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+ Turn to page 73 to find out why 
scientists think Earth may be 
surrounded by a disk of dark matter.

Professor Adrian Lister
Natural History Museum, London

Dr Alastair Gunn
University of Manchester

Holly Cave
Science writer

Dr Matthew Genge
Imperial College London

Mark Thompson
Astronomer and TV presenter

Christie Wilcox
University of Hawaii

+ Adrian is the museum’s 
mammoth expert who also 

studies their modern cousins, elephants. 
On page 76, he explains what caused the 
mammoths to go extinct.

+ Alastair spend his days at 
the world-famous Jodrell Bank 

Observatory. On page 30, he peers into the dark 
age of the Universe – the critical time in its 
evolution where there was no light.

+ Holly says her science writing 
was inspired from the age of 

three by a rocket-shaped play frame in her local 
park. On page 58, she looks at how biology is 
inspiriring architecture. 

+ As well as being one of our Ask 
a Scientist exper ts, Mat t studies 

how planetar y systems f orm. On page 66 he 
looks at the big unanswered questions about 
Ear th, including why our planet wobbles.

+ A co-presenter of the BBC’s 
Stargazing LIVE, he also makes 

regular appearances on The One Show. On page 
38, he explains how meteor showers happen 
and the best places to watch them.

+ Christie is studying for a PhD 
in cell and molecular biology, 

as well being a member of our Ask A Scientist 
team. On page 25 she looks at whether it ’s true 
hayfever can follow a seven-year cycle.
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WELCOME TO ISSUE EIGHT
 A note from the editor

n Jules Verne’s classic novel Journey to the Centre of the 
Earth, German professor Otto Lindenbrock descends into 

trees, giant mushrooms and prehistoric animals. The fact that the 
story’s popular today is no doubt down to the fact that we still 
have a fascination with what’s lurking deep beneath our feet.

The truth is, there’s still a lot we don’t know about what’s 
going on within our planet. We’ve ruled out giant 
mushrooms and prehistoric animals, but we don’t know the 

composition of Earth’s layers. There’s a lot we don’t know 

oceans came from. We look at all these questions from page 66. 
Although he encountered a mastodon, Lindenbrock didn’t see any 

why did they disappear? On page 76, we look at the evidence.

ahead of their time on page 82.
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 There’s still a lot we don’t know about 
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by dark matter, for instance?
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Keeping an eye on Earth is easier when you can 
see vast swathes of it. And the European 

Commission and European Space Agency’s 
Copernicus Earth observation programme is set to 
monitor our planet via a set of 30 satellites, as well as 
ground sensors. The aim is to provide a 
comprehensive view of Earth’s ‘health’ via up-to-
date information on the atmosphere, sea and ice 
levels, and climate change. The first of the satellites, 
Sentinel-1A, was launched on 3 April and is already 
sending back preliminary images, like this one of the 
northern Antarctic Peninsula. The satellite, which is 
designed to monitor land and sea surfaces, uses its 
radar to produce images. As it utilises microwave 
frequencies, it is not affected by cloud cover. Images 
such as this enable scientists to monitor the 
thickness of Antarctic ice.

THE VIEW FROM ABOVE
New satellite gives an alternative view  
of our planet
PHOTO © ESA

 Awesome images from Earth and beyond
SCIENCESHOT



SCIENCE SHOT
 Images from Earth & beyond

@SciUncovered 9

+ The colours in the image are a 
result of how well surfaces reflect 
the satellite’s microwave signals. 
Sea ice appears dark, for example, 
because the salt contained within it 
scatters the microwaves. Glacial ice 
appears lighter because it contains 
more air bubbles.

Sentinel-1A orbits 
at a height of 693km

That’s more than 
300km higher than the 
International Space Station

Why is Antarctica of particular 
interest to scientists?
“Antarctica has the harshest of conditions, 
but for scientists can be paradise. The 
extreme climate and intense UV radiation 
make the biology and ecology unique. 
Its geology is almost an unexplored 
frontier, and its often clear skies are an 
astronomer’s dream.”

Dr Matthew Genge
Geologist, Imperial College London
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 Images from Earth & beyond
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+ All of the Mars Yard’s interior 
surfaces are all shades of 
reddish-brown, and there is 
a large mural of the planet’s 
landscape on the walls. This is an 
attempt to mirror the views that 
ExoMars’ cameras will be met 
with on the Red Planet.

Before you put a rover on the surface of another 
planet, you want to be as sure as possible that it 

will function exactly as planned. That’s where 
aeronautics company Airbus’ new ‘Mars Yard’ in 
Stevenage, UK, comes in. The 30m x 13m space is 
designed to accurately mimick the Red Planet’s surface, 
and will be used to test out the autonomous navigation 
systems of the European Space Agency’s ExoMars rover 
– which will be built by Airbus. The six-wheeled vehicle 
will be launched in 2018 and will travel across Mars’ 
surface, looking for signs that the planet may have 
hosted life at some point in the past by testing the 
atmosphere and drilling into the soil.

MARS ON EARTH
New Mars rover’s training ground is  
a huge sandpit
PHOTO © AIRBUS DEFENCE AND SPACE 2014

There have been seven 
successful Mars landings 

All of these have 
been carried out 
by NASA
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SCIENCE SHOT
 Images from Earth & beyond

Playing videogames in the name of science is surely an 
endeavour we can all get behind. EyeWire, a browser game run by 

the Seung Lab at Massachusetts Institute of Technology (MIT), in the 
US, aims to use crowdsourcing to map nerve cells within the retina. 
Players earn points and compete for leaderboard places by navigating 
tiny cubic sections of digitised mouse retina, tracing the paths of 
neurons. The paths gradually add to a ‘connectome’ ,  or map of nerve 

which has been going since late 2012, mapping over 100 neurons. The 
MIT team hope the game will uncover more about how we see.

The retina covers about 65% 
of the eye’s interior surface

It is the part 
of the eye that 
senses light

MAPPING 
THE EYE

A retina is being brought  
to life digitally

+ The larger spots of colour like  
this are the cell bodies of the 
neurons, which contain the cell’s 
nucleus. They are the point from 
which the cell’s dendrites, or 
branches, emanate.

PHOTO © ALEX NORTON,  

EYEWIRE, SEUNG LAB, MIT
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SCIENCE SHOT
 Images from Earth & beyond

+ The two thin wings are controlled 
by piezoelectric ‘muscles’. These are 
tiny strips of ceramic that expand and 
contract in response to electric fields, 
causing the wings to beat.

in Central Asia
It is now found  
in all inhabited 
continents

What makes carbon fibre strong?
“Carbon fibre is both lightweight and 
strong. This strength comes from the light 
carbon atoms having strong bonds, and  
a crystal structure that aligns along the 
fibre like a chain.”

Dr Ian Mabbett
Engineer, Swansea University
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SCIENCE SHOT
 Images from Earth & beyond

Weighing less than a tenth of a gram, and smaller than a paperclip, 
 

hovering and steering while attached to an external power source. The 
team that’s developed it at Harvard University in the US, hope that over 
the next few years an onboard power source can be incorporated. It is 
thought that the drone’s minute size will enable it to be deployed in 
search and rescue operations, where its size would enable it to explore  
a collapsed building.

Flies have 
compound eyes’

These feature  
around 4,000 ‘facets’, 
or units, per eye

ROBO FLY 
LIFTS OFF

Tiny drone could explore 
collapsed buildings

PHOTO © KEVIN MA,  

HARVARD UNIVERSITY
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 The latest breakthroughs explained and dissected

stronomers have always 
known that the Sun  
isn’t an only child. Now 

they may have tracked down one of  
its siblings. 

The Sun was born nearly five 
billion years ago in a giant cloud of 
interstellar gas and dust. Over time, 
gravity pulled this material together 
until the temperature rose enough for 
stars to ignite. This cosmic nursery 
would have played host to as many as 
10,000 new stars, all siblings of the 
Sun. Those stars have since spread out, 

migrating deeper into the galaxy, 
making them harder to track down. 
But thanks to some clever detective 
work, a team led by Dr Ivan Ramirez of 
the University of Texas at Austin, in 
the US, claim to have located one – a 
star named HD 162826 some 110 
lightyears from us.

Probing this star’s shared history 
with the Sun requires the 
astronomical equivalent of a DNA test, 
looking at its chemical composition. If 
the star was born from the same cloud 
as the Sun, it should be made of the 

A

same stuff. Yet working out what a 
star is made from is labour-intensive, 
so first Ramirez needed a shortlist to 
work with. Previous work had selected 
30 possible siblings based on the way 
those stars move around the galaxy. 
“We knew they were good candidates,” 
he says. Armed with that list, Ramirez 
used spectroscopy to assess which 
elements each star was made of. 

Spectroscopy works by breaking up 
starlight into its constituent colours, 
in a similar way to a prism. That 
spectrum contains dark gaps where 
specific hues are absent – that light 
was swallowed by different chemical 
elements in the star itself. So the gaps 
act like the markings on a fingerprint, 
betraying the elements that make up 
the star. “We went through element 
by element and compared them to 
what’s in the Sun,” says Ramirez. 

“TIME AND AGAIN THIS STAR GAVE A 
NEAR PERFECT MATCH, EVEN DOWN  
TO RARER ELEMENTS LIKE BARIUM.” 
Dr Ivan Ramirez UNIVERSIT Y OF TEXAS AT AUSTIN

SUN’S LONG-LOST  
TWIN IS FOUND

4.6
billion years ago is  

when the Sun formed

WORDS BY  Colin Stuar t

The discovery of the Sun’s sister could 
reveal where our star was born, and even 
help us find extraterrestrial life
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+ The spectrum of light given off by 
our Sun has ‘dark bands’ that reveal 
its composition. Now another star 
has been discovered with an almost 
identical composition. 



INTELLIGENCE 
 Breakthroughs explained

Our Sun is a 
relatively bright star

It’s the fourth 
brightest of the 50 
closest stars to Earth
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“Time and again this star gave a near 
perfect match, even down to rarer 
elements like barium and yttrium.” 

Now that one sibling has been 
found, researchers have a way to find 
more. Find enough and they can trace 
their motions back to their common 
place of origin – the birthplace of the 
Sun. “If we can figure out where in the 
galaxy the Sun formed, we can say 
something about what the early Solar 
System was like,” says Ramirez. 
Knowing what the Sun and Earth were 
like in their infancy could provide 
valuable clues to the conditions 
necessary for life, and help 
astronomers target their search for 
living planets elsewhere in the galaxy. 

But astronomer Dr Victor Debattista 
of the University of Central Lancashire, 
in the UK, urges caution. “This could 
be a sibling, but if I had to put my 
money on it I’d say it wasn’t,” he tells 
Science Uncovered. His hunch is that, 
extended to a bigger sample of stars, 
this method of ‘chemical tagging’ 
would claim more siblings than could 
have possibly been in the Sun’s birth 
cloud. “Their apparent similarity could 
be down to chance, but Gaia could help 
us find out,” he says. 

Gaia is a space telescope launched 
by the European Space Agency last 

December with the intention of 
accurately charting the position and 
orbits of a billion stars in the Milky 
Way. Researchers will then be able sift 
that trove of data for other stars with 
the potential to be solar siblings. So 
whether or not our star’s family tree is 
set to grow is still an open question. 

of the Sun’s photosphere, 
the outermost layer, is 
made of hydrogen and 

23.8% is made of helium

74.9%

Colin Stuart 
Astronomer and author
+ Colin’s f irst book, The Big Questions in 
Science, is out now @ skyponderer

 What will be the next big discovery  
in astronomy?READER REACTION!

Billy John Gallimore 
Derby, UK

Our star is in fact part 
of a binary system. 
Although the new star 
would have to be dead, 
otherwise we’d have 
seen it from Earth.

Emily Drew US 

Similar lifeforms to 
humans on another 
planet like Earth.

Nigel Blake UK

That there is more than 
one universe – maybe 
several all adjoining  
like the bubbles that 
make foam!

Stephen Purvis 
Jarrow, UK

An exoplanet the  
same size as Earth that 
is a similar distance 
from its parent 
star, with a similar 
atmosphere to Earth.

 Log on to one of our community  
sites and join the conversationJOIN IN THE DEBATE

On Facebook at…
facebook.com/SciUncovered

On Twitter at…
@SciUncovered

A BRIEF HISTORY OF…
SOLAR  
ANALYSIS
1802  FIRS T E X AMINAT ION OF T HE 
SUN’S CHEMICAL COMPOSIT ION 
+ Dark bands in the light spectrum of 

the Sun are observed for the first time 

by English chemist William Wollaston. 

By 1859, scientists including Robert 

Bunsen (he of Bunsen burner fame) 

correctly deduced that these were 

clues to the chemical composition  

of the Sun.

1868  DISCOVERY OF HELIUM 
+ Astronomer J Norman Lockyer 

notices one of these dark bands – 

known as absorption lines – that didn’t 

fit with any known element. He dubbed 

that element ‘helium’ after Helios, the 

Greek for the Sun. Earthly Helium 

wasn’t discovered until 1895.

2014  PO T EN T IAL SIBLING OF T HE 
SUN IS LOCAT ED
+ Astronomers spot a star 110 

lightyears away that has a nearly 

identical chemical composition to the 

Sun, leading to claims that the pair are 

siblings. If confirmed, it would help us 

find the birthplace of the Sun and shed 

light on the Solar System’s dawn.

HD 162826 is located 
110 lightyears away  
in the constellation  
of Hercules





INTELLIGENCE
 Breakthroughs explained

T rex ate the equivalent  
of 1,500 sausages per day

Its 60 teeth were around  
20cm long and could  
crush through bones
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new tyrannosaur has been 
discovered with a very long 
nose and has been 

nicknamed ‘Pinocchio rex’. The 
carnivore was a cousin of Tyrannosaurus 
rex and sheds light on an unusual 
branch of dinosaur evolution.

Qianzhousaurus 
sinensis (pronounced ‘chyan-shoo-saw-
rus’), it was unearthed at a construction 
site in China’s Jiangxi province.

While the most familiar 
tyrannosaurs such as T. rex had deep, 
blunt snouts, Qianzhousaurus had a 
shallow, stretched snout.

Qianzhousaurus is similar to another 
slender-snouted tyrannosaur, Alioramus, 
named in 1976 and found in Mongolia. 
Both represent a distinct, newly 
recognised branch of the tyrannosaur 
family – the alioramins. “They were a 

Steve Brusatte at the University of 
Edinburgh, a member of the team that 

Qianzhousaurus. 
While built like other advanced 

tyrannosaurs – with short arms, 

bodies – the skulls of alioramins are 
unique. “Side by side with a skull of T. 
rex, alioramins really look quite 

longer, more dainty snouts of alioramins 

Qianzhousaurus is such a big deal 

A

Alioramus, with clear evidence from its 
bones that the specimen was mature, 
not a youngster. “There has been a worry 
that the few alioramin specimens we 
had were just juveniles of conventional 

Brusatte. “But the large and mature 
Qianzhousaurus provides the slam-dunk 
we need to show that alioramins really 

Qianzhousaurus’ snout was decorated 
with a series of hornlets. A signalling 
function for these horns is likely, 
although experts disagree as to whether 
they were used for wooing and 
intimidating, or were used as species 

Scientists hope to discover exactly 

through biomechanical studies of its jaw, 
which may reveal how it fed. “THIS PROVIDES THE SLAM-DUNK 

WE NEED TO SHOW ALIORAMINS 
WERE A SEPARATE SUBGROUP.”
Dr Steve Brusatte UNIVERSIT Y OF EDINBURGH

35%
is how much longer 

Pinocchio rex ’s nose is 
than other dinosaurs of its 

size

WORDS BY  Dr Darren Naish

It may have looked comical with its long 
snout, but a newly discovered dinosaur 
had a nasty bite…

h l k d l h l

MEET PINOCCHIO REX  
THE ASSASSIN

Dr Darren Naish
Palaeontologist & writer
+ Darren studies dinosaurs at the 
University of Southampton @TetZoo
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 Under the sea, there are tiny zombies – bacteria 

overrun by viruses that have reprogrammed them 

into compliant hosts that do nothing but feed and, 

eventually, burst. University of Michigan scientists 

discovered that the bacteria feed on nutrients 

spewed from deep ocean vents, happily storing 

sulphur to use as fuel. Once infected by a virus, 

they burn through this reserve, creating energy 

that the virus uses to reproduce. The zombie 

bacteria finally explode, setting the viruses free. 

Such behaviour had been seen in viruses on the 

surface, but not in those near ocean vents.

VIRUSES COMMANDEER 
DEEP SEA BACTERIA03

+ The DNA of Neanderthals and modern humans is pretty 

similar. In fact, with fewer than 100 genes that were different, 

it’s thought the two human species were once able to 

interbreed. So perhaps the clear differences between the 

species, such as the Neanderthals’ pronounced brow ridge, are 

down to more than simple genetics. Researchers at the Hebrew 

University of Jerusalem are looking at epigenetic modifications 

– chemical markers attached to genetic material that can turn 

genes on and off. These markings are detectable in ancient DNA 

samples, thanks to a new technique developed by the university. 

It is still early days for the technology, but being able to tell which 

genes were active in Neanderthals may go a long way to 

explaining why they were so different to us.

DIFFERENCE BETWEEN US AND 
NEANDERTHALS IS ON OUR GENES

01

+ Injecting the blood from a youngster into 

someone who is much older revitalises their 

brains – or at least it does in mice. 

Scientists at Stanford University in the US 

injected 18-month-old mice with the fluid 

part of the blood, the plasma, from mice 

aged three months. The mice that had been 

injected performed better in memory tests 

than those who had not. The researchers 

are currently trying to discover what it is in 

the plasma that restores the brains’ 

faculties. Future human trials could 

determine whether blood from young 

people is a viable treatment for dementia.

Young blood is the elixir  
of life (perhaps)

04

of ‘dancing’ frog have been found 
in the forests of southern India by 

scientists at the University of Delhi 
The male frogs wave their legs to 

attract females who might not  
be able to hear their calls  

over the sound of  
rushing water.

NEW SPECIES 
14

+ A firm handshake is more just than an indicator 

of the strength of your hands, according to 

researchers from the International Institute for 

Applied Systems Analysis. Drawing together the 

results of 50 studies, they found that the grip of 

highly educated 69-year-olds was just as strong 

as that of less educated 65-year-olds, suggesting 

that the former could be ageing at a slower rate.

The researchers discovered that many studies 

also indicated a link between poor grip strength 

and health issues like heart disease, psychological 

problems and lower life expectancy.

YOUR HANDSHAKE 
SPEAKS VOLUMES
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 Breakthroughs explained
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The date of the split – more recent 
than had been imagined – comes 

from polar bears and brown bears 

the two species can interbreed to 

to 479,000 years ago is when the 
polar bears came to be, splitting 

away from brown bears to become 
a separate species.

343,000 years

+ A self-healing material has been  

keep two liquids apart until a crack allows 

 
can be sealed with similar substances – was 

NEW MATERIAL COULD 
MEND SPACECRAFT
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IS + An organism has been 

developed with a genetic code 

different to anything found on 

Earth. All genetic material in nature is 

made up of four chemical units of 

DNA, identified by the letters A, C, G 

and T. But scientists at California’s 

Scripps Research Institute 

created an E. coli bacterium 

with two other nucleotides, called 

X and Y. The research extends the range 

of genetic tools scientists have to create 

artificial organisms that might produce 

medicines and fuels.

ALIEN LIFEFORM 
CREATED

+ NASA has unveiled what it calls the best 

images of a solar flare ever taken. The powerful 

X-class flare, which took place in March 2013, 

was recorded by four NASA spacecraft and one 

ground-based observatory, and saw a cloud of 

debris known as a coronal mass ejection erupt 

from the surface of the Sun. Among the 

spacecraft that took images (including the one 

here) was the Solar Dynamics Observatory. 

NASA shows its flare  
for photography

07 08

+ Migrating birds navigate using the Earth’s 

magnetic field, but a new study from the 

University of Oldenburg, Germany, suggests 

signals from our electronics, even AM radios, 

could be throwing them off course. Biologists 

studying migratory European robins found that, 

when in a city, the birds tried to migrate in the 

wrong direction until their aviaries were shielded 

from electrical signals.

DO ELECTRONIC SIGNALS 
CONFUSE BIRDS?06

10

77
tonnes is the weight a  

newly-discovered dinosaur would  

have been. The unnamed species of 

titanosaur, discovered in Argentina, 

may have been the largest  

creature to ever walk  

the Earth.

+ Researchers in the UK and Spain may 

have discovered how fibre controls 

appetite. They fed mice fibre that had 

been labelled with carbon-13 to allow 

them to track it. They found that fibre 

was fermented in the gut into acetate, 

which appeared in the hypothalamus 

– the brain area that controls appetite. 

The researchers are working with 

companies to enrich fibre with acetate, 

and want to see if it is possible to 

sheath acetate in nanoparticles so it 

could be released throughout the day.

FIBRE’S MAGIC 
UNCOVERED

11
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“Mine was on the  
doormat this  

morning – yay!” 
Michelle, UK

“Got mine today, very good 
issue. Love the subscriber-

only article.”
Callum, Bracknell

“Reading my first issue of this 
mag. I think I’ll  

be subscribing…” 
Patrick, Arkansas
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“Just recently found this magazine  
and think it is fantastic.”  

Alexandra, Uxbridge

“Reading the latest issue now! Science 
Uncovered is feeding my mind with amazing 

scientific facts…” Farhad, Bangladesh
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The cheating answer here is that 
the best kind of sand to make 
sandcastles is wet sand! You’ll 
need about one part sand to one 
part water. The recommendation 
is to add sand to water to control 
consistency, not the other way 
around. Then you need plenty of 
‘tamping’ to pat the sand into 
shape and compress it. 

But a more genuine answer to 
the question is that sands 

ENGINEERING

What type of beach sand makes  
the best sandcastles?
Alice Stevens STEVENAGE, ENGLAND

containing higher levels of silt 
and clay can help to stick 
together all of the irregular-
shaped minerals and grains. The 
problem then is that if you travel 
to a silty beach, the aesthetics of 
the castle may be something of a 
letdown compared to the luscious 
sandy beaches of our dream 
summers. It is also a good idea to 

irregular shapes can be pinned 
into position by smaller, more 
rounded and weathered grains. 

