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H ave you ever wondered who is behind Science in
School? We would like to present our publisher,

EIROforum: a collaboration between seven European inter-
governmental scientific research organisations.

If you attend the Euroscience Open Forum from 2-7 July
2010 in Turin, Italy, you can meet us in person. For five
days, the streets of Turin come to life with public science

events. In the conference venue itself, members of the public will join scien-
tists, politicians, teachers and journalists to discuss discoveries and develop-
ments in science. To learn more about EIROforum and the activities of its
member organisations, why not visit the EIROforum stand in the conference
exhibition?

For those of you who won’t be in Turin, this issue of Science in School offers
an overview of the seven organisations (page 8). We also highlight some of
their projects, such as ALMA, the world’s largest radio astronomy facility (page
44), and the digital zebrafish embryo (page 18). Of course there’s plenty more
to discover in this issue – and don’t forget that whereas most of the articles are
in the print version, some are online only.

The Science in School website offers much more, however, than these online-
only articles. For example, all the Science in School articles ever published are
freely available online – not only in English, but also in many other European
languages. You can find them either by browsing the archive or via the links to
specific topics, categories or languages at the top of each page. If you’re look-
ing for similar articles to the one you’re reading, use the linked keywords at
the bottom of each article. On our home page, we regularly highlight series of
articles on a particular topic, such as climate change, energy or evolution.

To be notified when each new issue is published, subscribe to our email alert.
If you’re interested in something particular, such as articles in Italian, or about
physics, you can also subscribe to an RSS feed – whenever something relevant
is added to the website, you’ll receive a message.

The Science in School website doesn’t offer just articles, however – our forum
allows teachers and scientists from across the world to exchange ideas and
opinions. For example, is it useful to dissect animals at school and is it ethically
acceptable? What do you think research scientists can do to help teachers?

Finally, if you live in Europe and don’t already receive a print copy of Science
in School, you can subscribe, free of charge, on our website.

We hope you’ll find these and other features of our website useful. To learn
more about them, see our help page: www.scienceinschool.org/help.

Marlene Rau
Editor of Science in School
editor@scienceinschool.org
www.scienceinschool.org

About Science in School
Science in School promotes inspiring science
 teaching by encouraging communication between
teachers, scientists and everyone else involved in
European science education.
The journal addresses science teaching both across
Europe and across disciplines: highlighting the best 
in teaching and cutting-edge scientific research. 
It covers not only biology, physics and chemistry, 
but also earth sciences, maths, engineering and
 medicine, focusing on interdisciplinary work. The
contents include teaching materials; cutting-edge
 science; interviews with young scientists and
 inspiring  teachers; reviews of books and other
resources; and European events for teachers and
 students.Science in School is published quarterly,
both online and in print. The website is freely
 available, with  articles in many European languages.
The English- language print version is distributed 
free of charge within Europe.
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Science on Stage Austria
I was lucky enough to attend the

Science on Stage Austria event as a
member of the jury. After two days,
my head was in a whirl: how to com-
pare a primary school’s 7 km scale
model of the Solar System – complete
with a rucksack full of experiments
for the children to perform on each
‘planet’ – with a project in which sec-
ondary-school students developed
experiments to explain the physics of
music to younger children? And how
should we judge those against some
impressive original research into the
effects of diet on health, performed by
students at an agricultural secondary
school? Only nine projects could be
selected to attend the European teach-

Image courtesy of Ciencia en Acción

ing festival in Copenhagen, Denmark,
in 2011w1 – and it wasn’t an easy
choice for the eight scientists, educa-
tors, and members of the Austrian edu-
cation ministry who made up the jury.

All the 41 projects presented were
wonderful; all represented inspiration
and hard work by teachers and stu-
dents alike. There were ideas for
measuring your mass (not your
weight), getting a feel for food webs
(with the help of some cuddly toys),
investigating the beauty of polarisa-
tion, or using Excel to model predator
and prey populations; there were also
plays, demonstrations and hands-on
experiments. From all over Austria,
180 teachers and students came to
Linz on 25-26 February 2010 to share

their enthusiasm for science, to swap
ideas and to gain inspiration for their
teaching. Another success for Science
on Stage.

For more details, including the win-
ning projects, visit the Science on
Stage Austria websitew2.

Science on Stage Belgium

Where could you take a virtual trip
to Mars, learn how to build a ‘green’
battery, or discover the physics of
music? Again, at Science on Stage –
this time in Belgium, where on 27
February 2010, 140 teachers, inspec-
tors and other participants converged
on Ukkel for the Playful Science 4
event.

Schools 
from all over

Austria display
their projects

Walking 
with the planets
(Kinderplane-

tenweg)

Our 
image of the

world – a project
combining
 astronomy 

and art

Science on Stage: 
gathering momentum
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Many of the national Science on Stage organisations are
already beginning to select which teachers from their countries
will attend the European teaching festival in 2011. Eleanor
Hayes reports on the Austrian and Belgian events.

can be viewed here:
www.scienceinschool.org/sons

Dr Eleanor Hayes is the Editor-in-
Chief of Science in School. She studied
zoology at the University of Oxford,
UK, and completed a PhD in insect
ecology. Eleanor then spent some time
working in university administration
before moving to Germany and into
science publishing, initially for a
bioinformatics company and then for
a learned society. In 2005 she moved
to the European Molecular Biology
Laboratory to launch Science in School.

Denmark, from 16-19 April 2011. 
To learn more about Science on
Stage and find your national con-
tact, see the Science on Stage Europe
website: www.science-on-stage.eu

w2 – More information about Science
on Stage Austria is available here:
www.scienceonstage.at

w3 – To find out more about Science
on Stage Belgium, see:
www.scienceonstage.be

w4 – Science Center Netzwerk
 connects interactive science centre
activities throughout Austria. See:
www.science-center-net.at

Resources
All previous Science in School articles

about the Science on Stage activities

The day was full with a programme
of teachers and university scientists
demonstrating the delights of science.
For those who preferred something
hands-on, there were plenty of activi-
ties: you could test for yourself
whether film stunts obey the laws of
physics, run a gel electrophoresis and
calculate the size of a DNA fragment,
or try out a solar-powered water
pump from Mauritania.

To learn more, visit the Science on
Stage Belgium websitew3.

Web references
w1 – The national Science on Stage

events culminate in a European
teaching festival every two years,
the next one being in Copenhagen,

Food webs 
– a model developed
by secondary-school
students for kinder-

garten children, spon-
sored by the Science
Center Netzwerkw4

Walking 
with the planets
(Kinderplane-

tenweg)

Hands-on 
science and

 technology, a
travelling
 exhibition

Im
ages courtesy of Science on Stage A

ustria
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O ut-of-body experiences (OBEs)
have fascinated people for mil-

lennia – their existence has raised fun-
damental questions about the rela-
tionship between human conscious-
ness and the body, and has been
much discussed in theology, philoso-
phy and psychology. An OBE occurs
when a person who is awake sees his
or her own body from a location out-
side the physical body. OBEs have
been reported in clinical conditions
where brain function is compromised,
such as stroke, epilepsy and drug
abuse, or in association with traumat-
ic experiences such as car accidents.
Around one in ten people claim to
have had an OBE at some point in
their lives.

However, the neuroscience behind
this phenomenon remains obscure.
Henrik Ehrsson, a 38-year-old cogni-
tive neuroscientist at the Karolinska

Institutew1 in Stockholm, Sweden,
investigates how the brain represents
the self, and has induced the phenom-
enon of OBE in healthy volunteers for
the first time. He recreated an illusion
in which individuals look at them-
selves from outside their physical
bodies.

Henrik Ehrsson explains:
How do we recognise that our

limbs are part of our own body, and
why do we feel that our self is located
inside the body? In my research, I am
trying to identify the neuronal mecha-
nisms that produce the sense of own-
ership of the body, and the processes
responsible for the feeling that the self
is located inside the physical body.
Previously, there was no way of
inducing an OBE in healthy people,
apart from unproven reports in occult
literature.

Could you describe your experiments?
The volunteers wear goggles with a

video screen for each eye. Each screen
is fed with images from a separate
camera behind the volunteer and,
because the two images are combined
by the brain into a single image, the
individual sees a stereoscopic (3D)
image of his or her own back. We

Exploring out-of-
body  experiences:
interview with
Henrik Ehrsson
We’ve all sometimes felt ‘beside our-
selves’, but have you ever felt that you
were actually outside yourself – looking 
at yourself from outside your own body?
Marta Paterlini talked to Henrik Ehrsson, 
a scientist studying this phenomenon.

Science in School   Issue 15 : Summer 2010

Image courtesy of Henrik Ehrsson

Henrik Ehrsson

Inducing an out-of-body experience

Image courtesy of Henrik Ehrsson
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Then you went further, successfully
creating the illusion of body swapping
by making volunteers perceive the
bodies of mannequins and other peo-
ple as their own, putting a male in a
female body, a young person in an old
body, a white person in a black body,
and vice versa.

Yes, we presented evidence that the
brain, when tricked by optical and
sensory illusions, can quickly adopt
another human form as its own, no
matter how different it is. We
designed two experiments. In the first
one, the researchers fitted the head of
a mannequin with two cameras con-
nected to two small screens placed in
front of the volunteer’s eyes, so that
the volunteer could see what the
mannequin ‘saw’.

When the mannequin’s camera eyes
and the volunteer’s head, complete
with the camera goggles, were direct-

Biology
Neurology
Ages 15–18

This article discusses out-
of-body experiences and
makes you think about
what determines your
feeling of self, encourag-
ing you to think about
what you really are, how
you feel about your body,
which concepts are gener-
ated purely by our minds,
and how easy it is to trick
the brain. The article
makes you want to be part
of the research group and
have an out-of-body expe-
rience yourself.

In the classroom, the arti-
cle could be used to dis-
cuss neurology and the
human brain.

Andrew Galea, MaltaR
E

V
IE

W

sory body is threatened. Using a ham-
mer, we ‘attacked’ a point below the
cameras – a point where, according to
the illusion, the volunteer’s body was
located. The volunteer’s bodily
response strongly indicated that he or
she thought the threat was real: at the
moment when the hammer ‘hit’ the
illusory body, the volunteer sweated
more. This demonstrates that the
experience of being localised within
the physical body can be determined
by the visual perspective in conjunc-
tion with correlated multisensory
information from the body.

then move a plastic rod towards a
location just below the cameras while
the volunteer’s chest is simultaneous-
ly touched in the corresponding posi-
tion. The participants reported feeling
that they are located back where the
cameras are placed, watching a body
that belongs to someone else.

To test the illusion further and pro-
vide objective evidence, I then per-
formed an additional experiment to
measure the volunteers’ physiological
response – specifically the level of
perspiration on the skin – in a sce-
nario in which they feel that their illu-

Body swapping
with a mannequin

Im
age courtesy of Staffan Larsson
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ed downwards, the volunteer saw the
dummy’s body where he or she
would normally have seen his or her
own body. By simultaneously touch-
ing the stomachs of both the volun-
teer and the mannequin, we could
create the illusion of body swapping.
The volunteer could then see that the
mannequin’s stomach was being
touched while feeling (but not seeing)
a similar sensation on his or her own
stomach. Thus, the volunteer devel-
oped a powerful sensation that the
mannequin’s body was his or her
own.

In the second experiment, we
mounted the camera onto another
person’s head. When this person and
the volunteer turned towards each
other to shake hands, the volunteer
perceived the camera-wearer’s body
as his or her own. The volunteers saw
themselves shaking hands, experienc-
ing it as though they were another

person. The sensory impression from
the handshake was perceived as
though coming from the new body,
rather than the volunteer’s own.

The strength of the illusion was
proved when the volunteers exhibited
stress reactions after a knife was held
to the camera-wearer’s arm but not
when it was held to their own.
However, the volunteers could not
fool themselves into identifying with
a non-humanoid object, such as a
chair or a large block.

Did you detect any gender-based dif-
ference in the volunteers’ reactions?

We did not find any differences in
gender. Everybody was very quick in
recognising the new body. During one
session, a very fit woman did not like
the body of the scientist she swapped
with, and was extremely relieved to
be back in her own body. And one
rather hairy male volunteer adapted
well to being the mannequin but was
shocked to realise how hairy he was,
once he was back in his own body!

What kind of applications might 
your studies have in medicine or in
 general? 

The knowledge that the sense of
self-perception can be manipulated to
make people believe that they have a
new body can be used in virtual reali-
ty applications and robot technology,
of course – for example, in the devel-
opment of a prosthetic limb that feels
just like a real limb, or as a method of
controlling humanoid robots by the
illusion of ‘becoming the robot’.

Inducing an OBE could also have
industrial applications. This is essen-
tially a means of projecting yourself –
a form of cognitive ‘teleportation’. If
we can project people into a virtual
character, so they feel and respond as
if they were really in a virtual version
of themselves, just imagine the impli-
cations. For example, a surgeon could
perform remote surgery, by control-
ling their virtual self from a different
location.

Im
age courtesy of Staffan Larsson

Science in School   Issue 15 : Spring 2010

Swapping bodies with another human
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When did you become interested in
science? Did anyone in particular
inspire you?

I started being interested in science
very early, when I was 7-8 years old
and my father gave me a microscope
and a chemistry box. But there was
not really a person [who inspired me].
The topic itself inspired me and books
played a big role, really. Science was
my major topic and I pursued med-
ical studies with the idea that I want-
ed to become a scientist. As I became
fascinated by the brain, instead of
attending boring courses on the phys-
iology and anatomy of the body, I
craved books on consciousness and
realised that so little was known
about the brain and the mind.

What would you recommend to
teenagers who would like to get into
science? Do you have any tips about
specific fields or career moves? Which
qualities should a good scientist have?

I would recommend them to follow
their hearts. Science is hard in the
sense that you are supposed to solve
problems and when you succeed you
want to find and solve more prob-
lems. Sometimes it’s a struggle and
the challenges seem insuperable.
Passion is the trigger, but you also
need a long-term, defined goal. It is a
combination of curiosity, passion,
knowledge, hard work and a bit of
luck as well. Last but not least, the
right environment, where you can
grow, and the right financial and
intellectual support.

Do you think that science will
 eventually explain everything?

Absolutely! It might take hundreds
of years, but I definitely think that sci-
ence will explain even such a complex
matter as the human mind.
Philosophers might not like it and still
claim that there are unsolved ques-
tions about the mind, but we are
deconstructing each component.

Web reference

w1 – To learn more about the
Karolinska Institute, one of
Europe’s largest medical
 universities, see: www.ki.se

Resources
To learn more about Henrik Ehrsson’s

research and download (free) the
original research articles, see the
website of his research group:
www.ehrssonlab.se

If you enjoyed this article, you may
like to read the other feature articles
published in Science in School. See:
www.scienceinschool.org/features

Marta Paterlini is an Italian
 freelance science writer based in
Stockholm, Sweden. Since 1995, she
has contributed regularly to Le Scienze
(the Italian edition of Scientific
American) and La Stampa (the third
major Italian national newspaper).

Science in School   Issue 15 : Spring 2010

Im
age courtesy of Staffan Larsson
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EIROforum
EIROforumw1 is a collaboration between seven European  

inter-governmental scientific research organisations. The 
organisations focus on very different types of research – from
molecular biology to astronomy, from fusion energy to space
science. They use very different techniques – including enor-
mous particle accelerators, beams of neutrons or high-energy
X-rays, large telescopes or the International Space Station.
Nonetheless, the seven organisations share a common 
structure and – as EIROforum – a common mission. 

Each of the organisations (known as EIROs) is funded by
member states, which share the costs and can send their scien-
tists to use the facilities. By combining the financial resources
of many countries, these organisations provide equipment and
facilities far more sophisticated than any one country could
afford, enabling world-class scientific and technological
research in interdisciplinary fields. 

As EIROforum, the EIROs come together to support European
science by sharing their experience, resources and facilities.
Together, they interact with the European Commission and
other organs of the European Union, national governments,
industry, science teachers, students and journalists. By co-oper-
ating on large-scale outreach activities, EIROforum communi-
cates the importance and fascination of science to a wide
 audience. Through Science in School, for example, EIROforum
motivates and encourages young people to explore scientific
subjects, and shows them that science is a rewarding career.

EIROforum: introducing 
the publisher of 
Science in School

Science in School   Issue 15 : Summer 20108
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ESO headquarters, Garching, Germany

EMBL headquarters, Heidelberg, Germany

ESA headquarters, Paris, France

EFDA-JET, Abingdon,
United Kingdom

CERN, Geneva, Switzerland

ESRF, Grenoble, France

ILL, Grenoble, France
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Does particle physics have its
head in the clouds?

While the LHC is delivering its first
beams for experiments, the 50-year-
old Proton Synchrotron is being used
to investigate Earth’s climate.

Although many experiments world-
wide are investigating what affects
the planet’s climate, the CLOUD
experiment at CERN is the only one
that makes use of a particle accelera-
tor. In the experiment, a beam of pro-
tons is used to simulate the difference
of particle flux in the atmosphere,
which varies by a factor of 100 from
ground level to the outermost layers
of the stratosphere.

From the Proton Synchrotron, pro-
tons enter the experiment’s 3 m diam-
eter aerosol/cloud chamber, which
accurately recreates various condi-
tions in the atmosphere. The chamber
is fitted with an array of sensitive
analytical instruments to follow the
processes involved: the birth of
embryonic aerosols, and their growth
to become the seeds for cloud droplets
and ice particles. CLOUD will also
study the effect of cosmic rays on the
cloud droplets and ice particles.

CLOUD is unique in that the param-
eters that are likely to affect cloud for-
mation can be controlled in the labora-
tory. CLOUD scientists can vary the

chemicals involved and the tempera-
tures of the gas in the chamber. The
temperature in the cloud chamber can
be varied from -90 °C to +40 °C, which
essentially covers the range of atmos-
pheric temperature from the coldest
part of the stratosphere to the warmest
part of the troposphere.

Ultimately, by modelling how cloud
processes affect climate, the CERN
scientists and their collaborators hope
to be able to investigate possible addi-
tional causes of climate change.

For more information, see Erlykin et
al. (2010), CERN (2009), the CLOUD
websitew3, and an online lecture about
the CLOUD experimentw4.

CERN, the European Organization 
for Nuclear Research

The Large
Hadron Collider

Image courtesy
of CERN

Im
ag

e co
urtesy of CERN

Image courtesy
of CERN

ERNw2 is the world’s largest particle physics laboratory, and is based in Geneva, 
Switzerland. Research focuses on fundamental physics: using some of the world’s largest and 
most complex scientific instruments to study the basic constituents of matter – the fundamental 

particles. By studying what happens when these particles collide, physicists learn about what the Universe
is made of and how it works.

The instruments used at CERN are particle accelerators and detectors. Accelerators boost beams of
 particles to high energies before they are made to collide with each other or with stationary targets.
Detectors observe and record the results of these collisions. The newest of CERN’s instruments is the 
Large Hadron Collider (LHC), a 27 km long particle accelerator spanning the French-Swiss border.

C

Inside the CLOUD
experiment

The CLOUD
experiment

Image courtesy of CERN
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Another brick in the wall
In fusion devices such as JET, com-

ponents close to the plasma are con-
stantly bombarded by heavy bursts of
heat and neutrons from the turbulent,
writhing plasma as it tries to escape
from its magnetic cage. Some compo-
nents have to withstand peak temper-
atures of more than 1000 °C, despite
being actively cooled. As a result,
potential damage to plasma-facing
walls is a real challenge for fusion
research and technology, and identify-

ing new durable materials is crucial in
progress towards fusion power plants
of the future.

As part of a €60 million enhance-
ment programme, JET is being fitted
out with a new internal wall made of
the same materials that ITER will
eventually use. This is a mammoth
undertaking. During all of 2010, 
more than 4500 carbon fibre compos-
ite components that line the inner
wall of the machine will be replaced
by  beryllium- and tungsten-coated

 components, testing the robotic
 capability of JET’s remote handling
systems to its limits.

But when operations restart in 2011,
the revamped machine will have the
capability of going far beyond current
performance levels. The upgraded
JET has an ambitious aim: to increase
the world-record 16 MW of fusion
power produced back in 1997 to 
30 MW.

The European Fusion Development Agreement –
Joint European Torus (EFDA-JET)

FDA-JETw5 is Europe’s fusion experiment, based at Culham Science Centre in the UK. JET is the
world’s largest tokamak – a device that uses hugely powerful magnetic fields to confine a very
hot gas or plasma so that the hydrogen nuclei in the plasma fuse together to release energy.

The world’s largest fusion experiment, JET is currently the only machine that has created fusion –
with temperatures reaching an amazing 150 000 000 °C in the centre of its plasma. At the forefront
of research to exploit fusion for commercial electricity generation, JET focuses on key issues for its
successor, ITERw6, an international tokamak experiment being built in France.

E

Image courtesy of EFDA-JET

Image courtesy of EFDA-JET

Virtual reality 3D graphical
simulation used by JET

robotics group

The JET vessel with a
superimposed image of

an actual JET plasma
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Gender-bending mice: insights
into sex determination

In humans and most other mam-

mals, an individual’s sex is deter-

mined by its sex chromosomes:

females have two X chromosomes,

and males have an X and a Y.

Scientists had long assumed that the

female pathway – the development of

ovaries and all other female traits –

was the default: if an embryo had a

gene called Sry, which is located on

the Y chromosome, it would develop

into a male; if not, then the result

would be a female.

A gene called Foxl2, which is locat-

ed on a non-sex chromosome and

therefore present in both sexes, was

known to play an important role in

the female pathway, but its precise

function remained elusive. When

EMBL scientists and their UK collabo-

rators turned off this gene in the

ovaries of adult female mice, they

found that cells in the ovaries turned

into cells typically found in testes.

“We were surprised,” says Mathias

Treier, one of the EMBL scientists.

“We expected the mice to stop pro-

ducing oocytes, but what happened

was much more dramatic: …cells

which support the developing egg

took on the characteristics of cells

which usually support developing

sperm, and female hormone-produc-
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EMBL’s new Advanced
Training Centre, the design of
which was inspired by the
DNA double helix

Ovary of a normal adult female mouse,
with close-up showing the typical
female granulosa cells (right), which,
when Foxl2 was silenced (left), took on
characteristics of cells normally found
in testes

MBLw7, with its main laboratory in Heidelberg, Germany, is dedicated

to basic research covering the full spectrum of molecular biology at

all levels, from the molecule to the organism, as well as computation-

al biology, bioinformatics and systems biology. 

