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It gives me great pleasure to welcome you to the June 2007

issue of Nexus News – our long-promised new look is finally

here! Our new image represents over six months of design and

development and I hope you will agree that it was time well

spent. Previously, the magazine had maintained the same

identity for as long as I could remember – certainly throughout my

undergraduate degree I was greeted with the same purple cover each term –

and its age was beginning to show.With the new design we have aimed to

make Nexus News look more professional, reflecting the serious emphasis

we place on our student members being the academics and researchers of

the future.We have also aimed to make it feel more modern, making the 

articles our hard-working contributors produce more visually engaging. In

this issue, we welcome back Leila Sattary as she investigates what the future

holds for string theory (p5) while Sheila Kanani returns with a look at the way

ahead for the SETI programme’s hunt for extra-terrestrial intelligence (p7).

Meanwhile, our resident postgraduate writer Richard Branch returns with a

look at the worrying decrease in the number of physics students (p12).

Without the support of our enthusiastic student writers, our efforts in

redesigning the magazine would be for nothing and it is perhaps here that the

biggest improvements have been made. I’ve had the pleasure of meeting

some very creative and intelligent students during my time here.As they 

continue to develop and clearly express their ideas, the quality of Nexus News

will go from strength to strength.We will be well on the way to making it a

respected publication within the student physics community and beyond.

Samir Dawoud editor/student liaison officer
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Two of the UK’s key physical science
research councils have merged to
form a new body which aims to
“create a more integrated approach
to large facilities”.

The Particle Physics and
Astronomy Research Council
(PPARC) and the Council for the
Central Laboratory of the Research
Councils (CCLRC) completed the
merger on 1 April.

They now make up the Science
and Technology Facilities Council
(STFC), which will help to support
facilities such as the Diamond Light
Source in the UK and CERN abroad.

“The foundation of STFC will give
UK physicists a large variety of new
opportunities, especially in relation
to greater coherence of the
approach to international facilities
and the possibility of siting new ones
within the UK,” said Peter Main,
director of education and science at
the Institute of Physics.

Not everyone welcomed the news
of the STFC’s founding. Some
students are concerned that the
disappearance of PPARC will have
adverse effects on their research
communities.Those from the solar
terrestrial physics research
community are particularly anxious
since prior to the cessation of
PPARC’s activities as a separate
council, a thorough programmatic
review resulted in the closure of a

Plans for a new European Space Agency (ESA) centre to be based in
the UK are currently being discussed between the British National
Space Centre (BNSC) and ESA. The centre would be the first ESA
facility in the UK, with Harwell, Oxfordshire being a strong candidate
for its location. Harwell is currently the location of a number of high-
tech science facilities, including the Diamond Light Source and ISIS
neutron facility. In an uncorrected oral transcript on space policy
taken before the parliament’s Science and Technology Committee,
Malcolm Wicks, Minister for Science and Innovation, suggested that
the new centre might focus on “space exploration” and “the
ambitions of satellite technology”. Mr Wicks, whose portfolio also
includes the BNSC, added that he thinks “there should be a significant
ESA facility here in the UK.”

The proposal comes weeks after leading academics called for the

New council changes the face of UK research

S P A C E
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“The foundation 
of STFC will give UK
physicists a large
variety of new
opportunities.”
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number of their programmes.
“The PPARC programmatic

review seemed harsh to me,” said
one research student from within the
community, who chose to remain
anonymous.

In response, Peter Barratt, head
of media relations at STFC, stated
that these decisions were “one
outcome of the PPARC
Programmatic Review in 2005”. He
added: “All Research Council
programmes need to be able to
respond to new opportunities and to

changing scientific priorities. They
cannot depend solely upon new
funding from Government to realise
these opportunities and therefore
must routinely assess priorities
within their current programmes.”

It’s not just students who are
concerned over STFC’s emergence
in place of PPARC. Prof. Ken Pounds
of Leicester University, former
PPARC chief executive, has raised
similar concerns in Research
Fortnight (21 March edition) where
he commented: “PPARC’s ‘blue-
skies’ research…was built into its
founding mission statement but is
now lost within the new STFC.”

Mr Barratt again responded by
directing attention toward the
STFC’s broad mission statement,
which does not specifically exclude
blue-sky research.

The new council will also be
under pressure to learn from the
lessons of its predecessors. In
January the National Audit Office
found that the existing research
councils had significantly
underestimated operating costs for
their facilities – up to
approximately £20m a year in the
most extreme case. Responsibility
for facilities originally overseen by
PPARC and CCLRC has now been
transferred to STFC.

BNSC to be overhauled. Martin
Rees, president of the Royal
Society, and Michael Rowan-
Robinson, president of the Royal
Astronomical Society, suggested to
the House of Commons Science and
Technology Committee on 6 March
that a UK space agency with a
“significant research budget” be
formed. In the same oral transcript
Dr Desmond Turner of the Science
and Technology Select Committee
stated that the BNSC “is not set up

with enough clout to be effective”. Mr Wicks responded by stating his
opinion that “the BNSC has been a success and I think it is an
important partnership.” He said he was open-minded about the future.

The BNSC is a collaboration between nine government departments
and research councils that coordinates UK civil space activity and
supports space research. It was established in 1985 to coordinate
space policy and programmes.

M O R E  I N F O http://www.stfc.ac.uk

M O R E  I N F O  http://www.bnsc.gov.uk

Imperial College researchers at work with the ASTRA laser – one of
STFC’s supported facilities.

Space exploration – 
ESA’s Venus Express probe.

Peter Main, director of education
and science, Institute of Physics.

Plans for UK ESA facility 
as space centre 
restructure discussed
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Imperial College London will receive £12m to establish a new climate research
institute which will be the first of its kind in any major university.The donation
comes from the Grantham Foundation for the Protection of the Environment,
which was established by philanthropist couple Jeremy and Hannelore
Grantham, and represents the largest sum of private funding given to climate
change in the UK.

The Grantham Institute for Climate Change envisages being an “idea leader
and a strong voice” in developing new technologies and influencing
government policy relating to climate change. It will build upon the existing
expertise within the Imperial College academic community in various
disciplines including science, engineering and healthcare.