Another tip to add is that in 
hot climates the sand is going  
to dry out pretty quickly, so  
make sure you keep it wet if you 
want to carry on building, or you 

catastrophic landslides halfway 
through the build that could 
really spoil your day. IM

Prof Jim Wild 
Lancaster University

Christie Wilcox 
University of Hawaii

Dr Matthew Genge 
Imperial College London

Dr Kristina Killgrove
University of West Florida

Dr Ian Mabbett 
Swansea University

Dr Paul Coxon 
University of Cambridge

+ The professor of space physics 
can of ten be found in the High 

Arctic, studying the Northern Lights. He’s also 
looking into the impact of space weather on 
technology. @jim_wild

+ While living on Oahu, Christie is 
pursuing a PhD in cell and 

molecular biology. Her particular interest is the 
toxins of venomous ocean creatures such as 
the lionfish. @NerdyChristie

+ Not only does Matthew study 
asteroids, he has one named af ter 

him too – 6626 Mattgenge. A planetar y scientist, 
he’s fascinated by rocks on this planet as well as 
those out in space. @rockbloke

+ Kristina sees dead people – 
dead Romans, to be precise. As an 

anthropologist and archaeologist, she 
specialises in studying the bones of Romans to 
f ind out how they lived . @DrKillgrove

+ From the inner workings of steel, 
to bold new materials, Ian is an 

engineer whose research will change the way we 
build. He’s currently studying materials that 
generate energy. @Materials_Live

+ As a materials scientist, 
Paul’s studies span physics, 

energy and X-rays. He’s at the forefront of 
research into nanotechnology – the science 
of the very small. @paulcoxon

On Facebook at…
facebook.com/SciUncovered

On Twitter at…
@SciUncovered

Email us at…
science.uncovered@futurenet.com

For a good sandcastle, 
your best bet is to  

use wet sand

metres is the height of  
the tallest ever  

sandcastle

11.53

 Your questions answered by those in the know
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The Milky Way’s most recent supernova was  
Kepler’s Supernova, which occurred in 1604

Ham the chimpanzee completed a 
16-minute sub-orbital flight in 1961

23@SciUncovered
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animal in space in November 1957
She was carried into 
orbit aboard the Soviet 
spacecraft Sputnik 2

SPACE

Is there a limit to how 
bright light can be?
Georgia Pearson  DUMFRIES, SCOTLAND

The brightest observable objects 
in the known Universe are 
supernovae – explosions of 
massive stars that are near the 
end of their lives. Supernovae  
are extremely bright, equivalent 
to over 10 billion suns. For a  
brief period, this intense burst  
of radiation can outshine an 
entire galaxy. The total radiation 
output of the explosion can be  
as high as 1044 joules – about  
as much as the total energy 
output of the Sun during its 

10-billion-year lifetime.  
This light is made up from 
units or ‘quanta’ called 
photons. Photons are point 
particles, which mean that 
they have no physical size. 
Since photons take up no 
space, this means there is no 
theoretical limit on the 
number of them you can have 
contained within a given 
volume. PC

There are hundreds of viruses 
that cause colds, although the 
most common are the 
rhinoviruses. When rhinoviruses 
infect cells, they hijack cellular 
machinery and force them to 
create hundreds of copies of the 
virus until the cell bursts. Cancer 
cells are particularly susceptible 
to viruses, because they already 
have altered growth – a fact that 
some researchers are hoping to 
exploit to defeat cancer. The key 
is to create viruses that 

without harming the rest of  
the body. CW

induce a current in nearby 
conductive materials. If a device 
is not shielded or designed to 
cope with this extra current, 
then it can cause the electronics 
inside to behave in an 
unexpected way. Old-style CRT 
monitors were especially 
susceptible to magnets because 

produce an image. Hard drives 
are enclosed in metallic cages to 

PC

At least one species is well adapted to living in space – human beings! 
By using our ingenuity, we have built machines that enable us to both 
access space (no mean feat in itself) and survive in this hostile 
environment for extended periods. But what about other species? We 
know from the early days of the space race that primates and dogs can 

Station adapted to life in space, being able to weave almost perfect 
webs in zero gravity, but obviously they were within the comfortable 
environment of the Station. Amazingly, 0.5mm-long water-dwelling 
animals called tardigrades have been able to survive direct exposure 
to the vacuum, extreme temperatures and harsh radiation of space in 
a dehydrated state for 10 days! JW

HUMANS

What would happen 
if we gave a cancer 
cell a cold virus?

SPACE 

Are any species on Earth well 
adapted to living in space?  
Don Blackthorn BY EMAIL

TECHNOLOGY

How do magnets 
mess up 
electronics?
Henry Michael BY EMAIL

Tony Lawes FACEBOOK
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Rhinoviruses 
replicate until their 

host cell ruptures
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A solar flare was  
first observed in 1859

Richard Carrington 
viewed the event 
with a telescope
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ABOVE Voyager 1 is travelling at 17km/s, but it’s 
not clear when it will reach interstellar space

WHAT IF… THERE WAS A HUGE 
GEOMAGNETIC STORM?

WHAT IF… THE OZONE LAYER DISAPPEARED?
Do you have the answer? Log on to Facebook and let us know, facebook.com/SciUncovered

NEXT ISSUE

APOCALYPSE NOW?

Could extreme space weather wipe out our power  
supplies and communications systems?

What is a geomagnetic storm? 
“Occasionally the Sun will send 

off a huge burst of charged 

particles that follow the magnetic 

field lines of the Sun. If we’re 

unfortunate, these lines direct 

them to Earth,” says Professor 

Craig Underwood at the University 

of Surrey, in the UK.  

 

How does that affect us? 
The compression of Earth’s 

magnetic field could overload the 

national grid. “When you move a 

magnet near a wire, you induce a 

current. Our magnetic field gets 

very strongly compressed by the 

charged particles and because of 

that, if you have a long length of 

wire like the national grid and you 

get a sudden shift of magnetic 

field, that induces enormous 

currents,” says Underwood. In 

1989, a geomagnetic storm 

wiped out Canada’s power supply. 

Communications satellites are 

also affected, as disturbances 

the charged layers of the upper 

atmosphere can interfere with or 

even block microwaves. 
 
So would just one country at a 
time be affected? 
In the 1989 event, that happened. 

But a larger storm could 

potentially wipe out power on a 

global scale. 

 

Is there anything we can do? 
“The people who run the national 

grid actually monitor the Sun 

closely, and take remedial action 

if an event is on the way. What 

they tend to do, surprisingly, is 

turn things on – trying to use as 

much power as possible so that  

disturbance is relatively small as 

a percentage,” says Underwood. 

“But we could lose transformers 

and so on… These are major bits 

of kit, so we could lose power for 

considerable amounts of time.” 

 

How often are storms that big? 
Roughly every 100 years. The last 

to hit us was the Carrington 

Event, in 1859. “That was the 

pre-electrical age. But the kick in 

the magnetic field was recorded 

by magnetometers on the ground 

– the ones in Europe went off the 

scale,” says Underwood. A 

Carrington-like storm did occur in 

July 2012, but thankfully missed 

our planet. 

 

What problems could it cause? 
If you were on a flight at high 

altitude during a large 

geomagnetic storm, your cancer 

risk might be increased by about 

one in 1,000 – and astronauts are 

far more vulnerable. While the 

effects wouldn’t be lethal to us on 

the ground, diverted flights and 

loss of power could cause a lot of 

disruption and potentially 

interrupt food supplies, as well as 

our heating and lighting.

Important things to consider 
here are if we are looking for 
active or passive lighting. I’d like 
to think that in the future our 
energy will be generated from 
renewable sources, so light-
emitting diode (LED) lighting, 
particularly printed LEDs and 
organic LEDs could be good 
options if stable enough. If going 
down a passive route then 
phosphorescent ‘glow in the 
dark’ or chemiluminescent 
materials would be handy. But  
on remote roads, cat’s eyes and 

 
a great job. IM

TECHNOLOGY

How might roads of 
the future be lit? 
Robert Dumbarton  
CHESTER, ENGLAND

Nothing has ever been to 
interstellar space before, so 

new. Although Voyager 1 has 
been travelling through our solar 
system since 1977, it’s only just 
exited the heliosphere, a bubble 
of charged particles surrounding 
the Sun. It’s taken several years 

our understanding of its 
structure. But it’s not clear when 
Voyager will reach undisturbed 
interstellar space, so more big 
discoveries are still to come. JW

SPACE

What has Voyager 
taught us?
Brett Cooper NEW YORK, US
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The International Ice Patrol 
tracks icebergs using planes

It was set up by 13  
countries in the wake  
of the Titanic disaster

parts per million of mercury  
on average are found  

in tilefish, the most  
contaminated  

species

1.45

It’s unclear where the idea that hayfever follows 
seven-year cycles originated, but there’s no 
evidence that it has any strict pattern. The 
severity of hayfever can vary based on seasonal 
changes in pollen as well as your health, so it  
can feel like it gets better or worse over time.  
A small percentage of cases spontaneously 

who take inoculative treatments can reduce  
their sensitivity to the pollens that trigger  
their disease. But as far as we currently know,  

appeared. Luckily, medical advances have come  
a long way when it comes to treating hayfever, 
and your doctor can recommend ways to  
mitigate the disease. CW

There are many pollutants in our 

dangerous to consume in large 
amounts. Even some of those we eat 
regularly – such as tuna – have high 
levels of mercury, which can cause 
serious health problems. But there’s 
no easy answer as to which species 
will become too dangerous to eat, 
where or when, because pollution isn’t 
a simple problem. Direct pollution 
with toxins like mercury is easier to 
track in species, but the sundry junk 
we dump in our oceans can have 

algal blooms that lead to spikes in 
seafood toxins such as ciguatera, 

Pollution in general can be as toxic to 

much so that it may not be a matter of 
whether we can eat them, but whether 

What we do know is that we’re already 

consume, and that if we don’t 
reconsider the way we treat our oceans 
and their inhabitants, seafood in 

the menu. CW

Gary Langley FACEBOOK

Star Trek’s Spock was half human, half 

Vulcan – but could his like ever really 

exist? Could humans interbreed with 

humanoid aliens to produce mixed-

species offspring? Well, right now 

scientists have no concrete evidence 

of extraterrestial life, let alone races 

of humanoid creatures. So we’re 

rather a long way away from this 

being a possibility.

Interbreeding does successfully 

take place in the animal kingdom, 

however. The amusingly named 

‘zonkey’, for instance, is a cross 

between a zebra and a donkey. Ligers 

(tiger/lion hybrids), beefaloes (bison/

cow hybrids) and camas (camel/llama 

hybrids) are others among the 

crossbreeds in existence. Even the 

humble mule is the result of 

interbreeding between a male donkey 

and a female horse.

What’s more, recent studies  

have shown that early humans 

actually interbred with Neanderthal 

populations – most likely around 

45,000 years ago (see page 27 for 

more on this). As a result, it’s thought 

that as much of 1-4% of Europeans’ 

and Asians’ DNA comes from 

Neanderthals. So you could say that 

many of us are already hybrids. But 

could we interbreed with alien 

species? We’ll only know when we 

track them down!

NATURE

When will current pollution 
levels mean we have to stop 

Some icebergs are blue for the same reason 
that the sea is blue. Water molecules, whether 
in ice or liquid, absorb most of the red 

blue wavelengths. High-density ice that was 
buried to great depth has few air bubbles and 
absorbs the most light, and is thus the most 
blue in colour. MG

NATURE

Why are some icebergs blue?

Betty McCleans LONDON, ENGLAND

Ellen Vantage PETERBOROUGH, ENGLAND #08: INTERSPECIES 
BREEDING

HUMANS

Is it true that hayfever  
can follow a seven- 
year cycle? 

What are the chances of a 
real-life human/alien hybrid 
coming into existence?

SCIENCE OF SCI-FI
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Earth’s saltiest body of  
water is Don Juan Pond

Located in Antarctica, it’s so 
salty it doesn’t freeze even 
when temperatures are -40ºC

Unexplored locations are being 
opened up by satellite images 
from the likes of Google Earth
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million square kilometres  
make up our planet’s  

land surface area

149

Sea water is salty because it contains sodium 
and magnesium chloride. These are derived 
from weathering of rocks on land, and are 
also found in rivers and lakes in small 
amounts. Evaporation from standing bodies 
of water – like the oceans – removes water 
and leaves the salts, increasing their salinity. 

How much salt bodies of water contain 
depends on evaporation and time. Rivers and 
lakes in temperate climates experience little 

oceans. Lakes in arid conditions can 
evaporate much more rapidly and can be 
even saltier than the sea as a result. MG

NATURE

Why is the sea salty when other water bodies are not?
Terrence Hochem NOTTINGHAM, ENGLAND

Self-healing materials promise to restore function to 
everything from smartphone screens to aircraft bodies that 
have been damaged. Typical synthetic systems work by 
encapsulating a healing agent. If the damage breaks a 

capsules. ‘Intrinsic’ approaches use reversible chemistry 
such as bonds that break when heated and reform when 

IM

Neil Cashton STAFFORD, ENGLAND

TECHNOLOGY

How do self-healing  
materials work?

Building in space has proven 

the numerous hours of 
spacewalks and years of 
planning that the ISS took. 
However, building on another 
resource-rich planet would have 
advantages and disadvantages 
compared to building on Earth. 
The reduced gravity means 
heavy materials will be more 

manageable, but buildings often rely 
on gravity to set foundations. Bricks 
may be lighter, but with 
other atmospheric 
conditions in mind, placing 

As for the builders, we’d 
need a mix of the strength 
we see in construction 
workers here and the agility 

IM

SPACE

With its reduced gravity, would building in space be 
easier than on Earth?
Rebecca Hawkins BRISTOL, ENGLAND
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Gravity on the Moon is 
roughly 17% of that on Earth across its surface is enough to 

forgotten or hidden sites in places such as Afghanistan, Saudi Arabia and the 

satellite have also revealed sites in the Middle East that have been 
taken over by modern infrastructure in the past 50 years.  

These sites are in areas of the world that have been 
explored, just not recently or thoroughly. Actually 

unexplored areas of the Earth that could reveal 
archaeological sites lie along the world’s 

coastlines. For example, a major theory of 
human expansion into North America 

is through a route that hugged the  

climate and geology, much of  
this route is now under water. 

Archaeologists have only  
just begun to search the      

 ocean for clues  

inhabitants. KK

HUMANS

Are there any unexplored 
locations on Earth where 

archaeological remains?
Mia Whitehead CHESTERFIELD, ENGLAND

What is it?
Antibiotic resistance is when bacteria 

develop a resilience to the drugs we 

use to kill them. They are able to withstand 

exposure to particular drugs, making infections 

of these so-called ‘superbugs’ much more 

difficult for medical staff to treat.

Are there already many bugs like this?
Aside from the much-publicised 

superbugs MRSA and C. difficile, 

sometimes contracted during hospital stays, 

there are now strains of tuberculosis that are 

resistant to multiple types of antibiotic. This 

accounts for around 6% of new TB infections. 

Antibiotic-resistant infections of gonorrhoea, 

pneumonia and E. coli have also been observed.

How does it happen?
Bacteria naturally develop resistance 

to antibiotics over time. But the 

process is also sped up through improper use of 

the drugs. People failing to complete their 

prescribed course of medicine, sharing their 

drugs with others, or being incorrectly 

prescribed antibiotics – as a placatory measure 

for viruses such as the common cold, for 

example – have all helped to accelerate things.

What does it mean?
It could lead to big problems in the 

future, with the World Health 

Organization recently warning that we may be 

heading towards a ‘post-antibiotic era’. This 

could lead to a rise in infection-related deaths. If 

doctors are forced to use different or multiple 

treatments, costs will also rise significantly. 

Less-developed healthcare systems may also 

not have access to these other treatments.

Can’t we just develop new drugs?
It’s not quite that simple. There have been no 

new ‘classes’ of antibiotic produced over the 

past 25 years. New antibiotics that come on to 

the market are variations on existing drugs, 

which means that bacteria develop a resistance 

to them within a much shorter timespan.

 #08: ANTIBIOTIC 
RESISTANCE
They’re our first line of defence against 
many common illnesses, but antibiotics 
are losing their efficacy

Based on the fossil record, 
Neanderthals and anatomically 
modern humans (AMH) diverged from 
a common ancestor in Africa perhaps 
350,000 years ago. Neanderthals then 
left Africa before the earliest AMH, 
working their way north with the help 
of stone tools. Waves of AMH migrated 
out of Africa much later with their 
own tools. The fascinating thing about 
these two groups is that they met up 
again in parts of Eurasia hundreds of 
thousands of years later. By about 
40,000 years ago, the Neanderthal 
population had collapsed, although we 
are not sure exactly why. We do know 
that Neanderthals and AMH interbred 

HUMANS

Did our ancestors interbreed with Neanderthals? 
Lukas Peterson ABERYSTWYTH, WALES

because researchers have analysed 
their genomes – the complete set of 
genes from a living being. Research is 
ongoing, but a seminal paper used 

last interactions between 
Neanderthals and AMH occurred 
roughly 45,000 years ago. What’s 
more, these researchers found that 
Neanderthals and AMH of non-
African origin share more genetic 
variants than those of African origin, 
suggesting recent interbreeding 
outside of Africa. This means that 
modern people of non-African 
descent have a small number of 
Neanderthal genes! KK

THE 60-SECOND PHD
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7% of the UK population is thought  
symptoms in the winter

explain – scientists have found 

that sunlight seems to help 

prevent multiple sclerosis and 

tooth decay, although the exact 

mechanisms are unknown. 

You can have too much of a 

good thing, though. Sunburns can 

be incredibly painful, but they’re 

only the most immediate 

response to too much Sun. 

Sunlight can cause your skin to 

become hard, leathery and 

discolored over time, and make 

you look much older than you are. 

Your eyes, too, are sensitive to UV, 

and can develop cataracts or 

other problems. Overexposure to 

UV rays can also lead to much 

more serious diseases. Sunlight 

can cause mutations in skin cells 

leading to cancer, including one of 

the deadliest: melanoma. Too 

much sun can also weaken your 

immune system, worsening or 

causing diseases from herpes 

simplex to lupus.

Unfortunately, the jury is still 

out on exactly how much Sun is 

best for our bodies. A number of 

factors – from where you are on 

Earth to your skin colour – can 

affect how your body reacts to 

the sun. Current safety protocols 

suggest that you should always 

wear sunscreen or protective 

clothing to minimise prolonged 

exposure, especially during the 

summer, as we’re more prone to 

too much Sun than too little. CW

Like many things, there is no 

black or white when it comes to 

what is ‘good’ or even healthy. The 

key is the right amount – some 

sun is good, too much on the 

other hand, can be deadly.

The human body absorbs 

sunlight – specifically the UVB 

rays from it – through the skin. 

These UVB rays react with 

7-Dehydrocholesterol, a 

cholesterol-like compound, 

transforming it into D3, the 

precursor to vitamin D. One of the 

body’s most essential vitamins, 

vitamin D is linked to health 

benefits. It can help fight heart 

disease and diabetes, and reduces 

the risk of some cancers. It is also 

critical to your immune system.

Sunlight also boosts the 

body’s production of serotonin, 

one of the brain’s most important 

neurotransmitters. Increased 

serotonin makes us feel happier, 

which is why many people are 

more depressed in the winter 

when there is less Sun. Higher 

serotonin levels also encourage 

weight loss by suppressing 

appetite. Some of the Sun’s 

apparent benefits are harder to 

IS SUNSHINE GOOD OR BAD FOR US?

THE BIG QUESTION
NEXT 

 MONTH
Why don’t today’s 

animals grow as big as 
the dinosaurs?

Numerous pre-Columbian 
mummies from Chile have 
shown elevated levels of nicotine 
from consumption of tobacco. 
Several Egyptian mummies also 
tested positive for nicotine, but 
this is likely due to the drug’s 
presence in the plant mandrake. 
And hair from ancient Andean 
people reveals cocaine, probably 
from chewing or brewing coca 
leaves. Direct evidence of 
cannabis use is still murky, but 
archaeological and historical 
records attest to its value among 
peoples of the Old World. KK

HUMANS

Are there signs of 
recreational drugs 
in ancient remains?
James Smith MANCHESTER, ENGLAND

BELOW Decaffeinated coffee still contains 
approximately 2% of its original caffeine content

HUMANS

How are drinks 

David Camber INVERNESS, SCOTLAND

A common procedure involves 

in hot water to release the 

solvent. Previously chloroform or 
dichloromethane were used, but 
these were replaced in the 1990s 
by ethyl acetate – a naturally 
occurring solvent. Today, due to 
health concerns, benign solvents 
such as superheated water or CO2 
are used, which pass over 
activated charcoal and remove 

PC 

Amanda Wilson 
via Facebook
Seriously, I live in Newcastle – we 

have about five minutes’ Sun a year.

Tegan Glas
via Facebook
Never done the sunbathing thing. 

Never understood the need to cook 

yourself like a sausage on a BBQ.

Sean Alexander 
via Facebook
I am ginger so it’s five-minute 

stints for me, ha ha. Sun-lovers can 

…AND SHOULD WE BE TRYING TO GET LESS SUNSHINE?

warp their skin in an attempt to be 

beautiful, but too much UV 

exposure and you’ll look like a 

leather handbag.

Rob Wilson
via Facebook
No! Just protect yourself. The Sun 

also provides many nutrients and 

vitamins that our bodies need.

Danny Johnson
via Facebook
You can’t live like that – go and 

enjoy the Sun!

Ahmad Kaiyal
via Facebook
It’s okay in moderation, I suppose.

Matthew Vigar
via Facebook
It would be healthier to moderate 

Sun exposure, and ensure that  

time is also spent in the shade.

Eileen McCormick
via Facebook
Cover your arms, back and legs,  

and wear cotton clothing and 

sunglasses to keep cool! 
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36 FIVE WAYS THE 
UNIVERSE COULD END
 It won’t go on forever – but 

will it rip apart or implode?

38 INSIDE METEOR 
SHOWERS
 Their appearance isn’t as 

random as you may think.

40 MEET MORPHEUS
 NASA’s new lander that 

will allow us to explore 
distant worlds.

42 SOUND TESTING 
SATELLITES
 ESA’s acoustic facility is so 

loud it could kill you.