Many scientific breakthroughs have been made at EMBL, most notably

Christiane Nüsslein-Volhard and Erich Wieschaus’s discovery of important

genetic mechanisms that control early embryonic development, for which

they were awarded the Nobel Prize in Physiology or Medicine in 1995w8.

ing cells switched to the male type.”

This challenges the long-held assump-

tion that the development of female

traits is a default pathway, showing

that the male pathway needs to be

actively suppressed, and also grants a

valuable insight into how sex deter-

mination evolved.

These findings will have wide-

ranging implications for reproductive

medicine and may help to treat sex

differentiation disorders in children or

to understand the masculinising

effects of menopause on some

women.

For more information, see the origi-

nal publication in Cell (Uhlenhaut et

al., 2009) and Mathias Treier’s online

presentationw9.
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The European Molecular Biology
Laboratory (EMBL)

An EMBL scientist
at work

Drawing by EMBL scientist
Nadia Rosenthal
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‘Sugar-cube’ sensors to monitor
Earth’s orientation

One of ESA’s future Earth observa-
tion missions will monitor Earth’s ori-
entation in space with the help of the
smallest gyro ever flown by Europe.
Now being tested, the sugar cube-
sized device at the heart of the gyro
unit is derived from a sensor used in
anti-lock braking systems on millions
of cars: micro-electro mechanical sys-
tems (MEMS).

There is no up or down in space.
Satellites track their pointing direction

using the same approach that is used
onboard submarines and aircraft: fast-
spinning gyroscopes that maintain a
fixed orientation in the same way as a
child’s spinning top. But space-quality
gyros employing this principle are
complex, bulky and insufficiently
 reliable for long space missions.

For ESA, therefore, MEMS are an
especially promising innovation. They
are made in a similar way to micro-
processors but incorporate moving
parts or sensors, enabling complete
devices to be fitted onto a single sili-
con chip.

Attractive for space because of their
small size, low power consumption
and resistance to vibration, these

micro-machined devices may sound
exotic, but MEMS sensors are already
used in their millions on European
roads. In the last 15 years, the auto-
mobile industry has adopted MEMS
in a major way. The devices are
embedded throughout modern cars:
MEMS accelerometers trigger airbags,
MEMS pressure sensors check tyres
and MEMS gyros help to prevent
brakes locking and maintain traction
during skids. And soon there will be
MEMS in space, helping to monitor
the orientation of Earth. Not bad for
something the size of a sugar cube.

To find out more about the use of
MEMS in Earth observation, visit the
ESA websitew12.

SAw10 is Europe’s gateway to space. From its headquarters in Paris, France, ESA runs  programmes to
find out more about Earth, its immediate space environment, our Solar System and the Universe, as
well as to develop satellite-based technologies and  services, and to promote European industries.

Together with the US National Aeronautical and Space Administration (NASA), the Russian Federal
Space Agency (Roscosmos), the Canadian Space Agency (CSA) and the Japan Aerospace Exploration
Agency (JAXA), ESA operates the International Space Stationw11.

Artist’s impression of the
Cupola observation

module of the
International Space

Station

E

MEMS rate sensor

The European Space Agency (ESA)

Image courtesy of ESA

MEMS gyros will fly on ESA’s Sentinel-3
satellite, scheduled to be launched in 2013,

which will provide global ocean, ice and
land vegetation observations

Image courtesy of ESA / D Ducros

Image courtesy of ESA
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Orion in a new light
The Orion Nebula reveals many of

its hidden secrets in a dramatic image

taken by ESO’s new VISTA survey tel-

escope. The telescope’s huge field of

view can show the full splendour of

the whole nebula and VISTA’s

infrared vision also allows it to peer

deeply into dusty regions that are

normally hidden and to expose the

curious behaviour of the very active

young stars buried there.

VISTA – the Visible and Infrared

Survey Telescope for Astronomy – is

the latest addition to ESO’s Paranal

Observatory. It is the largest survey

telescope in the world, and is dedicat-

ed to mapping the sky at infrared

wavelengths. The large (4.1 m) mirror,

wide field of view and very sensitive

detectors make VISTA a unique

instrument. This dramatic new image

of the Orion Nebula illustrates

VISTA’s remarkable powers.

The Orion Nebula is a vast stellar

nursery lying about 1350 light-years

from Earth. Although the nebula is

spectacular when seen through an

ordinary telescope, what can be seen

using visible light is only a small part

of a cloud of gas in which stars are

forming. Most of the action is deeply

embedded in dust clouds, and to see

what is really happening, astronomers

need to use telescopes with detectors

sensitive to the longer-wavelength

radiation that can penetrate the dust.

VISTA has imaged the Orion Nebula

at wavelengths about twice as long as

can be detected by the human eye.

For more information, see the

VISTA web pagesw14.

The European Southern Observatory (ESO)

VISTA’S infrared view of
the Orion Nebula
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SOw13 is the foremost inter-governmental astronomy 

organisation in Europe and the world’s most productive 

astronomical observatory. From its headquarters in Garching,

Germany, ESO operates three world-class observing sites in Chile:

La Silla, Paranal and Chajnantor. At Paranal, ESO operates the Very

Large Telescope, the world’s most advanced visible-light astronomi-

cal observatory, and VISTA, the world’s largest survey telescope.

ESO is the European partner of a revolutionary astronomical tele-

scope, ALMA, the largest astronomical project in existence, which

is being constructed in Chajnantor. ESO is currently planning the

European Extremely Large optical/near-infrared Telescope, the 

E-ELT, which will become ‘the world’s biggest eye on the sky’.

E

Artist’s impression of
the newly discovered
exoplanet GJ1214b 

Artist’s vision of
the future: ALMA

Image courtesy of ESO / J Emerson / VISTA
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More sustainable plastic bags –
using X-rays

In early July 2010, the ESOF meet-
ing in Turin, Italy, will coincide with
an unusual experiment at ESRF:
Dutch and Italian scientists will arrive
in Grenoble with a machine for manu-
facturing thin films such as plastic
bags. The objective is to observe, in
situ, how the molecular structure of
thin plastic film forms, with a view to
using smaller quantities of poly-
olefins, materials synthesised from
natural gas and oil, in plastic prod-
ucts of the future.

Plastic films are manufactured by
extrusion: plastic granulate is melted
and then forced through a die (a spe-
cially designed spout that determines
the shape of the extruded polymer).
The die used for carrier bags differs

from a standard extrusion die in that
it is cylindrical and has an air ring at
the top which distributes an even
flow of cool air inside the cylinder. As
the plastic is extruded, it forms a tube
into which cold air enters through the
air ring, causing the tube to expand
into a bubble. The air will also cool
the plastic as it is moved upwards
and rolled up as a double sheet, still
sealed at both sides. To produce bags,
the plastic films are sealed at one end
and perforated at the other end across
their width (think of a roll of rubbish
bags).

The quality of the bag depends on
how the molten plastic solidifies as it
expands and cools. At ESRF, the
process of solidification will be
observed with X-rays while the plas-
tic film is being processed. The scien-

tists will use two experimental meth-
ods: wide-angle diffraction delivers
information on the structure of the
crystalline fraction of the plastic poly-
mer, whereas small-angle scattering is
sensitive to the long-range order due
to alternating amorphous and crys-
talline regions. These methods can be
used in real time, while the polymer
is passing from the liquid to solid
state. Both the degree of crystallinity
as well as the extent of the long-range
order are related to macroscopic prop-
erties such as elasticity and strength,
which allows the manufacturing
process to be optimised, resulting in
stronger but thinner plastic films and
ultimately saving raw materials.

It is estimated that enough plastic
film is produced and used each year
to wrap our planet in three layers of
polymer film. Polyolefin films will
remain part of our daily life for the
foreseeable future, so even small sav-
ings in their manufacture would lead
to a significant reduction in natural
gas and oil consumption.

To see for yourself how plastic bags
are manufactured, watch a video from
Stanford University onlinew16.

SRFw15 operates the largest facility for research with X-rays in Europe. Each
year, 7000 researchers travel to Grenoble, France, to conduct some 1000
 different experiments, all at the cutting edge of modern science. Physicists

work side-by-side with chemists and materials  scientists. Biologists, medical
 doctors, meteorologists, geophysicists and archaeologists have become  regular
users. Industrial  applications are also growing, notably in the fields of
 pharmaceuticals, cosmetics, petrochemicals and microelectronics.

An aerial view of ESRF

E
The European Synchrotron Radiation Facility (ESRF)

Putting a sample on a beamline
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Cutting-edge science: neutrons to
the aid of European industry

Stone cutting is nothing new – even
our prehistoric ancestors knew how
to cut stones. Nonetheless, this
ancient industry has recently come
under scrutiny from scientists using
very modern techniques: beams of
high-energy neutrons.

Like many other European indus-
tries, Europe’s stone-cutting industry
is under threat from cheaper inter -
national competition. To help protect
more than 500 000 jobs, therefore, the
EU has launched a research  project
(Pro-Stone) to develop better,  longer-
lasting stone-cutting tools.

Stone is cut with fast-rotating steel
discs. During use, these discs get very

hot and are subject to high and
uneven stress, which can cause them
to suffer metal fatigue and to crack.
As part of the Pro-Stone project, the
effectiveness of incorporating
 titanium-nickel (TiNi) alloy inserts
into the discs was tested. When the
disc reaches a particular temperature,
the ‘smart’ alloy insert is activated,
exerting a large, compressive stress
close the cutting edge of the disc,
which should prevent any cracks
from growing and protect the disc
from metal fatigue.

Researchers at ILL and their 
Czech collaborators used high-energy 
beams of neutrons to map the   
three-dimensional stresses around the
inserts. The stress was investigated

both at ambient temperature and at
130 °C, above the activation tempera-
ture of the alloy insert. The results
show that the insert causes a dramatic
change in the stress experienced by
the stone-cutting disc.

Through careful placement of smart
inserts in cutting discs, therefore, it
will be possible to improve the per-
formance and lifetime of stone-cutting
tools, giving the EU stone-cutting
industry a new, competitive edge.

For further details of this research,
see the Pro-Stone websitew18.

To learn more about stress, how it
can be applied and how it is studied
at ILL, see Hughes (2007).

ased in Grenoble, France, ILLw17 operates one of the most
intense neutron sources in the world. As a service institute, ILL
makes its facilities and expertise available to visiting scientists:

every year, some 1200 researchers and 800 experiments from more
than 40 countries. Research focuses primarily on fundamental science
in a variety of fields, including condensed matter physics, chemistry,
biology, nuclear physics and materials science.

Whereas some visiting scientists are working on engine designs,
fuels, plastics and household products, others are looking at biological
processes at the cellular and molecular level. Still others may be
 elucidating the physics that could contribute to the electronic devices
of the future. ILL can tailor its neutron beams to probe the fundamen-
tal processes that help to explain how our Universe came into being,
why it looks the way it does today, and how it can sustain life.
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An ILL scientist
at work

The newly upgraded
ILL small-angle

 scattering instrument D11

The Institut Laue-Langevin (ILL)
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I magine Google Earth™ took new
satellite photos at regular inter-

vals, so that as well as viewing the
whole planet and zooming in on dif-
ferent countries or cities, you could
play back the sequence of photos and
see what had changed over 10 or 20
years. Replace Earth with a develop-
ing zebrafish embryo, collect a few
hundred thousand snapshots record-
ed over 24 hours, and you get what
scientists at the European Molecular
Biology Laboratory (EMBL)w1 have
dubbed ‘the digital embryo’.

Biophysicist Philipp Keller, biolo-
gists Annette Schmidt and Jochen
Wittbrodt, and physicist Ernst Stelzer
teamed up to develop a technique for

obtaining a 3D representation of the
first 24 hours of a zebrafish embryo’s
development (Keller et al., 2008). It all
started in early 2006, when a fellow
scientist suggested that Philipp sim-
ply put an embryo in the microscope
and track all the cells. Prompted by

this conversation, Philipp took a fresh
look at single-plane illumination
microscopy (SPIM) (see glossary for all
italicised terms), a 3D imaging tech-
nique previously developed by
Ernst’s group. He refined the basic
principles of SPIM to record embry-
onic development; the result was digi-
tal scanned laser light sheet fluorescent
microscopy (DSLM).

Because cells in a developing
embryo are constantly dividing and
moving, snapshots must be taken at
very short intervals to track the
changes. This requires a microscope
which combines high imaging speed
with high image quality, to distin-
guish between cells sitting very close

Watching it grow:  
developing a digital embryo

What if you could witness the development of a new life, taking
your time to study every detail, every single cell, from every
angle, moment by moment? Sonia Furtado talks to the scientists
who made this possible by creating a digital zebrafish embryo.

Ernst Stelzer, Philipp Keller, Jochen
Wittbrodt and Annette Schmidt

Image courtesy of EMBL Photolab

Image courtesy of EMBL Photolab
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to each other. And, of course, in order
to follow the embryo’s development,
the cells must be kept alive and
behaving normally over a period of
one or two days, and the microscope
must not damage the fluorescent stain
used to mark the cells.

The solution was to use a very thin
laser beam, minimising the damage to
both the stain and the embryo. This
beam shines through the embryo,
exciting the fluorescent stain in the
cells and making it emit light. The
laser beam moves in a vertical line,

Biology
Development
Embryology
Ages 16-19

This article describes cutting-edge advances in developmental biol-
ogy. The potential outcome – a virtual embryo which could be
shared amongst and annotated by other scientists, just as photos
and comments are added to Google Earth – is an exciting example
of how research findings can be disseminated, commented upon
and, perhaps, extended. This could link well with the ideas about
global science and communication that appear in some syllabuses.

There is much in this article that could enthuse interested biology
students. The use of sophisticated microscopy in pushing forward
scientific boundaries could give rise to discussions about how tech-
nology is holding back discoveries, or about how much scientific
‘knowledge’ is ephemeral and uncertain, being dependent on cur-
rent technology.

The use of zebrafish embryos could also give rise to an ethical
debate. Is it right to experiment on fish embryos? What about mam-
malian embryos? What about human embryos? This could lead to a
discussion of some of the legal aspects of this kind of research.

Generally, the article could be useful for biology teachers to update
their own knowledge. It may also be used as background reading –
possibly for students entering biology olympiads or those with inter-
views for university places. In addition, the video footage is helpful
to illustrate embryonic development for any courses that include
this topic. 

Suitable comprehension questions include:

· Describe and discuss any ethical issues involved in the work
carried out by the scientists.

· Suggest how the work on fish embryos could be of relevance to
treating human diseases in the future.

Sue Howarth, UKR
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DSLM recording of
zebrafish embryogenesis
from early cell  divisions
to gastrulation

Schematic illustration of a digital scanned
laser light sheet fluorescence microscope
(DSLM): the laser beam (in blue) illumi-
nates the specimen from the side and
rapidly scans a 2D plane. The fluorescent
light (in yellow) consequently emitted
from the  sample is then filtered to select
only the signal at the desired wavelength
(green) and detected with a camera at
right angles to the illuminated plane, to
 generate the images

Image courtesy of Petra Riedinger
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camera
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and the fluorescence emitted from the
sample at a 90° angle to the laser
beam is detected by a camera, creat-
ing an image slice thousandths of a
millimetre thin (see movie 1w2). The
embryo is then moved a tiny horizon-
tal step, and the next image slice is
scanned. Once the whole embryo has

been scanned from one viewpoint, it
is rotated by 180° and scanned again,
so that a full 3D image can later be
composed. The embryo lives and car-
ries on developing, which means the
‘slices’ can be repeated periodically
on the same embryo and compared to
track the changes. The EMBL scien-

tists ‘sliced’ their zebrafish embryos
either every 60 or 90 seconds over a
24-hour period, obtaining around 
400 000 images per embryo.

The next challenge was to devise a
way to analyse all three terabytes of
data for each embryo. The scientists
chose an automated approach: they
used clusters of computers working
in parallel, both at EMBL Heidelberg
and at the Karlsruhe Institute of
Technology, Germanyw3. “Each com-
puter is given one snapshot of the
embryo, and told to look for cellular
nuclei in that image,” Philipp
explains. Each nucleus represents a
cell, so by combining the information
for all slices, scientists can generate
their digital embryo: a visual repre-
sentation of all the embryo’s cells,
where they are at a given point in
time, where they move to next, and
when and where they divide. The
result is a 3D time-lapse video of the
developing embryo.

This enabled Philipp, Annette and
Jochen to shed new light on different
stages of the embryonic development
of zebrafish. At a very early stage, the
zebrafish embryo is basically a group
of cells sitting on top of the yolk sac
(the embryo’s nutrient source). At
first, the cells divide in a wave that

Glossary
Digital scanned laser light sheet fluorescent microscopy (DSLM): An
improved version of SPIM, which uses a thin laser beam rather than a
full light sheet, thus reducing damage to both specimen and fluorescent
dye.

Gastrulation: The phase in early embryonic development during which
the three germ layers are formed: ectoderm, mesoderm and endoderm. The
timing and molecular mechanism of gastrulation differ between organisms.

Genetic strain: A genetically uniform group of animals, used in laboratory
experiments. A genetic strain can be developed by inbreeding, mutation or
genetic engeneering.

Single-plane illumination microscopy (SPIM): This method allows 3D
observation of processes in living organisms, even in deep tissue layers.
It detects fluorescence at an angle of 90° relative to the axis of illumina-
tion with a sheet of laser light, permitting optical cutting. The specimen
is not positioned on a microscope slide but in a liquid-filled chamber
which is rotated during observation.B
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Zebrafish embryo at the blastula
stage, two hours and forty-five
 minutes after fertilisation

Image courtesy of Angharad Jones, Wellcome Images

Up to cycle 9
32-256 cells

Cycles 10 to 13
512-4000 cells

Radial waves

Future body axis

Symmetry
break at 3
hours after
fertilisation

Peripheral waves

The cell division pattern undergoes a symmetry break during early zebrafish
embryogenesis: from fast radial waves (cycles 1 to 9) to slow circular peripheral
waves (cycles 10 to 13)

Image courtesy of Nicola Graf
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The zebrafish as a model organism
For ethical reasons, we can’t easily study early (embry-
onic) development in humans. Conveniently though,
the process is similar in all vertebrates, so other animals
are used as model organisms to understand our own
development. But why zebrafish? We owe it all to
George Streisinger, a Hungarian biologist at the
University of Oregon, USA. At the beginning of the
1980s, he dreamed of applying the molecular tech-
niques he had previously used for the study of viruses
to investigate the genetics and development of a verte-
brate. As a fish hobbyist, he chose to work on zebrafish,
which he knew were easy to keep and breed. There are
a number of practical reasons which make zebrafish an
attractive model system: firstly, they are small enough
to keep the large numbers required for genetic studies,
yet big enough to do classical embryological manipu-

lations such as transplantations. They have a relatively
short generation time (3-4 months), produce large num-
bers of embryos (100-200 per mating) and provide easy
access to all developmental stages due to external fer-
tilisation. Because the embryos are optically transpar-
ent and develop rapidly, with all the important struc-
tures of an adult fish being established after three days,
you can easily study their development – using either a
simple light microscope or more complex technology,
as described in this article. In addition, the zebrafish
genome has recently been sequenced, and defined
genetic strains are available, offering a unique opportu-
nity to study not only embryology, but also genetically
inherited diseases and the genetics underlying develop-
mental biology – Streisinger’s dream has come true.B
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Image courtesy of Nicola Graf

The three germ
 layers of an embryo
are formed during
gastrulation. In the
zebrafish embryo,
this may  happen
through involution
or ingression of the
cells

different types of tissue. “It takes text-
books two or three pages to describe
this process, but when you see the
movies of the digital embryo, it’s
 suddenly quite easy to understand,”
Annette says. And what’s more – she
and her colleagues discovered that
the textbooks are actually wrong.

There has been an ongoing, some-
times fervent, debate in the field since
the 1980s over how cells migrate to
form these layers. The prevailing text-
book view was that cells involute –

that the zebrafish’s body axis is
defined at an earlier stage in its
 development than was previously
supposed, at a time when maternal
genes (in the form of mRNA deposit-
ed in the egg) are still the sole blue-
print used for protein production.

The researchers also studied gastru-
lation, the process by which cells from
the embryo’s original single outer
layer migrate inward to form the
remaining two germ layers, all three
of which will eventually give rise to

moves out from the centre in all direc-
tions, like a ripple in a pool. The
reconstruction showed that after the
first nine cell cycles, the pattern of cell
division changes to a wave that
moves out from the centre in only one
direction and then splits up to contin-
ue along the periphery in two half-cir-
cles (see image on page 20) and movie
10w2). The line between these two half-
circles will later become the animal’s
body axis, defining the body’s sym-
metry. So the scientists discovered

Animal pole

Vegetal pole

Epiblast
Cells ingress

Envelope layer

Involuting cells

Noninvoluting cells

Hypoblast
(mesendoderm)
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that is, they migrate to an opening in
the embryo and roll over the margin
to form a layer underneath, like the
edge of a swimming cap rolling up
around your head, on the inside. Yet
some scientists argued that individual
cells on the outer layer simply dive in,
or ingress, right where they are, to
form a layer beneath.

”We really settled the issue nicely,”
says Jochen. “It turns out everyone
was right!” It’s a question of where
you look. On one side of the embryo,
cells involute, whereas on the other
side, they ingress (see movie 16w2).
The controversy had arisen because
different scientists were looking at
different areas of the embryo. Since
they couldn’t watch the whole
process unfold, they were, however,
unable to determine exactly which
area they were looking at. In over-
coming these constraints, the EMBL
scientists were able to uncover the
truth.

The researchers have also used the
digital embryo as a developmental
blueprint, to find out where the cells
contributing to a specific organ or tis-
sue come from. As a first example,
they used the eye. In the digital repre-
sentation, at an advanced develop-
mental stage (i.e. late in the 24-hour
video), the scientists marked the cells
that they knew were involved in
forming one of the zebrafish’s eyes.
They then tracked the cells back in
time to find out where they originated
(see movie 11w2).

The scientists have made their digi-
tal embryos publicly available on the
Internetw2, along with tools for other
scientists to analyse their own
microscopy data. And what next?
With Google Earth, as well as seeing
the whole planet and zooming in on
different places, users can add their
own notes and markers and view
those added by other people.
Similarly, Philipp, Annette, Jochen
and Ernst envision their digital
embryos becoming what they call
‘virtual embryos’: resources in which

other scientists can view developmen-
tal processes, zoom in for more infor-
mation, and add their own annota-
tions and results. In the long run, the
scientists would like to expand the
digital embryo’s scope to other
species, as this would enable scien-
tists to quantitatively compare how
different embryos develop, which
would provide valuable insights into
evolution. The digital embryo has
much room for growth, and with
growing numbers of people willing to
help it develop, it appears to have a
promising life ahead.

