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On the ground and in space, a global family Facilit

of giant telescopes — present and future — >
is designed to gather visible and invisible . g Gaia
light from across the Cosmos ; Gl space mision designed tochartin 30

1 bilon stars in our Galaxy. Its camera i the Largest.
flown into space and it s potected by a sunshield

TELESCOPES / 1B Ly =

Arainbow is the spectrum of colours that make up visible light.
But there are other types of light that our eyes can't see. The full

range of light is called the electromagnetic spectrum. Each research  (James Webb Space Te\esmpe,
telescope is designed to detect light from a specific part of this 4 1

spectrum, helping astronomers to understand more about the story 1o il pe cselcs by s Sonch K el

of the Universe. e size of a footbal pitch. o i % 5
The cool radiation left over from the Big Bang, known as the ke : 4 X pepIM Neviton
3 where the. ties of the Earth - > 3 MM fost advanced X-rz
(%) cosmic Microwave Background, is detected by instruments o 4 RS ost dvanced Kmt CRESEERY
detecting microwaves. B v 3 pcion: agﬂ;ﬂﬂgﬂ;gmmm i
Hundreds of exoplanets have been discovered using telescopes. ong o
detecting visible and infrared light.
We know that black holes exist because X-ray telescopes’
reveal the hot material around them.
All light travels as waves, from long radio waves to short X+ nys A ¥ >
The Earth’s atmosphere block: of the. » J ) = = - N = 384,400km
others pass through. That is why we have some telescopes at sea \ 3 3
level, others on mountain tops and some in space.

(Square Kilometre Array)
SKAwill bethe world' lrges adio telescope.
Location: s stes in
Southern Afia and Austals
Firstlights ary designsar beng teste
ahase 1 folly opeationsl by 2020,
Lefttoright:the famous Crab
nebulaseen nraio iaves,
visibl ight and n X-ays
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WHY DO
WE NEED BIG -
TELESCQPES7

On 26 July 1609, the Englishman Thomas Harriott was the first .
scope to make drawings of the Moon. Four'
the same thing. Their spyglasses
50in diameter. For more than 400
n using ever larger telescopes to gather
ore distant objects in the Universe. The
optical and infrared telescopes have reflecting
mirrors many metres across.
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Seem furi'her
_into the past

As W look out into the depths of
space, we are also looking back in

time. "Large tefescopes can look
back to when the first stars,and
galaxies were forming. They
can chart how the Universe
evolved, learn more about
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Hot and cold

Telescope engineers handle extreme temperatures. Telescopes
must operate on mountaintops and in space where they are'subject
to huge temperature variations. Also, the instruments on some
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the mysterious dark energy that
is rapidly pushing it apart. For the

first time, we will be able to create a
history of the Cosmos, of

Combi
detectors massively increases the
sharpness of an image. This is why
both SKA and the ALMA consist of
large arrays of receivers spanning
awide area.

Further information

For more about the involvement
K scientists

big telescopes.
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For schools

mountain-top robotic telescopes

The UK is a member of th
international telescope organisations:

the classroom:

= NationalSchools Observatory
= European Space Agency wwwschoolsobservatory.org uk
wwwesaint

= Faulkes Telescopes Project
.

b = Bradford Telescope
= Square Kilometre Array www elescope.og
wwwskatelescope.or

L For other telescope-based resources,

A: nical and

telescope images
e NASA ESAand 50

= The *Big Telescopes Collection'
of on-line resources, in the.
national STEM e-lbrary.

elibrary

' ESERO UK, the UK Space
Education Office
wwwesero.org uk

The by the
National Intitute for Health Research's
Invention for Innovation Programme.

For information on the UK Space
‘Agency, resources for students, teachers
and careers in the UK Space sector:
wwwbis govuk/ukspaceagency/
discover-and-learn

www.stfc.ac.uk

€

Z4 L' el

[

)

telescopes need to be cooled to ultra-low temperatures o they can

galaxies in amazing detal,” Says Victoria Eruce who studies du kit ok ight - or ‘heal: ~ From distant objects,

Fustant g o the Royal Qbssrvatory Edinbyrgy
. Space telescopes like JWST are subject to the extreme heat of the
. Sun. The Sun-facing side of JWST's giant sunshield will be heated to
I 85 °C but the shield will cool the telescope, allowing it to operate at
-233 °C (40 degrees above absolute zero, or 40K). The telescope’s
“.mirror ismade from beryllium, a metal that contracts less on cooling
than typical materials used on ground-based telescopes.

etre detectors are sensitive to heat so require
MA has
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ho suffer from a wndespread formofsig
d. § related macular degeneration (AMD).
from Some form of A
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750,000 people in the UK will be suffering

Dave Melotte, at the UK Astronomy Technology Centre,
who is leading the project explains: “Our eyes are natural
optical machines, just s telescopes are complex optical

machifies - designed by engineers. AMD occurs when part

of the retina deteriorates. When optometrists needed
to look at the tiny changes taking place in the retina
they came to us. Our engineers are applying their skills
in optical, electronic, mechanical, software and
systems engineering, just as we do on a telescope
engineering project.
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ate many of the millions of Jupiter-sized exoplanets that,

exist in our Galaxy. The E-ELT may identify Earthsized planets
from the gravitationally-induced wobble of their host stars, and
directly image larger planets. SKA will even be able to analyse their’
atmospheres and look for the characteristic chemical constituents
that indicate the presence of lfe. We may, for the fist time in
human history, answer the question: “Are we alone?”

Big and small

Engineers designing large telescopes are faced with both large and
small-scale challenges

Large heavy optical mirrors are prevented from ‘sagging’ with a
technology called active optics. The E-ELT's huge parabolic mirror
will be divided into hexagonal segments whose precise shape is
maintained by supporting actuators

The SKA will use hundreds of thousands of radio telescopes,

in three unique configurations, which will enable astronomers

to monitor the sky in unprecedented detail and survey the entire
sky thousands of times faster than any

the data traffic of the
global internet.

Opticalsystems tochriques developed for big telescopes is ow.
osingsppe o dagrosig degeneatve hanges i h reina
“1 was explaining this project at our annual
ObeniDays, which attracts thousands of visitors
It was amazing to hear how many people are
affected by AMD and to feel that we are really
making a difference to their lives
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Other applications of telescope technology include:

m X-ray digital detectors called CCDs, developed for XMM:Newton, are
already used inmedical imaging.

™ The advanced adaptive optics developed for E-ELT could improve laser
eye surgery and other ophthalmic applications, as well as laser fusion for
energy gerieration

SKA and ALMA technology will drive forward advances in
telecommunications and signal processing

The technological solutions developed for large telescapes generate

wider spin-out commercial opportunities worth billions of pounds;
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