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+ Turn to page 56 to find out how 
engineers are developing the 
Concorde of the future.

Prof Chris Stringer
Natural History Museum, London

Prof Iain Stewart
Plymouth University

Dr Harry Cliff
University of Cambridge

Dr Louisa Preston
The Open University UK

Christie Wilcox 
University of Hawaii

Dr Henry Nicholls
Author and broadcaster

+ The world-renowned 
palaeoanthropologist has been 

heading a team investigating the f irst humans 
to arrive in Britain. On page 52 he explains some 
of their intriguing discoveries.

+ A Scottish geologist, he is 
familiar to many thanks to 

appearances on BBC programmes such as Earth: 
The Power of the Planet. On page 78 he looks at 
the phenomenon of sinkholes.

+ A particle physicist, Harry 
conducts research at the Large 

Hadron Collider – he’s also curated an exhibition 
at the Science Museum in London about it. He 
explains what ’s next for the LHC on page 80.

+ An astrobiologist, Louisa runs 
practice space missions, testing 

rovers in locations such as Antarctica. On page 
30 she reveals the environments on Earth that 
are just like those on distant worlds. 

+ Christie lives on Oahu and is 
currently studying for a PhD in 

cell and molecular biology. On page 28, she 
explains how close we are to human brain – or, 
should we say, body – transplants.

+ A journalist, author and 
broadcaster, Henry specialises 

in evolutionary biology. On page 68, he looks 
at the ways designers are mimicking the best 
designs in nature to make better products.
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WeLCome to ISSue tHRee
 A note from the editor

hen you sit back and think about it, the idea of travelling at 
supersonic speed is amazing. To be able to do so with a glass  
of wine in your hand is even more extraordinary. But that’s 

the feat pulled off by Concorde.
However, Concorde had a major limitation – it was unable to fly 

at supersonic speeds over land because of the almighty sonic 
boom it created. In the decade since its last flight, you would be 
forgiven for thinking engineers had given up on the idea of a 
supersonic passenger jet. But that’s not the case. On page 56, 
we look at the new aircraft designs that would allow the 
return of supersonic travel, but without the boom.

The similarities between aircraft such as Concorde and 
their biological counterparts, birds, are obvious. But an 
increasing amount of technology is inspired by the incredibly 
effective designs found in nature. On page 68, we look at some of the 
latest examples of ‘biomimicry’. What’s more, there are few 
more impressive designs than the human brain. On page 42, 
find out what we’re learning about the brains of geniuses. 

Finally, don’t forget – if you have a question for our 
Ask A Scientist team, you can get in touch on Twitter 
and Facebook.

AndreW ridgWAy
andrew.ridgway@futurenet.com
@SciUncovered

A quiet aircraft 
revolution

twitter.com/
SciUncovered

facebook.com/ 
SciUncovered

scienceuncovered. 
tumblr.com

HoW to CoNtaCt uS…
editorial enquiries 
Science Uncovered magazine, 
Future Publishing, 30 Monmouth 
Street, Bath BA1 2BW

email the team 
science.uncovered@futurenet.com

advertising contact 
Claire Brett 0207 042 4168
ashley.snell@futurenet.com

Subscription enquiries 
www.myfavouritemagazines.co.uk
or call 0844 848 2852

If you have any questions or comments  
about the magazine, here’s how to reach us

Get
3 ISSueS
foR £3!

Turn to page 20 for more info!

 The scientists and 
presenters explaining  
the latest breakthroughs
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 Faster than sound travel will soon be back, 
thanks to a new generation of super-fast, super-
quiet passenger aircraft.

30 Wish You Were Here? 
 You don’t have to leave Earth  

to find out what things would be 
like on the other planets in our 
Solar System.
 
36 What can we learn from  
the oldest discovered galaxy?
38 Inside the asteroid belt 
40 Venus: Earth’s evil twin

56 The Return Of 
Supersonic 
 London to New York in four 

hours will be back on the cards  
in the new supersonic aircraft.
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We’ve all heard about the impact of climate 
change on Earth’s seas, but how will it affect 

our lakes and the organisms dwelling within them? 
That’s what scientists are hoping to find out at the 
LakeLab. Located at Lake Stechlin, in north-east 
Germany, the lab comprises a large central reservoir 
30m in diameter, surrounded by 24 smaller, 9m- 
diameter ones. They enable researchers to precisely 
manipulate conditions in each one to simulate 
possible scenarios in the future. The researchers are 
particularly keen to know how climate change will 
affect biodiversity and the interaction between 
organisms in the food chain.

lab in the lake
Reservoirs are revealing the potential effects  
of our warmer future
Photo ©  htW DresDen/ocziPka

 Awesome images from Earth and beyond
SCienCeShot



SCienCe Shot
 Images from Earth & beyond
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+ Floating aluminium rings sit on top 
of the plastic tubes that separate the 
reservoirs. Steel cables are used to 
hold the enclosures together.

At its deepest, Lake 
Stechlin reaches 69.5m

Thanks to its relatively clear 
water, it’s often possible to see 
up to 10m beneath the surface

“Climate change is going to reshape 
our planet’s ecosystems by altering 
average temperatures, rainfall, and other 
environmental variables. As habitats shift, 
species will either adapt or go extinct – 
and for many, the latter is more likely.” 

Christie Wilcox
Biologist, University of Hawaii



SCienCe Shot
 Images from Earth & beyond
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It may be small, but the crustacean that’s the 
owner of this claw is not to be messed with. A 

deep-sea amphipod – a tiny creature without a shell – 
it’s less than 2.5cm long. After using its claws to carve 
out and consume the innards of its prey, a female climbs 
inside the mutilated body to lay eggs. Because their 
bodies are camouflaged by the surrounding water, the 
unlucky victim never sees them coming. This image by 
Dr Christian Sardet and Sharif Mirshak, which came 
fourth in the 2012 Olympus BioScapes competition, 
shows off the muscles that make this possible.

Petite PinCher 
This ferocious claw belongs to a small yet  
deadly underwater usurper
Photo © Dr christian sarDet/sharif mirshak/ 
olymPusbioscaPes.com

 There are around 25,000 
species of crustacean

Most of them live in water,  
but some – such as woodlice  
– live on land

+ These rows of star-shaped 
markings are pigment cells called 
melanocytes. They are located in the 
bottom later of the epidermis and 
produce the pigment melanin.
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SCienCe Shot
 Images from Earth & beyond

This image may look like something from the sci-fi film Tron,  
but it is a microchip’s surface. It was taken at 500x magnification 

and was captured with the Nomarski interference contrast technique.  
This refracts and then recombines polarised light beams, producing  
a 3D effect. Microchips consist of multiple, extremely thin, layers of 
silicon etched with circuit patterns, which are placed together to  
form a wafer. Metal is then applied to form electrical connections 
between the layers. As technology progresses, scientists are able  
to produce smaller and smaller chips with ever-increasing  
processing power.

The smallest transistor 
is 14 nanometres thick

It was shown off by Intel in 2013. 
The company is now working to 
cut that measurement in half

eleCtriC  
avenueS

The microscopic circuits 
powering your devices

Photo © alfreD Pasieka/ 
nikon small WorlD
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SCienCe Shot
 Images from Earth & beyond

+ Orion’s crew module is a 
similar shape to the Apollo 
Command Modules that took 
astronauts to the Moon, but 
its volume is over 50% larger.

 
If you’re going to send a craft into space, you need to make sure 
everything is in working order. And that’s exactly what NASA 

technicians are doing here, as they power up Orion’s main control 
computers for the first time. Currently under construction at the Kennedy 
Space Center in Florida, Orion will be NASA’s first ever deep-space craft. 
Designed to carry a crew of up to six astronauts on trips to targets such as 
near-Earth asteroids and Mars, the craft is scheduled to make its first 
space flight later this year. This mission, EFT-1, will be a four-hour 
unmanned trip of two orbits around Earth at a height of almost 5,800km 
– 15 times higher than the International Space Station. 

orion takeS 
ShaPe

NASA’s new deep-space 
 craft is set to take us further 

than ever before
Photo © lockheeD martin
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SCienCe Shot
 Images from Earth & beyond

Orion’s re-entry will occur at  
speeds of over 32,000km/h 

This will generate 
temperatures 
exceeding 2,200ºC
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t was supposed to help 
clarify the story of human 
evolution. Instead, analysis 

of the oldest human DNA ever found 
appears to have muddied the waters. 
Genetic material from a 400,000-year-
old fossil found in Spain has revealed an 
unexpected link with a group of early 
humans that lived much more recently 
and thousands of miles away. 

The ancient DNA was retrieved 
from a femur found in the Sima de los 
Huesos or ‘Pit of Bones’, a fossil-rich 
cave in the Atapuerca Mountains. It’s 

one of 28 similarly aged skeletons 
found at the site. 

Because these early humans lived 
around the same time as Neanderthals 
and looked a little like them too, 
researchers presumed they were 
either early Neanderthals or part of 
the population that gave rise to them. 
“We expected to find that the DNA of 
the Sima de los Huesos hominins 
would be Neanderthal-like,” says 
Professor Juan-Luis Arsuaga at the 
Centre for Research on Human 
Evolution and Behaviour in Madrid, 

I

Spain, part of the team who studied 
the specimen. But it was not to be. 

Instead, the DNA, isolated from 
tiny cellular power packs called 
mitochondria, resembled that of a 
different group, a recently discovered 
group of early humans known as the 
Denisovans. Known only from a 
finger, two teeth and a toe, the 
Denisovans have only been found at 
one site, in the Altai Mountains of 
Siberia where they lived around 41,000 
years ago. Clearly they couldn’t have 
interbred with the Spanish hominins, 
who lived some 360,000 years earlier. 

The answer to the conundrum, the 
team suspect, may lie in the type of 
DNA analysed. DNA deteriorates 
easily, making it difficult to isolate 
from ancient bones. Arsuaga and his 
colleagues retrieved mitochondrial 
DNA (mtDNA), which is more 

“This sTudy means ThaT oTher 
human fossils from This period 
can be considered for analysis.”
Prof Chris Stringer Natural history museum, loNdoN 

OldeSt human dna COnfuSeS 
evOlutiOnary tree

+ Material drilled from a 
fossilised thigh bone that’s 
400,000 years old has yielded 
DNA that can be analysed.

99.7% 
of the base pairs – the 
building blocks of dna 

– are identical in modern 
humans and neanderthals

 The latest breakthroughs explained and dissected

words By  dr helen Pilcher

An incredible feat of deciphering  
ancient genes provides scientists with 
more questions than answers
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intelligenCe 
 Breakthroughs explained

The oldest human skeleton 
found is 4.4 million years old

Ardi, short for 
Ardipithecus ramidus, was 
discovered in Ethiopia

15@SciUncovered

abundant and easier to extract than 
the DNA housed in the cell’s nucleus. 
Unlike nuclear DNA, which is 
inherited from both parents, mtDNA 
is only passed on from the mother. So 
if a woman has a son, the mtDNA 
disappears from the family record. So 
perhaps the Neanderthals and 
Denisovans both inherited mtDNA 
from the ancient Spanish hominins, 
but it became lost in Neanderthals and 
lived on in Denisovan women. 

“It’s a possibility,” says 
paleoanthropologist Professor Chris 
Stringer at London’s Natural History 
Museum. “But there could be other 
options.” In 1999, Arsuaga discovered 
the remains of an 800,000-year-old 
hominin close to the Sima de los 
Huesos. The bones are thought to 
belong to Homo antecessor, a European 
descendent of Homo erectus. Stringer 
suggests that Homo antecessor or Homo 
erectus could have bred with a common 
ancestor to the Spanish hominin and 
the Denisovans, introducing the 
mtDNA into the two different groups.

The only way to know for sure is by 
analysing more DNA. Before, it was 
thought to be impossible to retrieve 
genetic material from specimens older 
than 100,000 years or so. “This study 
means that other human fossils from 

this period can now be considered for 
analysis. We have specimens that we’d 
really like to look at. But in the mean 
time, the discovery really heightens 
our expectations,” says Stringer.

Turn to page 52 for new 
discoveries about the oldest humans 
to arrive in Britain. 

A brief history of. . .
anCient 
human dna 
1997  firs T dna isol aT ed 
+ Ancient human genetic material is 
isolated for the first time by a team of 
German and US researchers. 
Mitochondrial DNA is retrieved from a 
40,000-year-old Neanderthal found in 
Germany. It’s of low quality, but shows 
that ancient DNA can be extracted.

2010 nucle ar dna unlock ed
+ A far more onerous task than 
extracting mitochondrial DNA, German 
researchers produce draft sequences 
of the nuclear genomes of two 
different ancient hominins, the 
Neanderthals and the Denisovans. The 
lengthy sequences enable comparison 
with modern human DNA to shed light 
on human origins.

2013  oldes T dna unveiled
+ Spanish researchers extract and 
sequence the oldest human DNA  
ever found, from a 400,000-year-old 
femur belonging to an ancient  
hominin. The almost-complete 
mitochondrial genome paves the way 
for the genetic analysis of other, even 
older, human remains. 

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

Pylot James Biscotti 
Taunton, UK 
It’s important for the 
modern Western world 
to know that what we 
are now is very different 
from what we were.

Samantha Bailey  
Sandy, UK 
Be good to know how 
much we’ve changed – 
gives an insight to how 
we will change in the 
future. How far we may 
go, you never know.

Dietrich Schleif 
Greenbush, US 
By studying how our 
DNA has mutated we 
will better understand 
how to control those 
mutations.

David Makepeace 
Canterbury, UK 
Understanding our 
ancestors is one of 
many tiny steps that 
could help answer the 
question ‘where do we 
come from?’.

metres beneath the 
surface is how deep bones 

are being discovered at 
sima de los huesos cave 

in spain

 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

30

dr helen Pilcher 
Science writer & comedian
+ helen has a phd from london’s institute 
of psychiatry. @HelenPilcher1

+ Professor Juan Luis Arsuaga  
and his team with fossilised bones 
found at Sima de los Huesos.





intelligence
 Breakthroughs explained

LIDAR was developed 
in the early 1960s

It was first used in meteorology to 
measure clouds, and later by astronauts 
to map the surface of the Moon

Dr Michael Banks
Science writer
+ Michael has a PhD in experimental 
condensed-matter physics from the Max 

Planck Institute in Germany @Mike_Banks 
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oldiers and spies may have 
a new tool when operating 
under the veil of darkness 

– a new camera that can take images 
in near pitch-black conditions. While 
a normal camera needs lots of light – 
billions of photons (packets of light) – to 
create a picture, this new technology 
requires only a single photon per pixel to 
make an image. 

The camera has been developed by 
researchers at the Massachusetts 
Institute of Technology (MIT) and Boston 
University in the US. Led by MIT 

engineer Ahmed Kirmani, they fired 
low-intensity pulses of visible laser light 
on to an object. Each time a photon was 
reflected back by the object, it registered 
as one pixel in the final image. If there 
was nothing there, the photon was not 
reflected – creating a ‘black’ pixel in the 
image. Researchers then acquire a full 
image by scanning across the object.

The team used an off-the-shelf laser 
and detector. Kirmani and colleagues 
designed an algorithm that can create 
the image from the detector and 
distinguish a signal from background 
‘noise’, given that the camera needs only 
one photon to register an event. The 
algorithm also takes into account the 
time it takes for the reflected photon to 
reach the detector, to give a sense of the 
depth of the object and create a 3D 
image. “This is fundamentally a new 
way to capture image intensity or object 
reflectivity,” says Kirmani.

Currently, the images are black and 
white, as the laser produces only light 
with a single wavelength. However, as 
darker regions require a greater number 
of pulses to hit them before one is 

S

reflected, the device can also be used to 
detect different materials because of the 
rate they reflect photons. The method is 
similar to how Light Detection and 
Ranging (LIDAR) works. This can be used 
to determine the height of trees in a 
rainforest by firing a laser from a 
satellite and measuring how long the 
signal takes to reflect back. However, 
LIDAR requires more photons than this 
new technique.

The technology could have a range of 
applications, such as helping 
ophthalmologists to create an image of a 
patient’s eye without the need to shine a 
light into it and in combat situations to 
create images of enemy camps. “Low 
light level imaging is becoming 
increasingly important for a number of 
scientific, commercial and industrial 
applications,” adds Kirmani. 

“thIs Is funDaMentally a new way 
to caPture IMaGe IntensIty or 
oBject reflectIvIty.” 
Ahmed Kirmani Massachuset ts institute of technology 

100
times more photons are 
required by lIDar than 
this new technique to 

build an image

words By  Dr Michael Banks

New technology needs only single light 
particles to form a photograph
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SteAlth cAM tAKeS 3D ShotS

Low-intensity pulses 
of light are shone on 

to a subject to 
illuminate them
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SeahorSe iS Shaped for Stealth01

+ Seahorses move slowly through the water – their 
unusual upright swimming posture is not 
conducive to great speed. But they still manage to 
catch prey that can move quickly and are highly 
sensitive to disturbances in the water. How? It’s 
thanks to the shape of the seahorse’s head, new 
research shows. Studies carried out at University 
of Texas at Austin show that, with its dignified 
snout and cheekbones, its head is so 
streamlined is 
disturbs the water 
very little – 
allowing it to 
sneak up on 
unsuspecting 
crustaceans. Once within a 
millimetre of its prey, tendons in the seahorse’s 
neck snap its head forwards to capture its meal. 
Tests found seahorses had a 94% success rate 
thanks to their stealth and short-range speed.

is how close to the Sun’s surface 
Comet ISON was when it was 

ripped apart. Hailed as the ‘comet 
of the century’ only to be destroyed 

as it passed our star at 350km per 
second, ISON survives only  

as a scattering of  
fragments.

02

million kilometres
1.2

 12 of the world’s biggest scientific discoveries distilled

+ It wasn’t just the dinosaurs that made the 
Cretaceous era (120 million years ago) different 
to today. Currently, there’s about 21% oxygen in 
the air, but samples of ancient air extracted from 
bubbles trapped in amber show there was only 
around 10-15% in the Cretaceous era. The 
discovery about the air the dinosaurs would have 
breathed was made by an international team led 
from the University of Innsbruck in Austria.

amber a Store of 
ancient air + Despite its lazy, tree-bound lifestyle, the male 

koala is a virile beast that produces a mating call 
20 times deeper than an animal of its size would 
usually make. A study by Dr Benjamin Charlton 
and Dr David Reby at the University of Sussex in 
the UK has shown this is produced in the koala’s 
throat using a newly discovered body part, the 
velar vocal folds. Located outside of the 
marsupial’s voicebox, it is 700 times heavier than 
the folds in its larynx.