Reference
Keller PJ, Schmidt AD, Wittbrodt J,

Stelzer EH (2008) Reconstruction of
zebrafish early embryonic develop-
ment by scanned light sheet
microscopy. Science 322: 1065-9. doi:
10.1126/science.1162493

Web references
w1 – To learn more about EMBL, the

European Molecular Biology
Laboratory, see: www.embl.org

w2 – The Digital Embryo website
includes videos showing the devel-
opment of the zebrafish embryo, as
well as data to download:
www.digital-embryo.org

Movie 1 is a schematic representa-
tion of the DSLM’s operation
 principle.

Movies 2 and 3 show the develop-
ment of a zebrafish embryo during
the first 24 hours.

Movie 10 illustrates the symmetry
break in the cell divisions after nine
cell cycles, and the early determina-
tion of the embryo’s body axis.

Movie 11 shows the migratory
tracks of cells forming the early
zebrafish eye.

Movie 16 illustrates how involution
and ingression both play a role in
zebrafish gastrulation.

w3 – For more information about the
Karlsruhe Institute of Technology,
Germany, see: www.kit.edu

Resources
For two further Science in School

 articles about evolution and
 development, see:

Patterson L (2010) Getting ahead in
evolution. Science in School 14: 16-20.
www.scienceinschool.org/2010/
issue14/amphioxus

Hodge R (2006) A search for the ori-
gins of the brain. Science in School 2:
68-71.
www.scienceinschool.org/2006/
issue2/brain

For a collection of learning and
research resources on embryonic
development, see:
http://people.ucalgary.ca/
~browder/virtualembryo

To browse all articles on evolution
that have been  published in Science
in School, see:
www.scienceinschool.org/evolution

Sonia Furtado was born in London,
UK, and moved to Portugal at the age
of three. While studying for a degree
in zoology at the University of
Lisbon, she worked at Lisbon Zoo’s
education department; there, she dis-
covered that she really enjoys telling
people about science. She went on to
do an MSc in science communication
at Imperial College London, and is
now the press officer at the European
Molecular Biology Laboratory
(EMBL) in Heidelberg, Germany.

This article appeared in the annual
report 2008-2009 of the European
Molecular Biology Laboratory, a col-
lection of articles on topics from the
most current science. The entire
report can be downloaded here:
www.embl.de/aboutus/communication
_outreach/publications

To receive a print copy of each
years’s annual report, contact
info@embl.org
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T he wish to download, store and
carry music and videos from the

Internet has led to massive and ever-
increasing mobile storage needs. All
this information is stored in just two
distinct states of a bit: 0 or 1. In the
flash memory we all use in USB sticks
and memory cards (for example, in
digital cameras), these are two dis-
tinct voltage or current levels allowed
by a semiconductor-based integrated
circuit, with millions of tiny transis-
tors or capacitors which can be elec-
trically erased and reprogrammed,
storing information as electrical
charge.

Importantly, the stored information
is retained even when the device isn’t
powered. But flash memory has a
drawback: its storage capacity is usu-
ally limited to a few gigabytes. For
higher storage capacities, today, exter-
nal hard drives are used, but unlike
flash memory they require an external
power supply, so just reducing their

size is not ideal. Yet if the storage
capacity of USB sticks could be
extended to several terabytes, this
could be the way forward. A new
kind of memory device based on pro-
grammable metallisation cells (PMCs)
could be the solution.

PMCs not only use less energy than
flash memory and have faster access
times (a few nanoseconds) due to
their nanometric size, they can also be
made physically flexible, have a high-
er storage capacity and longer life-
times (their data can be overwritten
1010 times before the data integrity
starts to wear, compared to 105 write-
erase cycles in flash memory), and
can withstand elevated temperatures
for more than 10 years (Kozicki et al.,
2005).

Essentially, PMCs store information
as two different states: high and low
electrical resistance. This is achieved
through a conducting nanopath of
metal atoms (silver or copper), which

forms itself through ionic redistribu-
tion and electrochemical processes.
When an electrical potential is
applied in one direction, it remains
intact until a potential is applied in
the opposite direction, at which point
the nanopath dissolves again – this is
the ‘programmable metallisation’.
When the nanopath is present, elec-
tricity can flow through the PMC with
little resistance: this is state ‘1’.
Without the nanopath, resistance is
high: this is state ‘0’. The complete
cycle is schematically represented in
Figure 1 on page 26.

How does this work? A PMC has
three main components: a solid elec-

Programmable  metallisation
cells: the race for  
miniaturisation

Gabriel Cuello from the Institut Laue-Langevin
(ILL) in Grenoble, France, introduces a new
type of digital memory that may revolutionise
our USB sticks.
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trolyte film (an ion-containing medi-
um, commonly silver germanium
selenide (AgGeSe), disilver selenide
(Ag2Se), copper germanium selenide
(CuGeS) or dicopper sulphide (Cu2S)),
sandwiched between two electrodes,
no thicker than 100 nm in total. The
anode is an oxidisable layer of metal
(silver or copper – the same as the
ions in the medium in between),
which can release these ions to the
central medium. The cathode is a thin

layer of a metal such as tungsten
(however, not a source of ions, there-
fore ‘inert’), as shown in Figure 1(a). 

For them to function effectively, the
important feature of PMCs is the
characteristics of the central solid
electrolyte. Such electrolytes are usu-
ally amorphous, and their atoms have
an intermediate mobility between that
of atoms in liquids and those in crys-
tals. Unlike in a liquid electrolyte
(such as those used in common bat-
teries), only the positively charged
ions are mobile, while the negatively
charged counter-ions are fixed. This is
essential for the formation of the
 conducting nanopath from electro -
deposited cations.

Physics
Chemistry
Materials science
Nanoscience
Ages 16-19

This article will be of inter-
est to all who use and
appreciate state-of-the-art
technologies; the develop-
ment of programmable
metallisation cells illus-
trates the collaborative ele-
ments of nanotechnolo-
gies, chemistry, physics and
materials science. It also
shows the transition from
research to commercial
potential.

The article could be used
as a comprehension exer-
cise. Possible questions
include:

1. Outline one advantage
and one disadvantage
of flash memory
devices.

2. “For them to function
effectively, the impor-
tant feature of PMCs is
...the central solid elec-
trolyte”. Explain the
term ‘electrolyte’.

3. An integral component
in PMCs is a glass.
What is a ‘glass’?

4. What do you under-
stand by the term
 ‘neutron diffraction’?

5. Much of the activity
and construction of
these cells is at the
nanoscale. What is the
nanoscale?

Marie Walsh, IrelandR
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Image courtesy of daboost / iStockphoto
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Many inorganic and organic
(including polymeric) materials can
conduct ions, and therefore act as
solid electrolytes, but only the chalco-
gens (Group 16 in the periodic table
of elements) are interesting in the con-
text of PMCs, because they have the
right electrical properties. Combining
elements that make thermally stable
compounds (such as oxygen, sulphur
and selenium) with copper or silver

yields binary electrolytes such as di -
silver selenide and dicopper sulphide.
The conductivity of the material can
be improved even further by using
ternary electrolytes: chalcogens are
combined with other elements such 
as germanium, to create a glass (an
amorphous material in which the
atoms are not in a strict order), in
which copper or silver can be dis-
solved. The conductivity is further

Figure 1: When a voltage exceeding a few hundred mV is applied to the
PMC, electrons are released at the inert cathode, reducing nearby silver or
copper cations in the sandwiched medium to metal atoms (grey). At the
other end, the anode releases cations (oxidisation), which are eventually
also reduced to metal atoms by the migrating electrons. This electrodeposi-
tion of metal atoms along a nanopath will cease if the electric potential
across the cell drops below a certain value, or if the supply of oxidisable
metal in the anode becomes exhausted.
To dissolve the nanopath, an electrical potential is applied in the opposite
direction. The inert tungsten electrode (the new anode) will now take up
electrons from nearby silver or copper metal atoms, reducing these to ions
again. These ions will return to their original positions, separating a little and
dissolving the nanopath (note that the movements of the metal ions / atoms
are all very small – they were already very close to each other to begin
with). In addition, the silver / copper electrode (the new cathode) will take
up silver / copper ions.
In just a few nanoseconds the device passes from the state 0 (high resist-
ance, off) to state 1 (low resistance, on), consuming only a few picojoules.
This write-erase cycle (a-i) may be repeated many tens of millions of times
per second

determined by the concentration of
the metal ions in the electrolyte, since
nanopaths do not form in the entire
cell but only in those regions where
the ion concentration is especially
high (see Figure 2). Therefore, elec-
trolytes with different metal concen-
trations are studied to find the ideal
composition.

Although ternary electrolytes have
better characteristics for use in PMCs,
interactions between three types of
ions are more difficult to study than
those between just two types, which
is why, so far, the characteristics of
binary solid electrolytes are better
known.

Research at ILL
To learn more about these ternary

electrolytes, my colleagues and I at
ILLw1 have studied AgGeSe glasses
with different silver contents. To
understand the electrical properties of
a material, it is important to first
understand its structure. Hence, we
wanted to determine the local order
of the atoms grouped around the sil-
ver atoms. The order of the atoms in
the glass as a whole is random, but if
you look locally, it is possible to pre-
dict the probability of finding a cer-
tain type of atom within a specific
(close) range. The further you get
away from this silver atom, however,
the less certain you can be about the
atoms you will find there.

We analysed the glasses using neu-
tron diffraction, a technique regularly
used at ILL, in which materials are
analysed by the way they diffract a
beam of neutrons, and which, impor-
tantly, does not necessarily require a
regular order of the atoms (see
Cuello, 2008). Not only the nuclei of
different elements but also the nuclei
of different isotopes of an element
scatter neutrons with different power.
Taking advantage of this, a given type
of atom under study can be substitut-
ed by an isotope, which does not
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change the structure of the material.
In this case, we were interested in the
silver atoms, so we replaced natAg
with 107Ag and 109Ag, the two stable
isotopes that comprise natural silver
(natAg). Comparing the diffraction pat-
terns obtained from natAgGeSe,
107AgGeSe and 109AgGeSe, we were
able to identify which parts of the dif-
fraction pattern were related to the
silver atoms.

Using a neutron beam of short
wavelength allows the determination
of the short-range order – the proba-
bility of finding a specific type of
atom at a given (short) distance from
another. To calculate the correlations
between three different species of
atoms (silver, germanium and seleni-
um), a ternary system, you would
ideally do six independent measure-
ments. Three measurements, however,
as were performed here, provide a
good approximation (this is why two
different silver isotopes were used),
which can then be complemented
using computer simulations of molec-
ular dynamics.

This combination of neutron diffrac-
tion experiments and computer mod-
elling allows us to propose a local

Image courtesy of Gabriel Cuello
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Figure 3: The structures of
Agx(Ge0.25Se0.75)100-x containing
(a) x = 5 and (b) x = 25 (percent
 silver). Characteristic bond dis-
tances between silver atoms are
shown in Ångström. Germanium
atoms are located in the centre
of each tetrahedron

Figure 2: Electrical force microscopy
images of AgGeSe glasses containing differ-
ent concentrations of silver (the dark patch-
es, see Piarristeguy et al., 2008). A certain
minimum concentration of silver is required
to allow for a good conductivity of the
material. Above about 7% silver, however,
a further increase in silver concentration
does not lead to a substantial increase in
conductivity. Measurements were done at
room temperature (see Kawasaki et al.,
1999; Ureña et al., 2005)
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structural image of the ternary
 electrolyte (see Figure 3). There is a
clear phase separation between the
conducting (silver-rich) regions and
the non-conducting ones (silver-poor)
(Piarristeguy et al., 2008), which is
important for the distinct establish-
ment of the low- and high-resistance
states. In the case of 25% atomic silver
dissolved in germanium triselenide
(GeSe3), i.e. Ag25(Ge0.25Se0.75)75, there is
a continuous glassy digermanium
triselenide Ge2Se3 backbone and a dis-
persed nanoscale disilver selenide
(Ag2Se) phase. The metal-rich Ag2Se
phase is both an ion and an electron
conductor, important for the estab-
lishment of a low-resistance state with
a nanofilament through which a cur-
rent can flow. The Ge2Se3 backbone,
by contrast, which separates each of
these conducting regions, is a good
dielectric (a non-conductor material
which becomes a conductor if you
apply a strong enough electric poten-
tial), so the overall resistance of the
material prior to electrodeposition, i.e.
before a forward current is applied to
form a conducting nanofilament, is
high.

In AgGeSe containing only 5% sil-
ver, although the basic phase separa-
tion is the same, the distances
between silver atoms are higher (see
Figure 3), which explains the lower
conductivity of the material.

There is still much to learn about
the exact process that creates these
nanopaths, but this is a promising
new technology which could certainly
improve the performance of digital
memory devices in the near future.
However, nano-ionic memory such as
PMCs is only one of many possibili-
ties being explored, and it remains to
be seen which one of them will even-
tually make its way into our homes.
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Research into the application of PMCs
in memory devices is done at IBM
and Sony, and by Michael Kozicki,
a researcher at Arizona State
University, USA. See:
www.engineering.asu.edu/
people/57492

If you enjoyed reading this article,
take a look at other chemistry arti-
cles published in Science in School.
See:
www.scienceinschool.org/chemistry

Gabriel Cuello is a research physi-
cist at ILL, where a high-flux research
reactor provides neutron beams for
the study of condensed matter.  He is
responsible for the dedicated neutron
diffractometer used for liquid and
amorphous systems. His research
focuses on the structural characterisa-
tion of non-crystalline materials, such
as glasses. This also includes studying
the short-range order of ions in liq-
uids or nanoparticles, with applica-
tions in predicting the fate of contam-
inants in the environment.
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News is available to us every-
where, all the time – in news-

papers and magazines, on television
and via the Internet – and this
includes science news. Some scientists
complain about the accuracy of
 scientific information in the media
and for this reason, some teachers 
are reluctant to use it in the class-
room. However, we’d like to encour-
age teachers to do exactly this, for
two reasons.

1. There are some very good and accu-
rate science stories in the media.

2. Looking for mistakes in scientific
news can be the starting point of a
classroom activity.

We will begin by illustrating some
of the differences between news
reports and research articles, then
offer some ideas for using science
news in the classroom. Although we
talk mostly about newspaper  articles,
you could equally well use other sorts

of popular science reports: magazine
articles, podcasts or video clips of the
television news, for  example.

Getting started
News reports generally follow an

established pattern. In the first para-
graph, you will find all the information
you need to understand the story: who,
what, where, when, why and how.

Let’s look at an example from the
BBC websitew1.

Fernanda Veneu-Lumb and
Marco Costa show how news

reports – even inaccurate
ones – can be used in the

 science classroom.

Using news in the science
classroom

Fernanda Veneu-LumbMarco Costa

Image courtesy of Fernanda Veneu-LumbImage courtesy of Marco Costa
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How cities drive plants extinct 
By Matt Walker, Editor, Earth News

An international team of botanists has
compared extinction rates of plants

within 22 cities around the world.
Both Singapore and New York City in
the US now contain less than one-tenth
of their original vegetation, reveals the
analysis published in Ecology Letters.
However, San Diego, US and Durban,
South Africa still retain over two-thirds
of their original flora….

Matt Walker, Earth News editor,
describes the results of an internation-
al study involving scientists from var-
ious countries. Did you notice that the
main information is available in the
first paragraph?

This is one of the biggest differences
between news articles and other 
types of text. In scientific research
articles, for instance, the results and
conclusions are presented in separate
sections, towards the end. Even in the
abstract, the short version of the sci-
entific paper, the structure follows the 
same pattern: introduction, methods,
results and conclusions.

Let’s take a look at how the same
story was presented in a scientific
journal – in the abstract of an article
published in Ecology Letters (Hahs et
al., 2009).

General science
Ages 10-19

Most science teachers
probably already use
recent news in lessons to
motivate students; this
article highlights the
importance of scientific
reporting and offers
advice on how to do it
‘scientifically’. It consid-
ers different ways of writ-
ing and interpreting sci-
ence news and offers a
list of questions for any
classroom situation.

The article could be used
simply with younger stu-
dents (ages 10-13): one
student could give a two-
minute report about a
scientific topic he or she
has read about in a
newspaper or journal or
seen on television, after
which the class could
have a short discussion
about the topic. This
could create more inter-
est in science outside
school.

Additionally, the article
could be used to teach
more advanced students
(ages 13-19) how to
write their own reports
about some breaking sci-
ence news. Using the
Internet to check the
accuracy of the topics
reported in the news and
comparing the contents
with the original article
should become a regular
part of science lessons.

Friedlinde Krotscheck,
AustriaR

E
V

IE
W

Science in School   Issue 15 : Summer 2010

A global synthesis of plant
extinction rates in urban areas

By Amy K Hahs, Mark J McDonnell,
Michael A McCarthy, Peter A Vesk,
Richard T Corlett, Briony A Norton,
Steven E Clemants, Richard P Duncan,
Ken Thompson, Mark W Schwartz, and
Nicholas SG Williams

Plant extinctions from urban areas are
a growing threat to biodiversity world-
wide. To minimize this threat, it is criti-
cal to understand what factors are influ-
encing plant extinction rates. We com-
piled plant extinction rate data for 22
cities around the world. Two-thirds of
the variation in plant extinction rates
was explained by a combination of the
city’s historical development and the
current proportion of native vegetation,
with the former explaining the greatest
variability. As a single variable, the
amount of native vegetation remaining
also influenced extinction rates, particu-
larly in cities > 200 years old. Our study
demonstrates that the legacies of land-
scape transformations by agrarian and
urban development last for hundreds of
years, and modern cities potentially
carry a large extinction debt. This finding
highlights the importance of preserving
native vegetation in urban areas and the
need for mitigation to minimize poten-
tial plant extinctions in the future.
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As you can see, the abstract finishes
with the conclusions: ‘the importance
of preserving native vegetation in
urban areas and the need for mitiga-
tion to minimize potential plant
extinctions in the future.’ You could
discuss the differing structures of
news and scientific articles with your
students, including which style they
prefer and why.

Another difference between news
stories and scientific articles is that, in
news reports, some of the facts may
be presented as quotes by people
involved in the subject. Let’s read a
bit more of the news story:

“The rapid and ongoing growth of

cities and towns significantly threatens

global biodiversity,” says Dr Amy Hahs,

a scientist working at the Australian

Research Centre for Urban Ecology at

the Royal Botanic Gardens in

Melbourne, Australia.

This explains why Hahs and her
collaborators came together to try to
understand the threat and how it
could be minimised.

Another important point to observe
in news stories is who is doing the
‘talking’ in the text: researchers,
politicians or members of the public?
Why? Is there a further point of view
that is missing? Whose?

Many researchers complain about

distortions in news reports: that the
information presented is wrong or
that the scientists are misquoted, for
example. As a teacher, you could try
to identify such problems in a news
report, using your own knowledge of
the subject. Or you could ask your
students to look for distortions,
searching for accurate information on
the Internet.

Where can you find the accurate
information? Start by looking again at
the beginning of the news report; the
original information source is general-
ly there. In our news example, the
information is taken from a research
article published in the journal
Ecology Letters (we examined the
abstract of this article, above). Many
scientific journals charge for online
access to their articles, but access to
the abstracts, and sometimes to older
articles, is free. Furthermore, open-
access journalsw2 (for example, PLOS
Biologyw3) offer free access to the full
text of all of their articles.

Other sources for news reports
might be scientific organisations such
as universities, NASAw4, the European
Space Agency (ESA)w5 or other
EIROforum organisationsw6. On their
websites, you should be able to find
the original information (for example,
in a press release – information pro-
vided especially for journalists and
checked by the scientists involved)
and compare it to the news story.
Many organisations’ websites have a

section for journalists (sometimes
called the press or media centre), and
access is free.

By comparing the news report and
the original research article (or press
release), you can not only see the dif-
ference in how the article is structured
and the data presented, but also con-
sider differences in the writing style. 

Trying it out: using news in 
the classroom

Here are some suggestions for how
to examine and compare news and
scientific articles in the classroom.

1. What is the story about (e.g. a
piece of research, a discovery or a
scientist’s statement)?

2. Where did the story come from
(which country, what sort of
organisation)?

3. Who did the journalist quote (e.g.
scientists or politicians), if anyone?
Where are they from?

4. What was the involvement of the
scientists quoted? For example,
were they commenting on some-
one else’s research or on their own?

5. Did the scientist work alone or as
part of a group?

6. By examining the news report, is it
possible to tell who funded the
research? If this information can-
not be found in the text, why do
you think it is not there?

7. What was the source of the infor-
mation? This is an important issue
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if you want to find out more about
the subject.

8. Has the topic of the report been
published in a peer-reviewed sci-
entific journal (see Raphael, 2007)?
If so, which one? Do you think
this information is important?
Why or why not?

9. Were you familiar with the subject
before reading the story? If you
were, does the text contain new
information for you? What, if any-
thing, conflicts with what you
knew or thought before?

10. Try to find the original source of
the information and check the
details. Did you find any mis-
takes? If so, what kind of mistake
(wrong information, wrong expla-
nation, other kinds of mistake)?
How would you rewrite this part,
to correct the mistakes you found?

11. Who do you think this text was
written for (e.g. students, teachers,
researchers or the general public)?
What makes you think that?

12. What was the journalist’s / news-
paper’s aim in writing / publish-
ing this article? Purely to provide
information? Or is there an ulteri-
or motive, such as scaremonger-
ing, a political aim, or trying to
sell more newspapers?

13. Find a news report from a differ-
ent newspaper on the same sci-
ence story and compare them.
Does that help you to answer
some of the previous questions?

