
+Most common time for ’quakes
+  Chances of a meteor strike

+  Fastest-evolving animal 
+  Why stars twinkle

Issue 02 | January 2014 | @SciUncovered

INSIDE EvEry ISSuE
+ nature + space + engineering + humans + technology + loads more!

hUmanS

technology

natUre

 yoU are yoUr 
mIcrobeS 

Power 
revolUtIon

hIdden cave
adventUre

1127
factS INSIDE

 Discover the bacteria 
living inside you that 
shape who you are p44

 The new technology that 
will transform how we 
generate electricity p82

 New discoveries made 
in vast unexplored  

caverns p80

alSo InSIde thIS 100-Page Packed ISSUe…

+ How deadly snake toxins 
can cure our ills

Fang to 
Pharmacy 

+ How science will turn fast 
food into health food

bUrger oF 
the FUtUre

technology
natUre

SPace

SPace JUnk 
maPPed
+ What is it, where is it and how 

much is falling to Earth?

NEW!

 Medical scanners 
reveal the truth 

about what’s inside  
the wraps  p52

...and how scientists are trying 
to unravel the mysteries

 How we’ll finally discover what this enigmatic material is Turn to p30
unmasking dark matter  



WorldMags.netWorldMags.net

WorldMags.net

http://worldmags.net/
http://worldmags.net/


+ Turn to page 66 to find out about 
scientists’ endeavours to create 
artificial ball lightning.

Dr Alastair Gunn
University of Manchester

Brendan Walker
University of Nottingham

Hayley Birch
Science writer

Dr Kristina Killgrove
University of West Florida

Jem Stansfield 
Bang Goes the Theory

Dr Emma Davies
Science writer

+ An astronomer, Alastair 
is based at Jodrell Bank 

Observatory in Cheshire, England. On page 36 
he explains the facts behind the blockbuster 
movie Gravity.

+ Brendan has been described as 
the world’s only ‘thrill engineer ’ 

– he runs his own design practice, Aerial. On 
page 62 he details how engineers can build 
earthquake-proof bridges.

+ With an MSc in science 
communication, Hayley is the 

co-author of Big Questions in Science. On page 
66 she delves into the phemonena that science 
is so far unable to explain.

+ Kristina has degrees in Latin, 
classical archaeology and 

anthropology. On page 25, she explains the 
significance of hair as a status symbol for the 
Egyptian pharaohs.

+ Inventor of the world’s f irst 
air-powered motorbike, Jem 

presents BBC One’s Bang Goes the Theory. On 
page 65 he shows how CT scanners are being 
used to improve vehicle safety.

+ Emma has an MSc in food 
science and a PhD in physical 

chemistry. On page 86 she looks at how science 
could be used to build the burger of the future – 
turning it into a health food.
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WElcomE to iSSuE t Wo
 A note from the editor

ysteries are at the heart of science – they are the unanswered 
questions that drive scientists to get up in the morning. No 
one put it better than Albert Einstein: “The most beautiful 

thing we can experience is the mysterious. It’s the source of all true 
art and all science.” And this issue we’re bringing you a whole host 
of mysteries that are proving particularly challenging. 

The natural world offers up some pretty big questions. 
What’s behind the glowing skies that accompany some 
earthquakes? How can butterflies navigate across thousands 
of miles? And how can rocks just wander across the ground? 
On page 66 we look at what we know and what we don’t. 

Space’s two biggest mysteries go by the names of dark 
matter and dark energy. We know they exist from the way they 
meddle with our Universe. But exactly what they are is beyond our 
ken. Learn how we’re trying to identify them on page 30. And there 
are a good few mysteries within ourselves. Why are most of us 
right-handed? Why do we yawn? And how do placebos work? 
On page 50 we reveal the body’s five biggest mysteries.

I hope you’re enjoying Science Uncovered. If you  
are, then please sign up to our weekly science updates 
at science-uncovered.com

ANdrEW rIdgWAy
andrew.ridgway@futurenet.com
@SciUncovered

Einstein was 
right, yet again...
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Subscription enquiries 
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Measuring anything up to two metres in length 
and with teeth capable of penetrating human 

skin, the green iguana is not a reptile you’d like to 
anger. During the breeding season, the males become 
more aggressive as they compete for mates. The vivid 
orange tinge visible on their dorsal spines  
is also only seen during the mating period, with  
male iguanas taking on ‘breeding colours’ to attract  
a female. Photographer Gergely Bíró took the  
photo while canoeing in Costa Rica. It was 
commended in the 2013 Wildlife Photographer of  
the Year competition. Wildlife Photographer of the 
Year is co-owned by the Natural History Museum  
and BBC Worldwide.

Reptile waRRioRs
A colourful battle of strength between 
green iguanas fighting to win a mate
Photo © GerGely Bíró / Wildlife PhotoGraPher  
of the year 2013 

 Awesome images from Earth and beyond
sCienCeshot
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sCienCe shot
 Images from Earth & beyond
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+ The insides of green iguanas’ 
thighs are home to their femoral 
pores. These are used to release 
pheromones that mark territory.

Green iguanas  
have a ‘third eye’ 

Located on top of their heads, 
the parietal eye can sense 
movement and changes in light

“Lots of animals change colour during 
 the mating season. There are examples 
in fish, amphibians, reptiles and birds. 
Usually it’s the males that change,  
hoping to impress females. They’ll also 
dance, fight or do whatever else it takes  
to get the girl!”

Christie wilcox
Biologist, University of Hawaii
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sCienCe shot
 Images from Earth & beyond
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+ These helmets are designed to 
measure the gases inhaled and 
exhaled. Analysing this means the 
relationship between food and the 
lungs can be examined. 

Despite the spacesuit-like headgear, these 
volunteers are actually reclining in Toulouse, 

France. As part of a European Space Agency (ESA) study 
into the effects of prolonged weightlessness on the 
human body, a group of 12 ‘pillownauts’ spent three 
21-day spells in bed throughout 2013. The participants 
spent their time prone with their feet raised at a 6º 
angle, simulating weightlessness. Their exercise took 
the form of upside-down squats. The experiment 
enabled doctors to explore ways to counteract negative 
effects of long spaceflights, such as muscle wastage.

sleeping foR sCienCe
How spending 21-day spells prone can be used  
to further our knowledge of space medicine
Photo © CNeS-e. Grimault

 Astronauts lose 1-2% 
bone density per month

The rise in blood calcium levels 
this triggers also increases the 
risk of kidney stones
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sCienCe shot
 Images from Earth & beyond

Medical testing isn’t usually this pleasing to look at. 
Sulfosalicylic acid is used to test for the presence of proteins in 

urine, but when made into these crystals by  Thomas Balla from Fort 
Collins, Colorado, and then photographed at 200x magnification, it 
earned him an honourable mention in the Nikon Small World 
competition. The crystals were prepared using a water-based solution 
of the powdered chemical, a sample of which was allowed to slowly 
evaporate on a glass slide. The colours here are a result of the polarised 
light microscopy technique used – a technique that increases the 
crystals’ contrast with the background.

Urine testing dates 
back 6,000 years

Today, it’s used to diagnose 
diabetes, kidney and liver 
problems, and infections

CRystals 
CleaR

Beauty comes in  
many forms – even  

medical testing chemicals
Photo © NikoN Small World

+ The shape of the crystals is 
unpredictable, due to the acid’s 
complex molecular structure.
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sCienCe shot
 Images from Earth & beyond

+ Bertha’s cutterhead 
can deal with objects up 
to a metre across, having 
rotating teeth to break  
down larger obstacles.

 
To dig a big tunnel, you need something a little larger than your 
average shovel or pneumatic drill. And that’s where Bertha  

comes in – the world’s largest tunnel-boring machine. Her green 
cutterhead, seen here, is 17.5 metres in diameter, making her roughly  
as tall as a five-storey building. Custom-built in Osaka, Japan, Bertha  
was shipped to Seattle in pieces. The 7,000-ton behemoth is excavating  
a 3.2km-long tunnel beneath the city as part of the construction of  
State Route 99. This new, double-decker underground highway will 
replace the Alaskan Way Viaduct, which was damaged by an  
earthquake in 2001. 

Norway’s Lærdal  
Tunnel is 24.5km long

Linking Lærdal and 
Aurland, it’s the longest 
road tunnel in the world

Digging  
Deep

There’s nothing boring  
about this boring machine

Photo © WaShiNGtoN State  
dePartmeNt of traNSPortatioN
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sCienCe shot
 Images from Earth & beyond

“Bertha is an ‘Earth Pressure Balance’ 
machine. The rate of soil removal is kept 
equal to machine advance to hold up the 
soft ground.  Precast concrete segments 
then line the walls behind the machine.” 

Dr ian Mabbett
Engineer, Swansea University

On page 27 Dr Mabbett answers the question: 
will we see buildings made from graphene?
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steroid impacts such as the 
one that struck 
Chelyabinsk, Russia, in 

February 2013 could be five times 
more common than previous 
calculations have showed.

It was about 9.20am local time 
when the skies above the Russian city 
lit up with a fireball. It shone with 30 
times the intensity of the Sun and 
began fragmenting at an altitude of 28 
kilometres. The explosion released the 
equivalent energy of 500 kilotonnes of 
TNT, which is the approximate yield of 

a Trident nuclear missile. The shock 
wave injured more than 1,200 people, 
mostly with flying glass. It was picked 
up by instruments around the globe, 
including infrasound stations that 
monitor compliance with the United 
Nations’ Comprehensive Test Ban 
Treaty prohibiting nuclear explosions. 

“Although designed for nuclear 
weapons, these sensors work well for 
asteroid impacts too,” says Professor 
Peter Brown of the University of 
Western Ontario in Canada. He and his 
team searched the archives of 

A

infrasound – a frequency lower than 
human hearing – for similar shock 
waves to Chelyabinsk. They found 
more than they bargained for.

The research shows that 
Chelyabinsk-sized impacts take place 
about once every 20-30 years – that’s 
about five times more frequently than 
previously thought. Current estimates 
are based upon sky surveys that look 
for near-Earth asteroids. Astronomers 
then extrapolate the number of 
smaller asteroids from observations of 
larger ones. They can see most 
asteroids down to a size of roughly 100 
metres. The Chelyabinsk impactor was 
just 20m across, and the extrapolation 
suggested an impact of this size every 
120-150 years.

The infrasound results suggest 
there are many more small near-Earth 
asteroids than we thought. The biggest 

“These small asTeroids are really 
difficulT To see because They are 
Tiny and darker Than coal.”
Dr Barry Kellett RutheRfoRd Appleton lAboRAtoRy 

Small aSteroiD 
threat level raiSeD

+ A 570kg chunk of the 
Chelyabinsk asteroid pulled 
from Lake Chebarkul, Russia.

1801 
is when ceres, the f irst 

asteroid to be discovered, 
was spot ted

 The latest breakthroughs explained and dissected

woRds by  Dr Stuar t Clark

New measurements show space rocks 
enter Earth’s atmosphere more often 
than previously thought
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intelligenCe 
 Breakthroughs explained

Many asteroids lie in a belt 
between Mars and Jupiter 

This area holds more than  
200 asteroids over 60 miles  
in diameter

15@SciUncovered

impact revealed was a one-megatonne 
explosion over South Africa in 1963. 
“Chelyabinsk was a wake-up call,” 
says Brown, who believes the current 
strategy of sky surveys should change. 

The emphasis has been on 
painstakingly detecting asteroids far 
enough in advance of an impact that a 
space mission could deflect them. 
However, Chelyabinsk-sized 
impactors will not be visible until 
weeks or even days before impact, 
rendering a deflection impossible. 
Instead, Brown says surveys should 
rapidly monitor the sky looking for 
Chelyabinsk-sized impactors and 
identifying strike zones. Governments 
could then enact standard civil 
defence responses – advising people to 
stay inside or away from windows.

Dr Barry Kellett, who was not 
involved in the research and is based 
at the Rutherford Appleton Laboratory 
in Oxfordshire, agrees about the folly 
of trying to deflect small asteroids.  
“I don’t believe there is any way of 
stopping these things,” he says. 
“These small asteroids are really 
difficult to see because they are tiny 
and darker than coal, but they are 
brighter in the infrared.”

This offers a way forward. In 
September, NASA reactivated the 

defunct Wide-field Infrared Survey 
Explorer (WISE) space telescope for a 
three-year search. “WISE was 
reactivated months after the 
Chelyabinsk impact to search for 
small near-Earth asteroids using 
infrared. I don’t think that’s a 
coincidence,” says Kellett. 

A brief history of. . .
aSteroiD 
impaCtS 
1908  T ungusk a e ven T 
+ At 7.14am on 30 June 1908, a 
gigantic explosion ripped through the 
air above the Podkamennaya Tunguska 
River, Russia. The 60-metre impactor 
never hit the ground, it disintegrated at 
5-10km in altitude. No fragments were 
found but the shockwave is estimated 
to have knocked down 80 million trees 
over 2,150 square kilometres.

1947 sik ho T e-alin me T eori T e
+ This large iron meteorite hit Earth on 
12 February 1947 in the Sikhote-Alin 
Mountains in Siberia. Its fiery passage 
was brighter than the Sun and 
produced a deafening roar when it 
exploded. Around 70 tonnes of material 
hit the ground. 

2013  chelyabinsk impac T
+ Russia got it again on 15 February 
2013, when a 19-metre-wide asteroid 
scythed into our atmosphere at a 
shallow angle. It fragmented, creating 
a shockwave that broke windows. More 
than 1,200 people were injured, many 
by flying glass. The largest fragment 
recovered weighed around 650 tonnes. 

 Comments and analysis from readers across 
our science community around the world…READER REACTION!

Jessica Smithfield  
Plymouth 
It’s hard to know how 
much more can really  
be done to protect us.  
If we’ve got experts on 
the look-out, what else 
can we do?

Stewart Mitchell 
Orsennes, France 
Umbrellas are the  
way forward.

Mike Joseph Stephen 
Everton, Arkansas 
With only a handful of 
astronomers watching 
and scanning the 
skies for near-Earth 
asteroids, plus budget 
cuts at NASA, not 
enough is being done.

Roger Neild 
Accrington 
What’s the worry? 
We’ve got Bruce Willis!

kilometres is how big the 
largest asteroids are

 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

1,000

Dr Stuart Clark 
Astronomer & author
+ a fellow of the royal astronomical 
society and journalist. @DrStuClark
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+ The Chelyabinsk asteroid entered 
the Earth’s atmosphere at a speed of 
around 41,000mph, exploding at  
a height of 76,000 feet.
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intelligence
 Breakthroughs explained

Tyrannosaurus rex had a 
four-foot-long jaw

Scientists believe it  
could eat 500lbs (230kg) 
of meat in one bite

Helen Pilcher
Science writer & comedian
+ Helen has a neuroscience PhD from 
London’s Institute of Psychiatry. 
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ove over T-rex, there’s 
a new tyrannosaur on 
the block. Dubbed ‘King 

of Gore’, the giant predator is the 
oldest known member of the T-rex 
family, and is forcing a rethink about 
the way this infamous group of 
dinosaurs evolved.  

Lythronax stomped through the 
swamps of North America 80 million 
years ago, 13 million years before its 
cousin, T-rex. The two-legged meat 
eater was eight metres long and had a 
wide skull and forward-facing eyes. 

“This would have given it reasonable 
3D vision,” says Dr Mark Loewen, 
from the Natural History Museum of 
Utah, who studied the specimen. “It 
was the top predator of its time.”

Researchers had thought that 
tyrannosaurs evolved 70 million years 
ago, but the new find suggests these 
dinosaurs first appeared at least 10 
million years before that. The fossil, 
which included bones from the head, 
pelvis, leg and tail, was found in 
fossil- rich southern Utah, along with 
another new tyrannosaur – a 
76-million-year-old specimen called 
Teratophoneus. But when they were 
alive, their world was quite different. 
The dinosaurs lived on a long, skinny 
island called Laramidia, that 
stretched thousands of miles from the 
tip of Alaska down to Mexico. 

Researchers previously noted that 
herbivores, including triceratops, 
hadrosaurs and turtles, from the 
north of the continent looked 
different to their southern 
counterparts; a difference they 
ascribed to varying vegetation. But 
they didn’t know if the pattern held 
for meat-eaters. The new finds, from 

M

southern Laramidia, provide a  
direct comparison with northern 
tyrannosaur fossils. “They’re very 
different,” says Loewen, which means 
the plant explanation doesn’t hold. 
“When you’re the top predator, 
distance doesn’t matter. There’s 
nothing to stop Lythronax from 
walking up north.”

Instead, Loewen thinks there 
was a physical barrier. Fluctuating  
sea levels between 66 and 80 million 
years ago flooded the middle of the 
island, cutting it in two. Northern  
and southern species would have 
evolved in isolation, causing them  
to look different. 

As for the name Lythronax?  
Loewen and his colleagues chose it. 
“Tyrannosaurus rex means ‘tyrant 
lizard king’. We wanted something 
that would pay adequate homage  
to that. ‘King of Gore’ sounds  
pretty cool.” “We WanteD sometHIng tHat 

WouLD Pay Homage to tHat. ‘KIng 
of gore’ sounDs Pretty cooL.”
Dr Mark loewen Natural History MuseuM of utaH 

2.5
tonnes is how much 
Lythronax weighed

words By  Helen Pilcher

Newly discovered tyrannosaur was top  
predator of its time and preceded its 
cousin by 13 million years
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volcano ash 
sensor passes 
flight test

01

+ Aircraft will soon be fitted with volcanic ash detectors, after infrared 
technology was successfully tested using an artificial ash cloud. The 
Airborne Volcanic Object Imaging Detector (AVOID) uses infrared cameras to 
spot the silicate particles in volcanic ash. In the test, carried out above the 
Bay of Biscay, an aircraft released ash collected from  Icelandic volcanoes.  
Another aircraft fitted with AVOID was able to detect the ash from 60km (37 
miles) away – a distance at which pilots can adjust their flight paths to avoid 
ash clouds.  Norway’s Nicarnica Aviation, which developed AVOID, Airbus SAS 
and EasyJet, who were also involved in the test, hope it will avoid a repetition 
of the disruption that happened when Iceland’s Eyjafjallajökull volcano 
(pictured) erupted in 2010, grounding aircraft.

is the age of ‘Ming the mollusc’ , 
now known to be the world’s oldest 
creature. The age of the deep-sea 

clam, dredged from the North 
Atlantic near Iceland, was 
calculated by scientists at  

Bangor University,  
Wales. 

05

YEARS OLD
507

 12 of the world’s biggest scientific discoveries distilled

+ Meet the first venomous crustacean known to 
science. Biologists at the Natural History Museum 
in London have discovered that Speleonectes 
tulumensis has venom in reservoirs at the end of 
structures on its claws that resemble hypodermic 
needles. The venom contains a neurotoxin likely to 
stop prey getting away and peptidases, enzymes 
that help to digest prey. This species dwells in 
cave water in Mexico and Central America.

venomous crustacean 
discovered

+ These 15mm-long froghoppers (Anthoscytina 
perpetua) were fossilised while mating back in the 
Middle Jurassic period. That’s 161-176 million 
years ago, making the pair, who turned up in a 
study of over 1,200 specimens found in Inner 
Mongolia, China, the oldest fossilised fornicating 
insects yet discovered. Researchers at Capital 
Normal University, Beijing, say the bugs’ mating 
‘choreography’ has changed little in all that time. 
It’s speculated that a volcanic eruption released 
poisonous gas while the love bugs were in the act.

02
04 insects in flagrante, 

in aeternum

+ Silicon-based solar cells are relatively 
efficient, but expensive to produce. 
Whereas zinc oxide-based cells are 

cheap but inefficient. So researchers at 
Queen Mary University in London and 
Imperial College London tried playing 
music to zinc oxide cells, knowing that 
nanoscale rods of the oxide will wobble 
in response to mechanical stress (such 
as sound), producing an electric field. 
This increased the efficiency of these 
cells by 50%, showing they would be 

most effective in noisy places.

solar good viBrations
03
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+ Archaeologists in Turkey have dug up 
more than 600 amulets, scarabs and seals 
dating back to between the fourth and 
seventh centuries BC. The site on the Dülük 
Baba Tepesi mountain is thought to have 
been a shrine to the Roman god Jupiter 
Dolichenus, and it is hoped it will shed light 
on the ‘mystery cult’ that worshipped him.

amulets unearthed

+ Scientists hoping to find a ‘dipole 
moment’ for the humble electron have 
been disappointed. A dipole moment 
would make an electron look squashed, 
and support the idea of ‘supersymmetry’,  
a theoretical extension to the Standard 
Model of physics that prediacts the 
existence of all manner of exotic particles, 
some of which the Large Hadron Collider is 
searching for. A new ultra-sensitive 
experiment, looking at electrons in 
molecules of thorium monoxide, however, 
found them to be boringly spherical 
– exactly as the Standard Model predicts.

the electron  
is spherical12

IM
AG

E 
©

 n
As

A.
Go

v
IM

AG
E 

©
 n

As
A.

Go
v

IM
AG

E 
©

 f
or

sc
h

u
n

Gs
st

El
lE

 A
sI

A 
M

In
or

, u
n

Iv
Er

sI
tä

t 
M

ü
n

st
Er

IM
AG

E 
©

 c
lA

Ir
E 

h
IG

GI
n

s/
ch

r
Is

tI
An

o 
lA

b 
At

 c
ol

u
M

bI
A 

u
n

Iv
Er

sI
ty

 M
ED

I c
Al

 c
E n

tE
r

+ This is a sight that’s never been witnessed in 
space before – an asteroid with six tails. “We were 
literally dumbfounded when we saw it,” says Dr  
David Jewitt at University of California, Los 
Angeles. The asteroid, part of the Solar System’s 
asteroid belt, was photographed using NASA’s 
Hubble Space Telescope. It’s now thought that 
somehow it began spinning so fast its surface 
started breaking apart, spraying out the tails.

huBBle spies  
six-tailed asteroid

Researchers at Sheffield and 
Southampton universities will 

follow the ice’s movements 
through the Southern Ocean 

using satellites to check whether it 
wanders into shipping lanes. The 

research will also involve trying to 
predict the glacier’s path.

is the size of an iceberg that broke 
off from an antarctic glacier and is 

now being tracked by satellite.

700km2
07

+ It’s long been a mystery why the far side of the 
Moon has more craters than the side visible from 
Earth. But now scientists led by Dr Katarina 
Miljkovic at the Paris Institute of Earth Physics 
believe they have the answer. They say rocks on 
the Moon’s near side may have been warmer due 
to higher levels of radioactive isotopes. When 
these hotter rocks were struck by asteroids, they 
melted into lava, filling in impact craters and 
creating the large, smooth basins that 
characterise the near-side’s landscape.

moon’s pockmarked  
far side explained06

+ A 40-year-old process that regrows 
hair on bald mice could finally be used 
on humans. The technique involves 
growing a culture of ‘dermal papilla 
cells’ in a Petri dish. Mouse cells clump 
together to form implantable hair 
follicles, but human cells had failed to 
do so. Now, UK and US geneticists have 
tried growing the cells in droplets of 
carrier medium instead of a flat dish. 
Forced together by gravity, they form 
follicles, just like mouse cells.

gravity gives the 
Bald new hope11

10 

mach  
1,000

is the speed of a reverse shockwave  
racing towards the Tycho  

supernova. It’s causing the  
star’s remains to emit X-ray  

light as they heat up.
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Even on the coldest days, when 
every puddle is solid with ice, for 
most of us the sea seems to be 
freeze-proof. Sea water is 
nature’s antifreeze. While pure 
water freezes at a chilly 0ºC, it 
takes the much lower 
temperature of -21.1ºC to 
completely freeze salt water.  
This lower freezing point is, in 
fact, why we add salt to roads  
and paths to keep them slushy 
rather than icily slick. 

nature

Why don’t the oceans freeze?
Peter Walker, BrIGhton

Even in polar regions, 
however, just the surface of the 
water freezes to create pack ice.  
It is a peculiar property of water 
that when it freezes, the 
resulting ice is less dense than 
the water in its liquid state and  
so tends to float, while the 
warmer water sits below and is 
somewhat protected from the 
cold by surface ice. 

This icy blanket keeps the 
water beneath it in liquid form. 

Even with their icy coat, the 
oceans are not, however, 
immune from the cold. 