03
05 unuSually deep call of 

the koala explained

+ What’s 11 times heavier than Jupiter 
and orbits its star 650 times further 
than the distance Earth is from the 

Sun? HD 106906 b is the answer, and 
according to accepted theories of planet 

formation, it shouldn’t exist. Usually, 
the discs of gas and dust that planets 

form from have too little matter in their 
outer reaches for a huge planet to be 

born so far from its star. Scientists who 
used Hubble Space Telescope to discover 

the planet think it could be half of a 
binary star system that failed to ignite.

the planet that  
shouldn’t be
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 Breakthroughs explained
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+ Paleontologists at the University of Alberta, 
Canada, have discovered one of the best-
preserved dinosaur fossils ever found. The 
baby Chasmosaurus belli, a horned plant-
eater related to Triceratops, is thought to 
have been about three years old when it died 
72 million years ago. Missing only its front 
legs, it’s the first juvenile of the species ever 
found. Its high degree of preservation could 
open up new research into dinosaur skin.

belli of the ball

+ If you’ve ever wondered why you don’t 
wake up hungry in the middle of the night, 
a team of scientists led by Dr Stephen 
Kentish at the University of Adelaide in 
Australia may have an answer. The 
University’s Nerve-Gut Research 
Laboratory studied the stomachs of mice 
and found that nerves there act as a 
biological clock. This regulates hunger to 
the hours when mice are awake and most 
active, as the nerves are more sensitive to 
‘stretch’, indicating fullness, at night. The 
team expects the same system to 
operate in humans.

no midnight 
feaStS12
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+ NASA’s Cassini probe orbiting Saturn has 
delivered once again with spectacular images of 
the bizarre six-sided storm at the planet’s north 
pole. The 320km/h winds in the hurricane cover 
an area twice the diameter of Earth. The 
hexagonal storm, which could have been raging 
for centuries, was discovered by the Voyager 
probe in 1981. It is thought to be a unique 
phenomenon in our Solar System.

Saturn’S Storm  
in action

It had been thought that the 
melting here led to a 0.28mm per 
annum rise. But the estimate has 
been revised after measurements 
by the European Space Agency’s 
ice-monitoring satellite CryoSat.

is the increase in the estimate of 
the amount that melting of the 

West antarctic ice Sheet 
contributes to global sea level rise.

15%
07

+ SkySweeper the robot has been 
invented by mechanical engineers at 
the University of California at San Diego 
to inspect power lines for faults and 
damage. Made from off-the-shelf 
electronics and 3D-printed parts, it 
cost less than $1,000 to build. Power 
lines are currently inspected with 
helicopters, but SkySweeper would be 

much cheaper and easier to use. 
Eventually, the V-shaped robot 

could be fitted with induction 
coils to draw power directly from 
the lines themselves, meaning it 

could be deployed for longer stretches.

inSpection bot’S 
high-Wire act06

+ The archerfish, found across Asia, 
has long been noted for its ability to 
capture prey by knocking it into the 
water by spitting at it, then moving 
directly beneath it as it falls. Now, 
research at the University of Milan in 
Italy has shown that the fish rarely 
misses because it takes into account 
the effect of gravity on its water jet, 
and the bending of light through water 
as it takes up position under its meal.

the fiSh that 
knoWS phySicS11

10
 100%

is the electrical conductivity of 
stanene, a new material dreamed up 

by the US Department of Energy’s 
SLAC National Accelerator 

Laboratory and Stanford University. 
Comprising a single layer of tin 

atoms, stanene has  
yet to be made.
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On the summit of Mount Everest 
are fossils that testify to how the 
mountain formed. 

Although you might perhaps 
expect such remains to be from 
pteradactyls in order to make 
such a lofty place home, the 
fossils are actually those of shelly 
sea creatures. Since it is quite 
certain that molluscs can’t climb, 
and 27,000ft is a bit too high even 
for sea level rise, there is only 
one possible conclusion. Rocks 

nature

How did Mount Everest form?
John Wilks DEvon, Uk

can be lifted from the bottom of 
the ocean to form the top of the 
highest mountain. The enormous 
forces generated by the collision 
of continents are required for 
such a massive lifting job. 

In the case of Everest, it was 
the collision of the Indian 
continent with the rest of Asia 
some 50 million years ago that 
brought this about. When 
continents collide, the rocks 
trapped in between crumple like 

an accordion – generating 
massive folds that push up the 
land. During this massive 
squeeze, the weak mid-to-lower 
crust squeezes out, like the jam 
in a squashed sandwich, as a 
tongue of hot rocks. 

These rocks are present below 
the summit of Mt Everest and are 
separated from the fossil-rich 
top by a giant fault that has 
helped to make this the highest 
mountain in the world. 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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Blast-resistant glass like this 
can prevent serious injuries in 

the event of an explosion

nothing can escape from a 
black hole once it has passed 

the event horizon

23@SciUncovered

The Singapore Flyer is the 
world’s tallest Ferris wheel

It’s 165m high  
and takes 30 
minutes to rotate
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engineering

How is blast-resistant glass made?
Kimberley Roberts ABERDEEn, Uk

Blast-resistant glass is glass that 
has been designed to prevent or 
reduce the danger posed by 
flying shards in the event of an 
explosion. 

One way of achieving this is 
by using toughened glass; that is, 
annealed glass that has gone 
through a thermal or chemical 
tempering process. This 
procedure increases the internal 
tension and puts the outer 
surface of the glass in 
compression, holding surface 
cracks and flaws closed and 

causing the glass to crumble  
into smaller granular chunks 
once broken. 

However, in a blast  
situation most glass companies 
would suggest using a laminated 
glass. This type of product is 
produced by combining two or 
more layers of glass with 
interlayers, such as polyvinyl 
butyral (PVB), that hold the 
broken glass together. 

Some blast-resistant glasses 
also replace some of the glass 
layers with polycarbonate. IM

The London Eye is a special 
example of a ‘massive Ferris 
wheel’ because, unlike many of 
the biggest wheels, it is 
supported on only one side. Its 
wheel is held up by a giant 
cantilevered ‘A’ frame, with 
tapered steel legs that are 20m 
apart at the base and 58m in 
length. The main foundation 
underneath the legs is 2,200 
tonnes of concrete, with 44 
concrete piles that are 33m deep. 
The second ‘tension’ foundation 
for the cable stays of the 
cantilever used 1,200 tonnes  
of concrete. IM

It’s antimatter, produced during 
high-energy collisions in the 
Large Hadron Collider at CERN. 
Factoring in the construction 
cost and energy demands of the 
LHC, and the tiny amounts 
created, antimatter costs an 
estimated $62.5 trillion per  
gram. Next up is the synthetic 
element Californium 252, which 
is used as a neutron source in 
many applications – such as 
medicine and nuclear research. 
Again, it is produced in small 
amounts and costs $50 million 
per gram. PC

Black holes are so-called because their enormous mass exerts such  
a strong gravitational force that nothing, not even light, can escape 
once inside a certain perimeter known as the event horizon. So, any 
object falling into a black hole is unlikely to be seen again. As large 
amounts of material approach a black hole, it’s likely that an orbiting 
disc of matter will be formed outside the event horizon. The matter in 
this ‘accretion disc’ will be heated due to friction between different 
materials moving at different speeds. So it will radiate a great deal  
of light. Anything falling inwards across the event horizon will be 
compressed to zero size and infinite density as its mass is  
incorporated into the black hole. No radiation it emits will be  
visible from outside. JW

engineering

What keeps Ferris 
wheels upright? SPaCe 

What happens to material 
that enters a black hole? 
Eleanor Stevens Boston, UsA

nature

What’s the most 
expensive 
material on Earth?
Rebecca Williams syDnEy, AUs

Ian Talbot hERtfoRDshIRE, Uk
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Temperature is a measure of heat 
energy – and there is a 
fundamental lower limit, or 
absolute zero, at which it 
becomes impossible to extract 
heat energy from any material 
(-273.15° on the Celsius scale). The 
coldest place observed is within 
the Boomerang nebula, where 
the temperature is about 1° above 
absolute zero. But in a few 
research laboratories, including 
at my own university, physicists 
have built refrigerators that can 
reach a few millionths of a 
degree above absolute zero. JW

The sense of smell works as  
a result of molecules being 
released from an object’s surface 
and travelling through the air 
until they are inhaled and 
detected by specialised olfactory 
receptor neurons (nerve cells) 
lining the nose of a human  
or animal. These neurons 
generate a signal, which is then 
interpreted by our brains as  
a smell. 

By losing molecules, an object 
does lose some mass, but the loss 
is negligible. PC

SPaCe

What’s the coldest 
place in the 
Universe?

nature

Do objects lose 
mass when they 
give off a smell?

Tom Evans cUMBRIA, Uk

Melanie Swain cARDIff, Uk 

WHaT If… THE ICE CaPs 
MELTED aWay?

WHaT If… aN asTErOID HIT EarTH?
Do you have the answer? Log on to Facebook and let us know, facebook.com/SciUncovered

NExT IssUE

aPOCaLyPsE NOW?

50-60 volcanoes erupt 
in an average year

The split is roughly 
even between lava and 
ash-based eruptions

Rising tides, flooded communities, global warming… how 
our lives would change if the poles turned back to water

Are the ice caps melting?
Yes, and Dr Peter Wadhams, 
Professor of Ocean Physics at the 
university of Cambridge, 
calculates that this is happening 
at an alarming rate. “Latest 
estimates are that the greenland 
ice cap is losing about 300 cubic 
kilometres of ice per year and the 
antarctic ice cap about 90,” he 
says. Sydney Harbour, for example, 
contains just 0.5km3 of water.

How much hotter would the 
planet need to be for them to  
melt completely? 

it wouldn’t need to get hotter. 
“the ice caps will melt completely 
under present conditions, but it 
would take about 3,000 years,” 
says Wadhams. “But with warmer 
conditions, that may come down 
to a few hundred years.”

How high would water levels rise 
if all the ice at the poles melted? 
if all the ice on land melted, the 
sea level would rise by over 65 
metres. there would be enough 
water to sink the netherlands, 
eastern Britain, Florida and the 
east coast of america, australia’s 

coastal cities and a sizeable 
chunk of China.

Would the melted ice have any 
unexpected consequences? 
“the reduced planetary albedo 
would lead to an acceleration of 
global warming,” says Wadhams. 
the albedo is the reflective power 
of a surface. With a reduced 
albedo, earth would absorb more 
radiation from the Sun.  

Is there anything we can do to 
stop global warming?
“in the end, a reduction of CO2 
emissions – or, better still, of CO2 
levels – would bring it to a halt. 
But the effect would be slow 
because of the persistence of CO2 
in the atmosphere. if we are 
afraid, as i am, that current levels 
of warming are leading to 
dangerous tipping points, some 
kind of geoengineering technique 
would appear necessary until the 
CO2  reduction can kick in.”
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There are more volcanoes along the planet’s 
80,000 kilometres of mid-ocean ridges, where 
the Earth’s crust splits apart and spreads, than in 
any single country. Since most of the mid-ocean 
ridge system lies in international waters, there 
are more volcanoes without a country than those 
belonging to a particular nation. Volcanism, it 
would seem, has no particular nationality. MG

The Biblical Mary might have had the most 
well-known virgin birth, but she’s not the only 
individual that can deliver without sexual 
intercourse. A wide variety of species, from 
lizards to sharks, have produced offspring 
through parthenogenesis, where a female 
essentially gives birth to clones of herself. 
In physiological terms, parthenogenesis occurs 
when an egg activates and begins dividing to 
create an embryo. These eggs develop and 
mature despite their unfertilised status. 
Sometimes, embryos develop from eggs that 
have only half a genome, while in other species 
eggs inherit the mother’s full genome instead of 
half due to mistakes during the egg-making 
process called meiosis. In some insects, eggs are 
created without undergoing meiosis. The end 
result is the same: a baby without a daddy.  CW

Our planet has changed shape slightly 
through history, slowly becoming less 
portly around the middle. Once the 
Earth had finished growing, by 
sweeping up debris from the Solar 
System, it began to cool. The Earth has 
contracted a little due to cooling, just 
like a metal rod contracts when it loses 
heat. However, the biggest slimming 
effect is related to its spin. As our 

nature

Which country has most 
of the world’s volcanoes?  

planet spins, its waist flattens 
outwards; the faster it spins, the more 
it flattens. Earth’s spin has decreased 
– slimming its circumference. Its 
equatorial diameter is now 44km 
wider than that when measured from 
pole to pole. But 600 million years ago 
– when there were 400 days in a year 
– our planet’s waistline was 6km 
wider than it is now. MG

Martine Haas coRnWALL, Uk

Helen Shea InDIAnA, UsA

Jacob Brooks MInnEsotA, UsA

When the Batmobile is the victim of 
road rage, Bruce Wayne doesn’t waste 
time writing down number plates – he 
just whips out his electromagnetic 
pulse blaster, takes aim and 
scrambles the other car’s circuitry, 
forcing it to trundle to a standstill. in 
the Dark Knight rises, we see Batman 
use such a device to stop a rogue 
motorcycle in its tracks. 

real-world traffic enforcement 
officers could soon be using similar 
technology to safely put a stop to 
high-speed car chases. British firm 
e2V has recently unveiled a prototype 
of its rF Safe-Stop system, which 
uses radio pulses to stall the engine of 
a moving vehicle, causing it to roll to a 
stop. the Safe-Stop device generates 
a series of intense radio frequency 
pulses in a five-second burst, which 
reach the target’s electronic 
management system, or mobiliser,  
via a metre of wiring loom that serves 
as an aerial. the burst short-circuits 
the vehicle’s electronics, rendering  
it inoperable.

it works over a short range – 
around 50 metres – but can target 
individual vehicles, just as Batman’s 
eMP blaster can. in its current guise, 
the rF Safe-Stop is a large box  
bolted to a vehicle.

#03: BaTMaN’s  
EMP BLasTEr

nature

How is it possible for some 
types of animal to have 
virgin births?

Wrong-doers could soon 
screech to a halt thanks to a 
gadget that confuses getaway 
cars’ electronic systems

sCIENCE Of sCI-fI

SPaCe

Does the circumference of the 
Earth change with time?

Humans have around 40 
million scent receptor neurons 

They mean that we 
can detect up to 10,000 
different smells
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You can see an object only if light rays from it pass 
through your eyes. The light could have been emitted by 
the object, or have been reflected from another source.  
You can see the Sun because it emits light, whereas you 
can see the Moon because it reflects sunlight towards 
your eyes. Space appears black because it is virtually 
empty, so there are almost no reflectors to redirect 
starlight towards you. Fortunately, there are enough 
reflective exceptions, such as planets, comets, meteors 
and gas clouds, to keep astronomers busy.  JW

SPaCe

If stars emit light, why is space dark? 
Harvey Copping sALfoRD, Uk

       First, you’d have to choose an ‘average’ dinosaur. More 
than 700 species have been named, with plenty more 
awaiting description. Different species had very different 
lifespans – large plant-eaters likely lived dozens of years, 
while large carnivores didn’t live as long. But animals rarely 
live as long as they can — whether it be a flash flood or a 
predator, most die before they reach old age. It’s also hard 
for scientists to tell how old a dinosaur was when it died 
from its bones, unless they fossilised really well. CW

Elaine Malpass soUthAMPton, Uk

nature

How old was the average 
dinosaur when it died?

Well, the other 1% contains all 
the matter, that er… matters! 

Although the orbiting 
electrons surrounding an 
atom’s nucleus make up 
most of its volume and it 
looks like there is a lot of 
space between the two, 
virtually all of an atom’s 

mass is contained within 
the protons and neutrons of 

the central nucleus. These are 
nearly 2,000 times heavier than a 

nature

If atoms are 99% empty space, why are things heavy?

tiny electron. So for a simple atom 
such as hydrogen, comprising a  
single proton and electron, over 99.9% 
of the atom’s mass is made up from 
the proton. 

And strictly speaking, atoms aren’t 
99% empty – the remaining volume is 
filled by the electric field of the 
electron cloud. When electrons from 
neighbouring atoms approach each 
other, the electrostatic force between 
them leads to chemical bonding, 
giving structure to matter. PC

47% of US households 
own a dog 

This adds up to 
around 83.3 million 
domesticated dogs

thousand years ago, dogs  
were being buried  
alongside humans

12

Luis Dominguez nEW yoRk, UsA
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The greenhouse effect. It’s a bad 
thing, right?
On the contrary. in fact, if it wasn’t for 

the greenhouse effect, earth wouldn’t be warm 
enough to support life and would likely end up a 
barren, cold rock – like Mars is today.

How does it work?
it’s the process by which certain 
 gases in the earth’s atmosphere  

serve as an insulating blanket, preventing solar 
heat from leaving the earth, and keeping the 
surface and lower layers of the earth’s 
atmosphere warm.

What properties make a gas a 
‘greenhouse’ gas?
these gases, such as carbon dioxide, 

have the ability to absorb and emit infrared 
radiation, which is crucial to keeping our planet 
at a habitable temperature. energy from 
sunlight that reaches the earth’s surface is 
released back into space in the form of infrared 
radiation. While some of this radiation makes it 
into space, the rest hits greenhouse gases in the 
atmosphere, which absorb the energy and emit 
it in random directions – including towards 
earth. Without this process, average 
temperatures on earth would be 33°C colder.

Which greenhouse gases are in our 
atmosphere? 
Water vapour is the most common – 
including clouds, it comprises around 

90% of all the greenhouse gases in our 
atmosphere. Carbon dioxide is the next most 
common – and the primary greenhouse gas 
emitted by human activities. Since 1750, the 
amount of carbon dioxide in the atmosphere has 
increased 141%.

What will happen if the amount of 
greenhouse gases continues to rise? 
Climate scientists are concerned  

that temperatures will rise considerably – 
having a negative effect on life on earth. Venus 
is a cautionary tale. its hellish conditions are 
considered to be the result of a runaway 
greenhouse effect that boiled away its oceans. 
(For more on that, see page 40.)