14. If the news story is about research
results or a discovery, try to convert
it into a scientific article, and then
compare it to the original source.
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Web references
w1 – The full article is available on

the BBC website:
(http://news.bbc.co.uk) or via the
direct link:
http://tinyurl.com/yah6a5v

w2 – Many open access journals can
be searched and accessed through
the Directory of Open Access
Journals: www.doaj.org

w3 – PLOS Biology is an open-access,
peer-reviewed  general biology jour-
nal. See: www.plosbiology.org

w4 – To learn more about NASA, the
US National Aeronautics and Space
Administration, see: www.nasa.gov

w5 – The European Space Agency
(ESA) is a member of EIROforum,
the publisher of Science in School.
For more information about ESA,
including press releases about
recent ESA developments, see:
www.esa.int

w6 – EIROforum, the publisher of
Science in School, is a collaboration
between seven European inter-
governmental scientific research
organisations. To learn more and
read the recent press releases from
the seven organisations, see:
www.eiroforum.org

Resources
When searching for press releases,

AlphaGalileo is a good place to
start. You can search the online
database of thousands of press
releases and other material on
recent European developments in
science, technology, health and
other fields. See:
www.alphagalileo.org

The American science society, AAAS,
runs a similar online, global news
service for scientific topics,
Eurekalert. See: www.eurekalert.org

To learn more about how news stories
are written, see the website of the
Media Awareness Network
(www.media-awareness.ca) or use
the direct link:
http://tinyurl.com/d3hwss

If you enjoyed this article, you might
like to browse the other teaching
activities that have been published
in Science in School. See:
www.scienceinschool.org/teaching

Fernanda Veneu-Lumb is a
Brazilian science journalist. She began
writing for the media in 1992, when
she was still at college. Her experi-
ence interviewing scientists led in
2009 to a PhD on different perceptions
of human life and how these views
could be used in science lessons.

Marco Costa is a Brazilian chemical
engineer with a PhD in biosafety
 education. He works in biosafety, has
a professorship in scientific methodol-
ogy at Fundação Oswaldo Cruz
(Oswaldo Cruz Foundation), Brazil,
and develops new strategies for
 science teaching.
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giS: a spatial perspective
For more than 2500 years, people

have been fascinated by geography,
the study of our planet. Geography is
also the science of spatial thinking –
how phenomena interact and change
over space, at the local, regional and
global scale. Today, this spatial sci-
ence is particularly significant, as
issues such as climate change, biodi-
versity loss, sustainable agriculture,
water quality and quantity, energy
and natural hazards not only grow in
importance but also affect our every-
day lives. To grapple with these
issues, we need to see patterns and
trends at anything from a global scale
to the level of a local community.

To investigate such trends, geogra-
phers turn to geographic information
systems (GIS). Unlike traditional
maps, GIS goes beyond static, two-
dimensional objects: instead, individ-
ual maps can be manipulated and
combined with other maps, charts,
databases and multimedia.

The G in GIS represents geography
– the map: for example, a 2D or 3D

topographic map, a map of soil pH,
ecosystems, or watersheds, or a satel-
lite image. The I represents the infor-
mation behind the map, which is
stored in a database. For rivers, for
example, the information could
describe whether the river is perenni-
al or intermittent, or how its conduc-
tivity or salinity varies with time or
along its course. The S – the system –
connects the map and the database.
By selecting components on the map,
the user simultaneously selects the
associated attributes in the database
(and vice versa), allowing them to be
manipulated.

With the help of hundreds of GIS-
specific tools, the data can be manipu-
lated and combined in many different
ways. For example, the proximity tool
could find all of the earthquakes that
occurred within 100 km of Frankfurt
am Main, Germany, and the overlay
tool could narrow the search down to
those earthquakes that occurred
under alluvial soil and that are on
highly populated land.

using giS at school
In schools, GIS can be used not only

in geography, but also in biology,
chemistry, earth science, environmen-
tal science, history, mathematics and
other subjects. It can help students at
all levels to think critically and use
real data, as well as appealing to visu-
al learners.

A wide variety of topics can be
explored: the relationships between
people, climate, land use, vegetation,
river systems, aquifers, land forms,
soils, natural hazards and much more.
For example, how will climate change
affect global food production? What is
the relationship between birth rate
and life expectancy? How does acid
mine drainage in a mountain range
affect water quality downstream?
How does the changing demography
associated with smaller household
size affect urban sprawl? What is the
best location for new wind energy
farms? How will a proposed retail
centre affect community traffic pat-
terns and land use?

GIS can be used in three ways. 

Earthquakes, global climate or 
the placement of wind farms – with

the help of geographic information
 systems, these can all be investigated

dynamically in the classroom. Joseph
kerski describes how.

GIS: analysing 
the world in 3D

Image courtesy of alexsl / iStockphoto
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with GIS that could be carried out at
school.

Analysing recent earthquakes
with GIS

Let us say that you have read an
article stating that the Haiti earth-
quake and its aftershocks in January
2010 were unusual because they were
large in magnitude and because earth-
quakes are rare in Haiti. You want to
test whether this is true. This can be
done with desktop GIS software and
data downloaded from the Internet.
1. Because earthquakes are inherent-

ly 3D phenomena, you will need
to download 3D GIS software, for
example ArcGIS Explorerw1 (free;
for Windows only).

2. From the US Geological Survey
(USGS)’s seismic cataloguew6,
access a comma-separated text file
of earthquake data covering
January and February 2010. Do
this by selecting ‘Earthquakes’ on
the left, and then ‘Search for an
earthquake’. Run a global search,
selecting spreadsheet format
(comma delimited), with magni-
tudes 6 and above (use 10 as the
maximum magnitude), from 1
January to 28 February 2010. Copy
and save the resulting text data,
which will include the dates, loca-
tions, magnitudes and depths of
earthquake epicentres around the
world.

3. In a text editor, remove the lines
above and below the data except
the header line. In the header line,
remove the parenthesis and re-
save the file.

4. In ArcGIS Explorer, use the Tools
menu to add your earthquake data
as X-Y co-ordinates in their correct
locations (see image overleaf).

What do you notice about the spa-
tial pattern of global earthquake loca-
tions? Why are earthquakes not dis-
tributed evenly around the world?
5. From ArcGIS Onlinew5, open the

plate boundaries layer and the
‘Earthquakes January 2004 to

Geography
Biology
Earth science
Environmental science
Development
History
Ages 14-18

Everybody has heard about GIS as the ultimate resource in cartog-
raphy; this article gives teachers the opportunity to exploit this
resource for addressing geographic phenomena.

I recommend this article to secondary-school teachers who are will-
ing to investigate more deeply the geographic aspects of earth sci-
ence (plate tectonics, volcanoes, earthquakes), environmental sci-
ence (geomorphology, climate, natural resources, pollution, natural
hazards), biology (biodiversity, species distribution) and even histo-
ry (demography, migrations) from the local scale to the planetary
level. There are many opportunities for interdisciplinary work.

The use of the proposed software requires some computer skills and
it is subject to specific software requirements.

The article would provide valuable background reading before a
geological school trip or as a warm-up activity before addressing
earth science topics. It could be used as the basis of discussion on
many topics related to the subjects mentioned above, in particular,
important events such as the recent earthquakes in Haiti and Chile.

Giulia Realdon, ItalyR
E

V
IE

W

1. Using desktop GIS software, such
as the professional software
ArcGIS or the freely available pro-
grammes ArcGIS Explorerw1 and
ArcExplorer Java Edition for
Educationw2, students can analyse
data they have collected and then
stored locally. For example, they
could analyse the height and
species of trees in their school’s
grounds.

2. Using GIS via a web browser, stu-
dents could analyse a much wider
range of data, for example, they
could use the This Dynamic Planet
websitew3 to study the relationship
of earthquakes and volcanoes to
tectonic plate boundaries and the
rate of plate movement. They
could use Worldmapperw4 to view
the distribution of more than 700

variables online, including forest
loss and mineral distribution and
extraction, or download the data. 

3. Finally, students could combine
GIS desktop software and its asso-
ciated tools with data downloaded
from the Internet. For example, to
analyse the flood potential of
rivers in their community and cur-
rent wildfires around the world
using real data and base maps in
three dimensions, they could use
ArcGIS and also download local
satellite imagery and topographic
maps from ArcGIS Onlinew5.

Each of the methods has its advan-
tages. Desktop software offers a more
powerful analytical toolkit, whereas
web-based GIS is easier to use and
requires only a web browser.

Below are two example of analyses
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Opening layers from ArcGIS Online in ArcGIS

Adding earth-
quake data to
ArcGIS Explorer

Im
age courtesy of ESR

I
Im

age courtesy of ESR
I

Im
age courtesy of ESR

I

Earthquakes in and around Haiti

April 2007’ layer in ArcGIS Explorer so that
you can investigate the relationship between
plate boundaries and the locations, magni-
tudes and depths of more than 60 000 earth-
quakes (see middle image, left). By clicking on
an earthquake, you can see the date, time,
magnitude, location and depth of that earth-
quake.

Why are some plate boundaries frequented by
earthquakes while others are relatively quiet?
Along what type of plate boundaries are the
deepest earthquakes? And the shallowest? Why?

You will see that mid-ocean ridges have a mod-
erate number of earthquakes that are less than 10
km deep, whereas subduction zones (where one
plate sinks beneath the other) are associated with
more frequent earthquakes that are both deeper
and more intense.

Zoom to Haiti and you will see that the news-
paper article was correct: most earthquakes in the
region over the three-year period occurred in a
wide, scattered pattern off the northeast coast of
Hispaniola (shown by the purple dots in bottom
image left) but the January and February 2010
earthquakes were focused in a narrow cluster on
the western side of the island, in Haiti (shown by
the yellow dots). Which earthquakes would you
consider aftershocks, and why?

Further questions that the students could
address include:
1. How and why do plate boundaries differ, and

how do their movements result in different
kinds and numbers of earthquakes?

2. How do plate movements impact populations
living in close proximity, and also those far
away (through tsunamis)?

3. What is the average distance that most earth-
quakes occur from the subduction zone along
the western edge of South America, and what
does this distance, and depth of the earth-
quakes, tell you about the type of plate
boundary that exists there?

4. Do you think that the fact that there had been
no earthquakes in Haiti between 2004 and
2007 contributed to tectonic pressure that
resulted in the magnitude 7.0 earthquake of
January 2010?

5. How common are aftershocks?
6. The earthquake a month later in Chile was

much larger than the Haiti earthquake, but
the death toll was much less. What effect do
building codes have on earthquake damage in
a region? (See also Marazzi & Tirelli, 2010.)
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Analysing world climate with GIS
Another GIS investigation for the

classroom would be to analyse world
 climates.
1. Download the free GIS software

ArcExplorer Java Edition for
Educationw2 (for Windows or Mac).

2. Open the worldclimate_hd project 
to view data layers that include
 vegetation, maximum and minimum
 temperature for July, maximum and
 minimum temperatures for January,
mean precipitation, elevation,
 countries and a 30 degree latitude-
longitude grid (see image right).

3. Click on the country layer and use
the menu that appears to label the
countries. 

Why is the pattern of maximum tem-
peratures for January different from that
for July? From the map, can you see at
what time of year it is summer in the
northern hemisphere and when it is
summer in the southern hemisphere?
What influence does latitude have on
temperature?

What is the difference between the
minimum and maximum temperatures
for July? Do any regions of the world
experience daily temperature swings 
of more than 20°C? Where are these
regions? What is the effect of the ocean
on daily temperature swings and on 
the maximum temperatures around 
the world?
4. Turn on the elevation map layer (see

image right).
What effect does elevation have on

temperature? Is elevation as important as
latitude as a determinant of  tempera ture?
5. Next, examine the vegetation map

layer (see image right).
What primary vegetation types cover

Gabon, Oman and Japan? How is cli-
mate linked to vegetation? What is the
predominant vegetation in regions that
are more than 2000 m in elevation?
Move your mouse until it rests on the
Equator, and describe how the vegeta-
tion changes as you move across South
America, Africa and south-east Asia
along the Equator. How does vegetation
and climate change as you move north

Images courtesy of ESRI

Worldclimate_hd project

Elevation map layer

Vegetation map layer

sis_15_RZ.qxq:Layout 1  28.05.2010  19:19 Uhr  Seite 37



www.scienceinschool.org38 Science in School   Issue 15 : Summer 2010

along the Prime Meridian from Ghana
to the UK?
6. Zoom in on the region where you

live. Determine the daily tempera-
ture variations in January and July
and compare the maximum tem-
peratures for January and July for
your region.

How does the temperature, precipi-
tation, vegetation and elevation com-
pare with other regions of the world?
Is there another part of the world that
experiences a similar climate, eleva-
tion and vegetation to your region? If
so, where is it?
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As an earth science teacher I frequently found it diffi-
cult to address some topics without being able to do
experiments in the classroom. The Earth Learning Idea
resources gave me a valuable instrument to overcome
this problem and make my lessons livelier.

The project offers a set of hands-on activities for a wide
range of topics related to earth science and geology
from primary to upper secondary school. These activi-
ties can be easily carried out at school in a limited
period of time (usually less than one hour) and with
nearly no lab equipment; the required materials are
very cheap and easy to get. In addition, every activity
is complemented with a back-up section to fit them
well into the science curriculum.

The article presents two activities which make it possi-
ble to link earth science with physics (density, pres-
sure), biology (evolution, history of life) and mathe-
matics (calculations). The article may be used as a
starting point to discuss related topics such as energy
resource management, the theory of evolution and its

Earth science
Physics
Biology
Mathematics
Energy
Evolution
Ages 5-19

evidence (e.g. the fossil record). It can also provide
valuable background reading before a visit to a natural
history museum, a fossil exhibition or an oil or gas
well (if applicable in your country).

Many more activities can be found on the project
 websitew1, where a keyword index and a category list
help the search. I would recommend this article,
together with the website, to earth science teachers
looking for novel didactic materials to enrich their les-
sons: both they and their students would really enjoy
and profit from the experience.

Giulia Realdon, ItalyR
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Are you looking
for ideas to spice

up your earth
 science class? Why
not try out one of 

the rich collection of
 activities developed by

Chris King, Elizabeth
Devon and Peter Kennett

from Earth Learning Idea.

Down to Earth: 
ideas for the 
earth science 
classroom

Im
age courtesy of shrizzine / iStockphoto
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Trapped! Why can’t oil and gas
escape from their underground
prison?

This experiment is used to demon-
strate how oil and gas can be trapped
in reservoir rocks beneath the surfacew2.
Age range: 14-18 years
Required time: 10 min
Learning objectives: Students should
be able to:

· Explain that oil and gas float on top
of water, because of their lower
density;

· Explain that oil and gas may
become trapped underground, if
they rise until they reach an
 impermeable layer of rock;

· Appreciate the need to control the
drilling for oil and gas, to avoid
‘blowouts’ at the surface.

Context: This could form part of a les-
son on the world’s resources. It could
follow a lesson on porosity and per-
meability.

Materials
· Any large container, e.g. a bucket,

preferably with clear sides, nearly
full of water

· The top end cut off a clear plastic
bottle (e.g. 2 l bottle) to be used as

a funnel

· A thin tube, e.g. the barrel of an old
ball-point pen, with a bung

· Clay, to seal the tube into the neck
of the bottle 

· A drinking straw or tubing for
blowing air into the funnel

· Cooking oil (if possible)

Procedure
1. Insert the thin tube or ball-point

pen into the funnel or top of the
bottle, so that most of it is sticking
out, and seal the bottle with clay
(see image).

2. Push the funnel well down into the
water in the container.

3. Only then seal the top part of the
thin tube with a bung.

4. Blow air underneath the lip of the
funnel with a piece of tubing or a
straw, displacing roughly half the
water. The air represents gas.

5. Put some cooking oil into the tub-
ing and blow it up into the invert-
ed funnel, to represent oil.

6. Explain that the inverted funnel (or
the top of a clear plastic bottle) rep-
resents the impermeable cap rock
forming a trap in a permeable layer
containing natural gas and oil.

Home-made funnel using the
top of a bottle, a tube from a
ball-point pen and some clay

Home-made apparatus show-
ing the model oil trap in action

To coincide with the UN Inter national Year of Planet
Earth (2007-2009), three earth science teachers from

the UK compiled a website with a vast, varied and still
expanding collection of teaching activities: Earth
Learning Ideaw1.

The simple activities require few resources (but can be
readily adapted for use with standard school lab equip-
ment) and are designed to encourage students aged 8-18
to investigate how Earth works (the recommended age
range is given in each activity). There is an online discus-
sion around every idea in order to develop a global sup-
port network, and each activity is accompanied by ‘back-
up’ notes for teachers. The activities are also being trans-
lated into Spanish, Norwegian, Italian, Chinese and
Tamil.

You can help the team (and yourself), if you are a
teacher trainer or school teacher in science, geography or
earth science, by subscribing free of charge on the project
website to receive two new earth learning ideas each

month during 2010. You can then discuss the idea with
other interested people across the globe on the associated
blog. All activities are free to download at any time, but if
you subscribe, you will be notified when a new activity is
published.

The activities on the website are divided into nine differ-
ent categories: ‘Earth as a system’, ‘Earth energy’, ‘Earth in
space’, ‘Earth materials’, ‘evolution of life’, ‘geological
time’, ‘investigating the Earth’, ‘natural hazards’ and
‘resources and environments’. They include activities on
volcanoes, tsunamis, dinosaurs, oil and gas, earthquakes,
permeability of soil and many more. Most are practical
activities, whereas others can be thought experiments, such
as a paper-folding activity to help students visualise how
Darwin developed his theory of how coral atolls formed.
Many protocols include an extra section of additional fol-
low-up experiments.

Examples of two of the activities are given below (with-
out the back-up details, which appear on the website).

Images courtesy of Peter Kennett
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7. Ask the students the following
questions, the answers to which are
in the PDFw2:

· In what order do the different
‘layers’ of gas, oil and water
occur?

· Why does the gas (and oil) lie on
top of the water and not the
other way round?

· Are the bases of the ‘layers’ of
gas and oil above the water hori-
zontal or not?

· What will happen when the
bung is removed from the funnel?

· Why might this be a problem in
a real oil or gas well?

8. Remove the bung sharply and see
what happens.

9. Ask why this might be a problem
in a real oil or gas well.

Note: If no cooking oil is available,
the principles can be demonstrated
using only the air blown through the
tubing.

How to weigh a dinosaur 
How can the relationship between

pressure, force and area be used to
estimate the mass of a two-legged
dinosaur from the area and depth of
one of its fossilised footprints?
Dinosaurs sometimes left footprints 
in wet mud or sand, which hardened
to leave trace fossils. We can work out
how heavy the dinosaur was, if we
compare the footprint with the mark
made by a known weight in the class-
room.

We are giving a worked example
here, to make it easier to follow the
calculations, but other values may be
obtained at school, depending on the
equipment availablew3.
Age range: 14-18 years
Time required: 30 min
Learning objectives: Most students
should be able to: 

· Calculate the pressure from a given
force and area;

· Invert the equation and calculate an
unknown force from a known
 pressure and area;

· Debate whether the result gives the

mass of the dinosaur, or if it needs
to be doubled to account for it
being two-legged;

· Appreciate that such calculations
can only be an approximation.

Context: The lesson introduces the
concept that an imprint (trace fossil)
is just as much a fossil as the remains
of the actual body – and can some-
times give very valuable information
on the lifestyle of the organism. It
provides a useful link between
physics, mathematics and geology.

Materials
· Soft, very wet sand in a deep (e.g.

10 cm) container

· A 1 kg mass, or a 1 l plastic bottle
full of water (which imposes a
force of 10 N)

· A calculator and a ruler

· A rectangular block, 2 cm x 2 cm
(i.e. 4 cm2 cross-section) by, say, 10
cm long, preferably marked at 1 cm
intervals

· A diagram showing an outline
drawing of a single dinosaur foot-
print on a 5 cm grid for estimating
the area (overleaf, or to be printed
from the PDFw3)

Procedure
1. Fill the container with sand, and

soak it thoroughly with water.
Pour off any excess water.

2. Stand the rectangular block
upright on the wet sand.

3. Place the 1 kg mass on top of the
block and let it sink into the wet
sand. It imposes a force of about
10 N. Ideally, you would also cal-
culate the weight of the rectangu-
lar wooden block, but it is small
compared to the 1 kg mass, so it
can be ignored, given that the total
force is only approximately 10 N.

4. Measure the depth in centimetres
to which the bottom of the block
sinks into the sand (1.5 cm).

5. Pressure = force/area, so the
 pressure exerted by the block = 
10 N / (2 cm x 2 cm) = 2.5 N/cm2. 

6. The diagram (see image overleaf,

half actual size) shows one foot-
print left by a small two-legged
dinosaur.

7. Measure the area of the dinosaur
footprint, by counting squares on
the diagram, where each square
represents 25 cm2. (Answer: 
325 cm2.)

8. Estimate the average depth in cen-
timetres of the footprint from the
side view in the diagram (3 cm).

9. Assume that the ‘sinking depth’ is
proportional to pressure (i.e. if
pressure is twice as great, the
dinosaur’s foot will sink in twice
as deeply). Calculate the pressure
exerted by the dinosaur’s foot (2.5
N/cm2 x 3 cm / 1.5 cm = 5 N/cm2).

10. Force = pressure x area, so force
(i.e. weight) = 5 N/cm2 x 325 cm2 =
1625 N.

11. There are about 10 N per kg, so
the mass of the dinosaur acting on
one foot would have been 1625 N
/ 10 N/kg = 162.5 kg. This is the
mass of a person about 2.7 metres
(9 feet) tall – a giant!

12. Does this represent the total mass
of the dinosaur? What other expla-
nation could there be?

For a further investigation, students
could devise ways of investigating
whether the sinking depth is indeed
proportional to pressure, using a  variety
of objects on a range of substrates. The
effect of the water content of the sub-
strate could also be investigated.