“We have been conducting research relevant to climate change for some
time but the new Institute will help us to interact with other scientists who know
about the processes we are investigating from alternative perspectives,” said
Joanna Haige, professor of atmospheric physics at Imperial College’s Blackett
Laboratory. “I think the new Institute is also great news for research students
who will now have advanced opportunities to develop interdisciplinary research
projects with support from the various different experts here at Imperial.”

The Institute will provide 20 new PhD studentships, of which seven have
already been appointed with two being in physics.

Nexus will host one of the largest
physics conferences devoted to
students this August.Volunteer
members have been working for
almost two years in preparation for
the International Conference of
Physics Students (ICPS) 2007,
which will be hosted at University
College London on 10–16 August.
Approximately 300 physics
students from around the world are
expected to attend.The week-long
event will include delegate and
invited speakers, excursions to sites
of scientific interest, a social
programme and accommodation –
all for just £100! ICPS, which is
overseen by the International
Association of Physics Students
(IAPS) is organised each year by
volunteer students from different
countries – this year will be the first
time the event has been held in the
UK. Last year’s conference took
place in Bucharest, Romania. Nexus
members wishing to register for the
event should visit the conference
website below.

One of the most popular events
Nexus has ever organised will take
place on 18–22 June.The 2007
Nexus visit to the CERN facility in
Switzerland was fully booked within
four hours of registration opening.
The visit will take delegates to the
world-famous CERN particle
accelerator as well as facilities such
as ILL and ESRF in Grenoble,
France. Delegates will spend two
nights in Grenoble before moving on
to Lausanne, Switzerland.The fee of
£40 includes accommodation,
breakfast and transport to and from
the site visits. Nexus hopes to
arrange similar visits in the future
for its student members.

Imperial College establishes 
first climate change institute

The recent Scottish parliamentary
elections saw political parties restate
their pledges to both science and
higher education in the bid to win
votes. Both issues featured
prominently in party manifestos
outlining strategies for the future.
Labour said it would “increase the
number of young Scots studying
science and technology at
undergraduate and postgraduate
level”, as well as getting prominent
Scottish scientists to visit schools to
stimulate pupils’ interest in the
subjects.

Meanwhile, the Scottish National
Party (SNP) pledged to remove
student debt and bring back student
grants, while the Liberal Democrats
promised to establish an investment

“Research students
will now have
opportunities to
develop
interdisciplinary
research projects
with various
different experts
here at Imperial.”

Science on
agenda in race
for Scottish
votes

UK international 
student conference 
just months away

CERN visit sells 
out in hours

M O R E  I N F O http://www3.imperial.ac.uk/climatechange

M O R E  I N F O
http://www.icps2007.info

M O R E  I N F O
http://www.iop.org/activity/nexus/
index.html M O R E  I N F O  http://www.universities-scotland.ac.uk

and innovation agency to stimulate
R&D in Scotland.The Conservative
party manifesto avoided making
specific pledges on science and
higher education, instead stating
that the party did “not have any
particular difficulty with the idea of a
student contributing towards the
cost of their education”.

“The election has raised a lot of
important issues around how to
inspire children to take science- and
technology-related subjects, but
also about the important role that
higher education plays in Scotland
and how it can contribute more,”
said Kirsty Rimmer, public affairs
officer for Universities Scotland. “I

Joanna Haige, professor of
atmospheric physics, Imperial
College London.

genuinely feel that these pledges
represent a real commitment on
behalf of the political parties.”

The election comes just months
after Universities Scotland – an
independent organisation
committed to representing the
collective interests of all Scottish
universities – called for more
postgraduate places. It stated that
“Scottish institutions need an extra
4000 postgraduates by 2010–11 in
a bid to get closer to UK norms”
(Times Higher Education
Supplement, 2 March 2007). In
particular, increased numbers are
needed to support Scotland’s high-
tech industries.

“The issue of increasing
postgraduate numbers is a cross-
subject one,” said Ms Rimmer. “In
relation to science, we need to
increase undergraduate numbers as
well as support greater ‘blue sky’
research and knowledge transfer
platforms.” Ms Rimmer stated that
stimulating students’ interest in
science and technology needs to
start at the earliest possible stage,
adding that “by the time [school
pupils] have made their university
choices it is too late.”

IOP Events
C L I M A T E

P O L I T I C S
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Trouble is brewing in the theoretical physics camp; a battle has begun over string
theory and the theory of everything (TOE). Formulating a truly unified theory that
could explain all of existence would be like finding the Holy Grail of physics after
thousands of years of study into the nature of matter. However, the longer the
search continues, the more problems appear, and this is causing many promi-
nent theoreticians to label the quest so far an immense failure. For young physi-
cists this begs the question: should they be carrying on the work of their
predecessors? Or would this mean wasting their lives, and careers, on what may
turn out to be a theory of nothing?

Einstein once said: “The most incomprehensible thing about the universe is
that it is comprehensible.”The universe is unfathomably huge and varied, yet we
have modelled its structure, made sense of its past, and even begun to under-
stand the behaviour of its many mystifying constituents. We have achieved this
by seeking out the relationships that connect our observations and piecing together
a network that has been established as what are now known as the laws of physics.

Einstein spent the 1940s trying to develop a TOE – a time when he could have
concentrated his efforts on understanding the consequences of the new quan-
tum theory or the discovery of new subatomic particles and forces. He devoted
the final part of his life to a theory that would unify electromagnetism and gravi-
tation, showing that the two forces were actually just manifestations of one grand
underlying principle. Einstein was ahead of his time on this; he left behind much
inspiration, but few concrete ideas on how to continue, and it was to be 50 years
before physicists returned to pursuing his dream.

Our modern concept of a TOE is grander even than Einstein’s; it must comprise
a unified field theory for the four fundamental forces we understand in nature:
electromagnetism, gravity, and the strong and weak nuclear forces, which were
understood fully only after Einstein’s death.The most promising contender to the
title of TOE is string theory,which aims to accommodate both quantum mechan-
ics and gravity within a unified theory.According to string theory, the fundamen-
tal particles with which we are familiar (electrons, neutrinos, quarks and so on)
are actually vibrating pieces of “string” that oscillate at specific resonant fre-
quencies. Just as a violin string vibrates in different modes to produce different
notes, these strings can vibrate in different modes to produce all the fundamen-
tal subatomic particles.String theory can even model particle interactions; strings
can combine and split, corresponding to particles absorbing and emitting other
particles. The forces that particles experience can simply be explained as ways
in which the string can vibrate.

