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NASA’s Hubble Space Telescope captured this billowing cloud
of cold interstellar gas and dust rising from a tempestuous
stellar nursery in the Carina Nebula, 7500 light-years away. This
pillar of dust and gas serves as an incubator for new stars and is
teeming with new star-forming activity.
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FROM THE PRESIDENT OF THE
ROYAL ASTRONOMICAL SOCIETY

y Interest in astronomy began when

I was seven. Then, as a teenager,
learnt the constellations and watched satellites
cross the night sky. Following a physics
degree, I was nspired to pursue astronomy
and have spent my subsequent career using
many different orbiting and ground-based
telescopes to study the universe.

We live in a golden age of astronomical
discovery. In the past 40 years, we have
proved the existence of black holes, found
hundreds of planets around other stars, and
discovered that 95% of the universe 1s made
up of enigmatic “dark matter” and the even
more mysterious “dark energy”. In the next
40 years, we should detect gravitational
waves — a key prediction of Albert Emstemn
in his General Theory of Relativity — and just
possibly the first signs of life on other worlds.
Astronomers and space scientists in the UK
are incredibly good at all this — and, after the
US, have more citations of our research papers
than any other nation.

With such astonishing progress in our
sclence, it iSn't surprising that astronomy 1is
so interesting to the wider public. The innate

curiosity we all share about the universe 1s
an important part of our culture, and at least
as important as our contemporary concerns
about health, the ageing process and security.
For that reason alone, we could argue that
our science should recetve a decent level of
nvestment, at least as much as that spent
by other developed countries. This booklet,
produced by the Royal Astronomical Soclety
and backed by the Science and Technology
Facilities Council (STFC), highlights many
of the other reasons, from the way in which
astronomy inspires people to study and
work in science to the plethora of spin-off
technologies that shape our society.

In the past, the impact of astronomy
was obvious, as navigators and explorers
depended on knowledge of the night sky
to find their way around the world. Now
we have more subtle but nonetheless
highly significant outcomes, including the
development of super-sensitive charge-coupled
devices (CCDs) found in almost every mobile
phone and digital camera, medical and atrport
scanners, and wireless computer networks.
All of these were discovered or developed

“The articles
that follow
invite you to
think about
why our science
matters and
the sometimes
surprising
ways in which
it affects our
lives”

by astronomers, in many cases through
serendipity, where work on one topic led to an
unexpected beneficial result elsewhere.

The articles that follow nvite you to think
about why our sclence matters and the
sometimes surprising ways in which 1t affects
our lives. As such, it is a timely reminder
that research in “blue-skies” subjects like
astronomy — an area in which the UK excels
— not only enriches our culture but also brings
real benefits to society as a whole.

A- cA2ole—

Prof. Andrew Fabian
President of the RAS 2008-2010



Astronomy is the oldest science. The earliest civiliza-
tions made astronomical observations thatled to the
units of time we use today - possibly the first scientific
measurements made. Many human activities, particularly
navigation, have depended on observations of the Sun,
Moon and stars.

Over the past couple of centuries, more detailed astro-
nomical studies have underpinned the formulation of our
current understanding of physics: the fundamental forces,
in particular gravity as described by Einstein’s General
Theory of Relativity; and the building-blocks of matter and
the theory describing them, quantum theory. Today, the
universe continues to provide a laboratory for testing basic
theories thatlead to a deeper understanding of nature and
our own place init.

Astronomy now covers a huge range of topics: under-
standing how the universe got started and how its large-
scale structure evolved into what we see today; the
formation and evolution of galaxies, stars and planetary
systems; and, excitingly, the search for planets that might
support life. A major mystery recently uncovered is the
existence of “dark energy” which is accelerating cosmic
expansion. The dynamics of the universe seem to be domi-
nated by this phenomenon, as well as by large amounts of
invisible “dark matter”. The universe we see directly is only
a small component of what is really out there.

Discoveries made via astronomical observations also play
a pivotal role in shaping progress in other fields. A major
goal of nuclear physics is to understand how the elements
are made in stars. Studying the outer layers of the Sun and
other stars tells us about the physics of plasmas relevant to
clean nuclear-energy generation. Exploring the geology and
atmospheres of planetary bodies in the solar system may
throw light on climate change on our own planet, while the
burgeoning science of astrobiology — exploring the condi-
tions in which life could exist elsewhere in the universe
—could explain how life first evolved on Earth.

Astronomy inspires

It is not surprising that children are fascinated by the
universe’s sheer scale and strangeness. Many young peo-
ple are drawn into studying science and engineering at
university through an early introduction to the wonders
of the cosmos. A report funded by Kings College London
and the Wellcome Trust, Pupils’ & Parents’ Views of the School

“The one topic
that generated
universal
enthusiasm
was any study
of astronomy”

WHAT’S THE USE
OF ASTRONOMY?

Humans have always gazed up at the Heavens and
wondered what was beyond their everyday world.

Science Curriculum, stated: “The one topic (among the sci-
ences) that generated universal enthusiasm was any study
of astronomy.” The UK has built on this response, estab-
lishing projects such as the National Schools’ Observatory
(NSO), through which pupils can make observations with
the same robotic telescopes (page 6) that are used by pro-
fessional astronomers. About 1200 schools across the UK
are full NSO members, and more than 17000 observing
requests have been delivered to pupils so far. The Royal

Observatory Greenwich (ROG) hosts 14000 pupils annually,
as part of an astronomy education programme catering
for all ages from 5 to 19. Children’s enthusiasm for planets
and black holes is channelled into active learning related
to the school science curriculum.

Providing a skilled workforce
At university, astrophysics research continues to attract
some of the strongest physics graduates. It equips PhD



Schoolchildren watching the skies around the cone of the Peter
Harrison Planetarium at the Royal Observatory, Greenwich.

students with the kind of training needed by industry,
business and other economically important sectors. Mod-
ern astronomy, like global commerce, usually involves
working in international teams on large-scale projects.
Students therefore develop good management as well as
strong analytical (mathematical and computational) or
engineering skills.

Cutting-edge technology

Pushing back the boundaries of what we know about the
universe requires ever more sophisticated instruments
and computing methods. As telescopes grow in size and
sensitivity, they require increasingly complex optical sys-
tems (pages 8 and 12) and innovative detectors (pages 7
and 13). Instruments may have to endure the harsh radia-
tion of space or require an extremely cold, “quiet” environ-
ment. Inevitably, they often provide a testbed for novel
advanced materials and fabrication methods (page 7 and
9), as well as analytical and engineering techniques, which
later find use in industry or in the health sector. Some
astrophysicists even go on to set up their own compa-
nies to develop their technology for applications outside
astronomy (pages 10 and 11).

Popular culture

Astronomy, cosmology and space science address the big
questions about the nature of existence, exciting the pub-
lic imagination in the process. The concepts and imagery
of astronomy saturate popular culture, from blockbuster
movies to toys and computer games. Although astronomy
research is intellectually challenging, it also lends itself to
explanation at a level that can be appreciated and enjoyed
by everyone. In 2009, more than 1.4 million people visited
the Royal Observatory, Greenwich’s galleries or attended
one of its planetarium shows, public lectures or stargazing
events. The National Space Centre in Leicester receives a
quarter of a million visitors each year.