 Explore our universe and its mysteries
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WORDS BY  Dr Alastair Gunn

The Universe started as a 
bubble smaller than a pinhead

Then it suddenly  
expanded – it’s what  
we know as the Big Bang

31@SciUncovered

SPACE UNCOVERED
 Universe’s dark age

arlier this year, 
astronomers produced 
evidence that just one 

trillionth of a trillionth of a 
trillionth of a second after the Big 
Bang, the Universe underwent a 
rapid, exponential expansion. 
A telescope called BICEP2, located 
at the South Pole, found ripples 
imprinted on the relic radiation from 
the Big Bang, bolstering our theories 
of how space was ripped apart in its 
very first moments.

BICEP2 showed that it is possible 
to probe the first few seconds of the 
Universe, even though astronomers 
are unable to directly detect 
anything prior to 370,000 years after 
the Big Bang. Between this moment 
and the appearance of the first stars 

and galaxies (about 100 million years 
later), the Universe was in almost 
total darkness. Hidden within this 
mysterious ‘dark age’ is the secret of 
how galaxies took shape. 

Since light takes time to travel, 
the further out into space we look, 
the further back in time we see. 
Therefore, astronomers don’t need 
to guess the history of the Universe 
– they can observe it with telescopes. 
They have deduced that the Universe 
is about 13.7 billion years old, 
has a radius of roughly 46 billion 
lightyears (expanding all the time), 
and started with an inconceivably 
hot and dense ‘Big Bang’. 

To deduce something about 
the very early history of the 
Universe, which can’t be directly 

Astronomers are trying to write a critical missing chapter 
in the history of the cosmos. But how do you shine a light 
on a time that is drenched in darkness?

E

Dark Age
Universe

The

of  
 the
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The CMB accounts for 99.9% of all 
particles of light in the Universe

The remaining 0.1% is  
the visible light we can see 
from stars and nebulae

seen, astronomers turn to their 
understanding of how the forces of 
nature interact and how subatomic 
particles behave. They have found 
that the short period of extremely 
rapid ‘inflation’ (now confirmed by 
BICEP2) is responsible for the high 
degree of homogeneity seen in the 
early Universe.

today. We call it the Cosmic 
Microwave Background (CMB) and 
this is where the BICEP2 telescope 
found those telltale ripples of 
inflation in early 2014.

DARK TIMES
Between the release of those CMB 
photons and the first rays of light 
from infant stars, the Universe 
languished in its so-called ‘dark 
age’. But it was not lazy. In those few 
hundred million years, the soup of 
particles evolved into the plethora 
of objects we see across the cosmos 
today. How that came about has so 
far been a mystery to astronomers.

PLANCK EPOCH
Cosmologists term the earliest period 

of the Universe, from 0 to 10−43 

seconds after the Big Bang, the 

‘Planck Epoch’. During this time the 

Universe was inconceivably hot and 

dense and the four forces of nature 

were unified into a single ‘superforce’.

INFLATIONARY EPOCH
From about 10−36 to about 10−32 seconds 

after the Big Bang, the Universe appears 

to have undergone an extremely rapid, 

exponential expansion. The cause of this 

mysterious inflation is unknown, but it 

explains why the Universe now looks the 

same in all directions.  

NUCLEOSYNTHESIS
Between about 10−32 seconds and 

377,000 years after the Big Bang, as 

the Universe’s temperature and 

density declined, the other 

fundamental forces separated and 

eventually atomic nuclei were formed. 

The Universe now consists of about 

75% hydrogen and 25% helium.

RECOMBINATION EPOCH
After about 377,000 years, the Universe 

was cool enough for electrons to be 

captured by nuclei to become atoms. 

Light was released and can be detected 

today as the Cosmic Microwave 

Background (CMB). We cannot directly 

observe the Universe before this time.

THE DARK AGE
Until about 400 million years 

after the Big Bang, the Universe 

was a dark place. No stars or 

galaxies had yet formed. This 

period between the release of 

photons in the CMB and the 

formation of the first stars is 

known as the ‘dark age’. 

GRAND UNIFICATION EPOCH
Between 10−43 and 10−36 seconds 

after the Big Bang, gravity and the 

strong nuclear force separated 

from the other forces. Particles 

called quarks formed at this time 

and the excess of matter over 

anti-matter we see in the Universe 

today was created.

After this initial ‘inflation 
epoch’ took place, the Universe 
continued to expand and cool. Out 
of the primordial ‘soup’ of particles, 
the first protons and neutrons 
condensed and eventually formed 
the nuclei of simple atoms such 
as hydrogen and helium. Then, 
after about 370,000 years, when 
the Universe had cooled enough 
for electrons to be captured by 
these nuclei, something dramatic 
happened. All of a sudden, light 
and matter stopped interacting and 
light was then free to propagate 
throughout the Universe. This fossil 
radiation still fills the Universe 

“WHEN ASTRONOMERS LOOK INTO 
THE DISTANT UNIVERSE, WE ARE 
LOOKING BACK IN TIME.”
Mark Thompson BBC STARGAZING LIVE
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The CMB is also known 
as ‘relic radiation’

It was discovered by accident in  
1964 by US astronomers Arno 
Penzias and Robert Wilson
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The world we experience is 
mostly composed of ‘neutral’ atoms 
– the protons and electrons are 
balanced. Almost all matter in the 
Universe at the time the CMB was 
released was neutral too. But the 
vast majority of the Universe today 
is composed of ‘ions’ – atoms with 
unequal amounts of protons and 
electrons. Observations of the CMB 
have revealed that neutral hydrogen 
must have become ionised by the end 
of the dark age. Astronomers assume 
this is because the ultraviolet 
radiation from the very first stars 
leaked into intergalactic space, 
energising the electrons in neutral 

RE-IONISATION EPOCH
The first stars and galaxies had 

formed by about half a billion 

years after the Big Bang. Their 

strong ultraviolet light 

eventually ionised most of the 

hydrogen in the Universe. The 

structure we see today had all 

but appeared.

THE SOLAR SYSTEM
Our solar system formed 4.6 

billion years ago when dust 

particles were drawn together 

to form a cloud. As the cloud’s 

centre increased in mass, so 

too did the temperature. The 

energy increased massively 

and the Sun was created.

COSMIC MICROWAVE 
BACKGROUND EXPLAINED
The light that reveals what the early Universe was like
+ The cosmic microwave background (CMB) is the leftover 

radiation from the Big Bang. It was released as the 

temperature of the Universe dropped below 3,500 Kelvin; 

atomic nuclei could then capture electrons, therefore 

allowing photons to move freely. Today, the expansion of 

the Universe has caused the photons themselves to expand 

to longer wavelengths, placing them in the ‘microwave’ part 

of the spectrum. The CMB provides a snapshot of what the 

Universe looked like 370,000 years after the Big Bang. It 

was remarkably smooth, although tiny fluctuations seen in 

the CMB would eventually grow into the structured Universe 

we see today. The CMB suggests that there is more matter 

in the Universe than can be accounted for by ordinary 

atoms, thus implying the need for dark matter, and that 

there is more total energy than can be accounted for by 

matter alone, therefore implying the need for dark energy.

atoms and eventually ionising the 
whole of the Universe. 

All of this happened when there 
was little light in the Universe. 
Fortunately, though, the dark age 
was not completely dark. Neutral 
hydrogen atoms emit a small 
amount of energy if the electron 
within them changes its orientation. 
Although this happens randomly 
and extremely infrequently, there 
was so much neutral hydrogen 
during the dark age that it created 
a faint glow in the radiowave part 
of the electromagnetic spectrum 
– at a wavelength of 21cm. This 
dim glow is the astronomers’ best 

The dark age was a vital step towards the 
cosmos we see today

UNIVERSE’S EVOLUTION 
THROUGH TIME
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Big Bang radiation is a  
reason behind TV static

It causes 1% of analogue TV 
static – lightning and the 
Sun are bigger factors

To open this tantalising window 
on to the dark age, astronomers 
are planning revolutionary new 
telescopes. By scanning the sky 
at many wavelengths, they hope 
to build up a three-dimensional 
map of neutral hydrogen emission 
and to reveal how it has changed 
throughout this hidden period. 
Such a view would yield a treasure 
trove of information from which to 
deduce the early history of structure 
formation, as well as the origin of the 
stars, galaxies and quasars that we 
see in the Universe today. And it may 
also solve some of astrophysics’ most 
puzzling problems.

A neutral hydrogen map 
might hold clues to even earlier 
epochs of the Universe because 
it should encode information on 
the distribution of matter just 
as the Universe became opaque. 
Furthermore, it will probably reveal 
the details of the small density 
fluctuations that led to the formation 
of galaxies much later in the lifetime 
of the Universe. In revealing the 
dark age, astronomers hope to 
finally understand how the Universe 
structured itself from the primordial 
soup, and answer some fundamental 
questions of cosmology.

The task is not trivial. The 
signal from neutral hydrogen is 
extremely weak and is generally 
swamped by our own terrestrial radio 
transmissions, as well as being  
distorted by the ionosphere. In 
addition, the Milky Way produces 

hope of revealing the dark age. 
However, because the Universe 
has expanded in size by a factor 
of 1,000 since the start of this era, 
these photons will arrive at Earth 
with a wavelength of 210 metres. 
A photon emitted towards the end 
of the dark age will appear with a 
wavelength of a few metres, as it has 
been stretched by a shorter period 
of expansion. This is in a part of 
the long wavelength spectrum that 
is typically used by television and 
mobile communications.
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WHY ALL GALAXIES HAVE BLACK HOLES
+ All galaxies, including the Milky Way, probably have 

a super-massive black hole residing in their hearts. 

This seems to be the case for even the most ancient 

of galaxies in our Universe. Currently, astronomers are 

perplexed how such massive black holes could have 

formed so soon after the Big Bang took place.

DARK AGE MYSTERIES 
WE’VE YET TO SOLVE
The conundrums still perplexing astronomers 

HOW IONISATION OCCURED
+ Many astronomers believe it was the ignition of the 

very first stars that ionised the neutral hydrogen during 

the dark age of the Universe. But there is another 

possibility – it could have been the energy that was 

released during the formation of primeval black holes at 

the centres of those infant galaxies.

WHAT THE EARLIEST STARS LOOKED LIKE
+ Some studies suggest that the first generation of 

stars in the Universe were very different to those 

around today. They were likely far greater in size and 

burnt much more quickly. But until astronomers can 

find a way of peering into the dark age and finding those 

first stars, the truth will remain a mystery.

The BICEP2 telescope 
detected ripples in 
the CMB

The Dark Sector Lab at the South 
Pole houses the CMB-detecting 
BICEP2 telescope
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The Big Bang theory 
dates back to 1927

Belgian priest and 
astronomer Georges 

its own neutral hydrogen emission, 
which is 10,000 times more intense 
than the signal from the dark age of 
the Universe. 

But the problems are not 
insurmountable. Several 
revolutionary instruments have 
already joined the search. One of 
these is the Murchison Wide-field 
Array (MWA) in Western Australia, 
which consists of 8,000 radio 
antennas spread over an area 1.5km 
wide. It has already begun collecting 
data to map the intensity of the 
long-wavelength neutral hydrogen 
emission. Another instrument is 
called LOFAR (the Low Frequency 
Array), which will eventually consist 
of a central core of radio antennas in 
the Netherlands, but with additional 
stations located throughout Europe 
(including the United Kingdom). 

NEW T ECHNOLOGY
Perhaps the greatest hope for 
revealing the dark age lies in an 
instrument called the Square 
Kilometre Array (SKA). As its name 
suggests, it will have a collecting 
area of 1km2, pushing sensitivity 
to 50 times what is currently 
available. There will be up to 4,000 
separate radio antennas in the SKA, 
spread mainly throughout Western 
Australia and South Africa. All these 
elements will be linked by optical 
fibres to a huge supercomputer that 
will create the telescope’s image. 
Unfortunately, the SKA won’t be 
ready until at least 2022.

Despite huge advances in 
cosmology and astrophysics within 
our lifetimes, one of the Universe’s 
greatest mysteries still confronts us. 
When and how did the first galaxies 
form out of cold clouds of hydrogen 
gas? What happened at the dawn of 
the cosmos when stars first sparked 
into life? The answer is out there, 
albeit ever so faintly.   

Dr Alastair Gunn
Astrophysicist
+ Alastair works in the School of Physics 
and Astronomy at the University of 

Manchester. He has a PhD in astrophysics from Queen’s 
University, Belfast.

Stargazing LIVE’s Mark Thompson on viewing  
the history of the Universe

PEERING INTO THE PAST  
WITH POWERFUL TELESCOPES

Astronomers can study 
distant objects, such as  
the quasar 3C 273, to  
analyse their motion

+  When astronomers look out into the 

distant Universe, we are looking back 

in time because the distances are so 

vast that it takes light time to reach us.  

Even with the naked eye, objects like 

the wonderful galaxy in Andromeda are 

just visible at a distance of 2.3 million 

light years away.  The use of a modest 

15cm telescope will enable you to see 

fainter objects such as 3C273, a galaxy 

at a distance of 2.4 billion light years. 

Studying objects like these galaxies 

allows us to deduce the direction and 

speed of their motion and from that  

we can determine that the Universe  

is expanding.

Mark Thompson
Astronomer, author & television pres nter
+ An astronomer and T V presenter, Mark is a co-
presenter of the BBC’s Stargazing LIVE. @peoplesastro
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 Telescopes within the Square 
Kilometre Array could provide 
our clearest view of the 
Universe’s dark age
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The theory of the heat death of  
the Universe is over 150 years old

We’d like to think that the Universe will continue forever, but chances are, at some point it 
will cease to be. Here’s how current thinking suggests the end may come to pass…

ways the Universe 
could end

 The Universe is becoming less and 

less structured. That’s a result of 

the second law of thermodynamics, 

which states that the disorder (or 

‘entropy’, in a physicist’s language) of any 

closed system will always increase. The 

so-called heat death of the Universe may 

be the endgame of this process, and 

would happen when entropy reaches a 

maximum and the temperature of the 

entire cosmos becomes uniform. 

If that happened, ordered structures 

such as planets, stars and galaxies would 

no longer exist. Just as a sandcastle 

eventually collapses into particles of 

sand, they would have disintegrated into 

a sparse gas of photons, electrons and 

neutrinos. With all matter in the Universe 

at a single temperature, there would be 

no temperature gradients to drive the 

reactions that make the Universe an 

active, dynamic place, leaving behind a 

dead expanse where nothing interacts. 

But there’s no reason to panic just 

yet – we’re looking at somewhere in the 

region of 10100 (10 billion, billion, billion, 

billion, billion, billion, billion, billion, billion, 

billion, billion) years before this particular 

fate is likely to come our universe’s way.

1. HEAT DEATH
TOTAL CHAOS

WORDS BY  Richard Edwards

 Two of the biggest mysteries facing 

cosmologists are dark matter and 

dark energy. Our models of the Universe 

suggest dark matter exists, but we can’t 

see it, and even if it’s out there, we have no 

idea how it might interact with normal 

matter. Meanwhile, observations tell us the 

Universe is growing at an ever-increasing 

rate, but this is counter-intuitive – you’d 

expect the gravitational attraction between 

galaxies to keep this growth in check, or 

even pull them back together. Astronomers 

believe dark energy is driving this expansion.

As the galaxies move further apart, 

the gravitational force between them 

decreases. If this continued, the force 

exerted by dark energy would gradually 

overwhelm the force of gravity. Galaxies 

would fall apart, planets would leave 

the orbits of their stars and the planets 

themselves would disintegrate. The process 

would continue until the Big Rip, when the 

‘fundamental forces’ that hold the Universe 

together would become obsolete and 

reactions would become impossible. The 

Universe would be dead.

2. THE BIG RIP
OVER-EXPANSION
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to a rival ‘steady state’ theory

PERPETUAL UNIVERSE

 The eternal inflation model is 

consistent with the Big Bang theory 

and, as the name suggests, theorises that 

the Universe will keep expanding forever.

There are a couple of ways this could 

work. The ‘standard inflation’ version 

allows for the expansion of one single 

universe (the one we experience), which 

is more or less uniform throughout. The 

‘bubble universe’ version, meanwhile, 

implies an expanding multiverse made 

up of many different universes of normal 

space. Our own universe would be one of 

these. These would be entirely separate 

and unable to interact with one another; 

they could even feature different laws 

of physics. Within the multiverse, the 

individual universes could live and die a 

heat death, while the larger multiverse 

continued – the small universes would be 

finite entities within an infinite structure.

Other versions of the eternal inflation 

model abandon the Big Bang theory 

entirely and imply that the Universe has 

no beginning and no end at all. 

5. ETERNAL INFLATION

Supporters of eternal inflation models argue that  
the Universe may simply go on expanding forever

 We know so little about dark  

energy and how it behaves that  

the destiny of the Universe may actually 

go in the opposite direction to the Big Rip. 

If it turned out, for example, that the 

forces causing galaxies to move apart 

are weaker than gravity, then gravity 

would be dominant. Eventually, 

gravitational attraction would win out, 

galaxies would stop moving apart and 

gradually the Universe would start to 

shrink. All of the matter in the cosmos 

would clump together in increasingly 

large masses, until everything collided in 

a cataclysmic Big Crunch, bringing the 

whole thing to an apocalyptic end.

While our observations that the 

Universe is expanding seem to make 

a Big Crunch unlikely, it’s not beyond 

the realms of possibility. The rate 

of expansion has not been uniform 

throughout the Universe’s history – it 

could just take a shift in the equilibrium 

between dark energy and gravity to bring 

everything tumbling back together.

3. THE BIG CRUNCH

The Big Crunch theory suggests that the Universe will 
one day stop expanding and start to contract instead

CONTRACTION

 The Big Bounce takes the Big 

Crunch theory one step further, 

suggesting that the end of one universe 

could trigger the creation of another. 

As all the matter in the old universe 

is compressed into a smaller volume, 

some scientists believe that the effects 

of quantum mechanics would start to 

kick in, repelling the particles that were 

previously being pulled together by 

gravity. This, they say, would create a 

rebound effect that would send all of that 

matter whizzing out again, creating a 

new universe in an all-new Big Bang.

Supporters of the theory like the 

elegance and simplicity of a cyclical 

model, where one universe replaces 

another, which replaces another, and 

so on. Also, it’s a neat way of explaining 

what triggered the Big Bang, particularly 

for those sceptical about the premise of 

an entire universe being spawned by an 

infinitely small singularity. 

However, we have no evidence that 

the end of one universe could start 

another this way – and the physics 

of particles during the high-energy 

conditions surrounding the Big Bang are 

notoriously difficult to model.

REBIRTH

The death of one universe might lead to 
the creation of an entirely new one

4. THE BIG BOUNCE

Richard Edwards 
Science writer
+ Richard is the deputy editor of SFX and 
a lifelong science enthusiast. He holds a 

degree in physics from the University of Bristol.
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The Leonid shower of 1833 was 
one of the most spectacular ever 

Estimates range from 
100,000 to 200,000 
meteors falling an hour

WORDS BY  Mark Thompson

ook up at the sky on any 
night and you might be 
lucky enough to see a 

shooting star. Their name evokes 
childhood memories of making 
wishes, but in reality, these fast-

do with stars. Instead, they appear 
when a piece of rock – a meteor –
ploughs through Earth’s atmosphere 
at speeds in excess of 50 kilometres 
per second, causing the gas 
surrounding it to glow. This produces 
the characteristic streak of light that 
we see stretching across the sky.  

Whether or not you see one is  
often a matter of luck, but you can 
increase your chances of glimpsing  
a shooting star by hunting down one 
of the regular meteor showers that 

METEOR SHOWERS:
HOW WE KNOW WHEN  
THEY’LL LIGHT UP OUR SKIES…

occur throughout the year, such as  
the Delta Aquarids, which takes  
place in July. Then you’ll see lots of  
shooting stars.

We can accurately predict on which 
dates meteor showers will take place. 
They happen when Earth passes 
through the orbit of a comet and we 
know when this will happen. There 
are thousands of comets currently 
orbiting around the Sun and a handful 
of them cross our planet’s orbit. As 
these comets travel, they scatter 
debris – grains, pebbles and rocks – 
along the way, almost like a trail of 
celestial breadcrumbs. It’s this 
material that lights up our skies.

These close encounters with a 
comet will happen several times a 
year. The duration of the spectacle 

varies from shower to shower. Most 
will last for a couple of weeks, but 
there will be an increase in activity 
around the event’s peak – this  can 
last for just an hour or two when the 
Earth travels through the densest  
part of the debris. Early morning at 
the peak of the shower will give you 
the best opportunity of seeing the 
most impressive display. If you are 
lucky enough to see a good display, 
then you might notice that all of the 
meteors seem to come from one single 
point in space. This is known as the 
‘radiant’ and is purely the result of 
perspective. Nonetheless, 
astronomers use the radiant’s location 
to determine the shower’s name. 

The radiant for the Delta Aquarid 
shower is near the star known as 

Although meteor showers look chaotic and random, we can predict their arrival 
by charting when our planet’s orbit crosses with that of a disintegrating comet
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You can ‘hear’ meteor 
showers on the radio signals, allowing you to hear clips of 

stations normally out of your range

Venture outside with a flask of hot 
chocolate and a blanket to enjoy one  
of these sparkling shows

THE BEST AND 
BRIGHTEST METEOR 
SHOWERS OF 2014

THE DELTA AQUARIDS 
L ATE JULY- EARLY AUGUST 
PEAK TIME:  28-29 JULY
+ Unlike most meteor showers we can see 

from Earth, the Delta Aquarids lacks a 

definitive peak, instead lighting up our 

skies with a steady stream of meteors. 

Late July is the best time to watch as the 

faint showers won’t be fighting with the 

moonlight for your attention. 

THE PERSEIDS 
MID-AUGUST 
PEAK TIME:  11-13 AUGUST
+ Unlike the Aquarids, the Perseids offers 

observers in the Northern Hemisphere 

the best views. At its peak, the Perseids’ 

bright, fast-moving meteors streak 

across the entirety of the night sky, 

leaving trails in their wake. 

