islands

ESTDKIST

– on the ground

It’s hot work 
looking at the 

Sun. The DKIST 
requires 

powerful 
cooling 

systems to 
dispel the heat 
gathered by its 

main mirror.

Despite having 
been observed for 
centuries, 
sunspots are still 
not well 
understood. EST 
will shed light on 
the nature of these 
fascinating objects. 

Solar events can cause damage to Earth’s satellites, power grids, and communications. Information gathered by 
solar telescopes could help scientists give warnings of such events with days rather than minutes of notice.
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looking at the sun  
solar 
orbiter

SolO is the newest spacecraft to be sent 
to study the Sun. It is designed to study 
the Sun’s atmosphere and the solar wind 
(steam of charged particles). It will 
make the first images of the Sun’s 
poles. SolO is equipped with 10 scientific 
instruments. Four will detect particles in 
the solar wind and measure magnetic 
and electric fields. Six are imagers 
designed to look at the Sun 
at different wavelengths:

SolO
– from space

INFRARED ULTRAVIOLET X-RAYS

GAMMA RAYS

VISIBLE VISIBLE to UV ULTRAVIOLET

X-RAYS

SoloHI (Heliospheric 
Imager) will study 
the solar wind by 
seeing how sunlight 
is scattered by 
electrons within the 
solar wind. 
PHI (Polarimetric 
and Helioseismic 
Imager) will 
investigate the 
solar interior by 
imaging convection 
zones on the 
surface.

METIS (Multi 
Element Telescope 
for Imaging and 
Spectroscopy) will 
study the structure 
and dynamics of the 
Sun’s corona to 
investigate the link 
between 
atmospheric 
phenomena and the 
inner heliosphere.

UEI (Extreme Ultraviolet 
Imager) will image the 
layers of the Sun’s 
atmosphere above the 
photosphere and 
investigate the link between 
the Sun’s surface and the 
outer corona.
SPICE (Spectral Imaging of 
the Coronal Environment) 
will study the properties of 
plasma in the Sun’s corona.

STIX (Spectrometer Telescope 
for Imaging X-rays) will study 
the extremely hot solar 
plasma and the high-energy 
electrons accelerated during 
a solar flare.

SCIENCE GOALS: To understand how the Sun’s magnetic field is 
generated inside the Sun and how does it propagate into space. To 
study how violent solar events (such as solar flares) produce 
energetic particles and how they impact the solar system. To 
investigate what drives the solar wind. To study the polar regions 
when the solar magnetic field flips polarity. 

LOCATION: Up to 300 
million km from Earth. 
Closest approach to the Sun 
will be 42 million km.

Heatshield protects 
instruments from the 
heat of the Sun. Can 
withstand up to 500°C

Solar panels rotate to 
prevent over-heating 
when close to the Sun 

Radio/plasma 
waves antenna

Science 
instruments

Instrument 
boom
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IMAGING A BLACK HOLE – the event horizon telescope
Although we have known about the existence of black holes for more than a 
century, their presence has only ever been indirectly inferred by their gravitational 
effects on their surroundings. By their very nature (they are as black as black can 
be), we will never see a black hole, but it is possible to image the disk of matter that 

surrounds the black hole and see the point at which its gravitational pull 
becomes too extreme for even light to escape – this is called the ‘event horizon’. 
In 2017, the Event Horizon Telescope was able to capture the first ever direct 
image of this region. To do so required a telescope the size of planet Earth itself.

ALMA: Atacama Large 
Millimeter/submillimeter 
Array (Chile)
APEX: Atacama Pathfinder 
EXperiment (Chile)
IRAM: IRAM 30m Telescope 
(Spain)
JCMT: James Clerk Maxwell 
Telescope (Hawaii)
SMA: Submillimeter Array 
(Hawaii)
LMT: Large Millimeter 
Telescope (Mexico)
SMT: Submillimeter 
Telescope (Arizona)
SPT: South Pole Telescope 
(Antarctica)
GLT: GreenLand Telescope 
(Greenland)
Kitt Peak: Kitt Peak 12m 
Telescope (Arizona)
NOEMA: NOrthern Extended 
Millimeter Array (France)   

The Event Horizon Telescope (EHT) is made up of a series of highly-sophisticated 
radio telescopes located around the world. Using interferometry, the telescopes 
are connected to create one virtual, Earth-sized telescope.

The black hole imaged by the 
EHT was located in Messier 87 
(M87) –an enormous elliptical 
galaxy some 55 million light 
years from Earth.

This how the Hubble Space 
telescope sees M87.

The supermassive 
black hole at the 
centre of M87 is 

really big – weighing 
in at 6.5 billion times 
the mass of the Sun 

and with an event 
horizon wide enough 

to swallow our entire 
solar system. 

To obtain the image, the 
EHT amassed 

5 petabytes of data 
over 2 years. This 

amount of data would 
have taken years to 

transmit via the internet 
so it had to be 

transfered onto 
960 hard drives and 

transported by aircraft.