Unravelling the physics
These enticing and seemingly comprehensible ideas have caught the imagi-
nation of both the science community and the general public. In reality, string
theory has a very complicated mathematical basis, and the physics has become
increasingly remote from the description above. Another problem is that string
theory is riddled with assumptions of various parameters that physicists hoped
would one day be predicted by the theory itself. But as time goes on, a solution
to this problem is becoming increasingly unlikely. What’s more, theoreticians
have predicted that these strings are of the order of the Planck length, which is
so small that they may be experimentally impossible to measure, regardless of

Broken threads:
Have we exhausted string 
theory’s possibilities?
String theory once seemed the most
promising path to discovering the “theory of
everything”, yet almost 50 years later that
goal remains elusive. Is a breakthrough
imminent, or is string theory the wrong key
for the lock, asks Leila Sattary?

Is this the end of the line for string theory?
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technological advances.
A conflict has emerged in the past few years as some members of the theo-

retical physics community claim that string theory has failed to give us a TOE and
question whether we should continue to pursue it. The row has intensified with
the publication of two books, the titles of which make clear the views of their
authors – Not Even Wrong:The Failure of String Theory and the Continuing Chal-
lenge to Unify the Laws of Physics by Peter Woit and The Trouble with Physics:
The Rise of String Theory, the Fall of a Science, and What Comes Next by Lee
Smolin. Both make the point that string theory has fallen short of being an all-
inclusive theory and suggest that theoretical physicists have been so engrossed
with string theory that they are not exploring other approaches to developing a
TOE. Cynics have even gone so far as to deny that string theory could be classi-
fied as science.The classical Popperian definition of science as hypotheses which
could potentially be falsified conflicts with the belief held by many that string the-
ory is intrinsically incapable of ever being tested by experiment or observation.

Defenders of the faith cite experiments that are planned for the Large Hadron
Collider in Switzerland, which hope to find miniature black holes and new parti-
cles that may confirm parts of the theory.The cry of the string theorist is that until
there is a real alternative to string theory, cynics should not slate it.

So who is right, and is it time to give up yet? Firstly, surely nobody expected the
TOE to be formulated over a mere few decades.Over time, the theory has become
more complex and obscure, particularly the “landscape” with its 10500 solutions
creating a multiverse of the same dimensions. On the other hand, string theory
has provided more solid ideas that have relevance to established phenomena,
such as black holes. The efforts that have been made so far have definitely not
been completely fruitless, but neither have they yet achieved their purpose of cre-
ating a unified theory.

We may currently be unable to test string theory but it should not be consid-
ered unscientific because of this.Many untestable theories have become testable:
for example, in the 1930s,Pauli introduced the neutrino which can pass through
blocks of lead the size of a galaxy, and yet today we produce beams of them.There
is still hope that some new science will provide a way to experimentally test string

theory, and in the meantime this is no reason to abandon the topic.While we may
never be able to measure Planck lengths directly we should not ignore the fact
that many accepted experiments are based on indirect measurements of the phe-
nomena they investigate.Experimental testing can be successfully based on inno-
vate inference,so ruling out experimental testing of string theory seems premature.

As to whether too much scientific thought is being directed towards string the-
ory, at the expense (as Woit and Smolin claim) of other avenues, such a trend is
only natural. There is a huge amount of work still to be done on string theory,
and as the closest thing we currently have to a TOE it is hardly surprising that
physicists are eager to work on it. Despite this, it is important that other possi-
bilities within the field are not ignored because string theorists have become
closed-minded.The friction caused by the recent voicing of negative views towards
string theory has certainly not put people off; in fact the excitement has served to
encourage interest. I have certainly never heard string theory discussed so pro-
lifically within my own department until now. Physics has always flourished on
controversy, and this is no exception.

It seems then that we are far from the point at which we should give up on string
theory.We have not reached that limit yet, and neither has string theory stopped
producing meaningful results, even if they are not directly related to the TOE.

Regardless of the success or failure of string theory, there are questions that
must be asked about the very concept of a TOE.Should we expect to explain every-
thing about the universe? Many string theorists take a more down-to-earth view,
holding that a TOE could explain just the properties of the fundamental particles
and the way they interact.However, a truly reductionist view suggests that it could
explain everything, without a limit, from the movement of atoms to the myster-
ies of human consciousness to our concepts of morality. Of course we need to
append to this a cautionary “in theory”, as we will always be limited by our com-
putational capacity. So the philosophical implications of finding a TOE are hotly
debated – some feel that it is absurd to claim that every wonder of the universe
can be explained in terms of particles engaged in a purposeless dance choreo-
graphed by the laws of physics. It comes down to one of the most fundamental
philosophical questions: is the world deterministic? If it is, then our TOE could
indeed explain everything from subatomic particles up,but this clashes with those
who would maintain that physics could never explain free will.

History repeating
In many ways the process of approaching a complete explanatory theory of our
experience is one we have been through before, and may well go through again.
When Newton composed his Laws of Motion he could never have foreseen the
discoveries that rendered them invalid under certain conditions, nor did Einstein
fully comprehend the role of weak and strong nuclear forces as the discoveries
were after his time. Go back a few hundred years more and astronomers were
maintaining that the Earth was at the centre of the universe; go even further back
and we reach the Ancient Greeks,whose division of the world’s elements into air,
fire,water and earth seemed to them complete and unshakeable.Science by def-
inition advances and rewrites itself to accommodate new discoveries as part of
its progression towards a truer understanding of the universe we observe.Whether
our theory of everything is the ultimate conclusion of this process or just another
step in the right direction is unclear, and will remain unclear until the next para-
digm shift to a new understanding of what “everything” comprises.