If we dragged our planet  
away from the warmth of the 
Sun, to the deep cold of the  
outer Solar System, eventually 
– after thousands of years of  
global winter – our oceans  
would eventually become salty 
popsicles and everything  
living within them would be 
frozen solid. MG

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 planetary 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
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facebook.com/ SciUncovered
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the Humber Bridge is the 
uK’s longest single-span 

suspension bridge

the tuatara’s outward 
appearance belies an 

evolutionary athlete

23@SciUncovered

-89.2ºC is the lowest natural 
temperature recorded on Earth

It was measured at the 
Soviet Vostok Station  
in Antarctica in 1983

engineering

How far can a bridge span 
between supports?
David Jackson cArlIslE

To answer this question we have 
to make many assumptions 
about the design of the bridge 
and the materials available. As 
such, we’ll assume that this is a 
single-carriageway, two-lane 
bridge for cars to travel over, 
supported only by the abutments 
at either end. We therefore 
consider a beam bridge using 
girders to add strength. The most 
typical material, driven by the 
factors of cost and strength, is 

steel. In the case of girder 
bridges, the span between two 
supports is usually about a 
maximum of 305m (1,000ft). 
They may survive a longer span, 
but engineers design for total 
safety. If a larger span was 
required, you might consider  
a suspension bridge. In this  
case spans can be much larger: 
the Humber Bridge has a span  
of 1,410m and total length  
of 2,220m. IM

Just before it reaches your eyes, 
starlight that has crossed the 
cosmos has to travel through a 
few hundred kilometres of the 
Earth’s turbulent atmosphere. 
As the air moves around, light 
travelling through it is bent, or 
refracted, causing the apparent 
position of the star to wobble 
slightly. This effect creates the 
twinkle. It’s also why 
astronomers go to such great 
effort and expense to put their 
telescopes in orbit – they’re 
putting them above the Earth’s 
atmosphere in order to avoid  
this twinkling. JW

Earthquakes are the sudden 
release of stress as rocks fracture 
under the enormous forces 
generated by the slow jostling of 
our planet’s surface. There is no 
‘earthquake season’ – small ones 
occur every minute of every day, 
while large and more dangerous 
’quakes luckily occur less 
frequently. Earthquakes are, 
however, much more common  
in places where the crust’s  
plates meet, in particular where 
they rub past or beneath each 
other, but even there they have 
no set timetable. MG

When scientists talk about evolutionary speed, they’re usually 
referring to how fast changes are occurring in an organism at the level 
of DNA. The genes for the venom of the predatory cone snail evolve 
twice as fast as any other genes studied. But when it comes to the 
evolution of the whole organism, the surprise front-runner is the 
tuatara. This reptile, endemic to New Zealand, split off from the rest  
of the reptiles some 200 million years ago and is the only surviving 
member of the sphenodontia, ancient reptiles that lived alongside the 
dinosaurs. Their mitochondrial DNA was clocked at 1.56 substitutions 
per nucleotide (‘letter’ of the genetic code) each million years, the 
highest of any living vertebrate. But outwardly, they’ve changed little 
since the age of dinosaurs and so are often seen as ‘living fossils’. CW

Space

Why do  
stars twinkle?nature

Which animal is evolving 
the fastest?
Zac Kennedy sAn FrAncIsco

nature

Are earthquakes 
more common at 
certain times?
Ethan Roberts rEAdInG

Ron Acres dErBy
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As submarines dive, water 
around the hull exerts pressure 
on them. The deeper they dive, 
the greater the pressure – 
roughly increasing by one 
atmosphere for every 10m. 
Eventually this pressure will 
cause the structure to collapse. 
This is the ‘crush’ or ‘collapse’ 
depth. It’s similar to the popular 
demonstration where a can has 
the air inside it evacuated, then 
atmospheric pressure outside 
crushes it. Crush depth is 
calculated and often 
underestimated for safety. IM

Low-level clouds such as cumulus 
form below heights of 2,000m 
where wind speeds are roughly 
12-15 knots, so they are relatively 
slow-moving. At 5,000m, 
altocumulus and nimbostratus 
clouds form. Here wind speeds 
are typically around 25 knots. 
High-level clouds begin at 
6,000m, where wind speeds are 
around 20-30 knots. From the 
ground, mid- and high-level 
clouds appear to move slower 
than low-level ones owing to the 
greater distance they travel. PC

engineering

What happens 
when a submarine 
hits crush depth?

nature

Why do some 
clouds go faster 
than others? 

Scott Cooper dundEE

Lammie Oostenbrink twIttEr

WHaT If… THE MOON fELL  
OUT Of EarTH’s OrbIT?

WHaT If… aLL Of EarTH’s ICE CaPs MELTED?
Do you have the answer? Log on to Facebook and let us know, facebook.com/SciUncovered

NExT IssUE

aPOCaLyPsE NOW?

Ice covers 10% of the 
Earth’s landmass

It also makes  
up 7% of our  
planet’s oceans

How would it affect life on Earth if our trusty  
satellite suddenly pinged off into space? 

the Moon is locked in orbit 
around earth, but what would be 

the effect of losing it?

Is there even a chance that this 
could happen?
probably not, says Jim Wild, 
professor of Space physics at 
Lancaster university. “it’s hard to 
lose moons or knock them out of 
orbit like a billiard ball, as 
planet-moon systems tend to be 
pretty stable. to get rid of the 
Moon, you’d probably need to 
pulverise it.”

Fine. So, what happens if  
it’s pulverised? 
“it depends how it’s spread out,” 
says Wild. “if the debris is in large 

chunks, then over time they’d 
probably start to coalesce back 
into a moon again. if it was dust, 
earth might become a ringed 
planet.” the good news is that  
it wouldn’t effect gravity on earth 
either way. One thing we would 
notice however, is the 
disappearance of the tides of  
the oceans.

Most people know the tides are 
due to the pull of the Moon’s 
gravity. But surely even if the 
Moon was in pieces, the pull 
would be the same? There’s the 

same amount of mass up there… 
not so. “the tides occur because 
all of the Moon’s mass is all in one 
place. if it was spread around the 
earth, you’d still see some small 
tides due to the Sun’s pull, but 
they’d be much smaller than what 
we’re used to.”

Bad news for surfers. But would 
the loss of our moon have any 
effect on us on dry land? 
Our seasons would become more 
erratic. “the earth and Moon 
actually orbit each other, a little 
like a hammer-thrower. the 
hammer moves more, but the 
thrower isn’t stationary,” explains 
Wild. “Without the Moon to 
stabilise the earth’s rotation rate, 
our planet would wobble more.”

So by and large, we’d be fine if the 
Moon disappeared, then?
in the short term, it seems that 
way. the nights would be a lot 
darker and less pretty, though.
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It’s down to the layer of liquid at its surface. For 
many years, it was believed this layer was created 
by melting through pressure or friction heating 
as a foot or tyre comes into contact with the 
surface. Today, we understand this layer is an 
intrinsic property of ice, whereby the surface 
molecules remain unstable and liquid-like 
because there are no molecules above. PC

Egyptian pharaohs were actually quite particular 
about their hair. Statues, paintings, mummies, 
and artefacts such as combs, hairpins, curling 
irons and pots of pomade all show that ancient 
Egyptians took their haircare very seriously. This 
was particularly true for the elite, as having 
unkempt hair was seen as low-status. Hairstyles 
changed through time, though, and reflected 
status differences. In the Old Kingdom period 
(about 2649-2150BC), shaved heads were popular 
for both women and men. But rulers generally 
had shoulder-length bobs and priests had very 
long hair. By the New Kingdom (1550-1070BC), 
rulers such as Nefertiti favoured the Nubian 
style, which resembled the Afro we see today. 
The various headdresses pharaohs wore were not 
to cover up the hair but were rather a status 
marker, just like their hairstyles themselves. KK

Human beings vary greatly in the 
tastes we associate with different 
foods. Your genes help determine 
whether you like Indian food or have a 
killer sweet tooth. For example, some 
people are hardwired to perceive 
coriander as ‘soapy’, while others are 
programmed to dislike alcohol. 

A variation in your TAS2R19 
receptor might make you more turned 
off by bitter foods, whereas a slight 
change to your TAS1R3 receptor might 
give you a fondness for sweets. And if 
you’re a ‘supertaster’, you have an 
abnormally high concentration of 
taste receptors, so even the blandest 
meals taste wonderful to you. 

And that’s just talking strictly 
about taste - when we eat, our brains 
combine this with smells, tactile 
stimuli and thermal sensations to 
create what we refer to as ‘flavour’. So 
foods can taste different to the same 
person depending on a wide variety of 
things. If you’re sick and stuffed-up, 

nature

Why is ice so slippery? 

foods lose their flavour, even though 
the actual chemicals that activate  
your taste receptors haven’t  
changed. Scientists have even 
discovered that the old maxim that 
everything tastes better 
when you’re 
hungry really 
is true - 
people can 
detect 
smaller 
concentrations 
of sugar and  
salt when they 
are. CW

Beccy Clarke IpswIch

Matt Harrison twIttEr

Naomi Thompson hErEFord

From potter to the predator, 
invisibility cloaks are a staple of sci-fi. 
in the real world they’re impossible, 
though, right? You can’t just make 
something disappear in front of your 
eyes. Well, not yet. But researchers 
are getting pretty close.

Metamaterials are the key. these 
are synthetic substances deliberately 
engineered to exhibit properties that 
do not occur naturally– such as the 
ability to bend light around them, 
making the material appear invisible. 
Metamaterials designed for this 
purpose are arranged in a lattice 
shape, with the space between the 
elements being smaller than the 
wavelength of the light that’s  
being bent. photons trapped in  
this grid can’t go through the holes 
and so are funnelled around the  
object instead.

the tech is still in development.  
at the moment, these materials can 
only bend light radiation at specific 
wavelengths, limiting it to just a small 
range of colours. researchers at the 
university of texas at austin have 
suggested the next natural step is 
metamaterial cloaks coated with 
electronics, allowing for a greater 
range of light deflection – potentially 
the entire visible spectrum.

#02: INvIsIbILITy 
CLOaKs

HuManS

Why did Egyptian 
Pharaohs never allow  
their hair to be seen?

Cutting edge light-bending 
techniques mean it could  
soon be possible to hide  
in plain sight

sCIENCE Of sCI-fI

HuManS

Does food taste the same to all?
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The most dangerous objects – asteroids 
about 1km in diameter – hit Earth roughly 
once every million years. So the 
probability of one striking Earth during 
your lifetime is pretty low. On the other 
hand, an estimated 30,000 tonnes of 
cosmic dust enter the upper atmosphere 
every year, with about 10% reaching the 
ground. Reassuringly, there have been no 
recorded deaths due to a meteorite fall, 
yet there have been a handful of reported 
cases of people being hit by small 
meteorites and surviving. JW

Space

What are the chances of 
being struck by a meteor?
Isabella Roberts ArIzonA

Light and radio waves are part of the same electromagnetic 
spectrum. The principal difference is their 
wavelengths. Visible light has wavelengths from 390-
700nm, while radio waves range from 1mm up to 10km! The 
energy of radio waves is low enough to pass through walls 
without interacting with electrons in the material. Light 
waves have higher energy, however, which is enough for 
the electrons in the wall to become excited. In doing so, 
energy is absorbed by the wall and the light is stopped. PC

Chloe May soMErsEt

tecHnOLOgY

Why can radio waves pass 
through walls but light cannot?

Most wasps may seem like nuisance 
species – especially if you’ve ever 
been stung by one. But they do play 
incredibly important roles in 

ecosystems around the 
world. Many species 
act as pollinators and 

without wasps, orchids 
and figs would be unable 

to reproduce. But even 
more importantly, almost 

every pest insect is in 
part controlled by 

Tara Reid pontEFrAct

nature

What would happen if we killed off all the wasps?

parasitic wasps. These lay their eggs in 
species that we don’t want on our 
crops – without them, our fields would 
be overrun with flies, caterpillars and 
other damaging insects.

Even the social wasps that bother 
people the most have roles to play. 
Hornets and paper wasps eat other 
insects, acting as pest control, and 
yellowjackets are important 
scavengers. So while their stings are a 
nuisance, we’d be in real trouble if we 
killed all of the world’s wasps. CW

There are well over  
100,000 species of wasp

Their venom contains a 
pheromone that makes 
others more aggressive

million years ago is 
when The Wave rock 

began to form

190
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Stem cells, they’re the building blocks  
of life, aren’t they?
they’re best thought of as  

‘unprogrammed’ cells – they have the ability to 
transform into other types of cells as needed. 
the two main types are embryonic – found in 
embryos – and adult stem cells, which come 
from… adults (and, er, children).

How do the two kinds differ?
embryonic stem cells are present right 
at the very beginning of life and are 

extremely versatile, capable of transforming 
into any of the 200-plus types of cell found in 
the human body. adult stem cells, on the other 
hand, are used to repair damaged tissue. So 
while they’re still adaptable, tend to specialise  
in the areas they’re located.

In what ways can we use them?
the process by which stem cells turn 
into another cell – cellular 

differentiation – fascinates scientists, who are 
investigating how the process occurs. We know 
that it somehow involves turning genes on or off. 
understanding this will be invaluable in our 
research of serious conditions such as cancer, 
which occur due to abnormal cell division and 
differentiation.

What about more practical applications?
if we can tame them, we could use stem cells  
to treat a host of ailments.  Brain cells killed  
by strokes could be replaced. We could rebuild 
hearts ravaged by disease. insulin-producing 
cells could be reinstated in patients with 
diabetes. But…

There’s always a but, isn’t there?
adult stem cells are relatively easy to 
come by – bone marrow is a particularly 

rich source – but they don’t work so well when 
removed from the body. embryonic stem cells 
are preferable, but this typically results in the 
destruction of the embryo. researchers have 
managed to find ways to extract stem cells from 
mice embryos without destroying them, but the 
future of stem cell research may lie in 
‘reprogramming’ adult stem cells to behave 
more like their embryonic counterparts.

#02: sTEM CELLs
They’re the wonder cells that could, in 
time, cure almost everything. But what 
are they and why are they so coveted?

Arizona’s Wave rock formation makes 
a spectacular landscape of sweeping 
layer-cake curves within miniature 
valleys. What makes this area quite so 
photogenic are the structures in the 
Navajo Sandstone formed by sand 
dunes in a 190-million-year-old 
desert. Sand dunes have steep slopes 
downwind and march across the land 
as wind rolls grains one at a time down 
their steeper sides. When preserved as 
rock, dunes create steep layering in 
the sandstone called dune bedding. 
These layers truncate and cut each 
other as the dunes climb over each 
other. In Arizona the layering is 
outlined by light crusts of carbonate 
formed in the red sandstone and then 
sculpted by streams and wind into 
smooth, twisting gulleys. MG

Graphene is exciting scientists and 
engineers the world over. This sheet of 
carbon just one atom thick has some 
incredible properties. Its unique 
chemical, electrical, mechanical, 
thermal and optical properties show 
up in all sorts of research, from 
corrosion through display screens to 
photovoltaics and energy storage - 
graphene’s popping up everywhere. 

It’s the material’s mechanical 
properties that make it such an 
attractive building material – it’s 
harder than diamond and 300 times 
harder than steel. It also has huge 

nature

How was  
The Wave rock 
in Arizona 
formed? 

engineering

Are we likely to see buildings 
built from graphene?

Megan Harris llAndudno

Arjun Patel hArrow

tensile strength and ability to  
handle strain. 

So what’s the catch? It’s easy to 
make graphene in the lab, but hard  
to make perfect graphene on a large 
scale. This results in weaknesses, so  
it could perhaps be incorporated into 
composites for buildings. The addition 
of a resin would counteract any 
weaknesses caused by imperfections. 
This idea is similar to how carbon 
fibre composites revolutionised 
Formula 1 cars – the carbon fibre 
providing strength at a light weight 
and the resin delivering durability. IM

THE 60-sECOND PHD

1m2 of perfect graphene 
would weigh 0.77 milligrams

This would be able  
to support up to 4kg 
in weight
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 Your questions answered

A probable explanation relates to 
the idea of ‘deviance’ or the 
danger a person posed to society. 
People treated in this manner 
may have harmed others – 
intentionally, as murderers, or 
unintentionally as bringers of 
disease such as the plague. The 
mouth was where the soul 
escaped and disease spread from, 
so placing a rock in it was thought 
to prevent further disease and 
keep the soul from returning to 
reanimate the body. KK 

The lunar surface is a pretty good 
reflector, so it might make a 
reasonable ‘screen’. However, we 
can see the Moon from Earth 
because it reflects sunlight. It’s 
unlikely a projector would 
outshine the Sun, so this screen 
would only be dark enough to be 
useable for a few days each 
month. Even then, you’d still 
need an inconceivably powerful 
projector, probably a laser, to 
focus a bright enough beam of 
light over 400,000km. This tech 
doesn’t currently exist, and costs 
would be astronomical! JW

HuManS

Why were people 
buried with stones 
in their mouths?

Space

Is it possible to 
project a logo on 
to the Moon?

Heather Clark wIGAn

Rich, Glasgow twIttEr
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Steven Dean Cook
via Facebook
naturally the companies with the 
most money will claim where they 
mine as their own. the only 
problem i see is that we will mine 
other planets/asteroids without 
reinvesting the profit into future 
space travel. it’s all well and good 
getting to an asteroid to mine it, 
but if we can use the data and 
experience from getting there in 
the first place, this would put us in 
a much better position to not only 
colonise other planets but even to 

…aND sHOULD WE MINE IN sPaCE?

develop technologies to help us 
travel further in space! Maybe we 
could even do so by using the 
materials from the mining.

Andrew Stevenson
via Facebook
Free enterprise.

Adam Prickett
@adamofengland
if we’re to start space mining, i just 
want to make it clear that i bought 
a star online a few years back that’s 
totally legit.

Don Wilson
via Facebook
the whole human species should 
own it , not just a corporation.

Ricky Mitchell
@rikmit
if space travel ever becomes  
cheap enough for this to be a  
viable option, it’s definitely the  
way forward. it will be so far in the 
future, the world will be one  
unified agency (like the eu),  
so plot-claims shouldn’t be  
a problem.

THE bIG qUEsTION

Earth’s moon is the fifth 
largest in the Solar System

Ganymede, one of  
Jupiter’s 67 known  
moons, is the largest

and methane. under high 
pressure, the methane is likely to 
break down into hydrogen and 
carbon, with the carbon then 
squeezed into its crystalline 
lattice form, diamond. Diamonds 
ranging in size from pebbles to 
boulders may have formed thick 
layers around the planets’ rocks, 
creating deposits more massive 
than any on earth. 

Of  course, the real issue is 
how easily any of these materials 
can be extracted and then 
transported. Lifting materials off 
a planet and into space is difficult 
and expensive, but nudging 
wandering asteroids into earth 

orbit might be 
achievable. the 

financial returns 
make it worth 

considering, even if  
it looks like a risky 

investment. JW

asteroids look tempting since 
many contain precious metals in 
very high concentrations.  
although scarce on earth, these 
metals have incredible value due 
to their use in all manner of 
technologies and processes. 
collecting metals from asteroids 
along with water ice that could be 
broken down into hydrogen and 
oxygen for use as rocket fuel 
might also enable spacecraft to 
be assembled in low earth orbit. 

the search for other fuels 
might see people considering 
importing oil from other worlds. 
the atmosphere of Saturn’s 
moon, titan, is rich in methane 
and other hydrocarbons, but 
surface conditions mean they 
also exist in liquid and solid 
forms. titan’s methane lakes 
contain more hydrocarbons than 
the earth’s entire oil reserves, 
while dark organic dunes near the 

equator exceed the earth’s coal 
reserves hundreds of times over.  
perhaps in the future, extra-
terrestrial oil wells will help bring 
down the cost of a tank of fuel, 
but the implications of such 
massive carbon release on the 
earth’s climate are terrifying. 

if you’re looking for something 
really exotic, then travel to the 
edge of the Solar 
System. Beneath 
their blue-green 
atmospheres, 
neptune and uranus 
probably have slushy 
interiors of water ice, ammonia 

WHICH ObJECTs OUT IN sPaCE WOULD 
bE THE MOsT LUCraTIvE TO MINE?
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36 The science  
of graviTy
 The film that reveals  

the real dangers faced  
by astronauts.

40 space junk 
uncovered!
 An in-depth look at the 

man-made debris orbiting 
our planet.

 Explore our universe and its mysteries

inside This 
secTion 
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 Dark matter and energy
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Dark matter was 
named in 1933

Fritz Zwicky also coined the term ‘supernova’ 
in 1934. Supernovae would be instrumental in 
the discovery of dark energy decades later

wordS By  colin stuar t

arth, wind, fire and 
water. The Ancient Greeks 
thought they had the 

Universe all sewn up. Except they 
didn’t. As scientific understanding 
progressed, we learnt that it is atoms 
that make up the world around 
us. And yet, more recently, the 
goalposts moved again. It now seems 
that atoms make up just 5% of the 
Universe. That’s it.

The first inkling that the 
Universe wasn’t quite as it seemed 
came as far back as 1933. The Swiss 
physicist Fritz Zwicky was gazing 
at galaxies in the Coma Cluster and 
noticed its thousand or so galaxies 
were moving far too fast. Even 
when he added up all the stars 
and gas in the cluster, there didn’t 
seem to be enough gravity to be 
pulling the galaxies around at such 
a speed. He guessed there must be 
something else, hidden from view, 
that contributed and called his 
shadowy substance ‘Dunkle Materie’, 
– German for dark matter. 

By the 1970s, the mystery 
remained unsolved but the 
evidence continued to mount. 

Astronomer Vera Rubin, looking at 
the Andromeda galaxy, realised she 
was seeing impossible stars: ones 
rotating so fast around the galaxy 
that they should be flung out into the 
void, not bound in a neat orbit. She 
looked for the same phenomenon 
elsewhere – by 1980 she had spotted 
it in over 100 other galaxies. 

additional pull
So something else must be providing 
the extra gravity that’s affecting 
the stars. Whatever this something 
else is, this ‘dark matter’, must be 
exerting a gravitational pull on stars 
while remaining invisible. “We know 
it can’t be normal matter – it doesn’t 
fit the zoo of particles currently 
known to physics,” says Professor 
Daniel McKinsey of Yale University. 

The hunt for the answer has 
taken McKinsey far away from 
a conventional laboratory – to 
an experiment almost a mile 
underground in an abandoned gold 
mine in the Black Hills of South 
Dakota. “It’s very James Bond down 
there,” he says. Fired up in March 
2013, the Large Underground Xenon 

observations tell us dark matter and dark energy exist, 
but how do you find something you can’t see or feel? 
the physicists have a few ideas…

chasing 
shadows:
the quest to unravel the 
universe’s dark mysteries

E

WorldMags.netWorldMags.net

WorldMags.net

http://worldmags.net/
http://worldmags.net/


32 @SciUncovered

space uncovered
 Dark matter and energy

Astronomer Sinclair Smith found 
evidence of dark matter in 1936

Unfortunately he died two years  
later aged just 39, and his work is  
less remembered than Zwicky’s

+IceCube Neutrino Observatory is 
an experiment being conducted 
1.5-2.5km beneath the Antarctic 
ice sheet, in an area measuring 

1km2. This area holds over 
5,100 football-sized telescopes 
embedded in the deep ice. These 
are designed to spot high-energy 
neutrinos. Scientists chose these 

extreme conditions because 
they give us the best chance of 
detecting neutrinos. With the 
detectors buried deep within 

the ice, there is little chance of 
other particles contaminationg 
the results. In November 2013 
IceCube detected 28 neutrinos 

from deep space. These particles 
behave differently to ones from 

elsewhere and could be evidence 
of dark matter annihilations that 
theoretically occur inside stars.

Why scientists are drilling 
the South Pole in the search 

for dark matter

The icecube 
observaTory
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+ At this depth, pressure has pushed 
all the bubbles out of the ice and 
no light reaches it. This means that 
IceCube can focus on searching for 
tiny flashes of blue light – proof of  
a neutrino’s visit.

+ This is one of 86 holes created 
using a high-pressure hot water 
hose. Each hole contains 60 
neutrino-detecting telescopes. 

+ IceCube doesn’t detect neutrinos 
directly – they have almost no mass, 
so such a feat is nearly impossible. 
Instead, it detects the glow 
generated when a neutrino passes 
through a nucleus in an ice atom.
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Before WIMPs  
came MACHOs

Scientists thought these Massive Compact Halo  
Objects included bodies such as black holes, and  
might explain the extra gravity found in galaxies

(LUX) dark-matter experiment is on 
the lookout for particles known as 
WIMPs. These Weakly Interacting 
Massive Particles are the current 
favoured explanation for dark matter 
and, if real, pass through the Earth 
all the time. These particles are 
antisocial – WIMPs rarely deign to 
interact with normal matter. 

wimp ou t
In the hope of snaring one of these 
particles, McKinsey and his team 
installed a tank of liquid xenon, 
cooled to -100°C, in the cavernous 
mine. “If a WIMP bumps into one of 
our xenon atoms, that atom will rip 
through the liquid and excite others, 
causing them to fluoresce,” he says. 
Detectors surround the liquid to 
pick up any flashes. The first LUX 
results were released in October but 
did not reveal evidence of WIMP 
interactions. But the experiment  
is continuing the hunt – and the 
stakes are high. “Finding dark 
matter would be huge,” says 
McKinsey. “Most physicists agree it 

would be bigger than the discovery 
of the Higgs boson.” 