A teacher demonstrates how to measure
pressure in the sand container
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Footprint of a two-legged dinosaur (shown at half actual size)

Side view along A-B BA
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w1 – The website of the Earth Learning Idea project is:
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w3 – For the PDF of the ‘How to weigh a dinosaur’
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(www.earthlearningidea.com) or use the direct link:
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Resources
Suggested Earth Learning Idea activities to complement

the ‘Trapped oil and gas’ activity include:

Modelling for rocks: what’s hidden inside and why
www.earthlearningidea.com/PDF/Modelling_for_rocks.pdf
www.earthlearningidea.com/PDF/05_Extension.pdf

The space within: the porosity of rocks
www.earthlearningidea.com/PDF/Space_within.pdf
www.earthlearningidea.com/PDF/Porosity_extension.pdf

Where shall we drill for oil? Sorting out the sequence –
oil prospect
www.earthlearningidea.com/PDF/Sorting_Sequence.pdf

Make your own oil and gas reservoir
www.earthlearningidea.com/PDF/64_Oil_gas_reservoir.pdf

In addition, you might find the following articles on
 energy and fossil fuels useful:

De Vries G (2009) Powering the world. Science in School 11:
58-63. www.scienceinschool.org/2009/issue11/energy

Van Dijk M (2009) Hydrocarbons: a fossil but not (yet)
extinct. Science in School 12: 62-69.
www.scienceinschool.org/2009/issue12/energy

To complement the ‘How to weigh a dinosaur activity’,
there is a vast selection of Earth Learning Idea activities
on dinosaurs and fossils, including:

The meeting of the dinosaurs – 100 million years ago
www.earthlearningidea.com/PDF/Dinosaur_
Footprints.pdf

Dinosaur death - did it die or was it killed?
www.earthlearningidea.com/PDF/Crime_scene_final.pdf

A dinosaur in the yard
www.earthlearningidea.com/PDF/Dinosaur_in_the_
yard.pdf

What was it like to be there? - bringing a fossil to life
www.earthlearningidea.com/PDF/37_
What_like_be_there_fossil.pdf

For more information on dinosaur footprints, see:

www.sorbygeology.group.shef.ac.uk/dino.html

www.enchantedlearning.com/subjects/dinosaurs/
dinotemplates/Footprint.shtml 

www.uc.edu/geology/geologylist/dinotracks.html

www.scienceviews.com/dinosaurs/dinotracks.html

For further suggestions of teaching fossils and dinosaurs in
the classroom, see:

Barnes E (2006) The Bone Trail: generating enthusiasm
for earth sciences in the classroom. Science in School 3: 52-
55. www.scienceinschool.org/2006/issue3/bonetrail

Demoncheaux E (2007) Review of Fossils: A Very Short
Introduction and Dinosaurs: A Very Short Introduction.
Science in School 6: 85.
www.scienceinschool.org/2007/issue6/fossils

If you enjoyed this article, you might like to browse the
other earth science articles published in Science in School:
www.scienceinschool.org/earthscience

Earth Learning Idea is run voluntarily by Chris King,
Elizabeth Devon and Peter Kennett from the UK. Chris
King is a professor of earth science education at Keele
University, with prior experience in school teaching and in
industrial geology. Elizabeth Devon and Peter Kennett are
retired geology teachers, the latter having first worked as a
geophysicist for the British Antarctic Survey. All are mem-
bers of the Earth Science Education Unit, administered by
Keele University, the professional role of which is to lead
free workshops for continuing professional development
of teachers throughout the UK.

Contact the Earth Learning Idea team at:
info@earthlearningidea.com
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I magine hiking in the Atacama
region, high in the Andes of

northern Chile, one of the driest and
remotest spots on Earth. At altitudes
of 5000 m and higher, life is not easy
here: the atmospheric pressure is
much lower than at sea level, and
oxygen is scarce. The landscape,
dominated by large volcanoes and
other mountain peaks, occasionally
decorated by salt flats and pictur-
esque formations of ice and snow,
hardly resembles a typical view of
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our planet. Then, in the midst of this
arid and abandoned region, you
become aware of a gigantic construc-
tion – could those be huge satellite
dishes? 

Not exactly. This is the Atacama
Large Millimeter/submillimeter
Array (ALMA), an ensemble of huge,
high-precision antennas that is cur-
rently being built on the Chajnantor
plateau by an international partner-
ship between Europe, North America
and East Asia in cooperation with the

The ALMA Observatory: 
the sky is only one 
step away

Republic of Chile. The European part-
ner in ALMA is the European
Southern Observatory (ESO). ALMA
is a revolutionary observatory which,
when complete in around 2012, will
allow astronomers to observe the light
coming from some of the coldest and
most distant objects in the Universe,
with much better resolution and sen-
sitivity than is presently possible.

ALMA is the largest ground-based
astronomy project in existence. Three
antennas have already been installed

Claudia Mignone and Douglas Pierce-Price
take us on a trip to the Chilean Andes, to
the site of ALMA, the world’s largest radio
astronomy facility, which is set to discover
the secrets of our cosmic origins.

sis_15_RZ.qxq:Layout 1  28.05.2010  19:19 Uhr  Seite 44



Science topics

www.scienceinschool.org 45Science in School   Issue 15 : Summer 2010

– an impressive enterprise given the
challenging conditions of the site.
However, those who visit the
Chajnantor plateau a couple of years
from now will encounter 66 antennas,
54 of which will have 12 m diameter
dishes, and 12 smaller ones, with a
diameter of 7 m each.

The most visible part of each anten-
na is the dish, a large reflecting sur-
face. The dish is what lenses and mir-
rors are to ‘traditional’, or optical, tel-
escopes: it collects radiation coming

from distant astronomical objects, and
focuses it into a detector which meas-
ures the radiation. The difference
between the two types of telescopes is
the wavelength of the radiation
detected. Visible light, captured by
optical telescopes, is just a small part
of the spectrum of electromagnetic
radiation (see box on page 46), with
wavelengths between 380 and 750 nm
(millionths of a millimetre). ALMA, in
contrast, will probe the sky for radia-
tion at longer wavelengths from a few

Physics
Astronomy
Ages 15-19

It is not uncommon for teachers to mention optical tele-
scopes during physics lessons but references to telescopes
that make use of other types of radiation are less common.
This article is interesting as it gives an insight into an ongoing
project to build a radio telescope.

Teachers would find this article particularly useful and appli-
cable in a discussion about the resolving power of an instru-
ment. Suitable comprehension questions include ‘Why do
the antennas need to be spread out over a large area?’ and
‘Why can’t a single instrument be used?’

Paul Xuereb, MaltaR
E

V
IE

W

hundred micrometres to about 1 mm.
This is known as millimetre and sub-
millimetre radiation, a subset of radio
waves.

ALMA’s dishes differ from the mir-
rors of a visible-light telescope in both
smoothness and size. The reflecting
surfaces of any telescope must be vir-
tually perfect: if they have any defects
that are larger than a few per cent of
the wavelength to be detected, the tel-
escope will not produce accurate
measurements. The longer wave-

Image courtesy of ALMA (ESO / NAOJ / NRAO) / L Calçada

An artist’s impression of the
ALMA array, in an extended
configuration

sis_15_RZ.qxq:Layout 1  28.05.2010  19:20 Uhr  Seite 45



The European antenna
 prototype for ALMA

Im
age courtesy of ESO

Detecting astronomical objects along the
 electromagnetic spectrum

Visible light is just a small part of the whole spectrum
of electromagnetic radiation. The different parts of the
spectrum, or spectral bands, are, in order of decreasing
wavelength and increasing frequency: radio waves
(including microwaves and (sub)millimetre radiation),
infrared, visible, ultraviolet, X-rays and gamma rays. 

Because different physical processes in the Universe
emit light at different wavelengths, each class of objects
in the Universe shines most brightly in one or several
particular spectral bands. Modern astronomers often try
to target many bands, using different telescopes, since
each set of observations provides a complementary
piece of the puzzle; this approach is called multi-
wavelength astronomy.

However, Earth’s atmosphere complicates matters,
because it absorbs most of the radiation. Although this
protects us, it makes life difficult for astronomers: only
a tiny fraction of the electromagnetic spectrum is
observable from the ground, and often in these cases,
the quality of the observations strongly depends on the
geographical site. This is why choosing an excellent site
such as Chajnantor for ALMA is so important. In other
spectral bands, especially at very short wavelengths,
astronomers need telescopes aboard satellites in orbit
around our planet, outside the obscuring layer of the
atmosphere.
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Atmospheric opacity: the level of the
brown curve represents how opaque the
atmosphere is at the given wavelength.
The major windows are at visible wave-
lengths (marked by the rainbow) and at
radio wavelengths from about 1 mm to
10 m. ESO’s Very Large Telescope oper-
ates in the visible and infrared light
region and ALMA operates in the
(sub)millimetre region, where the opacity
depends strongly on how high and dry
the site is. Observations at wavelengths
where the atmosphere is opaque require
space telescopes (shown at the top of the
image)

length to be detected by ALMA’s
antennas means that although they
are accurate to much less than the
thickness of a single sheet of paper,
the dishes do not need the mirror fin-
ish used for visible-light telescopes.
So although ALMA’s dishes look like
giant metallic satellite dishes, to a
(sub)millime tre-wavelength photon,
they are still almost perfectly smooth
reflecting surfaces, focusing the pho-
tons with great precision.

The resolution (or degree of detail
in the image) of a telescope depends
both on the wavelength at which it
operates and on the size of its aper-
ture – the diameter of the main dish
or mirror. The longer the wavelength,
the worse the resolution; and the larg-
er the diameter, the better the resolu-
tion. The relationship between the
angular size of the smallest details
that can be distinguished (θ), the
wavelength (λ) and the diameter (D)
is given by: θ≈ λ/D. Note that small θ
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Image courtesy of ESA Hubble / F Granato
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(angle) values represent finer details
and hence better resolution.
Consequently, a (long-wavelength)
radio telescope with the same-sized
dish as a (short-wavelength) visible-
light telescope would have a worse
resolution. 

Therefore, to achieve a resolution
comparable with that of state-of-the-
art visible-light telescopes, a radio tel-
escope like ALMA would need a
reflecting surface with a diameter of a
few kilometres – clearly unfeasible.
This is why ALMA consists of an
array of many individual antennas
spread out over a very large area,
working together in what is known as
an interferometer. 

The resolution of an interferometer
is given by θ≈ λ/B, where θ is the res-
olution, λ the wavelength and B the
maximum baseline, the separation

between a pair of antennas in the
array. In other words, an interferome-
ter acts like a single telescope as large
as the whole array.

Increasing the maximum distance
between the antennas increases the
resolving power of the interferometer,
allowing it to detect smaller details.
The ability to link antennas over base-
lines of many kilometres is crucial to
obtain extremely good resolution and
a high degree of detail in the images.

ALMA’s main array will have fifty
12 m antennas, arranged in configura-
tions spread over distances from
150 m to 16 km. The array will thus

simulate a giant, single telescope
much larger than any that could actu-
ally be built. In fact, ALMA will have
a maximum resolution which is even
better than that achieved at optical
wavelengths by the Hubble Space
Telescope.

The remaining four 12 m antennas
and the twelve 7 m antennas will
form the Atacama Compact Array.
The smaller 7 m antennas can be clus-
tered more closely together; because
of the way interferometers behave,
this compact arrangement allows
them to see the broader structure or
‘big picture’ of the astronomical

Colour composite image of the star-forming region RCW120. It reveals how an
expanding bubble of ionised gas about ten light-years across is causing the sur-
rounding material to collapse into dense clumps where new stars are then formed.
The cold and dense clouds emit light at submillimetre wavelengths, shown in blue,
and are an ideal target for telescopes such as ALMA.
In this image, the 870 μm submillimetre-wavelength data were taken with the
LABOCA camera on the 12 m Atacama Pathfinder Experiment (APEX), a single-dish
telescope based on a prototype ALMA antenna, also on the Chajnantor plateau

Image courtesy of ESO / APEX / DSS2 / SuperCosmos / Deharveng (LAM) / Zavagno (LAM)
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objects that are observed. In addition,
the four 12 m antennas will be used
separately to measure the absolute
brightness of the objects observed,
which is a quantity that cannot be
measured with an interferometer.

The different configurations of the
telescope allow astronomers to probe
both the broad structure of an astro-
nomical source and its very finest
details. However, to switch between

compact and wide configurations of
the array, the antennas must be physi-
cally moved. This is done with two
custom-built transporters, designed to
lift the antennas, which each weigh
more than 100 tonnes, move them
kilometres across the desert, and posi-
tion them on concrete docking pads
with millimetre precision.

One of the goals of ALMA is to cap-
ture radiation from very distant

galaxies: they were among the first to
form in the history of the Universe,
and we see the light that they emitted
over ten billion years ago. The wave-
length of the light emitted by these
remote galaxies is ‘stretched’ as it
travels toward us, because the
Universe is expanding: what starts as
infrared light eventually reaches
Earth with millimetre or submillime-
tre wavelengths. This makes a tele-
scope like ALMA the ideal tool to
hunt for the very first galaxies and
explore how structure formed in the
Universe. 

ALMA will also explore in unprece-
dented detail many stellar nurseries –

Centaurus A, located about 13 million light-years from Earth. Centaurus A is
known as an active galaxy, meaning that a supermassive black hole in its heart
is frantically devouring the surrounding matter, releasing copious amounts of
energy over a wide swathe of the electromagnetic spectrum and ejecting high-
ly energetic particles in two symmetric jets. This colour composite, obtained
with three instruments operating at very different wavelengths, reveals the
lobes and jets emanating from the active galaxy’s central black hole.

The 870 μm submillimetre data, from LABOCA on APEX, are shown in orange.
X-ray data from the Chandra X-ray Observatory are shown in blue. Visible light
data from the Wide Field Imager (WFI) on the MPG / ESO 2.2 m telescope
located at La Silla, Chile, show the background stars and the galaxy’s charac-
teristic dust lane in close to ‘true colour’

Image courtesy of ESO / WFI (optical); MPIfR / ESO / APEX / A Weiss et al. (submillimetre); NASA / CXC /CfA / R Kraft et al. (X-ray)
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the vast, cold clouds of gas and cosmic dust grains in
interstellar space where new stars are born. The light pro-
duced by these young stars is absorbed and re-emitted, at
longer infrared and (sub)millimetre wavelengths, by the
dust. Observed through an optical telescope, these regions
are often obscured by the dust grains and therefore dark,
but they shine brightly in the (sub)millimetre part of the
spectrum. ALMA will be the most powerful telescope for
observing these extremely cold clouds, and it will deliver
images of them with an unprecedented degree of detail.
Thanks to ALMA, astronomers will be able to make
detailed images of stars and planets being born in gas
clouds near our Solar System and to better understand
how stars, planetary systems and even life itself formed.

(Sub)millimetre radiation, therefore, opens a window
onto the cold and the distant Universe, but it is very chal-
lenging to detect because it is heavily absorbed by the
water vapour in the Earth’s atmosphere. For this reason,
telescopes for this kind of astronomy must be built on
high and dry sites, where the atmosphere is rarefied and
its water vapour content minimal. This is why the
Chajnantor plateau at 5000 m altitude, one of the driest
places on Earth, was chosen for ALMA. Here, astronomers
will enjoy unsurpassed conditions for observing the
Universe, but the price to pay is high, as they must oper-
ate a frontier observatory under very difficult conditions.
Working at these high altitudes, the astronomers will be
exposed to the same problems that mountaineers experi-
ence, such as altitude sickness, low atmospheric pressure
and lack of oxygen to breathe. To make technical opera-
tions and everyday work easier, a base camp has been
built at a lower altitude of about 2900 m. In short, if a site
is good for (sub)millimetre astronomy, you most certainly
do not want to live there.

Although the village of San Pedro de Atacama is located
just some 50 km away, walking around the ALMA site
feels almost like visiting another planet. The plateau of
Chajnantor is so high up that the frantic routine of urban
life is but a pale memory, and this helps make it a unique
location on Earth to explore the hidden and distant mys-
teries of the cosmos. From here, space is just one step
away.

Resources
The website of In Search of our Cosmic Origins, a planetari-

um show about ALMA, provides teachers and educators
with a series of worksheets, including detailed informa-
tion and practical exercises about the scientific and tech-
nical topics presented in the article. See:
www.cosmicorigins.org and
www.cosmicorigins.org/education.php

For more information about ALMA, see
www.eso.org/alma and www.almaobservatory.org

To watch ESO’s video podcast about ALMA, see:
www.eso.org/public/videos/eso0849b

For a short video introduction to ALMA, see:
www.eso.org/public/videos/almatrailer2009

For more videos about ALMA, see:
www.eso.org/public/videos/archive/category/alma

To learn more about the Atacama region and how, as part
of the ALMA project, the historical and environmental
aspects of the region are being respected, see the ALMA
website (www.almaobservatory.org) or use the direct
links: http://tinyurl.com/ydg2usl and
http://tinyurl.com/yamfh77

If you enjoyed this article, you might like to browse all
astronomy articles previously published in Science in
School. See: www.scienceinschool.org/astronomy

Claudia Mignone studied astronomy at the University of
Bologna, Italy, and then moved to Germany for a PhD in
cosmology at the University of Heidelberg. Her research
focused on methods to infer the properties of the expan-
sion of the Universe. She enjoys writing about science and
society, and explaining science to people who are not
closely involved with it. These interests led her to move
into science communication, first as a communications
intern at the European Southern Observatory (ESO) and
now as a science writer at the European Space Agency
(ESA).

Douglas Pierce-Price is the public information officer for
ALMA and APEX at the ESO headquarters in Germany.
Before joining ESO, he completed his PhD at the astro-
physics group of the University of Cambridge, UK, and
worked in astronomical outreach at the Joint Astronomy
Centre in Hawaii, USA.
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The first three ALMA
 antennas, on the Chajnantor
plateau in late 2009
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There may be a hidden epidemic
waiting to occur, with millions of

people already infected; we cannot
prevent or cure it, and we cannot
even diagnose it until the fatal symp-
toms appear. The disease is variant
Creutzfeld-Jacob disease (vCJD), one
of a group of diseases known as
transmissible spongiform
encephalopathies (TSEs), which are
caused and transmitted by abnormal
forms of prion proteins. Examples of
TSEs include not only vCJD, but also
scrapie in sheep, bovine spongiform

encephalopathy (BSE or mad cow dis-
ease) in cattle and kuruw1 in humans.
These diseases create large fluid-filled
holes in the brain tissue because the
accumulation of aberrant prions caus-
es the neurons (nerve cells) to die. It is
these characteristic holes that give the
diseases their names: spongiform
(sponge-like) encephalopathies (brain
diseases).

TSEs affect the central nervous sys-
tem, with symptoms including prob-
lems with co-ordination and balance,
shakiness and uncontrollable jerking

movements. In humans, TSEs also
cause personality changes and
depression, and sufferers may experi-
ence confusion, memory problems
and insomnia. As the diseases
progress, most mental functions are
lost, including the ability to speak. All
TSEs are fatal, and as yet, there is no
cure.

Prions are specific proteins found
mainly in the nervous system, where
– in their normal forms – they may
have important functions. For exam-
ple, studies on sea slugs, Aplysia, sug-

Since the epidemic of ‘mad
cow disease’ in the 1980s
and 90s, and the emergence

of its human  equivalent,
variant Creutzfeld-Jacob

 disease, there has 
been a great deal 
of research into
 prions, the
causative agents.
Mico Tatalovic
reviews the current

state of knowledge.

Deadly 
proteins: 
prions
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gest that prions have a crucial role in
memory formation (Kausik et al.,
2010). Infectious prions are abnormal
(aberrant) forms of prion proteins that
replicate inside the host by forcing
normal proteins of the same type to
adopt the aberrant structure. This has
a domino effect whereby a small
number of aberrant prions can affect
many normal ones and eventually
lead to disease. As the aberrant prions
form amyloids – aggregates of protein
– in the cells, the cells die, creating
holes in the brain.

Prions are the only known case of
self-propagating pathogenic (disease-
causing) proteins, and they are able to
cause severe illness even though they
seem to be just protein molecules:
unlike bacteria, viruses or other
known pathogens, they have no infor-
mation encoded in nucleic acids
(DNA or RNA) about how to invade
and replicate within the host. There is
still a veil of mystery around prions
and exactly how they replicate, cross
the blood-brain barrier and cross the
species barrier – i.e. infect different
species of host.

It was in the 1960s that investiga-
tors first found that TSE disease-
 causing agents appeared to lack nucleic
acids; Tikvah Alper suggested that the
agent was a protein. This idea sound-
ed heretical because all other known
disease-causing agents contained
nucleic acids and their virulence and

Biology
Mathematics
Genetics
Health care
Age 14+

Many people have heard of vCJD or mad cow disease but know lit-
tle about the causative agent and the disease itself. This article
explains the disease and cites up-to-date research on the causative
agent, a prion. This will be useful for the infectious diseases topic in
many science curricula and for general knowledge in other sub-
jects. The links to data on BSE could be used in mathematics lessons
or for learning to draw relevant graphs from data. The article lends
itself to discussions about food safety, the effect of the disease out-
break on the British beef farmers, as well as comprehension and
extension work. Some comprehension ideas include:

1. Over how many years have prions been researched?

a) 10 years

b) 25 years

c) 30 years

d) 40 years

2. Who won a Nobel Prize for research into prions?

3. What is a prion?

4. Describe the effects of spongiform encephalopathies.

5. Which tissues have prions been discovered in?

6. How could prions be spread?

Ideas for extension work are:

1. Research the BSE outbreak in the UK in the late 1980s and
describe the measures that were introduced to limit it. 

2. State Koch’s postulates. Explain why prions did not fit into this
hypothesis until recently.

Shelley Goodman, UKR
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Colour-enhanced image of prion
proteins (orange) from an animal

infected with scrapie

Potential
sources of

prion infection:
blood, milk and
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pathogenesis were genetically
determined. However, three
decades of subsequent investiga-
tions, pursued most notably by
Stanley Prusiner, who was award-
ed the Nobel Prize in Physiology
or Medicine in 1997 for his work
with prions and TSEs, resulted in
the wide acceptance of this ‘pro-
tein-only hypothesis’w2.

Nevertheless, there are still those
who believe that prion diseases
are actually caused by unconven-
tional viruses and that prion pro-
teins are just part of this mysteri-
ous virus. Koch’s postulates
describe what is needed to prove
that a certain agent causes a par-
ticular disease; one of the neces-
sary steps is to use that agent to
induce the disease in a healthy
organism. To prove that a TSE is
indeed caused by the prion pro-
tein itself, the isolated, purified
aberrant prions must be used to
transmit the disease. It wasn’t
until February 2010 that exactly

this was done, adding further sub-
stantial evidence for the protein-only
hypothesis (Wang et al., 2010).

Why do some scientists fear a
vCJD epidemic?

The most worrying prion strain is
the one that causes vCJD – a form of
mad cow disease that has crossed the
species barrier to infect humans (see
box). The first case of vCJD appeared
in the UK in 1996 and has since killed
168 people there, with a peak in 2000
when 28 people diedw3, and there
have been small numbers of cases in
other countries including France,
Italy, Ireland, Canada and the USA.
Exact numbers of people infected or
dying from this disease around the
world are not known and although
there is still uncertainty about how
people become infected, the main
infection route is thought to be
through eating infected beef.

Most other prion diseases, includ-
ing ‘normal’ CJD, are genetic or occur
for unknown reasons, and affect eld-
erly people. Variant CJD differs from
CJD in that it affects young people
and the aberrant prions are found not
only in the brain but also in tissues
such as blood, tonsils and appendices;
this opens new ways of transmission
to the entire population and not only
the elderly.