So in fact a TOE would mean quite the opposite to the end of science; a TOE
would provide a firm foundation on which to build a deeper understanding of
our universe. It would prove what Einstein thought all along – that the universe
is comprehensible.We will just have to wait and see if we ever discover a TOE,but
it seems certain that even if we never reach that goal,we will have made progress
towards a deeper understanding of nature’s fundamental laws along the way.

“The philosophical implications of finding a TOE are hotly debated – some feel that it is
absurd to claim that every wonder of the universe can be explained in terms of particles
engaged in a purposeless dance choreographed by the laws of physics.”

Einstein once said:
“The most
incomprehensible
thing about the
universe is that it is
comprehensible.”

AU T H O R Leila Sattary – Undergraduate, University of St Andrews
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You have to admire the ambition of the Search for Extraterrestrial
Intelligence (SETI) programme – the title really says it all. Can you
imagine a challenge more open-ended and fraught with disap-
pointment than combing the universe for proof of intelligent life

from within the confines of our little solar system? 
Even if there were 10 000 intelligent extraterrestrial societies in our galaxy,we

would have to search millions of stars before we found one. So far, SETI has only
searched about 1000.After six decades of looking, we are still no closer to dis-
covering humanity’s true place in the universe – and some people are wondering
whether it is time to abandon the mission.So is SETI a waste of time or an impor-
tant human endeavour?

SETI is an exploratory programme that seeks evidence of other life in the uni-
verse by looking for some signature of its technology. Our current understand-
ing of life’s origins on Earth suggests that given a suitable environment and sufficient
time, life could also develop on other planets.Any intelligent civilisation could then
be detected across interstellar distances by the tell-tale electromagnetic sig-
nals it produced.This theory may offer our best opportunity for discovering extra-

Space 
Some 60 years of analysing signals from space have left us no wiser about

the possibility of intelligent life elsewhere in the universe.Sheila Kanani asks

whether the Search for Extraterrestrial Intelligence is worth the effort.

terrestrial life in the near future.
SETI began early in the “Space Age” when, just two years after the launch of

Sputnik 1, Philip Morrison and Giuseppe Cocconi noted the relative ease with
which radio messages could be sent between the stars in the journal Nature.The
two physicists proposed that the microwave region of the electromagnetic spec-
trum would be particularly effective for communications across space because
it is a naturally quiet band.

The first SETI search
Around the same time, Frank Drake – a young radio astronomer working in
West Virginia – independently fashioned an experiment to search for signals from
extraterrestrial intelligence. On 8 April 1960, he aimed a radio telescope in the
National Radio Astronomy Observatory,Green Bank,West Virginia, at two nearby
stars. Drake spent several weeks listening for extraterrestrial signals by sweep-
ing his single-channel receiver up and down the microwave band.Known as Pro-
ject Ozma, it was the first modern SETI search.

Since then there have been more than 98 SETI projects around the world –

Evaders



SETI8 N E X U S N E W S J U N E 2 0 0 7

some short, and others spanning many years. In the 1970s NASA became inter-
ested in the prospect of a SETI project and began observations, but just one
year later, the US Congress cancelled the programme because it thought it was
a waste of money.

It’s easy to see why.Since the concept of SETI was formed back at the dawn of
the space race,no conclusive proof that we share the universe with any other form
of intelligent life has been found.The closest mankind has come to proving ET’s
existence, it seems, came in 1977,when Dr Jerry Ehman detected a radio signal
that appeared to originate from deep space using Ohio State University’s “Big Ear”
radio telescope. So closely did the signal’s signature match the profile of that
expected from an intelligent source that Dr Ehman promptly highlighted the rel-
evant data and labelled it “Wow!” However, repeated observations failed to relo-
cate the so-called “Wow! signal”, casting doubt over its origins – science is
only credible when it can be duplicated.

Where is the proof?
Dr Ehman’s discovery remains a curious anomaly in SETI’s 60-year history,which
has otherwise failed to provide any proof for intelligent life beyond the surface of
the Earth. So what could be going wrong?

Firstly, virtually all SETI experiments are looking for narrow-band signals –
radio emissions that are at one spot on the radio dial. Narrow-band signals of
only a few hertz in bandwidth are the mark of a purpose-built transmitter, since
natural cosmic noisemakers (such as pulsars and quasars) do not produce such
narrow radio signals due to the dispersion effects of the interstellar medium. In
terrestrial radio practice, narrow-band signals are often called “carriers”.They
pack a lot of energy into a small amount of spectral space, and consequently
are the easiest type of signal to find for any given power level. So the logic  is
that if an extraterrestrial intelligence is anything like us, it will use narrow-band
signals as beacons to get our attention.Any signal less than about 300 Hz wide
must be, as far as we know, artificially produced. Other tell-tale characteristics
include signals that are completely polarised or the existence of coded infor-
mation on the signal.

Unfortunately, there are many narrow-band signals coming from our own planet
(from military radar and telecommunications, for example). Some SETI projects
use a second telescope to sort out this unwanted interference. Since the sec-
ond telescope is hundreds of miles away from the main instrument, an extrater-
restrial signal will have a slightly different frequency at the two sites due to Doppler
shift and the Earth’s rotation. Looking for the expected slight shift in frequency
at the two telescopes is a good way to judge which signals are local, and which

are truly extraterrestrial.
This way of searching seems to limit our field of view and could mean that we

miss something interesting. For example, what if an extraterrestrial source was
broadcasting in a spread spectrum? If the signal was strong enough, it might still
be detected with current SETI equipment, but weak broadcasts would be missed.
In the future, searches will encompass these other types of communications.
Nonetheless,SETI makes the assumption that an advanced civilisation will realise
that narrow-band broadcasts are the most efficient in terms of producing a
detectable signal at the receiving end. If they wish to get in touch – or alternatively
they are using high-powered radars, for detecting incoming comets, for instance
– they will generate the type of signals SETI experiments can pick up.