Citizen science
Astronomy also enhances public engagement in science in
another way: it can be pursued at an amateur level. There

Anyone can help
professional
astronomers, via the
Galaxy Zoo or Solar
Stormwatch websites.

“There are
about 200
astronomical
societies in the
UK, and many
universities
run distance-
learning
courses or
evening
classes”

ASTRONOMY IN THE UK

Modern astrophysical observations rely
on a complementary range of powerful
astronomical instruments that detect
radiation over the whole electromagnetic
spectrum. The microwaves that permeate
the cosmos tell us about conditions just
after the Big Bang, while infrared radiation
provides information about the cold, dusty
reaches of space - for example, where
stars form. X-rays and gamma-rays are
messengers of violent processes such as the
formation of black holes, as are other types of
radiation: cosmic rays (high-energy particles),
neutrinos, and gravitational waves (page
7). Another vital aspect of astrophysics is
computer simulation, for example to model
the evolution of structure across the cosmos,
which requires powerful supercomputers.
Depending on requirements, telescopes
may be ground-based or may orbit in space,

and because of their size and complexity they are usually constructed and operated by international teams. The UK plays a major
role, particularly through its membership of the European Southern Observatory (ESO) and the European Space Agency (ESA). The
UK has also pioneered astronomical studies with dedicated observatories working at millimetre and infrared wavelengths at the
Joint Astronomy Centre in Hawaii. For example, pictured is the James Clerk Maxwell Telescope, the world’s largest single-dish
submillimetre telescope. It collects faint submillimetre signals with its 15-metre diameter dish. Itis situated near the summit of
Mauna Kea on the Big Island of Hawaii, at an altitude of approximately 4000 metres (14000 feet) above sea level.

Amateur astronomers enjoying the night sky.

are about 200 astronomical societies in the UK, and many
universities run distance-learning courses or evening
classes for anyone interested in the science. Astronomers
have recently exploited the internet to engage this interest
further and enable the public to be involved in front-line
research. Web-based projects such as Galaxy Zoo and Solar
Stormwatch, which respectively classify galaxies and mon-
itor space weather (page 14), enlist the help of hundreds of
thousands of people.

An exciting future

The future for astronomy is extremely exciting. New tel-
escopes and instruments being planned are likely to lead to
world-changing fundamental discoveries about the nature
of the universe and the forces governingit. They also have
the potential to provide life-enhancing technical devel-
opments. Even more extraordinarily, we may soon know
whether there is life beyond the Earth, which will redefine
our perceptions of human existence for ever.



ENHANCING OUR KNOWLEDGE OF THE UNIVERSE

OF GAMMA-RAY BURSTS

An artist’s impression
of a gamma-ray burst.
They are thought to
be associated with
the explosion of stars
that collapse into
black holes. Two jets
of material are ejected
-if one is aimed at
Earth, we see a briefbut
powerful GRB.

This gamma-ray burst
is the furthest object
ever observed. Itis 12.8
billion light-years away.

Using a combination of space and ground-based telescopes, astronomers
have been observing the most cataclysmic explosions in the cosmos.

Gamma—ray bursts (GRBs) are among the most remark-
able phenomena known to science. Thought to mark
thebirth of ablack hole when a massive star collapses at the
end of its life, GRBs are by far the most violent and luminous
explosions known. To put this into context, the debris from
a GRB explosion moves with a velocity of around 99.999%
of the speed of light, and the brightest GRB so far observed
was about 10 million times brighter than the entire Milky
Way galaxy.

The key to unlocking the nature of GRBs was
uncovered in 1997, with the discovery that the
short flash of gamma-rays is followed by a
longer-lived emission in optical light, the so-
called afterglow. This discovery, made with the
UK’s William Herschel Telescope on La Palma
in the Canary Islands, enabled the distances

\

The UK has remained at the forefront of this rapidly mov- “GRBs are by
ing field, supplying key instrumentation for NASA’s Swift
satellite, which has found more than 500 GRBs since its f a?’ the most
launch in 2004. In April 2009, Swift observed a remarkable UIOle]:lt and
GRB that was revealed by immediate follow-up ground- luminous
based measurements to be the furthest object everlocated. explosion S
Its light had travelled for 13.1 billion years before reaching known”

Earth, indicating that the burst had happened only 600 mil-
lion years after the Big Bang.

Extreme events

In the future, we hope to use GRBs as search-

lights to reveal the nature of the first stars to

formin the universe. There are also many mys-
teries surrounding the physics of GRBs, which
probe physical conditions not met elsewhere. For

§ K Artist’s impression . L
to GRBs to be measured for the first time, and ¢ y,0 swiftsatellite  €X2@Mple, the so-called “short duration” GRBs,
earned the team involved the Descartes Prize swivellingto capture Which appear tobe completely different kinds of
for Research in 2002. imagesofaGRB.  events, are thought mostlikely to occur when two

THE UK’S ROBOTIC TELESCOPES

The UK has pioneered large, autonomously operating
telescopes, of which the 2-metre Liverpool Telescope (LT)

on La Palma is the prototype. It was built by a spin-out
company from Liverpool John Moores University, Telescope
Technologies Ltd (TTL), which has since constructed robotic
telescopes worldwide. In 2007, the LT scientists won the
THES Research Project of the Year for the rapid measurement
of polarization in GRBs. TTL has now been bought by former
Google vice-president, Wayne Rosing, who is continuing the
original concept of establishing a global network of robotic
telescopes to monitor events such as GRBs.

ultra-dense neutron stars merge in a cataclysmic collision.
Such objects may provide fundamental tests of Einstein’s
Theory of Relativity, and are prime targets for searches for
gravitational waves (see opposite), one of the holy grails of
contemporary astrophysics. However, short-duration bursts
are even harder to observe than the classical “long-duration”
variety, so our understanding of them is rudimentary.
One of the interesting aspects of GRB science is that
because each one occurs only once, and even its afterglow
fades fast and has usually almost disappeared within a
few days, observations must be made very quickly. This
means UK astronomers must be ready to respond to alerts
transmitted from Swift at any hour of the day or night, so
they can instruct observers at telescopes around the world
on what measurements are required. An important reason
for the success of UK astronomers in this field has been
their access to a range of 2-metre robotic telescopes (see
box), and powerful 4 and 8-metre telescopes, which means
that they can make important observations of any GRB.
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ost of what

we know
about the universe
has been gleaned from
the electromagnetic radiation
(gamma-rays, through visible light
to radio waves) that reaches us from
distant stars and galaxies. Einstein’s Gen-

eral Theory of Relativity, however, predicts the -

existence of another kind of radiation — gravitational S

waves - which, if identified, would provide astronomers
with a unique and powerful tool to study the cosmos.