THE LEONIDS 
MID-NOVEMBER  
PEAK TIME:  17-18 NOVEMBER
+ So named because it appears to radiate 

from the constellation Leo, the Leonid 

meteor shower is sometimes spectacular, 

but just as often it is underwhelming. In 

2014, however, it will provide the most 

spectacular display of all the showers, 

with as many as 300 meteors visible each 

hour in a clear, dark sky. This figure is 

known as the ‘zethial hourly rate’. 

THE GEMINIDS 
MID-DECEMBER 
PEAK TIME:  13-14 DECEMBER
+ Although not as strong as the previous 

month’s Leonids, the Geminids should put 

on a show to rival the Perseids, and 

visibility is good whichever hemisphere 

you happen to be in. Geminid meteors 

tend to be bright, so moonlight shouldn’t 

interfere too much with your viewing. 

Mark Thompson
Astronomer & TV presenter
+ Co-presenter on BBC2’s Stargazing LIVE 
and president of Norwich Astronomical 

Society. His f irst book, A Down to Earth Guide to the 
Cosmos, is out now. @PeoplesAstro

…AND WHEN  
YOU CAN SEE 

THEM IN 2014
Delta, which is located in the 
constellation of Aquarius. The best 
time to view this shower is 28-29 July, 
so get outside during the early hours  
of the 29th. 

The real beauty of meteor showers 
is that they require no specialist 
equipment to enjoy them, so you don’t 
need to splash out on expensive 
telescopes. However, it is best not to 
look directly at Aquarius, which lies 
low in the south. Instead, keep your 
gaze moving around the sky and you 

might get lucky. It’s best if you can get 
to a wide open location where you can 
see as much of the sky as possible. The 
more of the cosmos that’s in view, the 
more meteors you’ll see. 
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L ANDERS COULD PRODUCE THEIR OWN FUEL
+ A lander on another planet similar to Morpheus could 

make methane fuel from native carbon dioxide and 

hydrogen. The Sabatier process, named after the 

chemist who discovered it in 1910, uses heat and a 

catalyst (often nickel) to kickstart a reaction that 

produces methane and water. The International Space 

Station uses this reaction to produce water from CO
2
 

exhaled by astronauts, ejecting methane into space.

DID YOU KNOW?

40 @SciUncovered

MORPHEUS 
HAS LANDED
NASA’s prototype lander is testing the  
technology that will allow us to touch down  
on distant worlds

B

WORDS BY  Ian Evenden
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e it a planet, moon or 
asteroid, finding a safe
landing spot is a tricky thing 

to do.

 

THE LASERS MEAN IT CAN OPERATE IN ANY 
LIGHTING CONDITIONS, SCANNING FROM HIGH 
ALTITUDE BEFORE ZEROING IN ON A SAFE POINT.

THE LANDER THAT CAN PLOT 
ITS OWN LANDINGS

+ Named after the Greek god of dreams, the Morpheus 

project is approaching its fourth birthday. Like many of  

us at that age, the craft is becoming more agile and 

confident with every trip. 

This revolutionary prototype is testing some of the 
key engineering advancements of space travel



Why are asteroids tough to land on?
“Unlike planets, asteroids have low gravity 
and irregular shapes, making orbits 
difficult to maintain without constant 
adjustment. A lander needs to match its 
speed with its landing site and reduce 
altitude slowly to prevent it from bouncing 
off back into space.”

Dr Matthew Genge
Geologist, Imperial College London
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MARS

EUROPA

ASTEROID

AVIONICS
The computer systems that map the terrain 

beneath the craft are surprisingly low-

power for 2014. Its main processor is a 

PowerPC chip that could have graced a 

1998 Apple Mac, and it can store  just 16GB 

of data. The computer is, however, radiation- 

proof and cooled with liquid methane.

KEY TARGETS FOR 
MORPHEUS TO VISIT

+ The surface of Mars contains flat areas 

interspersed with boulders. NASA’s Spirit 

and Opportunity rovers used airbags to 

cushion their landings, but Morpheus 

could use its rocket engine to control its 

descent. In tests on Earth, it has managed 

to land within 9cm of its target.

+ Jupiter’s moon Europa is a prime target 

for exploration, but poses the problem of 

penitentes: 10m-tall ice spikes. These 

generally surround the equator, but can 

appear elsewhere, so Morpheus’ computer 

would watch for these as it approached a 

pre-determined landing zone.

+ An asteroid’s tumbling motion through 

space can lead to rapid temperature 

changes on its surface as different sides 

are exposed to the Sun. Morpheus’ system 

of lasers can scan the rock as it flies, 

making alterations on the fly as it hones in 

on a safe landing spot.

ROCKET ENGINE 
This produces around the same amount 

of thrust as the jets used in American 

fighter planes of the 1950s. Unlike 

those planes, however, it points  

straight down, and Morpheus can  

rise and fall vertically, angling the 

exhaust to achieve controlled motion  

in any direction.

TANKS  
The liquid methane/oxygen fuel mixture 

is so cold that it boils away in Earth’s 

atmosphere, so once the tanks are 

filled, valves are closed to prevent it 

escaping. The test crew backs off to a 

distance of 380m as the tanks are 

pressurised using helium. Once it’s 

certain there are no leaks, Morpheus is 

ready to go.



SPACE UNCOVERED
 Loudest sound chamber
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H

vibration of a rocket launch. The  
noise it produces simulates the high 
sound and pressure levels created  

 
at ignition.

Last year, the European Global 
Navigation Satellite System, also 
known as Galileo – Europe’s in-
development answer to GPS –  
underwent testing at LEAF. 

“The noise level reached during 
the test was 140.7dB – about the  
same volume as you’d experience 
standing 25m away from a jet  

 
from the European Test Service.  
“This involved a maximum liquid 

Liquid nitrogen delivered by a tanker 
is vaporised to pass through the 
horns. More or less, we used one  
full tank of liquid nitrogen for  

In 1908 a meteor exploded over 
the Tunguska River in Siberia

The sound was equivalent 
to a 100-megaton bomb: 

THE ROOM MUST BE SEALED 
TO ENSURE THAT NO ONE 
ACCIDENTALLY GETS A BLAST.

ESA has created Europe’s loudest sound system –  
its output is too loud for human ears, but is perfect  
for stress-testing spacecraft

THE KILLER  
SOUND CHAMBER

eavy metal fans might be 
pleased to know that 
Europe’s loudest sound 

system has been developed by 
engineers at the European Space 
Agency (ESA). But they probably 
wouldn’t be quite so pleased if  
they heard it, because it would  
kill them. 

ESA says that no human can 
withstand the 154 decibels (dB) that 
the acoustic chamber at its Large 
European Acoustic Facility (LEAF) is 
capable of pumping out. The sound is 

once, heard at close range. The 
chamber produces noise by pumping 
nitrogen through four enormous 
sound horns. 

Housed within the ESTEC  
research centre in Noordwijk, in the 

Netherlands, ESA’s planning to 
upgrade the facility up to 158.5dB. To 
put the chamber’s ear-bleeding 
volume into perspective, it only  
takes 85dB to cause hearing loss  
in humans.

The sound chamber is enclosed  
by steel-reinforced concrete walls to  
keep the din safely contained. The 
walls are also coated with epoxy resin, 

 
the system can be activated, the  
room must be sealed shut to ensure 
that no one accidentally gets a blast 
from the horns.

Scientists at LEAF use the  
acoustic chamber to test whether 
spacecraft and their payloads – fragile 
satellites, for example – are able to 
withstand the intense noise and 

Engineer Kees van 
Zijtveldt standing beside 
the largest sound horn at 

the LEAF facilityIM
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WORDS BY  Andy Kelly

+  85 DECIBELS can 
damage hearing af ter 
prolonged exposure

+  170 DECIBELS  
is how loud the 
Space Shut tle was  
at takeof f
 
+  188 DECIBELS  
is the volume of a 
blue whale’s call 

NOISE 
LEVELS
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50 E-CIGARETTES 
UNCOVERED
 They aren’t as antisocial 

as the real thing, but just 
how harmless are they?

54 CAFFEINE AND ALCOHOL 
AND YOUR BODY
 Just what goes on inside 

you when you drink a 

work glass of wine?  
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HUMANS UNCOVERED
 Bioelectronics

WORDS BY  Duncan Geere

Forget pills – in the future many ailments will be 
cured by speaking the body’s electrical language
Forget pills in the future many ailments will bee

Healing power  
of electricity

or centuries, medical 
practitioners have been 
touting the benefits of 

electricity on the human body.  
The Victorians developed electric 
shock therapy machines that were 
designed to treat ‘nervous diseases’ 
and way before that, the Romans  
used zaps from the common torpedo, 
a type of electric ray, to treat maladies 
such as headaches and gout. High-

aside, it’s fair to say that using 
electricity to improve our health is 
seen by many as something of a  
fringe science.

But researchers are now 
investigating ways to talk to the 
body’s nervous system in its own 

F
language. Instead of our early, 
somewhat crude attempts at  
shocking the body into behaving  
how we want it to, we can now 
translate the brain’s messages and 
whisper them back down the nerves 
through the body, potentially curing 
ailments as diverse as high blood 
pressure and arthritis, and even 
treating certain brain disorders  
such as epilepsy. 

‘bioelectronics’ or ‘electroceuticals’ 
are investigating the use of tiny 
devices that would be inserted just  
at the right spot to deliver a 
therapeutic zap – even targeting 
individual cells within a neural  

IM
A

G
E

 ©
 K

T
S

D
E

S
IG

N
/S

C
IE

N
C

E
 P

H
O

T
O

 L
IB

R
A

R
Y



46 @SciUncovered

HUMANS UNCOVERED
 Bioelectronics

A shrew’s brain makes up  
around one-tenth of its body mass

They are believed to have 
the highest brain-body 
ratio of any vertebrate
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Dr Kevin Tracey FEINSTEIN INSTITUTE FOR MEDICAL RESEARCH

immune system starts attacking the 
body’s own tissues, causing painful 

SIDE EFFEC T S
Some of the drugs used to treat the 

and can also be expensive, too. But 
Tracey believes that by implanting 
a small device in the neck, the 

“From understanding how this 

what the molecular biology of the 

develop a device – a bioelectronic 
implant – which will protect against 

Tracey’s device works by 
stimulating the vagus nerve, the long 
nerve which runs from the brain 
down to the abdomen (see ‘Taming 
the immune system with electricity’, 
opposite). In 2012, one of his 
stimulators was inserted into the neck 

debilitating pain from rheumatoid 
arthritis for years. Just eight weeks 
after the procedure, the patient was 
able to go back to work, driving a lorry.

yielded some promising results and 
large amounts of funding.

“Bioelectronic medicine may 
one day replace much of the 
pharmaceutical industry as we think 

president and CEO of the Feinstein 
Institute for Medical Research in the 
US, one of the institutions currently 
investigating electroceuticals. 
“Many drugs we currently take are 
neurotransmitter-like substances 
[in other words, they work like the 

nerve cells]. But you don’t deliver 
them in a precise way or at a precise 
time. You swallow them and they go 

bioelectronic medicine is that it’ll be 

be delivering the correct signal at the 

Currently, Tracey is working on 

rheumatoid arthritis, a debilitating, 
chronic disorder that is thought to 

“BIOELECTRONIC MEDICINE MAY ONE DAY  
REPLACE MUCH OF THE PHARMACEUTICAL 
INDUSTRY AS WE THINK OF IT TODAY.”

The joints swell in 
rheumatoid arthritis – but 

vagus nerve stimulation 
can control this
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SHOCKING HISTORY OF 
ELECTRICAL TREATMENTS

4 6
 Roman physicians are recorded by Scribonius Largus, 

court physician to the Roman emperor Claudius, as having 

used electrical fish to cure headaches and other pain.

1 9 5 8 
The first internal pacemaker is implanted into Arne 

Larsson in Sweden. It only lasts three hours, and the 

patient goes on to receive many more in his life. 

2 0 1 3 
GlaxoSmithKline, Britain’s 

biggest drug maker, 

announces it is funding 

40 researchers to work on 

using electrical impulses 

to treat diseases. 

1 9 3 7 
Italian doctors Ugo 

Cerletti and Lucio Bini use 

electroconvulsive therapy 

on humans to treat 

psychiatric conditions. 

The concept rapidly 

spreads around the world.

1 8 0 2 
Dr Thomas Gale publishes Ethereal Fire on the theory and 

practice of medical electricity. It touts electricity as a cure 

for rheumatism, gout, tumours, headaches and more.

1 8 9 9 
A defibrillator is first demonstrated, showing that small 

electric shocks stop the hearts of dogs and larger shocks 

restart them. Human defibrillators aren’t used until 1947.

1 8 5 0 
Electrotherapy is common 

in the Victorian era. 

People bathe in electric 

baths, and electrical 

health devices of dubious 

efficacy are available.

1 7 8 0 
In Bologna, Italy, Luigi 

Galvani discovers that  

the muscles of dead  

frogs’ legs will move  

when they are exposed  

to a spark.
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The sciatic nerve is the  
largest in the human body 

It stretches from the lower 
back and into the legs and feet. 
Compression causes sciatica

@SciUncovered

HUMANS UNCOVERED
 Bioelectronics

SOME EARLY EXPERIMENTS WERE TRULY SHOCKING
+ In 1803 Giovanni Aldini performed an experiment on an 

executed criminal at Newgate Prison in London. Murderer 

George Forster was briefly ‘reanimated’ by the Italian 

physicist by passing a current through his body. The 

Newgate Calendar, which recorded executions at the time, 

described the macabre scene: “The jaws of the deceased 

criminal began to quiver, and the adjoining muscles were 

horribly contorted, and one eye was actually opened…The 

right hand was raised and clenched, and the legs and 

thighs were set in motion.”

DID YOU KNOW?

Scientists in Germany have also 

part of the vagus nerve can reduce 
blood pressure. The researchers at 
the University of Freiburg tested a 
prototype electrical device on male 
rats. The device delivered 40 pulses 

that link up with baroreceptors – 
sensors that detect stretching in the 
blood vessels. The stimulation reduced 

While there have been some early 

there is a great deal of work that still 
needs to be done to map out the tangle 

 
bodies and understand exactly how 

 
or our various organs. It will also be 
vital to understand the electrical 
properties of the signals, so we can 

make sure that we are talking the 
right language.

Things get even more complicated 
when it comes to the brain itself, 
due to the sheer complexity of the 

are potentially huge, with treatments 
for illnesses as diverse as depression 
and chronic pain a distinct possibility. 

ALTERING THE MIND
Researchers are currently  
investigating ‘deep brain stimulation’ 
to treat conditions such as Tourette’s 
syndrome, but it is already available 

‘brain pacemaker’ sends electrical 

of the brain. But as our understanding 
of the connections within the 
brain advance, increasingly subtle 
treatments will come our way.

Bioelectronics has its limitations. 
It won’t work for bacterial or viral 
infections, as these aren’t directly 
connected to the nervous system. That 
said, bioelectronics could be used to 
excite certain nerves in such a way 
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A zap in the right place could treat 
everything from arthritis to colitis

TAMING THE IMMUNE 
SYSTEM WITH ELECTRICIT Y

MACROPHAGES
These cells, which are part of 

the immune system and are 

found in the liver, among other 

places, stop releasing the 

chemical cytokine when 

exposed to acetylcholine. This 

reduces inflammation, helping 

conditions such as arthritis.

VAGUS NERVE
A small device stimulates the nerve, 

which carries an electrical impulse to 

the spleen. The size of a grain of rice, 

the device is implanted close to the 

nerve using keyhole surgery.

SPLEEN
Stimulation from the vagus nerve 

causes the release of a chemical 

signal called acetylecholine.



In most animals, the nervous 
system has two main parts

The central nervous system, which 
is the brain and spinal cord, and the 
peripheral nervous system

HUMANS UNCOVERED
 Bioelectronics

In deep brain stimulation, 
electrodes carry 
electrical pulses to 
specific parts of the brain

48 @SciUncovered

Dr Kevin Tracey and his team are at the 
forefront of electroceutical research
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to heighten the immune system and 

IMPE T US FOR CHANGE
The rise of bioelectronics is down to 
advances in technology. “Today, we 
can make small, powerful electrodes 
that can stimulate a small number 

you have 80,000 neurons [nerve cells] 
in the vagus nerve, you can actually 
manipulate the electrical stimulus so 

A better understanding of the 
nervous system is also helping. 
“We know a lot more about neurons 
than we did a few years ago. I think 
that some of these devices will see 

he adds. “You have diseases like 

bowel disease, which are devastating 
illnesses for which there’s incomplete 
pharmaceutical therapy available. So 
there’s a tremendous pent-up need for 
a device that’ll work. If these devices 

The pent-up need has inspired 

to fund over 40 researchers to 
investigate bioelectronic treatments 
for a wide array of diseases. The 
company also has a $50 million pot 
of money to hand out to companies 

working on targeting the body’s 
electrical signals. “If we can put this 
technology to use to help people 
return to health, a surgical procedure 
and an implanted technology 
is unequivocally the right thing 

the ability to speak this electrical 
language in neural circuits, a whole 
new wave of treatment opportunities 

“I don’t know how long this will 
play out, but if these devices work 
on some of these major diseases, 
you’re going to see big changes in the 

predicts Tracey. That’s only slightly 
more optimistic than Famm, who 

in use within a decade, and broader 
uptake will occur within two decades. 

 
he says. “But one that could 

Duncan Geere
Science writer
+ A freelance science and technology 
journalist, he has recently gained an 

MSc in Environmental Science from the University of 
Gothenburg, Sweden.  @duncangeere 

We are already employing the odd zap to help 
enhance our health and heal us

3 OTHER USES OF 
ELECTRICITY ON THE BODY

NEEDLE-FREE INJECTIONS
Electricity can be used to deliver injections without 

needles. The substance to be injected is placed on to the 

skin and then a small electric current is applied to it with 

an electrode carrying a return current. This makes it 

possible for the medicine to be drawn into the body. The 

technique is most commonly used for the application of 

anti-inflammatory medication.

WOUND HEALING
In 1985, US physicians PJ Carley and Stanley Wainapel 

showed that electrotherapy could be successfully 

used to speed up the healing of wounds. Later studies 

showed that microcurrents enhance the circulation 

of blood in the smallest blood vessels, which in turn 

improves protein synthesis and restores the integrity of 

connective tissues within the body.

MUSCLE TONING
Electrical muscle stimulation is commonly used in the 

field of rehabilitation, and also as a strength training tool 

for athletes. Pads are stuck to the skin and a current 

is run through the muscle to cause it to contract. Few 

calories are burnt in the process, but the muscles are 

strengthened and toned.

“I THINK THAT SOME OF THESE 
DEVICES WILL SEE CLINICAL UTILITY 
IN THE NEXT FEW YEARS.”
Dr Kevin Tracey FEINSTEIN INSTITUTE FOR MEDICAL RESEARCH
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THE VARYING AMOUNT OF CONTAMINANTS FROM 
BRAND TO BRAND COMPLICATES EFFORTS TO 

DETERMINE THE RISKS OF E-CIGARETTES. 

@SciUncovered
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E-Cigarettes

TURN OVER TO FIND OUT MORE ABOUT THE  
HEALTH EFFECTS OF E-CIGARETTES

ccording to figures 
released by public health
charity Ash, around 10 

million adults in the United 
Kingdom are smokers. And it’s 
estimated that 100,000 of them die 
each year from smoking-related 
diseases. It’s no surprise then, that 
there is great public interest in 
e-cigarettes – electronic devices  
that resemble a traditional cigarette, 
but deliver nicotine to smokers in  
a different way. 

Instead of releasing nicotine by 
burning tobacco, a process that also 
releases tar and other cancer-causing 
substances, an e-cigarette delivers its 
fix by heating a liquid solution 
containing nicotine, which is 
vapourised and inhaled as a mist. But 
while there is a general consensus 
among the medical community that 
e-cigarettes are less harmful than 
traditional cigarettes, they’re also 
keen to stress that ‘safer’ doesn’t 
necessarily equate to completely safe.

Earlier this year, University of 
California researchers said they have 
found evidence of metals and 
nanoparticles in e-cigarette vapour, 
including tin, nickel, aluminium and 
silver. When the devices are heated, 
these particles are said to be produced 
by the wick that absorbs the liquid, 

and the solder connecting different 
parts of the cigarette. Some particles 
are small enough to penetrate the 
lungs. The study notes, however, that 
e-cigarettes produce, on average,  
880 times fewer particles than 
traditional cigarettes. 

But it is difficult to pin down 
definitive numbers. “Currently, 
e-cigarettes are only regulated as 
consumer products, so we are seeing 
wide variations in quality, design, and 
the level of nicotine itself,” says 
Nicola Smith, health information 
officer at Cancer Research UK. The 
varying amount of contaminants 
from brand to brand complicates 
efforts to determine the long-term 
risks of e-cigarettes.

Of particular research interest is 
the long-term effect of inhaling 
propylene glycol – a solvent that is 
mixed with liquid nicotine in most 
‘e-liquid’ solutions. A study published 
by the Washington University of St. 
Louis, Missouri, in 2013 indicated that 
some of the aerosol particles 
generated by ‘vaping’ – using 
e-cigarettes – are able to reach 
deep-lying lung tissue. No-one knows 
what the long-term health effects of 
this will be, but with an estimated 2.1 
million ‘vapers’ in the UK alone, 
there is no shortage of test subjects.

Electronic cigarettes are often marketed as being  
a healthier alternative to traditional cigarettes – 

but just how healthy are they?
WORDS BY  Alex Dale ILLUSTRATION BY Andy McLaughlin

2. AIR SENSOR
When the user inhales, an airflow 

sensor detects this and begins 

heating the liquid solution. The 

method it uses to achieve this  

varies from model to model, but  

often involves a metal coil of wire 

wound around a wick that absorbs  

the e-liquid.

FILTER
Cigarette filters are comprised of a 

synthetic fibrous mass called 

cellulose acetate. It is designed to 

trap tar in its fibres before it reaches 

the smoker’s mouth, but it only does 

this with limited success. Plus, you’re 

still inhaling the smoke.

1. LITHIUM BATTERY
E-cigarettes are typically powered by 

a rechargeable lithium battery 

capable of holding 1-3 days of 

charge. An LED light at the tip of 

cigarette lights up when the user 

inhales, which indicates the device is 

functional and also further mimics 

the illusion of smoking a cigarette
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HOW E-CIGARETTES WORK
+ One of the main reasons e-cigarettes are proving more 

popular than other nicotine-replacement therapies is that the 
act of holding them closely mimics the act of smoking.  