Of course, there may not be anything to find.There is always the possibility that
life on Earth is a result of happy coincidences, and that such a combination of luck
and the necessary conditions will not be found elsewhere.Then there is also the
matter of those pesky Fermi paradoxes.Enrico Fermi reasoned that even if it takes
life billions of years to develop intelligence and then send a signal or travel to the
stars, if there are billions of worlds in the universe, and the universe is over 13 bil-
lion years old, why haven’t we been visited by our alien cousins, and why haven’t
any of them colonised the galaxy yet? Whatever assumption you make about how

“If anything can be said about SETI’s results
so far, it is that they have been as successful
at proving the existence of intelligent
extraterrestrial life as any theory has been at
proving that we are truly alone.”
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fast colonisation could take place, you
still end up with timescales that are pro-
foundly shorter than the age of the galaxy.
Scientific communities have come up
with many arguments to deal with the
Fermi paradox.Some even insist there is
no paradox at all and say that the reason
we don’t see any evidence of extrater-
restrials is because there aren’t any.

So, should SETI call it a day? It defi-
nitely should not do so, based upon the
assumption that there is no intelligent life
to be found. If anything can be said about
SETI’s results so far, it is that they have
been as successful at proving the exis-
tence of intelligent extraterrestrial life as
any theory has been at proving that we
are truly alone. And while the pro-
gramme’s conclusions about life in the
universe remain frustratingly inconclu-
sive, the benefits have been felt much
closer to home as SETI expertise have
been utilised in the fight against breast
cancer to help identify affected tissue at
an early stage. The search for extrater-
restrial signals within the noisy back-
ground of natural sources is analogous to the search for malignant tissue signatures
against a mammogram scan of otherwise healthy tissue and the signal pro-
cessing technology developed for SETI has been successfully applied to combat
the development of such cancers.A waste of money, indeed!

Signs of life
The biggest problem people have with the SETI programme is that we can only
guess at what to look for in the first place. SETI assumes that an extraterrestrial
intelligence is sending out very powerful signals into space saying “we are here”.
Although this is possible, it is highly unlikely.We are searching for signs that we
are not even producing ourselves.Are we transmitting repeating messages into
space saying hello? No! So why should we assume that any other civilisation would
do the same? No wonder that many people do not believe that SETI’s method will

ever prove to be fruitful.
SETI should not stop searching, but maybe it should reconsider its method-

ology. I think a new strategy would be more beneficial than assuming that there
is nothing out there. Stopping the search would also make us arrogant; it would
be a statement that we think we know all there is to know about our universe.
This is a stance that is contrary to the moral fibre of explorers and scientists
alike. Many people yearn for the feeling that we are special, but to conclude that
humans must be the best the universe has to offer would be rather egotisti-
cal.And as Giuseppi Cocconi and Philip Morrison stated four decades ago:“The
probability of success is difficult to estimate, but if we never search, the chance
of success is zero.”

Still searching – SETI researchers sift through data from radio telescopes each day hoping to find signals.

AU T H O R Sheila Kanani – Graduate, University of Manchester
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Mankind is going back to the Moon… but for how long? The question of whether

or not there is water on the Moon is perhaps one of the most important issues sur-

rounding the manned exploration of space.Water is the most valuable resource

in the solar system, and would be vitally important for a sustained human pres-

ence on the Moon.

It’s not just humans who would need access to water on the Moon – so would

any food sources grown there. Spacecraft would need water to keep cool in the

searing 100 °C temperatures of the daytime lunar surface.And via electrolysis,

water not consumed could be split into hydrogen to burn as rocket fuel, and

oxygen to breathe. The problem with water, however, is that it is very heavy and

every drop has to be hauled up from Earth. If we didn’t have to do that, it would

make the whole process of lunar colonisation far more feasible and an order of

magnitude less expensive.

Two NASA missions have already hinted at the possibility of water. In 1994,

NASA’s Clementine mission beamed radio waves into craters on the South Pole,

the bottoms of which never see daylight and are permanently below freezing.The

reflections were received on Earth and suggested the presence of ice. However,

the results were far from conclusive and a repeat experiment from Earth using

the giant Arecibo radio telescope (made famous by the movies Contact and Gold-

eneye) came back dry. In 1998,NASA’s Lunar Prospector scanned the Moon with

a neutron spectrometer,which looks for the presence of hydrogen-rich substances.

It discovered substantial amounts of hydrogen, again,

at the lunar poles. However, the question remained

whether this hydrogen was locked up in water, or was

simply hydrogen deposited from the solar wind.Clearly,

the best way to find out for sure whether there is water

on the Moon is to go there and investigate.

The other thing that space scientists would dearly

like to do is to obtain a better picture of the internal

structure of the Moon. We already have a reasonable

picture of the lunar interior thanks to seismometers

planted by the Apollo astronauts, but there is still much

room for improvement.

We do know that, like the Earth, the Moon is a differentiated body with a crust

and mantle. However, since all of the landings have been on the Earth-facing

side of the Moon,what we know about the lunar core is not very well constrained.

One of the big discoveries of the Apollo missions was that the Moon is still tec-

tonically active, causing rare but very energetic “shallow” moonquakes in the

upper mantle which are reminiscent of those detected on Earth.The type of moon-

quakes most commonly detected occur in two zones, at around 800 km and

1000 km below the surface.The latter can be explained as being at the approx-

imate boundary layer between the solid mid-mantle and the partial melt zone of

the lower mantle. It has been theorised that the deep moonquakes that occur at

depths of around 800 km are the result of the dissipation of tidal energy, but

again, we need to go back to find out.

The way in which a seismometer is used to look inside a planetary body is sim-

ple. Say, as is fairly common, a large piece of rock slams into the Moon, sending

shockwaves cascading out in all directions. By knowing where the rock struck

and measuring the time it takes for the waves to reach the seismometer, you

can measure the density of the rock that they travelled through.You can also probe

the location of boundary layers (such as that between the mantle and the theo-

retical core) by measuring the partial reflections that occur when waves enter a

region of different density and refractive index.

In order to get a better picture of the lunar interior, one needs to build a network

of seismometers all around the Moon. The only reason that this has not been done

before is that the cost of launching such a mission with multiple lunar landers has

MoonLITE:
How the UK’s

Moon mission
breaks the rules
UCL scientists are designing a Moon probe

with a difference.MoonLITE will have no

expensive touchdown equipment – just a

tough,well-designed airframe to survive the

impact.Glyn Collison reveals how the mission

will make Moon exploration cheaper, and

what the team plan to do when they get there.



been prohibitively expensive… until now.