This is the image of the 
supermassive black hole 

captured by the EHT. As more 
telescopes are added the 

image will become clearer.
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Gravitational wave observatories are a very unusual sort of 
telescope. Instead of looking for electromagnetic waves, 
they look for gravitational waves, which are waves that 
travel through the spacetime fabric of the universe. 
  

Gravitational wave astronomy could revolutionise our view of the universe because, unlike 
light, gamma-rays, or radio waves, nothing can get in the way of gravitational waves. In 
theory, there will be no part of the observable Universe that will be invisible to our gaze – 
including the very first moments of the Universe’s existence after the Big Bang.

AGE OF THE UNIVERSE YEARS HOURS SECONDS MILLISECONDS

Wavelength

What makes the waves?

How we will detect them?
Cosmic microwave

background polarisation Pulsar timing 
arrays Space-based

interferometers

Ground-based
interferometers

Merging binary neutron 
stars and black holes

Black holes and stars captured 
by supermassive black holes

Binary supermassive 
black hole mergersThe Big Bang

GRAVITATIONAL WAVE SPECTRUM

GRAVITATIONAL WAVE OBSERVATORIES

Colliding black holes Gravitational waves

1 2
1. All objects with mass have an effect on the 
shape of spacetime around them – the greater 
the mass, the greater the ‘dent’ they make.

2. Violent events involving massive objects (such as 
colliding black holes) create ripples that travel out through 
fabric of spacetime. These are gravitational waves.
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‘SEEING’ GRAVITATIONAL WAVES
LIGO Laser Interferometer 

Gravitational-Wave Observatory

LIGO is the world's largest 
gravitational wave 
observatory. It consists of 
two detectors situated 1,865 
miles apart. They ‘listen’ for 
gravitational energy by 
detecting the distortions in 
space they create.

SCIENCE GOALS: To detect gravitational 
waves. To detect more waves of different 

types and wavelengths. To identify a more 
defined theory of general relativity and 

its relation to gravity 
and spacetime. To lay 

the foundations for 
future gravitational 

wave telescopes.

– ON EARTH
A

rm
 shortensArm lengthens

Laser

Beam
splitter

Light
detector

4km-long
arm

Laser
beam

Mirror

4km-long
arm

LOCATION: Two identical 
facilities – one in Louisiana and 
one in Washington State. 

Gravitational wave
passes throughNo gravitational wave

1

2 3
In February 2016, 
scientists made the 
historic announcement 
LIGO they had made the 
first ever detection of 
gravitational waves. 
The waves were 
created by two 
colliding black holes.

1. Each LIGO facility has two 4km-long arms 
along which laser beams bounce back and 
forth – acting as ruler that measure the 
smallest change in each arm’s length.

2. Gravitational waves stretch and 
compress spacetime as they travel through 
it. As they pass Earth they cause the planet 
to stretch as compress a tiny amount.

3. LIGO can 
detect 
changes in 
the length 
of its arms 
as small as 
the width of 
an atom.

Wavelength
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‘SEEING’ GRAVITATIONAL WAVES
LISA Laser Interferometer 

Gravitational-Wave Observatory

Due for launch in the mid-2030s, 
LISA will be the first dedicated 
space-based gravitational wave 
detector. LISA will consist of a 
constellation of three identical 
spacecraft arranged to form a 
triangle with ‘arms’ 2.5 million 
kilometres long. 

LISA will work rather like LIGO 
but, with arms many hundreds 
of thousands of times longer, it 
will extend our ability to 'listen' 
to new kinds of dark 
phenomena in the Universe.

These three spacecraft 
relay laser beams back and 
forth and the signals are 
combined to search for 
gravitational wave 
signatures that come from 
distortions of spacetime.

The distance between the 
spacecraft is precisely 
monitored so that even the 
tiniest changes in the lengths 
of the ‘arms’ caused by a 
passing gravitational wave can 
be measured.

LOCATION: An Earth-like orbit 
around the Sun, approximately 50 
million km from Earth.

SCIENCE GOALS: To detect and 
examine gravitational waves 
emitted by the supermassive 
black holes that reside in the 
centres of many galaxies. 
To measure the signals of 
thousands of compact binary 
star systems in the Milky Way. 
To listen to signals from the 
early phase of the Universe – 
just seconds after the BIg Bang.

– from space

Wavelength

Solar panel

Laser
beam

2.5 m
illion km

Science
module

Attitude
control

thrusters

 



The Science and Technology 
Facilities Council operates 
world-class, large-scale research 
facilities; supports scientists and 
engineers world-wide; funds 
researchers in universities and 
provides strategic scientific advice 
to government.

The Council’s Public Engagement 
Team offers a wide range of 
support for teachers, scientists and 
communicators to facilitate greater 
engagement with STFC science 
which includes astronomy, space 
science, particle physics and 
nuclear physics:

100-01-01www.stfc.ukri.org
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