#03: GrEENHOUsE EffECT
It keeps us alive – but could also kill  
us all. Our one-minute primer  
explains what it means for you

The most recent evidence for the 
origin of domesticated dogs comes 
from a study of ancient dog and wolf 
remains. When scientists studied the 
DNA in the mitochondria of their cells, 
their ‘power plants’, they found the 
two species likely diverged in Europe 
20-30,000 years ago. A European 
origin fits with the evidence – the 
oldest domesticated dog bones come 
from sites in Siberia and Western 
Europe. However, mitochondrial DNA 
shows only genetic information 
passed along the female line. Scientists 
want to sequence DNA from the 
animals’ cell nuclei to understand 
more of the variation in their genomes, 
and study bones from the Middle East 
and China. This could change what we 
know about the origins of dogs. KK

In contemporary forensic cases, if a 
person has had a DNA sample taken,  
it is relatively straightforward to 
compare the DNA profile of the 
remains, based on several key genetic 
markers, to obtain a match. 
Archaeological cases are more 
complicated and usually rely on testing 
the DNA of living descendants for 
comparison. In the recent case of Lisa 
Gherardini, the woman who may have 
been Leonardo da Vinci’s Mona Lisa, 
testing is being carried out on 
mitochondrial DNA to find a match 
between bones thought to be hers and 

nature

Do we know 
where domestic 
dogs originated 
from?

HuManS

How can you tell whose remains 
DNA samples are from?

Luis Dominguez nEW yoRk, UsA

Peter  Hamilton GLAsGoW, Uk

her living relatives. Mitochondrial 
DNA, or mtDNA, is found in the 
nucleus of cells but is inherited only 
through one’s mother. Since mtDNA 
rarely changes when passed down, 
this method can be used to track 
maternal lineage back thousands of 
years. If bioarchaeologists find a 
matching mtDNA profile between the 
bones of Mona Lisa and known 
descendants of Lisa Gherardini, they 
can be fairly certain they have 
uncovered the right person. Whether 
Gherardini posed for da Vinci, though, 
is a question for art historians. KK

THE 60-sECOND PHD

DNA ‘fingerprinting’ was 
discovered by Alec Jeffreys

The British scientist patented 
his findings in 1984, and 
published them in 1985
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These low stone walls get their 
name because of their similarity 
to children’s kites when viewed 
from the air. They have been 
used throughout the world, and 
as early as the 11th millennium 
BC, for hunting herd animals. 
The animals followed the two 
‘arms’ of the kite, funnelled by 
the low walls, into a corral or a 
pit. Anthropologists say dozens 
of animals would have been 
killed at once by employing the 
kite structure. KK 

Buildings expand and contract  
as the temperature rises and 
falls. The ideal situation is to 
make sure that the materials 
used in a building’s  
construction expand at similar 
rates in response to heat.  
This prevents cracks from 
appearing. Overall, a 10m 
building would grow by 0.12mm 
for every 1° temperature rise. 
Expansion joints may also  
be designed into the structure  
in order to avoid dissimilar 
materials cracking and  
failing. IM

HuManS

What is the 
purpose of  
desert kites?

engineering

Do buildings 
change size as the 
temperature rises? 

Heather Foster EssEx, Uk 

Indigo Jackson sURREy, Uk
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Andy Fontes
via Facebook
i would if i had a terminal brain 
tumour.

Ger Swanser
via Facebook
a head transplant maybe, if the 
body started to fail and it could 
extend your life. i wonder if there 
would be compatability issues due 
to muscle mass, increased number 
of nerve signals or heartrate, etc, 
that your own brain wouldn’t be  
used to.

…aND WOULD yOU HavE ONE?

Ryan Allen
via Facebook
nope, you’d be like a whole new 
person. it would be pretty pointless 
unless you wanted to take 
impersonations to the next level.

Roxane Paczensky 
@brigadam
Only if i could choose the donor 
before my brain went kapoot.

Toby Wardman
@randywombat
Surely there’s no such thing as a 

head or brain transplant. By 
definition, it would be a BODY 
transplant. right?

Peter Jackson
via Facebook
Well, new younger body when i’m 
old – why not?

Kev O’Loughlin
via Facebook
You wouldn’t know if it was a good 
idea because you would no longer 
be you. the body and the mind are 
intrinsically linked.

THE BIG qUEsTION

The spinal cord contains 
31 pairs of nerves

It is around 45cm 
long and the width 
of your thumb

still many kinks to be worked out 
before human brains can be 
moved around at will. getting a 
complete brain out of the donor 
head is straightforward. the 
trouble comes afterwards: for a 
brain transplant to be successful, 
the nerve fibres from the donor 
brain must be connected to the 
new spinal cord. these nerves 
don’t grow or attach easily, which 
is part of the reason spinal cord 
injuries are so devastating, and 
usually irreversible. 

the challenge isn’t stopping 
italian neuroscientist Dr Sergio 
Canavero. earlier this year, he 
published a bold paper in Surgical 
neurology international 
predicting the first human brain 
transplant. Canavero outlined a 
possible procedure, including how 
to establish elusive nerve 
connections using special 
adhesives such as polyethylene 
glycol. the operation may be 
doable, he said, for a price tag of 
roughly $13 million. 

Whether Canavero’s plan will 
work remains to be seen. What we 
do know is that at the rate 
medical technology is advancing, 
it probably won’t be long until 
body transplants are feasible. the 
only question is their utility — or 
whether, by the time brain-
swapping is a reality, we’ll have 
found easier ways to treat 
patients. CW

Modern medicine has found a way 
to transplant all kinds of body 
parts, even delicate ones such as 
hearts. But transplanting brains? 
it sounds like the plot of a bad 
science fiction movie. 
Surprisingly, brain transplants 
– or, as medical literature refers 
to them, whole body transplants 
– may be possible. in extreme 
cases, such as neck-down 
paralysis, muscular dystrophy or 
quadriplegia, future treatments 
may include donor bodies. though 
brain transplants may sound like 
the future of medicine, scientists 

have been working on the subject 
for decades. in the ’60s, a team 
led by american neurosurgeon 
robert White performed six brain 
transplants on dogs, some of 
which survived for days. Less 
than a decade later, White and his 
colleagues transplanted the head 
of a rhesus monkey on to the 
body of another one. the monkey 
lived eight days, and though it 
lacked control of its body, the 
head functioned normally. 

But while mixing and 
matching the minds of dogs and 
monkeys is impressive, there are 

COULD WE PErfOrM a 
BraIN TraNsPLaNT?
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36 Most distant galaxy 
provides a surprise
 The window into our 

Universe’s past that has  
revealed something new 
about star formation.

38 What’s lurking in 
the asteroid belt?
 Discover exactly what lies 

between Mars and Jupiter.

 Explore our universe and its mysteries

inside this 
section 

40 venus: earth’s  
evil tWin
 It’s roughly the same size 

as our planet, but a whole lot 
hotter. What can it teach us 
about our future?

72 nature’s split 
personalities
 Meet the rare creatures 

that are literally two 
individuals in one.

72 nature’s split 
personalities
 Meet the rare creatures 

that are literally two 
individuals in one.



Have you ever dreamed of spending your holiday on  
another planet? Well, you don’t have to leave Earth to  

find out what it would be like…
words BY  dr louisa preston 

Wish 
you 

were 
here? 

Wish 
you 

were 
here? 
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The Rio Tinto area was established 
as a mining site around 3,000 BC

It has been mined by 
Iberians, Greeks, Romans, 
Visigoths and Moors
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Explore rivers teeming 
with life that resemble 

the river systems of ancient 
Mars and hunt for two-
million-year-old fossilised 
micro-organisms.

Visiting Rio Tinto in southern 
Spain is like stepping back in 
time 3.8 billion years to when 
Mars was a water-rich world with 
the potential to support life. The 
blood-red, iron-rich waters there 
are overflowing with microbial 
communities, either free floating 
in the water itself or coating 
cobbles found strewn across the 

river floor with a fuzzy yellow 
blanket. Streamers of bacteria 
can be seen draped along the 
river bed aligned in the direction 
the river flows, living in a liquid 
world as acidic as the inside 
of a lemon. These organisms 
are extremophiles or ‘extreme 
lovers’, thriving in conditions 
that humans could not, and are 
the kind of life that might have 
been able to survive on Mars 
early in its history, or even today.

The landscape at Rio Tinto is 
painted a Mars-like rusty red, 
with the river itself bounded by 

iron-rich rock terraces that hide 
a secret. They hold within them 
fossils of two-million-year-old 
life forms. Scientists study this 
site, as it gives an insight into 
how life survives in extreme 
Mars-like environments. 
Drilling equipment and sampling 
handling technologies are tested 
at Rio Tinto to practise drilling 
into rocks on Mars to search for 
water and life.

Train and live like 
an astronaut in the 

coldest desert on Earth and 
experience what it would be 
like to survive on Mars today.

The Antarctic Dry Valleys 
are one of the most Mars-like 
environments found on Earth. 
Conditions are extremely dry and 
cold, with temperatures as low 
as −40 °C. The Sun’s UV radiation 
is very strong, which combined 
with the cold and lack of liquid 
water creates an environment 
that mimics conditions on the 
Red Planet. A range of features 

observed on the Martian surface 
can also be seen in this polar 
desert, such as gigantic polygons 
created by subsurface ice, gullies, 
and glaciers. Extreme-loving 
communities of organisms  
thrive here, using a range of 
biological stunts to survive.

Tiny nematode worms found 
throughout the desert soils stave 
off the cold, using proteins to 
prevent their cells from freezing. 
They can also enter suspended 
animation if the environment 
becomes too dry, waiting for 
liquid water to return. 

Antarctica is a crucial place 
for human space mission testing. 
Psychological and physiological 
confinement tests are carried  
out there, as well as preparations 
for moonwalks. 

The Antarctic 
Dry Valleys 
cover an area of 
4,800 km2

ABOVE Mars as it might have looked when 
covered in water. If there was once life 
there, Rio Tinto shows us what it may  
have been like

LEFT The landscape of Mars’ Twin Cairns, 
captured by the Curiosity rover, bears a striking 
resemblance to the rocky wilderness of the 
Antarctic Dry Valleys

The Rio Tinto is a blood-red  
colour due to the amount of iron 

 dissolved in the water

the landscape at rio tinto is painted 
a mars-like rusty red, with the river 
bounded by iron-rich rock terraces.

a range of features observed on  
the martian surface can also be  
seen in this polar desert.

to visit: ancient Mars 
GO TO: SOuTh-weST Spain

to visit: Modern Mars 
GO TO: anTarcTica
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Volcanoes on Io emit plumes 
of sulfur as high as 500km 

The moon’s surface 
is also covered in 
extensive lava flows
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ABOVE This image of Io, taken by NASA’s 
Galileo satellite, shows a surface 
pockmarked by volcanic activity 

the study of volcanoes on earth is 
vital to helping us understand how 
they formed on other worlds.

Ever wanted to witness 
the power of a volcanic 

eruption first-hand? Take a 
drive around one of the most 
active volcanoes on Earth and 
marvel at its splendour.

Volcanoes have been 
observed on Mercury, Venus, 
Mars, Earth and the Moon, 
and are thought to exist on the 
outer Solar System moons of 
Enceladus, Titan and Triton. 
Jupiter’s moon Io is the most 
volcanically active body in our 
Solar System, with an estimated 
300 sulphur-spewing volcanoes. 

There are about 1,900 volcanoes 
on Earth that are considered 
active, and hundreds more that 
are either dormant or extinct.

One in particular gives you 
an experience like walking on 
another world – Kilauea, the 
youngest and most active volcano 
on the Big Island of Hawaii. It is 
a shield volcano, a large shallow-
sloped mountain shaped like 
a warrior’s shield lying on the 
ground, that is built of runny 
basaltic lavas, as seen on Mars, 
Venus and Io. Kilauea is studied 
to understand the formation 

to visit: io 
GO TO: hawaii

to visit: europa 
GO TO: canada

Hawaii was formed by 
the eruptions of five 

overlapping volcanoes

mechanisms of shield volcanoes 
and their associated features, 
such as basaltic lavas, caves, lava 
tubes and skylights.

The study of volcanoes on 
Earth is vital in helping us 
understand how they might have 
formed on other worlds, the 
internal workings of planets and 
moons, and how to identify life 
that could survive there.

if life did evolve elsewhere in the 
solar system, structures like those  
at pavilion lake might be preserveed.

Visit this prehistoric 
underwater realm to 

learn how we might one day 
explore the oceans of moons 
such as Europa and perhaps 
even discover ancient life on 
other planets.

Nestled within Marble 
Canyon, deep inside British 
Columbia, Canada, is Pavilion 
Lake – a 5.7-kilometre-long, 
slightly alkaline, groundwater-
fed, freshwater lake. It’s home to 
hidden colonies of microbialites - 
rocks influenced by microbes as 
they formed.

They bear resemblance to 
some of the earliest samples of 
life we have from Earth, called 
stromatolites, which were 
formed 2.5 billion to 540 million 
years ago. Investigating how 
these modern microbialites 
grow and the signatures they 
leave behind in the rock provides 
us not only with a greater 
understanding of the earliest life 
forms on Earth, but also of  

other planets and moons. If life 
did evolve elsewhere in the Solar  
System, structures similar  
to those at Pavilion Lake might 
be preserved.

In the Pavilion Lake Research 
Project, submersibles and divers 
are exploring the lake and its 
microbialites. Conditions here 
are extremely harsh, requiring 
state-of-the-art life support 
systems. This is analogous 
to the conditions astronauts 
would be subjected to if they 
explored Jupiter’s moon Europa 
and Saturn’s moon Enceladus 
in the future - two bodies in 
our Solar System that may have 
vast quantities of liquid water 
underneath their icy surfaces.Canada’s Pavilion Lake could 

prove useful to future 
exploration of other planets 

A close-up view of Europa’s ice

IM
AG

Es
 ©

 d
o

n
n

IE
 r

EI
d

/ p
Av

Il
Io

n
 l

Ak
E 

r
Es

E
Ar

ch
, n

As
A



34 @SciUncovered

space uncovered
 Wish you were here?

The Pilbara area was first   
explored by Europeans in 1861

Britain conducted its first 
atomic bomb test on the nearby 
Montabello Islands in 1952

the pilbara region is an expanse of  
dry red earth, coastal plains, 
mountains and mineral deposits.

IM
AG

E 
©

 n
As

A 
AM

Es
/J

p
l-

c
Al

tE
ch

IM
AG

E 
©

 n
As

A

Get away from it all and 
visit an ancient beach in 

western Australia to unearth 
evidence of the earliest life 
on Earth – and how similar 
life may have once existed on 
Earth-like exoplanets across 
the Universe.

The Solar System and all 
the planets formed around 
4.54 billion years ago, with life 
appearing on the Earth within its 
first billion years. There is little 
evidence from this period, but 

an area in Western Australia is 
home to some of the oldest rock 
formations on the planet. It’s 
providing clues as to what the 
environment might have been 
like on the early Earth, when 
life first arose and what it might 
have looked like. 

The Pilbara region is an 
impressive expanse of dry red 
earth, coastal plains, mountains 
and mineral deposits. Here, 
areas such as Strelley Pool 
host 3.4-billion-year-old rock 

formations of sandstone,  
which made up the Earth’s 
earliest shorelines. 

These rock units are home  
to some of the oldest known 
signs of microbial life. Thanks 
to the rocks at Pilbara, scientists 
can use ‘biosignatures’ of past 
Earth life to learn how to identify 
signs that life once existed on 
other planets. 

Stand in the awe-
inspiring footprint left 

behind by the hypervelocity 
impact of an asteroid with the 
Earth 50,000 years ago.

Asteroids, comets and 
meteors are leftover remnants 
from the formation of the 
Solar System. They rain down 
on every object in our galactic 
neighbourhood, including small 
moons, leaving evidence of their 
existence and the effects of their 
hypervelocity bombardment 
in the form of impact craters 
scarring planetary surfaces. 
Earth receives one to three 
impacts every million years 
large enough to create a 20km-
diameter crater. However, the 
largest impact known produced  
a 300km crater – the Vredefort 
crater in South Africa.

Impacts create circular 

depressions on our landscape, 
although many have been 
destroyed through the actions of 
plate tectonics, weathering and 
erosion, or are hidden by oceans 
or vegetation. 

Our Moon’s surface lacks 
such factors, so you can still see 
evidence of collisions billions of 
years ago. And at Meteor Crater, 
60km east of Flagstaff, Arizona, 
you can experience the force of 
these impacts for yourself here 
on Earth. Nearly 1.2km across 
and 17m deep, it was formed 
around 50,000 years ago. 

ABOVE Meteor Crater in Arizona remains intact 
despite the effects of erosion, weathering and 
plate tectonics. It gives visitors a sense of 
those found on the Moon

ABOVE Much older craters than 
those on Earth are visible on the 
Moon, as the effects of erosion 

are far less there

ABOVE Kepler-62e is an exoplanet 
roughly 60% larger than Earth, and – like 
our planet – orbits within the habitable 
zone of its star

Strelley Pool, in Australia, 
gives scientists an insight 

into early life on Earth

to visit:  kepler-62e
GO TO: auSTralia

to visit: the Moon 
GO TO: arizOna

dr louisa preston
Astrobiologist
+ a postdoctoral researcher 
at the open university, she 

investigates places on earth that mimic 
features on other planets. @louisaJpreston
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Space uncovered
 Distant galaxy found

words BY  colin Stuar t
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SurpriSe hidden in  
moSt diStant galaxy

pace is big. It would take 
NASA’s Voyager craft 
80,000 years to reach even 

the nearest star beyond the Sun. 
Yet that’s nothing compared to the 
recently discovered z8_GND_5296 
galaxy. When the light from it we’re 
seeing now departed on its trip 
towards us, the galaxy was 13.1 billion 
lightyears away from us. It now resides 
at an even greater distance – around 
30 billion lightyears – due to the 
expansion of the Universe carrying it 
further and further away. 

Other galaxies that are more 
distant may have been discovered 
before, but this is the first to be 
‘spectroscopically confirmed’ – an 
astronomical technique that serves as 
the ‘gold test’ of an object’s distance.

As light takes time to get to places, 
astronomers don’t see objects as they 
are now, but as they were when the 
light departed. We see the Moon and 
Sun as they were about 1.3 seconds and 
eight minutes ago, respectively. So  
z8_GND_5296 isn’t just the most 
distant known galaxy – what we’re 
looking at is also the most ancient 
we’ve seen. This provides a window 
into what the Universe was like 13.1 
billion years ago, when it was only 
700 million years old – a mere 5% of 
its current age. Such information is 
crucial for astronomers striving to 
discover the inner workings of the 
infant Universe.

Further analysis of z8_GND_5296 
turned up something unexpected –  
the galaxy was making stars at a  

much faster rate than anticipated. 
Despite being around 50 times less 
massive than the Milky Way, 
 it seemed to churn out stars around 
100 times faster. That goes against the 
current scientific consensus. 