Gravitational waves are ripples in the fabric of space.
Although not yet discovered, they should
be emitted in extremely violent eventsy
such as the merging of two black holes;
the Big Bangitselfis predicted to have gen-
erated gravitational radiation, which per-
sists today as a pervasive cosmic background. %
Gravitational-wave measurements could thus
not only test theories about black holes and other . -
“extreme” objects such as neutron stars, but also
probe the evolution of the early universe.

Detecting gravitational waves is extremely challeng-
ing, to say the least, because the resulting distortions in
space are less than one part in a thousand billion billion.
Nevertheless it can be done. Gravitational-wave projects
employ an L-shaped instrument called an interferometer,
consisting of two arms of equal length up to several kil-
ometres long. Light from a powerful laser is split in two
identical beams, which travel down the arms to mirrors
on suspended test masses, where they are reflected back
again before being recombined. A passing gravitational
wave would stretch one arm and squeeze the other, result-
ingin a tiny difference in arm-length that then generates
a signature interference pattern in the recombined laser
light. The minute change is less than one-thousandth of
the diameter of an atomic nucleus.

tion of the fibre suspensions has a wide number of applica-
tions in the optics industry, in particular in constructing
novel high-power lasers based on optical fibres. The same
technology has been adapted to bonding silicon carbide
to different materials, which could be applied to car disc
brakes. Finally, the jointing technologyis being deployed to
make optical systems stable enough to withstand launch
conditions in a variety of space missions.

The UK’s German colleagues are also involved in
Advanced LIGO, in providing the high-power lasers. A
spin-off from this programme is
novel technology that

UK scientists are playing a key role in gravitational-wave
research, and are participating in Advanced LIGO, a two-
site observatorybeingbuiltin the US. Itis expected to be 10
times more sensitive than its predecessor, LIGO. A collabo-
= ration led by the University of Glasgow is provid-
B ingboth hardware and theoretical support.
- Based on work done for the smaller,
B joint German-UK gravita-

: . tional wave detector
E GEO 600, the

s

reduces the quantum
. ﬂuctuat1ons (shot noise) in the emitted
. light, which researchers can exploitin highly sensitive
b optical experiments relevant to quantum information and
researchers have deve ped extremely strongf d-silica quantum-computing applications. . [
fibres designed to hold stillthe suspended, 40-k110gramme
mirrors. A prototype is being installed in a test facility at

the Massachusetts Institute of Technology.

ABackground image: The Livingston, US, site of LIGO, where

o) - 3 4 . : Ad d LIGO will be h d. Each is4 kmlong.
Thessilica-fibre technology is also finding use in other fields. X b el T o3

The Glasgow team is working with a company to develop
fused-silica fibres for gravity gradiometers used in oil
exploration. The bonding technology used in the construc-

<A CAD rendering of the core suspension system that the UK has
developed and will contribute as part of the upgrade programme
in building Advanced LIGO. i
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I NE\W BUSINESS FROM ASTRONOMY

A GIANT EYE ON THE COSMOS

Europe’s new 42-metre telescope, to be completed in 2018, will not only revolutionize our knowledge

of the universe but will also offer major commercial opportunities for UK business.
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The current E-ELT design. The protective
dome is 90 metres high, while the concrete

base rises about 10 metres above the ground.

Modern astronomy demands precision-engineering
on a grand scale. The world’s largest telescopes have
huge, perfectly shaped giant mirrors — some more than
10 metres across - that collect the faintest light signals
from planets, stars and far-flung galaxies. Today, an even
more ambitious instrument is being planned: the European
Extremely Large Telescope (E-ELT). With a main mirror
42 metres across, it will collect nearly 20 times more light
than any other current telescope, and see objects 17 times
more clearly than the Hubble Space Telescope. Astrono-
mers hope that it will help to answer the big questions
about existence: how did the universe evolve into what
we see today, and is there life beyond the Earth?

A technological step-change

The E-ELT will also drive forward technological develop-
ment, because it must deliver the best possible optical per
formance in the face of changing atmospheric conditions,
variable mechanicalloads as the telescope moves around,
wind forces and even the occasional earthquake.

The surface shape of the main mirror has to be extremely
smooth, with a roughness of less than 10 nanometres peak-
to-trough thatis equivalent to having waves no higher than
2 millimetres across the Atlantic Ocean. The mirroris made
up of nearly 1000 hexagonal segments, each 1.4 metres
across. The segments are independently controlled to
maintain the mirror’s shape against gravity and wind.

Atmospheric turbulence causes image blurring but can
now be compensated for using adaptive optics (AO, page 12).
The light reflected from the main mirror is passed to two
further mirrors that are deformed or tilted at high speed
to make areal-time correction. The resultis an image that
is as sharp as is optically possible. AO for the E-ELT is a
significant engineering challenge. It requires a deformable
mirror only 2 millimetres thick but 2.5 metres across, more
than twice the size of mirrors used today, and 8000 actua-
tors will have to push on the different parts of the mirror
up to 1000 times each second.

Answering the scientific questions of the 21st century

Once the E-ELT is operating, it will have a major impact on
our understanding of the cosmos. Astronomers will be able
to search for and take the firstimages of Earth-like planets
around nearby stars, and even look for water and oxygen
in their atmospheres. If such worlds are found, then the



prospects for finding life elsewhere in the universe will
receive a huge boost.

The E-ELT will also be able to study the first galaxies
that formed. These are so distant that their light has taken
almost the whole history of the universe to reach us, so we
see them as they were only a few hundred million years
after the Big Bang. Astronomers will not only be able to
detect these galactic infants, but also see their shapes,
measure their chemical properties and understand how
their stars formed.

Astronomers recently discovered that the expansion
of the universe is accelerating, apparently driven by a
mysterious and pervasive force, “dark energy”. Scientists
may be able to make the first direct measurement of the
acceleration and so gain insight into this fundamental
phenomenon.

E-ELT will also be used to see whether the physical
properties of the universe, such as the strength of gravi-
tational and electromagnetic forces, have changed over
time. If any change is found, then it will have far-reaching
consequences for our understanding of the basic laws of
physics that shape the world we live in.

Impacts on the wider world
Technology developed for astronomy has already fed into
many applications, from medicine to security and com-
munications. Those resulting from the E-ELT include:

adaptive optics, used to sharpen diagnostic images of
vascular disease in the eye;

high-performance optical and infrared detectors,
deployed in biomedical imaging and security scanners;

large-scale precision optics, important in fabrication of
microelectronic devices, in laser-driven nuclear fusion,
Earth-observation satellites and solar energy;

the techniques for making large, complex instruments
for telescopes are applied in areas such as satellites and
medicine;

image and data-processing, in which researchers extract

This is Cerro
Armazones in the
Chilean desert,

near ESO’s Paranal
Observatory, where
the E-ELT will be built.
The image shows
equipment used to
survey the site.

“The E-ELT will
have a major
impact on our
understanding
of the cosmos”

data from noisy and complex images, have a direct applica-
tion to medical instruments such as body scanners;

the structural engineering needed to build a giant but
precisely aligned telescope could be applied to a future
laser fusion system.