A Cancer Research UK study found that e-cigarettes were 60% 
more successful at helping smokers quit than other nicotine-

replacement therapies such as gum or patches. However, 
e-cigarettes were less successful than the NHS’ stop-

smoking service, which offers a combination of medicine  
and professional support.

HUMANS UNCOVERED
 E-cigarettes explained

E-cigarettes are 
banned in Lebanon

They are also 
banned in Malaysia 
and Singapore

3. NICOTINE CARTRIDGE
These are replaceable shells 

generally containing nicotine 

dissolved in propylene glycol, a 

solvent used in food additives. The 

cartidges come in various flavours 

– from tobacco to lemon meringue, 

leading some critics to accuse the 

industry of targeting younger people.

4. INHALER
The solution exits the vaporising 

chamber via the mouthpiece – clouds 

of water vapour, resembling cigarette 

smoke, are exhaled by the user. 

Cartridges generally last as long as a 

packet of 20 cigarettes, but are 

around two-thirds of the price. 

However, there’s also the purchase 

price of the device itself.

TOBACCO
Traditional cigarettes might look 

simple, consisting only of tobacco 

and a filter. But tobacco releases 

over 1,000 chemical compounds 

when ignited, including acetone, 

methanol, ammonia and more. In all, 

69 of these compounds have been 

proven to cause cancer.
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MOUTH CANCER
Along with alcohol, smoking is one of the leading causes of oral cancer as 

it subjects the insides of smokers’ mouths to numerous harmful 

chemicals. It’s still unknown what the long-term effects will be when it 

comes to inhaling propylene glycol from e-cigarettes, but the substance 

is deemed safe for human ingestion and is used as a food additive. Tests 

suggest that low levels of ingestion yield no increase in cancer risk, but 

researchers are continuing to study its effects on our bodies.

52 @SciUncovered

+When we smoke, the addictive drug nicotine enters our bodies and binds 
itself to receptors in our brains, causing the release of feel-good drugs such 
as dopamine. This, however, comes at a terrible price to our health. 
E-cigarettes deliver the same instant hit of nicotine as normal cigarettes, but 
without subjecting our bodies to most of the harmful chemicals generated 
when we burn tobacco. But does that mean smokers of e-cigarettes have 
nothing to worry about?

Smoking causes 80,000  
deaths in England annually

The NHS also says one in two 
smokers will die from a 
smoking-related disease

HUMANS UNCOVERED
 E-cigarettes explained

of those  
deaths are 
caused by 

second-hand 
exposure to 

cigarette smoke

600,000

1% 
S o u r c e :   W o r l d  H e a l t h  O r g a n i z a t i o n

I N  N U M B E R S

million
6

people globally die per 
year from tobacco use 

S o u r c e :   W o r l d  H e a l t h  O r g a n i z a t i o n

of e-cigarette  
users are  

estimated to have 
never smoked 

cigarettes
Source: Action on Smoking and Health



PASSIVE SMOKING  
Several studies have linked second-hand smoke with 

cancer – including research by the Environmental 

Protection Agency and the International Agency for 

Research of Cancer, a branch of the World Health 

Organization. We are just beginning to understand 

whether e-cigarette vapour carries similar health risks. 

Trace amounts of potentially harmful metals such as 

tin have been found in the vapour, and the particles are 

small enough to penetrate deep into our bodies.

HEART DISEASE 
Smoking increases the risk of cardiovascular 

illnesses such as heart disease and strokes. 

Carbon monoxide released from buring tobacco 

reduces the amount of oxygen in the blood, 

causing the heart to have to work harder. Carbon 

monoxide isn’t a factor when vaping, but nicotine 

itself also causes your heart to beat faster as it 

stimulates the body to produce adrenaline. 

Therefore e-cigarette users are still at risk. 

Furthermore, scientists at Brown University in 

the US believe nicotine is the root cause of waxy 

build-ups in arteries, which restrict blood flow.

LUNG DISEASE 
The link between smoking and 

lung disease is well established, 

and one of the most damaging 

chemicals in cigarette smoke is 

tar. This is a resinous mixture of 

solid particles produced by the 

burning of tobacco. It damages 

the body in numerous ways, but 

most seriously by coating the cilia 

– tiny hair-like structures that line 

the breathing tubes and sweep 

toxic particles away from the 

lungs. No one yet knows whether 

the particles in e-cigarette vapour 

can cause cancer – but they occur 

in far smaller amounts, and are 

unlikely to stop the cilia 

performing their job effectively.

53@SciUncovered

Cigarettes are the most 
traded item on the planet

Approximately one trillion  
are sold from country to  
country each year 

HUMANS UNCOVERED
 E-cigarettes explained

NEXT 
 MONTH
The truth about  

GM food’s health 
effects

S o u r c e :  J o u r n a l  o f  t h e  A m e r i c a n  M e d i c a l  A s s o c i a t i o n

S o u r c e :  J o u r n a l  o f  t h e  A m e r i c a n  M e d i c a l  A s s o c i a t i o n

246
million more people 
worldwide smoked  

every day in 2012 than  
did in 1980

S o u r c e :  J o u r n a l  o f  t h e  A m e r i c a n  M e d i c a l  A s s o c i a t i o n

of adults in East Timor smoke 
– the highest proportion  

in the world

5% 
of adults smoke in Antigua 
and Barbuda - the lowest 
percentage in the world

2.1
MILLION PEOPLE IN THE UNITED 

KINGDOM USE E-CIGARETTES
S o u r c e :  A c t i o n  o n  S m o k i n g  a n d  H e a l t h

61%
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Caffeine and alcohol are two of the world’s most  
common drugs. But what effects are drinking them  
having on our brains and our bodies?
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or over 1,000 years, 
scholars and academics 
have theorised and argued 

DEMON IN THE BOTTLE
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HUMANS UNCOVERED

Cigarettes are also highly addictive, 
but how do people get hooked?

NICOTINE’S EFFECTS 
ON YOUR BODY

+ Nicotine has a number of physiological 

effects similar to alcohol and caffeine, 

but it’s the way it affects the brain 

that makes it truly unique. Unlike 

most drugs, nicotine bypasses the 

body’s sensory centres and directly 

releases gratification-producing 

neurotransmitters. By tapping into  

our brains’ ‘reward circuits’, nicotine 

causes increased levels of dopamine, 

a brain transmitter that contributes 

towards euphoria and relaxation.

As a psychoactive, nicotine is both  

a potent stimulant and a relaxant. It 

enhances concentration via the release 

of acetylcholine and can reduce anxiety 

by increasing levels of beta-endorphins. 

But nicotine is highly addictive. After 

quitting smoking, it can take between 

six and 12 weeks for the level of nicotine 

receptors in your brain to return to that 

of a non-smoker. Many smokers report 

irritability, anxiety and restlessness 

during this period, as well as physical 

symptoms such as coughing, dizziness 

and weight gain. 

ABOVE Cigarettes produce a feeling of relaxation as a 
result of dopamine production triggered by nicotine
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A caffeine molecule consists of 
carbon (black), oxygen (red), 
nitrogen (purple) and hydrogen 
(white) atoms

The kola nut was used to add  
flavour and caffeine content to  
early forms of colaearly forms of cola
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KHAT
+ Grown mostly in the Horn 

of Africa and the Arabian 

peninsula, Catha edulis, 

known as khat or qat, is a 

green-leafed shrub that 

contains the amphetamine-

like stimulant cathinone. 

Used recreationally for 

millennia, its effects include 

excitement, euphoria and 

loss of appetite. 

SALVIA
+ Grown mainly in Central 

and South America, salvia is 

the largest genus in the 

mint family, and a number of 

species are psychoactive. 

Salvia apiana is used in the 

purification rituals of many 

Native American tribes, 

while Salvia divinorum is 

used by Mazatec shamans 

to incite hallucinations.

PEYOTE
+ This small, spineless 

cactus is native to Texas 

and Mexico and is known for 

its psychoactive alkaloids. It 

contains the natural 

psychedelic substance 

mescaline. It is used as a 

ritualistic mind-altering 

substance, as well as in 

transcendent practices 

such as meditation.

Caffeine and alcohol aren’t the only drugs that form 
part of modern-day cultures. Some other legal highs 
are permitted in some countries.

LEGAL DRUGS  
AROUND THE WORLD
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Brain scan of a patient  
with Wernicke–Korsakoff 
syndrome, which is most  

common in alcoholics

Alcohol increases the potency of the 
neurotransmitter GABA, causing 

slurred speech and sluggish movement
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A NEW LIGHT ON ADDICTION

COCA
+ Coca is one of four 

cultivated plants in the 

genus Erythroxylaceae. One 

of its alkaloids, when 

concentrated, is the illegal 

substance cocaine. But its 

growth, cultivation and use 

in its original form is legal in 

countries such as Columbia 

and Bolivia, where it’s used 

as a recreational stimulant.

DATURA
+ Datura, found in north 

Africa and the Americas, is 

popular with gardeners for 

its flowers. It also has 

hallucinogenic properties. 

Datura contains poisonous 

chemicals such as atropine, 

and so can be fatal. 

Amounts of these toxins 

vary, making datura 

especially dangerous.

KAVA-KAVA
+ Piper methysticum is a 

crop found in Oceania. It  

can be chewed in its raw 

state, but is more usually 

ground into a paste and 

mixed with hot water. 

Kava-kava contains 

compounds called 

kavalactones, which have 

sedative, painkilling and 

memory-enhancing effects.

IBOGA
+ Tabernanthe iboga is a 

rainforest shrub that’s 

native to Central Africa. It’s 

used both ceremonially and 

recreationally, and has a 

potent psychedelic effect as 

well as boosting the immune 

system. Iboga also contains 

the alkaloid ibogaine, which 

is used in the treatment of 

substance abuse.

CANNABIS
+ Derived from the cannabis 

plant, recreational use of 

this drug has been illegal in 

the UK since the 1920s. It is, 

however, available under 

licence as an anti-vomiting 

drug for cancer patients 

undergoing chemotherapy 

treatment, as well as 

helping those suffering from 

multiple sclerosis.
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Shanghai is the  
world’s biggest city

It has a population of  
over 24,000,000 people 
in an area of 6,340km2

62 ANATOMY OF A  
RACING YACHT 
 Discover how these craft 

that represent the pinnacle 
of design travel faster than 
the wind propelling them.

64 BUILDING A SOLAR-
POWERED CAR
 Creating a vehicle  

that’s powered entirely  
by sunlight.

 See how our future is being built

INSIDE THIS 
SECTION 
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Built-up areas are often 
warmer than rural areas

Known as the ‘urban heat island 

pavements storing heat

Nature can not only feed us but also clean up the mess  
we make – that’s why architects plan to reintroduce it  
to cities in some innovative ways

ur cities are killing us and 
yet we flock to them. More 
than half of us already live 

in an urban area and seven in 10 of 
the booming global population will 
be city-dwellers by 2050. Despite 
struggling with air pollution, access 
to clean water, waste disposal and 
resource management, we continue 

behemoths as the pinnacles of our 
architectural achievements. 

 But what if the best materials 
at our disposal aren’t necessarily 
synthetic? Everything we need to 
create smarter, healthier urban 
environments is already around us 
in nature. Combining properties of 
living organisms with our ingenuity 
could blur the distinctions between the 

lives for the better.
Dr Rachel Armstrong, a TED Fellow 

and researcher at the University of 
Greenwich, studies how living systems 
and synthetic biology could help 

O

WORDS BY  Holly Cave

produce new forms of architecture. She 
is part of a new wave of proponents 
of ‘living architecture’ who believe 
that by blocking out nature, we are 
choking ourselves. These trailblazers 

walls we have built around ourselves, 
and replace them with ‘living walls’ 
covered in soil and vegetation, and 

would enable our built environment 
to share the dynamic, responsive 
properties of living things, by recycling 
gases and producing fuels. 

BUDDING IDE AS
The potential reach of living 
architecture depends on how far we 
are willing to stretch the boundaries, 
but some experts are already dabbling. 
Parks are springing up in concrete 
jungles, while so-called living walls 
are creeping up the sides of buildings, 
and ‘green roofs’ covered in plants are 

way back into our cities. And it doesn’t 

COMBINING PROPERTIES OF LIVING ORGANISMS 
WITH OUR INGENUITY COULD BLUR DISTINCTIONS 
BETWEEN THE NATURAL AND THE ARTIFICAL.

The proposed New York Lowline would be the 
world’s first underground park if built, and 
would be sited in a disused tram terminal. 

This miniature version of the park was built 
to show how it would be illuminated and 

what it would look like. 
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Nearly 40% of Greater 
London is green space

This makes it 
Europe’s greenest 
major city

1

+ Living walls, or vertical gardens, are popping up everywhere. 

Pioneers such as French botanist Patrick Blanc carefully select 

species and plant them on metal scaffolds threaded with pipes 

that deliver water and nutrients. London’s Clean Air Fund has 

created living walls around the city. One at Edgware Road tube 

station – a pollution hotspot – was monitored by scientists 

at Imperial College London. All the plants trapped airborne 

pollutants, but some did so better than others.

The vertical garden of Singapore’s Ocean Financial Centre 

is the world’s largest, covering 2,125 square metres and 

playing host to over 50,000 plants of 25 different species. 

Wrapping around the centre’s multi-storey car park, it reduces 

the temperature inside and filters airborne vehicle emissions.

LIVING WALLS CAN CLEANSE  
THE AIR WE BREATHE 
Plants beautify city environments and remove pollution, too

just look good. Even simple biological 
systems can absorb rainwater, host 
diverse wildlife, trap pollution, and 
regulate the air temperature.

At the time of writing, Swedish 
urban agriculture company Plantagon 

constructing a vertical greenhouse 

Sweden. This futuristic farm within 
a glass skyscraper will grow crops to 
feed thousands of people, in individual 
cultivation boxes. Crops will be grown 
on a spiral conveyor belt travelling down 
from the top of the structure. When 
they reach the bottom, fully matured, 
they will be harvested by machine. The 
building is designed to produce food 
where it is most needed, using surplus 
heat, CO2 and waste. “We started 
Plantagon to meet the future challenge 
of food security due to lack of land,” 
says CEO Hans Hassle. “After 60,000 
hours of work, we’re not only sure it 
will work, but we know it will work in 
a sustainable way; environmentally, 
socially and economically.”

We already have the technology 
to allow our buildings to work with 
nature rather than against it. So 
what’s stopping us? “We don’t have an 
alternative vision of the future that’s 
not based on the ideology of using 
computerised machines,” argues 
Armstrong. “We’ve got so used to doing 
things a particular way, entrenched by 
economic and political systems, that 
even though the solutions are actually 
quite straightforward, we can’t believe 
they are possible.”

BACK T O NAT URE
Ultimately, if these hurdles can be 
overcome, we will see a shift from 
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Root bridges can take a 
decade and a half to create permanent, growing 

stronger with time

Holly Cave
Science writer
+ Holly is a freelance writer with an MSc 
in science communication. Her book, 

Really, Really Big Questions About Science, will be 
published in August.  @HollyACave

2

3

4

 PHILIPS’ MICROBIAL HOME 
The Microbial Home 

project imagines a 

future in which all waste 

– sewage, litter and 

waste water – is filtered, 

processed and recycled 

by plants and microbes. 

Concepts include 

bioluminescent bacteria – micro-organisms that glow – fed 

by waste to create mood lighting, and a kitchen counter in 

which bacteria convert food scraps into methane for fuel.

SILK PAVILION 
The MIT Mediated Matter 

group’s Silk Pavilion is 

a structure built by an 

automated machine along 

with 6,500 silkworms. 

The main bulk of pavilion 

was woven by the worms, 

which crawled over initial threads laid by the computer. The 

structure comprises 6,500km of silk thread.

FUTURE VENICE
In the experimental concept of Future Venice, University 

of Greenwich researcher 

Dr Rachel Armstrong 

proposes reclaiming 

this subsiding city 

with a programmable 

reef. Protocells – oily 

droplets with lifelike 

characteristics –  

would be chemically programmed to form the structure 

beneath the city’s foundations by migrating away from  

light. They would produce a limestone-like bio-concrete 

where they come to rest.

IN VITRO MEAT HABITAT
New York’s Terreform 

ONE architecture network 

wants to create structures 

from a lab-grown leathery 

material. This would be 

produced from pig skin 

cells and then 3D printed 

on to plastic scaffolds.

simply attaching natural elements such 
as plants to architecture, and move 
towards engineering materials that 
are able to perform certain biological 
roles and functions, such as generating 
biogas for use as fuel. Armstrong’s bold 
reimagining of the future is shared by 
Liam Young, founder of think-tank 
Tomorrow’s Thoughts Today. “We will 
be designing buildings and spaces that 
are not just in tune with nature, but 
that are nature,” he says. 

Our built environment could 
become partially alive, sensing 
environmental changes and 
responding accordingly. Buildings 
could possess ‘organs’ in which tiny 
micro-organisms such as bacteria 
work to our advantage. They could 
convert carbon dioxide into biomass 

water from showers and baths. “Trees 
will become Wi-Fi antennas, birds will 
become sensor networks, and forests 
will become climate engineering 
infrastructure,” suggests Young. 
“The technologies we build will have 

biological lifecycles and will decay and 
break down back into the landscape 
they came from. In this way, nature 
will move back into cities.”

Armstrong insists that living 
architecture is not as radical as it 
sounds. “I have every faith that it’s 
possible to completely turn around our 
environmental impact,” she says. “The 
systems to do this already exist; we just 
haven’t put the ingredients together in 
ways that make it ‘real’. The answers 
are all around us – we just have to be 

see the new opportunities.” 
We have had the Iron Age, 

the Industrial Revolution, and 
the Information Age. Perhaps the 
Biological Age is next…  

FUTURE CONCEPTS COMING 
TO A CITY NEAR YOU 
Examples of biological designs can already be found 
around the world, but there are many more exciting 
developments still to come 

1 BIQ BUILDING, HAMBURG
The microalgae inside the glass façade 

of this building insulate against light 

and temperature fluctuations. They are 

harvested and fermented as they multiply, 

generating biogas to fulfil the building’s 

energy requirements.

2 THE LOWLINE, NEW YORK CITY
An abandoned space is set to become the 

world’s first underground park, thanks 

to technology that reflects and gathers 

sunlight from the bustling streets above. 

3 ROOT BRIDGES, INDIA
Timber bridges would soon rot in the hot, 

humid forests of Cherrapunji, north-east 

India. Instead, locals tame the secondary 

roots of rubber trees into structures which 

can span rivers and gullies. 

4  FLOATING ISLANDS, PERU
For centuries, the Uros people of Lake 

Titicaca have lived on artificial islands 

woven from totora reeds. Dense roots 

develop and interweave into a thick natural 

layer to support the islands from beneath. 

BIOLOGICAL BUILDS
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Only four countries have 
won the America’s Cup 

They are Great Britain, the 
United States, New Zealand 
and Switzerland

ENGINEERING UNCOVERED
 A flight on the ocean waves

WING MATERIAL
The front or ‘mast’ section of the wing is 

made of rigid carbon fibre. The back is made 

from a more lightweight composite shell, 

with a thin rear edge, and has an 

aeronautically inspired honeycomb curve  

to increase upward lift. 
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irst conceived in 1851, the 
America’s Cup – a head-to-
head race between two 

sailing yachts - is the oldest 
international sporting trophy in the 
world. The competition attracts the 
world’s top yacht designers, and also 
wealthy investors who enable them to 
realise their ambitious designs. As 
such, the designs of the racing yachts 

have undergone dramatic changes 
over the past 160 years. 

The original cloth-mast, single-
hull boat was a proud behemoth made 
of wood that could host up to 78 
guests. Fast-forward to the 21st-
century races, and racing yachts have 
evolved into lightweight titanium 
catamarans that can skim across the 
water surface at speeds of up to 47 

knots (that’s 87km/h or 54mph), and 
accommodate just 11 crew members.

The 2013 America’s Cup in San 
Francisco Bay saw the debut of one of 
the most extraordinary yachts yet 
– the America’s Cup class 72 (AC72) –  
a multihulled vessel with a rigid 
wingsail 40 metres high. The huge  
sail provides the horsepower, but  
the reason this incredible yacht can 
reach such high speeds is its use of 
hydrofoil technology.

Hydrofoils are small underwater 
wings that leverage the same 

A FLIGHT ON THE 
OCEAN WAVES
State-of-the-art yachts such as the AC72 have an 
innovative method of reducing drag – they lift 
themselves out of the water
WORDS BY  Tim Hardwick
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The Cup is named after a 
yacht, not the country

The schooner yacht America 
won the inaugural cup in 
1851 in Cowes, England

ABOVE It’s out with soft sails and in with rigid ones  
for these advanced yachts

ENGINEERING UNCOVERED
 A flight on the ocean waves

ELECTRONIC SENSORS
An AC72 has 300 sensors 

that collect real-time 

data on strain, pressure, 

as well as vertical and 

lateral loads. This data is 

fed back to crew 

members wirelessly via 

electronic devices,  

which also monitor 

human biometrics. 

BOAT CONTROL
The 11-strong crew 

make incremental 

adjustments to the 

curve or ‘camber’ of the 

wing using lines and 

ropes, while hydraulic 

cables alter wing flaps. 

Forward winglets are 

hydraulically lowered 

into the water at speed 

to ensure the boat 

remains stable.

FOILING
The titanium hulls are balanced 

about a metre above the water on a 

pair of L-shaped carbon-fibre ‘foils’. 

This reduces drag and provides a 

15% increase in speed.

HOW TO TAKE FLIGHT 
ABOVE THE WATER

+ Every curve and angle on the AC72 yacht is 

designed to minimise air and water resistance, 

and maximise its speed. A few key design 

features enable it to travel at an average of 1.8 

times the speed of the wind propelling it.  

The AC72 takes some innovative steps 
to reduce the effects of drag

principles of lift force that enable 

enough velocity, so too the foils lift the 
weight of the boat out of the water. 
This is advantageous because water is 
far denser than air and so a large 
proportion of the drag a boat 
encounters is on the part of the hull in 
contact with the water. Lifting the hull 
into the air, provides an estimated 
10-15% improvement in performance.

are about the size of a surfboard, but 

are capable of supporting a seven-
tonne hull so it’s clear of the water’s 
surface. In fact, they are able to 
withstand 15 tonnes of pressure when 
the ship is turning.