“This discovery requires us to re-
examine how galaxies grew stars 
in the early Universe,” says Dr Steven 
Finkelstein, an astrophysicist at the 
University of Texas at Austin and 
the lead scientist behind the find. 
“Most models imply galaxies grow 
stars smoothly, but the high rate of 
star-formation seen in this galaxy 
is difficult to explain with those 
models.” So by giving us a glimpse 
of the Universe at a young age, z8_
GND_5296 is opening up new avenues 
of research to explore. 

A newly discovered galaxy billions of lightyears  
away from Earth is churning out new stars far  
more rapidly than expected

z8_GND_5296’s light  was 
stretched on its way to Earth 

This is due to the Universe expanding. 
It shifted the once-visible light into 
the infra-red part of the spectrum

ABOVE Captured by  
Hubble, this distant 
galaxy is the oldest 
we’ve discovered so far 
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colin Stuart
Astronomer & author
+ A London-based astronomer  
and author, Colin’s f irst book –  

The Big Questions in Science – is out now.  
@skyponderer 
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f, as is commonly proposed, 
the asteroid belt is a planet 
that didn’t get the chance to 

form properly, you could be mistaken 
for thinking that it wouldn’t have ever 
made much of a planet in the first 
place. The asteroid belt stretches from 
just past Mars beyond the orbit of 
Jupiter, and although it consists of 
millions of asteroids, many of those 
are tiny, dust-like particles. The belt’s 
overall mass is just 4% of that of our 
own Moon. Almost half that mass is 
contained in just four asteroids: Ceres, 
Vesta, Pallas and Hygiea. With a 
diameter of 952km, Ceres – officially 
classified as a dwarf planet – is by far 
the belt’s largest object. 

This means that the belt is a much 
emptier area than we’re generally led 
to believe, and so much so spacecraft 
can navigate safely through it without 
incident. But it wasn’t always this way. 
Computer simulations suggest that 
the main belt originally – in the 
earliest days of our Solar System – had 
a mass closer to that of Earth. 

Unlike the inner planets however, 
the asteroid belt’s fragments never 
fused together to become a fully 
formed planet. Its proximity to our 
system’s largest planet Jupiter is likely 
to have proved its undoing. The gas 

InsIde THe 
asTeroId belT

giant’s gravitational pull gave these 
fragments too much orbital energy to 
form planets – instead of joining 
together when they collided, they 
simply shattered into ever-smaller 
fragments. Jupiter continues to 
influence the asteroid belt to this day, 
its colossal mass disturbing the path 
of some asteroids and causing gaps to 
appear in the belt, known as Kirkwood 
gaps after Daniel Kirkwood, the 19th- 
century US astronomer who first 
described them.

Jupiter might also answer the 
question of where the rest of the belt’s 
mass got to. The abundance of 
nitrogen and argon on Jupiter leads 
many scientists to conclude that the 
planet formed much further out and 
migrated to its current position over 
time. As Jupiter shifted closer towards 
the Sun, much of the mass in the 
asteroid belt would have been thrown 
outwards by the influence and 
movement of the gassy planet. 

Jupiter’s gravity still has 
implications for us here on Earth 
today. While Jupiter does to some 
extent act as a shield, its gravity 
deflecting dangerous debris such as 
comets out of our Solar System, it’s 
thought to send just as many 
dangerous objects our way.  

unlike the inner planets, the asteroid 
belt’s fragments never fused together 
to become a fully formed planet.

Any ideas this sprawling ring of debris orbiting the Sun 
had of forming a planet were wiped out by the Solar 
System’s largest inhabitant

I

4 Vesta is the only asteroid  
that’s visible with the naked eye

Some smaller asteroids 
may become visible if they 
pass close by the Earth

room To move
The spaces between large objects 

in the asteroid belt are large 
enough for spacecraft to get 

through – 11 have traversed it 
without getting hit.

WHaT are asTeroIds 
made of?
+ The composition of asteroids varies,  
because they are mostly the debris from collisions 
between objects in the early days of the Solar System. 
C-type asteroids are composed mostly of carbon, 
S-type asteroids mainly of silicates and M-type mostly 
of metal. But generally asteroids contain rock, metals 
and water ice in varying proportions.

words BY  alan dex ter
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“Several thousand meteorites from the 
main asteroid belt land on Earth each year. 
Their composition tells us they are debris 
left over from the Solar System’s formation 
and were never part of a larger planet.”

dr matthew Genge 
Imperial College London

39@SciUncovered
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625,000 asteroids have 
official designations

Asteroids are catalogued by the 
International Astronomy Union’s 
Minor Planet Center

sHapInG up
Most asteroids are irregular 

in shape. Only the largest 
have enough gravity to have 
pulled them into a spherical, 

planet-like form.

makInG conTacT
Collisions between asteroids 
can form an ‘asteroid family’ 

– a group of rocks with similar 
orbits. In slower collisions, two 

asteroids may join.

dusT band
Dust with a radius of a few 
hundred micrometres is 
produced in part through 

asteroid collisions. It slowly 
spirals in towards the Sun.

designation:  1 ceres
DaTe Of DISCOvery: 1 January 1801
This was the first asteroid to be 
identified. With a diameter of 952km, it 
accounts for 30% of the main belt’s total 
mass and is classed as a dwarf planet.

designation:  87 sylvIa
DaTe Of DISCOvery: 16 May 1866
Lying beyond the core of the main 
asteroid belt, it was the first asteroid 
known to have two orbiting satellites  
– Sylvia I romulus and Sylvia II remus. 

designation:  1950 da
DaTe Of DISCOvery: 23 february 1950
This is the asteroid that’s most likely to 
collide with earth. But we’re safe until 
March 2880 and even then there’s only a 
0.044% chance of an impact occurring.

designation:  3200 pHaeTHon
DaTe Of DISCOvery: 11 October 1983
The first asteroid to be discovered from a 
spacecraft, it has an unusual orbit that 
brings it closer to the Sun than any other 
asteroid of its size.

designation:  2005 yu55
DaTe Of DISCOvery: 28 December 2005
This 360m-diameter asteroid came 
within 201,900 miles of earth on 
8 November 2011, one of the closest 
encounters in modern times.

designation:  2013 Tv135
DaTe Of DISCOvery: 8 October 2013
The most recently discovered near-earth 
asteroid came within 4.2 million miles of 
earth on 16 September 2013. But the odds 
of it ever hitting us are only 1 in 63,000.

designation:  2008 Tc3
DaTe Of DISCOvery: 6 October 2008
This 80-tonne asteroid entered earth’s 
atmosphere on 7 October 2008 and 
exploded into around 600 meteorites  
23 miles above the desert in Sudan.

asTeroIds  of note
the belt’s biggest attractions



Space uncovered
  Earth’s evil twin

“Chemical analyses of Venus’ surface 
indicate it’s made up of basalt, the rock 
that floors our oceans. This is not a  
surprise, as this volcanically active planet  
is likely to produce abundant basalt lavas.”

dr Matthew Genge
Imperial College London

40 @SciUncovered

hrouded in mist and 
mystery, the second planet 
from our Sun is a rocky 

world of a similar size and composition 
to Earth. But that’s where the parallels 
between the two end.

Venus is hot. Extremely hot. The 
planet is hotter than Mercury, even 
though it’s twice as far from the Sun. 
Standing on the surface of Venus 
would expose you to pressures similar 
to being almost 1km underwater on 
Earth, and temperatures of up to 
480ºC – high enough to melt lead.

These high pressures and 
temperatures are a result of the 
planet’s thick, dense  atmosphere – 
made up largely of carbon dioxide, 
with billowing clouds of sulphur 
dioxide and sulphuric acid. The cloud 
layer on Venus is almost four times 
thicker than that on Earth.

This atmosphere is also highly 
reflective, and while this means  
Venus shines brightly in our morning 
and evening skies, it also has the 
effect of making it hard to observe the 
gloomy surface beneath, even from 
orbit around the planet. Satellites have 
got around this by using radar to 
penetrate the clouds, revealing a 
landscape rich in craters, geological 
features and volcanic activity.

Venus: earTh’s 
eVIL TwIn

Venus got this way as  
a result of a runaway 
greenhouse effect (see page 
27 for more on what the 
greenhouse effect is and 
how it can drastically 
change the temperature on 
a planet’s surface). It is 
thought by some to be a 
warning about what could 
happen here on Earth in 
the future. Findings from 
the European Space 
Agency’s Venus Express 
probe tell us the planet 
must have once had water 
on its surface - possibly,  
US computer modelling 
suggests, for over a  
billion years.

Its undoing was the planet’s 
close proximity to the Sun. The 
high temperatures caused water 
on the planet’s surface to 
evaporate, and water vapour is even 
more of a powerful greenhouse gas 
than carbon dioxide. Ultraviolet light 
from the Sun, then broke the water 
molecules apart into hydrogen and 
oxygen. The hydrogen escaped into 
the atmosphere and the oxygen 
combined with carbon to form  
carbon dioxide  

venus’ atmosphere is highly reflective, 
making it hard to observe the surface, 
even from orbit around the planet.

The second planet from the sun is a hellish  
place of boiling temperatures and acid 
rain, but can it teach us about our future?

S

Venus is the brightest object in 
the night sky after the Moon

It is actually bright  
enough to cast shadows  
on the ground

IM
AG

Es
 ©

 T
h

In
ks

To
ck

, n
As

A

words BY  Ian evenden



41@SciUncovered

near neIGhbour  
to earth
+ Venus is the closest planet to Earth. But exactly 
how close these two worlds are depends on their 
orbits. Venus and Earth travel in ellipses around 
the Sun – so the distance constantly changes.  
At their closest, Earth and Venus are 38 million 
kilometres away – a short distance in 
astronomical terms.

arachnoIdS
These bizarre structures are found only 
on Venus, and are named after their 
resemblance to spiders’ webs. The oval 
shape is surrounded by hundreds of 
fractures in the ground, thought to be 
formed by volcanic activity underground.

Space uncovered
 Earth’s evil twin

Venus was the first  
planet visited by a probe 

In 1962 the American probe Mariner 
2 passed within 34,000km of the 
planet, and still orbits the Sun today

LIfe on venuS?

+ The question of whether women are, in 
fact, from Venus was answered in the 
1960s and ’70s when Soviet-launched 
probes flew by and landed on the planet 
ahead of those launched by the US. The 
probes lasted between 20 minutes and 
two hours before the scorching conditions 
destroyed them.

The crushing atmosphere that 
obliterated these probes also makes it 
impossible for life as we know it to exist on 
the planet’s surface. However, as it’s 
thought Venus may have hosted oceans of 
liquid water in the past, so microbial life 
could have evolved. 

If it did, then the thick, stable 
atmosphere of the planet we see today 
may now be its home. A band of cloud far 
enough away from the surface to be at a 
low enough temperature and pressure 
could provide ideal conditions. Indeed, 
Geoffrey Alan Landis, a NASA scientist 
who specialises in planetary exploration, 
says there is a sweet spot 50km above the 
sweltering surface where humans could 
one day live in floating cities. This is the 
most Earth-like environment we know of 
in our Solar System.

But we won’t know for sure until the 
planet is explored more thoroughly. NASA 
proposed the Venus In-Situ Explorer in 
2009 – a probe designed to drill into the 
crust to analyse pristine rocks beneath. It 
was not selected for launch, however, so 
we’ll have to wait a little longer to learn 
more about our twin. 

beneath the planet’s surface, microbial 
lifeforms may thrive

craterS
Venus actually has few craters compared to 
Earth and the Moon, as the thick atmosphere 
burns all but the largest rocks up before they 
can hit the surface. This means the craters 
that do get made are likely to be huge.

no Moon
Venus is unusual among 
large Solar System bodies  
in having no natural satellite. 
In 1672, the astronomer 
Giovanni Cassini thought he 
spotted one. Others agreed, 
and  the object was named 
Neith. However, they were  
all mistaken.

LenS cap troubLeS
+ Soviet probe Venera 9 sent 
back the first pictures from the 
surface of another planet in 1975, but both it and 
Venera 10 failed to separate the lens caps from one of 
their two cameras. Veneras 11 and 12 also had issues 
with lens caps not releasing. Venera 14 was even more 
unlucky. Its cap fell in the area targeted by its soil probe, 
so it took a reading from the cap instead of the planet.

rIverS
These may look like rivers, 
but they are really the 
channels made by molten 
lava flowing over the planet’s 
surface. With no tectonic 
plates, volcanoes can erupt 
anywhere on Venus.



Humans uncovered
 Inside the mind of a genius

42 @SciUncovered

 Get beneath the skin of our species

50 five lessons from 
science about exercise
 It needn’t be as hard work 

as you might think.

52 revealing britain’s 
ancient past
 The new discoveries about 

who arrived first and what 
life was like.

86 billion neurons are 
inside the human brain

That’s 1,000 
times more than a  
mouse’s brain

inside tHis 
section 



43@SciUncovered 43@SciUncovered

words BY  mun-Keat looi

hen Albert Einstein 
died, his brain became 
a scientific curiosity. 

In the months following the 
famous physicist’s death in 1955, 
pathologist Thomas Harvey 
dissected it into 240 blocks. Over 
the years, he distributed tissue 
samples and photos to a select group 
of scientists and gradually little clues 
to Einstein’s genius emerged. 

Humanity is utterly fascinated  
by intellect, and with good reason -  
a higher IQ is linked to better jobs, 
income and health, as well as  
lower risk of accidents and  
premature death. 

W

Age is no barrier 
to brilliance

The youngest member of 
Mensa joined at the age of 
two-and-a-half

What’s going on inside the brains of those with truly exceptional 
mental abilities, and why are they so intelligent? Genetic analysis and 

Einstein’s brain are providing us with some answers

#01         IQ, or Intelligence Quotient, is the common measure of intellect. It compares a person’s mental  
ability with that of their peers – for instance, does a 10-year-old perform as well, better or worse  

than other 10-year-olds? 

genius fact

In 1904, English psychologist 
Charles Spearman noticed that high-
school grades in different subjects 
tended to cluster around the same 
children - those who were good at 
maths were usually good at English 
too. He proposed that there was 
some common factor, or ‘g’ (general 
intelligence), that could explain some 
of the differences between people’s 
mental abilities.

Although controversial, and still 
debated today, the theory largely 
stands – with evidence that different 
skills, including speed of thought, 
verbal, numerical and spatial 
reasoning, are all high in certain 

inside the mind 
of a genius

Humans uncovered
 Inside the mind of a genius
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individuals. If we can figure out what 
influences ‘g’, we can get an insight 
into to what makes geniuses smarter 
than the average, and maybe give us 
and our children a boost.

GEnE GEniusEs
The problem is, as with most things 
involving the brain, intelligence is 
complicated. Brain size was long 
thought to play a part in IQ, but though 
there is some association, bigger isn’t 
necessarily better. One of the earliest 
findings from Einstein’s autopsy was 
that his brain was smaller than most, 
weighing about 200g less than the 
average 1,400g. 

What we do know is that our genes 
play a large part. It’s estimated that 
50-70% of intelligence is passed on 
from your parents. Studies of adopted 
children show that, while a child’s IQ 
may vary, it ultimately ends up closer 
to that of their birth mother than their 
adopted mother.

“braIn sIze was long thought to play a part 
In IQ, but though there Is some assocIatIon, 
bIgger Isn’t necessarIly better.”

+ “My best bet is that extremely high IQ will 
be heritable to the same extent as mental 

retardation and individual differences in the normal 
distribution [of intelligence across a population]. I think 
we’re talking about at least half of the differences 
between people being due to genetic differences.” 

+ “Einstein was born with a good brain and 
good genes underlying that. But he also had 

a family that nurtured it and allowed him to pursue his 
intellectual interests. 

“I suspect there are any number of people in any 
generation that are genetically as well-endowed as 
Einstein, but you have to have the right configuration of 
events – and that includes environmental stuff.” 

Is it predominantly genes or environment  
that lead to genius?

nature or nurture: 
the big debate

#02 the lowest IQ required to be classified as a genius is debated. It ’s often considered to begin at the 
score of 140. others say it begins at 160. an score of 132 on the culture Fair IQ test is required in order 

to join the british branch of mensa.

genius fact

The human brain accounts  
for 2% of our weight

Yet it accounts for  
20% of our oxygen  
consumption

Yet few scientists study genetics at 
the high end of intellect - most study 
the lower end, such as those with 
mental disabilities, perhaps because 
the effects are easier to distinguish 
and it is the more pressing social issue. 

Professor Robert Plomin, of King’s 
College London, has taken up the 
challenge. In Iowa, US, a summer camp 
gathers together academically gifted 
kids with an average IQ of 160 (equal 
to the likes of Einstein and Stephen 
Hawking) – the perfect opportunity to 
study the genes of geniuses. 

Comparing the DNA of 50 children 
of a similar age and background, 
Plomin’s team scanned for 1,800 
genetic markers. But few stood out. 
The effect of all of them was tiny – the 
six strongest candidates combined 
accounted for just 1%, at best, of the 
influence on IQ. 

Like height and weight, 
intelligence is a part of the mystery 
of ‘missing heritability’ - we know 

professor robert plomin
King’s College London

professor dean falk
Florida state university

Pathologist Thomas 
Harvey with 
Einstein’s brain

Numerous factors, 
such as date of birth 

and diet, can affect a 
child’s IQ

Illustration of 
Einstein’s brain 

showing it lacked a 
Sylvian fissure – a 

groove found in 
normal brains

WHat do you tHinK?
+ Is intelligence mainly inherited? Tell us your views at 
@SciUncovered and facebook.com/sciuncovered.
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The Giga Society is the most 
exclusive high-IQ group

It has just 30 members and is open 
to anyone in the top 99.9999999 
percentile for IQ - one in a billion

general-purpose
Orange areas are specific to 
to general intelligence.

executive zone
Yellow areas are specific 
to executive function.

dual-function
Brain regions in red are involved with 
both general intelligence and executive 
function – the ability to regulate and 
control behaviour.

the regions that determine our intelligence quotient (IQ)

WHere intelligence resides  in the brain
While the structure of 
Albert Einstein’s brain is 

shining some light on the brain 
and intelligence, other research is 
peering into the minds of a much 
larger group of people. 

One such study analysed the 
brains of nearly 200 veterans from 
the Vietnam War with damage to 
very specific regions, due to the 
penetrating head injuries they had 
sustained. Neuroscientists in the US 
took CT scans of the veterans’ brains 
and then gave the volunteers a series 
of cognitive tests. 

By comparing the abilities of the 
former soldiers with damage to a 
specific region to those without, they 

were able to pinpoint areas involved 
with cognitive abilities that contribute 
to intelligence.