For example, prions could be
spread through blood transfusions. In
the UK, donated blood is leucodeplet-
ed (the leucocytes, which may har-

BSE (mad cow disease)
BSE came to scientists’ attention in 1986 when the first cases of a new
neurological disease in cattle were discovered in the UK. The cause
was traced to the use of beef products in cattle feed. In the resulting
BSE epidemic, 181 376 cases of BSE were recorded in the UK by
November 2002 and millions of cattle were culled to halt the epidem-
ic. The first cases outside the UK appeared in 1989 and since then
there have been several thousand cases in other countries, including
most of the European countries, the USA, Canada, Japan and Israel.
However, cattle feed with bovine parts was banned in the UK in 1988
and there are strict monitoring procedures in place to keep track of
BSE.

Cases of BSE peaked in the UK in 1992 (37 280 cases) and have
decreased dramatically since then (12 cases in 2009). The number of
cases in other countries peaked some years later (2001-03) but has
also decreased dramatically since thenw5.B
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Portrait of
bacteriologist
Robert Koch
(1843-1910)
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So perhaps we are all susceptible to
prion infection.

Because of all of these possible
transmission routes and uncertainties
in how important they are, the results
of studies predicting the number of
people dying from vCJD in the UK
range from several hundred to more
than ten million people. Even though
it now looks as though the vCJD epi-
demic in the UK is diminishing, this
may be just because many infected
people are still developing symptoms.
No one knows for sure. Ongoing
research will elucidate just how risky
prion diseases are to public health.

are we all equally at risk? Several
studies have shown that vCJD only
affects people with certain variants
(alleles) of a particular gene (prnp);
other people seem to be resistant or
do not develop the symptoms as
fastw4. Worryingly, about 40% of the
Western European and North
American population and up to 92%
of the Japanese population are
homozygous for these susceptibility
alleles. Furthermore, research on kuru
suggests that even individuals with-
out the susceptibility allele may
become infected but simply take
much longer to develop symptoms.

bour infectious prions, are removed).
Many other countries (e.g. Germany)
ban blood donations from people who
have lived in the UK.

The disease may also be spread by
surgical instruments: infectious prions
are resistant to high temperatures,
irradiation and common chemical
treatments that destroy other known
pathogens. Estimates of how serious
the risk is vary.

Furthermore, prions have also been
found in the epididymis and seminal
plasma tissues of rams (Gatti et al.,
2002). Such findings led to concern
about prion infection via sperm dona-
tions and even resulted in a US ban
on sperm donations by Europeans
and men who have lived in Europe.
Nonetheless, a survey of experts
worldwide estimated that the chance
of prion transmission via sperm was
less than 1:10 000 000 (Mortimer &
Barratt, 2006).

But tissue contact – whether via
sperm or blood or on surgical instru-
ments – is not the only potential
source of transmission: most of us
consume milk and dairy products. In
2006, a team of scientists from
Switzerland detected low levels of the
normal form of prions in milk bought
in European shops (Franscini et al.,
2006). Another study found that aber-
rant prions were able to replicate
within mammary glands of scrapie-
infected sheep (Ligios et al., 2005).
Taken together, these results suggest
that aberrant prions might be present
in the milk of animals suffering from
prion diseases. As prion disease
symptoms take several years to devel-
op, aberrant prions may be present in
milk that is sold before the animals
are diagnosed with the illness.
Nonetheless, although it is not yet
possible to give a clear estimate of the
risk, it is generally thought that milk
is safe until proven otherwise.

It seems, therefore, that we could
contract vCJD via several routes
although the risk is probably low. But

Data source: The National Creutzfeldt-Jacob Disease Surveillance Unit (March 2010), Image courtesy of Nicola Graf

UK 172 (4)
France 25 (0)
Republic of Ireland 4 (0)
Italy 2 (1)
USA 3 (0)
Canada 1 (0)
Saudi Arabia 1 (1)
Japan 1 (0)
Netherlands 3 (0)
Portugal 2 (0)
Spain 5 (0)

Number of cases of vCJD (number alive)

Human sperm
and egg
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Web references
w1 – Information about kuru is available on the website of

the US National Institute of Neurological Disorders and
Stroke: www.ninds.nih.gov/disorders/kuru

In 1976, Carleton Gajdusek received the Nobel Prize in
Physiology or Medicine for his work on kuru. More
information is available in the press release, his autobi-
ography, Nobel Prize lecture and other materials on the
Nobel Prize website. See:
http://nobelprize.org/nobel_prizes/medicine/
laureates/1976

w2 – To learn more about Stanley Prusiner’s work, see the
press release, his autobiography and other materials on
the Nobel Prize website:
http://nobelprize.org/nobel_prizes/medicine/
laureates/1997

w3 – Statistics on the reported cases of BSE and deaths
from vCJD are available on the website of the European
Centre for Disease Prevention and Control:
(www.ecdc.europa.eu) or via the direct link:
http://tinyurl.com/yjbx8tn

w4 – To learn more about the genetic disposition to devel-
op prion diseases, see the website of the prion unit at the
UK’s Medical Research Council (www.prion.ucl.ac.uk)
or use the direct link: http://tinyurl.com/yaqau4a

w5 – Statistics on BSE and many other animal diseases are
available on the website of the World Organisation for
Animal Health: www.oie.int

Resources
More information about prions is available on the websites

of the US Centers for Disease Control and Prevention:
www.cdc.gov/ncidod/dvrd/prions

To learn more about BSE, see the website of the World
Health Organization:
www.who.int/zoonoses/diseases/bse/en

Research papers that may be of interest include:

Aguzzi A, O’Connor T (2010) Protein aggregation dis-
eases: pathogenicity and therapeutic perspectives.
Nature Reviews Drug Discovery 9: 237-248. doi:
10.1038/nrd3050

Collinge J, Clarke AR (2007) A general model of prion
strains and their pathogenicity. Science 318: 930-936. doi:
10.1126/science.1138718

Di Guardo G, Marruchella G (2010) Prions and neuronal
death. Cell Death and Disease 1: e6. doi:
10.1038/cddis.2009.9

Welberg L (2010) Prions: a protective role for prions.
Nature Reviews Neuroscience 11: 151. doi: 10.1038/nrn2812

Koch’s postulates were published in the late 19th century
by Robert Koch. For a more recent discussion of the pos-
tulates and their validity, see:

Evans AS (1976) Causation and disease: the Henle-Koch
postulates revisited. The Yale Journal of Biology and
Medicine 49: 175-195
The article can be downloaded free of charge from
PubMed Central (www.ncbi.nlm.nih.gov/pmc) or via
the direct link: http://tinyurl.com/y9t2pd8

To browse all biology-related articles in Science in School,
see: www.scienceinschool.org/biology
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O n 3 February 2010 in Haiti,
approximately 200 000 people

were killed and 280 000 buildings col-
lapsed or were severely damaged by
an earthquake. Closer to home – in
Abruzzi, Italy – an earthquake in the
early morning of 6 April 2009 caused
more than 300 deaths and prompted
the evacuation of 60 000 people.

Seismic: related to an
 earthquake or earth vibration

Because they are the consequence of
tectonic motions, earthquakes cannot
be controlled or easily predicted; we
can only analyse the intensity and fre-
quency of earthquakes statistically
(for more information, see Latchman,
2009). For a given region, the expect-
ed intensity of earthquakes is inverse-
ly proportional to their frequency of
occurrence: minor earthquakes are
more frequent than strong ones.

Although we cannot escape earth-
quakes, we can resist them, for exam-
ple by designing earthquake-proof –

or anti-seismic – buildings.
An earthquake is a ground motion

characterised by oscillations in three
dimensions; the effects of this motion
on buildings can be considerable.
Earthquakes cause buildings to move
very rapidly; the building’s mass
multiplied by the acceleration caused
by the earthquake produces very
large forces, as described by Newton’s
second law of motion (force = mass x
acceleration). Because houses and
other common structures are
designed to support their own
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Earthquakes can be devastating. Is there anything we can do to
resist them? Francesco Marazzi and Daniel Tirelli explain how
earthquake-proof buildings are designed and tested.
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The article is particularly interesting because it
explains clearly what is being done to design and test
earthquake-proof buildings. The article can be used as
an introduction to the topic of general waves or seis-
mic waves in physics and in geography lessons. It is
ideal for introducing the theme of earthquakes
because it explains their nature and shows why severe
damage occurs to buildings as a result of Newton’s
laws. It could be used to start a discussion about the
destruction caused by earthquakes, their impact on
society and what can be done to limit the damage.

Moreover, this article provides valuable background
reading and recommends websites to make students
aware of how science can benefit society. It also
makes both students and teachers aware of scientific
organisations such as ELSA that work to enhance the
safety of citizens. Sometimes we tend to get lost in
formulae and theories and treat science as a purely
academic subject. This article, however, gives a con-
crete example of how the science studied in class is
applied in real situations, such as earthquakes,
which unfortunately lately have occurred in various
countries, creating destruction and havoc.

The article could be used as a comprehension exer-
cise for subjects in which earthquakes are part of the
syllabus or if earthquakes (not specifically part of the
syllabus) are used to discuss waves. Suitable ques-
tions include:

1. What is an earthquake?

2. With reference to Newton’s second law of
motion, why is the force acting on a building so
large during an earthquake?

Physics
Geography
Waves
Ages 10-19

3. Name two techniques used to test anti-seismic
buildings. Explain briefly how these work.

4. In view of the natural disasters that have devastat-
ed some countries recently, do you think that
these techniques should be used more widely?
Explain your answer.

The article could be used in different ways for differ-
ent age groups:

10-12: to give a general description of what an earth-
quake is and keep the students informed about what
is happening in European and other countries.

12-15: to introduce the topic of earthquakes and
inform students of their nature and how they occur.
The article could also be used to demonstrate that a
whole branch of science is dedicated to studying
these events and minimising their effects.

16+: to introduce the topic, which could then lead to
a more detailed study of seismic waves. The article
could also show how science is used for the benefit
of citizens. Moreover, students could discuss how
countries deal with earthquakes and understand how
the science studied in class is applied in real con-
texts.

Catherine Cutajar, Malta
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weight, they can usually resist the
additional vertical forces caused by
the vertical movements of the earth-
quake. Horizontal forces, however,
are often underestimated or over-
looked during the design phase, so
buildings may collapse when subject-
ed to an earthquake.

For economic and practical rea-
sons, anti-seismic buildings need to
have appropriate levels of earthquake
resistance: even the strongest earth-
quake should not cause the building
to collapse, although a certain level of
damage would be acceptable. A

minor earthquake, in contrast, should
not cause even minor damage, such
as repairable cracks. The design of an
anti-seismic building should also take

into account its importance and func-
tion: a hospital or a fire station, for
example, must remain operative even
after the strongest earthquake.
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Earthquake
simulation
methods: a
shaking table
(left) and a
reaction wall
and strong
floor system
(right)
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Despite the enormous progress in
computer modelling and simulation
of buildings’ responses to earth-
quakes, experimental testing is still an
important part of the development of
anti-seismic buildings. Engineers use
small- or full-scale models to investi-
gate a structure’s response to an
earthquake: how safe would the
building be in an earthquake and how
could it be improved? 

There are currently two comple-
mentary experimental techniques to
simulate the effect of an earthquake
on a structure: one based on the shak-
ing table and the other on the reaction
wall and strong floor system (see image
on page 56). A shaking table is a plat-
form that mimics an earthquake by
producing vibrations in one, two or
three dimensions. The test building –
normally a scaled-down model – is
placed on the shaking table and
exposed to the ‘earthquake’ and the
effect is noted. Does the building fall
down? Do cracks appear in the walls?
How does the damage occur? How
long an earthquake can the building
withstand? The drawback of this sim-
ulation is that it cannot be halted
partway through the ‘earthquake’:
only the final damage can be
assessed.

The reaction wall and strong floor
system, in contrast, allows full-scale
buildings to be tested. The building is
placed on the floor of the system and

hydraulic arms attached to the reac-
tion wall exert pressure on the build-
ing, corresponding to an earthquake.
The earthquake can be simulated in
slow motion – a real-life earthquake
lasting only a few seconds can take
hours to simulate. This allows the
damage to the building to be closely
monitored; the test can be paused for
engineers to examine the building
more closely or to prevent it from col-
lapsing completely. Sensors record the
effects of the simulated earthquake on
the building, including deformation,
stress, inclinations and force.

Europe’s largest reaction wall and
strong floor system is at the European
Laboratory for Structural Assessment
(ELSA)w1, where it is used to test ways
in which large-scale structures (such
as bridges and buildings) can be
strengthened and repaired.

As can be demonstrated experimen-
tally, the likely damage caused by an
earthquake to a building (its seismic
vulnerability) can be reduced in sever-
al ways. One is to separate the build-
ing from the ground, so that vibra-
tions caused by the earthquake are
not transmitted to the building. Base
isolation, for example, involves intro-
ducing a sliding system between the
foundation and the lower part of the
building. Another approach is to con-
centrate the damage in pre-defined
parts of the structure: this allows the
dissipation of the earthquake’s energy

Im
ages courtesy of ELSA

Transporting a building inside the
ELSA laboratory

The ELSA laboratory

Seismic testing at ELSA of a full-scale
3D building
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ELSA has an interactive laboratory for children, which
includes a small shaking table; as it can be easily trans-
ported, shaking-table demonstrations can be conduct-
ed either during school visits to ELSA, in Ispra, Italy, or
directly in schools (see Anthoine et al., 2010).

A demonstration of the principles of structural dynam-
ics first introduces children to concepts such as natural
frequency, mode shape and vibration, and to the basic
ideas of sensors and data collection. The students are
then invited to assemble structures made of special
stone bricks and to test them on the shaking table. They
can give free rein to their imagination: some houses
have several doors and windows, while others are more
similar to bunkers, pyramids or Greek temples.

The model houses are then placed on the shaking table
and exposed to a simulation of a real, recorded earth-
quake. The students are asked to describe what they
observe and to explain why houses behave differently
when subjected to the same earthquake. This intro-
duces the concept of seismic risk: the combination of
seismic vulnerability (how sensitive the house is to

earthquakes) and seismic hazard (how strong is the
largest earthquake expected in a given location). The
only way to reduce the seismic risk is to reduce the vul-
nerability; we have no power over hazard!

One of the most effective methods for reducing vulner-
ability – base isolation – can be seen on our little shak-
ing table, which has three rolling tubes of small radius
supporting the base of the model. These tubes separate
the building from the ground and ensure that vibrations
from an earthquake are not transmitted upward. The
effectiveness of this system is easily shown when two
identical models, one with base isolation and the other
without, are tested at the same time: the earthquake
will destroy the non-isolated building whereas the
other will remain intact.

School activities at ELSA

Teaching activities
at ELSA

Im
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‘Close confinement
stirrups’ would have
helped this house in
L’Aquila to withstand
the earthquake in 2009

Church of Concezione, Paganica, L’Aquila, Italy and prevents unexpected behaviour. For
example, if iron parts are inserted at struc-
tural nodes (e.g. where beams are connected
to columns), these pieces will be deformed
during the earthquake instead of the build-
ing itself.

The design of a building is extremely
important. Regular designs, for example, are
more resistant to earthquakes than irregular
ones because they are less subject to torsion-
al effects (twisting) and thus to local stresses
and deformations. Smaller details are also
very important. Walls should be well con-
nected to each other and to the floors, mak-
ing the house resist the earthquake as a
whole (the structure is said to exhibit ‘box
behaviour’). In old masonry houses, insert-
ing tie-rods at floor level links the structural
walls and the floor together, so that they
function as a single element, sharing defor-
mations and stresses. This improves the
overall energy dissipation capacity of the
building. In new buildings, concrete ele-
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Resources
Kirschbaum T, Janzen U (2006) Tracing earthquakes: seis-

mology in the classroom. Science in School 1: 41-43.
www.scienceinschool.org/2006/issue1/earthquakes

The United Nations International Strategy for Disaster
Reduction has developed an online disaster simulation
game (Stop Disasters!). See: www.stopdisastersgame.org

The BBC website has some good animations about earth-
quakes. See: http://news.bbc.co.uk/2/hi/4126809.stm

The website of the United States Geological Survey’s
Earthquake Hazards Program has very extensive infor-
mation about earthquakes, including animations. See:
http://earthquake.usgs.gov/earthquakes

For a video (Demonstration of Friuli Earthquake effects on
buildings) recorded at ELSA, see:
http://elsa.jrc.ec.europa.eu/publications/Friuli1976_2.wmv

Available on Google books, this is a technical but clear
explanation of the main aspects of seismic engineering:

Committee on Earthquake Engineering Research (1982)
Earthquake Engineering Research – 1982. Washington DC,
USA: National Academy Press. http://books.google.it

For a collection of photographs of earthquake-damaged
structures, with a very brief explanation of how the
damage happened, see the Earthquake Engineering

Slide Information System website:
http://www.ikpir.com/easy/html/ang/index.htm

For a list of the main earthquakes in Italy (as an example),
see:
http://en.wikipedia.org/wiki/List_of_earthquakes_in_
Italy

For more information about earthquakes, see also the main
Wikipedia page on this topic:
http://en.wikipedia.org/wiki/Earthquake

If you enjoyed reading this article, why not browse the full
collection of earth science articles published in Science in
School? See: www.scienceinschool.org/earthscience

Dr Francesco Marazzi is a high-school teacher temporar-
ily on secondment, doing post-doctoral research on
dynamics and seismic testing at ELSA. When he returns to
the classroom, his experience in such a large and advanced
laboratory will enable him to demonstrate to his pupils
how important physics, mathematics and information
technology are to the ‘real world’. In his work at ELSA,
mathematics is useful for modelling particular phenomena
or analysing data. Physics is useful for properly conduct-
ing the experiments, for developing new protection
devices and for judging the results of the simulations and
data analysis. Finally, informatics is the tool used in all
aspects of his research work. In short, he plans to use his
experience to motivate his students.

Dr Daniel Tirelli is a researcher at the European
Laboratory for Structural Assessment (ELSA), part of the
European Commission’s Joint Research Centre in Ispra,
Italy. One of the current collaborative activities at ELSA is
the development of the Eurocodesw2, common standards
for the design of buildings and other civil engineering
works, to be introduced in 2010. One of these standards
(Eurocode 8) is dedicated to the design of appropriate
anti-seismic structures, including how the structures
should be designed, tested and modified.

ments may be held firmly together by ‘close confinement
stirrups’; this significantly improves the earthquake resist-
ance of the building at a negligible cost. 

Anti-seismic devices are important not only to save
lives but also to protect our cultural heritage: ELSA car-
ried out tests on a full-scale model of part of the
monastery of Saõ Vicente de Fora in Lisbon, Portugal, and
on a half-scale reconstructed façade of the Palazzo Geraci
in Palermo, Italy. As a result of these tests, ELSA was able
to contribute to general guidelines for protecting historic
monuments from earthquake damage. Testing a passive energy dissipator

Image courtesy of ELSA
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I n Issue 11 of Science in School, 
we interviewed science writer

Rebecca Skloot and launched a com-
petition for students to write a science
story suitable for publication in a
magazine or newspaper (Furtado &
Rau, 2009). We asked Rebecca what
made a good science story. Her
answer? “To me, good science writing
is really just good writing that hap-
pens to be about a scientific topic. At
the basic story level there is no differ-
ence.” So, she says, you need the
same basic ingredients in science writ-
ing as in any kind of storytelling:
characters, scenes, actions and a plot.
These were some of the features we
were looking for in the 117 entries
submitted by students from across
Europe.

It seems that the challenge we set in
our competition was a tough one:
many entrants (or their teachers)
seemed to find the idea of writing an
engaging story about science difficult.
We received a lot of experimental
reports – many of them good, but not
what we were looking for. And we
received quite a few engagingly writ-
ten stories – but not about science.
Fortunately, we also received plenty
of entries that met all our criteria, and
then the fun really began: our jury of
six editors and science writers read,
re-read, discussed and argued over
the entries. We’d like to congratulate
all of the students and teachers who
took the time and made the effort to

put pen to paper and send us their
entries. We enjoyed reading all of
them.

Our particular congratulations go
to:

· Thomas Johnson, winner of the
under-16 category, for his readable,
thoughtful and well structured
story of Mary Leakey’s discovery
of early human footprints

· Annika Marx, winner of the 16+
category, for her thought-provoking
story about the implications of
research into telomerase.

The winners of the Science in
School writing competition
Eleanor Hayes introduces the winners of
the Science in School writing competition.
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It was dry, and the afternoon heat
bore heavily down on the plains

below. It was a moment of fun, and
the laughter rang out across the camp.
A man ducked as another tossed the
dried-up lump of elephant dung at
him, then he stumbled, landing awk-
wardly on the hard, grey earth.
Another figure, smaller and possibly
female, bent double with laughter
and moved towards him, sinking
helplessly down to the ground. The
country was Africa, and the people
were scientists. The woman was Mary
Leakey, a famous anthropologist, and
beneath them, as they were just about
to find out, were the first-ever known
footsteps of man.

Let us leave them on the verge of
this great discovery and find out a bit
more about Mary Leakey and the part
she has played in telling us about our
past.

About Mary Leakey
Mary Leakey was born a long time

ago, in 1913, in England. Her father
was an artist, and the family lived in
many different countries, including
France and Italy. When she was a
child, Mary’s father took her to see
the bone tools and beautiful pre-his-
toric cave paintings that had recently
been discovered in southern France.
Mary was excited by what she saw,
and it made her think deeply about

the people who had made and used
the tools and created the paintings.
Mary was inspired, and she talked
about the joy of collecting and
unearthing objects of beauty and
interest. Together with her husband
Louis, she began a journey of discov-
ery, driven by her determination and
curiosity to find out more about how
we, the human race, came to be. She
described what she did quite simply:
“I dug things up. I was curious. And
then I liked to draw what I found.”

She wanted to discover more about
our beginnings, how we used to look
and live and how we have evolved to
look as we do now. She saw the past
as a jigsaw: as each piece is found and
added, it slowly builds up a clearer
and more complete picture. Mary her-
self found some very important
pieces of the jigsaw, as we shall see.

About me
We all know that we are human

beings and part of the human race.
We are an intelligent species, and we
have spread all over the world,
changing it in many ways. We have
invented new technology, explored
space and can cure many illnesses.
Maybe we have come to see ourselves
as different and separate from the nat-

ural world, but perhaps we are not
that different after all. By beginning to
understand who we are and where
we have come from, we might start to
see our relationship with other life on
our planet.