In any space mission, weight equals cost. For every kilogram that you want to

loft to the Moon, you will have to pay roughly £10 000 for the privilege.Therefore,

in order to make our lunar mission cheap (relatively) we have to make it light. Or

to put it another way, the lighter we can make our landers, the more of them we

can take with us. All previous lunar landing missions have used heavy landing

gear and a rocket engine to bring them in for a soft touchdown. MoonLITE plans

to do away with these altogether, and thus safely deliver a small scientific payload

to the Moon using a probe that weighs only a few kilograms.

High-speed impact
The four unmanned probes will be released from a lunar orbiter and, after firing

a small rocket to knock them out of orbit, will fall straight down to the surface.A

few minutes later, the penetrators will impact the lunar regolith at 200 m per sec-

ond, or roughly 450 mph.

Building a spacecraft to survive impact with the surface at these speeds is not

as far-fetched as it sounds.Although 450 mph sounds fast, to put it in perspec-

tive, anyone who has travelled on an airliner has flown faster.British bunker-bust-

ing bombs hit the ground at a similar speed, and the fuses inside not only survive

the impact with the concrete,but count the floors that the shell goes through before

deciding when to explode.Because of its experience, the task of designing Moon-

LITE’s diamond-tough airframe has been given to British defence company Qine-

tiQ,which also has rocket test tracks and cannons for firing prototype penetrators

into simulated lunar soil. It is the classic application of military technology to the

peaceful exploration of space.

After the probe has come to rest,MoonLITE’s surface science will begin, pow-

ered by a package of batteries that will last up to a year.MoonLITE’s payload may

also include a heat flow experiment and a descent camera for capturing stunning

images as the Penetrator plunges towards the lunar surface.

“The Moon is not as boring as we thought it was,” said Dr Rob Gowen, one of

MoonLITE’s chief project scientists, hinting at the fabulous implications of finding

water on the Moon.“If we can get an upgrade to the geochemical sensors,we could

possibly use MoonLITE to scout for microbial life that has been deposited on the

Moon from comets. It could answer the question: Did life on Earth originate from

space? Has stuff been stored in deep freeze along with the water and other volatiles?

“In later missions we could extend the geochemical package to determine the

hydrogen:deuterium ratio in the water. This would tell us whether it came from

Earth or was deposited by comets. It might even shed light on the origin of the

Earth–Moon system. It’s what exploration is all about.”

If selected, MoonLITE would launch at the dawn of the next decade, inspiring

the public and providing one giant leap for British science.
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“We could possibly
use MoonLITE to
scout for microbial 
life that has been
deposited on the
Moon from comets.
It could answer the
question:Did life on
Earth originate from
space?”

Nearest neighbour – despite being just 1.5 light sec away, the Moon holds many secrets.

AU T H O R Glyn Collison – Postgraduate, Mullard Space Science Laboratory

The MoonLITE mission design proposes
dropping tough probes at high speed
onto the lunar surface, thus doing away
with expensive impact shields and speed
retarding equipment.

G LY N  C O L L I S O N



With a decrease in uptake, a shortage of

women and a lack of qualified teachers,

trends in physics make for worrying reading.

Richard Branch looks back at the recent

history of the subject’s problems and asks

where we should go from here.
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Physics is in trouble. The flow of students into the subject at university level is
often portrayed as anaemic, while the number of female physicists decreases
dramatically at every step along the career path. These are familiar messages
for any student studying physics within the UK, but do we truly appreciate what
they mean, and where exactly does the trouble lie? To truly understand the prob-
lems that are affecting the subject today we need to appreciate the recent his-
tory in which they have arisen.

In the last decade, the number of students taking physics at A-level has fallen
by 30%, and while the number of students entering physics courses at under-
graduate level has remained static, the huge increase in the total number of gen-
eral entrants to university has equated to a relative decrease of 40% for physics.
This reduction in numbers has contributed to the closure of one-fifth of the physics
departments in the UK, the most recent of which was Reading physics depart-
ment last November.

In 2005, the Science Minister expressed concern over student numbers in
physics at a House of Commons meeting on the UK Government Ten Year Invest-
ment Framework for Science and Innovation. Indeed, the implications of a short-
age in the uptake of physics as a subject were worrying for a country shifting
towards a knowledge-based economy. And what is more, a vicious circle was
expected in the education system, starting with the depletion of the next gener-
ation of physics teachers.

Scouring through Institute of Physics publications from the last five years, it
becomes apparent that there are three major areas that need to be addressed
in order to tackle the problem.

A man’s world
At any given time 50 000 female science and engineering graduates within the
UK are not employed.This shocking figure represents a significant proportion of
the country’s scientific community that goes un-utilised.

It appears that the problem begins in schools.At A-level, girls account for about
one in three students.The proportion of girls engaged in physics then decreases
with level: at university the figure is one in five and amongst professors, women
make up 4% of the population.This phenomenon is known as the “leaky pipeline”,
ultimately leading to a dearth of women among physicists in leadership positions.

It is believed that cracks in the pipeline occur at school and university because
more female role models are present in biology and chemistry, encouraging entry
into these disciplines rather than physics.The fact that a significant proportion of
existing female physicists have physicists as parents is a telling sign of the impor-
tance of role models in such a male-dominated environment.

At the later stages further cracks appear due to unintentional but nonethe-
less real discrimination against the path many women take. Women are more
likely than men to have physicists as partners, creating the “two-body problem”
wherein the woman sometimes struggles to secure a position at the same or
a nearby institution as her partner, and eventually leaves the field. Return is
made difficult considering strains such as the Research Assessment Exercise;
to perform well here, physics departments usually appoint people to perma-
nent positions who are in their mid-thirties and who are well published. This
puts women who may have taken time off for various reasons, including child-
care, at a disadvantage.

Another brick in the wall
After gender, the most significant determinant of attitude to physics at school is
the quality of teaching that a student experiences. It is therefore imperative that
both an appropriate syllabus and a good supply of high-quality physics teachers
are available.