With such a reward on offer, 
McKinsey’s team isn’t the 
only one looking for dark 
matter in unlikely places: 
researchers are going 
to the ends of the 
Earth. IceCube is an 
experiment buried 
beneath 2.5km 
of Antarctic ice. 
“It’s so cold there, 
construction could 
only take place in 
November, December 
and January each 
year,” says Professor 
Subir Sarkar of the 
Niels Bohr Institute in IM
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Copenhagen. Luckily, now built, it 
can be operated remotely. Sarkar 
and his colleagues are hunting for 
particles called neutrinos, which 
they believe are generated by WIMPs 
within the Sun. “The Sun has been 
vacuum cleaning everything in its 
path for five billion years, including 
any dark matter,” says Sarkar. 

If two WIMPs meet in the Sun 
– or annihilate – it would create 

a cascade of particles, 
including neutrinos. 

However, only neutrinos 
would be capable of 

making it out of 
the Sun without 
being reabsorbed. 
The Sun makes 
neutrinos in 
other ways 
but, crucially, 

those created 
by dark matter 

annihilations 
would be more 

energetic and so  
easy to distinguish  

LUX’s cylindrical detector 
is immersed in 72,000 
gallons of ultra-pure 
water, to protect it from 
background radiation

beLow Inside the Large 
Underground Xenon 
(LUX) dark matter 
detector, South Dakota

“Finding dark matter Would be 
huge. it Would be bigger than the 
diScovery oF the higgS boSon.” 
prof daniel Mckinsey yAlE UnIvErSIt y
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Ordinary matter is also  
known as ‘baryonic’ matter

The word ‘baryon’  
comes from the Greek  
for ‘heavy’

(see ‘Dark Space’, opposite ).
Attempts to find evidence 

of WIMP annihilations are not 
restricted to the Earth – one 
experiment is almost 400km above 
our heads. In 2011, the $1.5 billion 
Alpha Magnetic Spectrometer (AMS-
02) experiment was ferried to the 
International Space Station. As well 
as neutrinos, WIMP annihilations 
are thought to produce particles 

called positrons, which researchers 
expected to find in high numbers. In 
April 2013, the AMS-02 team’s first 
results did show the predicted excess 
of positrons, but sources other than 
dark matter have yet to be ruled out. 

hidden forces
Despite all these efforts, dark matter 
remains elusive. However, the 
chilling fact is that dark matter isn’t 
even the dominant constituent of our 
Universe – it only accounts for 27% 
of it. With normal matter making up 
5%, that leaves 68% unaccounted for.

The revelation that dark and 
normal matter constitute less than 
a third of our Universe came as late 

as 1998. Two teams of astronomers 
were using exploding stars called 
supernovae to measure how fast the 
Universe is expanding, expecting to 
find it slowing as the Big Bang’s force 
fizzled out and the gravitational pull 
of galaxies exerted an increasing 
resistance. They were wrong. 

The discovery that the expansion 
was actually speeding up netted Saul 
Perlmutter, Brian Schmidt and Adam 
Riess the 2011 Nobel Prize in Physics. 
They realised that another, unseen, 
entity must be counteracting gravity, 
flinging the Universe apart at ever- 
increasing speeds. In a hat-tip to its 
longer-established cousin, it was 
dubbed ‘dark energy’. But what could 
it be? “The simplest explanation is 
related to the idea that there is some 
energy associated with ‘empty’ 
space,” says Dr Jonathan Pearson 
of Durham University. The crucial 
thing is that the density of this 
energy – how much there is per 
piece of space – remains fixed, so it 

Sensitive equipment in LUX 
requires careful checking

“the SimPleSt exPlanation 
[For dark energy] iS energy 
aSSociated With ‘emPty’ SPace.”
dr jonathan pearson dUrhAM UnIvErSIt y

Above AMS-02 in  
the payload bay of 
endeavour for its 
penultimate mission
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+ In 1917 Albert Einstein amended his general theory 
of relativity which he had published two years earlier. At 
the time, he believed the Universe wasn’t expanding, and 
so felt the need to add a ‘cosmological constant’ to his 
equations to fit in with that assumption. 

When, in 1929, Edwin Hubble confirmed an expanding 
Universe, Einstein did away with his constant and called 

its addition his 
“greatest blunder.” 
And yet, today, 
his cosmological 
constant has been 
revived as the 
leading contender 
in the race to 
explain the true 
nature of dark 
energy. Perhaps 
it wasn’t such a 
blunder after all…

the early glimpse of dark energy that einstein deleted
The blunder of a genius
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Dark energy likes to 
confound scientists

When the results from the European Space Agency’s 
Planck telescope were released in March 2013, the amount 
of dark energy was revised downwards from 73% to 68%

is often referred to as a cosmological 
constant (see ‘The Blunder of a 
Genius’, right). As the Universe 
swells and space gets bigger, the 
amount of this energy increases 
too. Early on, when the Universe 
was quite compact, gravity won out 
against the cosmological constant. 
But as the Universe ballooned, this 
dark energy came to dominate and is 
now pushing the cosmos ever farther 
apart, despite gravity’s best efforts.

There is a problem, though. When 
astronomers compare the energy 
they think is there to the amount 
required to push the Universe apart 
at the observed rate, they differ by 
a factor of 10120 – that’s 1 followed 
by 120 zeroes. “This has led to 
alternatives, which challenge the 
fundamental assumptions that go 
into the cosmological cookbook,” 
says Pearson. Some – including 
Pearson – favour ‘modified gravity’. 
The need to invoke dark energy 
is based on the assumption that 

Einstein’s rules on gravity ring 
true even on the Universe’s biggest 
scales, something Pearson says is 
“an entirely untested assumption”.

So for now, dark matter and  
dark energy remain a mystery. 
What’s required to unmask the 
Universe’s dominant constituents 
is more data, more experiments 
looking to tease out their properties 
in ever more complex ways. Slowly 
but surely scientists are gathering 
pieces of the puzzle but, 2,000 years 
since the Ancient Greeks thought 
it was made of just four elements, 
we’re arguably only a little closer  
to finding out what really makes up 
the Universe. 

colin stuart
astronomer & author
+ a london-based astronomer  
and author, colin’s f irst book –  

the big Questions in Science – is out now.  
@skyponderer 

+ The Alpha Magnetic 
Spectrometer (AMS-02) sits on 
the International Space Station 
scanning space for radiation. It’s 
designed to look for positrons 
– antimatter that is the exact 
opposite of the electrons found  
in normal matter.

Positrons are of interest to  
us because it is thought that 
collisons between dark matter 
particles are generating a sea of 
them. In March 2013, scientists 
held a news conference at CERN 
to announce that they’d seen a 
spike in the number of positrons 
being picked up by AMS-02’s 
instrumentation. However, we 
cannot take this as evidence of 
dark matter’s existence, as  
we’re currently unable to rule out 
other variables that could be the 
source of this. AMS-02 continues 
to collect data in the search for 
dark matter.

Scientists have taken our  
search for WimPS into space  
aboard the iSS

dark space+ AMS-02 is mounted to the Upper 
Payload Attach Point of the ISS’ main 
truss. It was launched in 2011 on the 
Space Shuttle Endeavour.
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words BY dr alastair Gunn images © Warner Bros

Our planet is surrounded by junk that 
poses a threat to astronauts on missions

 Gravity’s storyline hinges on 
the destruction of a spacecraft 

by an orbiting swarm of space junk. 
Debris in space is a well-documented 
problem, and NASA estimates that 
there are roughly 13,000 objects larger 
than 10cm in diameter floating 
around in the near-Earth 
environment. 

The danger from orbital garbage 
is all too apparent. In 1983 a tiny 
paint fleck hurtling through space hit 
Space Shuttle Challenger’s window, 
causing so much damage the entire 
window had to be replaced. The 
International Space Station (ISS) 
regularly manoeuvres out of the path 
of oncoming trash.  

Most of this junk is moving at 
extremely high speeds – up to seven 
times the speed of a rifle bullet. At 
that speed, not only would you not see 
it coming (unlike the astronauts in 

Gravity), but an object no bigger than 
a penny could also easily destroy your 
aeroplane-sized spacecraft. Although 
spacecraft are built with shielding  
to help protect them against this sort  
of collision, the risk of a major 
catastrophe is on the increase.

Of even more concern though,  
is the prospect of a ‘runaway’ 
disintegration, just like in the film. 
This is known the Kessler Effect. If 
a major collision event were to occur 
in near-Earth orbit it could set off an 
uncontrollable chain reaction, quickly 
resulting in large regions of space  
being awash with dangerous junk. 
Although the current levels of debris 
orbiting our planet are unlikely to 
present the kind of threat seen in 
Gravity, the ‘critical mass’ could be 
achieved in only a few decades.

See page 40 for an in-depth look  
at space junk.

Orbital debris can 
make a mess of things

On the face of it, the plot of space disaster movie Gravity seems far too  
sensational to be true. But it highlights genuine threats faced by astronauts

Science of Gravity
TheThe

Science of Gravity
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211 astronauts have  
visited the ISS

They are from 15 countries, with  
139 of these individuals coming 
from the United States

The lack of air 
resistance and gravity 
pose a real threat

 The atmosphere within the 
now-defunct Space Shuttle and 

the ISS is kept pretty close to that 
experienced on Earth (about 78% 
nitrogen and 21% oxygen at one 
atmospheric pressure). But spacesuits 
operate at much lower pressures – 
typically about 30-40% of atmospheric 
pressure – to make moving around in 
them easier. At such low pressure, 
normal atmospheric concentrations of 
oxygen are not sufficient to maintain 
life, so spacesuits provide astronauts 
with 100% oxygen.

With such high oxygen 
concentrations, astronauts re-
entering spacecraft can easily suffer 
from decompression sickness, a 
common hazard for deep-sea divers. 
Without adequate equalising of 
pressures and gas concentrations, this 
can be fatal. So, throwing yourself 
into the airlock of a spacecraft, 

 If, after your spacecraft is 
destroyed, you find yourself 

hurtling off into space (as the film’s 
main characters do), no amount of 
wafting your arms about is going to 
help. Isaac Newton showed us that in 
the absence of external forces, an 
object – such as a human body – will 

continue to move with the same 
velocity. This means that in space, with 
no air resistance and no gravity, an 
errant astronaut will keep moving in 
the same direction and with the same 
rotation until another force acts, such 
as if they crash into a destroyed space 
station or switch on their jetpack. 

That’s why astronauts on space 
walks are permanently tethered 
to the International Space Station 
and are given small jetpacks to help 
emergencies. The ISS could not be 
manoeuvred fast enough to save you if 
you became detached, so the here key 
is not to let go!

Newton’s First Law is 
no friend

filling the cabin with an Earth-like 
atmosphere and whipping off your 
helmet is probably not advisable. 
Although, if your suit’s oxygen supply 
has just run out, you’d probably have 
no other option! Similarly, donning 
your spacesuit and pressurising to 
30% of atmospheric pressure, without 
first breathing 100% oxygen for half 
an hour (to rid the blood of nitrogen), 
could be a death warrant. Sandra 
Bullock’s Dr Ryan Stone takes no heed 
of these precautions, however.

The oxygen tanks of a typical 
spacesuit can last an astronaut 6.5 
to eight hours, depending on their 
metabolic rate and their level of 
activity. Another half-hour emergency 
supply is also common. So, it isn’t 
unreasonable to find Sandra Bullock 
cavorting around space in her 
spacesuit for as long as it takes us to 
eat an entire box of popcorn.

space uncovered
 The science of Gravity

Oxygen levels are 
absolutely critical
Spacesuit oxygen tanks can only  
provide a finite supply

spoiler 
alert! 

This article contains plot  
details throughout
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 Lack of oxygen will kill you, but 
lack of pressure is no fun either. 

Admittedly, Gravity never puts our 
heroes in a no-pressure environment 
(hallucinations aside), probably 
because it would mean the premature 
end of the movie. Our bodies are 
‘pressurised’ – we can measure this as 
blood pressure. This counteracts the 
huge pressure of the weight of the 
atmosphere pushing down on us. But if 
that atmospheric pressure is removed, 
a number of things will happen. 

First, gases within body cavities 
will expand rapidly. The most 
damaging of which would be in the 
lungs. If the decompression is quick, 
breath can’t escape out of the windpipe 
fast enough and will burst through 
the walls of the lungs into the thoracic 
cavity. This would turn the lungs to 
mush, but is unlikely to mean the body 
explodes, as is often said. The trick is 
not to hold your breath – whichwould 
mean almost instant death.

38 @SciUncovered

The ISS has been continuously  
occupied for 13 years

The station’s permanent  
crew usually numbers  
six people

Under decompression, your bodily 
fluids will begin to turn into vapour  
(this is called ‘ebullism’). Bubbles of 
gas will develop quickly throughout 
the body, causing you to swell up like 
a balloon – although, again, you are 
unlikely to explode. 

A common misconception is that 
this results in the blood ‘boiling’, but 
because blood vessels exert an elastic 
pressure, the blood’s boiling point will 
remain above body temperature – at 
least as long as the heart is beating. 
However, fluids in direct contact with 
the vacuum of space will begin to boil. 
So, the eyes and tongue will start to 
bubble.

So if you’re caught in the vacuum 
of space without your oxygen supply 
or pressure suit, rapid deoxygenation 
of the blood will cause loss of 
consciousness within about 15 seconds. 
After 90 seconds or so, death is 
inevitable, although your heart may 
continue to beat for up to four minutes.

Low air pressure is an ever-
present danger
Humans are built for our atmosphere – remove it, and we’re in trouble
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 Extreme temperatures are a real 
problem in space. However, 

space itself doesn’t have a temperature 
– there isn’t enough matter to transfer 
heat between objects. So the 
temperature an astronaut attains 
depends on how much radiation they 
receive and how good they are at 
absorbing or emitting that radiation. 
An astronaut in a spacesuit will 
generally be receiving more than they 
emit, particularly in sunlight. There is 
also nothing to carry away their body 

 As dangerous as the space 
environment is, the biggest 

hazard faced by astronauts is returning 
safely to Earth. The goal here is to get 
your hefty spacecraft, travelling at 
17,000mph (22 times the speed of 
sound) to a complete stop at a 
particular location, through more than 
70 miles of dense atmosphere, without 
it overheating or being shaken apart. 

It’s a difficult task and you only get 
one chance to get it right! The angle 
the spacecraft makes on entering 
the atmosphere is crucial. If it is 
too steep, the spacecraft will burn 
up. If it is too shallow, it will skim 
off the atmosphere like a stone off 
water. All spacecraft re-entries are 
meticulously calculated, with precise 
de-orbit burns enabling the craft to 
hit the atmosphere at exactly the right 
position, angle and speed.

Once hurtling through the Earth’s 
atmosphere, spacecraft tend to heat 
up. This is caused not so much by 
friction as by the compression of the 
atmospheric gases. Temperatures at 
the leading edges of re-entry vehicles 

heat, so they are in real danger of 
overheating – one of the film’s biggest 
blunders is that Sandra Bullock isn’t 
wearing water-cooled undergarments! 

Despite common belief, if 
you’re caught in space without your 
suit, you will not instantly freeze 
solid. However, in a vacuum, fluids 
evaporate from the body rapidly and 
carry away heat. So, frost will quickly 
form in moist areas, particularly 
around the eyes, and in the mouth 
and throat.

Spacesuits can turn 
into a furnace
Overheating is more of a threat than freezing

Returning home is a tricky task
can reach as high as 1,700°C (more than 
twice the melting point of aluminium) 
and so are protected by heat shields. 
What happens when this barrier is 
damaged was sadly demonstrated 
by the Columbia disaster of 2003, in 
which seven US astronauts lost their 
lives during re-entry.

In the final moments of Gravity, 
after enduring some hair-raising 
adventures, our heroine finally 
manages to enter a re-entry vehicle 
and make it safely back to Earth. 
However, since the vehicle has already 
begun to encounter the thin upper 
atmosphere and is on an uncontrolled 
trajectory, it is extremely unlikely the 

capsule (or Dr Ryan Stone) would  
have survived the fiery descent. 

Although Gravity does stretch 
scientific fact, overall it is an 
impressive portrayal of some of 
the real hazards faced by manned 
spaceflight. Hazards that lead Sandra 
Bullock’s character to declare,  
“I hate space!” 

Get the trajectory wrong and an incoming spacecraft will simply burn up

space uncovered
 The science of Gravity

dr alastair Gunn 
Astronomer & writer
+ A post-doctoral research associate  
at the University of Manchester, Alastair 
is based at the world-renowned Jodrell 

Bank Observatory in Cheshire, UK.
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Rocket boosteRs
Boosters are rockets that give spacecraft enough 
thrust to escape the Earth’s gravity and are then 
discarded. Lower-stage boosters, such as the US 

Space Shuttle’s iconic Solid Rocket Boosters, 
separate during the first few minutes and so do not 
enter orbit, crashing harmlessly into the ocean. But 
later-stage boosters are deployed and released in 

orbit. These can break up or explode, and are a 
leading cause of space debris.

Flecks oF paint
Even tiny paint chips can cause 
massive damage if they collide 
with a spacecraft, due to the 

remarkable speeds at which they 
orbit our planet. In 1983, a fleck of 

paint 0.2 millimetres in size hit 
Space Shuttle Challenger’s front 

window, leaving a crater. 

Space junk

tuRn oveR to Find out what happens when  
space junk RetuRns to eaRth

n October 4 1957, the 
Soviet Union launched 
Sputnik 1 – the first 

artificial satellite to orbit the 
Earth. But that historic day also saw 
another first – the rocket that 
propelled Sputnik into space 
detached and became the first piece 
of space junk. 

Space junk, or orbital debris, is the 
common term for any human-made 
object in orbit which no longer serves 
a purpose. It ranges from bus-sized 
items, such as non-functional 
spacecraft, to nuts and bolts, and dust 
from motors. Since 1957, the amount 
of space junk surrounding our planet 
has steadily grown to the point where 
the US Space Surveillance Network is 
tracking the movement of more than 
21,000 objects five centimetres wide 
or larger. 

While the risk to life on Earth is 
low, space junk poses a significant 
problem for craft in orbit. It can travel 
at up to 17,500 miles per hour, and at 
that velocity even a collision with a 
piece of debris a couple of inches wide 
could be terminal to a spacecraft. 

To prevent its satellites and 
spacecraft being damaged, in 2007 
NASA entered into an agreement 
with the United States Strategic 
Command, which tracks the flight 
paths of thousands of pieces of debris 
daily via ground-based radars, as  
well as lidars that measure distance 
by illuminating a target with a laser 
and analysing the reflected light.  
If the likelihood of a collision is one  

in 10,000 or higher, NASA is  
informed and can steer the craft  
out of the way. The International 
Space Station has had to make seven 
such evasive manoeuvres in the past 
three years alone. 

Even if we never launch another 
item into space, it’s possible the 
amount of orbital debris will remain 
stable until around 2055, and may 
then increase. This is a scenario 
proposed by NASA scientist Don 
Kessler in 1978, called the Kessler 
Effect, in which the increased 
amount of debris heightens the 
chance of collisions, creating more 
debris and causing a domino effect. 
“We have already reached the tipping 
point,” Kessler tells Science Uncovered. 
“We must remove some of the objects 
to make Earth orbit sustainable.”

cost ly problem
If we don’t act, space exploration 
could be unfeasible. “Collisions 
between large objects will generate 
small fragments at an increasing 
rate,” says Kessler. “This, in turn,  
will require more shielding on 
spacecraft, until the use of space 
becomes too expensive.”

While there are proposals to 
remove debris, they are too expensive 
to implement. Until we can develop 
cheaper techniques, international 
guidelines have been drawn up to 
prevent further launches exacerbating 
the problem, including ensuring that 
objects are removed within 25 years 
of them becoming obsolete.

over 50 years of spaceflight has cluttered earth’s 
orbit with debris. How do we track this material and 

can we bring it safely back down?
words BY  alex dale illustration BY  andy Mclaughlin

exteRnal Fuel tanks
Discarded fuel tanks are some of 

the most dangerous items 
currently in orbit, due to their 

combustible nature. Under current 
international guidelines, fuel tanks 

discarded by rockets need to be 
emptied of fuel after the mission 

is complete, so they do not 
explode at a later date, causing  

yet more debris.
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collision debRis
Collisions between artificial satellites – such as the 

2009 incident that destroyed the US’s Iridium 33 
communication satellite and the deactivated 

Russian Kosmos 2251, generate large amounts of 
debris due to the speed of impact. This has been 
calculated to be around 26,170 miles per hour by 

space debris expert Dr Hugh Lewis, of the 
University of Southampton.

common forms 
of orbiting debris

+ nAsA estimates there are over 500,000 pieces of space 
junk the size of a marble or larger in orbit, and millions 

more too small to be tracked. esA calculates that small 
space junk re-enters the earth’s atmosphere almost daily, 

but some will stay in orbit for hundreds of years.

space uncoveRed
 Space junk explained

In 1997, part of a Delta II 
rocket struck a woman

The incident in Oklahoma, US, is the 
only known occurence of man-
made space junk hitting someone

obsolete satellites
There are more than 50 satellites no longer in use 
orbiting our planet. As they orbit at high altitude, it 
could take centuries for many to re-enter Earth’s 
atmosphere. Vanguard 1 holds the record for the 

oldest satellite currently in orbit. Launched in 1958, 
it ceased to function in 1964 and is expected to 

remain in orbit for 200 more years.

MicRoMeteoRoid
Some types of space debris are 

naturally occurring and date back to 
the birth of the Solar System. 

Micrometeoroids are tiny rock particles 
that typically weigh less than a gram, 
and can often survive entry into the 

Earth’s atmosphere. These razor-sharp 
rocks are common and pose a threat to 
spacewalkers, damaging handrails and 

tearing spacesuit gloves.

dRopped equipMent
Some space junk is down to human error on spacewalks.  

In 2008, astronaut Heidemarie Stefanyshyn-Piper dropped 
a toolbox containing grease guns and a putty knife. 

American spacewalker Ed White lost a glove in 1965 and it 
stayed in orbit for a month. Piers Sellars dropped a spatula 

during a test of heat-shield repair materials in 2006.
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There is astronaut urine 
floating in space

Dumped overboard during 
spaceflights, it immediately 
crystallises into ice
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1 in 
1 tRillion
is the chance you’ll 
be hit by a piece of 

space junk

pieces of trackable 
space debris were 

created when 
China destroyed 
an old weather 
satellite as an 

anti-satellite test 
in 2007

is the average speed of 
space junk on impact 

with another object

3,000

36,000
km/h

s o u r c e :  c e n t e r  f o r  o r b i t a l  a n d 
r e - e n t r y  D e b r i s  s t u d i e s

s o u r c e :  n A s A

s o u r c e :  n A s A

space uncoveRed
 Space junk explained

i n  n u m b e r s

sizeable satellite 
While most of the millions of 

pieces of space junk are smaller 
than a marble, large satellites 

such as GOCE – the Gravity Field 
and Steady-State Ocean 

Circulation Explorer – can be the 
size of a bus.

heavy weight
The launch mass of GOCE was 
1,076kg. ESA estimates that 

125kg survived re-entry and is 
now lying at the bottom of the 

Atlantic Ocean.
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s o u r c e :  e u r o p e a n s p a c e A g e n c y

the Fate oF space junk 
as it re-enters 

earth’s atmosphere
+ man-made debris of all shapes and sizes  

is continually falling towards earth  
as it leaves orbit, so why is the risk to  

human life so low?

how long will space junk 
typically stay in orbit?

s o u r c e :  n A s A

6 peR cent
of the catalogued total 

orbital population is 
operational spacecraft

number of objects 
trAckeD by tHe us 

spAce surveillAnce 
network

is the mass of space station Mir 
– the largest piece of junk to 

re-enter our atmosphere

135 tons
s o u r c e :  n A s A o r b i t a l  D e b r i s  p r o g r a m o f f i c e

s o u r c e :  e u r o p e a n s p a c e A g e n c y

Earth-based lasers could 
help clear space debris

They could be used to rob large 
items of their momentum, 
hastening their fall to Earth

space uncoveRed
 Space junk explained

1
FRiction buRns

Most space junk burns up long before it can 
reach Earth’s surface. This is because when  

it re-enters our atmosphere at great speed, it  
hits air particles, which rub against it and  

cause friction. This subjects junk to heat of 
around 1,648ºC.