The Cup’s rules prohibit active 
control of the foils during races.  

catamarans stable and prevent them 
from falling into a what is known as a 
pitchpole. This is where the bow of the 
hull hits the water and causes the boat 
to somersault forwards.  

RIGID SAILS DELIVER 
GREATER CONTROL

+ Think of yachts and you’ll likely  

picture white canvas sails billowing in  

the wind. But on the racing circuit, these 

iconic ‘soft sails’ are being replaced by  

a new breed of rigid sail made from 

composite materials. These adapt to 

changing wind conditions without 

losing speed.

These so-called hard or rigid 

‘wingsails’  are  towering structures 

comprised of two parts: a front edge and a 

trailing edge. The angle of these two 

elements can be controlled manually by 

the crew to adjust the airflow depending 

on the velocity of the wind. The rigidity of 

the material makes it easier for the crew 

to ensure the sail maintains its ideal 

aerodynamic shape.

The outer shell of the rigid sail is built 

from carbon fibre materials selected for 

their high strength-to-weight ratio. The 

shell is designed to carry the bulk of the 

load, in much the same way an egg shell 

does. Inside is a lightweight honeycomb of 

carbon and kevlar.

While rigid sails are ideal for racing 

yachts, the wire support required to  

keep them upright limits their range of 

motion, making them impractical for 

conventional sailing.

Engineers are jettisoning soft canvas 
sails for rigid carbon-fibre wings
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Resolution’s solar array is tucked away 
beneath this transparent dome, which 

provides an aerodynamic shape
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Most solar-powered cars are designed with large, 
unwieldy arrays – but a Cambridge-based team  
are making waves with their innovative design

THE REVOLUTIONARY  
SUN-CATCHING RACER

he World Solar Challenge is 
a biennial solar-powered 
race that covers 3,021km 

(1,877 miles) across Australia. The 

possible 

 

 
 

 

WORDS BY  Steve Paris

ABOVE The World Solar 
Challenge race starts in 
Darwin and ends in 
Adelaide



Win an iPad Air by 
championing the 

tech you love…

For a chance  
to win an iPad  
Air, make your  
vote count at…
T3.com/awards

Vote in the world’s 
top tech awards

http://T3.com/awards
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2
74 THE PLANET’S  
FASTEST ANIMALS
 From mambas to mites, 

how these creatures get 
their incredible speed.

76 MAMMOTH EXTINCTION
 

these goliaths of the 
ancient world?

 Rediscover our planet and its inhabitants

INSIDE THIS 
SECTION 
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WORDS BY  Dr Mat thew Genge

NATURE UNCOVERED
 Earth’s biggest mysteries

20
PLANET EARTH

There’s still a lot to be discovered about the place we call home…



T  io sph e e ns alm t  
8 m ove e ig est clou s 

Glittering blue oceans are a unique feature of the Earth. 
Yet our planet formed in a hot place in our solar 

system, where water is thought to have been boiled 
away. Currently, it is believed that water was 

delivered at the last minute during the planet’s 
formation, by smaller objects such as asteroids 

and comets from the icy outer parts of the 

came from has proven problematic. Water 

made with hydrogen and some is made 
with the hydrogen isotope deuterium: 
the ratio of the two is characteristic of 
water from a given source. So far, no 
comets and few asteroids have been an 
exact match with the water here on 
Earth. But each newly discovered 
meteorite, asteroid and comet could 
reveal the cosmic spring responsible.

Where did the  
oceans come from?17

Our planet, like 
Mercury, Venus 
and Mars, is 
rocky, while 

the outer planets contain 
much more hydrogen and 
helium. The rocky 
composition is likely to be a 
result of a hot early Solar 
System, where only rocky 
dust survived closer to the 
Sun – it’s this dust from 
which our planet was built. 
But what caused the exact 

composition is more 
complicated since the Solar 
System cooled over time, 
and mixing occurred 
between the rocky inner 
and icy outer regions. We’ll 

better know the planets’ 
compositions. Studying our 
solar system’s asteroids 
and comets will help too.

Exactly how quickly 
the Earth formed is 
not known. If it had 
grown too quickly, it 

could have been largely molten, 
while a slower growth might 
have led to a slushy planet with a 

probably limit the growth of the 
Earth from dust to planet to 
three million years, since this is 
the average time that young 
Sun-like stars have dusty discs  
in which planets grow. 
Meteorites might help to provide 
a more precise answer, since the 
trace amounts of radioactive 
elements they contain can show 
how long asteroids took to grow, 
giving a minimum time in which 
planets form. 

Atmosphere is constantly lost from planets to space. We 
know that most of this is lost due to heating, as hot gas 
molecules can move fast enough to escape the planets.  
But non-thermal loss – loss that can’t be explained by 

layer of the upper atmosphere to study, the ionosphere, where planes 
and balloons can’t reach and rockets spend little time. So new 

answers we need.

Why is Earth made 
mostly from iron, 
silicon, magnesium 
and oxygen?

How is the atmosphere 
lost to space?

    
our planet grow?

20

19
18

Meteorites can provide clues about planet 
formation
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NATURE UNCOVERED
 Earth’s biggest mysteries

The ionosphere begins almost
g80km above the highest clouds

Why is Earth made  How quickly did 
l ?l ?
q y

Earth’s average 
density is 5.52g/cm2

This means it is the  
densest planet in the  
Solar System



Finding the likes of the Wolf Creek 
meteorite crater is now easier 

thanks to Google Earth

The Earth’s surface is scarred by impact craters due to its 
continual bombardment by asteroids and comets. The 
largest craters can be hundreds of kilometres across, but 
small craters of a few hundred metres are much more 

common. How often small impacts occur is an important question, 
because although they are not as devastating as large impacts, they 
still have the power to level a city. Arguably the youngest crater of this 
size is the Kamil crater found in the Egyptian Sahara – it’s 50m wide 
and less than 5,000 years old. The problem with small craters is they 

Earth, so an even younger crater may also be found by someone 
scouring the web in their bedroom.

Roughly 25 million years ago, a split in Africa started to 
grow, extending from Ethiopia down into Zimbabwe, and 
formed the East African Rift valley. The sliver of Africa to 
the east of the rift could sail away into the Indian Ocean, 

with a new sea opening up along the rift. Similar crustal voyages have 
happened many times during Earth’s history. For example, the mighty 
Atlantic was once a similar valley that opened in the supercontinent of 
Pangaea. Whether Africa really will split in two is not, however, 
guaranteed – there are many failed rifts that never opened to produce 
oceans. It’s a huge plume of hot rocks rising beneath the rift that will 
determine whether Africa splits. As the plume rises and spreads, it 
drags apart the overlying crust. Investigating its source within the 
Earth, using earthquake waves, may reveal whether it has the 
longevity to split the continent in two.

What is the youngest 
impact crater?

Will Africa split in two?

Some 65 million years ago, the UK had a tropical 
climate as a result of its location, which was at 
that time closer to the Equator. Since then, 
continental drift – caused by the movement of the 

tectonic plates that make up Earth’s surface – has 
moved us north and the Atlantic has opened up to 
produce our wet and temperate climate. Whether the 

UK will ever move back to sunnier climes requires a 
prediction of the future locations of the plates – a very 

Some things are sure – the Mediterranean will disappear and 
the Atlantic will get larger. But until we have whole-planet 
models that couple the churning of Earth’s molten interior 
with the movement of tectonic plates, the answer will remain 
little more than a best guess.

Will the UK ever have 
a tropical climate?

15

14

16
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NATURE UNCOVERED
 Earth’s biggest mysteries

Will the UK ever have 
??

Africa is the world’s 
hottest continent

And Dallol in Ethiopia has  
Earth’s hottest average 
temperature of 33.9ºC



Shelled creatures such as scallops are often 
found fossilied in limestone, which is made 

from skeletal fragments of marine creatures

Supervolcanoes – those that 
eject at least 1,000 cubic km in 
ash – have huge chambers of 
magma charged with explosive 

water vapour close to the Earth’s surface. We 
know most are located at subduction zones, 
where water added to the Earth’s interior 
increases the amount of magma generated 
– as does extra heat. The angle of the 
subducting plates is also important, since 
shallow angles generate little magma. Yet we 
still can’t explain why some volcanoes are so 
massive. The answer probably lies in their 
plumbing: how magma travels to the surface 
in hot plumes and along ancient weaknesses. 
Understanding these pipelines, through 
tell-tale signs in the minerals in the magma, 
may reveal why some volcanoes are so super.

Why do some volcanic magma 
chambers grow so large?

The Earth’s 
deep interior is 

to study. But 
sometimes its rocks are 
delivered to the surface via 
volcanoes. Most of these 
rocks are samples of the 
upper 100km of the mantle, 
a layer that is mostly solid. 
The samples of rock from 
deepest down are minerals 
trapped within diamond, 
and include majorite garnet 
from below 400km. 
Diamond may exist to the 
core, 2,780km down, so the 
search for the very deepest 
rock involves analysis of 

which may even be from 
the core’s edge.

If you ever think 
there are not enough 
hours in the day, be 
glad you didn’t live 

400 million years ago. Corals of 
this age have more daily growth 
rings than modern corals, 
suggesting days lasted around 21 
hours. The pull of the Moon has 
slowed Earth’s rotation, but there 
are disagreements about how 

the length of the day in the past 
is tricky, since the fossil record 
only goes back 500 million years. 
Measuring the thickness of 
layers of mud formed by tides 

long days were in the past, so  
the search is on for the most 
ancient examples. 

Earth’s deep interior by subduction, where one tectonic 
plate slips beneath another. Shelly creatures also produce 
limestones, some of which reach our planet’s interior – 

carried down by subducting plates. Much of the carbon dioxide  
issuing from subduction-zone volcanoes may once have been in 
organisms. Living things have also produced abundant oxygen that 
has changed the nature of surface rocks, producing oxygen-rich 

 
our planet was lifeless requires further study of volcanic gases, 
magmas and samples of the Earth’s mantle to identify the  
signature of living things.

What are the 
deepest rocks?

Has life changed the 
Earth’s deep interior?

How has Earth’s 
spin changed?

13

10

11

The growth rings on ancient coral give  
clues as to Earth’s rotation in the past
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How has Earth’s 
i h d?i h d?
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Diamonds are  
made from carbon

The arrangement of its  
atoms makes it an  
extremely hard substance

The Earth’s
deep interior is

What are the 
deepest rocks?



In the Precambrian period, over 650 million years ago, our planet was 
gripped by global glaciations known as Snowball Earth. Since then, 
glaciations have come and gone, but never again on a global scale. 
These global glaciations are thought to have been sustained by albedo-

global glaciations occurred and why they ended are still not understood. We guess 
there was some tipping point that forced temperatures low enough. Answering 
why such intense glaciations occurred will help us decide if they could occur again. 
By looking at ancient rocks we can look at the distribution of oceans and rivers, 
which would have been crucial in controlling climate. We can also see how glaciers 
grew, showing us how quickly Snowball Earth happened. 

Will the Earth ever 
freeze over again?

Predicting 
earthquakes has 
been a long-standing 
goal of geophysics, 

but one that remains elusive. 
Earthquakes are generated when 
rocks suddenly fracture due the 
build-up of stress. How stress 
becomes concentrated in certain 
areas can be modelled, but the 
crust is complicated, with layers 

and huge numbers of faults, 
some of which are sealed tight, 
while others slide. Water in the 
crust also changes the way it 
breaks. Until we can accurately 
model how stress is suddenly 
released as an earthquake, 
predicting these events will 
essentially be guesswork.

Like a spinning top, our planet’s axis of rotation wobbles 

wobbles are due to the periodic pull of the Solar System’s 
other planets, as well as the Sun and the Moon. Shorter-

term wobbles are due to the oceans, the atmosphere – even the 

changes in the wobble of the Earth have, however, been detected and 
indicate that we haven’t yet found all of their causes.

Can earthquakes  
be predicted?

Why does our planet wobble?

9

8

6

The early 
atmosphere 
was very 

the atmosphere today, 
which has been produced 
by three billion years of 
photosynthetic, oxygen-
producing living things. 
The nature of the early 
atmosphere is important, 

of life. It used to be thought 
it was methane-rich, but 
now we think it was likely 
carbon dioxide-rich instead. 
The answer lies in the 
oldest rocks, in particular 
in minerals formed within 
water, since water tends to 
be in chemical balance with 
the atmosphere. But these 
fragile minerals are rarely 

clues in those few tough 
minerals that do survive to 
discover what the early 
atmosphere was like.

What was in the 
Earth’s early 
atmosphere?

7

Large structures 

such as the Hoover 

Dam can make 

Earth wobble

71@SciUncovered 71@SciUncovered

NATURE UNCOVERED
 Earth’s biggest mysteries

Just 21% of Earth’s 
atmosphere is oxygen

78% is nitrogen, and the  
remaining 1% is a combination  
of other gases



produced by the churning of 
its molten iron outer core, 
which is conductive. 

South and vice versa. Exactly why this 
happens is a profound mystery. Some 
models suggest that changes in polarity 
are a natural result of the feedback 

are triggered by slabs of crust sinking, 
plumes rising in the surrounding mantle, 
or even the impact of asteroids. Strangely, 
the Sun might hold the answers, since its 

our core’s – can be observed and can guide 
new models of Earth’s inner structure.

Why does the magnetic 

Pallasite meteorites may originate 
from the core-mantle boundary of 

asteroids that split into layers

Earth has a 

crust to other 
planets, due to 

subduction, where one 
tectonic plate moves 
beneath another. This 
returns rock and volatiles 
such as water back into the 

from the oceans to climate. 
But our planet has not 
always had subduction. The  
early crust was hotter, 
thicker and could not sink. 

sinking crust marks a big 
change in how our planet 
worked. Some think this 
occurred about three billion 
years ago; others believe it 
was far earlier. The answer 
lies in chemical signatures 
left in volcanic rocks. The 

ancient rocks are changed 
by their long history, so 
their original chemistry 
must be unravelled. 

The Earth’s core is a 
5,780km-wide ball of 
iron-nickel metal. 
But it weighs less 

than it should, and transmits 
earthquake waves slower than 
pure iron-nickel metal – 
meaning 4% of it must be lighter 
elements such as oxygen, carbon, 
sulphur or phosphorous. The 
identity of the missing light 
elements is crucial to 
understanding how the core 
behaves. With no way of 
obtaining samples to measure in 
the lab, the answer lies in trying 
to replicate the properties of the 

‘ingredients’ and in studying 
iron meteorites, which are 
samples of the cores of asteroids. 

Terrestrial planets, like Earth, are split into a crust, mantle 
and core. We know this layer-cake structure was formed 
early in the history of the planets, when their interiors had 

compositions by density, with the densest materials, such as metals, 

separated. It’s important to know this, as the size and composition of 
the layers probably determine the overall nature of the planets, such 
as how much internal heating they have. Chemical clues about this 
remain in rocks brought to Earth’s surface by volcanoes. Meteorites 

of asteroids and, like Earth, many asteroids have several layers.

When did  
subduction start? 

Why does Earth have a 
layered structure?

What’s at  
Earth’s core?

72 @SciUncovered72 @SciUncovered

NATURE UNCOVERED
 Earth’s biggest mysteries

?
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Without it, the  
ozone layer would  
be stripped away

5

4

3

2



A recent discovery suggests 
our planet might be 
surrounded by a halo of dark 

that holds together galaxies and makes up 
the missing mass of the Universe. The 
dark matter claim by Dr Ben Harris at the 
University of Texas at Arlington, in the US, 
came from an observation that satellites 
change speed unexpectedly, suggesting 
that Earth somehow weighs more than we 
thought – perhaps due to a disc of dark 
matter around the equator. 

The result is, however, controversial. 
The change in speed of the satellites is 
tiny, only 0.005%, and might be due to the 
pull of the Sun or the Moon. It could even 

indicate that the Earth itself is slightly 
heavier than we thought, since this mass 
is an estimate. 

that astrophysics has rubbed up so closely 
with geology. Perhaps dark matter is not 

but is part and parcel of the geology of our 
world. A conclusive answer to this 

we do not yet know even what dark matter 
is, and aside from its gravity, we do not 
know how to detect it. This tantalising 

observations, would provide an important 
clue – we might now have a new place to 
look for dark matter, right here on Earth. 

Is our planet surrounded  
by dark matter? 

Dr Matthew Genge
Geologist, Imperial College London
+ A planetary scientist, Matthew’s 
research interests include planet 

formation and the origins of life on Earth. Asteroid  
6656 Mattgenge is named af ter him. @rockbloke 
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There are 31 GPS 
satellites orbiting Earth

They orbit at  
a height of  
roughly 20,200km
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NATURE UNCOVERED
 Fastest animals

74

cheetah is roughly the 
same size and weight as a 
greyhound, yet has almost 

double the top speed.

FERRARI ACCELERATION

 

 

 

The speediest animals in the world are engineering 
marvels. Evolution has given them bodies optimised  
for moving quickly through their habitat

SPEEDIEST BEASTS IN  
THE ANIMAL KINGDOM 
All have conquered their environment

Incredibly, the fastest flyer, fastest runner and 

fastest swimmer all have almost the same top 

speed. But even though the upper speed limits 

of each animal are similar, the challenges 

posed by their environments and the 

adaptations employed to overcome them are 

quite different.

1 COMMON SWIFT
Peregrine falcons are the fastest animals 

in the air, but their top speed of 300km/h 

(186mph) is only achieved in a steep dive 

– essentially, the peregrine is the master 

of falling. The record for fastest flapping 

flight goes to the swift, which can propel 

itself to 111km/h (69mph).

2 BLACK MAMBA
The fastest snake in the world is also one 

of the largest and the most venomous. 

Its 3m-long body is thin, and combines 

good grip on the ground with low drag. It 

can slither at 20km/h (12mph) through 

dense undergrowth – which is faster 

than you can run.

3 CHEETAH
Cheetahs can sprint at 120km/h (75mph). 

Unlike most cats, their claws do not fully retract 

and act like running spikes. As well as incredible 

straight-line speed, cheetahs have excellent 

cornering abilities, using their long tail as a 

counterweight for sudden changes in direction.

1

2

3

WORDS BY  Luis Villazon
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6 SAILFISH
Unlike tuna, which have  

mainly red muscle adapted  

for sustained cruising, sailfish 

and marlins have 93% white 

muscle. This high-speed 

sprinting muscle allows  

sailfish to reach speeds of over 

100km/h (62mph). Sailfish  

also leap out of the water  

to temporarily reduce drag  

and boost their speed.

4 PRONGHORN
The fastest endurance runner and the fastest animal 

in the western hemisphere, the pronghorn has a top 

speed of 88.5km/h (55mph) and can maintain 

speeds of 56km/h (35mph) for up to 6km.

5 GREY KANGAROO
The fastest hopper. Amazingly, 

kangaroos use the same 

amount of energy to hop at 

walking pace as they do at their 

cruising speed of 40km/h 

(25mph). Kangaroos can sprint 

up to 71km/h (44mph), but the 

forces this puts on their legs 

are so large that they risk 

rupturing their tendons.

4

5

6
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THE ULTIMATE 
SPEEDSTER IS TINY 

+ Clearly the tiniest creatures will  

have a lower top speed than a 

cheetah. But if you measure top speed 

relative to body size, the fastest 

mover is actually a mite called 

Paratarsotomus macropalpis.

This mite is just 0.7mm long – 

smaller than a sesame seed – but  

has recently been discovered to sprint 

at 322 body lengths per second.  

That’s equivalent to a human running 

at 2,092km/h (1,300pmh). The mite’s 

speed relative to its size is also  

nearly double that of the Australian 

Tiger Beetle, previously thought to  

be the fastest creature. It reaches  

a comparatively puny 171 body 

lengths per second. To put this  

into perspective, despite its high top 

speed a cheetah can only manage 16 

body lengths per second. 

A team of researchers led by 

Samuel Rubin at Pomona College in 

the US were actually studying the 

creatures’ muscle biochemistry when 

they discovered the surprising result. 

They used high-speed cameras to film 

the mite, found in California as it 

scuttled across concrete, and then 

analysed the footage. 

As well as its impressive top 

speed, Paratarsotomus macropalpis 

can also turn and stop extremely 

quickly. It can even run across 

concrete that is as hot as 60ºC, a 

temperature that would prove lethal 

to many other beasties. 

Minute mite is the fastest 
relative to its body size



NATURE UNCOVERED
 Mammoth extinction

76 @SciUncovered

he mammoth is the iconic 
animal of the ice age, and 
lived alongside the likes of 

the cave bear and the sabre tooth cat. WHY DID THE 
MAMMOTHS 

GO EXTINCT?

WE MUST TAKE ACTION TO STOP ELEPHANTS 
BECOMING A SPECIES OF THE PAST LIKE THEIR 

NOW EXTINCT, GIANT RELATIVES.

The reasons behind the demise of these iconic  
beasts are still not completely clear

T

WORDS BY  Prof Adrian Lister

+ Woolly mammoth on its 
grassland habitat. According to 
one theory of their extinction, it 
was the disappearance of this 
environment that led to their 
demise.
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HUMAN HUNTERS

NATURE UNCOVERED
 Mammoth extinction

Prof Adrian Lister  
Mammoth expert
+ Adrian studies ice age mammals at the 
Natural History Museum in London and is 

a renowned mammoth expert. He is the author of 
Mammoths: Ice Age Giants.

did

+  LIVED:  5,000,000-
4 ,500 years ago

+  LOCATION:  Africa, 
Europe, Asia and 
Nor th America

+  SPECIES:  There 
were several – the 
woolly mammoth was 
the last to go ex tinct 
 
+  DESCRIPTION:  The 
largest species was 
four metres tall and 
weighed as much as 
eight tonnes

MAMMOTH 
FACTFILE
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MEET A MAMMOTH 
AT A NEW EXHIBITION

+ The latest evidence about what killed the mammoths off is 

being presented at a new exhibition at the Natural History 

Museum in London – Mammoths: Ice Age Giants. The 

exhibition also gives visitors a chance to get up close to huge 

fossils and life-sized models of the giant animals.