In 2003 the 21st Century Science UK project at the Nuffield Curriculum Cen-
tre attempted to create a revised 14- to 16-year-old curriculum,designed to pro-
vide the first stage of training for science-based careers and develop the required
scientific literacy for responsible future citizens.“Democracies function by major-
ity decisions on topics that are requiring more and more background knowledge,”
said Prof. Jonathan Osborne of Kings College, London, in Physics World (January

Physics 
on the brink:
how trends in physics 
threaten the subject’s future



discipline. And far from being an unrewarding subject, figures suggest that
physics (and chemistry) graduates can earn £18 000–190 000 more over a
lifetime than any other graduate, apart from graduates of law and medicine.
However, good careers advice appears to be either unavailable or simply
unheeded. The education market, which should be driven by student choice
based on career opportunities, is instead being driven by student choice based
on incorrect perceptions.

Secondly, spin is a powerful force among adolescents, and students seem
prone to be attracted to more fashionable as well as arguably easier subjects than
physics.The root causes of this problem appear to be deeply entrenched and will
take time to resolve. A recent contribution to reversing attitudes came with the
Institute’s Einstein Year – the UK and Ireland’s contribution to World Year of Physics
in 2005 – which was used to challenge and produce new perceptions about
physics. In particular, 11- to 14-year-olds were targeted as a group who are at a
critical stage with respect to career options.

It is not just the attitude of school pupils that will need to change; some physi-
cists themselves hold opinions that, in light of the current and historic low uptake
of physics, are difficult to reconcile. The stance of some of these professionals
assumes that physics is an elite discipline that only a minority of the population
should engage with. This is a discouraging viewpoint and in light of the growing
demand for physicists highlighted earlier, a difficult one to defend.

Looking to the future
Physicists are an important resource for society. However, relative uptake in the
field is low and falling.There are three areas that must be addressed to tackle the
problem. Firstly, perceptions must be steadily eroded through the promotion of
physics as a subject to key groups in the public, and in academia itself. Secondly,
satisfactory curricula and well-trained teachers are required to increase uptake
at school level and, together with a university environment that is financially and
intellectually accessible, a rise in the numbers of professional physicists. Finally,
a role model and support network for women, as well as the updating of the
academic system in favour of modern-day trends, will encourage the reversal of
under-representation of women in the discipline. Slowly but surely, these rea-
sonable goals should be achievable for our field.
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2004). Given the debates on subjects such as genetic modification, nanotech-
nology and,more recently, climate change Prof.Osborne’s comments are just as
relevant three years later.

Ideally, physics teachers of this new syllabus at secondary school would
require at least an A-level in the subject, yet the current situation is far from this
– 37% of physics lessons for 11- to 14-year-olds are provided by teachers who
do not have an A-level in physics, and 30% of A-levels are taught by non-physics
graduates. Furthermore, it appears that the number of physics graduates
who are enrolled on teacher training courses is between just one-third and one-
quarter of the 1990s level. “The situation is not what we would like,” explained
Chris Shepherd, the Institute’s teacher support manager. “Ideally, the overall
population of entrants to physics teaching courses would be sufficiently high
to give a sustained overall number rather than the erratic variance we observe.”

Attempts have been made by the government to attract more physics grad-
uates into the field, chiefly with financial incentives including a £5000 “golden
hello” – but with greater financial rewards available elsewhere, these efforts
appear to be failing. It has been suggested that some flexibility in duties would
contribute to the solution of the problem, as physics graduates who wish to
teach are being put off by the prospect of having to teach chemistry and biol-
ogy in addition to their subject.

And that is not all.At higher education level, student top-up fees mean science
degrees cost approximately £15 000 per student annually as opposed to £10 000
in the arts.To counter the effect this might have, some universities may waive fees
on unpopular subjects and charge the full amount possible for very popular ones,
ensuring that subjects such as physics and students from poorer backgrounds
can succeed.

Unjust perceptions
Physics is not cool.Or at least this is how the subject is viewed by many in school,
which is attributable to long-term and unfair perceptions about the discipline.

At A-level, it is believed that physics loses out to other subjects for chiefly
two reasons. Firstly, it appears that other disciplines are seen by students to
carry a greater degree of flexibility and reward. This problem could be solved
with some good careers advice. The transferable skills gained from a back-
ground in physics are valued across a multitude of fields, providing much career
flexibility. Furthermore, 60% of the job market is open to graduates of any AU T H O R Richard Branch – Postgraduate, University of Oxford 

“At any given time 
50 000 female science
and engineering
graduates within the
UK are not employed.
This shocking figure
represents a significant
proportion of
the country’s scientific
community that goes
un-utilised.”
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For physics graduates the defence sector, like finance and academia, can pro-
vide a rewarding career destination. Yet few employment options will polarise
physics students’ opinions to the same degree.Those opposed to entering defence
feel that working on the production and maintenance of military technology would
conflict with their personal ethics.

But is it really a black-and-white moral dilemma? What of the convictions held
by those who do enter the field? And on the other side of the coin,what is it about
the defence industry that can be so attractive to physics graduates?

As in most of the world,military technology is big business in the UK – the gov-
ernment currently spends approximately £33m a year on defence, for which some
of the country’s largest companies strive to secure and fulfil the lucrative military
contracts available to them.The standards the armed forces demand of their tech-
nology are high, requiring specialised technical skills and competencies on the
part of the companies responsible for its development, production and mainte-
nance. Clearly, graduates with such skills are highly valued by these organisa-
tions, and those with physics degrees are no exception.

“Physics, like maths, is at the heart of engineering and science,” said Richard
Hamer, director for education partnerships and graduate recruitment at BAE Sys-
tems.“The analytical skills of physics graduates are very much valued in the busi-
ness in technical/research roles, but also in other numerate disciplines like
finance/accountancy.”

The path to success
It sounds like an exciting proposition, but there is a blunt question that should
be answered; don’t engineering graduates have the advantage over their physics
graduate colleagues? “As you develop in your career it is often the broader ana-
lytical skills and management capabilities that can determine greater success,
rather than in-depth technical skills,” said Hamer.