2
cRashing to eaRth

Larger space junk, such as the GOCE 
satellite (pictured), is capable of surviving 
re-entry somewhat intact. ESA estimates  
as much as 25% of its mass survived and 

splashed into the Atlantic, near the Falklands,  
in November 2013. This was an uncontrolled 

re-entry. However, since 70% of Earth’s surface  
is water, the risk to life was minimal and its 

movements were tracked by radar.

3
steeRing MechanisM

ESA estimates a re-entry the size of GOCE occurs 
around once a week, but so far no-one has been 

seriously hurt by space debris. Scientists can 
minimise risks by steering falling satellites so  

that they land in unpopulated areas – although 
falling debris can cover a vast area. Under 

international guidelines, all new satellites must be 
designed so they can be directed away from 

trouble when they re-enter.

Orbi t ing at an alt i t ude Of 600k m 
Or belOw –  seveRal yeaRs

600-1,000k m  –  seveRal decades
abOve 1,000k m  –  a centuRy oR MoRe

1966  ���������������������������  2,000
1976 ����������������������������  2,000
1988  ���������������������������  8,000
2000  �����������������������  10,000
2010  �������������������������  15,000
2013  �������������������������  21,000

low oRbit
The altitude at which GOCE 

orbited the Earth when 
functional was 260km. This is 
particularly low for a satellite. 

The low Earth orbit zone 
(160-2,000km) is where 
space junk is most dense.
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Bacteria are key to 
our individual smell

They produce  
androstenols that  
waft off our skin
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 Get beneath the skin of our species

50 five body mysteries 
 From the placebo effect to 

yawning, there’s a lot  
we don’t understand about 
our inner workings.

52 mummy medicine
 Scans of ancient remains 

are providing new insights  
into modern diseases.

inside this 
section 
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Transform  your phone into  a microscope. 
Turn to  

page 94

There are typically 40 
million bacteria in 1g of soil

And there are  
roughly 5x1030  
bacteria on Earth
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humans uncovered
 Exploring the human ecosystem 

words BY  Zoe cormier illustration BY  Patrick boyer

welling in every crevice  
of your body, from the 
lining of your gut, the 

surface of your skin, every crevice 
of your mouth, even on the surface 
of your eye, are billions and billions 
of bacteria – 100 trillion in all. In 
fact, for every single ‘you’ cell, your 
body carries ten bacterial cells. So, 
depending on how you think about it, 
you are 90% bacteria. It means we’re 
all ecosystems rather than individuals.

But these bacteria are not invasive 
freeloaders. Although we are 
programmed from childhood to think 
of ‘germs’ as nefarious invaders, 
deliverers of disease and decay, your 
microbial tenants are in fact good for 
you. Without them you would not be 

exploring 
the human 
ecosystem
Each of our bodies is covered and filled with  
microbes and we’re only just beginning to  
understand how vital they are in keeping us alive

able to digest food, fight infections, or 
in fact survive at all. They pay rent for 
taking up residence in and on your 
warm, welcoming body by carrying 
out vital biological services that ensure 
that you – their home – stays alive. 
You need them, and they need you. 
Welcome to the strange, 
preconception-challenging and 
almost entirely uncharted world of the 
microscopic ecosystem that calls you 
home – the microbiome. 

Although biologists have long 
known that we are home to beneficial 
microbes, until recently we knew very 
little about them: how many species 
call us home, what they do, and how 
they tend to vary from person to 
person. Now we are starting to 

“For years lots oF things were poorly 
understood. we’re starting to understand 
why we carry huge numbers oF organisms.”
dr martin blaser new York universit Y
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glimpse the full array of species that 
we carry, and how they play their part 
in making us who we are. 

Last year saw the completion of the 
very first attempt to map our bacteria: 
the Human Microbiome Project (HMP), 
an initiative that cost $153 million and 
ran from 2008 to 2013. This came a 
decade after biologists mapped the 
genetic terrain of the human species 
with the Human Genome Project. 
Although this was certainly a 
milestone in scientific history, it only 
gave researchers part of the full 
picture of what makes us human.

“The interior of our bodies really 
has been somewhat of a black box 

humans uncovered
 Exploring the human ecosystem 

until now,” says Dr Martin Blaser, a 
microbiologist and Director of the 
Human Microbiome Program at New 
York University. “There have been 
huge advances in cell biology, 
immunology and physiology, but still 
for so many years lots of things were 
poorly understood. Now we are 
starting to understand why we carry 
huge numbers of organisms.”

The initial results of the HMP 
constitute only a snapshot, but the 
implications are astounding. Protein-
coding genes in the microbial genome 
number more than eight million, 
compared to a 22,000 in the human 
genome. Roughly 10,000 bacterial 

“the human body is like a crowded city 
– there are many gangs at play. as they 
interact, there can be collateral eFFects.” 
dr martin blaser new York universit Y

the multi-million-dollar project that completely 
redefines how we see ourselves

key facts: the human 
microbiome project

Most microbes living inside 
us can’t be cultured in the lab

They need the human  
body to survive – hence the 
difficulty in studying them

cost $153 million between 2008 and 2013. It was 
run by the US National Institutes of Health and involved 
several research institutions.

scale 4,788 samples taken from 242 people. 
Collected from 18 parts of the body including mouth, 
throat, nose, ears, elbows and vagina, as well as stool 
samples.

results 8 million bacterial genes were found on the 
average human body – more than 100 times more than 
the 22,000 genes in human DNA. 

future Plans To analyse what the microbial 
genes do in more detail so we can understand which 
have most impact on our health.

There’s more bacterial 
DNA like these gold 
strands in each of us 
than human DNA

Faecal bacteria like these 
were sampled in the Human 
Microbiome Project

Staphylococcus aureus 
is a microbe that  
many of us carry
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Waste clearance
Our microbes produce many 

of the enzymes and chemicals 
we need to detoxify waste 

from our bodies. Our microbes 
actually keep us clean.

Good diGestion
Your stomach and 
intestines hold half a kilo 
of bacteria. Without them 
you would not be able 
to digest food, so they 
actually keep you alive.

healthy skin
Skin bacteria feed on skin 
cells’ waxy output and in turn 
secrete a moisturising coat, 
preventing cracks – potential 
gates for invading pathogens.

stronG immune system
Beneficial microbes fight off 

diseases by keeping nefarious 
bacteria out, and by actively 

fighting them when they appear.

once thought of as villains, these microbes 
are the heroes of health

bacteria keeP us Well  
in many ways

@SciUncovered 47
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Scientists classify bacteria 
into three shapes

There’s the sphere  
(coccus), spiral (spirillum) 
and rod (baccillus)

species call the human body home, 
and each of us individually carries 
around 1,000 species of bacteria. 

What the variation between us 
means is still poorly understood, but it 
seems the larger the number of 
bacterial species a person carries, the 
healthier they are. Just like an ocean or 
rainforest, there is strength in 
numbers: the more diverse the human 
ecosystem, the healthier the body.  
 
human habi TaT
Viewed through this lens, the human 
body is a habitat for wildlife – and our 
own diseases a form of ecological 
disaster. When our bodies are healthy 
and diverse, our beneficial inhabitants 
keep invaders at bay: a third of 
subjects in the HMP, for example, 
possessed Staphylococcus aureus, the 
microbe responsible for antibiotic-
resistant MRSA. Everyone sampled for 
the HMP was healthy, which leads 
microbiologists to suspect that only 

microbes and you 
+ The largest number of species of microbes on our bodies 
are found in the nose and the mouth. More than 5,000 
different species of bacteria can inhabit the human mouth 
– and each of us individually plays host to around 100 
species. The vagina is the least diverse of the examined 
regions, only hosting a handful of species. Human breast 
milk has previously been shown to harbour more than 600 
species of bacteria, all essential for seeding a growing 
baby’s microbiome. 

certain conditions allow disease-
causing strains to dominate and cause 
illness. “The human body is like a 
crowded city, and there are many 
different gangs at play,” says Blaser. 
“As they interact, there can be 
collateral effects.” 

Our microbial inhabitants appear 
to hold the key to many of the 
pervasive diseases that afflict us today 
but that were rare in the time of our 
grandparents, such as asthma, 
eczema, and allergic reactions. 
Immunologists have long suspected 
that our hyperactive reactions to 
seemingly innocuous environmental 
contaminants, such as tree pollen, cat 
hair or dairy products, could be due to 
an overly sensitive immune system. 
Dubbed the ‘hygiene hypothesis’ (see 
‘Is house cleaning bad for my health?’ 
on page 48), the idea is that many of us 
in the developed West grow up in 
conditions that are too clean: we are 
too seldom exposed to the ubiquitous 

Bacteria found in the 
gums causes gingivitis 

– the mouth’s home  
to many microbes
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 Exploring the human ecosystem 

Bacteria are used to make 
yoghurt and cheese

The flavours of these 
foods comes from 
bacterial products

if bacteria are doing us so much good, surely  
that’s the excuse we need to stop doing chores…

is house cleaninG bad  
for my health?

+ The idea that a little dirt is good for you has been 
around for a while – even before the extent of our 
co-existence with microbes was discovered. For 
many years, many biologists have subscribed to the 
hypothesis that children’s lack of exposure to infectious 
agents makes them more likely to develop allergies when 
they’re older. 

But, says Dr Cecil Lewis, an expert in disease at the 
University of Oklahoma, giving up cleaning may be taking 
things too far. “We are trying to understand what it 
means to be clean. We aren’t going to change our basic 
behaviours – I still shower, vacuum and mop. But our 
understanding of cleanliness is going to change. Open 
the door more often – let in the air. Don’t keep yourself  
so isolated that you end up allergic to everything 
because your immune system is underdeveloped.”

dr cecil lewis universit Y oF oklaHoMa

Killer T-cells can become a  
threat rather than a protector
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and inoffensive levels of dirt that our 
ancestors were. As a result, our bodies 
react to an excessive degree. 

Many such conditions are thus 
dubbed ‘autoimmune’ – the body 
seems to be attacking itself. And our 
own community of microbes appears 
to have a role in controlling that. 
Studies in mice certainly support the 
idea. Animals raised to contain no 
microbes whatsoever – ‘germ-free 
mice’ – have been found to have 
excessively high numbers of killer 
T-cells, the foot soldiers of the 
immune system that destroy  
invading viruses and other microbes. 
In these sanitised mice, their T-cells 
caused inflammation, and when  
they reached adulthood, they tended 

exposure to the external world.”
But what exactly does a healthy 

filter look like? Some microbiologists 
have compared people living today in 
different countries with different 
lifestyles for clues, and the results are 
intriguing. People living in urban 
centres boast microbiomes that are 
more similar to those of other city 
dwellers at the opposite end of the 
Earth than those in rural areas nearby. 

Lewis decided to look to a different 
population for clues – the mummified 
remains of ancient people. He 
analysed stool samples from an 
8,000-year-old corpse in Hinds Cave 
in the US, 1,600-year-old remains 
from Chile, a 1,400-year-old body  
from northern Mexico, and 5,300- 
year-old ‘ice man’ Ötzi from the Alps. 

There’s one enticing difference: 
modern cosmopolitan populations are 
not inhabited by spirochetes, a class of 
spiral-shaped bacteria. But ancient 
humans and modern rural populations 
in Africa and South American were 
both commonly populated by 
spirochetes in the gut. And what’s 
more, some appear to be beneficial, 
helping us to break down fibrous 
material in food.

“Is that important?” asks Lewis. 
“Does this absence help explain in 
part the diseases of today? Could they 
even be part of the future probiotics 
we consider?” (See page 52 for more 
about ‘mummy medicine’.) 

Our greater understanding of our 
microbial ecosystem will lead to 

to suffer from irritable bowels and 
asthma. Moreover, not only did  
their bodies attack themselves, but 
the germ-free mice were unable to 
fight foreign infections. Without  
any friendly bacteria of their own, 
they could not fight off the parasite 
Leishmania major.

There’s already evidence that it’s 
the same in humans. People with 
Crohn’s disease, for example – an 
autoimmune disease of the gut – tend 
to carry 25% fewer microbial genes 
than healthy people.

adding up
Bacterial cells are much smaller than 
animal cells, but the sum total of all 
these microbes across the body still 
accounts for roughly 2kg of your 
weight. “For this reason I like to 
compare the microbiome to an organ 
in your body – because without the 
microbes you would be dead,” says  
Dr Cecil Lewis from the University  
of Oklahoma. “They filter our 

“with the antibiotics and cleaning products 
that exist today, we have Fundamentally 
changed our relationship with microbes.”

ABove Development  
of a healthy biome 
during a baby’s first 
year is crucial
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Zoe cormier 
Science writer
+ with a bsc in zoology from the 
university of toronto, Zoe is head of 

communications for uk science outreach organisation 
guerilla science. @zoecormier

But it doesn’t end there. Our  
bodies are home to not only bacteria, 
but also fungi, protozoans, and an 
even larger assemblage of viruses who 
shuttle DNA around and play an 
integral role in shaping the evolution 
of all animal life. The next frontier: 
the fungome – or the virome? Perhaps. 
Watch this space. 

Bacteria and fungi often  
live in close proximity

They sometimes  
compete for resources  
and try to eat each other

skin creams
+ Creams containing beneficial bacteria for 
the treatment of eczema, psoriasis, allergic 
reactions and more are on the cards. Some 
would boast bacteria that can fight dangerous 
invaders, others could coax our immune 
systems into healing lesions.

Post-natal care
+ Babies are almost entirely devoid of bacteria 
in the womb, but acquire microbes as they pass 
through the vagina (C-section babies acquire 
different bacteria). The microbiome developed 
in a baby’s first year sets the stage for its life. 
Intervening at this crucial time would prevent 
more illnesses than later treatments can cure. 

dietary chanGes
+ The most effective solution may be the 
simplest – lifestyle changes to encourage 
bacteria that improve our health. The more we 
learn about how the food we eat influences our 
microbes, the better we can use that knowledge 
to keep our internal ecosystems healthy.

Probiotics
+ The market for probiotic pills – often 
containing Lactobacillus acidophilus bacteria, 
which live in a healthy gut – is enormous. 
Among other things, probiotics can help to 
repopulate the gut after antibiotics. Findings 
from the likes of the Human Microbiome Project 
should lead to even savvier pills. 

faecal transPlants
+ One of the most promising – and headline-
grabbing – treatments to harness the power of 
bacteria is the faecal transplant. It may seem 
strange, but if somebody’s gut bacteria have 
been overwhelmed by an infection and drugs 
don’t work, it may be best to repopulate the 
area with other species of microbes.

+ Understanding what microbes do for us is 
good – figuring out ways to translate that into 
real therapies is even better. “The ultimate goal 
is to harness bacteria to do some of our work for 
us,” says Dr Martin Blaser, a microbiologist and 
Director of the Human Microbiome Program at 
New York University. 

Instead of seeing bacteria as something we 
need to kill off, new therapies will encourage 
their growth.

how to make that good bacteria  
work even harder for you

5 microbe 
treatments

iM
aG

es
 ©

 G
et

tY
, t

H
in

ks
to

Ck
, s

Ci
en

Ce
 P

H
o

to
 l

iB
r

ar
Y

supplements, probiotics and pills 
aimed at encouraging the right 
coinhabitants. But Lewis hopes basic 
lifestyle and dietary changes will also 
be employed. If a beneficial microbe 
feasts on a particular kind of sugar, for 
example, we might simply be able to 
boost that species’ population with 
the right kind of food.

T hE fu T urE 
“Overall, it’s easier to prevent illness 
than to cure it,” says Blaser, whose 
own research has shown that 
microbiomes can even influence 
obesity. “We know the period of 
development in the womb is crucial, 

but now we are learning that the next 
period, just after birth, is when the 
microbiome forms. That sets the 
foundation for the rest of your life.” 
Cutting-edge studies are linking the 
development of a baby’s microbiome 
to childhood diabetes, asthma, and 
even Parkinson’s and autism. 

The next phase of the HMP will 
analyse this first snapshot of our 
microbes and figure out exactly what 
they do for us. Already, with their 
arsenal of eight million genes, it 
seems that they fill in the metabolic 
gaps in our own genome, carrying out 
essential functions in the daily work of 
our cellular chemical factories. 
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humans uncovered
 Body mysteries

Colour can affect the 
efficacy of a placebo pill

Red is best for 
stimulants, and yellow 
for antidepressants
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It’s not just humans 
that have an appendix

Appendices are found in  
other mammals, including  
rodents and tree shrews
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humans uncovered
 Body mysteries
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ask a scientist

“In the pyramid-building era of Egypt, the 
slaves and the commoners would have been 
pretty short, while the elite were about the 
height of average Americans and Europeans 
today. The mummies being scanned now are 
predominantly those of the elite.”

Dr kristina killgrove 
University of West Florida

52 @SciUncovered

humans uncovereD
 Mummy medicine

gyptian mummification 
began as early as 4,000BC. 
But it reached its peak 

between the 16th and 10th centuries 
BC. For the ancient Egyptians, 
mummification was a practical way to 
ensure the soul lived on in 
immortality - they believed the body 
and soul were linked; if the body 
deteriorated after death, then the soul 
did too.

While the mummies of the most 
famous Egyptian pharaohs are kept 
strictly under lock and key in Egypt, 
many other members of Egypt’s ruling, 
religious and upper classes were 
prepared for the afterlife using the 
same process – and scientists have 
access to them. Now modern 
techniques, such as CT scans, are being 
applied to collections of mummies to 
help discover how they died, and to 
throw new light on diseases that we 
once thought were purely a product of 
our modern lifestyle. 

“The CT scanning process is the 
most accurate way to find out more 
about these mummies,” says Dr Lidija 
McKnight of the University of 
Manchester’s KNH Centre for 
Biomedical Egyptology. “It is 
astonishing to be among the first 
people to see inside a mummy since it 
was embalmed and wrapped thousands 
of years ago. To know that we can do 
this now without causing physical 
damage to the mummy is amazing.”

The CT scans have yielded some 
interesting results. As expected, life in 
ancient times wasn’t always a bed of 

mummy 
medicine
Scans of ancient bodies are shedding new  
light on modern diseases and will transform  
how we treat them

E
roses. People were often plagued by 
parasitic diseases, some of which were 
fatal. Many of these were carried in the 
water they drank and bathed in, or by 
insects. Dental problems were also 
widespread, mainly due to the ingestion 
of foods containing sand particles. This 
effectively ground down the teeth, 
exposing the dentine, and led to 
abscesses and infection.

ModErn kIllErS  
But it’s the investigation of other 
diseases that yields the most pertinent 
results. Researchers have found 
evidence to suggest that health issues 
much talked about in modern society, 
such as heart disease and cancer, were 
also evident in ancient times.

Hardening of the arteries, or 
arteriosclerosis, is often thought of as a 
product of our modern times. But the 
Horus Study Group – an international 
team of cardiologists and Egyptologists 
– recently studied over 50 ancient 
Egyptian mummy CT scans using 
software to identify hardening of the 
arteries, and found a significant 
number of sufferers in ancient Egypt. 
“This would imply that although there 
is a lot spoken about our modern way of 
life bringing about atheroma [a 
thickening of the artery walls], there is 
evidence that it was there in the ancient 
past,” says Bob Loynes, who is working 
on a PhD in Egyptology at the KNH 
Centre for Biomedical Egyptology.

 “Evidence has also been identified 
using histological techniques – where 
mummified tissues are rehydrated, 

words BY  Graham Barlow 

Food was often stored with 
mummies to eat in the afterlife

The meat was embalmed 
to preserve it, just like the 
mummies themselves
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Other civilisations 
mummified the dead

The Incas in Peru and the 
Chinchorro people in Chile 
also preserved their lost ones

How the technology that 
reveals these ancient 
illnesses works

ct scans 
explained

+ Also known as CAT scans, 
CT scans are among the most 
extensive methods we have of 
looking inside a human body 
without harming it. 

During a CT scan, a series of 
X-rays are taken that produce 
a detailed image called a 
tomogram. A CT scanner contains 
an X-ray tube, which rotates 
around the patient’s body – or  
in this case, the mummy.

Tomograms are far more 
detailed than standard X-rays, 
and produce intricate images  
of structures inside the body.

Obviously the considerations 
of scanning a centuries-
old Egyptian mummy and a 
living human being have their 
differences, but for living people, 
a CT scan takes 10-30 minutes, 
depending on the part of the body 
being scanned.

“We’re tHe first to see inside a 
mummy since it Was embalmed 
tHousands of years ago.” 
Dr Lidija mcknight unIversIt Y of manchester
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mounted in wax blocks and stained 
using chemical solutions – to suggest 
that diseases such as arteriosclerosis 
and some cancers were evident in 
ancient Egypt,” says McKnight. Of 
course, while these diseases may have 
existed in ancient times, there’s little to 
indicate whether they were as common 
as they are today. “The radiological 
study of mummified remains has 
suggested only a handful of 

one that has occurred due to the 
process of mummification.”

Having access to ancient tissue 
opens up the possibility for comparing 
modern and ancient DNA to look for  
a genetic predisposition to disease. 
“Modern DNA is taken from living 
people – it hasn’t been damaged,  
and you can analyse it in a detailed 
manner,” says Loynes. “However, 
ancient DNA has degraded, and is 
represented by short-chain DNA,  
which is much more difficult to  
analyse in terms of the detail of the 
individual’s genetic code. It’s quite 
useful when you’re looking for the 
signature of certain infective 
organisms, though. There’s a lot  
of work done on tuberculosis in  
ancient Egypt, which is done on 
short-chain ancient DNA analysis,  
but it is quite a difficult subject for 
people to research because of the 
denaturing of the DNA.”

It’s not just the medical discoveries 
that have been surprising, as McKnight 

pathological cases that could be 
explained by cancer,” adds McKnight, 
“mainly because alterations to the 
skeleton do not always occur with the 
disease, and the mummification 
process used to treat the bodies after 
death can itself lead to visible changes 
in the skeleton.”

lIMIT Ed E vIdEncE 
Because the bodies were prepared for 
mummification with the removal of 
their soft organs - the viscera in the 
chest and abdomen (in some cases)  
and the brain from the skull – little 
remains to analyse. The remaining  
soft tissues that scientists do have 
access to (the muscles, fat, skin and so 
on) would have been through a 40-
day desiccation process using natron 
salts to dry them out. “This does 
distort things quite a lot,” says Loynes, 
“so although one can see some soft 
tissue abnormalities, it’s difficult to 
distinguish a soft tissue abnormality 
that has been caused by disease from 

scan provides clues as to what 
killed an ancient egyptian

a mummy revealed

Worn teeth
A diet heavy in sand 
sandwiches, and a lack 
of dental hygienists on 
street corners meant 
that most ancient 
Egyptians’ teeth  
didn’t survive very  
well into old age.

missinG teeth
The thought of DIY 
dentistry brings tears to 
the eyes, but this mummy 
is definitely missing some 
teeth from its lower jaw.

FractureD skuLL 
Ouch! A fracture to the  

back of the skull is usually 
an indication that the 

mummy in question 
suffered a violent death.

Linen wrappings of Egyptian corpses 
may have been made into paper

But whether this actually 
happened or is just a myth 
is still a matter of debate

pre or post mortem?
Did he fall or was he 
pushed? It’s often hard to 
discern whether injuries to 
a mummy’s skeleton are 
caused by the embalming 
process itself.

AbOvE A mummy  
from Perth Museum  
and Art Gallery, Scotland 
being scanned at the 
Royal Manchester 
Children’s Hospital
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notes. “With human mummies, we 
have found partial bodies, or mummies 
made up of more than one person 
wrapped to look like one individual,” 
says McKnight. “We have found 
evidence of disease and trauma,  
which is very heart-rending – 
especially when you think that these 
civilisations would have had little by 
way of treatment for some illnesses. 
Child mummies, of which we have 
scanned many now, always tug at the 
heartstrings. It is fascinating to see how 
these bodies have been preserved, and 
the type of mummification they 
received. We have found protective 
amulets within the wrappings of 

human mummies, which is always a 
special moment.”