But the undoubted star of the show is Lyuba (pronounced 

Looba). This baby woolly mammoth was discovered in May 

2007 and is the world’s best preserved and most complete 

mammoth mummy. She died 42,000 years ago, at the age of 

one month. Her body was buried in wet clay, which then froze. 

She was found by reindeer herder Yuri Khudi and his sons when 

they were searching for wood on Russia’s Yamal Peninsula.

The Mammoths: Ice Age Giants exhibition will be at the 

Natural History Museum until 7 September 2014. For more 

details, visit nhm.ac.uk/mammoths. 

See the best-preserved specimen in the world

NEXT 
 MONTH

Could we resurrect  
a mammoth?

http://nhm.ac.uk/mammoths


85 MEET AGILE ATLAS
 This humanoid robot 

is so well balanced it can 
withstand a wrecking ball.

78

 

88 THE FUTURE  
OF HOLIDAYS
 Innovations such as virtual 

reality will revolutionise 
holiday planning.

INSIDE THIS 
SECTION 

82 TECH BEFORE ITS TIME
 The inventions that  

came along too early.

86 3D MANTIS VISION
 

these insects with tiny 
goggles to study their sight.

+ The latest self-driving cars use 
radar, cameras and laser technology 
to measure their surroundings and 
react accordingly. The latest software 
can recognise road signs, construction 
works and even cyclists’ hand signals.



  
 TECHNOLOGY UNCOVERED

79

Google and Volvo are among the companies now testing 
driverless cars in real-world conditions. With human 
error eliminated, tomorrow’s roads may be a safer place
WORDS BY  Mat thew Bolton

SENSORY SYST EMS
 

ur roads are unpredictable 
places. Motorists and 
pedestrians can behave in 

erratic ways at a moment’s notice, 
so anyone who gets behind the 
wheel of a car has to be prepared to 
expect the unexpected. 

O

Autonomous 
automobiles
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This is the kind of 3D 
map the sensors used 
in the Google car 
create, in this case 
showing a country road

AUTOMATED CONVOYS
+ In this Volvo-developed system, a driver-

controlled ‘lead’ car communicates changes  

in speed and direction to the other vehicles 

in the ‘road train’. Tests are already at an 

advanced stage.

CRUISE CONTROL
+ This enables a driver to set a speed that the 

car maintains. To reassume control, the driver 

just needs to press the accelerator or brake. 

Some cars have advanced systems that apply 

the brakes if the car in front slows.

Five technologies that are paving  
the way for vehicles that don’t  
need any driver input

CAR AUTOMATION 
THAT’S ALREADY 
HERE



In the ’50s, futuristic cars that would run on guided 
roads were shown off at exhibitions

81

TECHNOLOGY UNCOVERED 
 

Heathrow’s Ultra pods have been  
used safely for several years.  
Lasers enable them to detect  
their position 100 times a second

Some sensor technology can be 
integrated subtly. The University  
of Oxford’s RobotCar uses a range  
of small sensors
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AUTOMATED PARKING
+ Several car manufacturers already offer 

systems that enable a car to parallel park itself, 

detecting distances and manoeuvring into tight 

spots. So learning to parallel park may become 

a thing of the past.

ASSISTED BRAKING
+ ‘Brake assist’ systems – where a radar 

system monitors if a collision is likely, and if so 

‘charges’ the brakes to apply more force – are 

offered by many manufacturers. Volvo’s system 

even applies the brakes if you haven’t acted.

LANE GUIDANCE
+ Several car manufacturers, including Toyota 

and Audi, already offer systems that will warn 

you if you’re deviating from your lane. But in the 

future, more complex systems are likely that 

will actually guide the car within the lane.

A FUTURISTIC DREAM THAT’S 
BEEN  A LONG TIME COMING

+ Attempts have been made to build self-driving cars since as 

long ago as the 1920s. It started with a car controlled by radio 

from a second car, which was even shown off on real streets. 

General Motors’ Futurama exhibit at the 1939 World Trade Fair 

in New York featured a vision of a car controlled by radio and 

powered by electric circuits in the road, and a few decades 

later a system of detectors built into the edges of roads was 

proposed to guide the cars. Development continued in this 

area through the ’60s, with proposals for electronic highways 

in the US, and for motorways with magnetic cables to guide 

cars in the UK. However, these systems never made it to reality.

Advances in computing and electronics in the ’80s led to a 

resurgence of interest in cars that can steer themselves 

independently. Technology developed by the likes of DARPA 

pushed the field forward, and several semi-autonomous 

prototypes were trialled in the ’90s, paving the way for today’s 

assisted driving features.

We’ve been trying to make cars autonomous for  
almost as long as we’ve been driving them



TECHNOLOGY UNCOVERED
 Tech before its time

91% of people globally 
own a mobile phone

For 50% of people,  
their phone is their 
access to the internet

82 @SciUncovered

TECH AHEAD  
OF ITS TIME
Some of today’s technology goes back 
much further than you’d imagine

uch of the technology that we take for granted 
today seems like it must have been a fairly 
recent invention. Science and technology progress 

rapidly, after all. It’s only been 25 years since Tim Berners-Lee 

 

 

M

WORDS BY  Emma Davies

FIRST WIRELESS PHONE Not content with simply 
creating the telephone in 1876, Scottish inventor Alexander 
Graham Bell followed up his seminal invention in 1880 with a 
wireless version, the ‘photophone’. This device used a beam of 
light to transmit speech – rather than the microwaves used  
by the mobile phones of today. The speaker’s voice was 
projected against a flexible mirror. The soundwaves caused the 
mirror to alternate between being convex and concave, 
scattering the light. The receiver then had a selenium cell that 
converted the light hitting it back into soundwaves. Although 
the device could broadcast over distances of up to 213 metres, 
it was prone to interference.  

ELECTRIC 
PORSCHE 
They’re gaining popularity 

now as an eco-friendly 

form of transport, but 

electric cars are nothing 

new – the first functional 

one was created in 1884. 

In fact, the first vehicle 

designed by Ferdinand 

Porsche back in 1898 

(predating the first 

Porsche-branded car by 

50 years), was an electric 

one. Known as the 

Egger-Lohner electric 

vehicle, C.2 Phaeton 

model, or ‘P1’ for short, it 

was powered by an 

octagonal motor that ran 

on electric batteries. The 

car could cover 49 miles 

on one charge, and had a 

top speed of 34km/h 

(21mph). This was speedy 

for its time – the P1 beat 

its nearest rival by 18 

minutes in an all-electric 

race in Berlin in 1899.
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was released in 1993
The MessagePad  
predated the iPad  
by 17 years

83@SciUncovered
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ANALYTICAL ENGINE
UK computer scientist Alan 

Turing is often lauded as the 

father of moden computing, 

but the first computer was 

conceived by English 

inventor Charles Babbage 

way back in 1834. His steam-

powered Analytical Engine 

was designed to be able to 

perform any calculation, 

albeit very slowly compared 

to modern computers. 

What’s more, it was also 

programmable thanks to  

its ability to ‘read’ cards  

with sets of instructions 

punched into them. 

Unfortunately,  

funding for the machine  

was not forthcoming as 

Babbage had failed to 

complete previous  

inventions funded by the 

British goverment. It meant 

that only part of his 

computer had been built  

by his death in 1871, 

although models exist 

nowadays in museums.
now y

PROTOTYPE CONTACT LENSESAround 125 million people globally use contact lenses today. But their history stretches back as far as 1508, 

when Leonardo da Vinci published his Codex of the Eye, Manual D. This laid out the principles of altering vision  

by placing a water-filled vessel over the eye – although its purpose was to learn about how the eye worked, 

rather than to correct vision. It wasn’t until 1887 that German opthalmologist Adolph Fick devised glass  

lenses that could sit on the eyeball. These could only be worn for a few hours at a time, however, as they – 

unsurprisingly – caused irritation. 
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EARLY BATTERIES
We rely on batteries to supply power  

to us every day – did ancient 

civilisations do the same? The 

discovery in the 1930s of the ‘Baghdad 

batteries’ suggested this could have 

been the case, although it’s far from  

a universally accepted theory.  

Thought to date back to around 

200BC, these clay vessels contain 

an iron rod held in a copper cylinder. 

When filled with an acidic solution, this 

would produce an electric current. It is 

unknown what this would have been 

used for, although some think it was 

used in electroplating – a process 

that uses electrical currents to coat 

materials with metal.
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…in fact, his sense of balance is so goo    
withstand a direct hit from a wrecking ball

85@SciUncovered

tlas, the 1.8m (6ft 
2inch), 136kg (21 stone) 
biomechanical robot 

represents the cutting edge of robot 
agility – it’s able to walk across rocky 
ground without falling and even 
remain standing after receiving a 
hefty impact to the side of its body.

Atlas was built from aircraft-grade 
aluminium and titanium and was 
developed by Boston Dynamics, a 
world leader in robotic design. While 
other two-legged robots, such as 
Honda’s ASIMO and Sony’s QRIO are 
able to walk, they can’t quickly adjust 
their balance like Atlas, making them 
of limited practical value outdoors.

Dr Marc Raibert, the former 
Carnegie Mellon University and 
Massachusetts Institute of Technology 
professor who co-founded Boston 
Dynamics, pioneered robots with 
‘dynamic balance’ – the use of 
continual motion to stay upright. His 

that leapt around the lab at Carnegie 
Mellon, calculating where to position 
its leg and body with each jump.

Atlas also uses dynamic balance, 
employing high-powered hydraulics 
to move its body in a way that keeps it 

Atlas can even remain balanced on 
one leg when it’s whacked with a 9kg 
wrecking ball. Its ‘instinctive’ balance 
responses are eerily human-like 
(take a look for yourself at http://bit.

A
ly/1bPmFpd). When  
it’s in danger of falling 
over, it shifts its body 
weight, arms and legs 
just as we do.

While most of Atlas 
was built by Boston 
Dynamics, its head 
was built by Carnegie 
Robotics and is 
packed with 
sensors that give 
it 3D awareness of 
its surroundings.

Atlas was 
developed 
for DARPA’s 
Robotics 
Challenge 
– DARPA being 
the US Department of Defence 
agency responsible for creating new 
military tech – it’s currently building 
everything from drones to a silent 
motorcycle. Several US universities, 
as well as NASA, have been given 
their own Atlas to develop software 
that will make the robot even more 
capable, particularly in disaster 
situations similar to the Fukushima 
nuclear accident. The competition’s 

There’s a way to go before Atlas 
can clank its way into a disaster 
zone, though. For starters, it has to 
be tethered to a separate electrical 
power supply to bring it to life.  

Atlas’ head contains a laser 
range finder and stereo 

cameras to help it navigate

WORDS BY  Andrew Ridgway

ATLAS’ INSTINCTIVE BALANCE RESPO ES ARE 
EERILY HUMAN-LIKE. WHEN IT’S IN DA GER OF 
FALLING OVER, IT SHIFTS ITS WEIGHT LIKE WE DO.
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Boston Dynamics’ four-legged 
Cheetah sprints at 46km/h

That’s a land 
speed record for 
legged robots

TECHNOLOGY UNCOVERED
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6km/h

That’s a land 
speed record for 
legged robots

TECHNOLOGY UNCOVERED
 Atlas the robot

http://bit.ly/1bPmFpd
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Mantises have two 
large compound eyes

Between them 
are three other 
simple eyes 

TECHNOLOGY UNCOVERED
 Mantises’ 3D vision

Tiny pairs of spectacles will help scientists understand 
how these insects see the world in three dimensions

t’s not just cinema-goers 
who are wearing 3D glasses 
these days, praying 

mantises are too. The insects are 

more about how they see the world in 
three dimensions. These insights 
could lead to more accurate vision for 
the next generation of robots.

Insect researchers at Newcastle 
University in the UK have cut down 
pairs of 3D glasses that would be worn 
by humans to create the miniature 
glasses, which are attached to the 
mantises’ heads with beeswax. The 
insects are then placed in front of a 3D 
computer monitor and objects are 
shown to them. The depth of the 3D 

“We’re trying to understand their 
perception of depth by comparing the 

images from their two eyes,” says Dr 
Jenny Read at the University’s Institute 
of Neuroscience, who is leading the 
research. The team are monitoring 
how the mantises behave, as well as 
studying the electrical properties of 
their tissues while they watch the 
objects to determine how their 3D 
perception works.  

“Mantids are the only invertebrate 
that have been proved by previous 

says Read. “They are good to study as 
they are large, and have natural 
behaviours such as tracking objects 
with their heads and striking with 

us what they can see.”
The results of the experiment are 

due in the next six months. It may be 
that mantises have 3D vision that’s 

similar to ours, where it’s the 

between the two eyes that generates 
the 3D image. This would mean that 
mantises have independently evolved 
the same 3D processing system as 
human vision – a fascinating insight 
in itself. If mantises create three-

it would provide a simpler way to 
generate 3D vision in robots.

Machine vision is a crucial part of 
many industrial robots. By improving 
this, robots would perform tasks such 
as sorting, packing and quality 
assurance better. It’s thought that 
machine vision is already a 
$1.5-billion-dollar market in North 
America alone. 

Duncan Geere
Science writer
+ A freelance science and technology 
journalist, he has recently gained an Msc 

in Environmental Science from the University of 
Gothenburg, Sweden. @duncangeere

The 3D glasses fitted to the 
mantises, made by cutting 

human versions down to size, are 
the smallest in the world
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WORDS BY  Duncan Geere +  PRAYING MANTISES 
get their names from 
their large front legs, 
which are bent and 
held together at an 
angle that suggests 
prayer. They use their 
legs to catch their 
prey – they move so 
quickly they are 
dif f icult to see with 
the naked eye.
 
+  MANTIS DIET 
t ypically includes 
moths, crickets, f lies 
and other insects. 
Cannibalism 
sometimes occurs 
during mating, when 
the female eats her 
mate just af ter, or 
even during, mating.

MANTIS 
FACTS

MANTISES ARE FITTED 
WITH 3D GLASSES
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+ Extracting gold 
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echnology is making the 
world a smaller place in 
more ways that one. Who 

could have predicted a few decades  
ago that by 2014 we’d be able to book 

for a stroll through the streets of 
 

 

 

Science 
Uncovered  

make it easier for hordes of 

  

THE FUTURE  
OF HOLIDAYS
Today’s emerging technologies could dramatically 

transform the way we book, plan and enjoy the 
holidays of tomorrow…

T

 

WORDS BY  Alex Dale

SAMPLING THE SAND
A virtual rendition of a Tuscan villa might give you an idea 

of the destination, but it tells you nothing about what it 

feels like to be there. That’s why Skyscanner envisages 

that in the near future, virtual reality tech will be used in 

combination with tactile feedback technology, such as 

Disney’s REVEL. This technology allows users to ‘feel’ 

objects by replicating their textures on a screen. A weak 

electrical signal is created, which is then felt as a vibration 

by the user’s skin and replicates a texture. Current 

ypes are restricted to tablet displays, but 

nies such as Disney are working on models that 

  fitted to any surface, such as furniture or shoes. 

y 20, prospective travellers could feel the sand of 

beaches beneath their toes while they pick a destination. 

HOLIDAYS THAT FIND YOU
Today, people are weary of sharing 

personal data. But in a future 

where such exchanges are 

normalised, personal assistant 

devices will be able to draw from 

the data you share to build an 

ever-increasing understanding of 

your likes and dislikes, learning 

from each interaction to build a 

profile of you. They could use this 

information to suggest bespoke 

holiday plans. While this sounds 

potentially restrictive, Skyscanner 

CEO Gareth Williams argues that 

the use of crowd-sourced ‘Big 

Data’ will allow holidaymakers to 

tap into local knowledge to draw 

together imaginative itineraries. 

“Tourists as a homogenous group 

tend to congregate in the same 

places, largely due to lack of 

knowledge of where best to go,” 

says Williams. The local knowledge 

will steer travellers away from 

tourist traps and lead them to  

sites that better suit their desires 

– and the personal assistant 

devices of 

tomorrow won’t 

leave your 

happiness to 

chance. 

Skyscanner is 

experimenting 

with facial 

expression 

analysis software 

to allow it to see if 

its decisions are 

pleasing you, and 

then act 

accordingly. 

PERSONALISED E-AGENTS
Currently, many travel agents 

consider their job done as soon as 

you click ‘buy’. But by the year 2024, 

the companies will move towards a 

more ‘end-to-end’ service, renting 

out personalised ‘e-agents’ who will 

be able to continually engage and 

interact with you through internet-

connected devices. The e-agent will 

be able to troubleshoot in real time, 

plotting the fastest way through an 

airport terminal, ordering hire cars 

ahead of arrival time and checking in 

to hotels, allowing you to bypass 

lengthy queues in reception.

Skyscanner envisages tour 

guides with the face, voice and 

personality of, say, a favourite actor 

or television personality. They could 

appear in the form of a projected 3D 

hologram image, or as a visual 

overlay if incorporated into wearable 

technology such as Google Glass.

Viewing a destination via a VR display 

is fun, but imagine if you could ‘touch’ 

the sand and ‘splash’ through the sea 

while you made your holiday decision
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Izmailovo Hotel is the  

over four separate towers
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TRY BEFORE YOU BUY
Prototype virtual reality headsets such as Oculus Rift are 

effectively large LCD displays that are strapped over the 

user’s eyes. Inbuilt gyroscopes and accelerometers track 

the user’s head movements and synchronise the display 

to match, allowing wearers to look around a virtual world. 

But they can’t move around in it without the help of an 

additional controller. A new wave of prototypes, such as 

Crystal Cove, track the user’s position with the help of LED 

lights mounted on the headset. These LEDs are monitored 

  xternal camera, allowing the user to explore a 3D 

 environment independently of a keyboard. 

nner predicts this will pave the way for a new kind 

of showrooming’, allowing holidaymakers to sample 

experiences and hotels before making their purchase. 

INSTANT TRANSLATIONS
Language barriers can be a daunting aspect of travelling, 

but advancements in wearable tech mean we could soon be 

ordering dessert from a Russian menu without breaking a 

sweat. There are already text-recognition smartphone 

apps, such as Word Lens, that are capable of offering 

translations. But as wearable tech slims down, travellers 

could receive instant translations that are overlaid on top of 

the foreign text via technologies such as Google Glass. And 

as nanotechnology is refined, this could be extended to 

bionic contact lenses, such as those in development at 

Washington University. These could read letters via tiny 

cameras embedded in the lens’ surface, drawing 

translations from an internet connection.

There are already smartphone apps 

that offer instant translations, but 

future tech will go much further

Virtual reality will allow 
 us to check out holiday 
locations before we splash 
out on our flights

Virtual tour guides may 
soon be projected from 
our phones
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LOCATION Science Museum, London
DATE 16 June-4 September 2014
TIME 10am-6pm
PRICE Free  
WEBSITE sciencemuseum.org.uk

LOCATION The Royal Institution, London
DATE Thursday 10 July
TIME 11am and 2pm
PRICE £2.50 each 
WEBSITE rigb.org

THE RUBBISH 
COLLECTION

MAD, BAD AND 
DANGEROUS TO KNOW

 Everything’s got worth and 

callously discard into a pedal bin. 
Don’t believe us? This two-part 
exhibit will trace the journey of 
all the waste that’s created by a 
single institution – the Science 
Museum – over a period of 30 
days. Through striking visual 
displays, the exhibition shows us 
exactly what happens to our 
rubbish in the timespan between 
the pedal bin slamming shut and 
the material arriving at the 
recycling facility, and also 
demonstrates the value of all our 
everyday rubbish.

 While the vast majority of 
scientists are careful and 
responsible, a rare few have gone 
to some truly extreme lengths in 
the pursuit of knowledge. This 
lecture, aimed at children, looks 
at some of the strangest – and 
often the most disgusting – 
methods scientists have used to 
further human understanding. 

LOCATION Natural History Museum, London
DATE Until 7 September 2014
TIME 10am-5.50pm
PRICE Adults £10, family £28, 
concessions £6. Free for members, 
patrons and children under 4.
WEBSITE nhm.ac.uk

LOCATION The Royal Society, London 
DATE Tuesday 1 July 2014
TIME 5.30pm
PRICE Free
WEBSITE royalsociety.org

MAMMOTHS:  
ICE AGE GIANTS

OXYGEN: BREATHING 
LIFE INTO OUR PLANET

 Our two-part series of articles 
looking at the demise and 
possible resurrection of the 

page 76. If that whets your 
appetite, you can see the world’s 
best-preserved mammoth, the 
42,000-year-old Lyuba, at the 
Natural History Museum this 
summer. The museum’s 
exhibition of tusks and trunks 
also features models of some  
of Lyuba’s distant cousins, such 
as the Columbian mammoth,  
the mastodon and the dwarf 
mammoth. Visitors can try  
their skills at a range of 
mammoth-based tasks, while 
kitty fans are also catered for 
with a section on the 
sabre-toothed cat. 

 The Earth’s atmosphere is made 
up of approximately 20% oxygen 
– but it hasn’t always been this 
way. How did it get there and 
what part did it play in the 
evolution of complex lifeforms 
like humanity? The University of 
Bristol’s Dr Patricia Sanchez 
Baracaldo, who studies the roles 
microorganisms play in 
maintaining our planet’s climate, 
leads this lecture as part of the 
Royal Society Summer Science 
Exhibition 2014. Tickets are given 

basis, so get in there quick.

EVENTS

EXPLORE
SCIENCE
YOURSELF

 Your one-stop guide to the month in science
WHAT MATTERS

INSIDE THIS 
SECTION 

WEBSITE: ustream.tv/channel/live-iss-stream HOST: uStream

 

Science 
Uncovered

LIVE ISS HD STREAM 

EDITOR’S CHOICE   WEBSITE
96 GREY MATTER 

98 ANTIMATTER 

bee stings all over

94 DIY SCIENCE
 

Science communicator Dr 
Kathryn Harkup describes how 

whole lot of urine have 
contributed to science over the 
course of human history.

SECTIIIIIIOOOOOOOOOOOOOOOOOOOOOOOOOOOOONNNNNNNNNNNNNNNNNNNNN  

9944444 DIY SCIENNNNNNNNNNNNNNNNCCCCCCCCCCCCCEEEEEEEEEEEE

http://sciencemuseum.org.uk
http://royalsociety.org
http://rigb.org
http://nhm.ac.uk
http://ustream.tv/channel/live-iss-stream
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Serious Matters
 UberFacts 

@UberFacts
PROFILE: Delivering frequent 
chunks of interesting info, this 
account could make you 
indispensable in a pub quiz.