“We found that general 
intelligence depends on a remarkably 
circumscribed neural system, ” 
explains Assistant Professor Aaron 
Barbey at the University of Illinois, 
who led the study. “Several brain 
regions, and the connections between 
them, were most important for 
general intelligence.”

These regions are located 
predominantly in the frontal cortex 
– behind the forehead; the temporal 

cortex – behind the ear; and the 
parietal cortex – at the top rear of the 
head. Also important to intelligence 
are the white matter tracts – the  
long-distance links between these 
different regions.

More recent research with the 
veterans by Barbey has shown that 
both the frontal and parietal cortices 
are also involved with emotional 
intelligence – the ability to assess and 
control the emotions of yourself and 
others. It shows how closely entwined 
general and emotional intelligence are 
in the mind.
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There are no pain 
receptors in the brain

This means that  
the brain itself can  
feel no pain
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it is highly heritable - it’s very much 
passed between generations, in other 
words - but it’s difficult to identify the 
genes responsible. 

“We can account for maybe 
5-10% of heritability, but most of it is 
missing,” says Plomin. “We can’t yet 
identify the specific genes that are 
involved, and most people think the 
reason is the effects are so small  
that you’re going to need huge sample 
sizes [many, many participants] to 
detect them.” 

For Plomin, the story is of many 
hundreds, perhaps thousands, of 
genes affecting intelligence, which 
is where his newest project comes 
in. His latest group brings together 
2,000 of the brightest people in 
America, selected from the Study 
of Mathematically Precocious 
Youth (SMPY), an effort that’s been 
recruiting maths geniuses since 1972. 
“We looked at hundreds of thousands 
of people that they’ve collected since 

1972, then took the few thousand with 
the very highest IQ out of that high 
sample and got their DNA a couple of 
years ago,” says Plomin. 

The thinking is this: intelligence, 
like height and weight, has a 
‘normal’ distribution - plot the IQ of 
a population on a graph and you get a 
‘bell curve’ with most people around 
the middle and fewer at the lower and 
higher ends. By studying the more 
extreme ends of the scale, we may get 
clues as to which genes negatively, or 
positively, affect intelligence. 

“We’re not looking for genes for 
genius, but genes for intelligence in 
what we hope is an enriched sample 
for the positive effects of genes,” says 
Plomin. They’re now collaborating 
with a Chinese study of geniuses run 
by BGI in Beijing, China, to sequence 
the samples and hopefully find some 
genes, though Plomin isn’t expecting 
any smoking guns. 

“[My hypothesis is] that to be 

+ New gene-editing technologies could one day  
enable scientists to change an embryo’s ‘genetic 
endowment’. But, for now, there’s not much that we  
can do, bar offering screening for conditions such as 
Down’s syndrome.

The thing is, it’s not a simple matter of testing 
embryos to select for higher intelligence. There are likely 
to be thousands of genes contributing to intelligence, 
which makes selecting for the best combination 
problematic. “The more embryos you could produce,  
the more you could select for a range of genes with 
smaller effects that combine to make a significant 
effect,” says Professor Julian Savulescu of The Oxford 
Centre for Neuroethics. 

But you’d have to have thousands to choose from 
– which is ethically dubious, and limited, since the 
most one cycle of IVF can produce is 20. Nevertheless, 
Savulescu believes we have a “moral obligation” to 
ensure that our children have as many gifts as they can, 
safely, with the use of science.

 This could have a wider effect on the population –  
a US study worked out that a three-point increase in 
IQ for the whole population could reduce poverty by as 
much as 25%, welfare recipiency by 18% and the number 
of males in jail by 25%, while adding 1.5% to the GDP of 
the US economy. 

Savulescu’s own studies have discovered that the 
highest intelligence levels are associated with four  
times more invention (measured by patents) than the 
average intelligence. “This provides some support to 
the idea that genius is a socially beneficial trait, as 
well as one that arguably promotes the wellbeing of an 
individual,” he says. “So there are good reasons to either 
genetically select embryos or enhance embryos to have 
higher IQ.”

should embryos with higher IQ be selected? 
designer baby geniuses

#03 the highest IQ ever recorded is said to be that of american william James sidis (1898-1944). a child 
prodigy with exceptional mathematical and language abilities, he’s said to have had an IQ of 

250-300. however, any test records have since been lost.

genius fact

“we’re not lookIng For genes For genIus,  
but genes For IntellIgence In what we hope  
Is an enrIched sample.”
prof robert plomin InstItUtE of PsYchIAtrY, London

,

Humans uncovered
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5,000 years ago human brains 
were larger than today

Archaeological data from across  
the globe shows brains have  
shrunk by 150 cubic centimetres

47@SciUncovered

super-high functioning you need most 
of the positive [genetic mutations] 
and few of the negative ones,” he 
says. Genetic mutations are more 
often than not negative, and at best 
have no effect at all. Those with a 
higher IQ probably don’t have ‘genius’ 
mutations, but rather fewer negative 
mutations, such as those that cause 
mental retardation, on balance. 

“The highest-functioning 
individuals are merely quantitatively, 
not qualitatively, different from the 
rest of us,” says Plomin. “It’s the same 
genes but they were dealt a deck that 
had almost all ‘positive’ [mutations] 
and very few negative ones.”

Other scientists believe looking 
for genes is the wrong tack. When 
it comes to intelligence, most 

#04 einstein claimed to think in pictures rather than in words. his theory of general relativity can be 
imagined in terms of a bowling ball sat on a trampoline, with a marble rolling around in the dip the 

bowling ball creates. heavy objects distort spacetime in this fashion, drawing lighter objects towards them.

genius fact

Today’s scanning  
technology is giving us  
new insights into brain  

structure and intelligence

,

educational research suggests 
that social factors have a huge say. 
Although intelligence is highly 
heritable, having the blueprint alone 
isn’t enough – it’s what you do with 
it, how it’s executed and under what 
circumstances, that counts. As the 
writer David Shenk, author of The 
Genius in All of Us, has put it, we’re 
jukeboxes: our genes don’t program 
us to play one tune; it’s what happens 
after birth that picks the record. 

Which brings us back to Einstein. 
The latest revelations about his brain 
came from Florida evolutionary 
anthropologist Professor Dean Falk 
and colleagues in 2013. Falk believes 
that what made Einstein’s genius was 
his “natural curiosity of the world” 
and a family that encouraged it.

Geniuses will usually have 
fewer negative genetic 
mutations, rather than 
more positive ones
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Francis Galton was the first 
person to try to test IQ  

The English statistician 
opened the first testing 
centre in 1882
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+ Diet makes a difference to intelligence, particularly 
in childhood. Studies carried out during World War Two 
revealed that malnutrition can have a significant effect 
on intellect. A 2010 study of children in Bristol, in the 
UK, found a healthy diet of pasta, salads and fruit is 
associated with small increases in IQ, while an unhealthy 
diet has the opposite effect. Other studies have shown 
that supplementing diets with vitamins and minerals 
increases test scores. 

Music has a positive effect on intelligence. Studies 
in the 1980s reported that playing Mozart to pregnant 
women seemed to lead to articulate speech in children. 
Brain scans of young adults reveal that children who 
learned to play a musical instrument before the age of 
seven have thicker brain regions that deal with language 
skills and executive function. Other studies show how 
those who take early music lessons have more extensive 
wiring in the white matter linking the right and left 
hemispheres of their brains.

The evidence that brain- training games can 
make you smarter is mixed. The BBC’s Bang Goes the 
Theory programme teamed up with researchers from 
Cambridge in the UK to track 11,000 adults over six 
weeks as they practised a series of online tests. Though 
there was a small effect, the researchers concluded this 
was due to their increasing familiarity with the games 
rather than any long-term rise in ‘fluid intelligence’. 
There is evidence that such games might improve your 
short-term memory. 

Finally, your date of birth can make a difference. 
Children born in September (the start of the school 
year in Britain) do best in tests. A study of 240,000 
Norwegians found that, on average, the eldest child in 
a family had a higher IQ. It wasn’t being born first that 
mattered, but being raised as the eldest – those who 
suffered the death of elder siblings saw the same effect.

…or at least give your IQ something of a boost

become a genius with  
a few changes. . .

mun-Keat looi  
science writer and editor
+ a senior editor at the wellcome trust 
and co-author of the book big Questions 

in science: the Quest to solve the great unknowns.  
@ayasawada

#05 every year, the us macarthur Foundation surprises 20-40 individuals with ‘genius grants’. Its 
anonymous judging panel picks out people from any field who “show exceptional merit and promise 

for continued and enhanced creative work”.

genius fact

extraordinary – we can tell that just by 
looking at the surface.” These features 
may have contributed to Einstein’s 
famous thought experiments, such 
as chasing a light beam, riding an 
elevator in free fall and rocketing past 
a clock tower in a streetcar, which 
contributed to his new thinking on 
space, time and gravity. 

Of course, as Falk puts it: “You 
have to have good equipment to begin 
with. Einstein was born with a good 
brain and good genes underlying that,” 
she says. “But being curious is the key, 
and pursuing the questions that occur 
naturally to the individual.” 

“Einstein had a family that 
nurtured [his curiosity] and, in an 
uncontrolling way, allowed him to 
pursue his intellectual interests. 
He quit school at one point - he was 
bored - but that was okay. There was 
an uncle and his father, who had 
technical interests, so he was exposed 
to mechanical things, and a mother 
who saw to it that he had training in 
music. So he had an environment that 
was conducive to self-programming 
his own intellectual pursuits.” 

Examining previously unseen 
photos from Thomas Harvey’s 
collection, Falk found the patterns 
of Einstein’s brain, particularly the 
cerebral cortex (the outer, wrinkly 
part), to be unusually complex, giving 
it an uncommonly large surface area. 

“The prefrontal cortex is especially 
important for thinking about the 
future, imagining scenarios, making 
plans,” says Falk. “Einstein’s was 

“the preFrontal cortex Is Important 
For thInkIng about the Future, ImagInIng 
scenarIos. eInsteIn’s was extraordInary.”
dean falk AnthroPoLoGIst
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Most adults have a resting heart 
rate of 60-100 beats per minute

In athletes, that  
can drop to 40-60  
beats per minute

Struggling with the New Year’s resolution to get fitter? The latest research teaches us 
some surprising things about getting fit and performing like a super athlete

ways to  
exercise smarter

 A team at the University of Oregon 
in the US showed that by running 

backwards you can enjoy the stamina-
boosting effects of forward running but 
at 80% of the distance. It’s down to your 
muscles and tendons, which are used to 
stretching and shortening a certain way. 
When the landing-take off phase is 
reversed, there’s a shorter stretching and 
shortening of the muscles and tendons 
because the movement is unnatural and 
your range of motion is lower. More 
muscles are activated to compensate, 
using more energy over less distance.

The team also discovered backward 
running reduces the chances of injury. 
Biomechanical analysis revealed far less 
impact on joints – specifically the knee 
– a finding supported by researchers at 
Cardiff University who discovered 85% of 
participants who backward ran displayed 
significantly lower compressive forces. 

There are several reasons why. 
Walking backwards forces you to land 
on the ball of your foot, spreading the 
impact over a fairly large area. Also, 
backward running keeps the knee in 
a much more stable position, so it is 
significantly less stressful for the joint.

2. run backwards
 The advice from authorities in the 

UK and the US is that you need at 
least 150 minutes of aerobic activity 
such as cycling or fast walking every 
week, or 75 minutes of vigorous exercise 
like running. But according to research by 
Professor Jamie Timmons, Chair of 
Systems Biology at Loughborough 
University in the UK, there is a faster  
way to get fit. 

Timmons says you can enjoy 
comparable fitness gains by undertaking 
three 20-second bursts of high-intensity 
interval training three times a week. This 
high intensity work should be at about 
90% of your maximum heart rate. 

The exact physiological mechanisms 
aren’t yet known, but one theory is 
that high-intensity training stimulates 
the kidneys to produce fat-burning 
hormones. Adrenaline is one of these, 
and increases lipolysis – essentially the 
breaking down of fats to fuel energy. 

Glucose, also used by the body to 
produce energy, is rapidly moved from 
the blood into the working muscle, too, 
so it’s used as energy rather than stored 
as fat. The research is continuing into the 
exact mechanism at play.

1. short sessions
duration movement

words BY  James wit ts

IM
AG

Es
 ©

 t
h

In
ks

to
ck

, s
cI

En
cE

 p
h

o
to

 l
IB

r
Ar

Y



humans uncovered
 Science of exercise 

51@SciUncovered

A ten-minute mile burns 
around 100-120 calories

This is the same  
as four heaped  
teaspoons of sugar

 You may think completing the 26.2 
miles that make up a marathon is 

beyond you. But think again. Two 
mechanical engineers at Ohio State 
University, Leroy Long and Dr Manoj 
Srinivasan, recently undertook an 
experiment that showed a mixture of 
walking and running was the most 
energy-efficient way of completing a 
marathon in a still-respectable time.

They had participants cover the 
same distance 15 times with a range of 
time limits. They found that, typically, 
when time was short participants ran 
fast; when they had plenty of time, they 
walked. However, the most economical 
method in terms of energy expenditure 
was a mixture of both. 

They hypothesised that it’s down to 
our ancestors who followed this principle 
when hunting for prey. When transferring 
this template to a sporting environment, 
this walk-run strategy resulted in a five-
hour marathon optimum for expending 
the least amount of energy and still 
achieving a good time.

Former US Olympic athlete-turned-
coach Jeff Galloway has preached this 
method of training and racing for 40 
years, and cites that continuous running 
puts great strain on the joints and 
muscles, and depletes energy stores. By 
inserting a walking break before muscles 
start to really fatigue, the muscle can 
recover quicker, so increasing your 
chances of finishing, as well as having 
less soreness the next day.

4. walk, don’t run

 Salt – or sodium chloride – can 
raise your blood pressure and 

increase your risk of heart problems. So 
we’re encouraged to limit our intake.

However, sodium is required for 
normal body functions. It’s vital for nerve 
impulses and muscle contractions, as 
well as maintaining the balance between 
water entering and exiting cells.

When you expend energy in the 
Sun, you’ll experience the symptoms of 
dehydration: darker urine and dry mouth. 
Logic would suggest that salt increases 
dehydration – how’s your mouth after 
a packet of salty crisps? But on the 
contrary, it may actually be necessary 
to increase your salt intake. When 
exercising you can lose 1-3g of sodium 
per hour in sweat, which explains why 
taking in more sodium, either via sports 
drinks or food, can become important.

 A study carried out at the University 
of Utah in the US examined the effects 
of taking in extra sodium on 14 cyclists. 
Subjects cycled for 45 minutes, at 
70% of their maximum heart rate, in 
a 23.3°C lab. Compared to a control 
group, they recorded an improvement of 
approximately 7.8% in performance. 

The majority of us get enough – if not 
too much – salt in our diets. But under 
certain circumstances, a little extra salt 
before exerting yourself on a hot day 
might not be a bad thing.

3.  up your salt

recoverypacing

 It may come as a surprise, but a 
significant amount of research 

shows that one of the best drinks 
post-workout is chocolate milkshake.

A study at Indiana University in the 
US is one of many that supports the idea. 
Researchers asked a group of cyclists 
to carry out interval training, followed 
by a four-hour recovery period and then 
endurance training. The results showed 
that they performed significantly better 
on the second effort after gulping down 
a glass of chocolate milkshake compared 
to drinking water or a carbohydrate drink. 

So what’s the secret? It seems it’s 
all down to a 4:1 ratio of carbohydrates 
to protein. The carbohydrates replenish 
depleted stores of energy in the body, and 
protein helps to repair and build muscle.

There’s further research suggesting 
carbohydrates and protein taken together 
speeds up their entry into muscle. It seems 
to be down to an increase in insulin when 
protein enters the body, causing liver, fat 
and muscle cells to absorb glucose. 

5. drink milkshake

James witts
Science writer
+ A Bristol-based freelance writer 
specialising in sports science,  
James has a BSc from University College 

Worcester. @james_witts

It seems like a treat, but chocolate milkshake contains 
the ideal balance of protein and carbs for athletes

Salt contains sodium, which is lost when you sweat, so 
consuming more of it may help your performance

nutrition

Interspersing intervals of walking into your run helps 
your muscles to recover quicker 



Life at Happisburgh in the UK 900,000 years ago
EarliEst sEt tlErs
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humans uncovered
 Britain’s ancient past

ritain has one of the 
richest yet under-
appreciated records of 

early human history in the world. 
While human fossils are rare, ancient 
Britons left behind tools and animal 
bones in river deposits and caves that 
reveal tantalising clues about their 
behaviour and way of life. 

By analysing this trail of evidence, 
scientists from Britain, Europe and 
North America, who work for over 20 

research institutions, have collaborated 
to gain an incredible insight into the 
lives of our ancient relatives. 

When the Ancient Human 
Occupation of Britain (AHOB) project 
was born in 2001, the researchers set 
out to address key questions about the 
early prehistory of Britain, including: 
when did people first arrive here? Who 
were they? And when did Britain 
become an island? The idea was to 
reconstruct the past lives of ancient 
Britons by carrying out new 
excavations, but also by reanalysing old 
finds in existing collections using state- 

of-the-art investigative techniques 
such as scanning microscopy and 

isotope analysis.
Back in 2001, the earliest 

recognised evidence of 
humans in Britain came 
from artefacts and fossil 
remains found at 
Boxgrove in Sussex, 
from around 500,000 
years ago. As well as 
restudying these finds, 
AHOB team members 
began work in East 

Anglia, where signs were 
beginning to emerge that 

stone tools and butchered 
bones from coastal sites  

A 50-strong team of archaeologists, palaeontologists 
and earth scientists has created the clearest picture 
yet of who our distant relatives were and how they lived
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unlocking 
Britain’s 
ancient past
wordS by  professor chris stringer, andrew ridgway

Homo antecessor may have 
practised cannibalism

Fossils found in Spain show signs 
of cuts, indicating flesh had been 
flensed from the bones

LEFT Partial skull of a Neanderthal 
woman found at Swanscombe, Kent



ancient wildlife
Primitive mammoths as 

well as horses would have 
shared life with the first 
settlers in Britain on the 

floodplain.

man vs Beast
Hunters would have  

had to fend off hyenas, 
which were competitors 

for food.