But when it comes to diseases,  
the next step is to find out what 
proportion of the population suffered 
from them. “It is difficult to assess how 
prevalent a disease was in antiquity 
through the analysis of a relatively 
small percentage of the remains of the 
population,” says McKnight. “There is 
much work still to be done on the topic 
of disease in mummified remains. 
Studying diseases in ancient 
populations helps give us a better  
idea of how they evolved and if 
remedies used by the ancient 
civilisations were helpful in managing 

the progression of the disease.” 
Techniques are continually being  
honed to provide more accurate  
results on mummified material, so  
the future for this type of scientific 
research is looking increasingly  
bright. It could be that the key to our 
future health still lies undiscovered  
in an ancient sarcophagus containing 
one of our ancestors from thousands  
of years ago.  

some mummies show signs of a violent end

murDers reveaLeD  
by scans

+ Evidence of an unnatural death is rare in mummies, but 
as with all royal dynasties, murder was often a shortcut to 
succession. CT scans have revealed that Ramesses III, the 
second Pharaoh of the 20th Dynasty, died from a throat 
laceration. A Horus amulet was found inserted into the 
wound, most probably for healing. 

DNA analysis of another body found mummified with him 
confirms that it was his son, and swelling and compression 
marks around his neck indicate strangulation. Lack of care 
in his mummification process indicates that he may have 
been killed as punishment for attempting a royal coup. both 

mummies are now kept at the Egyptian 
Museum in Cairo.

These are not the only ones to show 
signs of murder. “There is a mummy in the 
british Museum and one in the Manchester 

Museum, both with skull and facial 
fractures,” says bob Loynes of 
the KNH Centre for biomedical 
Egyptology. “by the pattern you’d 
suspect that another person 
inflicted these blows. but it’s rare 

to find convincing evidence of 
cause of death – particularly 
where that cause is violence.”

Anubis was the god  
of mummification

With a human body and a 
jackal’s head, he prepared the 
dead to be received by Osiris

AbOvE An anthropoid coffin, which first appeared in 
the 12th Dynasty. before, coffins were rectangular

bELOw In addition to  
CT scans, mummies 
have been given 
traditional X-rays at 
Royal Manchester 
Children’s Hospital

Mummies were often 
buried with items that 
might be needed in 
the afterlife, like this 
scarab amulet

AbOvE Once stuffed and dried, mummies’ bodies  
were wrapped in strands of linen

“We Have found partial bodies, or mummies 
made up of more tHan one person  
Wrapped to look like one individual.”
Dr Lidija mcknight unIversIt Y of manchester
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 See how our future is being built

62 Building a  
quake-proof Bridge 
 How bridges can be built  

to withstand some 
almighty shakes.

65 scanning a  
wrecked car 
 Medical scanners are being 

used to study cars after 
they’ve been in a crash to 
help build safer ones.

SKYLON can be  
used up to 200 times

This will reduce to cost  
per kilogram of payload 
from £15,000 to £650

inside this 
section 
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Powered by a revolutionary new engine, a spaceplane 
from Oxfordshire could be set to put trips around our 
galaxy – in our lifetime – a very real possibility
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words BY  richard edwards images reaction engines ltd.

he Space Shuttle was an 
ingenious idea – on paper. 
Sadly, NASA’s dream of a 

cheap, reuseable spacecraft never 
really delivered on its promise. Over 
the course of its three decades in 
service, the Shuttle managed 135 
missions, with NASA estimating 
the cost of each trip at $450 million 
– hardly conducive to making 
everyday journeys into orbit. The 
Shuttle is now a museum exhibit,  
but the dream of a reuseable 
spacecraft lives on. 

Reaction Engines, based in 
Oxfordshire, believes it has the 
answer in the form of SKYLON, a 
‘spaceplane’ that would take off and 
land on a runway. Breaking free of 
Earth’s gravity requires a serious 
amount of thrust, and the tried-
and-tested way of reaching space is 

T to strap your payload to a very big, 
very powerful missile. But unlike 
the Shuttle, which required bulky 
external booster rockets, and Virgin 
Atlantic’s SpaceShipTwo, which will 
be carried to a certain altitude by 
a launch aircraft before it fires its 
rocket engines, SKYLON is designed 
to make the trip to space and back 
under its own steam. 

t ransfOrmative t ech
In its current drawing-board state, 
the unmanned SKYLON looks more 
like a state-of-the-art fighter jet 
than a traditional launch vehicle. 
But, if it can deliver on the 15 tonnes 
of payload the designers claim, it 
could well be a viable alternative to 
rockets. It also has the advantage 
that it would land in one piece, 
opening up the possibility of 

SKYLON’s technology 
isn’t just about space

Similar tech could be used 
to make hypersonic sub-
orbital flights across Earth

how Britain is designing the 
first reuseaBle spacecraft

engineering uncovered
 SKYLON

WorldMags.netWorldMags.net

WorldMags.net

http://worldmags.net/
http://worldmags.net/


60 @SciUncovered

engineering uncovered
 SKYLON

The innovative engine that powers  
the SKYLON into orbit and back
+ The principle of the 
space rocket hasn’t 
changed significantly 
since the USSR first sent 
Sputnik into space. 

But by merging 
elements of the rocket 
with some from the 
jet engine, the SABRE 
promises to do things 
differently, being 
operational from a 
standing start on a 
runway all the way to  
the vacuum of space.

Innovations in terms 
of weight reduction and 
the way it rapidly cools 
the air flowing through it 
mean it’s unlike anything 
we’ve seen before.

inside the SABRe

The Space Shuttle  
wasn’t really reusable

The external fuel tanks 
were left to break up  
in the atmosphere

+ Since the retirement of the Space Shuttle, the burden 
of keeping the International Space Station well-stocked 
initially fell on unmanned Russian, Japanese and 
European rockets. NASA has also subsequently signed 
billion-dollar contracts, tendering out supply runs to 
private operations – SpaceX’s Falcon 9 rockets have 
signed up for 12 trips, while Orbital Sciences’ Cygnus  
will run eight. However, only SpaceX can bring 
cargo back. It would be much more convenient for a 
spaceplane like SKYLON to make the trips, avoiding the 
lengthy process that is a conventional rocket launch. 
This means that the days of the traditional launch 
vehicle could well be numbered…

How SKYLON could improve deliveries into orbit
restocking the ISS

bringing cargo back from space – a 
feat beyond most of its competitors.

Even avoiding burning up on 
its return to Earth’s atmosphere 
would apparently be comparatively 
easy. “Re-entry is a lot easier than 
the Shuttle because we don’t throw 
away the external fuel tank when we 
reach orbit, ” says Reaction Engines’ 
technical designer and chief designer 
Richard Varvill. “On SKYLON we’d 
have these large empty hydrogen 
tanks, so our fuselage is large and 
light when we re-enter.” The lighter 
the craft, the faster it’ll decelerate – 
and because air is thinner at higher 
altitudes, the fuselage will be subject 
to less friction and thus less heat 
when it re-enters.

SKYLON’s key component is 
the Synergistic Air-Breathing 
Rocket Engine (SABRE). Unlike 
conventional rocket engines, the 
hydrogen-burning SABRE isn’t 
entirely reliant on its own supplies 
of oxygen. Instead, while it’s in the 

atmosphere, it takes advantage of a 
naturally abundant supply: air. It’s an 
innovation with the potential to save 
hundreds of tonnes – and in space 
travel, saving weight is priceless. 

rOcK e t science
“People have been proposing 
the idea [of using oxygen in the 
atmosphere] since the start of the 
space race, ”  says Varvill. “But air-
breathing engines like a gas turbine 
only work over a limited Mach range, 
and they have a low thrust-to-
weight ratio – the engine is heavy. 
Ours operates from take off up until 
Mach 5, ” he continues. “It’s got a 
wider Mach number range, but it 
also has a higher thrust-to-weight 
ratio. We integrate the air-breathing 
engine with a rocket engine to come 
up with one single engine.” When 
that reaches Mach 5.5 and an altitude 
of around 25km (roughly 20% of the 
velocity and distance required to 
make orbit), it switches to rocket 

Above SKYLoN’s 
15-tonnes payload bay 
could be used to deliver 
supplies to the ISS

Above The SAbRe development team are currently 
working on testing the engine’s pre-cooler

5
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could sk Ylon take off from heathrow?
+ SKYLON may take off and land like a conventional plane, 
but that doesn’t mean it could operate at a standard airport. 
Aside from requiring a facility that could supply it with liquid 
hydrogen and liquid oxygen fuel, it would also need an extra-
long runway – its wings are relatively small, which means  
its take-off speed is high. Any spaceport would ideally be 
placed on the equator, as from there you can access any  
orbit inclination relatively easily. 

1. inlet cone
This slows the flow of incoming air  

to subsonic speeds, starting a 
process that sees the air chill 

from a toasty 1,000°C to 
-150°C in less than 

one-hundredth  
of a second.

2. pre-cooler  
heat exchanger

To increase the amount of heat 
transfer, Reaction engines made its 

heat exchange cylinders smaller. 
This makes for a larger surface-

area-to-volume ratio, greatly 
speeding up the rate at which  

heat is lost.

3. lightweight design
Some observers thought 

SAbRe’s pre-coolers would  
have to weigh 10 tonnes to  
do the job, but Reaction’s 

working system weighs just  
one and a half.

5. helium cooling
Hot helium is cooled and 

recycled in a heat exchanger 
with the on-board liquid 

nitrogen fuel, which takes  
over once the inlet cone is  

shut off at Mach 5.

4. air-turBo compressor
The compressor that forces the 
super-chilled air into the rocket 

part of the engine pressurises the 
gas to around 140 atmospheres. 

This air can be burnt alongside 
hydrogen fuel to power the craft.

The initial design was  
created as part of the  
Soviet space programme

mode and starts using its liquid 
oxygen supplies. 

Getting the SABRE, a fairly 
conventional rocket engine, to 
double up isn’t easy. Even when 
operating in the atmosphere, the 
air it takes in has to be rapidly 
compressed. This has a side-effect. 
It gets so hot that it would melt 
any material used to construct the 
engine. SABRE gets around this with 
the addition of a pre-cooler that 
superchills the air before it enters. 
“Heat exchangers are often used in 
engines but for relatively trivial jobs 
such as cooling oil. We need an actual 
heat exchanger that’s in the main 
flow path, and nobody’s really done 
that before, ” says Varvill. Keeping 
the heat exchangers’ weight down 
was one of the biggest challenges 
(see ‘Inside the SABRE’).

If all this sounds too good to be 
true, that’s probably because neither 
the SABRE nor SKYLON have been 
built yet. But the UK government was 

impressed with Reaction Engines’ 
pre-cooler system, and awarded the 
company a £60 million grant to work 
on SABRE, with private investors 
sought for the remaining £250 
million development costs. 

A prototype SABRE is expected 
by 2017, with flight tests due around 
2020. Varvill says the company is 
wrapping up tests on the pre-cooler, 
before moving on to the next stage 
of engine development. “That will 
hopefully evolve into the detailed 
design of the SABRE engine, and also 
the construction of our first full-size 
development engine. It’s a pretty 
ambitious undertaking.” Indeed it is. 
But if it really can put space on our 
doorstep, it’s one worth pursuing. 

richard edwards 
science writer
+ Richard is the deputy editor of SFX. He’s 
also a lifelong science enthusiast, and 

has a degree in Physics from the University of Bristol.

2

3

4

Soyuz rockets have been 
in service since the ’60s

1
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ow do you build an 
earthquake-proof bridge 
when the geological 

conditions are too gelatinous for 
conventional supports, and the 
locals are demanding an 
architectural wonder to rival the 
Golden Gate Bridge? That was the 
unique challenge facing Caltrans, 
California’s Department of 
Transportation, when it was tasked 
with building a new span connecting 
Oakland with Yerba Buena Island. 

The San Francisco area takes great 
pride in its skyline, but it’s also 
notorious for its seismic activity. So 
this new span had to have brawn as 
well as beauty. Fortunately, Caltrans 
found an answer that’s straight from 
the playground.

The simplest way to understand 
how the new San Francisco-Oakland 
Bay Bridge span works is to think of 
the engineering principles of seesaws 
and swings. Imagine building a seesaw 
in a muddy, waterlogged playground. It 
requires only a small spot of firm 
ground to build the single central 
support to carry the weight of the two 
equal spans. Two children sit at either 
end of the seesaw, with their feet on 
the ground. The children can easily 
keep it balanced by producing 
relatively small forces with their legs, 
without having to hold the weight of 
the seesaw or themselves.

But what if one span is made much 
longer to avoid a big puddle? The child 
seated on this long span, now furthest 

how to build a  
’quake-proof bridge
Constructing a bridge that can withstand a 
7.0-magnitude earthquake is as simple as building  
a seesaw and swing over a playground puddle

H

brendan walker
Engineer & television presenter
+ Brendan trained as an aeronautical 
engineer. He is the world’s only ‘thrill 

engineer ’, acting as a consultant in the development  
of theme park rides. @profbwalker

from the pivot point, has to push 
harder through the mud to keep the 
seesaw horizontal and balanced. But 
their slender legs can’t cope with the 
compression forces. So to rebalance 
the system, the feet of the child on the 
short span are cast in a concrete block 
and used as an anchor.

This poor child’s legs are now in a 
state of permanent tension, and likely 
to snap. Stress is alleviated by pre-
stretching a rubber cord by just the 
right amount, and hitching the 
concrete block to the short span. The 
seesaw is now balanced, and the legs 
of both children can go back to dealing 
with much smaller forces.

How about surviving an 
earthquake, where shaking seismic 
forces are transmitted from the 
playground, through the central 
support, to devastate the attached 
spans? The central support is made 
taller, and both spans are attached at 
multiple points along their length and 
suspended. Now, like a swing hanging 
from a tree, the support structure can 
shake violently, while the unequal 
spans below remain relatively steady. 
And that is how San Francisco built a 
stylish, quake-proof bridge. 

engineering uncovered
 Building a ’quake-proof bridge

words BY  brendan walker  illustration BY  andy Mclaughlin
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The world’s oldest operational 
bridge is in Izmir, Turkey

Built in 850 BC, it survived 
the 7.5 magnitude East 
Smyrna earthquake of 1653
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 Building a ’quake-proof bridge

Self-anchoring
The bridge’s asymmetry subjects 
the West Pier to a lifting force. This 
pier is tied down to massive gravity 
footings cast into rock below, 
further secured by four 10m-long 
piles. Stress created by the uplift is 
counterbalanced by a pre-stressed 
concrete cap beam, which means 
the bridge is balanced without 
relying on this pier to carry tension.

dual Span
The world’s longest single bridge span 
of 385m, along with its neighbouring 
span of 180m, consists of dual box 

girders suspended from 10m-spaced 
cables, hanging from a 

0.78m-diameter cable. This is 
connected at either end and supported 

over the central tower’s saddle. 

Shak y deSign
The 160m central tower supports most of the bridge’s 

dead load, but isn’t connected directly to the roadways, 
which pass suspended either side of the tower. The 

tower is designed to remain elastic and shake 
independently of the roadways during an earthquake, 
secured at its base by 13 60m-long, 2.5m-diameter 

cast-in-steel-shell piles extending into the rock below. 

 central tower
A thick layer of mud – sometimes tens 
of metres thick – which is more active 

than shale during an earthquake, covers 
the bedrock of the eastern side of the 
bay. The central load-bearing tower is 
located away from the mud on secure 

bedrock near Yerba Buena Island.

the ’quake teSt

+ Most rigid stone bridges would crack, 
lose structural integrity and collapse. 
However, this bridge’s stone cladding is 
just cosmetic, and conceals a sturdy 
steel-framed lattice. This London bridge 
would be unlikely to tumble, although 
some repointing may be necessary.

+ At over 2.5 kilometres, the Forth Bridge 
is the second-longest truss bridge in the 
world, behind Quebec Bridge, in Canada. 
The third-longest, Minato Bridge, in Japan, 
is being retrofitted with earthquake-proof 
features. Without a similar retrofit, the 
Forth may end up in the Firth.

+ With 559 concrete columns, carrying 
2.5 miles of roadway, this bridge complex 
is not built to withstand the magnitude of 
lateral movement anticipated by freeways 
around the San Andreas Fault. The 
roadway is likely to buckle and twist, with 
columns failing catastrophically.

could these British bridges survive 
a 7.0-magnitude earthquake?

tower bridge, 
london (1894)

Spaghetti Junction,
birMinghaM (1972) 

forth bridge, 
Scotland (1890) 

Support SySteM
Sixteen record-breaking 100m-long, 
2.5m-diameter piles support the East 

Pier through the mud, resting on 
bedrock below. The pile is topped with 

bearings that allow the roadway to 
twist in a horizontal plane during a 
’quake, with shear keys preventing 

lateral displacement.

The Danyang-Kunshan Grand 
Bridge is the world’s longest

The 102-mile viaduct is part 
of the Beijing–Shanghai 
High-Speed Railway
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engineering uncovered
 Inside a wrecked car

words BY  Jem Stansfield
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T

anatomy of a Wrecked car

he internal components of 
a modern car can be tricky 
to pinpoint at the best 

of times - and once they’ve been 
subjected to a high-speed impact, the 
task becomes even more difficult. 
That’s a problem if you’re a crash 
researcher, who wants to examine the 
wreck to find out how each element has 
fared. There’s a risk of compromising the 
evidence as you pick apart the wreckage.

If only there was a giant version 
of the kind of X-ray scanners we use 
to look at bones, it would be possible 
to get a detailed look inside the 
vehicle without disturbing it. The 
Fraunhoffer Institute, in Germany, 
has such a scanner – one so big it can 
accommodate cars, aeroplane wings 
and dodgy shipping containers. This 

giant scanner enables users to observe 
the insides of a mangled car in 3D,  
pinpointing internal structures to 
within less than a millimetre. This 
research is vital, as in the event of an 
impact, a car’s structure typically has 
less than 1/10 of a second to save the 
occupants. This detailed knowledge 
on how all elements perform could be 
vital in designing safer vehicles.

Although this may seem like 
another story of phenomenal German 
engineering, the tech at the heart of it 
was started by a Nobel Prize-winning 
Englishman working at a record 
company in the early 1970s.

Godfrey Hounsfield was a 
researcher for EMI. He figured out that 
by X-raying an object from several 
angles, a computer could be used 

to build an accurate 3D model of its 
interior. One of his early tests was on  
a pickled brain, using a lathe to 
provide a slow rotating action. It took 
nine days, but started an imaging 
revolution. These CT (computerised 
tomography) X-ray scans have become  
invaluable for doctors. 

Realising their mechanical 
specimens didn’t need the delicate 
treatment and exposure limits of 
living tissue, engineers ramped up the 
power, and increased the scanning 
times to get phenomenally accurate 
internal views and measurements.

And, now the Fraunhoffer Institute 
has taken all that and supersized it, 
there’s a good chance that X-rays will 
be preventing broken bones as well as 
detecting them. 

A German company has supersized the humble hospital 
scanner and is using it to look inside mangled car 
wrecks and learn how to make cars even safer

  ‘Tomography’ is, roughly, 
Latin for ‘drawing from slices’

It’s a reference to how CT scanners 
draw the bigger picture from 
different slices of X-ray

ABOVE A 3D 
visualisation of the 
wreckage of a car 
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Jem Stansfield
TV presenter & engineer
+ Jem has a degree in aeronautics  
and is a presenter on the BBC T V show 

Bang Goes The Theory. He has also worked on special 
effects for movies. 
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big freeze
 The extreme lengths some 

creatures go to in order to 
make it through the winter.

78 from fang  
to pharmacy
 How scientists are tapping 

into black mamba venom to 
create potent painkillers.

80 exploring  
vaSt caveS
 Inside the newly 

discovered caverns so 
large they have their own 
weather systems. 
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words BY  hayley birch  illustration BY  magictorch

From strange lights in the sky to rocks that 
spontaneously glide across the ground, the mysteries 

scientists are trying to finally crack
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Several of the stone spheres found 
in Costa Rica were destroyed

Workmen believed they 
contained gold and blew 
them apart with TNT

piltdown man’s oversized head led 
scientists to believe he was the missing 
link between humans and apes.
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Since the theory of 
evolution emerged in 

the 19th century, scientists 
have been faced with some 
surprising discoveries that 
have seemed to defy it. Perhaps 
the most puzzling have been 
fossils – and, in particular, 
human fossils – turning up in 
the ‘wrong’ place. Fossilised 

fingers and footprints uncovered 
in geographical regions and 
archaeological time zones they 
don’t belong to have fuelled 
creationist arguments and forced 
scientists to defend Charles 
Darwin’s widely accepted theory.

Some of these discoveries 
may yield new information about 
our ancestry. Others will 
undoubtedly be revealed as 
honest mistakes or, at worst, 
fakes. In one of the most famous 

examples of a fossil forgery, an 
apparently human skull was 
unearthed in the Sussex hamlet 
of Piltdown in the UK. From a 
series of finds starting in 1911, 
amateur archaeologist Charles 
Dawson pieced together 
fragments that were considered 
to be from a 500,000-year-old, 
big-brained human, dubbed 
Piltdown Man. At first, Piltdown 
Man’s oversized head led 
scientists to believe he was ‘the 

missing link’ between humans 
and apes. But by the 1950s, it had 
become clear that Piltdown Man 
was a hoax. His ape-like jaw was 
not just ape-like – it once 
belonged to an ape and had  
been combined with a diseased 
human skull that radiocarbon 
dating revealed was less than 
1,000 years old. Chemical 
analysis also showed that the 
skull was probably stained to 
make it look older.

there are no written records  
of the culture of the people who 
created them.

Why the people of pre-
Spanish colonisation 

Costa Rica decided to carve 
hundreds of giant balls out 
of stone is as much a mystery 
today as it was when the balls 
were discovered. The great balls 
of Costa Rica were found by the 
United Fruit Company in the 
1930s, when it was clearing land 
to turn into banana plantations. 
Some are as large as two metres 
in diameter.

Now dated to between 600 
and 1000 AD, the balls are known 
locally as Las Bolas. What makes 
solving the mystery particularly 
challenging is there are no 
written records of the culture of 

the people who created them. 
Spanish settlers ensured the 
indigenous population’s cultural 
heritage was wiped out.

One of the first investigations 
of the stones was published 
in 1943 by archaeologist Doris 
Stone, who mapped their 
distribution. University of 
Kansas anthropologist Professor 
John Hoopes has dismissed 
most theories about the stones’ 
purpose – in particular those 
concerning lost cities and space 
ships. In 2012, he travelled to 
Costa Rica to evaluate their 
potential for World Heritage 
Status. A decision has not yet 
been made.

Giant stone spheres whose 
purpose is unfathomable

9 the great ballS 
of coSta rica

ABOVE One of around 300 stone spheres, known as Las Bolas, discovered by the United Fruit 
Company in Costa Rica while clearing land for banana plantations in the 1930s 

The remains of 
long-dead creatures 
that crop up in the 
wrong place

10 impoSSible 
foSSilS

Charles Dawson recovering  
the bones of Piltdown Man,  

later found to be a hoax
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Some frogs that have fallen 
from the sky have survived 

In other instances, the animals 
have been encased in ice and 
frozen to death

7 reappearing cicadaS
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odzaci, in serbia, has supposedly been 
pelted by frogs, and perch have fallen 
on lajamanu, australia.

In January 1917, biologist 
Waldo McAtee presented 

a paper to the Biological 
Society of Washington, rather 
disturbingly entitled Showers 
of Organic Matter. The paper’s 
contents list reads like a recipe 
for a witch’s potion, covering 
everything from hay and flesh to 
ants and toads. In the eight-page 
report, he dispenses with more 
spurious claims, while seeming 
to accept salamander larvae 

raining down on Minnesota, and 
showers of sprats, whitings and 
herrings in the UK.

Odzaci, in Serbia, has 
supposedly been pelted by 
frogs, and perch have fallen 
on Lajamanu, Australia. After 
tadpoles rained on the Japanese 
cities of Nanao and Hakusan 
in 2009, it was suggested birds 
dropped them. If this were true, 
though, the tadpoles should have 
been more widely distributed.

When wildlife falls from 
the skies like rain

8 raining SpratS 
and frogS

Frogs and other small aquatic 
animals are commonly found in 

reports of ‘animal rain’

 Scientists are sceptical about 
animal rain, but one simple 
explanation by a French physicist 
in the 19th century is that high 
winds pick up and drop the 
animals. A slightly more complex 
theory involves a ‘tornadic 
waterspout’ – a tornado that 
crosses a pond or lake, sucking 
in aquatic life as it goes. Fish 
might be pulled in by the vortex 
and deposited wherever the 
waterspout runs out of steam. 

However, while there seems to 
be tentative agreement that this 
would be possible, there are no 
scientific studies that confirm it. 