Opportunities for UK industry

The UK has a stronginvolvement in the E-ELT programme,
and so our industry is in an excellent position to win
contracts for the construction of the telescope, and its
associated instruments and components. About 80% of
the UK contribution (estimated to be €200m) is expected
to be awarded to industry. Companies that may benefit
include:

ARUP, responsible for one of the telescope enclosure
studies;

Observatory Sciences and Scisys, which are working on
the software and control systems;

the North Wales-based OpTIC Technium consortium,
which is prototyping the primary mirror segments.

The programme is also pursuing commercialization and
spin-out opportunities, for example, in medical imaging
and turbulence monitoring. Several spin-out companies,
including Zeeko and Blackford Analysis, have already
emerged from astronomy technology, with other enter-
prises expected to come into being in response to E-ELT
procurement requirements.

Predicting the value of new industries and companies is
difficult. The market for AO in biomedical and communica-
tions applications could be as large as £500m per year within
a decade, similarly for detector technology. The greatest
possibility for wealth creation stems from laser nuclear
fusion, which if successful as an energy-generation technol-
ogy, could be worth hundreds of billions of pounds.

A highly skilled cadre of scientists

Constructing and operating the E-ELT depends on a part-
nership between institutes, university research groups and
industry. This extraordinary scientific project will deliver a
cohort of trained scientists and engineers, whose skills and
know-how are honed by the challenges of developing such
a huge and complex machine. At its peak, 100 scientists
and engineers will be employed on the project in the UK, at
least 40% of whom will be new graduate and postdoctoral
researchers able to transfer their skills to industry.

DEVELOPING ADVANCED INSTRUMENTS

Artist’s impression of the Metis mid-

infrared spectrometer and imager, an

instrument proposed for the E-ELT.
Testing mirror
components.

The UK/
French Eagle
spectrometer
for the E-ELT.



RADIOASTRONOMY OPENS THE
WAY TO A WIRELESS WORLD

Wi-fi — an invention now used daily by almost a billion people — owes its
origins to searching for the radio signals from exploding black holes.

One of the challenges in observational astronomy is to
obtain the clearest signals from distant objects in the
universe. For example, a major problem for ground-based
telescopes is atmospheric turbulence which distorts optical
images (see p12). In the late 1970s, a small team of radio-
astronomers, based in the Netherlands, found a way of ana-
lysing the images using a mathematical technique called
a Fourier transform, and so provided a means to sharpen
them. This led to the development of a hardware solution
- adaptive optics, whereby a telescope mirror is continu-

10 ANEW VIEW OF THE UNIVERSE

ously reshaped to compensate for the turbulence. Today
adaptive optics is used on large telescopes and has applica-
tions in fields such as microscopy and ophthalmics.
Later one of the researchers, Australian John O’Sullivan,
applied the same approach to radio signals. He was search-
ing for radio waves from exploding black holes. Stephen
Hawkinghad predicted that black holes do emit radiation
and could eventually collapse and explode. O’Sullivan
and his colleagues needed to design radio equipment that
could sharpen radio pulses that had been broadened by

“John
O’Sullivan
and his team
realized they
had the skills
to move from
wired computer
networks to the
use of wireless
transmitters to
communicate
between
devices”

Five of the six antennas
of CSIRO’s Australia
Telescope Compact
Array. Work developing
signal-processing
techniques for ATCA
led to the world’s first
wireless local area
network.

their journey through interstellar gas and dust. Originally
they used an analogue system involving 35-mm film but
then decided to record the data digitally - and used Fourier
transforms to process the data and remove the effects of
the interstellar medium.

Although explodingblack holes have never been found,
the work led to developments that were to transform tele-
communications. Having returned to Australia, O’Sullivan
was able to apply the same methodology to signal process-
ing for a new radio-telescope array, the Australia Telescope
Compact Array, whereby six identical antennas work
together to generate a high-resolution radio image. This
work resulted in a dedicated computer chip that could auto-
matically process the transforms.

Commercializing radioastronomy

By 1990, Australia’s Commonwealth Scientific and Indus-
trial Research Organisation (CSIRO) was looking for ways
to commercialize its capability in radio physics. O’Sullivan
and his team realized that they had the skills and tech-
niques to move from wired computer networks to the use
of wireless transmitters to communicate between devices.
But there was a problem: in the confines of buildings and
rooms, radio waves bounce off many surfaces, so that a
transmission arrives at a receiver followed by a series of
echoes. The solution to this multiple reflection issue was
a “fast Fourier transform” chip that could disentangle the
web of wireless signals. This led to the first workable high-
speed wireless local area network (WLAN).

CSIRO patented the invention and, following a legal bat-
tle, will now receive revenue approaching AUD$200 million,
which will be ploughed back into basic research. After a
decade spent in industry working on wireless networking
and satellite TV, O’Sullivan is now back in radioastronomy,
working on the design of the new giant international radio-
telescope, the Square Kilometre Array.
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LOCATION, LOGATION, LOCATION

UK radioastronomy has made major contributions to a mobile-
phone location technology worth billions of dollars a year.

fyou are on your way to meet a friend and can’t find the

agreed rendezvous, you can instantly download the loca-
tion using a mobile phone with a GPS (Global Positioning
System) receiver. The reliability of such “smart phones”
with this inbuilt connectivity may well depend on an inven-
tion first developed by UK radio-astronomers.

In the late 1970s and early 1980s, a research group led by
Peter Duffett-Smith at the University of Cambridge wanted
to measure the sizes of quasars (quasi-stellar radio sources)
- the highly active cores of distant galaxies. This required
a pair of radio antennas working together but separated by
up to 1000 kilometres. One component was a large radio
telescope at Cambridge, while the other was a small port-
able antenna that could be transported around the country
on a trailer. “We would go and ask a farmer if we could set
up the unitin his field and make the observations,” says
Duffett-Smith.

To work effectively, the researchers needed to know the
position of the moving component to within a few metres.
They realized that the transmissions from national FM

broadcasts offered the solution - knowing the distance to
each transmitter allowed them to pinpoint the compo-
nent’s location.

A spin-out company from radioastronomy
“It then didn’t take a whole lot of rocket science to real-
ize that the system could be miniaturized and applied
to locating anything,” he says. Duffett-Smith first tested
out the idea by driving around in his car and plotting his
position with alaptop computer using medium-wave pop
music broadcasts. “We got some venture capital; it was all
very exciting,” he says. Nothing much happened at first
because there was no immediate mass-market applica-
tion. But then in the middle of the 1990s, everyone started
buying mobile phones—which contained all the necessary
electronics. Peter took five years out from astronomy to
set up a company called Cambridge Positioning Systems
to market the technology.

Today, the invention uses the signals from a mobile-
phone network to find a phone’s position to within

“He first tested
the idea by
driving around
and plotting his
position with
a laptop using
pop music
broadcasts”

Sat-navs and mobile phones both use GPS to track
where you are, a technology developed following
Cambridge astronomers’ investigations of quasars.

Partof the
One-Mile
Telescope
developed
by the
Radio
Astronomy
Group at

Peter Duffett-Smith. Cambridge.

Quasar 3C273, more than 3 billion
light-years from Earth. This Chandra
image helped reveal an X-ray flow
from the core to the jet. It was trying
to measure the size of quasars that
led to the development of GPS.