“Our ancestors were sophisticated in 
choosing where they lived. In the UK,  
many thrived in flood plains, which 
maximised their ability to get a balanced 
diet from local plants and riverine animals 
like eels and beavers.”

kristina killgrove
University of West Florida

cutting tools
Hunters used flint knives to carve 
up their quarry, such as deer. They 
would have eaten the meat raw – it 

would be another 500,000 years 
before fire came to Britain.

humans uncovered
 Britain’s ancient past
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The exact date Neanderthals 
went extinct is disputed

That said, some fossils  
found in Croatia are just 
33,000 to 32,000 years old

key moments 
in  thE UK’s hUman 

history

5 0 0 , 0 0 0  y e a r s  a g o 
britain is getting busier: evidence 

suggests there are larger numbers of 
people at this time. they are Homo 

heidelbergensis, a robust and muscular 
human species.

4 0 , 0 0 0  y e a r s  a g o 
Homo sapiens arrive in britain. Some of 
the earliest evidence of their presence 
comes from kent’s cavern, in devon.

4 0 0 , 0 0 0  y e a r s  a g o  
Early neanderthals occupy britain: there 
have been finds of these strongly built 

hunters at Swanscombe, kent. It’s at this 
time that there’s the earliest evidence of 
fire in britain – at beeches Pit, Suffolk.

2 0 , 0 0 0  y e a r s  a g o  
the last glaciation reaches its peak and 

people have abandoned the land. It’s  
only when this period ends that humans  

are able to return.

4 5 0 , 0 0 0  y e a r s  a g o 
the Anglian glaciation – britain’s most 

severe ice age – takes place. the ice sheet 
reached as far south as hornchurch in 
north-east london, diverting the river 
thames towards its present position.

5 0 , 0 0 0  y e a r s  a g o 
neanderthals return to britain. 

Immediately before this, britain was 
deserted for more than 100,000 years, 

due first to low temperatures, then to its 
isolation as an island.

9 0 0 , 0 0 0  y e a r s  a g o 
the first known human settlement in britain 

– possibly the species Homo antecessor. 
their flint tools have been found, though no 

fossils have been spotted.
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might be even older than those known 
from Boxgrove. 

Four years later, AHOB researchers 
and their collaborators uncovered 
evidence from an archaeological site at 
Pakefield, Suffolk, that humans 
reached Britain 700,000 years ago, 
during a brief period of Mediterranean-
like climate. At that time, the south 
east of Britain was continuously 
connected to the continent by a land 
bridge formed of chalk, and people 
could have migrated north from regions 
such as Spain and southern France. 

E ArlIEst InhAbItAn t s
Then in 2010, excavations on the 
foreshore at Happisburgh, Norfolk, 
uncovered more than 70 flint tools and 
flakes, pushing back the earliest date 

for humans in Britain to about 900,000 
years ago – making this the first known 
settlement in northern Europe. No 
human fossil remains have been 
uncovered so far to identify the species 
responsible for these early tools, but it 
may have been the one known from 
Atapuerca in Spain at about 800,000 
years, named Homo antecessor – or 
‘Pioneer Man’.

But the occupation of Britain was far 
from continuous. The long-term 
climate was unstable, and these early 

Britons often failed to cope 
with the extreme changes 

they had to face. Indeed, 
records show that at times, 
Britain was inhabited by 
warmth-loving animals. There 

were elephants in Yorkshire and 
Wales, and monkeys in Kent. 
Lions and rhinos would have 
roamed what is now Trafalgar 
Square, and hippos would have 
swum in the Thames. At other 
times, Britain was occupied by 
reindeer and woolly mammoths 
(there’s evidence of them in Devon) 
– animals more typically associated 
with cooler climates. 

When the environment became 
too harsh, with ice sheets advancing 
to cover most of the land, Britain’s 
human inhabitants either escaped 
south across the land bridge or died 
out, and it might have been tens of 
thousands of years before conditions 
improved enough for them to return. 

In fact, it looks as if Britain was 
occupied at least ten times by waves of 
humans, and nine of these were 
unsuccessful – only the last phase, 
beginning around 12,000 years ago, 
gave rise to the present inhabitants. 
And there were several human species 
involved – the first may have been 
Homo antecessor, followed by Homo 
heidelbergensis (at Boxgrove), and more 
recently the Neanderthals – there’s 
evidence of their presence from 
Swanscombe in Kent, Pontnewydd in 
Clwyd, Wales, and La Cotte de St 
Brelade in Jersey. 

Finally, Homo sapiens came along, 
with evidence of early settlements at 
sites such as Kent’s Cavern in Devon, 
Paviland in South Wales and Gough’s 
Cave in Somerset.

Isl And nAtIOn  
One of the questions AHOB wanted to 
address was when Britain first became 
an island, and how this affected the 
human occupation. 

Research by other earth scientists 
in the last decade has confirmed an old 
idea that the English Channel was first 
formed during a cold stage, when a 
huge lake of freshwater built up where 

Britain left the last ice 
age 11,700 years ago

Experts say it will be several 
thousand years before the 
next one will start

tHe occUpation of britain was 
far from continUoUs. tHe Long-
term cLimate was UnstabLe.

A Neanderthal model 
that will be part of a 
new exhibition at the 
Natural History 
Museum, London

LEFT A tibia bone from Homo 
heidelbergensis 
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the southern North Sea is today. 
That lake eventually 
drained in a spectacular 
flood event that cut 
south-westwards 
through the chalk 
ridge that linked 
Britain to Europe, 
eroding a gully that 
eventually became the 
English Channel. The 
process may have begun 
450,000 years ago, and it was 
sufficiently advanced 125,000 
years ago that a high sea level managed 
to isolate Britain as an island. 

A preceding cold stage had pushed 
warmth-loving species south, and as 
the climate ameliorated, returning 
creatures such as elephants and hippos 
managed to get across the rising seas. 

The Neanderthals must have lagged 
behind, and without boats they were 
unable to reach the newly created 
British Isles. It was to take another 

60,000 years, and 
the emergence of 
‘Doggerland’ –  
a landmass in the 

southern North Sea 
connecting Great 

Britain to mainland 
Europe – before they could 

return. The AHOB research, 
funded by the Leverhulme Trust, has 

demonstrated the quality of Britain’s 
prehistoric record. It’s now one of the 
fullest-studied and best understood  
in the world. 

Tools dating back 2.6 million 
years have been found

The primitive  
stone tools were  
discovered in Ethiopia

prof chris stringer
Palaeoanthropologist
+ a world-renowned expert on 
 human origins at the natural  

History museum in London, UK, he led the  
aHob project,

+ Many of the human fossils and stone tools that have 
helped scientists to piece together britain’s past will 
appear in a new exhibition – britain: one Million years of 
the human Story – that will soon be opening at the natural 
history Museum in london. 

As well as bringing together the fossils and tools 
that have been discovered, the exhibition will explore the 
varying landscapes and extraordinary wildlife that was 
living in britain, too. the exhibition, which features the 

skull of the earliest 
known neanderthal 
found in britain and 
the oldest discovered 
wooden spear in the 
world, will be at the 
museum from  
13 February. AR

the new exhibition that reveals britain’s human past

explore Britain’s 
anciEnt history
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For 80 years, it was believed 
that the Clovis people - a 
Palaeo-Indian culture - were 
the first to sweep across 
northern and southern 
America, having arrived 
13,000 years ago by crossing 
from Siberia to Alaska using 
the Bering Land Bridge. The 
earliest evidence of their 
arrival came from the 
‘Clovis’ site, in New Mexico.

But a number of recent 
digs across the Americas 
indicated that the Clovis 
people - who are defined by 
their characteristic stone 
tools - may not have been 
the first to set foot on the 
continent. The final nail in 
the coffin for that idea came 
in 2011, when archaeologists 
from universities in the US 
found non-Clovis tools directly 
beneath sediment near Austin, 
Texas, containing Clovis 

when humans arrived in north america

LEFT Premolar of an extinct 
rhinoceros species found in 
Boxgrove, West Sussex

A Clovis stone tool found at  
Buttermilk Creek in Austin, Texas

new discoveries mean we now believe that humans arrived on the 
continent earlier than once thought

implements. Over 15,000  
of these older objects, such as 
stone tools used for cutting 
and scraping, were discovered 
in all at Buttermilk Creek. 
The researchers say they may 
be as old as 15,000 years. 
They were dated using 
‘luminescence dating’ ,  
a technique that uses  
the light emitted by  
quartz or feldspar to 
determine when objects 
were buried in sediment.

Whoever it was that 
came along first, they would 
have been confronted by 
animals very different to  
the ones seen in North 
America today. Woolly 
mammoths, giant ground 
sloths, American camels and 
lions would have been roaming 
around. AR
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Or at least that’s the speed  
when travelling in dry air 
at 20°C at sea level

64 buIldING thE 
INtERNatIoNal  
spacE statIoN
 How this orbiting 

laboratory the size of an 
American football pitch  
was bolted together.

66 tuNNEllING thRouGh 
thE alps
 The extraordinary 

engineering behind the 
Gotthard Base Tunnel.

768mph is where the 
speed of sound starts

INsIdE thIs 
sEctIoN 

 See how our future is being built
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The speed of sound falls with 
altitude as temperature declines

But above about 25km, the 
temperature increases and the 
speed of sound rises again

t’s now more than a decade 
since Concorde was retired 
from service and, since then, 

no supersonic passenger plane has 
come along to replace it. Yet the dream 
of travelling faster than the speed 
of sound and a flight time between 
London and New York of less than four 
hours has not gone away.

But no company will build a 
supersonic passenger plane unless 
it is allowed to fly supersonically 
over land – something that was off-
limits for Concorde. If commercial 
aircraft are forever confined to flying 
supersonically only over water, or  
along restricted corridors over 

unpopulated areas of land, they  
will never become an economically 
viable proposition. 

So, aeronautical engineers are 
now looking closely at the physics of 
aircraft flight to see if they can find a 
way to reduce the sonic boom of future 
aircraft – to bring supersonic back 
without the bang, or at least with one 
that’s significantly quieter.

need for speed 
Gulfstream already builds a $65 million 
business jet that flies at Mach 0.925 – 
just shy of the speed of sound – and 
has long said that its elite customers 
are willing to pay more for an aircraft 

I

words BY  Graham War wick image BY  andy Mclaughlin

Aircraft engineers around the world are developing 
successors to Concorde that can fly faster than the 
speed of sound, but with one vital difference… 



Conventional supersonic aircraft such as Concorde create a shockwave as they 
break the sound barrier – a shock wave that reaches your ear

bIG NoIsE:  how the boom is created

1. As it travels, the aircraft 
compresses the air ahead of it. The 

compression waves move away from 
the aircraft at the speed  

of sound. 

At the sound barrier, the waves pile 
up on top of one another to create a 
shockwave. When this reaches your 

ear, you hear a boom.

Beyond Mach 1, the shockwaves 
form a cone that trails behind the 

aircraft. The sonic boom is created 
continuously as long as the aircraft is 

travelling faster than Mach 1.

1 2 3

that can fly at higher speeds. But they 
want to fly as fast from New York to 
Los Angeles as they would across the 
Atlantic or Pacific.

“To make the market viable for 
supersonics, you have to make it 
feasible to fly over land faster than 
sound – which is currently against the 
law,” says Gulfstream senior vice-
president of marketing and sales Scott 
Neal. “We don’t think there is a viable 
market until you change that.”

Work has already begun on 
developing aircraft with quieter booms, 
with tests on radically different shapes 
being carried out in wind tunnels and 
in the air. 

Work on aircraft shaping to reduce 
sonic boom was started by the military. 
The US Defense Advanced Research 

Projects Agency (DARPA) started  
the Quiet Supersonic Platform 
programme in 2000. This led to the 
Shaped Sonic Boom Demonstrator, 
a Northrop F-5 with a dramatically 
reshaped forward fuselage, which in  
2003 proved an aircraft’s shockwave 
can be altered so that it produces a less 
intense boom. 

quie t ening t he boom 
In a conventional supersonic aircraft, 
shockwaves from the nose, cockpit, 
inlets, wings and other features 
coalesce as they move through the 
atmosphere into strong shocks 
emanating from the nose and tail. 
These are known as bow and tail 
shocks, respectively. 

As these shockwaves pass over 
someone on the ground, air pressure 
rises sharply, declines, then rises 
rapidly again – it’s this that produces 
the classic ‘double-bang’ sonic boom 
(see ‘Big noise: how the boom is 
created’, above). 

Reshaping the aircraft to produce 
a longer, more slender shape that 

slips through the air is the best way to 
generate shockwaves of lower, more 
equal strength that attenuate as they 
pass through the atmosphere and do 
not coalesce into such strong bow and 
tail shocks. 

Stretching the nose to break the 
bow shock into a series of weaker 
shockwaves is particularly effective. 
This lowers and spreads that initial 
pressure peak and softens the first 
bang of the sonic boom.

In 2006-7, working with NASA, 
Gulfstream flew an extendable nose 
boom – called the Quiet Spike – on a 
Boeing F-15. The retractable 24ft-long, 
carbon fibre-composite spike was 
flown at speeds of up to Mach 1.8.  
It extended while the craft was in  
flight and shaped the sonic boom of  
the supersonic business jet by  
breaking up the bow shock into three 
smaller shocks.

As well as a modified nose, a highly 
swept wing has also been found to 
reduce the sonic boom, as does a long 
wing root – the part of the wing that 
meets the fuselage. 
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“to make the market viable, you 
have to make it feasible to fly 
over land faster than sound.”
scott Neal gulfstream senior vice-president



The ultimate goal with all of this 
reshaping is a smooth sine-wave boom 
signature, like an ‘S’ on its side, which 
would transform the jarring double 
bang into an almost-inaudible soft 
thump. It’s a difficult task, as it is not 
only the nose and the tail of the aircraft 
that require attention. The complex 
shock systems generated by supersonic 
inlets and engine nozzles must be 
taken into account, too.

stArt ing smAll
Sonic boom noise is measured 
in perceived decibel level (PLdB). 

Concorde’s boom was a window-
rattling 105 PLdB. Researchers believe 
75 PLdB would be an acceptable level 
for unrestricted supersonic flight 
over land, but NASA is aiming more 
ambitiously for 70 PLdB or lower. 
This looks achievable for a small 
supersonic business jet, because boom 
is proportional to aircraft weight, but  
is a much greater challenge for a 
heavier airliner.

But NASA’s also been looking at 
larger aircraft – setting itself a  
target of 85 PLdB for a supersonic 
aircraft it thinks could conceivably 
be built by 2020. Cruising at speeds 
of Mach 1.6-1.8, this aircraft would 
be slightly smaller and slower than 
Concorde, but significantly quieter  
and more efficient. 

“Traditionally, low boom and good 
performance have been mutually 
exclusive, but we have broken that 
paradox,” says Peter Coen, NASA 
supersonic programme manager. “We 
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The Shaped Sonic 
Boom Demonstrator 
– early proof of what 
could be achieved

1 9 7 6
Air France and British Airways begin Concorde 
flights. Through the 80s and 90s, they cease 

unprofitable scheduled services and switch to 
charters. Russia flies Tu-144 on cargo flights until 

the program is cancelled in 1983.

1 9 6 3
The US launches 
Boeing’s Mach 2.7, 
234-seat 2707-300. 
Concorde rolls out in 
1967, but is beaten 
into the air by Russia’s 
Tupolev Tu-144.

1 9 9 0
NASA begins studying a second-generation US 
supersonic aircraft, developing with Boeing and 

McDonnell Douglas Mach 2.4, 300-seat designs with 
trans-Pacific range. The programme is cancelled in 

1998, after the companies merge.

2 0 0 3
Test flights of a modified Northrop F-5 prove aircraft 

can be shaped to reduce sonic boom, and NASA 
begins research into low-boom supersonic passenger 

aircraft, beginning with a business jet.

1 9 6 2
Britain and France agree to co-operate, bringing 
together the British Aircraft Corporation BAC 223 

and Sud Aviation Super-Caravelle designs to produce 
the Mach 2, 100-passenger Concorde.

59@SciUncovered

Sonic booms reach the ground 
2-60 seconds after flyover

The time delay 
depends on the 
aircraft’s altitude 

The Quiet Spike project 
saw a 7.3m lance 
mounted a Boeing F-15

ENGINEERING uNcovEREd
Supersonic travel is back

1 9 6 9
Concorde flies for the first time, but Tu-144 is later 

the first to go supersonic and reach Mach 2. It breaks 
up in flight at the 1973 Paris Air Show. Opposition to 

noise and high-altitude emissions leads US Congress 
to kill the 2707 in 1971.

2 0 0 0
An Air France 

Concorde crashes on 
take-off, after a burst 

tyre punctures a fuel 
tank. Flights resume in 
2001, but Concorde is 
retired as uneconomic 

in 2003.

it hasn’t been an easy flight
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supERsoNIc’s
varying fortunes

hoW MIlItaRy aIRcRaft Go supERsoNIc
+ Combat aircraft fly supersonically with brute force – 
augmenting the thrust of powerful engines by burning 
extra fuel in the exhaust flow. It’s relatively simple 
to build a fighter jet that can fly supersonically as 
they only need to do it for a few minutes – perhaps to 
escape the enemy – whereas supersonic passenger 
planes need to maintain the speed for a few hours. 



have achieved low boom, with good 
supersonic-cruise lift-to-drag ratio.” 
The lift-to-drag ratio is the measure of 
aerodynamic efficiency – the higher 
the better for an airliner.

In wind-tunnel tests, designs from 
both Boeing and Lockheed Martin 
– funded by NASA – which would 
carry between 30 and 80 passengers, 
achieved boom levels as low as 79 
PLdB, beating the target. At this level, 
the sonic boom would be more of a 
thump than a loud bang. NASA is 
setting the bar even higher – it thinks 
70 PLdB is achievable with more 

refinement. Studies are still taking 
place to try to reduce the volume level 
even further. 

However, any design that’s created 
must be practical. While the tests point 
to a long, slender aircraft design in 
order to produce a publically acceptable 
sonic boom, the aircraft must still fit 
in its gate at the airport and be capable 
of taxiing without hitting anything. 
Extensive reshaping of airports around 
the world would again reduce the 
viability of any aircraft.

“The long, skinny fuselage is not 
a practical answer,” says Coen. “In 
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“We have to get out 
over an average 

Community that does 
not hear soniC booms 

on a regular basis.”
peter coen nasa 

ABOVE JAXA is testing 
low-boom technology  
in wind tunnels
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our pursuit of boom reductions, we 
examine the whole, three-dimensional 
shape of the vehicle, including the 
engine configuration. Even then, we 
keep in mind that the airliner has to 
meet all of the other requirements 
which are part of good design practice.” 
Knowing what the public would find 
acceptable as a sonic boom is not 
simple, either, and involves some 
guesswork. But it is an educated guess, 
informed by extensive computational 
analysis, wind-tunnel testing and 
test flights by supersonic fighters 
that execute special manoeuvres that 
produce a shaped boom. 