McAtee was more concerned 
with how these chance events 
might serve population 
dispersal. “Fishes are fated to 
fall where they cannot survive,” 
he wrote. “Their inability to live 
long out of water strictly limits 
the possibilities of their deriving 
advantage by wind transport.” 

in 2013 they hadn’t been seen since 
1996. but that summer billions of 
magicicada septendecim appeared.

The adolescents emerge 
from their dark little 

homes, after a 17-year slumber. 
They arrive noisy, in a frenzied 
search for a partner. No, they’re 
not teenagers on the way to their 
school prom. They’re cicadas.

Periodical cicadas are, for the 
most part, quiet and solitary, 
spending their days burrowing 
underground. They’re long-lived 
for insects and don’t mature 
until their 17th year. In the 
summer of this year, however, 
something happens. En masse, 
they rise from the ground as a 
plague of lust, in search of mates. 
Two or three weeks later, they 
die, leaving behind the products 
of their furtive love-making. The 
hatchlings worm their way into 
the soil to start the cycle again. 

The question is: how do they 
do it? If you were stuck in the 
dark for a few days, you’d 
probably have trouble 
telling the time. 
These guys don’t. 

In 2013, they hadn’t been seen 
since 1996. But that summer, 
billions of Magicicada septendecim 
appeared, bang on schedule, to 
make cicada babies across the 
eastern US. It gets weirder. While 
17-year cicadas hit the north- 
east states, the more south-
easterly states are struck by an 
invasion that takes place every 13 
years. The connection between 13 
and 17? They’re prime numbers.

This has led scientists to 
speculate that the cicadas’ life 
cycles evolved to avoid coinciding 
with those of their predators. 
Both 13 and 17 have only two 
factors (one and themselves). So, 
cicadas stayed out of sync with 
foes that had two- or three-year 
life cycles. In fact, they avoided 
every predator with a life cycle 
longer than one year and shorter 
than their own. A neat trick, but 

it doesn’t explain 
how they 
keep track of 

the time.

Insects that suddenly wake up after 
nearly 20 years to find a mate

Periodical cicadas have an 
incredible sense of timing
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scientists have scratched their heads 
over the trails left by sliding stones 
since early in the 20th century.

ABOVE Wind passing over sand dunes 
generates sound
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The average human hearing 
range is 20-20,000 Hz

It varies between individuals, 
with older people usually 
having a smaller range

It sounds like the title 
of a dodgy horror film 

about killer bees. The Hum is 
actually the name given to an 
irritating low-frequency noise 
that’s been bothering the locals 
everywhere from Bristol to 
Bondi. Here’s the thing, though 
– not everybody can hear it. Less 
than one in 20 people can.  
Which is pretty annoying if 
you’re that one in 20 and nobody 
will believe you.

Last year, residents of 
Beaufort in County Kerry, 
Ireland, begged the local 
council to deal with a persistent 
humming noise that had begun 
the previous April. One resident 
told the Irish Examiner, “Not 
everybody in the parish has 
heard the noise, but just because 

At Racetrack Playa in the 
Death Valley National 

Park, California, strange forces 
are at work. Forces capable of 
pushing heavy rocks across 
the flat surface of a dried-out 
lake while no one is looking. 
Scientists have scratched their 
heads over the trails left by these 
sliding stones since early in 
the 20th Century. In the 1960s, 
Californian geologists started 
a rock monitoring programme. 

they can’t hear it doesn’t mean 
it isn’t there.” The council tried 
switching off water pumps that 
residents blamed for The Hum, 
but it made no difference.

Elsewhere, scientists have 
attributed The Hum to tinnitus, 
distant waves crashing, 
industrial noise and singing 
sand dunes. In 2006, one New 
Zealand scientist claimed to have 
recorded the sound.

They tracked 30 stones, weighing 
up to 25kg, 28 of which moved 
during a seven-year period – 
some more than 200m. Analysis 
of the stones’ trails suggested 
speeds of 1m per second. In 
most cases, the stones travelled 
in winter. In the decades that 
followed, theories about ice  
and wind gained support.  
Others involved algal slime and 
seismic vibrations.

So what’s happening? Are 

An unidentified drone that only some 
people are able to hear

Stones that slide across the ground 
under some kind of mysterious force

6 the annoying  
low-frequency hum

5 wandering rockS 
of death valley

ABOVE Waves crashing into one another and the energy resonating through the ocean floor is one 
of the possible explanations for The Hum that have been put forward by scientists

the stones sliding around in bad 
weather? “We think so,” says 
Dr Gunther Kletetschka, of the 
Academy of Science of the Czech 
Republic and Charles University 
in Prague, who led a 2013 study 
on the stones. His team’s 
research describes what happens 
when water on the Playa surface 
freezes. According to their 
theory, ice stuck to the stones 
remains frozen longer than the 
surrounding ice – because rock 

conducts heat away faster. This 
reduces the force between the 
rocks and the Playa surface, so 
they can be pushed by the wind. 

No one has yet caught the 
stones in the act, and they’ve 
been strangely still of late. 
Kletetschka thinks this is due 
to water levels. “The reason for 
stones not moving recently is the 
presence of an artificial trench, 
draining the excess water from 
the Playa,” he says.

The moving rocks of Death  
Valley National Park shift  
at 1m per second

scientists have attributed the hum to 
tinnitus, waves crashing, industrial 
noise and singing sand dunes.
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while we know the monarchs target 
just 12-15 mexican mountain sites,  
we don’t know how they get there.
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Ball lightning shines as 
brightly as a 100W lightbulb

The balls range  
from golf ball to  
beach ball-size

4 ball lightning

Each year, millions of 
North American monarch 

butterflies migrate 2,000 miles 
south for winter. For years, no 
one knew where they ended up.

Then, in the 1950s, Norah 
Urquhart and her husband Fred, 
a zoologist, began tagging and 
tracking the creatures. In 1976, 
tipped off by a local woodcutter, 
they climbed to the top of the 
‘Mountain of Butterflies’. All the 
butterflies in North America, 

it seemed, were in a mountain 
forest in Mexico.

That’s not where the story 
ends. While we know the 
monarchs target just 12-15 
Mexican mountain sites, we 
don’t know how they navigate 
there. Studies suggest they use 
the position of the Sun to fly 
south, adjusting for the time of 
day through circadian clocks in 
their antennae. But the Sun only 
gives them a general direction. 

Monarch butterflies find their way 
thousands of miles to specific mountains

3 incredible butterfly 
navigation

Nikola Tesla, the physicist 
who invented AC power, 

supposedly created ball 
lightning in his lab. He wrote in 
1904 that he “never saw fireballs, 
but… succeeded in determining 
their formation and producing 
them artificially”.

It was a surprising claim 
then, and is perhaps even more 
surprising now given that 
modern scientists have struggled 
to reproduce the results. What’s 
more, many in the scientific 
community remain sceptical 
about the existence of ball 
lightning, full stop. However, 
eye witness reports of naturally 
occurring ball lightning were 
made as far back as the era of the 
ancient Greeks. 

In modern times, the 
phenomenon of ball lightning 
has generally been described 
as being a luminous sphere 
that appears during or after a 
thunderstorm. There have also 
been reports of lightning balls 

passing through window panes 
and down chimneys.

Some theories suggest 
ball lightning is a plasma, 
others that it is the result of 
a chemiluminescent process 
– light that occurs due to a 
chemical reaction. 

In August 2013, researchers 
at the US Air Force Academy 
in Colorado made and 
photographed bright white 
plasmoid balls in their lab. The 
balls were generated from high-
power electric sparks, discharged 
by electrodes partly submerged 
in electrolyte solutions.

 Even the researchers 
couldn’t be sure that what they 
had created was ball lightning. 
Therefore, they refer to the 
phenomenon as “ball-lightning-
like atmospheric pressure 
plasmoids”. Slightly less  
exciting than Tesla’s fireballs, 
perhaps, but it’s certainly the 
closest that anyone has come  
to repeating his work.

The ‘Mountain of Butterflies’ in 
Mexico is an annual destination  
for millions of monarchs

Reports of ball lightning have 
described it as moving in multiple 
directions or even hovering

What guides them towards the 
Michoacán mountains? 

“They are funnelled in, 
probably by landmarks as they 
reach the overwintering site,” 
says Professor Steven Reppert, a 
monarch expert at the University 
of Massachusetts. “But how they 
home in is still a mystery.”

Landmarks such as the 
Gulf of Mexico couldn’t 
provide enough information 
to take butterflies all the 
way, so they must use 

other short-range navigation 
systems. One theory is that 
a geomagnetic force attracts 
them, although, says Reppert, 
“that’s never really panned 
out”. Scientists only recently 
acquired some of the genetic 
tools needed to probe the details 
of their navigation systems. 
Now they have a full genetic 
code, they are starting to knock 

out genes to see how this 
affects the animals’ sense 

of direction. 

many in the scientific community 
remain sceptical about the existence 
of ball lightning.

Spheres of light that appear during or 
after a thunderstorm
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ABOVE The largest of the designs are more than 200 metres across and vary in 
complexity from simple shapes to complicated geometric patterns

Covering a 450km2 expanse of 
coastal desert, the Nazca Lines 

are oversized artworks etched into 
the Peruvian plains. Including large 
geometric designs (the ‘Lines’ proper) 
as well as pictures of animals, plants 
and rarer human-like figures, they 
are visible from the air as giant line 
drawings. They are thought to have 
been created by the Nazca people over 
a 1,000-year period between 500BC 
and 500AD, but no one knows why.

Despite World Heritage status, 
the Peruvian authorities have trouble 
protecting the Lines from squatters. 
According to Peruvian law, which 
protects the landless, squatters only 
have to stay for a single day in order to 
be able to stake a claim. 

Last year, reports emerged 
of Peruvians raising pigs on the 

artworks. In their view, the site is 
simply an expanse of wasted space  
in a region with a rapidly growing  
poor population.

Meanwhile, archaeologists are 
trying to study the Lines before 
they are destroyed. Early claims 
that the designs formed part of 
an astronomical calendar have 
been discredited and, since 1997, 
researchers working as part of a 
Peruvian-German collaboration have 
turned their attention to the history 
and culture of the people who created 
them – how they lived and what 
happened to them. 

In 2012, Yamagata University,  
in Japan, announced that it would 
open a research centre at the site as 
part of a 15-year project to study more 
than 1,000 drawings.

Vast shapes drawn in the Peruvian 
sand by an ancient population – 
but no one knows why

2 the nazca lineS

The Nazca Lines depict 
many different animals, 
including hummingbirds

early claims that the lines formed  
part of an astronomical calendar  
have been discredited.

The designs are created by digging 
shallow trenches that reveal the 
lighter coloured clay soil beneath 

iM
aG

E 
©

 t
h

in
ks

to
ck

The Nazca Lines are preserved 
due to a dry, windless climate

The Nazca desert 
maintains a temperature of 
around 25°C all-year round
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Science writer
+ the co-author of the big Questions 
in science is involved in science 

communication projects such as bright club and  
geek pop @gingerbreadlady

ABOVE Earthquake lights may resemble a rainbow, but the explanation for them  
is by no means as simple as the refreaction of sunlight through raindrops

ABOVE Earthquake lights in the Matsushiro area, 
Japan, 26 September 1966

For mystery, controversy 
and epic scale, nothing beats 

earthquake lights – the unexplained 
illuminations in the sky that can 
accompany a seismic shudder. The 
mystery: what causes them? The 
controversy: do they even exist? 
And the epic status? Well, it’s like an 
earthquake and a lightning storm all 
rolled into one. It’s beyond Biblical.

There’s even a legend stretching 
back thousands of years. Italian 
physicist Cristiano Ferugia assembled 
a complete account of earthquake light 
reports dating back to 2000BC. For 
a long time, however, geoscientists 
remained sceptical about the strange 
phenomena, preferring to leave it 
in the crazy box, along with Bigfoot 
and UFOs. It wasn’t until 1966 that 
hard evidence emerged, in the form 
of photos from the Matsushiro 
earthquake in Japan.

Now, of course, you have only to 
head to the internet to cme across 
hundreds of pages full of earthquake 
light photos, many of dubious 
authenticity. But the lights appear in 
so many different colours and forms 
– from red to white to blue, and in 

globes, flickers and glows – that it’s 
difficult to spot a fake. The various 
theories include heat caused by 
friction, radon gas and  
piezoelectricity – an electric charge 
accumulating in quartz rocks as 
tectonic plates move.

In 2003, NASA physicist Dr 
Friedemann Freund carried out lab 
experiments, which suggested that 
earthquake lights are caused by 
electrical activity in rocks. He says 
shockwaves from earthquakes can 
change the electrical properties 
of silicon and oxygen-containing 
minerals, allowing them to transmit 
currents and emit light. 

But Professor David Brumbaugh, at 
the Arizona Earthquake Information 
Center in Flagstaff, Arizona, thinks 
the theory can be considered only 
a “possible explanation” at best. 
“Although Freund’s theory seems 
promising, the answer may be a 
bit more complicated,” he says. 
Brumbaugh, however, admits he’s not 
aware of any new research that would 
be as useful as Freund’s.

The Italian scientist, Ferugia, went 
on to collect reports from people who 
witnessed the 2009 Aquila earthquake 
in Abruzzo. But of more than 1,000 
reports of luminous ‘anomalies’, most 
could be explained by thunderstorms, 
electrical short circuits and… er… the 
planet Venus. 

Ethereal lights that appear in the 
sky before and during a quake

1 earthquake lightS

The aftermath of 2009’s earthquake 
in Aquila, one of the most recent 
incidents where earthquake lights 
have been reported

it wasn’t until 1966 that hard 
evidence emerged, in the form  
of photos from japan.
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Earthquake lights have been spotted 
up to 250 miles from an epicentre

The accounts relate to 
an earthquake in Idu, 
Japan, in 1930 
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nature uncovered
 Surviving the freeze

No heart rate or brain activity are no problem

 If a human were to let their body 
freeze, the result would be all-over 

frostbite and probably death. But there 
are creatures whose tissues are able to 
freeze solid in cold weather, then defrost 
in the spring, with no adverse effects. 

Take the wood frog, a native of North 
America, which hibernates over the 
winter hidden beneath leaves. It has 
‘nucleating proteins’ in its blood that, 

carried out at Carleton University in 
Ottawa, Canada, shows that when 
temperatures begin to rise, it takes 
around 20 minutes for the ice to melt 
in the frog’s circulatory system and a 
further 20 or 30 minutes for its heart 
to begin beating. It can go through this 
cycle several times in a year.

Freezing has become an essential 
part of the frog’s life. If temperatures 
remain too warm, it doesn’t freeze and 
requires food throughout the winter. 
Food is scarce at that time of year, so the 
frog is more likely to die than if it were in 
a state of suspended animation.

Let the body freeze

The only hibernating bird 
is the common poorwill

This nocturnal North 
American bird sleeps 
concealed among rocks

Animals have all sorts of strategies for 
coping with cold temperatures – and  
some are pretty extraordinary

when its body temperature drops below 
zero, cause water to be drawn from the 
frog’s cells into its blood, where it can 
safely freeze. This spares the cells the 
damage that would be caused by ice 
crystals forming in them. The water in 
the cells is replaced by urea and a sugary 
liquid produced by the frog’s liver. 

While in this state, the frog displays 
no heart or brain activity. Research 

surviving the big freeze
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The Antarctic 
icefish is able to 
stop ice crystals 
growing in its blood

Humpback whales  
migrate to the 
tropics in search of 
warmer waters

@SciUncovered 75

Stopping ice crystals 
forming is the key

If it gets too cold where 
you’re living, simply 
move somewhere else

 As the weather turns colder, food 
can get scarce and this causes 

huge movements of animals in search of 
fresh supplies. Whole herds regularly 
migrate across vast distances, running a 
gauntlet of predators, while tiny birds set 
out across the widest oceans.

Under those oceans, enormous 
creatures migrate. “A lot of whales 
migrate between the poles and the 
tropics,” says Dr Rory Wilson, Professor 
of Aquatic Biology at Swansea University. 
“If they migrate to the pole for when  
it’s summer there, then there’s a lot  
of food around, so they can really  
gorge themselves.” 

Whales, such as the humpback, 
head to warmer waters to escape the 

 The Antarctic icefish, which, as its 
name suggests, lives in the 

freezing waters around the South Pole, 
has a natural antifreeze in its blood. Salt 
water freezes at a lower temperature 
than fresh water, and the icefish live in 
seas as cold as -2ºC – conditions that 
would kill most fish species.

As with the wood frog, it’s a protein 
that protects the icefish. Known as an 
ice-structuring protein, it binds to ice 
crystals as they form in the fish’s blood, 
and prevents them from growing any 
larger while also inhibiting the growth 
of new ones. It can do this because ice 
crystals have flat surfaces it can stick 
to – something not usually found in 

blood cells. Icefish blood also has fewer 
red blood cells than most other species. 
This means its blood is less viscous and 
able to keep flowing in extreme cold. 
One species, the crocodile icefish, has 
so little haemoglobin its blood is yellow. 
These fish are able to survive because 
their Southern Ocean home is high in 
dissolved oxygen, the solubility of which 
is increased at low temperatures  
– enough to be carried in blood plasma.

The icefish is not the only living 
thing to fight the cold in this way. The 
winter flounder, which lives in the cold 
waters at the opposite end of the planet, 
also uses the same technique. 

Winter rye uses similar ice-
structuring proteins in its leaves and 
stems to survive low temperatures and 
keep growing through the winter. The 
proteins also occur in at least 23 species 

Use an antifreeze

Migrate to 
warmer 
climes

of flowering plants, as well as some 
fungi and bacteria. And in 2002 the 
American Food and Drug Administration 
(FDA) received an application to use 
ice-structuring proteins in ice cream, 
which it approved. The proteins are the 
same as in fish, but are produced using 
genetically modified yeast. They prevent 
ice crystals forming in frozen desserts, 
spoiling the texture, in the same way as 
they do in icefish blood.

suffocating ice of the polar winter and 
to breed, but there’s actually less food 
for them nearer the equator. “Because 
they’re so big, they can fast the rest 
of the time and they go to the tropics, 
where there will be a lot less heat lost 
into the water than if they were in 
Antarctica,” says Wilson. 

You may think that the whales are 
taking a big risk by delivering their 
calves in an area where food is so  

scarce. Not so: “Being born in warmer 
water is actually a lot easier for the 
calves, and the mothers can nurse them 
by using up the reserves they’ve built  
up over the previous summer,” says 
Wilson. “They can feed their calves 
with a lot of nutrient-rich milk. The 
calves then get bigger and fatter, and are 
therefore better able to deal with the cold 
when the time comes to head back to the 
poles to feed.”

Mitsutaka Uchikoshi was 
frozen for 24 days in 2006

When found, the missing hiker’s 
temperature was half its normal 
level and he barely had a pulse

nature uncovered
 Surviving the freeze
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How HIbernatIon  
Is controlled
Some animals hibernate in response 
to dwindling food supplies. For others, it’s the  
photoperiod – or length of the day – that triggers it. In 
others, it’s simply down to a biological calendar, or 
circadian rhythm – and it’s not fully understood. Once 
triggered, hibernation is mainly controlled by the 
endocrine system – hormones, in other words.

 Sleeping through the cold, dark 
winter might sound like a good 

idea to some people, and while that’s 
exactly what certain species of animals 
do, hibernation is more than just sleep. 
The entire metabolism of the animal 
becomes suppressed. Their body 
temperature falls; their breathing and 
heart rate slow.

“A bat may normally have a heart 
rate at around 400 beats per minute at 
rest and might reduce this to 11-25 beats 
per minute when it’s in torpor,” says Dr 
Kate Barlow from the Bat Conservation 
Trust. “By slowing down their body 
systems, they use up less energy – a bat 
may use up only about 1% of its normal 
requirements when hibernating.”

Bats don’t spend the entire winter 
asleep, however. “They will arouse at 
regular intervals, on average every 
couple of weeks, using their stored fats 
as energy to increase their heart rate, 
and breathing and shivering their bodies 
to warm themselves up until their 
body temperature is back to a normal 
level and they are active,” says Barlow. 
“The reasons for waking aren’t fully 
understood – it must be important for 
winter survival as it costs the bat a lot in 
energy terms. It may be to allow the bats 
to feed, as they will often become active 
on milder winter nights when insects 
might be flying, to drink, mate or move 
between hibernation sites.”

While bats may hibernate in man-
made structures such as mines and 
tunnels, other creatures make a nest. 
The ideal hibernation temperature for 
the dormouse is 1ºC – just warm enough 
to prevent it freezing, so it weaves 
a structure of leaves on the ground. 
They can even go into a state similar to 
hibernation during spells of bad summer 
weather when food is scarce. 

nature uncovered
 Surviving the freeze
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Dormice build a 
nest of leaves in 
which to hibernate

Black bears hibernate in 
response to dwindling 

food supplies

IM
AG

Es
 ©

 T
h

In
ks

To
ck

76 @SciUncovered

Hibernate 
the winter 
away
Enjoy an extended 
period of deep sleep 

The Arctic tern has the 
world’s longest migration

In an average lifetime, the bird will 
migrate about 1.5 million miles, or  
to the Moon and back three times
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ReadeR suRvey 
 Tell us what you think!

Have youR say! 
Take our five-minuTe survey and 

help us shape science uncovered

Go to science-uncoveRed.com/suRvey

tell us wHat you tHink! 
you could win £250/$400 

of amazon vouchers

 Closing date: 13 March 2014. Prize draw open to those aged 16+ in the UK, US or Australia. For full prize 
draw T&Cs please refer to futureplc.com/survey-prizedraw-terms-and-conditions
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nature uncovered
 Drugs from venom

78 @SciUncovered

he deadly venoms 
delivered by snakes, 
spiders and scorpions  

are not the most obvious source  
of ingredients to soothe our aches 
and make us well. After all, these 
toxic cocktails are tailor-made to 
incapacitate and kill. And yet  
animal venoms are proving to be a 
wellspring of molecules that could 
become powerful new drugs for 
everything from chronic pain to MS 
and cancer. 

Venom is a rich broth of thousands 
of different molecules designed to 
evade the victim’s immune system 
and seek out their targets. They glom 
on to cell fragments in the blood – to 
prevent clotting, for example – or 
block surface receptors on nerve cells 
to shut down the nervous system. 
“These peptides [the building blocks 
of proteins] have been optimised over 
hundreds of millions of years of 
evolution to hit their molecular targets 
with high potency and selectivity,” 
says Dr Eric Lingueglia of the Institute 
of Molecular and Cellular 
Pharmacology in Valbonne, France.

Lingueglia is one of a band of 
scientists searching these raw 
materials to find molecules 
that have an effect on 

From Fang to pharmacy

human physiology. Last year, his team 
isolated a pair of peptides from black 
mamba venom that could become 
potent painkillers. They began by 
testing venoms on a cellular target –  
in this case a gateway on the surface  
of nerve cells that is involved with 
pain sensing. 

The researchers found two active 
molecules, dubbed ‘mambalgins’. 
When each mambalgin was injected 
into injured mice, both peptides 
relieved pain as effectively as 
morphine and with fewer side  
effects (see right).

“We were expecting some 
analgesic effect but we were surprised 
by the potency,”  says Lingueglia. His 
team is now trying to figure out 
whether mambalgins exert the same 
analgesic effect in humans, and how 
the molecular structures might be 
tweaked to make even more potent 
versions that could be developed into 
painkilling drugs. “We have evidence 
that the cellular gateway blocked by 
these peptides is important in 
humans,”  he says, “so we expect 
mambalgins to work.” 

“Venom is a rich broth of thousands  
of different molecules designed to  
eVade the Victim’s immune system.”

Venoms are usually associated with pain  
and death, but they’re actually packed  
with chemicals that can cure our ills

T

Black mambas average 2.4m in 
length and can grow up to 4m

They’re the second-longest 
venomous snake in the 
world, after the King Cobra

words BY dan cossins
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other venom 
cures for disease

pain strikes
When ASICs open, this allows 
positively charged atoms to flood 
inside the nerve cells, causing 
them to fire and trigger the 
sensation of pain. This warns  
that there is something wrong.

preparing For pain
Pain-sensing nerve cells in  
our bodies are dotted with tiny 
gateways called acid-sensing  
ion channels (ASICs). When we  
get injured, our damaged cells 
release atoms that create  
acidic conditions, and ASICs 
respond by opening up.

+ Exenatide, a synthetic version of a 
peptide isolated from the saliva of a 
venomous lizard called the Gila monster, 
improves blood sugar control in patients 
with type 2 diabetes. The US Food and 
Drug Administration approved the  
drug, sold as Byetta, in 2005.