75 metres or so, and also to keep precise track of time.
Many mobile phones have chips that detect signals from
GPS satellite networks, but need help to work properly
inside buildings. The satellite signals are so weak that
the receiver has trouble finding them buried in the back-
ground radio noise. The Cambridge Positioning Systems
device provides a precise time and approximate position
to the satellite receiver, which can then dig into the noise
atexactly the right spot to retrieve the satellite signals. The
mobile-phone user remains unaware of what is happen-
ingbehind the scenes, but enjoys a much faster and more
accurate response.

At its peak, Cambridge Positioning Systems employed
more than 100 people and it has more than 20 granted pat-
ents and applications. In 2006 the company was bought by
Cambridge Silicon Radio, which is now incorporating the
technology into its Bluetooth chips. Meanwhile, Duffett-
Smith has returned to radio astronomy;, in the knowledge
that his academic work has directly contributed to wealth
creation in the UK.
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SEEING
CLEARLY
WITH
ADAPTIVE
OPTICS

An optical technique largely developed

by astronomers is now being applied in
manufacturing, medicine, communications
and clean energy generation.

M ost people are familiar with the extraordinary images
of distant galaxies as revealed by the Hubble Space
Telescope. The main reason they are so good is that they
are notblurred by the turbulence of the Earth’s atmosphere,
which, until recently, has afflicted the “see-
ing power” of ground-based instruments .
(with much larger mirrors). Now, however, \
observatories on the ground are also able to
achieve their full imaging potential using
adaptive optics (AO). This ingenious technol-

astronomer Horace Babcock in 1953. Following its devel-
opment by the military in the 1980s, astronomers quickly
saw the potential of AO. Since then, research groups in the
UK, for example at the University of Durham, have made
major technical improvements in the performance of the
AO components. Today, almost all major ground-based
observatories apply AO systems for routine science obser-
vations, and in certain cases can obtain images equivalent
to those that would be obtained from a similar (but much
more expensive) telescope in Earth orbit.
Originally, to make corrections, the AO system relied
on observations of a bright “guide” star near
theline-of-sight to the object being observed.
This restricted where in the sky AO could
be used. However, astronomers have now
developed artificial guide stars in the form
\ of bright laser beams which create beacons

ogy compensates inreal time for the rapidly Beta Pictoris seen in in the upper atmosphere that directly probe
changing wavefront distortions (aberrations) infrared light with the turbulence. This, in turn, hasled to tech-
generated by temperature fluctuations in ~ anadaptive optics nology advances in powerful lasers and
the atmosphere. Conventional AO systems ~ Systematthe ESOVLT. novel wavefront-sensing techniques. New
; . The image shows an - e
consist of three parts: a wavefront sensor, a L variations on the AO principle have alsobeen
. . extended “debris disc” . .
corrector (usually, a very thin mirror whose thought tobe a proto- developed, which lend themselves to a wide
surface can be rapidly deformed by arraysof  planetary system, and range of applications.
piezoelectric or electromechanical actuators  evidence for a newly
to correct for the aberrations), and alinking ~ formed planetata Applications outside astronomy
control system. projected distance of During the past decade, there has been a
0.4 arcseconds.

AO was first proposed for telescopes by

significant growth in technology spin-offs

“A few
adaptive optics
systems are
now licensed
for laser eye-

surgery”

A Rayleigh laser guide star is launched from the William
Herschel Telescope on La Palma to probe the atmospheric
conditions above the telescope for adaptive optics.

from AO, particularly in industrial and medical areas. These
applications range from lasers and optoelectronics to bio-
logical microscopy and medical imaging.

Adaptive optics provides a tool for manipulating and
controlling laser beams, either by modifying the proper-
ties of the laser resonator itself, or by altering the char-
acteristics of the output beam. Applications include laser
materials-processing in which precise focusing control is
essential for achieving fast and accurate results, and the
generation of ultra-shortlaser pulses. Commercial systems
are already available for providing focus-only control of
CO, lasers, while manufacturers of high-power solid-state
lasers are showing a real interest in exploiting AO to main-
tain the laser performance of a range of output powers,
particularly for applications in laser-driven nuclear fusion
—a future option for energy generation now being actively
explored.

In the medical field, several companies supply AO-based
systems for measuring optical aberrationsin the eye, and a
few systems are now licensed for guiding customized laser
eye-surgery. AO also provides a valuable tool for enhancing
images of the retina for improved diagnosis of diseases
such as glaucoma and diabetes.

AO FROM LARGE- TO SMALL-SCALE

False-colour image of fluorescently labelled mouse embryo without (left) and with
(right) adaptive optics. The image was taken using an adaptive two-photon fluorescence
microscope at a focusing depth of 30 micrometres into the embryo. The inset shows the
shape of the deformable mirror.



THE RISE OF THE CCD

Charge-coupled devices (CCDs) — now ubiquitous in digital and video cameras,
and the imaging technology of choice in most scientific and technological

fields — were first developed largely for astronomy.

Imost every mobile phone now has a small, in-built

digital camera with a solid-state detector called a CCD,
which converts the light passing through the lens into a
electrical signal, and then into an image. The success of
CCDs as digital imaging devices owes much to develop-
ment work done within the astronomical community,
who early on realized their potential for observational
astronomy. CCDs are sensitive enough to detect almost
every incoming particle of light (or photon), making them
ideal for capturingimages of the faintest and most distant
objects in the universe.

Invented in 1969, CCDs are silicon chips with surfaces
divided up into pixels that store accumulated electric
charge generated by incident photons. The charge from
each pixelis transferred out of the chip in sequence, meas-
ured, recorded and processed to give a two-dimensional
image. CCDs began to find tentative use in astronomy from
the mid-1970s, when astronomers realized they were much
more sensitive than the traditional photographic plates. In
the following decades, CCDs took off, and today every major
telescope in the world uses CCD imaging cameras.

The technology developed has rapidly been applied in
other fields. In particle physics, similar pixellated silicon
detectors are used in experiments like the Large Hadron
Collider (LHC) at Europe’s main high-energy laboratory,
CERN. In medicine and biochemical research, CCDs are
employed for diagnostic imaging and to record data from
analytical instruments. CCDs sensitive to X-rays, and first
developed for X-ray astronomy, have virtually replaced film
atthe dentist’s. Similar sensors are used for mammography
screening where high-resolution imaging is vital to spot
tissue abnormalities. CCDs are also used in the aerospace
industry, where they are employed in X-ray stereo imaging
cameras for inspecting critical aircraft components.

The CCD image detector
in millions of digital
cameras is with us
largely thanks to
astronomers realizing
their potential

and pushing their
development.

“In the
mid-1970s,
astronomers
realized CCDs
were much
more sensitive
than traditional
photographic
plates”

Economic impact

UK astronomers have not been slow to exploit CCD tech-
nology commercially. With its long-standing ties to the
astronomical community, the Cambridge-based com-
pany AstroCam (now part of Perkin Elmer Life Sciences)
patented the use of CCDs for automated DNA sequencing,
gel electrophoresis (a technique used to separate specific
molecules for study) and imaging with X-rays and electron
or neutron beams. Another spin-out company from the
University of Leicester, XCAM, markets its CCD cameras
around the world.