We already know that we are
descended from our parents, our
grandparents, our great-grandparents,
our great-great-grandparents and so
on. These are our ancestors. If we
could rewind time over millions of
years, like a videotape, we would see
a fascinating pictorial history emerge
of how we have evolved. The further
back we go, the more ape-like in
appearance we become. All the evi-
dence we have today suggests that far
back in our remote and distant past,
we shared a common ancestor with
the ape family.

Back to the footprints
Mary and her team noticed some

strange markings in the ground
beneath them. They began to dig, and
found indentations that had set hard
in the volcanic ash. Further excava-
tions showed a clear footprint, the
first of many in a trail of prints disap-

Image courtesy of Alan Mair

One day in Africa in 1978
By Thomas Johnson, aged 13, Trinity Catholic High School,
Woodford Green, UK

Thomas Johnson
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pearing off across the plains. The
prints showed that three people, one
larger, one smaller, and one quite tiny
had walked together that way over 3
million years ago. Was it a father,
mother and child? Every now and
then the tiny prints are superimposed
on the others. At one point along the
way, the medium-sized figure paused
and turned to her left. Were they
escaping from danger? Had she heard
an animal, or maybe even the rum-
bling of the volcano nearby? We don’t
know. We can only guess. This family
may have looked very different to
how we do today, but that moment of
doubt, hesitation and checking for
danger is something that, three mil-
lion years later, we can still under-
stand and share.

Image courtesy of Raichlen DA, Gordon AD, Harcourt-Smith WEH, Foster AD and Haas WR; image source: Wikimedia Commons

Replica Paranthropus boisei skull. The
skull was discovered by Mary Leakey in
the Olduvai Gorge, Tanzania, in 1959
and is 1.75 million years old. The jaw
was discovered by Kamoya Kimeu in
1964 and is 1.5 million years old.
Displayed at the Museum of Man, 
San Diego, California, USA
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One thing is clear from this discov-
ery, and that is that we know that
three million years ago, man was
walking on two legs and not four.
This is much earlier than scientists
had previously thought.

Mary Leakey has been able to find
us some of the most important infor-
mation about our past, and help us
understand how we came to be. She
has also shown us how important
Africa is in understanding our ori-
gins. Many people now believe that
Ethiopia (in Africa) is the birthplace
of humans. As a woman, it was diffi-
cult for Mary to be fully appreciated
and accepted as a scientist, and she
received very little credit for what she
did. She worked quietly and skilfully,
often in the shadow of her husband,
yet her biggest discovery, that of the
footprints in Laetoli, was made after
he died. Her enormous contributions
to our understanding of how our
human race has evolved are still
being measured.

Three dimensional scans of experimen-
tal footprints and a Laetoli footprint. A)
Contour map and side view of modern
human footprint walking with a normal,
extended limb gait. B) Contour map and
side view of modern human footprint
walking with a BKBH gait (bent knee,
bent hip). C) Contour map and side
view of Laetoli footprint. Note the differ-
ence in heel and toe depths between
modern humans walking with extended
and BKBH gaits. Laetoli has similar toe
relative to heel depths as the modern
human extended limb print

A: Normal

Height (mm) Height (mm) Height (mm)

B: BKBH C: Laetoli G1-37

I have always been interested in
palaeontology and human evo-
lution, so when the opportunity
to write this essay arose, that
was the first subject I thought
of. I chose to write about Mary
Leakey because I believe she
should be better known for the
contribution she made to what
we know about our origins.
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“John?” shouted Martha as she
went upstairs to my office. The

staircase shook with each footstep. I
put my head in my hands and sighed.
I was working at my iMac, but she
didn’t care.

“Yes, Martha, darling, what hap-
pened?” My voice was friendly and
patient, as always. It is the best way
to get through this every time.

Always complaining and never sat-
isfied. Like the woman in the tale of
the man who caught a fish that grant-
ed him three wishes. At the end they
were sitting in the same old hut as
before, just because the woman could-
n’t moderate her avarice.

“The freezer is broken again... Can’t
you just come for a minute and fix it?
I need my frozen strawberries to stay
frozen. I wanted to make this deli-
cious dessert for Chris and Liz when
they come with Jack and Toby. Jill 
will also come and bring lil’ Sarah,
too. You shouldn’t spend your
Thanksgiving up here in this dark
room. Come downstairs and celebrate
with your family!”

“No, thanks. It’s every year the
same. I’m fed up with it, believe me.
And the freezer is from 2050... you can
throw it away, I don’t think that I can
fix it once again. You’ll have to freeze
your strawberries somewhere else.”

“You would expect that they could
preserve strawberries now, with all
that new technology, but not at all.
What do these AOLs [i.e. ameliorants
of life] get paid for?!”

“Please hon, be quiet, you don’t
know what you are talking about. Go

to our neighbours and ask if you can
store your strawberries in their freez-
er, okay?” Whew, now she’s going
away... at last. As I said, always com-
plaining.

To tell the truth, science has come a
long way in the past few decades.
Cancer therapy was invented, and
now people are able to live hundreds
of years, just because of one small
enzyme, telomerase. People see their
grandchildren raise their kids and
them raise their kids and so on. Every
family celebration costs thousands of
dollars now. And who has to pay for
it?! The oldest male member of the
family. Me!

After 137 years of work in the same
business, doing the same things as
always, it gets terribly boring. I’m one
of hundreds of scientists who work
for the ‘Ameliorants of Life’ – the
people who tried to be superior to
God. We are selected researchers from
many different countries, brought
together to realise the new ideas of
the AOLs, while they sell our prod-
ucts. We get the work, they get the
glory and the money.

It was very interesting at the begin-
ning to explore the cells and telom-
erase to find new, better ways to
make cells immortal, but after a while
it seemed senseless. The discovery
was made in 2009* – real cutting-edge
science, ‘leading to a new world with-
out death’, to eternal life and stuff.
Elizabeth Blackburn, Carol Greider
and Jack Szostak discovered how
chromosomes are protected against
degradation during cell division.
They found out that the telomeres,

Annika Marx

Image courtesy of Mathias Schaeben

Eternity…?!
By Annika Marx, aged 17, Werner-Heisenberg-Gymnasium,
Leverkusen, Germany
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the caps on the ends of chromosomes,
are shortened with every cell division.
If the telomeres are shortened, cells
age. But there is an enzyme, telom-
erase, which can build up the telom-
eres, so that the cells don’t age. That’s
why cancer cells never stop growing,
and why so many people died
because of cancer before telomerase
was discovered. Now everyone takes
standard medication in order to stim-

I wrote the story and chose this
topic after I read an article about
the Nobel laureates, just a few
days before the deadline of the
competition. The discovery of
telomerase and the opportunities
it offers appealed to me in our
lessons, so I found it very interest-
ing to get more into the topic.
When I started writing, the char-
acter of an old, annoyed man
came into my mind and I used it
to fill the story with life.

die of hunger and thirst first, not
 really an encouraging prospect, is it?

That’s why I decided to stop taking
the medicine and to let nature do its
work. It’s just that I can never tell
Martha about it. She annoys me very
often, it’s true, but it’s hard to live
together for over 150 years, and I still
love her. Most of the other people of
my age who I know were already
married five to six times. It’s now 20
years since I stopped taking the medi-
cine, and I can feel how I’m ageing.
My hair is getting thin and white, but
fortunately I’ve found an old hair
tinting lotion that still works. We
 certainly don’t have any hair tinting
lotions any more, nobody needs it,
but I do, so that nobody notices what
is happening to me. Martha would be
terribly discomposed. And my back
hurts. I’ll get an analgesic to stop the 
pain. 

Eternal life, who cares?! My life has
already been long enough for all
 eternity...

Editorial comments

* Although Elizabeth Blackburn,
Carol Greider and Jack Szostak were
awarded the Nobel Prize in Physio logy
or Medicine in 2009, their discoveries
were actually made in the 1980s.

RNA Template

Nucleotide

DNA

Telomerase

A telomerase molecule
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† Scientists studying cancer are
looking for ways to turn telomerase
off in cancer cells to try to prevent
them from being immortal, whereas
scientists studying ageing speculate
that telomerase could give us greatly
extended lifespans. Managing to
extend lifespan while at the same
time controlling cancer is the big chal-
lenge, and it would require very
sophisticated medication to achieve
both aims at the same time.

References
Furtado S, Rau M (2009) How to

write a good science story: writing
competition. Science in School 11: 85-
88. www.scienceinschool.org/2009/
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Resources
To learn more about the research for

which Elizabeth Blackburn, Carol
Greider and Jack Szostak were award-
ed the Nobel Prize in Physiology or
Medicine in 2009, read the press
release and other material available
on the Nobel Prize website:
http://nobelprize.org/nobel_prizes/me
dicine/laureates/2009

Dr Eleanor Hayes is the Editor-in-
Chief of Science in School.

ulate the body to produce more
telomerase, and everybody lives to
the age of more than 500 without
 ageing.†

No more white hair, no wrinkles, 
no lumbago and no menopause.
Everlasting fertility for men and
women. The human population
grows so much that half of all
humans have no home or just one
small room, shared with three or
more other people. Unfortunately, it
will still take some time before we can
live somewhere out in space, but the
scientists are working on this prob-
lem. In my opinion, most of us will
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Safety note
For all of the activities published in
Science in School, we have tried to
check that all recognised hazards have
been identified and that suitable pre-
cautions are suggested. Users should be
aware however, that errors and omis-
sions can be made, and safety stan-
dards vary across Europe and even
within individual countries.
Therefore, before undertaking any activ-
ity, users should always carry out their
own risk assessment. In particular, any
local rules issued by employers or edu-
cation authorities MUST be obeyed,
whatever is suggested in the Science in
School articles.
Unless the context dictates otherwise, it
is assumed that:

· Practical work is carried out in a
properly equipped and maintained
science laboratory

· Any electrical equipment is properly
maintained 

· Care is taken with normal laboratory
operations such as heating substances

· Good laboratory practice is observed
when chemicals or living organisms
are used

· Eye protection is worn whenever
there is any recognised risk to the
eyes

· Pupils and / or students are taught
safe techniques for activities such as
handling living organisms, hazardous
materials and equipment.
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ty. Initially supported by the European
Commission, it is now funded by
EIROforum.

Disclaimer
Views and opinions expressed by
authors and  advertisers are not neces-
sarily those of the editors or publishers.

Copyright
With very few exceptions, articles in
Science in School are published under
Creative Commons copyright licences
that allow the text to be reused non-
commercially. Note that the copyright
agreements refer to the text of the arti-
cles and not to the images. You may
republish the text according to the fol-
lowing licences, but you may not repro-
duce the image without the consent of
the copyright holder.

Most Science in School articles carry
one of two copyright licences:

1) Attribution Non-commercial Share
Alike (by-nc-sa):

This license lets others remix, tweak,
and build upon the author’s work non-
commercially, as long as they credit the
author and license their new creations
under the identical terms. Others can
download and redistribute the author’s
work, but they can also translate, make
remixes, and produce new articles
based on the work. All new work based
on the author’s work will carry the
same license, so any derivatives will
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 widespread acceptance: 168 countries
signed the Convention in Rio, a fur-
ther 26 countries signed later, and all
but the USA have ratified it. With 
a total of 193 member states, it has
near-universal participation.
Importantly, the CBD is legally bind-
ing; countries that join and ratify it
have committed themselves to imple-
ment its provisions. However, no
sanctions are in place in cases where a
country does not comply with the
agreed rules.

The idea behind the CBD
The CBD covers all ecosystems,

species and genetic resources.
Contrary to previous, more rigorous,
conservation efforts, the CBD recog-
nises that ecosystems, species and
genes will and should be used for the
benefit of humans, if only in a sus-
tainable way, at a rate that does not
lead to the long-term decline of bio-
logical diversity.

An essential part of the biodiversity
debate involves the commercial use of
genetic material. Most of the world’s

www.scienceinschool.orgScience in School Issue 15 : Summer 2010

C limate change, oil shortages,
economy crisis, population

growth, natural disasters, loss of bio-
diversity – we are facing an uncertain
future, and so far, we do not seem to
be doing a great job in meeting the
challenge. The world’s leaders failed
to agree on how to limit climate
change at the UN Climate Change
Con ference in Copenhagen, Denmark, 
in December 2009. Next on the list 
is biodiversity, with the 10th meeting

of the Convention on Biological
Diversity (CBD) scheduled for
October 2010 in Nagoya, Japan. But
frankly, that is not looking good
either.

What is the CBD?
In 1992, the largest ever meeting of

world leaders took place at the UN
Earth Summit in Rio de Janeiro,
Brazil. This is where the CBD saw 
the light of day. It gained rapid and

This year has been proclaimed the International Year of
Biodiversity. During 2010, governments will seek to reach agree-
ment on a new biodiversity target, to be decided at the Nagoya
summit in October. Will this enable us to save not only whales
and tigers, but also our own species? Marlene Rau investigates.

Homo sapiens – an
 endangered 
species?
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Biodiversity is being destroyed at an alarming rate, yet
somehow, many individuals are still unaware of the
threats we are facing due to this loss. What are the
authorities doing and what are we doing? Are there
any actions we should be taking? Is it really true that
we are destroying our planet?

This topical article can be used in biology and chem-
istry classes, especially when teaching ecology and
environmental science  topics.

Possible comprehension questions and points for dis-
cussion include:

· What do you understand by the term ‘sustainable
development’?

· What is biodiversity?

· List three major crises the world is currently facing.

· What is a convention, and what grounds are usual-
ly laid during a convention of this kind?

Biology

Chemistry

General science

Ecology

Environmental science

Ages 14-19

· Mention three objectives of the CBD.

· Which stages does the CBD go through to tackle
environmental problems?

· What is your opinion about how the CBD handles
environmental problems? Is any good coming from
this convention?

· Discuss how the loss of biodiversity impacts our
lives.

Andrew Galea, Malta

Image courtesy of Jacques Goldstyn

biodiversity is found in developing
countries. Historically, however, bio-
prospectors from the developed
world have collected micro-organ-
isms, plants or animals to develop
new commercial products, such as
drugs, often without fair benefits to
the source country. The CBD recognis-
es national sovereignty over all such

genetic resources, so the country of
origin will receive its fair share in the
form of money, samples or training of
national researchers.

The CBD also covers the rapidly
expanding field of biotechnology,
specifically with the Cartagena
Protocol on Biosafety, a supplemen-
tary agreement adopted in January

2000, which seeks to protect biodiver-
sity from the potential risks posed by
genetically modified organisms.
Although most of Europe has joined, a
total of 39 of the CBD member states,
including Australia, Canada, Iceland,
Israel, Liechtenstein, the Russian
Federation and the USA, have not rat-
ified the Cartagena Protocol.

Science and society
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Sustainability 
is no longer just a

moral issue; it is also
becoming an issue of self-
interest. It is not just about

how we will leave our planet
to future generations, but also

about ensuring there are sufficient
resources for our own generation.
EU Environment Commissioner Janez Potočnik

How does the
CBD work?

As an international
treaty, the CBD identifies

a common problem; sets overall
goals, policies and general obli-

gations; and organises technical
and financial co-operation. But the
responsibility for achieving its goals
rests largely with the countries them-
selves, and it is up to the national

governments to implement
changes. Individual countries need
to find effective incentives for their
landowners, fishermen, farmers and

private companies to adhere to the
treaty, and to inform the public.
Ultimately, however, their success is
our own responsibility – by carefully
choosing the products we buy and the
government policies that we support,
we can begin to steer the world
towards sustainable development.

The CBD’s definitive authority is
the Conference of the Parties (COP),
consisting of all governments that
have ratified the treaty. The COP
reviews progress, identifies new pri-
orities, and sets work plans for the
members. It is the COP that will meet
in Japan in October 2010.

Progress and the problems faced
After a surge of interest in the wake

of the Rio Summit in 1992, progress
has been disappointingly slow.

Attention to environmental problems
was distracted by a series of economic
crises, budget deficits, and local and
regional conflicts. Despite the promis-
es made in the CBD, drafted in Rio,
little has been done to curb the envi-
ronmental effects of economic growth.
The biggest hurdle for sustainable
development decisions is the conflict
between short- and long-term bene-
fits: it still pays to exploit the environ-
ment by harvesting as much as possi-
ble as quickly as possible, because the
rules of a free market economy do lit-
tle to protect long-term interests.

Another fundamental challenge for
the CBD lies in the broad scope of its
objectives: getting all sectors of the
national economy, society and the
government to work together is a
complex task. This would require  
co-operation between many different
actors, such as regional bodies and
organisations. And, remember – coun-
tries that do not meet the set goals do
not actually face any sanctions.

In 2002, 10 years after the CBD was
opened for signature, its success was

www.scienceinschool.orgScience in School   Issue 15 : Summer 2010
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The biodiversity we see today is the result of billions of
years of evolution, shaped by natural processes and,
increasingly, by the influence of humans. As of 18 April
2010, the human population was estimated to be about
6.8 billion, and was predicted to reach 9 billion by
2050, according to UN experts. Our demands on the
world’s natural resources grow even faster than that:
whereas the population has more than doubled since
1950, the global economy has quintupled, with most of
this economic growth occurring in relatively few indus-
trialised countries.

For many, nature seems remote from their everyday
lives – food is associated with shops, rather than with
its natural source. Yet biological resources are the basis
of our existence: they support such diverse industries as
agriculture, cosmetics, pharmaceuticals, pulp and
paper, horticulture, construction and waste treatment.

The ability of ecosystems to deal with natural disasters,
as well as with pressures caused by humans such as
pollution and climate change, is weakened. Loss of
biodiversity also means reduced productivity of ecosys-

tems. Food is one of these products, and its supply is
facing serious disruption: for thousands of years, we
have been developing a vast array of domesticated
plants and animals. However, modern commercial
agriculture focuses on relatively few crop varieties, and
about 30% of breeds of the main farm animal species
are currently at high risk of extinction. For example, an
astonishing 90% of cattle in industrialised countries
come from only six very tightly defined breeds.
Maintaining animal genetic diversity would be essen-
tial to allow future generations to select stocks or devel-
op new breeds to cope with emerging issues, such as
climate change, diseases and changing socio-econom-
ic factors.

Although loss of species has always occurred naturally,
human activity has dramatically accelerated this loss:
we are creating the greatest extinction crisis since the
natural disaster that wiped out the dinosaurs 65 million
years ago. These extinctions are irreversible and, given
our dependence on food crops, medicines and other
biological resources, pose a threat to our own survival.B
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Why is biodiversity important?

not exactly overwhelming: national
action plans had been developed in
more than 100 of the 193 member
countries, but the loss of biodiversity
was accelerating. As a result, the
member states committed themselves
to a significant reduction of the rate of
biodiversity loss by 2010. However,
the COP admitted that this was rather
theoretical: “Unprecedented addition-
al efforts would be needed to achieve,
by 2010, a significant reduction in the
rate of biodiversity loss at all levels…
Most of the direct drivers of biodiver-
sity loss are projected to either remain
constant or to increase in the near
future. Moreover, inertia in natural
and human institutional systems
results in time lags – of years,
decades, or even centuries – between
actions being taken and their impact
on biodiversity and ecosystems
becoming apparent.”
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So what is the situation in the  
run-up to the 2010 meeting? Has 
the challenge been met after all?
Unsurprisingly, the answer is no. The
world is still losing biodiversity at an
ever-increasing, hence unprecedented,
rate. There are at least some partial or
regional successes to be reported,
however: they include a slowing in
the rate of Brazilian Amazonian
deforestation by 74% (although an
area about the size of Northern
Ireland is lost there every year; world-
wide, an area the size of Costa Rica is
deforested each year) and a reduction
of 45% in the annual rate of mangrove
losses (but still, about 6% of the glob-
al mangrove areas are lost per year).
The number of Important Bird Areas
(IBAs)w1 has approximately doubled
since 2002; these now cover between 5
and 8% of each continent except
Antarctica, although not all IBAs are
protected. More than 12% of terrestri-
al areas are now under some form of
protection.

The task for the Nagoya summit
will be to prepare, adopt and imple-
ment a new strategic plan for 2011-
2020, including a ‘2050 biodiversity
vision’. The idea is to improve the
previous plan: more realistic goals,
based on scientific results and with
better logistic support.

So, let’s hope that the world takes
Ahmed Djoghlaf, Executive Secretary
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of the CBD, seriously, who admonish-
es: “As Charles Darwin stated, ‘It is
not the strongest of the species that
survives, nor the most intelligent... It
is the one that is most adaptable to
change.’ This is valid not only for
human beings but also for institutions
and processes. The world has
changed, and the global partnership
for biodiversity will need to adapt to
these changes… As Darwin also said,
‘In the long history of
humankind…those who learned to
collaborate and improvise most effec-
tively have prevailed.’”

Web reference
w1 – To find out more about

Important Bird Areas, see:
www.birdlife.org/action/science/
sites/index.html

Resources
For complete information on the

Convention on Biological Diversity,
including all national profiles, see:
www.cbd.int

The CBD runs a biodiversity website
for children, including games, a
glossary and an educator’s corner:
http://kids.cbd.int

The European Commission has
launched a biodiversity campaign,
‘We are all in this together’, to show
the real implications that biodiversi-
ty loss will have on our daily lives,
and to promote actions that people
can take to  protect nature. It is
available in many European
 languages. See:
http://ec.europa.eu/environment/
biodiversity/campaign

For a review of the most inspiring
 discoveries in the field of biodiver-
sity that were made in 2009, see:

Kaplan M (2010) Biodiversity: a
look back at 2009. Science in School
14: 28-31.
www.scienceinschool.org/2010/
issue14/biodiversity

If you enjoyed reading this article,
you might like to take a look at the
full collection of articles on biology
that have been published in Science
in School. See:
www.scienceinschool.org/biology

Dr Marlene Rau was born in
Germany and grew up in Spain. After
obtaining a PhD in developmental
biology at the European Molecular
Biology laboratory in Heidelberg,
Germany, she studied journalism and
went into science communication.
Since 2008, she has been the editor of
Science in School.

Image
courtesy
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With a passion for teaching and
working with young people,

Nick Barker has set up and continues
to run an active schools outreach pro-
gramme in the chemistry department
of Warwick Universityw1, UK. There,
he bridges the gap between the class-
room and the research bench, bring-
ing chemistry alive for thousands of
local school children.

The teacher fellowship scheme is
run by the RSCw2 to strengthen the
links between schools and higher-

education institutes, and to help
inspire the next generation of
chemists. Answering an advertise-
ment in a national newspaper, Nick
was hired in January 2008, agreeing to
base his fellowship at Warwick
University, where he already had con-
tacts. Such was the success of his first
six months that, when the RSC fund-
ing for the position ran out, the uni-
versity agreed to continue supporting
the programme, which provides a
range of different activities aimed at
school students between the ages of 6
and 18.