SAMPLE TWEETS:

 Chimpanzees, sea lions, 
and elephants all have better 
memories than humans.

 Honey is so easy to digest 
because it’s already been 
digested by a bee.

 A guilty conscience has 
been known to weaken a 
person’s immune system.

 Mosquitoes are more 
attracted to the scent of 
smelly feet.

Laughing Matters
 Depressed Darth 

@DepressedDarth 
 PROFILE: Once a dark force to be 
reckoned with among the Sith, 
Star Wars’ Vader has now 
taken to the internet instead.

SAMPLE TWEETS:

  
 

 Relationship Status: 

 

 Star Wars is the bacon  

 

AUTHOR  
Naomi Oreskes 
and Erik M Conway
PUBLISHER  
Columbia 
University Press
PRICE £6.95
OUT 29 July 2014

AUTHOR  
Alok Jha 
PUBLISHER  
Quercus Books
PRICE £9.99
OUT Now

AUTHOR  
Sarah Dry 
PUBLISHER  
OUP USA
PRICE £20
OUT June 2014

THE COLLAPSE OF 
WESTERN CIVILIZATION: 
A VIEW FROM THE FUTURE

50 WAYS THE WORLD 
COULD END

THE NEWTON PAPERS: 
THE STRANGE & TRUE 
ODYSSEY OF ISAAC 
NEWTON’S PAPERS

 The authors note that science 

the future, while historians 
reconstruct the past. This is their 
attempt to blend the two genres. 

set in 2393, this short tome 
provides an overview of the state 
of the world today and looks at 

industry and refusal to act on 
climate change advice may have 
disastrous health repercussions 
for future generations. 

 Reading like  
a ‘best of’ 

compilation of our popular 
‘Apocalyse Now’ articles, this 
book takes a look at the science 
behind popular (a supervolcano 
or the exhaustion of natural 
resources) and not-so-popular 
(galactic collision or scientists 
creating a black hole) theories as 
to how human life will end. 
Imaginative scenarios and a 
lively tone help prevent 
repetition or fatigue setting in, 
and it ends on an appropriate 
note by asking us to consider  
the most chilling doomsday 
scenario of all the ones proposed 
by TV writers: what if it was all  
a dream?

 Sir Isaac 
Newton died at 85 with no will, 
leaving behind a huge stack of 
haphazard papers, touching on 
subjects as diverse as calculus, 
optics and religion. The 
documents were kept under 
wraps for over two centuries, as 
it was believed his rampant 
ramblings could negatively 
impact his reputation and 
science. Sarah Dry reveals the 
story of how the papers came to 
light, explores who controlled 
Newton’s legacy and reveals the 
fascinating lives of the people 
who tracked down these works.

EXPLORATORIUM
 What matters

BOOKS

SCIENCE FOLLOWSHIPS
Everyone loves a 
woolly mammoth 
– get up close to one 
at London’s Natural 
History Museum
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EXPLORATORIUM
 What matters

MICROBIOLOGIST

 

of information to help. Another useful resource is 

BECOME AN INSTANT…

FROM NHS
FORMAT iPhone/Android
PRICE Free
OUT Now

DRINKS TRACKER

 Concerned about how much 
you’ve been hitting the sauce 
lately? This free app from the 
NHS’ Change 4 Life programme 
makes it easy to work out exactly 
how much alcohol you’ve 

APPS

great online programmes.

to use it to examine some bacteria, although it 

be able to examine its bacterial cultures once 

FROM Cosalux GmbH
FORMAT Android
PRICE Free
OUT Now

LOSS OF THE NIGHT  

 This app is designed to help 
scientists gain a better 

light pollution on society. The 
worldwide results are compiled in 
a database, with the research 
intended to aid in the 
development of improved lighting 
concepts. Users select visible stars 
on a map and then submit their 
data anonymously. Loss Of The 
Night is currently Android only, 
but iPhone users can try the 
similar app, DDQ’s Dark Sky 
Meter, which costs £2.99 and 
takes photos of the night sky.

ABOVE Collate useful light pollution data to 
help scientists carry out research

Seeing the invisible  
is in a day’s work for  
a microbiologist

AUTHOR  
Nicola Davies
PUBLISHER  
Walker Books
PRICE £11.99
OUT Now

TINY: THE INVISIBLE 
WORLD OF MICROBES

 
microbiology book for 

has such an uncanny knack of 
getting to the heart of what 
makes the microbal world so 
fascinating that you’re likely to 

little one’s shoulder. Davies 
succinctly explains how the 
planet’s smallest inhabitants do 
the biggest jobs – such as 

illustrated by Emily Sutton, this 
superb children’s book could 
spawn a whole new generation  
of microbiologists. 

CHANNEL None (podcast)
DATE No fixed day
TIME No fixed time
DETAILS 25-45 minutes
WEBSITE stuffyoushouldknow.com

CHANNEL None (podcast)
DATE No fixed day
TIME No fixed time
DETAILS Around four minutes
WEBSITE sciencealert.com

STUFF YOU  
SHOULD KNOW

MINUTEEARTH

 This friendly and cosy little 

Works team has the feel of being a 

listeners to earwig in on two 
clever pals chatting casually 
about science. Hosted by Charles 
‘Chuck’ Bryant and Josh Clark, 
the shows range in length from 25 
to 45 minutes and cover subjects 
as diverse as ‘8 reasons why your 
body is so gross’ and ‘How the 
human microbiome project 
works’. Smart and funny, you’ll 
come away feeling informed, but 
warm and happy as well. 

 This series of short podcasts 
from ScienceAlert does a brilliant 

concepts with no quick or simple 
answer quickly and simply. Each 
of the podcasts clocks in at just 
under four minutes and is 
illustrated with a sweet little 
animation to boot. Previous 
episodes have covered questions 
as diverse as ‘Where did Earth’s 
water come from?’ (see page 66 
for more on that) and ‘Are any 
animals truly monogamous?’ As 
you’d expect from a podcast 
clocking in at around the time it 
takes to boil an egg, it’s not the 
most in-depth and detailed out 
there, but for a quick blast of 
information it’s as good as any. 

RADIO/PODCASTS

http://stuffyoushouldknow.com
http://sciencealert.com
http://microbiologyonline.org.uk
http://onlinecourses.com
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TED TALK CHOICE

Professor Mark Kendall  
 

 

“It can take a vaccine that’s 
suddenly 10 dollars down  
to 10 cents.”

DVD & BLU-RAY

NOISETUBE  
FROM Vrije Universiteit Brussel
FORMAT Android
PRICE Free
OUT Now

 Turn your mobile into a noise 
meter with this NoiseTube 
Android app. Developed by the 
Sony Computer Science 
Laboratory and maintained by 
the BrusSense group at Vrije 
Universiteit Brussel, it’s designed 
to help create a picture of how 
noise pollution impacts our lives. 
When you’ve taken your readings 
you can share them with others. 
It might even prove handy for 
backing up complaints if your 
neighbours have just installed a 
massive sound system!

FORMAT DVD   
PRICE TBC   
OUT NOW 
CLASSIFICATION 
Exempt 

 Babeldom is 
the feature- 

length debut of renowed short 

movie that centres around the 
titular city, which is an 
ever-expanding megapolis 
where isolation reigns supreme. 
Babeldom aims to explore the 
relationship we have with the 
modern city, but lacklustre 
voiceovers and rote philosophy 
cancel out some of this 

imagery. A pity.

1cm2

Visit bit.ly/1hh1Cvq to watch the talk. 

ABOVE Transform your mobile phone into a 
noise level meter and share your findings

WEBSITES

WEBSITE howmanypeopleareinspacerightnow.com
HOST Brad Eshbach 

HOW MANY PEOPLE ARE IN SPACE RIGHT NOW?

 At any given time, there are 
humans in space. The number 
may vary from month to month, 
but there is always at least 
someone looking down on us, 
usually from the International 
Space Station. Keep track of 
exactly how many (three at the 

ABOVE Keep tabs on your drinking habits with  
the NHS Drinks Tracker app

By switching from syringes to the 
Nanopatch, Mark Kendall is sure we can 
generate more efficient vaccinations 

consumed so you can plan ahead 
and lead a healthier lifestyle. 
View your drinking levels over a 

about the risks of drinking 
alcohol, add daily notes and get 
daily tips and feedback.

time of writing) by bookmarking 
this website, which tells you not 
only how many are up there, but 
also their names, job titles and 
nationalities. There’s also an 
upcoming iOS app, if you’re the 
type who absolutely can’t wait 
until you get home… 

BABELDOM

http://howmanypeopleareinspacerightnow.com
http://bit.ly/1hh1Cvq
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THIS MONTH…

1. Cut the sealed end of a bag so you are 
left with a cylindrical piece of black 

plastic. Now cut along one side and open 

least) six bags – the more the better! 

2. Tape these together to make a 
larger rectangle. Arrange them so 

as to keep as close as possible to a 2:1 
ratio rectangle overall.

3. Fold your rectangle in half to make 
a square, and tape two of the three 

unjoined sides together. Tape the fourth 
side together at right angles to the 
opposite side. In other words, you need 
to tape what were the corners together 
in the middle of that edge.

WHAT TO DO...

A few thin (cheap!) black bin liners, 
scissors, sticky tape, string, hairdryer. 

WHAT YOU NEED...

Solar hot air balloon HOW IT WORKS
Ordinary hot air balloons work by 

having a heat source that keeps the 
air in the balloon above the 

temperature of the air outside. 
Because hot air is less dense than 
cold air, this generates lift. It’s the 
same for your balloon, except that  

the heat source is the Sun.

Some people have 
built solar balloons 
so large they are 
capable of carrying 
people, but don ’t  
try this at home

TWEET US YOUR 
PICS + VIDEOS!

@SciUncovered
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Fun with the Sun
With the summer here and the Sun  

 
 

projects to try

DIY SCIENCE
 Build and experiment at home

 

4. You now have your balloon. Find 
one of the four corners and cut 

diagonally across it to create a small 

of the balloon. Reinforce the edges of the 
hole with a bit of tape, and attach a long 
piece of string. Now you’re ready to go.

5. Wait for a sunny day, ideally in the 
middle of summer, and take the 

balloon outside, but within reach of a 

through the hole with the hairdryer 

WORDS BY  Andy Marmer y

Build time: 
20 MINS

in association with
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EXPLORATORIUM

When the Sun is fairly low 
in the sky, but still strong 

are perfect), stand with your 
back to the Sun and spray some 
water into the air in front of 
you. If your sprayer has an 
adjustable nozzle, make it spray 

If you’re using a hose, 
you can achieve the same 

end. Get your position right 
relative to the Sun you should 
see a rainbow form.          

A big pump-action 
plant sprayer is ideal, 
but a small handheld 
one will still do the job

A small mirror, masking tape, white card 
or foamboard, chair, books, Blu-Tack.

WHAT YOU NEED...

A garden (or anywhere the Sun shines), a 
hose or sprayer of some sort.

WHAT YOU NEED...

HOW IT WORKS
By making a tiny mirror, you force 

all the light from each bit of the 

same point on your screen, so  
you get a sharp image. If the mirror 

were larger you would get light 
 

making the image blurry.

HOW IT WORKS
By spraying the water in front 
of you, you are recreating the 

conditions in which rainbows are 
formed in nature – sunlight shining 
on raindrops. Each droplet acts like 

a miniature prism, bending the  
light so that you can see all of the 

colours that make it up. 

Build time: 
1 MIN

Build time: 
5 MINS

1.  a spot where you can set up the 

directly into a room you can darken. 

WHAT TO DO...

WHAT TO DO...

2. Cover the mirror with masking 
tape, except for one small spot, 

about 5mm across. You don’t need to 
be too careful about the spot’s shape, 
as long as it’s not too big. 

3. Set up the mirror on a chair, 
propped up with books or 

a beam of sunlight into the room. Use 
some Blu-Tack to hold it in position.

4. Now go inside and make the 
room as dark as you can – draw 

the curtains as far as possible without 
obscuring the beam of light, and try 
to cover as much of the rest of the 
window as possible.

5. Set up your card or foamboard 
in the beam of light. You should 

see a lovely round image of the 
Sun. If you’re lucky, you might see 

the image moves quickly as the Sun 
moves across the sky. If you want 
to watch for a while, you’ll need to 
go outside periodically to adjust the 
angle of the mirror.

Andy Marmery
The Royal Institution
+ With a degree in astrophysics from  
the University of Bristol, Andy devises 

and demonstrates experiments for The Royal 
Institution. @andymarmery
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Who invented the world 
wide web in 1989?

Which genetic disorder is 
caused by the presence of all 

or part of a third copy of 
chromosome 21?

GREY MATTER
 Test your science knowledge with our quiz

 

What’s the main component 
of Earth’s inner core?

How many elements are in 
the periodic table?

What substance do 
mitochondria produce that 

is used by cells as energy?

How many teeth does the 
average adult human have?

Which part of an atom has  
a positive charge?

How much ash needs to be 
ejected in an eruption to 

‘supervolcano’?

What is the most  
common element across  

the Universe?

What is the name of the 
nearest large galaxy to  

the Milky Way?

What is the name of the 
lander vehicle that NASA  

is currently working on?

Scientists have made 
graphene using which 

kitchen appliance?

What is the world’s heaviest 

How many bits make up  
a byte?

Which astronomer 
discovered that the 

Universe is expanding?

What is unusual about 
Chariklo, an asteroid 

spotted beyond Saturn?

How many weeks does it 
take for a human embryo to 

be fully formed?

ANSWERS
1 Yellow and green. 2 Iron-nickel alloy.  
3 118. 4  Adenosine triphosphate (ATP).  
5 32. 6 Proton. 7 1,000km

3
 8 Hydrogen.  

9 The Andromeda galaxy. 10 Morpheus.  
11 A blender. 12 Kori Bustard. 13 8. 
14 Edwin Hubble. 15 It has a ring system.  
16 10. 17 Venus Fly Trap. 18 Narwhal.  
19 Tim Berners-Lee.  20 Down’s syndrome.

What colour  
is the earth wire  
in this plug?

HOW DID YOU DO?
HOW FAR UP THE BUILDING BLOCKS 
OF LIFE IS YOUR KNOWLEDGE?
0-5 DNA  
6-10 Protein
11-15 Single-celled life form
16-19 Multicellular life form  
20 As yet unidentified alien

Name this 
carnivorous  
wetland plant.

What is the 
name of this  
sea creature?



97@SciUncovered

EXPLORATORIUM
 Grey Matter

We are committed to only using magazine paper which is 

free manufacture. Future Publishing and its paper suppliers 

rules of the FSC (Forest Stewardship Council). 

Uncover more...
There are many ways to get extra science each month

© Future Publishing Limited 2014. All rights reserved. No part of this magazine may be used 
or reproduced without the written permission of the publisher. Future Publishing Limited 

Future Publishing Limited is at Beauford Court, 30 Monmouth Street, Bath, BA1 2BW. All 
information contained in this magazine is for information only and is, as far as we are aware, 
correct at the time of going to press. Future cannot accept any responsibility for errors or 
inaccuracies in such information. Readers are advised to contact manufacturers and 
retailers directly with regard to the price of products/services referred to in this magazine. If 
you submit unsolicited material to us, you automatically grant Future a licence to publish 
your submission in whole or in part in all editions of the magazine, including licensed 
editions worldwide and in any physical or digital format throughout the world. Any material 
you submit is sent at your risk and, although every care is taken, neither Future nor its 
employees, agents or subcontractors shall be liable for loss or damage.  

ISSUE 08 | JULY 2014
Future Publishing Ltd, 30 Monmouth Street, Bath, BA1 2BW

Email: science.uncovered@futurenet.com 
Web: www.science-uncovered.com

Facebook: www.facebook.com/SciUncovered

EDITORIAL
Editor: Andrew Ridgway, andrew.ridgway@futurenet.com

Deputy editor: Alex Dale, alex.dale@futurenet.com
Art editor: Rob Crossland, robert.crossland@futurenet.com

Production editor: Emma Davies, emma.davies@futurenet.com

CONTRIBUTORS
Mike Bedford, Holly Cave, Paul Coxon, Sarah Cruddas, Richard Edwards, ESA,  
Ian Evenden, Duncan Geere, Matthew Genge, Alastair Gunn, Tim Hardwick,  

Tom Hovey, Kristina Killgrove, Alice Lipscombe-Southwell, Adrian Lister,  
Fraser McDermott. Andy McLaughlin, Ian Mabbett, NASA, Steve Paris, Claire Rees, 

Dom Reseigh-Lincoln, Will Salmon, Science Photo Library, Rebecca Shaw 
Thinkstock, Mark Thompson, Laura Walker, Andy Watt, Christie Wilcox, Jim Wild

ADVERTISING 
Advertising sales manager: Sasha McGregor, sasha.mcgregor@futurenet.com  

Advertising sales manager: Mike Pyatt, michael.pyatt@futurenet.com 
Agency account manager: William Carter, bill.carter@futurenet.com 

Sales co-ordinator: Penny Hemmings, penny.hemmings@futurenet.com

CIRCULATION /MARKETING/LICENSING
Group marketing manager: Philippa Newman, philippa.newman@futurenet.com

Trade marketing manager: Colin Hornby, colin.hornby@futurenet.com
Direct marketing: Alex Moreton, alex.moreton@futurenet.com

International licensing manager: Regina Erak, regina.erak@futurenet.com

PRODUCTION
Production controller: Keely Miller, keely.miller@futurenet.com

Paper controller: Lorraine Rees, lorraine.rees@futurenet.com
Ad production co-ordinator: Gemma O’Riordan, 

gemma.o’riordan@futurenet.com

MANAGEMENT
Group art director: Steve Gotobed

Head of Science Uncovered: Ian Robson
Creative director: Bob Abbott

Transformation director: Jim Douglas
Managing director UK: Nial Ferguson

SUBSCRIBE TO SCIENCE UNCOVERED
Phone our UK hotline on: 0844 848 2852

Phone our international hotline on: +44 (0)1604 251 045 
Subscribe online at: www.myfavouritemagazines.co.uk/SCIP12

Next issue on sale: Thursday 10 July

Magazine printed in the UK by William Gibbons on behalf of Future
Distributed in the UK by Seymour Distribution Ltd,

2 East Poultry Avenue, London EC1A 9PT Tel: 020 7429 4000
Overseas distribution by Future Publishing Ltd, Bath Tel: +44 (0)1225 442244

our audiences online, on mobile and in print. Future attracts over 

sectors: Technology, Film & Games, Music, Creative and Sports & 
Auto. We export and license our publications.

Future plc is a public 

London Stock Exchange 
(symbol: FUTR).
www.futureplc.com

 
Non-executive chairman Peter Allen

 
Tel +44 (0)20 7042 4000 (London)

Tel +44 (0)1225 442 244 (Bath)

BODY EXPLAINED
 Find out exactly what’s going  

on inside you from top to toe  
with Secrets of the Body, a new 
180-page publication from  
the Science Uncovered team. It’s 
available now at myfavourite 
magazines.co.uk and in all  
good newsagents.

GO DIGITAL
 Science Uncovered is available on 

Apple’s App Store, Google Play 
Newsstand, Nook, and Zinio,  
so you can read the magazine on 
your tablet and your computer. 
Not only will you be able to get 
new issues on the day they’re 
released, you’ll also get two 
issues completely free – the 
current issue and the next – with 
our no-obligation trial.

FOLLOW US ONLINE
 Stay in touch on Twitter with  

@SciUncovered, at facebook.
com/sciuncovered and at 
scienceuncovered.tumblr.com. 
We’ll also give you a weekly  

newsletter. Sign up at 
science-uncovered.com. 

twitter.com/
SciUncovered

facebook.com/ 
SciUncovered

scienceuncovered. 
tumblr.com

http://facebook.com/sciuncovered
http://facebook.com/sciuncovered
http://scienceuncovered.tumblr.com
http://science-uncovered.com
http://magazines.co.uk
mailto:science.uncovered@futurenet.com
http://www.science-uncovered.com
http://www.facebook.com/SciUncovered
mailto:andrew.ridgway@futurenet.com
mailto:alex.dale@futurenet.com
mailto:robert.crossland@futurenet.com
mailto:emma.davies@futurenet.com
mailto:sasha.mcgregor@futurenet.com
mailto:michael.pyatt@futurenet.com
mailto:bill.carter@futurenet.com
mailto:penny.hemmings@futurenet.com
mailto:philippa.newman@futurenet.com
mailto:colin.hornby@futurenet.com
mailto:alex.moreton@futurenet.com
mailto:regina.erak@futurenet.com
mailto:keely.miller@futurenet.com
mailto:lorraine.rees@futurenet.com
mailto:gemma.o�riordan@futurenet.com
http://www.myfavouritemagazines.co.uk/SCIP12
http://www.futureplc.com
http://facebook.com/SciUncovered
http://twitter.com/SciUncovered
http://scienceuncovered.tumblr.com
http://scienceuncovered.tumblr.com
http://www.futurenet.com/jobs
http://www.fsc.org
http://twitter.com/SciUncovered
http://facebook.com/SciUncovered


98 @SciUncovered

What was the experiment?

himself

Why not get someone else to do it?

How did he make sure the bees stung 
him in the right places?

Where did he get stung?

So where did it hurt most?

 

Why did he do this exactly?

 

+ Evolutionary biologists from Northumbria University, in the 

UK, and the University of Gottingen, in Germany, recruited 30 

men to perform a 30-second dance routine. Their moves were 

motion-captured, transferred to faceless avatars and rated by 

a panel of women. It turned out they preferred dancers who 

made bigger movements with their head and torso. They also 

responded to bending of the right knee – but not the left. It’s 

thought that dance moves may play a part in assessing a mate.

MEN’S DANCE MOVES RATED
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THE THREE MOST PAINFUL PLACES TO GET 
STUNG WERE THE SHAFT OF THE PENIS,  
THE UPPER LIP AND THE NOSTRIL.

B I Z A RRE  RE S E A R C H  T H AT  M A K E S  Y O U  T HINK
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