+ Eristostatin, a molecule isolated from the 
venom of the Asian sand viper, is an 
anticoagulant. But because it also binds to 
melanoma cells and appears to attract the 
immune cells that clear tumours, 
researchers are investigating eristostatin 
as a potential lead for new cancer drugs.

+ The peptide ShK-186 is a slightly 
modified version of a molecule found in the 
venom secreted by the soft tentacles of 
the Caribbean sun anemone. It is being 
developed as a treatment for autoimmune 
diseases such as MS and type 1 diabetes. 
Clinical trials are already underway.

nature uncovered
 Drugs from venom

The box jellyfish is 
the most venomous  

Its tentacles can sting even  
if separated from the body,  
or after the creature is dead

diabetes

ms & diabetes

cancer

blocking pain
In mice, mambalgins block the 
gateways so effectively that the 
cells do not fire even when nearby 
cells are damaged. The hope is 
that they will do the same thing  
in humans – blocking pain.

key component
Molecules called 
mambalgins are 
among the many 
components of black 
mamba venom.

how to mass- 
produce venoms
+ Researchers need a ready supply  
of venom-derived molecules for drug development. It’s 
relatively simple – clone the peptide-producing gene, 
and insert it into bacteria. These serve as factories and 
churn out an infinite number of the peptide. The more 
expensive option is for chemists to produce a synthetic 
version by piecing together its component parts.

the key to pain relieF
Mambalgins are perfectly shaped to fit 
into the gateways on pain-sensing nerve 
cells, much like a key in a lock, and 
deadbolt them so the gates can’t open 
up even under acidic conditions. IM
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nature uncovered
 Underground weather

“When it comes to big holes in the ground, 
our planet probably wins the prize, 
because it has the magic ingredient lacked 
elsewhere in our solar system – easily 
dissolved limestone. But other planets may 
also have caves.” 

Matthew Genge
Geologist, Imperial College London 

@SciUncovered80

he Sang Wang Dong cave  
in China is so vast that it 
exhibits the kind of 

weather phenomena we would 
normally observe above ground. The 
largest of this recently explored cave’s 
chambers, known as Cloud Ladder 
Hall, is the biggest cave space ever 
discovered. It has thick cloud and fog 
hanging in the upper half, which gets 
trapped there, unable to escape 
through the small passage in the 
cave’s roof.

Cloud Ladder Hall is deep enough 
to maintain warm air temperatures, 
and is moist thanks to streams 
running through it. “When warm air 
containing moisture rises and 
condenses, it spreads out as a layer 
where the air matches its density, ”  
says Dr Tim Burrows, senior lecturer  
in Earth systems science at the 
University of Exeter. “Although the 

Weather Goes 
underGround

cave is big, air wouldn’t be able to 
circulate well, like it does above 
ground.” This results in the chamber’s 
ceiling being constantly shrouded in 
thick fog, some of which eventually 
finds its way out of the cave system.

Sang Wang Dong, in China’s 
Chongqing province, has recently 
been explored by a 15-strong 
international team. It’s located close 
to Er Wang Dong, another cave with its 
own weather system. The two caves 
are believed to connect up somewhere 
– although exactly where that 
happens has yet to be discovered. A 
series of tiankengs, or sinkholes 
– holes in the ground where the cave 
roof has fallen in – often have clouds 
hanging above them, forming where 
cave humidity rises into cooler air. 
This phenomenon is seen in other 
large cave systems too, such as 
Vietnam’s Hang Son Doong. 

the largest of the cave’s chambers, 
known as cloud ladder hall, is the 
biggest cave space ever discovered.

Welcome to the amazing subterranean world with its 
own unique atmosphere

T

Most caves are formed in limestone, 
gypsum, dolomite or marble

These are rocks that are easily 
dissolved over time as water 
seeps through cracks

stairWay to heaven
The atmospheric Cloud 

Ladder Hall measures about 
51,000m2, or about the size 

of 12 football fields. 

shininG liGht
A caver’s head torch picks 
out another caver, who is 
suspended on a thin rope.

words BY  christian hall
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creatinG a hoMe In sang 
wang Dong cave 

other Giant  
cave systeMs 

+ A team of 15 photographers and cavers explored the 
vast cave systems in Chongqing province, China, that 
include Sang Wang Dong cave. They ventured so deep 
underground they had to set up camp in caverns, 
making hot food and drinks and sleeping on roll mats 
or suspended hammocks.

hidden ceilinG
Increasingly thick fog conceals 

the roof of the cave 250m above, 
while on the ground some 

boulders are as big as houses.

+ A huge, fast-flowing underground  
river carved out this cave in Vietnam, 
which is the largest in the world. Located 
in a remote jungle, it was discovered in 
1991. Incredibly, in one section of the  
cave you can walk 2.8 miles before  
hitting an obstacle.

+ This massive cave chamber on the island 
of Borneo measures 700m by 400m, with 
an average height of 70m. The colossal 
space is around three times the size of the 
Big Room at Carlsbad Caverns, New 
Mexico, which is one of the world’s 
best-known cave attractions.

+ Known to be the longest cave system  
in the world, Mammoth Cave’s surveyed 
passageways total around 400 miles and 
experts believe there are many more to 
find. The caves, found in the US, formed in  
a mixture of limestone and sandstone 
strata, making them stable.

nature uncovered
 Underground weather

Caves are decorated 
by ‘speleothems’

These structures, such as  stalactites (that 
hang down) and stalagmites (that rise up), 
are formed from minerals in water

saraWak chaMber

MaMMoth cave

hanG son doonG

can the cave be used to 
predict the Weather?
+ People living around the caves  
in China make forecasts based on observations of the 
tiankengs, most notably at the 200m deep Er Wang 
Dong entrance. If there is fog coming from the cave, 
rain is expected. “The amount of mist largely depends 
on the surface weather and particularly temperature,” 
says expedition speleologist Erin Lynch.  

Water source
Fast-flowing streams pass through 
many of Sang Wang Dong’s rooms, and 
respond to heavy rain. This constant 
moisture source helps to maintain the 
clouds in Cloud Ladder Hall.
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 Learn how science shapes our creations

86 The burger  
of The fuTure 
 Scientists are  

redesigning the humble 
quarter pounder, turning  
it into a health food in  
the process.

89 Touchscreens geT 
Touchy-feely
 Soon you’ll be able to  

feel objects on your phone 
and tablet screen as well  
as see them.

Germany has the 
most solar cells

At peak times, the country 
exports large amounts of its 
power to its neighbours

InsIde ThIs 
secTIon 
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Energy microgeneration is more 
common in developing countries

Ethiopia aims to become 
Africa’s lead producer  
of renewable energy

Technology uncovered
 Personal power generation

With growing demand and dwindling resources, there’s 
only one direction our fuel bills are going. But soon we’ll 
have power stations in our back gardens
words BY  duncan geere

permit the generation of electricity 
and heat on far smaller scales than 
traditional power plants. While a 
single big plant is often more efficient 
than thousands of small ones, a 
significant portion of what it produces 
is then lost between the power station 
and your house. But by attaching what 
is essentially a small power plant to 
your house, losses are minimised.

The options for homeowners, 
small businesses and communities 
to generate their own power are 
currently fairly limited. Today’s 
generation of solar panels and wind 
turbines are effective when used en 
masse, but on a smaller scale they can 
take upwards of 10 or 20 years for the 
reduced energy bills to fully offset the 
up-front cost of installation. 

Re volu tion Begins
But researchers are now testing energy 
systems that can deliver far greater 
power efficiency, as well as elegant 
solutions to the problem of storing 
electricity. Ultra-efficient solar panels 
integrated in the walls of buildings, 
vibrational wind energy collectors, 
fuel cells, and even hydroelectric and 
geothermal heat sources may become 

nergy prices are high 
almost everywhere in 
the world and are getting 

higher. It’s turned the cost of the 
fuel we use to power our homes into 
a political issue that’s changing the 
course of elections. In the UK, Energy 
UK – the energy industry’s trade 
body – says household bills could 
rise by 50% over the next six years. 
Meanwhile, everyone is trying their 
best to ignore the elephant in the 
room - the looming climate crisis.

But there’s a point of light on 
the horizon. Technology is being 
developed that may release us from 
this monstrous mess by allowing us to 
generate our own clean, cheap energy 
at home. In 20 years, many of us may 
not only be generating enough power 
for our own needs, but also selling the 
excess back to the power companies. 
It’s a win-win-win situation: pollution 
and emissions are reduced, energy 
efficiency goes through the roof, and 
homeowners no longer need to worry 
about whether power company bosses 
fancy a new boat for Christmas.

The technologies that enable 
this vision of the future are known 
as ‘microgeneration’ because they 
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seizing 
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+ In the near future, you may well  
be working together with your 
neighbours to harvest and store 
energy. Using a combination of  
solar panels and car batteries,  
you’ll become masters of your 
energy supply.

1. solar panels
Photovoltaic panels collect energy 

from the Sun and transfer it to a 
central collecting location for the 

entire neighbourhood.

2. monITorIng
The central monitoring station 

assesses power supply and 
demand in the neighbourhood, and 

can send it to or augment it with 
energy from the national grid if 

necessary. Some energy is fed to 
parked electric cars.

3. sTorage
When electric cars are parked  

in driveways, their batteries are 
used to store power from and 

supply it to the area.

4. producTIon and usage
Residents can access power from 

the community’s electric cars 
- and generate it for themselves 
using their solar panel. A tracking 

system logs both production  
and usage, crediting or billing  

for any difference.

Electric cars could help keep your power flowing

The communITy soluTIon  
to power storage

2

84

Technology uncovered
 Personal power generation

China leads the world  
in solar-cell production

Combined, its six largest 
solar panel companies have 
a value of almost £10 billion

crystals - made of copper, zinc, tin and 
sulphur - to generate energy when the 
Sun’s light falls on them. “Kesterite-
based technology has great potential 
in terms of cost effectiveness,” says 
Pepe Márquez, a PhD student working 
as an early-stage researcher on the 
KESTCELLS project. “We are working 
with incredibly thin technology – 50 
times thinner than a strand of hair – 
using microscopic quantities of copper, 
zinc and tin, which makes the panels 
cheap and capable of being mass 
produced.”

Another group at Chalmers 
University of Technology in Sweden 
is studying the possibilities of 
nanotechnology in solar cells, 
investigating ‘plasmonics’. This takes 
advantage of how light behaves on 
small scales - it can be trapped inside 
nanoscale structures on a cheap glass, 
plastic or steel surface, raising the 

part of our energy infrastructure, 
bringing about a huge shift in how we 
generate energy. 

In some places, that shift is 
already starting. The most promising 
technology harnesses the vast power 
of the Sun. If we could cover just 0.1% 
of the Earth’s surface (an area about 
the size of Spain) with solar panels, 
we’d be able to supply the energy 
needs of the entire world in 2030. 
That might sound like a lot, but if 
we were constructing solar panels at 
the rate we’re cutting down forest, 
we’d be done in three years. Plus, 
that figure is for existing solar panel 
technology. Much work is being done 
in universities across the world on 
improving both efficiency and cost, 
making photovoltaic panels (PVs) 
viable to far more homes.

At Northumbria University in UK, 
a team is working on using kesterite 

“With rEnEWablE EnErGY, thE challEnGE is 
storinG EnErGY WhEn thE poWEr GEnEration 
ExcEEds dEmand and savinG it for latEr.”
Jocelyn Kluger MAssAchusEt ts InstItutE of tEchnoloGY

efficiency of a solar panel by an order 
of magnitude. 

Another team at California 
Institute of Technology (Caltech) is 
focusing on thin-film cells that are 
dyed to absorb more light. Traditional 
solar panels absorb only certain 
wavelengths of the electromagnetic 
spectrum, wasting the rest as heat. 
This tech splits sunlight into six to 
eight components, directing each into 
a cell made of a semiconductor that 
can absorb it. The result is a solar cell 
with an efficiency of at least 50%.

All these technologies are at a 
point where it’s feasible that they 
could be in our homes in 20 years.  

@SciUncovered
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The Trouble wITh  
sol ar panels 
+ Today’s panels offer a choice between 
price and efficiency. Silicon-based panels are cheap 
and easy to produce, involving few dangerous 
chemicals, but are relatively inefficient. Gallium 
arsenide ups the efficiency, but increases the cost and 
environmental impact. It is hoped that advances in 
technology will give us the best of both worlds.
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Technology uncovered
 Personal power generation

Einstein received the 1921 
Nobel Prize in Physics 

He explained photoelectric 
effect, which paved the way  
for solar power generation

returned to the local microgrid. The 
alternative lies “in chemical form – 
fuels,” according to Dinko Chakarov, 
Professor of Chemical and Applied 
Physics at Chalmers University of 
Technology. In his vision, sunlight 
is used to generate fuels that can be 
stored and then used in the future. 
The classic example is hydrogen - 
solar energy is used to split water into 
hydrogen and oxygen. The hydrogen is 
then collected, compressed and used 
in fuel cells in both homes and cars.

Some argue that the effect of 
renewables-based microgeneration 
will be too small to make a dent in 
the quantities of fossil fuels being 
burnt today, and the rate at which that 
figure is increasing. But Chakarov is 
optimistic that a fast transition from 
to renewables-based microgeneration 
can be achieved. “I expect the 
transition to be smooth,” he says. 
“The energy sector is advancing faster 
than fossil fuels are consumed.” 

Technology doesn’t hold all the 
answers, and both the developed 
and developing worlds must consider 
carefully the long-term costs of the 
choices they make over the next 
few decades. Adopting renewables-
based microgeneration could free us 
from high energy bills, pollution and 
catastrophic climate change. 

But there’s a problem. “With 
renewables, there is a lower limit 
to the maximum allowable power 
generation,” says Jocelyn Kluger, a 
research fellow at Massachusetts 
Institute of Technology (MIT), who is 
working on energy-harvesting devices. 
“The challenge is storing energy when 
the power generation exceeds demand 
and saving it for later.”

Pooled PoWeR
There are a number of possible 
solutions currently in research. Some 
have proposed pumping water to high 
places, melting salt or compressing air. 
NASA has experimented with storing 
energy in flywheels. But there are two 
main hopes for home power storage – 
batteries and fuels. Battery technology 
has traditionally lagged behind other 
advances - part of the reason why your 
smartphone battery tends to last less 
than a day. But car batteries are widely 
used in communities in Africa to store 
power from solar panels, and progress 
is being made in storage capacity, 
safety and charging times. 

If batteries dominate,  the most 
likely scenario is that communities 
will pool resources. Solar panels along 
your street would be connected to a 
central point that distributes energy 
to the batteries sitting in electric 
cars parked in driveways. If one car 
leaves, this doesn’t affect the total 
storage pool much. If lots are driven 
away – during a workday for example 
– the available storage is decreased 
but so is demand, as people are away 
from home. When they return, the 
energy stored in their vehicle is 

@SciUncovered

duncan geere  
science journalist
+ a freelance science and technology 
journalist, he is studing for an msc  

in Environmental science at the University of 
Gothenburg, sweden. @duncangeere IM
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low-energy nuclear reacTors
+ Unlike a traditional 
nuclear plant, which 
generates energy from 
the strong nuclear force, 
the low-energy reactors 
being developed by 
NASA take energy from 

the weak nuclear force. By vibrating nickel crystals in 
hydrogen with high-frequency radiation, it is hoped we 
will be able to get out more energy than we put in, with 
no nuclear waste.

vIbro-wInd power
+ Piezoelectricity 
is generated when 
certain materials are 
stretched or bent, 
making it possible to 
build a radically new 
design of wind turbine 

that consists of an array of foam blocks. The blocks are 
moved around by the wind, stretching the piezoelectric 
material below and generating power. 

orbITal solar power
+ Former NASA 
researcher John Mankins 
is working on satellites 
that can beam solar 
power down from space 
without that pesky 
atmosphere of ours 

getting in the way. With a big enough dish on your roof, 
you could receive power almost directly from the Sun.

graphene paInT
+ Scientists at the 
University of Manchester 
are working on ways to 
apply atom-thick layers 
of carbon atoms, allowing 
them to absorb sunlight 
with high efficiency. 

Eventually, this could make its way into paint for the 
exterior of buildings.

the future of personal heat and light generation is not 
just solar. here are some other ways to seize the power

alTernaTIve ways to  
generate energy at home
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Northumbria University’s 
sputtering deposition  

system is used to construct  
kesterite-based solar cells
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“with the current tech, we can make the 
meat at a reasonable price, and that will 
only come down as the process improves.”
Prof Mark Post Ma astricht universit y

he word schmeat – a  
form of meat produced 
synthetically from 

biological tissue – made it on to  
the shortlist for the Oxford 
Dictionaries’ word of the year.  
The word is rarely used,  but its very 
inclusion in the shortlist reflects the 
long-term significance of the events 
that occured in London in August, 
when the world’s first lab-grown 
hamburger – developed by a team at 
Maastricht University in the 
Netherlands – was cooked and served.

It’s a vital development, because 
current meat production methods are 
not sustainable and meeting global 
demand is becoming become 
increasingly difficult. The United 
Nations’ Food and Agriculture 
Organization estimates that demand 
for meat will increase by more than 
two-thirds over the next 40 years.

Coming soon
The Dutch scientists responsible for 
the first schmeat predict ‘cultured’ 
meats (ones grown artificially) could be 
commercially available within 10-20 
years. “With the current technology, 
we can make the meat at a reasonable 
price and that will only come down as 
we improve the production process,” 

says lead scientist Professor Mark Post. 
“There are still a few technical hurdles, 
but they require just work and time, and 
the outcome is reasonably predictable.” 

Although the team say synthetic 
meat is biologically the same, it will 
need to replicate its appearance closely 
to tempt doubters. Cultured beef is 
currently white, and coloured using 
beetroot. Post’s team are now working 
on cultivating fat tissue and increasing 
levels of the pigment myoglobin, which 
gives meat its colour. This would offer a 
more authentic flavour and appearance. 

But beef patties aren’t the only 
part of our diet to attract the attention 
of food scientists. In the future, every 
aspect of a burger – from the bun to 
the relish – could be modified to make 
it more sustainable. What’s more, it 
could even become something of a 
health food. The science is tantalisingly 
close to delivering, but any new GM 
foods woukd have to overcome a raft of 
regulations, particularly in Europe. 

With a sprinkling of stem cells and a dash of  
genetic knowledge, this fast food staple could 
become a health food…
words By  Dr Emma Davies

ThE burgEr  
of ThE fuTurE hEALTh-booSTINg 

PurPLE ToMAToES
A team from the John Innes Centre in 
Norwich, UK, has engineered tomatoes 
using genes from the snapdragon 
flower to give an extra helping of 
pigments called anthocyanins. These 
have an anti-inflammatory effect 
in the body. In tests, the tomatoes 
slowed the progression of soft-tissue 
carcinoma in cancer-prone mice. The 
tomatoes and juice will not be available 
commercially until regulatory approval, 
which could be as soon as two years 
in North America, says lead researcher 
Professor Cathie Martin.  

CuLTurED bEEf
Muscle stem cells from cattle have 
been cultured in a nutrient broth by 
researchers at Maastricht University 
in the Netherlands, and then mixed 
with collagen so they formed strips of 
muscle tissue – the main component 
of meat. These were then ‘bulked up’ 
with electrical stimulation, before 
being minced up and shaped into a 
patty. A total of 20,000 muscle strips 
are needed to create just one burger. 

TEChNoLogy uNCovErED
 Future food

In 2011, Americans ate 
83.3kg of meat each

One in four also  
claimed to eat fast  
food every day

Dr Emma Davies
science writer and presenter
+ with a bsc in chemistry and a phd in 
food science, emma previously worked 

for the royal society of chemistry, where she was 
features editor of chemistry world.
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ALLErgy-frEE MILK
Milk allergies are often caused by a protein 

called beta-lactoglobulin (BLG), which is not 
present in human milk. A New Zealand team 

has used genetic engineering to create a 
cow that produces BLG-free milk. They are 

currently creating more cows with the same 
genetics using reproductive technologies 

analogous to human IVF treatment.

DIAbETES-TrEATINg LETTuCE
Dr Henry Daniell, a molecular biologist 

at the University of Pennsylvania, works 
on delivering drugs using plants. He has 
created lettuces genetically engineered 
to express a protein that stimulates the 

pancreas to produce insulin. Tests on 
mice given freeze-dried ‘super lettuce’ 

have shown promising results.  

TEChNoLogy uNCovErED
 Future food

Humans eat over 1,000 
species of insect

Beetles and 
cockroaches are the 
most commonly eaten

CrEEPy-CrAwLy 
CuSINE  is coming

+ The idea of eating tangles of muscle 
from a Petri dish may be unpalatable to 
some. Even less appealing, however, 
may be the idea of devouring insects, 
deep-fried or otherwise. Yet in 
restaurants from London to Sydney, 
insects are proving quite a hit with a 
niche audience keen to eat delights 
such as grasshoppers, locusts, crickets 
and scorpions (heat-treated, of course, 
to remove the toxins).

Insects actually form part of the 
traditional diets of at least two billion 
people worldwide, according to The 
Food and Agriculture Organization (FAO) 
of the United Nations. There’s no 
escaping the fact that they are good for 
you. A recent FAO report points to the 
benefits of eating insects. They are high 
in fat, protein, fibre, and key minerals 
and vitamins, from iron and calcium to B 
vitamins and vitamin E.

Crucially, insects have a negligible 
impact on the environment. They are 
cold-blooded and very efficient at 
converting feed to protein, not using 
energy to maintain their body 
temperature. They can also be fed on 
organic waste. So-called mini livestock 
also offer “livelihood opportunities”, 
says a recent FAO report on edible 
insects, meaning they could also be an 
ethical choice.

rEINforCED brEAD
In 2012, scientists from the UK, Germany 
and the US deciphered wheat’s complex 

genetic code, identifying about 96,000 
genes. The work paves the way to 

breeding wheat varieties with higher 
yields, more disease resistance, and 

increased ability to cope with drought and 
other climate-related stresses.

insects are highly nutritious and 
heading to a dinner plate near you
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London to Sydney in four hours in the passenger  
aircraft that’s the new Concorde

In nexT monTh’s Issue…

supersonIc 
Travel Is back

+ Alien environments 
found here on  

planet Earth

+ How lasers from 
space will boost  

the internet

+ New discoveries 
about the minds  

of geniuses

+ How sinkholes 
appear from  

nowhere

+ Why smartphones 
are causing a 

scientific revolution
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Rather than just feeling the glass surface on  
screens, we’ll soon be able to feel the textures  
of the objects they are displaying

Touchscreen displays 
geT Touchy-feely

89@SciUncovered

ouchscreen displays 
make for an intuitive 
user interface, but when 

it comes to interactivity they 
eventually hit a wall. No matter what 
you’re looking at on-screen, you’re 
ultimately just prodding at a cold glass 
panel. It could be a giraffe or a lump  
of granite on the screen, it all feels  
the same - flat. But perhaps not for 
much longer… 

A new technology developed by 
Disney Research, a collaboration 
between the film company and various 
scientific labs, could allow us to feel 
simulated textures on glass surfaces 
without the use of any mechanical 
elements. Named TeslaTouch, the 
technique enables you to run your 

T
fingers across an image of something 
on-screen and experience what it 
would actually feel like to the touch. 

BRain t Rick ing
It works using electrovibration. Tiny 
vibrations are sent through the glass 
display via electrodes embedded 
underneath. The vibrations trick the 
brain into thinking it’s touching a 
textured surface. TeslaTouch allows 
users to ‘feel’ bumps, ridges and  
edges in objects by changing the 
amount of skin stretching – just as 
with real objects. 

The system is totally safe, as the 
electrical charge it uses isn’t conducted 
into the finger. But it does have issues, 
all the same. It can only provide 

sensation to a moving finger because  
of its reliance on friction. This means 
you couldn’t use it to give feedback 
when pressing a button, say. It’s 
also incapable in its current form of 
providing different tactile feedback to 
more than one finger. Electrovibration 
affects the entire display, so if you 
move two fingers across the screen  
at once you’ll receive the same 
sensation from both, no matter  
where they are. 

TeslaTouch could serve as an 
invaluable education tool, allowing 
us to feel the textures of objects we 
could never touch in real life, such 
as the surface of a famous painting. 
On the other hand, it could simply 
be used to make our entertainment 
more immersive. But for Dr Ali Israr, a 
research engineer at Disney Research, 
the most exciting application is more 
practical. “I would like to see this in 
assistive devices for blind people,” he 
says. “The technology is inexpensive 
and can provide a lot of content to 
impaired communities.” 