In 2005, approximately 2030 students graduated in physics in the UK. The
majority of those who went on to enter the defence engineering industry will have
done so through the graduate recruitment schemes that many of the relevant
organisations offer. Such programmes offer structured and varied career paths
through the company in various technical and managerial fields. “At BAE Sys-
tems, our scheme provides graduates with a high-quality two-year develop-
ment programme,” explained Hamer. “This typically features four placements in

The idea of working in the defence industry is ruled out by
many graduates.But are the ethical issues as black-and-
white as they seem,and what are the views of those who
do pursue such a career,asks Samir Dawoud?

different roles as well as our development programme – a structured training
scheme bringing together graduates from across the business.”

There is little doubt that graduates entering the sector are embarking on an
exciting and challenging career,which is fully supported by employers dedicated
to their development – it sounds like a no-brainer! But have the graduates who
have pursued these careers really considered the consequences of their work? 

Challenging beliefs
The answer is often assumed by those opposed to the field to be “no”, but the
reality is actually very different, as one employee from the Atomic Weapons Estab-
lishment (AWE) illustrates.“I said to myself before starting here that if I ever found
myself part of something that I felt morally uncomfortable with, then I would leave
– I’m still here,” said the recent physics graduate.“It is right to be challenged and
to challenge yourself about what you are doing. I did give this area a lot of con-
sideration, both before applying and during the application process. I found the
idea of working primarily to make shareholders richer, or increase profit margins,
to be very unsatisfactory. I wanted a job where I felt I made a worthwhile contri-
bution, so for me, the most attractive aspect of working for AWE is contributing to
the massive purpose of working on the UK nuclear deterrent.”

This is not an isolated case. Rob Davies works for DML Devonport, the organi-
sation tasked with the maintenance of the Royal Navy’s submarine fleet and Tri-
dent nuclear deterrent.“I would argue that these systems are vital to the wellbeing
of our armed forces in operations that they are involved in,”he said.Rob had clearly
thought deeply about the nature of the work he would undertake before applying.
“My personal belief is that without such capabilities the nation would be more sus-
ceptible to attacks of any sort. The prediction of the future world climate is also a
guess and so to not have a capability based upon assumptions would be wrong.”

So,with such issues resolved,what does Rob enjoy most about his job? “I have
always wanted to make use of the theory I have acquired, and then to apply the
basic understanding to practical applications appealed to me,” he explained.
“Combining physical insight and engineering limitations can be rewarding.”

Rob is a great example of the process by which many physics graduates enter
the defence industry – far from applying unthinkingly, he and his colleagues have
thought long and hard about their stances in relation to the various moral impli-
cations. Obviously, one cannot undertake such work without a clear and com-
fortable focus on the issues and objective at hand. But for those who choose to
pursue a career in defence, the benefits are obvious – a unique and challenging
working environment, focused career progression, and (perhaps most impor-
tantly) the chance to do some really good physics!

E U R O F I G H T E R  G M B H

E T H I C S A N D O P P O R T U N I T I E S :  

Graduates 
in defence 

Eurofighter Typhoon is one of the world’s most manoeuvrable jet
fighters – thanks in part to British scientists at BAE Systems.

M O R E  I N F O http://www.iop.org/careers
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Congratulations to the winners of last issue’s book competition,who correctly

identified the winner of the 2006 Nexus Best Society Award as Birmingham

University Astronomical Society.They are:

Chung Jun Kevin Voo – University of Durham

James French – University of Oxford

Both win a copy of Not Even Wrong:The Failure of String Theory and the

Continuing Challenge to Unify the Laws of Physics by Peter Woit.

This issue,we have three copies of The Moon by Michael J Carlowicz to give

away.Just answer this question:

Which company is currently designing MoonLITE’s diamond-

tough air frame?

Book competition

Entries for both the book and crossword competitions should be sent as follows:
By post to Samir Dawoud,Student Liaison Officer, Institute of Physics, 76 Portland Place, London,W1B 1NT.
By e-mail to samir.dawoud@iop.org  Competition entry deadline: 3 September 2007

Nexus prize crossword 

1

5

8

16

25

1

21

19

12

22

2

9

14

20

14

1

18

20

10

1

1

3

1

6

13

17

23

11

7

24

4

15

1 1 26

27

Across

3.This boson is the stickiest particle?

(5)

5.Upward force projected by

surrounding fluid bears striking

similarity to Destiny’s Child diva. (8)

7.Measure of magnitude of varying

function could be cruel geometric

shape? (3)

8.Oxfordshire-based fusion laboratory

may have been Gladiators’ heart-

throb? (3)

9.SI unit takes silver medal. (6)

13.Cyclotron component scores “2” in

Scrabble. (3)

14.“Cooking with” this state of matter

often leads to success. (3)

16.“Divide by 2”process. (5)

17.Point of rotation. (5)

18. Electrically disruptive effect from

nuclear explosions is favourite robot-

busting plot device for sci-fi. (3)

19.1E-7J of energy when Greeks say

“work”. (3)

22. Enemy aircraft may call “stand and

deliver”. (6)

24.Spanish separatist group may

represent viscosity of fluid? (3)

25.Galactic structure may link hand to

body? (3)

26.Dial “0” for this type of

mathematical function. (8)

27.Stimulated emission device cooks

TV dinner in seconds. (5)

Down

1.Metropolis hero may be

uncomfortable with Kr36? (8)

2.Roman god is about half the size of

Mother Earth. (4)

4.Unit of resistance may also refer to

cockney houses? (4)

6. Farmyard entrance will open with “1,

1” input only. (3)

10.Most socially agreeable quark

flavour. (7)

11.Deduce answer mathematically. (6)

12.Musician’s term for damped sound

reflections. (6)

15.“Optimistic” electrons give rise to

β+ decay. (8)

20.Space between energy bands is

nowhere near Watford! (3)

21.Squared units define definite

space. (4)

23.Basic mathematical expression will

last whole semester. (4)

First prize winner (£40):

Louise Suter – University of

Manchester

Runner-up (£20):

Hayley Smith – University of York

Runner-up (£20):

Barbara Molony – Royal Holloway,

University of London

Last issue’s 
solution
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Next issue: October 2007

In the meantime, keep up to date with all of the Nexus news and events by

visiting www.iop.org/activity/nexus, and make sure that you receive

Nexus updates by keeping your contact information up to date at

members.iop.org/login.asp.



It’s not too late to book your place at 

the UK’s biggest student physics conference