Free to design his own outreach
programme, Nick spends a lot of his
time visiting local schools to deliver
lectures and give demonstrations. For
younger students, these cover the
fundamentals of chemistry, along
with less basic yet impressive con-
cepts such as chemiluminescence, and
accompanied by all the bangs and
explosions of dramatic pyrotechnic
displays.

“Very little is actually banned in
schools,” explains Nick. “You just
have to complete the paperwork and
you can do all sorts of fun things. One
primary-school class was particularly
delighted when I blew a ceiling tile
out with one demonstration, and chil-
dren always seem very happy when a
banana frozen in liquid nitro-
gen shatters rather than hammers a
nail into a piece of wood as I intend. I
did once get shouted at by a primary-

Nick Barker, linking schools
and universities in the UK
Lucy Patterson spoke to Nick Barker, a former secondary-school
chemistry teacher and head of year who, after 12 years in the
classroom, landed a dream job as a Royal Society of Chemistry
(RSC) Teacher Fellow.

Nick Barker setting fire
to soap bubbles filled
with acetylene gas,
assisted by Matt Stanford
from Warwick University
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school teacher when I hit a small
child with a steel bar. He was protect-
ed with a thick sheet of foam rubber
and a sheet of wood. It is a classic
demonstration of the concept of pres-
sure. You can whack the wood and
the force is spread over a large area,
so the person being hit barely feels
anything. The child thought it was
brilliant, but the teacher got very
cross and told me that she had not
put anything like that on her risk
assessment form!”

For older students, Nick gives lec-
tures with a more academic focus,
describing some of the work that goes
on at the university, to give a taste of
what real-life scientific research is all
about. And, when not out and about,
Nick organises visits for school
groups to the university chemistry
department. This not only gives stu-
dents the opportunity to see the
inside of a real research facility but,
with access to the university teaching
laboratories, also offers them hands-
on experience of university-level
chemistry with specially designed
practical modules. His efforts have
been very well received.

“Last academic year the programme
reached around 3500 children. They

come from all backgrounds, ranging
from elite independent schools to a
pupil referral unit for children who
have been removed from mainstream
school. I organise and plan every last
detail of this work myself, but I have
a huge amount of support. The uni-
versity and the school staff appreciate
this work and want to be involved. In
particular, academic staff from the
department like to come with me to
schools, to work with children and to
tell them about their work – so we
can say that we’ll even put a profes-
sor in your lesson! I teach the audi-
ence some chemistry, and then it’s the
real scientist’s turn to explain what
they do in the lab and why they enjoy
science – I think that is more inspiring
for the children than my lecture any
day. It’s great to have the support of
such motivated and talented people.”

Having spent 12 years teaching
chemistry to A-level students (aged
16-18), as well as all three sciences to
11-16 year-olds, Nick feels strongly
about where priorities in education
should lie. “I think that children
should get a broad education that
seeks to create rounded people who
are interested in the world around
them. Teaching is genuinely impor-

tant to society. In fact, I think it may
be one of the most important jobs of
all. I was brought up to appreciate the
value of education and to enjoy find-
ing things out. What doesn’t work is
when we become fixated by testing
and measuring progress all the time.
This takes the joy out of learning.”
Concerned with what he sees as an
emphasis on examination, inspection
and monitoring teaching standards in
the British state education system,
Nick believes that rather than main-
taining standards, such measures
serve only to divert energy away from
the fundamental business of teaching.
To him, the most effective and worth-
while approach is to build a real inter-
action with the students. “I don’t like
worksheets, PowerPoint slide shows
or teaching from books. I do like dis-
cussions, practical work, pushing a
class to grasp complex topics, present-
ing fun practical chemistry demon-
strations and laughter. I think genuine
laughter is very important in a class-
room; people learn better when they
are relaxed and happy.”

And if that means hitting them with
a steel bar, then Nick is the man to do
it. Just be sure to check your risk
assessment forms first!
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Nick Barker trying to contain the famous ‘elephant’s tooth-
paste’ reaction at a secondary school in Coventry, UK

Nick Barker
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Web references
w1 – Find out more about the Schools Outreach

Programme at Warwick University’s chemistry depart-
ment on their website:
www2.warwick.ac.uk/fac/sci/chemistry/schools

w2 – Learn more about the RSC, the largest organisation
in Europe for advancing the chemical sciences, here:
www.rsc.org

w3 – For more information on the Bristol ChemLabS, see:
www.chemlabs.bristol.ac.uk

w4 – Science on Stage is a European initiative designed to
encourage teachers from across Europe to share best
practice in science teaching. See: 
www.science-on-stage.eu

Resources
To learn more about chemiluminescence, see:

Furtado S (2009) Painting life green: GFP. Science in
School 12: 19-23.
www.scienceinschool.org/2009/issue12/gfp

Douglas P, Garley M (2010) Chemistry and light. Science
in School 14: 63-68.
www.scienceinschool.org/2010/issue14/chemlight

Besides having initiated the School Teacher Fellow
scheme, the chemists from BristolChemLabS are very
active at Science on Stagew4, and have reviewed a range
of materials in Science in School:
www.scienceinschool.org/reviews

In addition, they have made some of the teaching activi-
ties they developed available through Science in School:

Harrison T, Shallcross D (2006) Perfume chemistry, sexu-
al attraction and exploding balloons: university activities
for school. Science in School 3: 48-51.
www.scienceinschool.org/2006/issue3/perfume

Griffin A, Harrison T, Shallcross D (2007) Primary circus-
es of experiments. Science in School 7: 28-32.
www.scienceinschool.org/2007/issue7/primarycircus

Shallcross D, Harrison T (2008) Climate change model-
ling in the classroom. Science in School 9: 28-33.
www.scienceinschool.org/2008/issue9/climate

Shallcross D, Harrison T (2008) Practical demonstrations
to augment climate change lessons. Science in School 10:
46-50. www.scienceinschool.org/2008/issue10/climate

Shallcross D, et al. (2009) Fuelling interest: climate
change experiments. Science in School 11: 38-43.
www.scienceinschool.org/2009/issue11/climate

Harrison T, et al. (2009) Looking to the heavens: climate
change experiments. Science in School 12: 34-39.
www.scienceinschool.org/2009/issue12/climate

If you enjoyed this article, you might like to browse the
other teacher profiles published in Science in School. See:
www.scienceinschool.org/teachers

Lucy Patterson finished her PhD at the University of
Nottingham, UK, in 2005, then worked for several years as
a postdoctoral scientist, first in Oxford, UK, then in
Freiburg and Cologne, Germany. During this time she
worked on answering several different questions in devel-
opmental biology, the study of how organisms grow and
develop from a fertilised egg into a mature adult, using
zebrafish embryos. She has a broad interest and enthusi-
asm for science, and is developing her own embryonic
career as a science communicator.

Teacher profile
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The School Teacher
Fellow scheme
The School Teacher Fellow scheme was initial-
ly conceived and developed by the Bristol
ChemLabSw3, at Bristol University, UK. The idea
was so successful that it was picked up by the
RSC and is currently running with support from
the biopharmaceutical company AstraZeneca.
Teacher fellows either still in the RSC scheme
or funded by their universities are based in sev-
eral chemistry departments around the UK:

· Newcastle University – Peter Hoare
(peter.hoare@newcastle.ac.uk)

· Bristol University – Tim Harrison
(T.G.Harrison@bristol.ac.uk)

· Southampton University – David Read
(D.Read@soton.ac.uk)

· Northumbria University – Anne Willis
(anne.willis@northumbria.ac.uk)

· Surrey University – Penny Bagshaw
(P.Bagshaw@surrey.ac.uk)

· Oxford University – Roger Nixon
(roger.nixon@chem.ox.ac.uk)

· Sheffield University – Will Davey
(w.davey@sheffield.ac.uk)

· Warwick University – Nick Barker
(n.m.barker@warwick.ac.uk)

Email the teacher fellows if you would like
them to visit your school or if you would like to
take your class to visit them.B
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I t seemed a given that the young
Helke Hillebrand would go into

science. “I fell in love with biology in
ninth grade,” says the woman who
oversees about 200 PhD students at
the European Molecular Biology
Laboratory (EMBLw1), all of whom
trust her as an advisor, listener, prob-
lem-solver and friend. “I very much
appreciated in science that there was
no end to asking ‘Why?’ and ‘How
does it work?’ – and how astonishing
our whole world is if one comes to
think of it as a constantly evolving
system rather than something
‘given’.”

From there, it was a short hop into
plant biology, which also offered
something else that Helke, who grew

Sowing the seeds of science:
Helke Hillebrand
Helke Hillebrand has always been
 fascinated by science, but on the back of 
a career in plant biology, her urge to work
more closely with people helped her
decide to go into tending young minds
instead of new shoots. Vienna Leigh
reports.

Image courtesy of BASF

Helke in Paris, her
favourite city

Helke discussing
 experimental results with
a colleague at BASF

Image courtesy of Rüdiger Hell
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up in the small town of Velbert, close
to Essen, Germany, was interested in:
a social aspect. “I was amazed by
plants’ astonishing biochemical capa-
bilities, and from there I discovered
an interest in biotechnology and agri-
culture, with a specific emphasis on
food, nutrition and the co-evolution
of the history of mankind with agri-
cultural progress,” she says. “After
my PhD I worked as an assistant pro-
fessor (akademische Rätin) for some
time at the university. Then I joined
BASF Plant Sciencew2 [a section of the
world’s largest chemical company] in
Ludwigshafen, Germany, as a senior
scientist, where I built up my own
group and ran research projects to
develop a ‘tool kit’ for plant genetic
engineering. I especially liked to get
into very basic science deeply but at
the same time to have the opportunity
to develop a broad overview of agri-
cultural requirements.”

Before long, Helke had become the
head of the ‘enabling technologies’
division, switching from her own

research activities into technology
management. “My work had a very
broad strategy – to serve current
needs as much as developing a vision
on future applications and cutting-
edge technology,” she explains. “I
enjoyed striving for expertise and
excellence on a broader level in one of
my favourite research areas: under-

standing how cells get to ‘know’ what
to do when, and how this communi-
cation flow is triggered on a biochem-
ical level inside a cell, a tissue or a
whole organism.”

However, there was one thing that
Helke was still missing as a research
scientist. “I very much enjoy working
with people,” she says. “When I was

Biology

General science
Age 13+

This article clearly shows the importance of grabbing students’
interest in science from an early age. Once students are hooked on
a subject, it is not easy to lure them into other fields. Although
studying science may be tough, the article clearly shows that it is
still worthwhile, as a science degree opens up numerous avenues
for further study and career prospects. The article also shows that
scientists are only human, with the same traits and characteristics
we might experience in ourselves, including the need to be and
work with other people.

The article is suitable for students aged 13 and above, mainly in
biology classes, but may also be used for integrated / coordinated
science, or with any science students as a model of career prospects
or to discuss the (supposed) characteristics of scientists.

Paul Xuereb, MaltaR
E

V
IE

W

Helke awarding an
EMBL special prize at
Jugend Forscht 2010

Image courtesy of BASF

Image courtesy of EMBL Photolab
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running research labs I enjoyed having
good and close colleagues who turned
into dear friends – we had common
goals and common targets to meet,
and we pursued them by supporting
each other – but I often felt that I was
missing out a little on really engaging
with many different types of people.”

To combat this, Helke got involved
with as many outreach and teaching
opportunities as possible. “The
biggest reward is to see a student’s
face glowing with interest for the
topic or seeing one of the less interest-
ed ones becoming enthusiastic,” she
says. “It is great to see talent flourish
and to help that process. I especially
like explaining complex scientific sto-
ries to the public.

“During my last two years at BASF
I took on a position as a financial
spokesperson with the investor rela-
tions department. I also acted as the
main contact for investors in Asia and
very much enjoyed the contact with
people, especially with Japanese pro-
fessionals, who have a fascinating
business culture.”

So, when an opportunity at EMBL
came up, Helke jumped at the chance.
“In my position as the dean of gradu-
ate studies I look after all aspects of
EMBL’s PhD programme, which takes
about 50 students from all over the
world every year,” she explains. “In
addition to the administrative and
‘business’ side, my role here is to act
as a mentor and confidant. I have an
open-door policy towards EMBL stu-
dents, who may turn to me with aca-
demic or personal problems.

“I’m also very active as part of the
‘external face’ of EMBL, building
alliances and establishing partner-
ships with universities towards the
awarding of joint PhD degrees, pro-
moting the PhD programmew3 at con-
ferences, and so on.”

With this, Helke has found the per-
fect mix of science and people skills.
“I’d never before thought about turn-
ing what I had always enjoyed as a
side activity into my profession; in
fact I’d never even realised that this

might be possible,” she says. “What
matters most to me is to be able to
contribute to the significance or
importance of something I believe in.
Situations in which commitment
counts, where mutual help is appreci-
ated, where people listen to each
other and where team success matters
are important to me. Even as a
researcher I always kept ties with
things I liked doing a lot – like men-
toring, especially for young or future
female researchers, teaching and
interviewing students for fellowships
– even though it was far away from
my professional scientific assign-
ment.” For example, since 2005, Helke
has been a judge for the biology-relat-
ed submissions to Jugend Forschtw4, the
German young scientist contest for
students up to the age of 21.

Helke may have chosen to move
away from research, but those who
stay at the bench can also find their
jobs evolving into something that
requires a great deal of understand-
ing, diplomacy and a knack for com-
munication. “One of the most chal-
lenging aspects of a scientific career is
the point where one has to turn from
being ‘just’ an excellent researcher at
the bench into a team leader guiding
a group of people who will invest a
period of their lives and careers into
your research ideas,” she says. “All of
a sudden – often without any training
– researchers need to turn into teach-
ers, supervisors, managers, fundrais-
ers – and all at once. True excellence
in science requires a lot of people
skills, and it’s clear that teachers, uni-
versities, institutes and government
initiatives should be aware that these
skills can and should be learned and
trained and could be continuously
improved.”

Web references
w1 – To learn more about EMBL, the

European Molecular Biology
Laboratory, see: www.embl.org

w2 – Find out more about the plant
science section of BASF here:
www.basf.com/group/corporate/
en/products-and-industries/
biotechnology/plant-biotechnology

w3 – You can find more information
on EMBL’s international PhD
 programme here:
www.embl.de/training/eipp

w4 – To learn more about Jugend
Forscht, the German young scientist
contest, see: www.jugend-forscht.de

The winners of Jugend Forscht partici-
pate in the European Union Contest
for Young Scientists. See: 
Rau M (2009) Discoveries in Paris:
the European Union Contest for
Young Scientists. Science in School
13: 6-9.
www.scienceinschool.org/2009/
issue13/eucys09

Resources
To browse all the scientist profiles

published in Science in School, see:
www.scienceinschool.org/scientists

Vienna Leigh studied linguistics at
the University of York, UK, and has a
master’s degree in contemporary lit-
erature. As well as spending several
years as a journalist in London, she
has worked in travel and reference
publishing as a writer, editor and
designer. She’s been widening her sci-
entific horizons in recent years as the
information and publications officer
at the European Molecular Biology
Laboratory and as editor of its
newsletter, EMBL&cetera.
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The scope of Why the Lion Grew its
Mane: A Miscellany of Recent Scientific
Discoveries from Astronomy to Zoology,
as stated by the author, is to offer a
“fascinating collection of recent dis-
coveries that overturn popular con-
ceptions, enter realms that were pre-
viously the preserve of science fiction,
or simply add to the sum of human
knowledge”. Indeed, the book con-
sists of a large number of articles cov-
ering a wide variety of science issues,
some of which are well known and
thoroughly investigated, while others
bring forward new topics for inquiry.
Whatever the case, every article pro-
vides new and often exciting, even
unexpected, information.

The main source of information 
and inspiration for the articles are
reports of scientific discoveries in
peer-reviewed journals and specialist
publications. Therefore, the reader
knows that the material presented is
the product of published scientific
research and not the product of the
author’s imagination. The book is by
no means aimed only at science-ori-

ented people; even those with mini-
mal science knowledge will be able to
understand and enjoy most, if not all,
of the topics presented.

No reader is likely to find the
answers to all of his or her scientific
questions; neither will (s)he be inter-
ested in every bit of information pro-
vided in the book. Nevertheless, with
more than 120 topics from nine
themes, the average reader should
expect to enjoy reading enough arti-
cles to make having this book worth-
while. Biology lovers will probably
indulge in the ‘new species’, ‘animal
behaviour’ and the ‘all in the genes’
topic areas, whereas dinosaur fanatics
will focus on the ‘life gone by’
section. Ecologists and environmen-
talists might prefer to start with the
‘shaping the Earth’ essays. Physicists
and high-tech enthusiasts would
enjoy the ‘tomorrow’s world’ section.
The last three thematic areas, ‘stars,
planets and space’, ‘what’s in our
heads’ and ‘ancient people’,
contain articles of more general
 interest.

All of the articles are very short,
rarely exceeding a single page in
length, making reading them very
easy. Additionally, the articles are
accompanied by large colourful pic-
tures – a good reason to spend time
flipping though the book.

Why the Lion Grew its Mane would
be an excellent idea for a gift or a
handy tool for the science teacher to
use to give students a short break
from a not-so-interesting science
topic. Some of the articles would even
make a good starting point for in-
depth projects or investigations.

Details
Publisher: Papadakis Publisher
Publication year: 2008
ISBN: 9781901092837

Reviews
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Why the Lion Grew its Mane: 
a Miscellany of Recent
Scientific Discoveries from
Astronomy to Zoology

By Lewis Smith
Reviewed by Michalis Hadjimarcou, Cyprus

Biology

Earth science

Physics

Ecology

Astronomy
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Nanoscale: Visualizing an Invisible
World is a beautifully produced book,
filled with engaging text and attrac-
tive illustrations, which provides a
captivating tour of the ‘invisible’
world of the nanoscale.

Beginning with a short introduction
in which the author tentatively sug-
gests that he has attempted to update
The Architecture of Molecules, pub-
lished in 1964 by Linus Pauling and
Roger Hayward (to whom the new
book is dedicated), he cites advances
in X-ray crystallography as being vital
to our impressions of molecular and
atomic structure. The book uses X-ray
diffraction data to provide 50 colour-
fully illustrated short essays about
atomic and molecular structures. 

The essays start with familiar and
relatively simple topics such as air,
water, gold, diamonds and chemical
bonds, moving on to haemoglobin,
chlorophyll, viruses and nanotubes,
and ending with more complex struc-
tures including superconductors, fuel
cells and quasi-crystals. The subjects
of each essay were chosen because
they illustrate how different struc-
tures at the atomic and molecular lev-
els create properties such as hardness,
colour or even toxicity. However, oth-
ers were chosen because they provide

interesting stories, or simply for their
beauty – as was the case with the
fibrous virus sourced in bacteria of
the species Pseudomonas aeruginosa: 
it resembles a sheaf of wheat when
viewed side-on, but a fabulous floral
asterisk from the end-on view.

The author answer questions such
as how diamonds ride volcanoes to
the Earth’s surface (if they came up
more slowly they would be graphite),
how viruses reproduce, or how a fuel
cell works, and provides links to
everyday life wherever possible.
There are also stories from the
author’s own experience, such as the
day he was working with two rare
earth magnets. He put one of the
neodymium magnets on top of a
bookcase, but when he picked up the
other from his bench, the one on the
bookcase flew off and trapped his
 finger in a ‘magnet sandwich’ – and
needless to say the iron tools that
were close by didn’t help the situa-
tion.

Kenneth S Deffeyes, a professor
emeritus of geology at Princeton
University, USA, wrote the witty and
informative essays. Stephen E
Deffeyes is a freelance illustrator and
designer who developed the illustra-
tions for the essays from real X-ray

diffraction data. Together they have
produced a wonderful little book.
Nanotechnology is here to stay, and
promises to be the next trillion dollar
industry – books like Nanoscale, which
may be the stepping stone to studies
in nanoscience, should be in every
school library. They teach fundamen-
tal principles in a way that many text-
books cannot; for example, when was
the last time you heard ionic bonding
described as occurring where one of
the parent atoms has custody of the
bonding electrons? Or metallic bond-
ing as ‘some of the (outermost) elec-
trons wandering around the street
unsupervised’? This book may just
capture the imagination of students,
and in doing so attract them to sci-
ence. 

Details
Publisher: MIT Press
Publication year: 2009
ISBN: 9780262012836
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Professor Eric Scerri is a leading
philosopher of science who specialis-
es in the history and philosophy of
the periodic table. The periodic table
is one of the most significant achieve-
ments in science, capturing the
essence not only of chemistry but also
of physics and biology. It is a unique
tool, enabling scientists to predict the
appearance and properties of matter
on Earth and in the rest of the
Universe. Scerri’s book, The Periodic
Table: its Story and Significance, is a fas-
cinating and rich account of the histo-
ry, development and current signifi-
cance of the periodic table, not only
containing a wealth of information on
the periodic table but also invoking
the principles of modern physics to
explain the periodic system.

The Periodic Table begins with an
overview of the importance of the
periodic table and the elements. It
gives a systematic account of the early
developments that led to the classifi-
cation of the elements. Two chapters
are dedicated to Mendeleev’s predic-
tions and how already-known ele-
ments fitted in his table. Chapters 6
and 7 deal with the impact of physics,
such as radioactivity, isotopes and
Bohr’s quantum model of the atom,
on the periodic table, and Chapter 8
focuses on new physical theories by
chemists to correct some of the early
electronic configurations. Chapter 9
analyses the impact of modern quan-

tum mechanics and how it might help
to explain the periodic system from
first principles. Chapter 10 deals with
how the elements evolved following
the Big Bang and in the interior of
stars.

This book is a tour de force and a
must-have for any true scholar with a
passion for chemistry. Scerri’s book
presents an uninhibited ‘warts and
all’ history of the periodic table. Most
college or secondary-school textbooks
give only a brief ‘heroes only’ account
of the history of the periodic table,
but Professor Scerri manages to give a
well balanced story. This book would
be helpful for any secondary-school
science teachers specialising in chem-
istry who want to understand the   
far-reaching implications of the nature
of the periodic law and the challenges
that modern science still faces in fully
explaining the classification of the ele-
ments. This book is a nice step out of
the trees to see the wood for a while. 
I strongly recommend The Periodic
Table: its story and significance to all
secondary-school chemistry teachers.

Details
Publisher: Oxford University Press 

USA
Publication year: 2006
ISBN: 9780195305739
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