ABOVE The friction of 
your moving finger 
creates the sensation 
of different textures

IM
AG

E 
©

 D
Is

n
Ey

 R
Es

EA
R

ch

woRDs By  Mat thew Bolton

Disney is working on a way  
to make holograms feel solid

The system uses blasts of  
air to simulate contact with 
the edge of an object

Technology uncovered
 Textured touchscreens
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LOCATION The Royal Society, London
DATE 28 Jan 2014
TIME 5.30pm-6.30pm
PRICE Free
WEBSITE royalsociety.orgLOCATION Natural History Museum, 

London
DATE 28 Dec 2013 and 17 Jan 2014
TIME 7.30pm 
PRICE £175 per person – adults only, 
booking required
WEBSITE nhm.ac.uk

FORMAT: iOS/Android HOST: Networked Organisms LLC PRICE: Free

THe ASyMMeTRiC 
UNiveRSe 

DiNO SNORe FOR 
GROwN-UpS 

pROJeCT NOAH

 A lecture by award-winning 
Frank Close OBE, Professor of 
Physics at the University of 
Oxford. Professor Close holds  
a number of awards for his 
excellence in science 
communication, and on this 
evening he will turn his skills to 
examining the profound role of 
asymmetry in nature – from the 
destruction and creation of 
matter in the Universe to the 
intricacies of embryonic 
development. The role played by 
the Higgs boson in creating a 
Universe fit for life will also be  
a topic of discussion.

 This is a unique opportunity for 
a sleep-over with a difference. 
Experience your very own night 
at the museum, where you can 
visit the exhibits and galleries, 
speak with scientists and watch 
an all-night movie marathon. Or 
if you’d rather shelter under a 
dino ribcage for the night, you 
can bunk down in the iconic 
central hall for some shut-eye. 

 On a basic level, Project Noah is a portable scrapbook – here, 
you can keep track of all your wildlife encounters and upload 
your pictures for posterity. With location-tracking switched on, 
you can also bring up a list of creatures spotted nearby, so you 
know what to look out for. But more than that, it allows you to 
contribute to research projects, helping scientists keep track of 
rare species or migrating birds.

LOCATION Camden Lock Market, London
DATE 20-22 Dec 2013
TIME 10am-6pm 
PRICE Free
WEBSITE wellcomecollection.org

CURiOSiTy ROADSHOw 
AT CAMDeN LOCk 
MARkeT

 The Wellcome Collection is a 
treasure trove of medicine and 
health paraphernalia that 
documents the development of 
medicine and science over the 
centuries. It was founded by the 
pharmacist, entrepreneur and 
philanthropist Sir Henry 
Wellcome in 1932 as a home for 
his artefacts. The collection is 
part of the Wellcome Trust, the 
world’s largest independent 
charitable foundation funding 
health research. For one 
weekend, the collection will leave 
its regular home in Euston Road 
and catch a converted 
Routemaster bus to Camden, 
where it will be available for the 
public to explore. The roadshow 
includes unique object-handling 
sessions, image archives, retro 
films and a pop-up shop. 

events

ExplorE
sciEncE

yoursElf

 Your one-stop guide to the month in science
what matters

InsIde thIs 
sectIon 

edItor’s choIce    apps

94 dIY scIence
 Study nature up close by  

building your own microscope.

96 GreY matter 
 Test your knowledge of science 

facts with our challenging quiz.

98 antImatter 
 Are men or women better  

at multitasking?

Highlights include a 
three-course meal in the 
restaurant, a forensic science 
show, life drawing class and a 
midnight feast of edible insects. 
If your stomach is still up for it, 
you can wake up to a full cooked 
breakfast and morning quiz.
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Serious Matters
 Chris Hadfield 

@Cmdr_Hadfield 
profile: A Canadian astronaut 
who took Twitter by storm 
with his tweets from the 
International Space Station. 

sample tweets:

 Good morning! It is the 15th 
birthday of the Space 
Station. Many miles, 
thousands of experiments, 
no candles allowed :)

 Station’s power relies on 
ammonia coolant. A few 
hours ago, we determined 
that the ammonia was 
leaking out of the Station 
and into space.

 Been on Earth 2 weeks, a 
day of blood draws, medical 
science tests, starting 
technical debriefs, plus  
2 hrs rehab. 

Laughing Matters
 Sarcastic Rover 

@SarcasticRover  
 profile: A surly parody of the 
Curiosity Mars rover, tweeting 
directly from Mars (so it says).

sample tweets:

 Resuming normal 
operations after my reboot, 
so it’s back to zapping  
Mars rocks with a laser. I 
assume that’s normal for 
everyone, right?

 Don’t forget to dial your 
internal digital 
chronometers back 
3,600,000 milliseconds. 
Humans have those, right?

Who to follow on 
Twitter to expand  
your knowledge

AUTHOR Max 
Tegmark
PUBLISHER  
Allen Lane
PRICE £16.25
OUT 7 Jan 2014

AUTHOR Caleb 
Scharf
PUBLISHER 
penguin
PRICE £9.95
OUT Now

LOCATION JA Jones Hoober Observatory, 
Rotherham
DATE 3 Jan 2014
DATE 10pm–3am
PRICE Free
WEBSITE msas.org.uk

OUR MATHeMATiCAL 
UNiveRSe

GRAviTy’S eNGiNeS: 
THe OTHeR SiDe OF 
BLACk HOLeS

QUADRANTiDS 
viewiNG eveNiNG

 Swedish-born 
scientist Max Tegmark is 
Professor of Physics at the 
Massachusetts Institute of 
Technology, and his hypothesis 
is that the reality we live in is a 
complex mathematical structure. 
We perceive ourselves to exist in 
a real, tangible world only 
because of our own subjective 
bias. If this all sounds like heavy 
reading, then Tegmark helps 
lighten the load with a friendly, 
inclusive tone and a series of 
helpful diagrams. It’s an 
accessible and fascinating entry 
point to one of cosmology’s most 
provocative theories.

 Black holes 
are swirling, 

destructive pits of death – that’s 
the official line, at least. But 
astrophysicist Caleb Scharf, 
Director of Astrobiology at 
Columbia University in New York, 
sees another side to these 
mysterious entities. He views 
them as nature’s engine rooms, 
their forces exerting enough 
power to reshape our cosmos. 
This book looks at the origins of 
life, and the role played by black 
holes in creating conditions 
suitable for it. A lively, engaging 
discussion that offers a new 
angle on one of the Universe’s 
most fearsome constructions.

 The Quadrantids metor shower 
happens every January, and is 
best viewed in the northern 
hemisphere – so that’s good 
news for us (unless, er, you’re 
part of our Australian 
readership). The Quadrantids 
appears to radiate from the  
extinct constellation Quadrans 
Muralis, and is what is termed  
as an above-average shower, 
with up to 40 meteors at its peak. 
This year, it will occur on the 
night of 3 and the morning of  4 
Jan. This night-time show is best 
seen after midnight, and the 
opportunity to witness it through 
the Hoober Observatory’s 
powerful telescopes is one that 
we would wholeheartedly 
recommend taking.

exploratorIum
 What matters

books

scIence followshIps

Cuddle up to a dinosaur at 
the Natural History 
Museum’s Dino Snore
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exploratorIum
 What matters

CRypTOzOOLOGiST

 Cryptozoology is the study of and search for 
animals that are presumed not to exist. While 
this brings to mind fantastical creatures such as 
Bigfoot and the Loch Ness Monster, the vast 
majority of cryptids (as they are called) are far 
more realistic – and, thrillingly, they occasionally 
do get found.

The okapi is the best-known example of such 
a discovery. This zebra-like creature was depicted 
in ancient Egyptian art, but wasn’t re-discovered 
until the 20th century. However, despite these 
instances, cryptozoology is regarded with some 
scepticism because it relies heavily on anecdotal 
evidence and sightings, so the only way to make 
your mark is to go out in the field and find these 
creatures yourself. 

But what are you looking for? Where should 
you go? Help is at hand from those who have 

become an Instant…

A book, some binoculars and some 
walking boots are all you need to embark 
on a new career as a Yeti-hunter

CHANNEL eden
DATE early 2014
TIME TBC
DETAILS 10-part series (10 x 30 mins)

CHANNEL BBC Four
DATE The evenings following  
Christmas Day (exact broadcast dates 
and times TBC)
TIME TBC
DETAILS Three-part series (3 x 40mins)

DAviD 
ATTeNBOROUGH’S 
NATURAL CURiOSiTieS, 
SeASON 2

CHRiSTMAS  
LeCTUReS 2013:  
LiFe FANTASTiC

 Following on from the success of 
the first series, Sir David will once 
again share the stories of 
incredible animals that are 
uniquely shaped or adapted to 
their environments. Each 
30-minute episode in this 10-part 
series features two different 
beasts with curiously distinctive 
evolutionary quirks, linked 
together by a common theme. 
From the emperor penguin to the 
wood frog, and the rhino to the 
hedgehog, this is sure to be 
compelling viewing.

 This year’s Christmas Lectures 
may have sold out early, but you 
can still enjoy them from the 
comfort of your own home while  
finishing off the leftover turkey. 
Filmed with a live audience at the 
Royal Institution in mid- 
December, the Life Fantastic talks 
will be broadcast on BBC Four. 
This year’s lectures, presented by 
Dr Alison Woollard a biochemist 
from the University of Oxford, 
will explore the frontiers of 
developmental biology, show how 
our genes mutate, and explain the 
transformation of a single cell 
into a complex organism.

televIsIon

FROM Cosmic Apps
FORMAT iOS
PRICE Free
OUT Now

COSMiC UNiveRSe

 Created to celebrate the 10th 
anniversary of the Ogden Centre 
for Fundamental Physics at 
Durham University, this app 
allows you to explore 360° 
panoramas of some of the 
Universe’s largest structures, 
based on metrics run by some of 
science’s most powerful 
supercomputers. Cosmic 
Universe will help you better 
understand how mysterious 
elements shape our galaxy. 

FROM Rainer Goebal, Brain innovation
FORMAT iOS
PRICE Free (iphone), £1.99 (ipad)
OUT Now

BRAiN TUTOR 3D

 Take a three-dimensional trip 
around the most powerful, 
complex structure known to man 
– the human brain. Brain Tutor 3D 
gives you the opportunity to look 
inside the brain, using rendered 
models created from MRI scans. 
It’ll teach you how the brain’s 
various structures connect 
together to achieve 
consciousness.

apps

walked before you. Karl Shuker is one of Britain’s 
most prominent cryptozoologists and has 
written a number of books that’ll help you get 
started. The Beasts that Hide from Man (2003) 
gives a strong overview, but Shuker himself 
believes large cat sightings are the best bet, so 
check out Mystery Cats of the World (1989), too. 

Whichever cryptid you attempt to find, 
though, make sure it isn’t the Mongolian death 
worm – this five foot, blood-red worm is 
reported to live in the Gobi desert, and spits 
corrosive acid over its victims.

Cosmic Universe brings stunning 360° 
views of space to your phone or tablet

AUTHORS Mun 
keat Looi, Hayley 
Birch, Colin Stuart
PUBLISHER Andre 
Deutsch
PRICE £14.99
OUT Now

THe BiG QUeSTiONS 
iN SCieNCe

 If the mysteries within this 
issue haven’t slaked your thirst 
for science’s great unknowns, 
here’s a book that doesn’t shy 
away from the big questions. It 
tackles issues across the 
disciplines of biology, chemistry, 
physics, astronomy and 
computer science. The  
topics covered inside include: 
What is the Universe made  
from? What is consciousness? 
And, most importantly, when 
can I have a robot butler? All 
these head-scratchers and  
more are explored across 200 
vivid pages.

The okapi looks 
similar to the zebra, 
but its closest 
relative is the giraffe
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exploratorIum
 What matters

URL wtfevolution.tumblr.com
HOST Tumblr
AUTHOR Mara Grunbaum  
(@maragrunbaum)

wTF, evOLUTiON?
 Gian Giudice is a theoretical physicist 

working at CERN, the organisation that 
discovered the Higgs boson particle using its  
Large Hadron Collider. For him, the biggest 
surprise about its discovery was that there was 
no big surprise. The Higgs boson is a clever 
explanation of how elementary particles gain 
mass – but it leaves too many questions. What 
we know now cannot be the full story.
In 2015, the LHC will double its power, creating 
more powerful particle collisions, that we hope 
will teach us more about the Higgs – but until 
then, let us suppose the particles we know 
today are the only ones in nature.

This creates a problem. According to the 
Higgs theory, one tenth of a second after the 
Big Bang, spacetime underwent a phase 
transition, similar to water turning into ice. 
But instead of molecule arrangement, it was 

URL bit.ly/bs7D1q
HOST eduweb

eNGiNeeRiNG FOR 
eARTHQUAkeS

 If you enjoyed Brendan Walker’s 
dissection of the ’quake-proof 
Bay Bridge (see page 62) and 
fancy yourself as a bridge 
designer, here’s a perfect chance 
to test your knowledge. The Bay 
Bridge’s design manager, Rafael 
Manzanarez, plays host as you’re 
tasked with creating a bridge that 
can withstand an 8.2 magnitude 
earthquake, by dragging and 
dropping support structures and 
safety features on to it. When 
you’re done, click ‘Test’ and 
watch as your creation crumbles 
into the drink.

 If you’ve ever thought evolution is 
boring, check out this Tumblr 
dedicated to some weird and 
wonderful displays of evolutionary 
extravagance. This humorous 
website is updated regularly with 
new pictures of sea creatures, birds, 
mammals and insects that have 
evolved beyond the established 
realms of ‘normal’.

URL cafescientifique.org 
HOST Ann Grand (@ann2_g)

CAFé SCieNTiFiQUe

 Café Scientifique is an 
international network of 
science-in-the-pub style events. 
Meetings are informal and take 
place in cafes, bars and 
restaurants, rather than in 
academic settings. The group is 
committed to making science 
accountable, and talks by  
practising researchers are 
followed by debate. The website 
allows you to search for 
information and links to 
upcoming events happening in 
your area. Café Scientifique was 
started in Leeds in 1998, and 
there are now 70 groups across 
the UK, with others in Europe, 
North and South America, Africa, 
Asia and Australasia.

 Originally filmed in 1924, this 
is a colour-tinted restoration of 
one of the most moving and 
significant pieces of footage in 
the British Film Institute’s vault. 
It charts George Mallory and 
Andrew Irvine’s fatal attempt to 

websItes

FORMAT DvD/Blu-Ray
PRICE £14.99
OUT 20 Jan 2014
CLASSIFICATION U

THe epiC OF eveReST

dvd & blu-raY

exploratorIum
 What matters

ted talk choIce

This month’s featured TED talk:  
Gian Giudice on why the Universe’s very 
existence might be on a knife edge

“what is the fate of the Higgs 
field in our Universe?” 

climb the highest peak on Earth 
– an endeavour that would 
ultimately claim the life of two 
of the finest climbers of a 
generation. The haunting 
soundtrack only adds to the 
suffocating feeling of isolation 
that envelopes every inch of this 
remarkable timepiece.

the fabric of spacetime itself that changed. Empty 
space was filled with the Higgs field.

This suggests the Higgs field could exist in more 
than one state, as water can. If it exists in a second, 
denser state, then pockets of this dense state could 
suddenly come into existence, like bubbles of 
vapour in boiling water. It would expand at the 
speed of light, invading space and shrinking atoms, 
disintegrating nuclei and making hydrogen the only 
possible element in the Universe. Everything would 
collapse, essentially. Maths as we know it suggests 
this is an inevitability, but not for tens of millions of 
years. “That’s even longer than it would take Italy to 
form a stable government, ” Giudice quips.
Watch Gian Giudice’s talk at bit.ly/18Pk6C8

Gian Giudice explains why the 
Higgs boson leaves the 
Universe on a knife edge
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diy science
 Build and experiment at home

what to do...

1. Roll the sheet of black paper 
up and place it inside the 

largest tube – this will form the 
body of your microscope. Now 
for the lens. Place one of the 
washers on top of a black 
cardboard disc, cut slightly 
smaller than the washers, with a 
2-3mm hole in the middle for 
peering through. 

2. Next, place your lenses  
on top of your washers  

and then join them together 
with a sausage-shaped ring  
of Blu-Tack around the  
circumference. Now attach these 
to either end of the microscope 
body, with the lens facing inside 
on both ends. The side without 
the disc is your eyepiece. 

Blu-Tack, glue gun, four electrical 
installation pipes of varying sizes (see 
illustration), washers, black cardboard, 
black paper,  2 x 35mm camera lenses, 
rubber band, cable tie, film canister.

what you need...

Build a microscope
With a few bits and pieces lying around  
your home plus a little know-how, you’ll  
be able to get a close-up view of nature

Lenses can be found 
in disposable cameras 
– be sure to remove 
the battery first

The tubes need to 
be a few millimetres 
bigger in diameter 
than the washers to 
ensure a snug fit

tweet us your 
pics + videos!

@SciUncovered

this month…

how it works
The bottom lens’ convex shape 
bends light in such a way that it 
forms an enlarged image of the 

object. The top lens – the 
eyepiece – is positioned so  

that it focuses directly on this 
larger image, giving us  

a magnified view of  
what’s underneath.

Build time: 
45 minsDesktop microscope

3. Now build a stand.  
This model uses plastic 

tubes found in electrical 
shops for support – two 
short pieces to hold the 
microscope barrel and a 
longer one to sit on a 
cardboard base. Attach  
the tubes to one another 
using a hot glue gun (use 
some caution), and secure 
them with a rubber band 
and cable tie. 

4. You can improve the 
eyepiece by cutting 

a hole in the bottom of  
a 35mm film canister 
and placing it snugly 
over the top of the 
microscope body.
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exploratorium
 DIY science

Turn your iPhone into an iScope

Emergency microscope

what to do...

1.  This add-on turns your 
iPhone into a microscope. 

It was invented by Dr Isaac 
Bogoch, a researcher at Toronto 
General Hospital, to search for 
hookworms in stool samples. 
But perhaps you could use it to 
look at something else instead.

what to do...

1. We’ve all been there. 
You’re out and about 

when you get a compulsion 
to examine a leaf or flower. 
Carry some fuse wire in your 
pocket and you need never be 
without a microscope again.

2. Bend a section of the 
wire so it forms a perfect 

loop, then dunk it in water.

3. With a water drop formed 
in the loop, you can use it 

as a rudimentary magnifying 
glass to peer through.

Fuse wire, water.

what you need...

To get the best results, 
hold the droplet as close 
to your eye as possible

3mm ball lens, double-sided tape, 
cardboard.

what you need...

how it works
The ball lens’ curves bend 
light rays inwards so they 

converge at a spot just past 
the lens, known as the focal 
point. This gives us a crisp, 

magnified image of the items 
on the slide.

how it works
Lenses don’t have to be 

made of glass – anything 
transparent and convex, 
such as water droplets,  

will do. 

Ball lenses 
are used in 

telecommunications, 
and can be 

purchased online for 
around £10

Build time: 
2 mins

Build time: 
10 mins

2. Set your phone to 
maximum zoom and place 

it camera lens-side up. Puncture 
a small hole in the double-sided 
tape and position it as in the 
diagram, with the hole directly 
over the lens.

3. Place the ball lens in the 
hole. Cardboard can be 

attached along either side of the 
lens to create distance between 
it and the slide you’re looking at. 
This just needs to be enough to 
separate the lens and the slide.
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grey matter
 Test your science knowledge with our quiz

  According to a 2007 study  
by psychologist Richard 

Wiseman, what percentage of 
people fail to keep their new 
year’s resolutions?

  How many ribs does a 
human have?

  The touchscreen is 
ubiquitous thanks to 

smartphones and tablets, but 
when was it invented?

Where in the UK will the 
first new nuclear power 

plant since 1995 be built?

  It’s capable of flying at an 
astounding 389km/h 

(242mph), but what is the name 
of the fastest bird alive today?

What is the chemical 
symbol for iron?

  Which entirely synthetic 
organ was the first in the 

world to be successfully 
implanted into humans?

  How much DNA do humans 
share with bananas?

Which country recently 
launched a rocket to Mars?

Which particles keep the 
chain reaction going inside 

a nuclear reactor?

Which scientist  
discovered penicillin?

With diet season upon us, 
which hormone controls  

the production of fat deposits  
in the body?

Every year the Moon moves 
around 4cm farther away 

from Earth: true or false?

The UK government’s 
controversial badger cull  

is aimed at trying to prevent 
cows being infected with  

Answers
1 88%. 2 24. 3 1965. 4 Hinkley Point, Somerset.
5 True. 6 Peregrine falcon. 7 Fe. 8 Trachea.  
9 50%. 10 India. 11 Neutrons. 12 Alexander 
Fleming. 13 Insulin. 14 True. 15 Area 51.  
16 False widow. 17 Bacterium. 18 Galilean 
Moons. 19 Himalayan region of Nepal and Tibet. 
20 Prefrontal cortex.

 True or false: Venus rotates on  
its axis in a clockwise direction?

What is the 
name of this  
top-secret US 
military base?

 
tuberculosis (TB). But is TB 
caused by a bacterium or a virus?

 What is the common  
name by which the four 

large moons of Jupiter are 
known, named after the 
astronomer who discovered 
them in 1610?

 Where is the mysterious 
Yeti said to live?

 Which area of the brain is 
thought to be responsible 

for willpower?

how did you do?
WHAT SHoUld Be yoUr NeW 
y e Ar’S reSolU T IoN?
0-5 Abdicate
6-10 hibernate
11-15 Procrastinate
16-19 Bombinate 
20 Celebrate

Name this 
spider sometimes 
mistaken for a 
more dangerous 
arachnid.
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exploratorium
 Grey Matter
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RedisCoveR eARth
 The Science Uncovered team has 

produced a 148-page guide to 
the marvels of our planet. 
Wonders of the World explains the 
science behind both natural and 
man-made spectacles. Buy it 
online at bit.ly/1ahXQgv and in  
all good newsagents.

Go diGitAl
 Science Uncovered is available on 

Apple’s app sore, 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 2 issues 
completely free, the current issue 
and the next, with our 
no-obligation free trial.

Follow us online
 Stay in touch on Twitter:  

@SciUncovered, at facebook.
com/sciuncovered and at 
scienceuncovered.tumblr.com. 
We’ll also give you  
a weekly fix of science news in 
our newsletter. Sign up at 
science-uncovered.com 

twitter.com/
sciuncovered

facebook.com/ 
sciuncovered

scienceuncovered. 
tumblr.com
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What was the experiment?
UK psychologists got male and female test 
subjects to simultaneously locate restaurants 
on a map, solve maths problems and work out 
a strategy for finding keys in a field. Just to add 
to the multitasking mayhem, the participants 
also received a phone call during the test – and 
if they chose to answer, they faced the extra 
challenge of a general knowledge quiz.

What were they trying to find out?
Whether the longstanding assumption that 
women are better at multitasking than men is 
true – an area where surprisingly little research 
has previously been done. “Clichés often exist 
because they are true,” says the University 

“modern life has distractions that 
force us to multitask. there could be 
implications for the way kids learn.”

Battle of the sexes  
to find keys, map 
read, do maths…

of Glasgow’s Dr Gijsbert Stoet, who led the 
study. “Like the cliché that boys are better in 
mathematics – that’s actually true, even though 
it’s a relatively small effect.”

Why was the research done? 
Aside from providing ammunition for the 
battle of the sexes, identifying who’s best at 
multitasking could have practical uses. Stoet 
says a better understanding of the subject 
could help with careers advice, or with the 
development of strategies to handle the 
distractions of the modern world. “It’s actually 
much better for us to do one thing at a time,” 
he explains, “but our modern life has all these 
distractions that force us to multitask. I think 
these things could have implications for the way 
kids learn, and those effects might be affecting 
boys more than girls.”

So who’s best?
While men and women had similar scores in 
several tests, female subjects were better at 
multitasking generally – performing better 
when it came to planning to find the missing 
keys, for example. But the difference may be 
small, says Stoet. “You need to distinguish 
between statistical and practical significance. 
We might observe differences in experiments, 
but in the real world it’s such a small difference 
that it doesn’t matter. That’s something that we 
have to investigate a little bit more.” 

+ American physicists built a machine that simulates a 
man urinating to study ‘splash dynamics’. Using high-speed 
cameras and the simulator, self-proclaimed ‘wizz kids’ at 
Brigham Young University, Utah, measured how different 
approaches to the toilet bowl influenced the amount of spray 
created. It turns out it’s best to reduce the angle between 
porcelain and pee stream to less than 90º. And aiming directly 
at the toilet water is a recipe for nasty splashbacks.

The TOILeT SPLAShBACK TeST

B I z A rre  re S e A r C h  T h AT  m A K e S  y O u  T hIn K
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