UK astronomers have also worked closely, over the years,
with e2v Technologies based in Chelmsford, Essex (with
a turnover in excess of £230m), which has pioneered the
design of advanced CCDs. Responding to the need for large-
area CCDs in astronomy (the first CCDs were very small),
the company successfully stitched together devices into
arrays. It also developed a back-illuminated CCD, which
greatly increased the light detection efficiency. The com-
pany now produces some of the world’s most advanced
imaging devices. UK astronomers continue to work with
companies such as e2v to develop novel CCDs for specific
applications that eventually find use in the wider world.

OLOGY FROM ASTRONG

APPLICATIONS OF CCDs

A mosaic of four 4k x 4k

Gel electrophoresis - here
CCDs on the 90prime wide- being used to track DNA
field imager on the Steward -can now be automated
Observatory 90-in telescope.  using CCDs.

Most dentists have replaced High resolution images
their X-ray film with CCD are vital for spotting
imaging cameras, sonowait  tissue abnormalities in

for developing is necessary. mammography screening.
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APPLYING ASTRONOMY ON EARTH

The Earth is continually exposed to a tenuous wind blowing out of the Sun.
This wind enables the energy from solar storms to reach Earth and thereby
generate ‘space-weather’ phenomena. Space- and ground-based missions
are providing a better understanding of this vital Sun—Earth connection.

hile we rely on the Sun for life-giving heat and

light, our host star has another, more violent side
- it blasts out a gale of electrically charged particles: the
solar wind. Fortunately, the Earth is largely protected from
this onslaught by its strong magnetic field. The solar wind
flows around the Earth’s magnetic field and stretchesit to
form a long tail downwind of the planet. Magnetic energy
in this tail can generate electric currents in space that flow
into the polar atmosphere to create glowing displays of
“northern lights” or auroras.

The Sun’s behaviour is far from constant. Magnetically
active regions on the solar surface can suddenly explode
as solar flares, generating gusts of high-energy electro-
magnetic radiation and charged particles. Occasionally,

billions of tonnes of matter are hurled far out into the solar
system at more than 500 kilometres per second. These
coronal mass ejections (CMEs), if travelling towards the
Earth, can have dramatic consequences for both humans
and electrically-based systems.

Vital space systems are firstin the firingline because the
high-radiation environment generated by CMEs can disrupt
—and sometimes completely destroy —satellite electronics.
The harmful effects of extreme space weather are now a
major consideration in operating space-based communi-
cations and navigation systems (which are increasingly
important). This radiation is also very dangerous to astro-
nauts leaving the protection of Earth’s magnetic field, and
thus critical to plans for human space exploration.

The Earth’s magnetic
field (blue) helps protect
us from the solar wind.

Cameras builtin the

UK (atRAL) have been
key instruments in the
success of NASA’s Solar
Dynamics Observatory.
This is the first SDO
image, taken on 30
March 2010.

“We usually
have no more
than an hour’s
warning of
unusual space
weather”

UK RESEARCH

UK scientists and engineers
have been playing a leading
role in space-weather
research, from scientific
studies of the solar surface
and solar wind with space
observatories such as the

The radiation-proof

incredibly successful SOHO calmeras jforithe STEREO
c te! escopes were

an.d t.h e twin STE.REO developed at the STFC

missions, to looking at e e

changesin the terrestrial
magnetosphere with the

Laboratory. Now sold
through spin-out

Cluster satellites (funded company Orbital Optics,
through the ESA). Ground- they are used in Earth-
observation missions.

based radar systems such as
EISCAT and SuperDARN have
been used to study effects in the upper atmosphere.
Teams also work on modelling space-weather
phenomena, in an effort to improve our ability to
predict adverse events and understand how a solar
outburst will affect the Earth.

Solar outburst means lights out

Even at the Earth’s surface, large-scale infrastructures can
be severely affected, creating life-threatening situations.
A powerful solar outburst can damage power grids, lead-
ing to severe outages, as happened in Quebec in 1989 and
Sweden in 2003.

Clearly, it is increasingly important to be able both to
understand and predict the effects of major space-weather
events. Over recent decades, space scientists have been
investigating how solar storms are generated, how CMEs
spread into space, and how they interact with the Earth’s
magnetosphere. CMEs take about three days to reach us,
and although scientists can predict the general pattern, the
complex interplay between CMEs and the Earth’s magneto-
sphere means that at the moment we usually have no more
than an hour’s warning of unusual space weather.

Researchers are also studying more long-term changes
in the Sun-Earth connection, to see whether, and how, the
solar activity affects the climate and agriculture - a little-
understood consideration in the global-warming debate.



RESEARCH AND TRAINING FOR A MODERN WORLD

THROUGH A GRAVITATIONAL LENS DARKLY

CAREERS
Cosmologist

ecent observations have dramatically changed our

view of the universe and its structure. Large amounts
of invisible dark matter and mysterious dark energy appear
to control what the universe looks like and how it is evolv-
ing. This is what fascinates Sarah Bridle, a member of the
recently formed cosmology group led by Ofer Lahav at Uni-
versity College London (UCL). She explores how to map
dark matter using a phenomenon called gravitational lens-
ing, whereby the light from distant galaxies is warped by
the gravity of intervening matter, giving them a distorted
appearance to observers on Earth. She developed a compu-
ter code that analyses how their apparent shape is affected
by foreground material, in particular dark matter.

Sarah sees gravitational lensing as a key tool in cosmol-
ogy: “We aim to crack the problem of measuring gravita-
tional-lensing distortions to the highest possible precision.
This should let us unleash its full potential as a probe of
the dark energy that seems to dominate the cosmos and
yet about which we know almost nothing.”

Sarah has always been interested in astronomy. While
atschool in Gloucestershire, her physics teacher supported
hernascent interestin the wider universe, recommending
evening classes runby an “inspiring” lecturer from the Uni-
versity of Bristol. She went on to do a degree in natural sci-
ences at the University of Cambridge, where she excelled,
winning five prizes and graduating with first-class hon-
ours. A PhD at the Cavendish Laboratory in Cambridge fol-
lowed, on statistical methods to analyse and understand
the structure and expansion rate of the universe.

Sarah then took up a postdoctoral position at the Labora-
toire d’Astrophysique in Toulouse, France in 2000, with a
European fellowship to work on gravitational lensing. A
year later, Sarah returned to Cambridge, to the Institute of
Astronomy, where she began a Royal Society Research Fel-
lowship. Since 2004, Sarah has been a lecturer at UCL. Her
early achievement has been recognized through several

maps dark matter and dark energy in the universe.

prizes, including the Fowler Award of the RAS in 2009.

At UCL, Sarah led an international team that put the
galaxy-shape measurement problem to computer scien-
tists. To further this, she now holds a European Research

Council grant of €1.4m, and
has assembled an interdis-
ciplinary team to take it
forward, collaborating
with the UCL Cen-
tre for Computa-
tional Statistics

and Machine
Learning.