Using these manoeuvres, NASA 
has tested the acceptability of shaped 
booms on unsuspecting residents at 
Edwards Air Force Base in California, 
with encouraging results. But Edwards 
is home to the US Air Force’s flight test 
centre, and the locals are accustomed 
to hearing sonic booms, so their 
reactions are not representative. 

“Ultimately, we have to get off 
the range. We have to get out over 
an average community that does not 
hear sonic booms on a regular basis, 
and their livelihood is not related to 
supersonic flight,” says Coen in a  
NASA interview.

The next logical step would be a 
low-boom X-plane flight demonstrator, 
to collect the data that shows that 
booms of 70-80 PLdB are acceptable. 
“Then we turn it over to the regulators 
and say, ‘please make us a law that 
says supersonic flight is allowable over 
land’,” says Coen. But that will require 
US Congress to give NASA more money. 
Not an easy sell, but a proposal for the 
demonstrator is now with the Obama 
administration for potential inclusion 
in NASA’s fiscal 2015 budget request.

Anot her ApproACh
Japan is the only other nation with a 
serious interest in supersonic aircraft, 
and the Japan Aerospace Exploration 
Agency (JAXA) is conducting its own 
research into low-boom technology. In 
fact, it’s been working on supersonic 
technology since 1997. 

In 2011, in Sweden, JAXA dropped 
two dart-like shapes from a balloon 
at an altitude of 30km. Reaching 
Mach 1.8 on descent, one model 
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the next step is likely 
to be a high-speed 
Cruise missile, able to 
strike distant targets 
in minutes, not hours.

diverting flow between the turbine and 
ramjet/scramjet.

If it can secure funding from the US 
Defense Department, Lockheed Martin 
believes a prototype could be flying as 
soon as 2023 and the SR-72 could enter 
service by 2030, potentially paving the 
way for commercial applications of 
scramjet technology. 

Lockheed Martin has 
plans to produce the 

SR-72, below, as a 
successor to the SR-71 

Blackbird, above

The end of the whip 
moves faster than 
the speed of sound

The cracking of a whip 
produces a sonic boom

supersonic could be superseded 
by something even faster

is the future 
hypersonic?

Mach 2.5 is about the speed 
limit for gas-turbine engines. 

Any faster and the temperature and 
pressure of air entering the engine is 
too high for the turbo machinery inside. 
To fly at hypersonic speed – Mach 5 and 
above – requires a different type  
of engine. 

A supersonic-combustion ramjet, 
or scramjet, has no moving parts. 
Instead of the rotating compressor and 
turbine in a jet engine, air is compressed 
and expanded by complex systems 
of shockwaves under the front of the 
aircraft, inside the inlet and under the 
fuselage at the rear.

In a turbojet, or conventional ramjet, 
the next step up from a gas-turbine 
engine in terms of speed, air entering 
the engine is first slowed to subsonic 
speed then mixed with fuel and burned. 
In a scramjet, air racing through the 
combustion chamber is still supersonic 
and fuel must be injected, mixed and 
burned in microseconds.

Scramjets have been under 
development for decades, but a 
breakthrough came in May 2013, when 
the US Air Force Research Laboratory’s 
missile-sized Boeing X-51A WaveRider 
flew for 240 seconds over the Pacific on 
scramjet power, reaching Mach 5.1 and 
running until its fuel was exhausted.
NASA’s X-43A had flown for 12 seconds 
in 2004 on a hydrogen-fuelled scramjet, 
but the X-51A showed that a scramjet-
powered vehicle could accelerate to 
and sustain hypersonic flight using 
conventional hydrocarbon fuel, paving 
the way for practical applications.

The next step is likely to be a high-
speed cruise missile, able to strike 
distant targets in minutes, not hours. 
But Lockheed Martin’s Skunk 
Works – builder of the 
Mach 3.5 SR-71 Blackbird 

spyplane – has unveiled plans to 
develop a successor, dubbed the SR-72. 
Designed for reconnaissance and strike 
missions, the SR-72 would combine 
turbojet and ramjet/scramjet engines to 
enable the aircraft to take off from  
a runway, accelerate to a Mach 6 cruise, 
and then return to a conventional 
runway landing.

The problem with such combined-
cycle propulsion systems has always 
been the yawning gap between the 
highest speed that a turbine engine can 
achieve, Mach 2.5, and the lowest speed 
at which a ramjet can take over, around 
Mach 3.5.

To close this gap, Lockheed Martin 
has developed a way to increase the 
maximum speed of an off-the-shelf 
fighter engine and reduce the take-over 
speed of the ramjet. The engines share 
the same inlet and exhaust – doors 
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produced a normal N-wave. The longer 
model produced a shaped low-boom 
signature. Called D-SEND, these tests 
were planned to culminate in the 
flight of an unmanned supersonic 
glider, which would be released from 
the balloon at 30km altitude and dive 
at Mach 1.3 over an array of sound-
measuring blimps.

This 7.9m-long Silent Supersonic 
Concept Model, with its extended 
nose and carefully shaped fuselage, 
is the precursor of a Mach 1.6 low-
boom flight demonstrator that 
would be subscale and unmanned, 
but powered. On its first drop test, in 
August 2013, the supersonic aircraft 
model separated from the balloon, 
but deviated from the expected flight 
path and crashed before it reached the 
boom measurement area. JAXA is still 

ENGINEERING uNcovEREd
 Supersonic travel is back

investigating the cause of the crash and 
has not decided when, or whether, to 
conduct a second test.

new foCus
Meanwhile, there is a way to fly at low 
supersonic speed over land without 
any boom. This exploits a phenomenon 
called Mach cutoff. The speed of sound 
increases with temperature, causing 
the shockwave to be refracted as it 
enters warmer air closer to the ground. 
Below a threshold Mach number – 
about 1.2 for an aircraft flying above 
35,000ft – the shockwave will not reach 
the ground and no boom will be heard. 
It’s a pragmatic solution to a truculent 
– and expensive – problem. 

Small US company Aerion, which 
is designing an aircraft that would use 
ultra-smooth, drag-reducing airflow to 
fly efficiently, both supersonically and 
subsonically, is looking at Mach cutoff 
as a way to get a supersonic business jet 
off the ground without the need for the 
complex shaping of a low-boom design. 
But Aerion has yet to persuade any 
manufacturer to build its jet.

NASA, meanwhile, continues 
to build its understanding of sonic 
booms and improve its design tools. 
Recent flight tests have looked at the 
phenomenon of focused sonic booms. 
These are intense ‘superbooms’ created 
when supersonic aircraft accelerate, 
decelerate or manoeuvre, but are heard 
at only one place on the ground. 

If that location can be predicted 
accurately, flights can be planned to 
place the superboom where it causes 
minimum disturbance – over water or 
empty desert. There are a lot of hurdles 
to overcome - the biggest of which is 
building a flight demonstrator. But 
the trend is clear - quiet and efficient 
supersonic transport is within reach if 
industry is prepared to take the risk. 

@SciUncovered62

there is a Way to fly at loW 
supersoniC speed over land 
Without any boom.

2 hours, 52 minutes is Concorde’s 
fastest trans-Atlantic flight 

The New York to 
London trip took  
place in 1996

ABOVE Question marks 
remain over the failure 
of JAXA’s 2013 drop 
test. The supersonic  
aircraft crashed after 
being released from  
its balloon

Graham Warwick
engineering writer
+ graham has a degree in aeronautical 

engineering and more than 30 years’ experience of 
reporting on the aviation industry. he is managing 
editor of technology at aviation Week.
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rbiting over 400km above 
Earth and travelling at over 
27,000km/h, the 

International Space Station (ISS) is the 
most expensive object ever 
constructed. It stands as testament to 
the progress that can be made when 
nations work together. This research 
laboratory, which has living quarters 
for six residents, was described by 
NASA as “the most complex scientific 
and technological endeavour ever 
undertaken”. It is the largest artificial 
satellite ever created, and it has 
provided continual life support and 

How tHE 
InternatIonal 
Space StatIon 
was built

shelter for astronauts for over 13 years. 
The ISS was only possible because of 
the co-operation of the many 
countries involved, working together 
to create an inspirational scientific 
venture and an engineering marvel.

At 109 metres wide and 73 metres 
long, it’s larger than an average 
football pitch, with a total mass of 
over 400 tonnes. Despite this 
considerable size, the ISS travels 
around eight times faster than a 
bullet, circling our planet in around 90 
minutes. Its huge size also means that 
it’s visible with the naked eye from sea 
level, too. However, you need to be in 
the right place at the right time.

The station’s inception started in 
earnest in 1993, when the Russian 
Federal Space Agency, NASA and the 

ConstruCtion of the iss was only possible 
beCause of its modular design, whiCh  
enabled it to be taken to orbit in seCtions.

The football-pitched-sized science lab presented 
the toughest engineering challenge of modern 
times – but a historic level of international  
co-operation and an innovative modular design 
made this remarkable satellite a reality

O

The ISS has travelled over 2.4 billion 
kilometres during its 15 years in orbit

This is equivalent  
to eight trips to the  
Sun and back

European Space Agency began  
to merge their space station  
programmes to avoid the huge costs 
falling on one space agency. The ISS 
also received significant contributions 
from Canada and Japan for its eventual 
construction. To date, it’s estimated to 
have cost over $150 billion.

Construction of the ISS was only 
possible because of its modular design, 
which enabled it to be taken into orbit 
in sections. Orbital construction began 
in 1998, and its first crew members 
arrived on 2 November, 2000. The 
station consisted of just three modules 
initially, but the Integrated Truss 
Structure was added shortly after – 
the huge crossbeam that holds most of 
the solar panels on the ISS. Its vast 
solar wings provide over 60kW of 
power in total – enough for 30 
average-sized homes on Earth. Since 
the first crew’s arrival, many more 
modules have been added, including 
several dedicated to science.

Though the station is a weightless 
environment, gravity onboard is 

words BY  Mat thew bolton
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tHE Many ModulEs 
of the ISS

+ ZveZda
Also known as 
DOS-8, this 
Russian-made 
module was 
the third to be 

added to the station, and it made it 
habitable for the first time. Its contents 
include oxygen filters, sleeping quarters, 
toilet facilities and exercise equipment.

+ Kibo
Officially 
named the 
Japanese 
Experiment 
Module, this 

was added in 2008. It runs a range of 
important experiments, both inside the 
station and in a large exterior section. It is 
the largest single module to date.

+ Columbus
This laboratory 
was built by the 
European 
Space Agency 
to house 

various research activities. Columbus, 
supports the installation of International 
Standard Payload Racks, which are easily 
integrated equipment platforms.

+ Cupola
This 
observation 
module offers 
a view of the 
station’s 

Earth-facing side, as well an 80cm main 
window onto Earth itself – the largest one 
ever used in manned spaceflight. 

+ destiny
This research 
facility from 
NASA contains 
an array of 
life-support 

systems as well as scientific facilities. Its 
most famous feature is a 51cm optically 
pure window, through which the crew have 
taken scientifically crucial photos of Earth.

EnginEEring uncovErEd
 Building the ISS

The first crew 
comprised three men

They stayed on the  
ISS for four-and-a- 
half months

actually about 90% of Earth’s. The ISS 
is in a continual state of freefall as it 
orbits the Earth, meaning the 
environment is weightless without 
being zero-G. This microgravity has 
been used to conduct experiments in 
areas such as vaccines, medical 
diagnosis techniques and cancer 
treatment delivery. Equipment 
onboard the ISS has even detected 
particles that may prove the existence 
of dark matter (see ‘Chasing shadows’ 
in issue 2 of Science Uncovered).

The ISS is able to house unique 
particle-detection experiments 
because of its position in low Earth 
orbit, where the disruptive influence 
of the Earth’s protective magnetic 
field is weaker. However, this leaves 
the astronauts who inhabit it more 
vulnerable to cosmic radiation. The ISS 
is still shielded significantly by the 
magnetic field, but astronauts receive 
much higher doses of background 

ionising radiation than you would on 
the surface – though still within safe 
levels, which are monitored carefully 
from Earth. 

One of the largest concerns for the 
ISS is damage from man-made space 
debris and micrometeorites. Larger 
objects are tracked from Earth, and 
the station can adjust its orbit to 
bypass these threats, but not 
everything can be planned for. With 
the ISS travelling almost fast enough 
to travel to the Moon and back in a 
day, even the smallest fragment could 
cause catastrophic damage. So it’s 
equipped with protective shielding. 
The defence is actually surprisingly 
low-tech; half of the station just uses 
aluminium sheeting placed slightly 
away from the hull to shatter any 
debris that strikes it into dust, while 
the other half features overlaid 
honeycomb structures of plastic, 
metal and glass.

The ISS is intended to continue 
operation until 2020, during which 
time more modules will be added and 
old ones replaced. When its mission is 
over, it is likely to be de-orbited to 
burn up in the atmosphere, although 
several modules may be disconnected 
and repurposed as part of a new space 
station. The new station is expected to 
be used for the assembly of manned 
interplanetary space craft, so the 
spirit of the International Space 
Station will live on as it helps to launch 
even more ambitious journeys into our 
Solar System. 

the sections that house everything 
from experiments to sleeping quarters
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tuNNelliNg through the alps

ne of the great engineering 
feats of recent times, 
Switzerland’s Gotthard 

Base Tunnel, is three years from 
completion. An incredible 57km long, 
making it the world’s longest rail tunnel, 
it broke through in October 2010 and is 
scheduled to open in December 2016.

The idea for a flat Alps crossing 
was proposed in 1947, but it was only 
in 1999 that excavation work for the 
project began. Set up in 1998 to  
oversee the project, the company 
AlpTransit Gotthard is co-ordinating 
various contractors, each assigned to a 
different section of the tunnel.

To save time and cost, construction 
work on all of the sections has been 
carefully planned. Particularly difficult 
zones were identified early in the 

process, but even the most state-of-
the-art technology couldn’t precisely 
forecast the geological conditions.

“Exploratory bores and geologists’ 
predictions helped to reduce the 
risks,” says Renzo Simoni, CEO 
of AlpTransit Gotthard. “During 
construction, highly diverse rock 
strata had to be traversed – ranging 
from hard granites to greatly 
fragmented sediments.”

The hard granites push on the 
sediments, so innovative support 
methods were required: “Deformable 
steel rings and anchors made use  
of the steadily increasing forces, to 
help counteract any deformation,” 
says Simoni.

At one location, the Piora Syncline, 
geologists expected ‘floating rock’ 

conditions - the mineral dolomite 
water-saturated and under high 
pressure. This could have brought  
the feasibility of the entire project  
into question. But fortunately 
conditions proved sufficiently dry to 
bore through.

Two 800m shafts at another 
location, Sedrun, also called for a 
groundbreaking solution. “The high 
accuracy required to transmit the 
position and direction data from 
[the surface] down to the level of the 
tunnel presented a major challenge,” 
says Simoni. “This problem was 
solved using [fibre optics], as well as 
surveying gyroscopes.”

The tunnel has become one of 
Europe’s largest environmental 
protection projects. “Excavation of the 
tunnels creates gigantic quantities of 
spoil,” says Simoni. A large amount 
of this has been recycled to make 
concrete for the tunnel’s lining. “Much 
of the remaining material is used for 
landscaping and embankments,” 
he says. “Only a small proportion is 
deposited in landfills.” 

Deep beneath the Swiss Alps, the Gotthard Base Tunnel 
has been under construction for 20 years – with an 
impressive list of engineering challenges to overcome

The world’s longest  
tunnel is 137 km long

The Delaware Aqueduct  
is New York City’s main  
water supply tunnel

ABOVE Once finished, 
the tunnel will  
consist of two 
single-track tubes

IM
AG

E 
©

 A
lp

tr
An

sI
t 

co
tt

h
Ar

d

+ A foil stops water 
reaching the concrete 
tunnel tubes. It must 
withstand highly 
temperate ground water 
and rock pressure.
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74 InvasIve specIes 
uncovered!
 We map the world’s  

most destructive alien 
species, from mosquitoes  
to mitten crabs.

78 The scIence of 
sInkholes 
 What we do and what we 

don’t know about how these 
huge holes in the ground 
suddenly appear.

 Rediscover our planet and its inhabitants

InsIde ThIs 
secTIon 

A 5cm square of Velcro 
can support 79kg

Heavy-duty Velcro  
contains 400 hooks  
and loops per 6.5cm2
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naTure uncovered
 Designed by nature

words BY  dr henr y nicholls

Incredible designs found in the natural world  
are shaping new technology

The lotus flower’s seeds 
remain viable for years

One plant germinated  
from seeds that were  
1,300 years old

or more than 500 years, 
engineers have been 
looking to nature for 

inspiration. Leonardo da Vinci studied 
the anatomy of birds to design a flying 
machine. A Swiss scientist used the 
hooked barbs of prickly seed cases to 
design Velcro. German bioengineers 
studied the leaves of the lotus flower 
to produce self-cleaning, water-
repellent surfaces. The more we learn 
about the natural world, the more we 
turn to it for inspiration. 

F
Because let’s face it: when it 

comes to invention, Mother Nature 
probably got there first. There has 
been life on Earth for around 3.5 
billion years, resulting in millions 
of species, each sporting a suite of 
evolutionary innovations that have 
helped them out in the struggle to 
survive. In the natural world, we have 
an unimaginably rich repository of 
innovations, and they continue to help 
shape our creations and solve  
our problems to this day… 

IM
AG

E 
©

 M
Ar

K 
w

AT
KI

N
so

N

Designed by



Pilot whales are highly 
sociable creatures

They live in pods typically 
comprising 10 to 30 individuals,  
but numbers can exceed 100

70 @SciUncovered

A teaspoon of seawater 
contains millions of 

micro-organisms – small  
creatures that pose a 
surprisingly large cost to 
industry. If these microbes set 
up home on a ship’s hull, or on 
a propeller or turbine, they can 
cause a huge amount of drag. 
This is why billions of dollars 
are spent every year in efforts 
to prevent ships and other 
underwater structures from 

fouling up. But is it possible 
there’s a better solution than 
coating surfaces with vast 
quantities of anti-fouling paint?

How is it, for instance, that  
dolphins and whales remain 
blemish-free? Just over a decade 
ago, researchers found the 
answer by taking a close look 
at pilot whales. Their skin is 
covered in tiny pores around 
a thousandth of the width of 
a human hair, from which the 
whale secretes an enzyme-
enriched gel. This then flows 
 into nanoscopic ridges running 
across the surface of their 
skin, coating them in a film of 
bioactive molecules. 