Sarah cur-
rently works
on ground-based
projectsincluding the
Dark Energy Survey, and
space missions including
the ESA Euclid observa-
tory. This will launch
in 2017, and will
use images of the
entire sky tomap
thelarge-scale
distribution of
darkmatterand
dark energy. Sarah
obviously relishes the
challenge of these demanding
projects: “I thoroughly enjoy the
collaborative nature of scientific research and love being
a part of the endeavour to understand our universe.”

Sarah recently had her first child, and understands the
challenges of maintaining a sensible work-life balance,
juggling research with the demands of being a new parent.
Earlier that year she led a workshop on “Work-life balance
in astronomy”, funded by a LOréal-UNESCO UK and Ireland
Fellowship for Women in Science. [
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FROM COSMOLOGY TO OIL PRODUCTION

Colin McGill found that astrophysics research provides just the training industry needs.

= - - WY =
Colin McGill (right, wearing a hat) outside the recording unit
for the Bourarhet seismic survey in the southern Sahara, just
west of the Libyan border. A new technique, whereby the
seismic signals (created by trucks with large vibrating plates)
can work independently, allows the collection of seismic data
four times as efficiently as conventional techniques.
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Research into “big problems” in astronomy attracts the
very brightest people, as the profile on page 15 shows.
However, it also provides an excellent training for solving
difficult problems encountered in commerce. The energy
industry is a typical example: the exploitation of fossil-
fuel reserves, for instance, may require the same advanced
mathematical techniques used to solve astrophysics prob-
lems. This is what Colin McGill discovered when applying
his computational skills, developed during research in
theoretical cosmology, to his future job in oil and natural
gas production.

Following a degree in natural sciences at the University
of Cambridge in the early 1980s, Colin pursued a doctor-
ate in cosmology at the University of Oxford, investigat-

ingthelarge-scale structure of the universe. He developed
a model for the so-called Lyman-o forest - the complex
pattern of spectral absorption lines characterizing inter-
galactic hydrogen gas, which carries information about
the light absorbed from distant, background galaxies.
Colin then took a two-year post at the Canadian Institute
for Theoretical Astrophysics in Toronto, before returning
to Oxford. Newly married by that time, he decided to move
out of academia, although he remains enthusiastic about
his doctoral and postdoctoral work to this day.

Universal mathematical models

Colin joined BP’s IT department in London. Within six
months the department was outsourced, at which point
he considered becoming a lecturer at QMC, but noticed that
the company was looking for scientific programmers and
so took up one of these posts at BP’s Sunbury-on-Thames
office in Middlesex. He explains: “To my surprise, the work
I'had been doing as a cosmologist turned out to be incred-
ibly useful in my new role. The mathematical model that
BP used for predicting how oil flows employs very similar
techniques to those used to try to understand the universe.
Put simply, the mathematics employed to characterize
the distribution of galaxies are exactly the same as those
required to describe the distribution of sand bodies. They
are of vital importance for predicting how oil will flow and
how much can be recovered.”

In the 1990s, Colin became a reservoir engineer, working
in BP operations as far afield as Alaska, Texas, Colombia and
Norway. After spells in Australia and China, he isnow based
in the UK and has risen to become Director of Appraisal for
North Africa, leading a team of 170 people shaping a multi-
billion-dollar gas development in Algeria.

Industry wants postgrads

Colin adds that a postgraduate in astronomy can be exactly
the kind of person that his industry wants: “People with
an academic ‘blue skies’ background enjoy finding out

“The model
BP used for
predicting
oil flows
employs similar
techniques
to those used
to try to
understand the
universe”

A BPrig, drilling for
gas in Algeria.
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Large-scale structure in the Lyman-o forest (see text at left).
According to current models of the formation of large-scale
structure in the universe, the Lyman-o. forest, which traces
the tenuous material between galaxies, is the remnant of the
gravitational processes that shaped the filaments and sheets
of material that make up the present-day cosmos.

new things and like getting to grips with new challenges.
We recognize that their flexibility and intellectual calibre
make them stand out from the general population. They
are highly numerate, think logically and can see their way
through complex arguments. When you have a PhD you
also tend to have tremendous confidence.”

Interestingly, he sees his trainingin cosmology reflected
inhis currentrole: “My real strength is in ‘big-picture’ stra-
tegic thinking and you can’t get a much bigger picture than
the whole universe!” But other PhD graduates are good at
detail and complement the ‘big thinkers’.

“For a good team, you need a mix of people. We need the
best possible people and in many cases blue-skies scientific
researchers are exactly that.”



ADAPTING TO CLIMATE CHANGE

Pete Newman found his training in astronomy invaluable when working on climate change policy.

fter leaving school with A-levels in 1972, Pete New- “If students are givenmestrongtransferrable skills including formal analy-

man spent 20 years in the computer software industry, enthusiastic sis, mathematics, modelling and simulation, working with
working his way up from trainee programmer to project noisy and incomplete data and communicating technical
leader. However, by the late 1980s he was plotting how to about information. I found it easy to transfer those skills into a
advance his amateur passion for astronomy, and soon real- astronomy new career in operational research and, in 2005, Ijoined the
ized that the only way to do it properly was to leave work and have the Government Operational Research Service to work in what
and go to un1ver51'ty. o opportunity to isnowtheUKBorder Agency.” Atthe UKBA Pete was quickly
Pete took a BSc in astronomy at University College Lon- promoted and by 2007 he was the co-leader of a 12-strong
don in 1995. Delaying his plan to return to the computer doa PhD’ they team delivering modelling, forecasting and analysis.
business, he decided to pursue his passion a little longer ShOUlFI,,QO f or Just recently, he has moved to join the evidence team
and went on to do a PhD at the University of Central Lanca- 1t in the Adapting to Climate Change programme in Defra
shire, researchingin observational cosmology, working on (Department for Environment, Food and Rural Affairs),
a survey of quasars (distant, very active galaxies). where he leads the science strand and runs a multi-
He then worked on the Sloan Digital Sky Survey at the disciplinary team. Pete’s formal scientific training ena-
Apache Point Observatory in New Mexico and stayed there bles him to work closely with climate scientists at the Met
until 2005. Pete describes his time there as “wonderful”, Office Hadley Centre and elsewhere. He also works with
but decided to leave astronomy, as he had long realized the independent scientific advisers in the Committee for

that the number of PhDs granted exceeded the supply of
permanent positions.

Climate Change and its Adaptation Sub-Committee.

Pete believes that his training in astronomy has been
invaluable in his post-academic career: “My new posi-
., tion has made relevant the planetary science I learnt
" asanundergraduate, and this has helped me greatly
' inexplaining to non-scientists the nature and scale of
threats our planet faces from climate change.”

Transferrable skills
Pete continues his story:
“Although I very
much enjoyed my
postdoctoral 4
work, the life
of an aca-
demic was
not where I
saw myself
ending up.

The value of study
He offers this thought on his training: “The techniques
I learnt studying and working in astronomy during
my time at university, and then at Apache Point, have
served me very well afterwards. They are now helpingme
have areal impact on policy in climate change, one of the

-

But my 13 highest global priorities. If students, whether mature or
years of = __ young, are enthusiastic about astronomy and have
study and “. . the opportunity to pursue a PhD, then they
work in E"“-—..M . should go forit. Even if they move out of

astronomy
and phys-
icshad

= the field, their trainingis respected
4 \ and valued by employers across
| the whole economy.”

Climate change is causing I e ——
p—
loss of sea ice in the Arctic.

M "

The SDSS telescope stands out

against the breathtaking backdrop
of the Sacramento Mountains.
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MAKING GOVERNMENT POLICY WORK

After studying distant galaxies, Pippa Goldschmidt now advises the
Scottish Government on energy, as well as writing science-based fiction.

Good analytical skills are important in any field involv-
ing managerial responsibilities, especially in govern-
ment. Pippa Goldschmidt has certainly found this to be
true in her role as a government policy adviser - which
often requires commissioning quantitative research and
understanding the complex statistical data it produces.

Having studied physics with astronomy at the University
of Leeds in the 1980s, and then done a PhD in astronomy
at the University of Edinburgh followed by postdoctoral
research in London, Pippa wanted to move on to a differ-
ent career. The Civil Service appealed to her, as it offered a
variety of roles for candidates with scientific backgrounds.
Accepted into the Fast Stream graduate-training pro-
gramme, Pippa started out in the British National Space
Centre (BNSC), developing space policy for the then Depart-
ment for Trade and Industry (now the Department for Busi-
ness Innovation and Skills).

As she expected, and wanted, she quickly moved around,
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working on primary legislation for Westminster and advis-
ing Alan Johnson in his first ministerial role.

Problem-solving skills
Pippa explains how her background proved invaluable in
her job: “For legislation to work, it needs to be robust. And
that demands sharp problem-solving skills and the ability
to express ideas concisely. Those are things that featured
throughout my time as a researcher. In fact it would have
been pretty difficult to complete a PhD without them. In
policy work, you first have to define the problem, then
find the best way to solve it, all the while remaining open-
minded about the solution and being able to challenge
assumptions. This independent thought is something you
develop during a research career, particularly in a blue-
skies subject like astronomy.”

During her doctorate, Pippa investigated quasars - dis-
tant galaxies with highly luminous centres containing giant

“I love using
my scientific

background

in my day
job as well as
in a creative
way through
writing”
The Scottish

Government building in
Leith, near Edinburgh.

An image of distant
galaxies, made
using the ISOcam
instrument on the
Infrared Space
Observatory.

black holes. She used big photographic plates to survey a
large area of the sky, to find quasar “candidates”. Using
spectrographs on UK telescopes in the Canary Islands and
Australia, she also analysed their spectra, allowing her to
confirm their identities and measure their distances. She
then took up a postdoctoral post at Queen Mary, University
of London and later at Imperial College London, studying
galaxies using the ESA Infrared Space Observatory.

Pippa alsolikes to use her scientific knowledge in her sec-
ond interest: writing. Leaving the DTIin 2004, she went to
work for the Scottish Government on social policy, concen-
trating on legislation to tackle homelessness, and later took
an MLitt degree in creative writing at the University of Glas-
gow. She then took a career break to be writer-in-residence
in the Genomics Forum at the University of Edinburgh.
Although Pippa later returned to a research-intensive role
in the Scottish Government to work on offshore energy
policy, she continues her writer’s residency, and runs work-
shops on using fiction to examine aspects of science. She
is also working on a novel about a female astronomer. “I
love being able to use my scientific background in both my
‘day job’ at the Scottish Government as well as in a more
creative way through writing fiction,” she says.




Starbirth in the clouds. This infrared image from the
Herschel Space Observatory shows dust associated with the
Rosette nebula, about 5000 light-years from Earth. The bright
smudges are dusty cocoons containing massive embryonic
stars. The small spots near the centre are lower mass stellar
embryos. The Rosette nebula itself, is located to the right.

Mark Malone found that studying the
dynamics of star formation provided all
the right skills for a career as an actuary.

he job of an actuary - assessing the financial impact

of risk and uncertainty —- may seem far removed from
that of an astronomer trying to understand the processes
leading to star formation, but both involve data analysis
and modelling. This is why Mark Malone decided to use
his astronomy training to pursue a career as an actuary. He
says: “I greatly enjoyed my time as a postgraduate but by
the end of my PhD I'wanted to pursue a different challenge.
WhenIlooked around, I realized just how valuable my skills
were. And even better, as an actuary, dealing with the finan-
cialimpact of risk and uncertainty, I could apply my talent
for theoretical modelling to the business world.”

Born in Edinburgh, Mark completed a degree at the
University of Edinburgh before going on to a PhD in astro-
physics at the University of Manchester in 1990. There,
Mark looked at the dynamics of the supersonic molecular
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“As an actuary,

I could apply
my talent for
theoretical
modelling to
the business
world”

hydrogen that makes up much of the clouds of gas and dust
where stars are forming. Supersonic flows usually result
from the passage of a shock wave through the clouds and
would normally disrupt molecular gas. Mark’s research
investigated the gradual acceleration of molecular hydro-
genin turbulentlayers between supersonic emissions from
newly forming stars and the dense pockets in the material
between them, the so-called interstellar medium.

Life in insurance

In 1994, Mark joined Coopers & Lybrand, now PriceWater-
houseCoopers, to train as an actuary in the area of general
(non-life) insurance. He worked with many clients in the
London international insurance market including Lloyd’s
of London, Aviva and European and US insurance carriers.
His ability was recognized by headhunters, who in 2004
persuaded him to move to run the London office of Aon’s
actuarial team. Aon is the largest insurance brokerage busi-
ness in the world. There, Mark works with a diverse range
of clients, not only in the insurance industry but also multi-
national corporations, governments and local authorities.
All of these clients share a need for rigorous assessment
and clear advice on the risks they manage.

RISK, UNCERTAINTY
AND'INTERSTELLAR”

Mark sees his PhD training as being incredibly helpfulin
his actuarial career. “Both scientific research and actuarial
work require you to be comfortable with data-analysis and
problem-solving. And an expert understanding of probabil-
ity and statisticsis essential too -bread and butter for theo-
retical astrophysicists. PhDs develop very specific qualities
in people. When you tackle a problem you are often unsure
about the method you need to use to solve it and in many
cases have to develop this as you go along. That ability, to
create bespoke models to solve non-standard problems, is
exactly what our clients demand.”

Interdisciplinary subject

Mark also believes there are specific benefits that follow
study in astronomy: “It is very much an interdisciplinary
subject, drawing on topics in physics, chemistry and math-
ematics. As an actuary, I quickly need to become famil-
iar with a diverse range of areas too - from medical data
to specialist points in law, to the trajectories of aircraft. I
genuinely believe my background in a blue-sky discipline
like astronomy has been a fantastic preparation for my
subsequent career. Once you've done a PhD, you're set up
to tackle challenges wherever you end up.”
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