US company Teledyne 
Scientific is working on 

Life in the Australian 
Outback is harsh. There is 

very little rain or standing water, 
and so it takes some special 
skills to survive. When it comes 
to collecting water, few species 
compare with the thorny devil. 
This small and spiky lizard lives 
across much of Australia’s arid 
central region, and is a pro when 
it comes to saving water. 

At first glance, the most 
striking feature of 

this creature’s 
outward 

appearance is 
its armour. Its 

skin is covered 
in thorn-like 

scales that act as a 
turn-off to would-be 

predators. But they also 

serve another purpose – one 
that can only be seen under the 
microscope. Between each of the 
scales is a convoluted channel, 
giving it a built-in network of 
straw-like tubes. These make it 
possible for the creature to draw 
water from sand, up through its 
feet and up to its mouth. 

A team led by Professor 
Werner Baumgartner at the 
Johannes Kepler University of 
Linz in Austria has produced 
polymers with similar 
properties. With water becoming 
an increasingly scarce and 
valuable resource in some parts 
of our planet, this new way 
of collecting water could help 
provide clean water to millions 
and reduce the energy required 
to transport water from A to B.

Among the thorny devil’s defences is  
its ‘false head’ at the beck of the neck, 
which is shown off to predators

Propellors are key 
to keeping ships in 
motion, so any 
build-up on them 
increases drag

Pilot whales’ skin is covered in tiny 
Pores, through which they secrete  
an enzyme-enriched gel.

Between each of the thorny devil’s 
scales is a highly convoluted channel, 
giving it a network of Built-in straws.

usIng whale skIn To… 
clean turbines

commercialising a self-cleaning 
surface designed along similar 
lines. The plan is to coat a  
ship’s hull (or other below-sea 
surfaces) in a wire mesh, through 

which a slime is secreted. It  
could prove the perfect 
protection against microbes, 
preventing their build-up on 
underwater equipment.

usIng lIzard scales To…
conserve water

per cent of australia’s  
land mass is taken up 

by the outback

70
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Boxfish secrete toxins 
through their skin

These rapidly dissolve into  
the seawater around them  
and deter any nearby predators

71@SciUncovered

naTure uncovered
 Designed by nature

IM
AG

E 
©

 M
Er

cE
d

Es
 B

EN
z

IM
AG

Es
 ©

 T
h

IN
Ks

To
cK

When you turn the 
ignition key in your car, 

pressurised fuel is sprayed 
into the combustion chamber, 
igniting it. The finer the drops, 
the more efficient the burn. 

An even more efficient 
method comes from an unlikely 
source: the bombardier beetle. 
When under attack from 
predators, a set of special 
muscles sends chemicals from 
an internal reservoir into 
a tiny reaction 
chamber 
loaded with 
enzymes. 
This triggers a 
rapid and violent 
chemical reaction, 
sending an explosion of hot 

toxic fluid, made up of hydrogen 
peroxide and hydroquinone, 
from the insect’s abdomen. The 
droplets move at astonishing 
speed, travelling at up to 20m 
per second. 

By replicating the cunning 
configuration of valves between 
the reservoir and chamber, the 
company Swedish Biomimetics 
3000 and a team of researchers  
at the University of Leeds 
have produced a fuel injection 

system that uses less 
pressure to send finer 
droplets at greater 
speed. This could 

be used to improve 
the fuel efficiency of 

everything from cars  
to spacecraft.

usIng beeTle juIce…
to make cars start

The bombardier beetle can  
spray liquids at would-be 
attackers at great force

Running a car can be 
extremely costly, so it’s 

understandable that vehicle 
manufacturers are on the 
lookout for new ways to  
design lighter, more 
aerodynamic vehicles.

In the turbulent waters 
around tropical reefs, many  
fish are buffeted by waves and 
carried along by currents. But 

boxfish stand out as some  
of the smoothest 

swimmers around, 
capable of steering 
a straight course 
through the 
roughest of swells. 

 A team of 
researchers led by 

Dr Ian Bartol at Old 
Dominion University 
in Virginia, in the 

US, discovered that the 
boxfish’s secret lies in its angular 
shape. The edges of their rigid 
bodies act rather like the keel 
of a boat, generating miniature 
swirls in the water that help to 

keep the animal stabilised as it 
swims. It also means that the 
fish experiences very little drag 
as it moves through the water.

Researchers for 
DaimlerChrysler discovered 
that the benefits  of the 
boxfish’s unusual shape could 
also be applied to aerodynamic 
engineering, as its rectangular 
anatomy is comparable with 
the body of a car. Just like the 
fish, the Mercedes-Benz Bionic 
concept car’s nose is small 
compared to its length, reducing 
drag. As 60% of the power used 
by a car at cruising speed is used 
to overcome air drag, this makes 
it far more fuel-efficient than 
conventional cars.

The yellow boxfish is found in reefs 
across the Indian and Pacific Oceans

usIng TropIcal fIsh…
to Design lighter cars

the edges of Boxfish’s rigid Bodies 
act like the keel of a Boat, generating 
miniature swirls in the water. 

plus species of  
bombardier  
beetle exist

500



Swallowtail butterflies are 
among the Earth’s largest

Queen Alexandra’s birdwing 
is the record-holder, with a 
wingspan of up to 31cm 

72 @SciUncovered

IM
AG

E 
©

 T
h

IN
Ks

To
cK

With a plenty of 
counterfeit cash in 

circulation, there’s always 
room for an innovation that 
might help combat this kind  
of fraud. Butterflies could hold 
the answer. 

In their efforts to be 
attractive to the opposite sex, 
many butterflies have evolved 
spectacular shimmering colours. 
The wings of the Indonesian 
swallowtail 
butterfly 
(Papilio blumei), 
for instance, 
are covered in 
millions of scales, 
each pitted with 
minute hollows just 
5-10 micrometres in 
diameter. On top of 

this is a coating shot through 
with tiny pockets of air. The 
combination of these dips and 
this airy film absorbs many 
wavelengths and reflects others 
– notably blues, greens and 
yellows – in different directions. 

Researchers at the University 
of Cambridge have managed to 

create an artificial 
version of these scales 
that’s structurally 
identical, producing 
the same colours. 

These synthetic 
films can be layered 
on to just about any 
object, with the 

advantage of 
being far brighter 

and longer-lasting than more 
standard-coloured paints. 

Getting a skin graft to 
stick to a wound is not 

easy. A surgeon will routinely 
pull out a needle and thread or 
call for the staple gun to fix a 
graft into place. But even then, 
without a tight bond between 
the graft and the underlying 
tissue, there’s a chance it will be 
rejected or infection will set in. 

Enter the spiny-headed 
worm, a parasite with an 
ingenious means of fixing itself 
to the gut lining of its fish host. 
Once it has inserted its needle-
like mouthpart into flesh, the  
tip starts to swell – anchoring  

it to the spot. 
Inspired by this, a 

team led by Dr Jeffrey 
Karp at Harvard Medical 
School has developed 
a sheet of polystyrene 
microneedles with 
absorbent tips that swell 

on contact with water. 
The idea is to use 

these patches to pin the entire 
surface of a graft, with the 
needles piercing the grafted 
layer of skin and fixing to the 
underlying tissue. Tests of these 
microneedles reveal a bond more 
than three times as strong as 
that achieved by staples. They 
also cause less trauma to the 
tissue when removed. 

The team even found it’s 
possible to load the needles with 
antibiotics or anti-inflammatory 
compounds. This 
allows these 
drugs to be 
delivered 
directly into 
the tissue.  

The tiny indentations on the wing 
scales of  Papilio blumei mean that 

light is scattered in vivid colours

usIng buTTerfly wIngs… 
to Detect fake money

usIng worm mouThs…
to make surgical glue

The practical applications 
of this technology are endless, 
from shape-shifting wallpaper 
to iridescent clothing. One 
much-mooted possibility 
currently in development is 

a butterfly-inspired film to 
prevent counterfeiting – giving 
banknotes or passports a 
uniquely reflective coating 
should make them virtually 
impossible to forge.

the comBination of these diPs and  
this airy film aBsorBs many 
wavelengths and reflects others.

is the size of the largest 
spiny-headed worm  

species in cm

60

is the year that Papilio  
blumei was first  

described

1836
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dr henry nicholls  
Science writer & author
+ a journalist, author and 
broadcaster, henry has a Phd in 

evolutionary biology. his blog, animal magic, is 
hosted by the guardian. @wayofThepanda
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AbOve Polystyrene microneedles such 
as these could be used to attach skin 

grafts with minimal trauma to 
surrounding tissue
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Invasive species

Turn over To find ouT abouT how invasive species  
are moving around The world

ibbles was a tabby with 
blood on his claws. As the 
legend goes, he was the 

feline companion of a lonely 
lighthouse keeper posted at Stephens 
Island, a remote rock off the New 
Zealand shore. Not long after their 
arrival in 1894, Tibbles started to bring 
his owner gifts: the remains of small 
birds not yet known to science. By the 
time naturalists could review the 
bodies and confirm that the Stephen’s 
Island Wren was indeed a brand new 
species, Tibbles had already wiped 
them all out.

Like so many good yarns, Tibbles’ 
tale is likely to be apocryphal. But what 
is suspected is that the Stephens Island 
Wren was once widespread throughout 
mainland New Zealand. It was a 
nocturnal, flightless bird which had 
evolved in an ecosystem without land 
predators. Its fortunes changed when 
the Maāori people migrated to the 
islands from Polynesia in the late 13th 
Century. Stowaway rats on boats soon 
established themselves in their new 
surroundings and rapidly picked off 
the ill-prepared indigenous wildlife. 
Tibbles and his fellow feral cats merely 
delivered the final blow to a struggling 
island population.

However you wish to interpret 
Tibbles’ tale, it illustrates how the 
arrival of a new species into an 
established ecosystem can be 
devastating. Species don’t evolve in 
splendid isolation – they do so in 
tandem with the flora and fauna 
around them, making adaptations that 
enable them to be competitive in their 

surroundings. Species adapted to 
survive in tough ecosystems can 
flourish in softer surroundings, and 
their actions can have a knock-on 
effect that influences the entire food 
chain from top to bottom.

 Why are some species more 
adaptable than others? “This is a tricky 
question for evolutionary theory, 
because natural selection can’t equip 
species for future challenges,” says Dr 
Stuart Reynolds, Professor Emeritus of 
Biology at the University of Bath. “One 
area where we are beginning to get a 
handle on this is the tolerance of 
invasive species to diseases.”

at tack of t he gre ys
One well-known example of this is 
grey squirrels in Europe, who are 
tolerant to a disease that is deadly to 
the native red squirrel, allowing the 
grey to dominate. A similar process 
sees Harlequin ladybirds from Asia 
outlasting native European ladybirds, 
and Reynolds raises the possibility that 
these species may have evolved the 
energy-costly ability to keep diseases 
alive in their bloodstream. Reynolds 
hypothesises that this is a kind of 
‘biological weapon’, enabling them to 
infect other species and gain an edge 
over their competition.

Adaptable and aggressive, invasive 
species continue to expand their 
territory to this day, assisted by factors 
such as climate change and increasing 
volumes of world trade. These are 
factors caused by the most invasive 
species on this planet – not Tibbles the 
cat, but human beings.

some species are able to thrive in areas far beyond 
their natural range. how do they spread, and how 

do they threaten our planet’s diversity?
words BY  alex dale illustration BY  flying chilli  ltd

beaver 
Native raNge: Canada and the United States.

iNtrodUCed raNge: tierra del Fuego, South america.
impaCt: 50 beavers were imported from manitoba, Canada 
in the 1940s for commercial fur production, but were 
released when the project failed. With no natural predators 
to keep the population in check, beaver numbers now 
exceed 200,000 and the damage to forestry has been huge.

lionfish
Native raNge: 

indian ocean.
iNtrodUCed raNge: 
around the coast of 
Florida and the 
Caribbean. Sightings as 
far south as Belize.
impaCt: Lionfish live for a 
long time and are highly 
fertile, and so specimens 
released into Florida’s 
coast by disenchanted 
pet owners have quickly 
been able to establish 
colonies across the 
Caribbean. they are 
expected to spread 
further still and 
ecologists agree that the 
rapid rise of this top-level 
predator has the makings 
of an environmental 
disaster for the atlantic 
ocean’s biodiversity.
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invasive species 
around the world

+ Invasive species threaten biodiversity across the 
planet. Learn about the factors that make these eight 

species unwelcome guests in their new homes

naTure uncovered
 Invasive species explained

Lionfish breed 
very quickly

A single female can 
spawn up to two 
million eggs a year

rabbiT 
Native raNge: europe.

iNtrodUCed raNge: South america, 
australasia.
impaCt: australia’s biggest killer is 
the unassuming rabbit. they were 
introduced in the 19th Century for 
game and have run amok, consuming 
crops with ferocity and leading to the 
extinction of numerous indigenous 
species. their grazing leaves topsoil 
open to the elements, causing soil 
erosion that will take hundreds of 
years to regenerate.

cane Toad 
NatUraL raNge: Central and 

South america.
iNtrodUCed raNge: australia, 
Caribbean, Florida, philippines.
impaCt: this highly toxic toad 
multiplies rapidly and its poisonous 
glands kill predators, meaning their 
growth continues unchecked. Cane 
toads compete with native animals 
for shelter. in australia, one-third of 
rainbow bee-eater nest burrows are 
destroyed by cane toads.

gianT hogweed 
Native raNge: 

georgia, Western asia.
iNtrodUCed raNge: 
throughout europe and 
North america.
impaCt: outcompetes 
native plants by shading 
them from the Sun. this 
has a knock-on effect on 
invertebrates who rely on 
the vanquished plants to 
survive. the sap causes 
painful blisters when it 
comes in contact with 
human skin. 

asian Tiger mosquiTo 
Native raNge: Japan, malaysia, india 

and vietnam.
iNtrodUCed raNge: italy, southern France, 
eastern US, West africa, Brazil, madagascar.
impaCt: Spreading across the globe via 
shipping ports (see page 77), this striking 
mosquito is capable of transmitting various 
diseases such as dog heartworm, yellow fever, 
encephalitis and West Nile virus.

chinese miTTen crabs
NatUraL raNge: Korean/Chinese coastlines.

iNtrodUCed raNge: temperate european waters from 
Scandinavia as far south as portugal, small pockets in the US.
impaCt: mitten crabs, imported via ballast water, are aggressive 
omnivores who outcompete native marine life for algae. they 
also burrow into banks, resulting in damage and soil erosion.

red imporTed 
fire anT 

NatUraL raNge: Brazil 
and argentina.
iNtrodUCed raNge: 
Widespread throughout 
southern US and 
Queensland, australia.
impaCt: they damage 
crops and attack 
newborn livestock and 
poultry. the aggressive 
foragers can short-
circuit electrical 
components and are 
capable of delivering 
painful bites to humans.



climate change pointer to 
here, please! :)
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1.7
million

have been found in  
US marine parks

650 
invasive 
species

s o u r c e :  N o n - N a t i v e s p e c i e s s e c r e t a r i a t

s o u r c e :  U s  N a t i o n a l  P a r k s e r v i c e

is the number of acres  
per year invasive species 
advance across the US in  
all directions. It’s an area 
that’s two-thirds bigger 

than the state  
of Delaware

are established in  
Europe each year

s o u r c e :  U s f o r e s t  s e r v i c e

10 new 
species

West Nile virus was first 
seen in the US in 1999

Introduced by invasive 
mosquitos, in 2012 it killed 
286 people in the US alone

naTure uncovered
 Invasive species explained

I N  N U m b e r s inTroduced
some animals are 
deliberately introduced into 
regions for ornamental 
reasons, or because they 
remind people of home. 
north america has  
a huge European starling 
population, which spread 
disease among livestock 
and steal resources from 
native birds. the starlings 
were introduced in the 
1890s as part of an 
ill-advised project to 
introduce every bird 
mentioned by shakespeare 
to north america. similarly, 
aggressive plants such as 
Japanese knotweed and 
the aptly named ‘mile-a-
minute weed’ spread from 
nurseries, outcompeting 
local flora for space.

escaped peTs
while most pets released in the wild succumb  
to the demands of their unfamiliar environment, 
some species establish breeding colonies. large 
populations of Burmese pythons feast on deer, 
rodents and alligators in the Florida Everglades 
and are a growing concern. lionfish introduced 
from the indian ocean are spreading rapidly along 
the Florida coast and into the Caribbean, and may 
in the future have a devastating effect on coral 
reefs already stressed by overfishing and pollution. 

pesT conTrol
the cane toad was introduced to 
north america by farmers hoping 
they could control white grub 
populations that were decimating 
sugar cane fields. in the process, 
they ended up with an even worse 
pest on their hands. the hardy cane 
toad has a hearty appetite and it 
poisons local predators or house 
pets that have not evolved to cope 
with the toxins in its skin.



77@SciUncovered

s o u r c e :  N o n - N a t i v e s p e c i e s  s e c r e t a r i a t

20 per cenT

in great britain are non-native
s o u r c e :  N o n - N a t i v e s p e c i e s  s e c r e t a r i a t

56% of amphIbIan SpEcIES
30% of mammal SpEcIES
25% of rEp t IlE SpEcIES 

anD 13%  of bIrD SpEcIES

how invasive species 
spread to new locations

+ opportunistic species are being given the chance to move around 
the globe and set up home in new locations. either directly or 
indirectly, human activity is usually to blame…. 

0f recorded animal 
extinctions are solely down 

to invasive species

decline in mammals in 
The florida everglades in 
The period 2003-2011 due 
To The proliferaTion of 

The burmese pyThon

European starlings are now 
living in the US – spread 
from just 60 released into 

Central Park in 1890

150 million
s o u r c e :  P N a s

s o u r c e :  a u d u b o n

In 2007, a cane toad the size  
of a dog was found in Australia

Dubbed ‘Toadzilla’, he 
weighted 861g and was 
20cm (8 inches) high

naTure uncovered
 Invasive species explained

100%  �������������������  rabbiTs
98.9%  ���������� opossums
99.3%   ���������  raccoons
87.5%  ����������������  bobcaTs

TransporT
Many animals stow away on ships and 
redistribute themselves when they  
arrive at their destination. the 
international tire trade is to blame for the 
rise of the asian tiger mosquito. truck tires 
provide the perfect conditions for 
mosquitos to lay their eggs, and the pests 
can now be found on every continent on 
Earth bar antarctica.

climaTe change 
species adapted to warmer climates 
are increasing their range as Earth’s 
temperature rises. invading crabs, for 
instance, are posing a dire threat to 
antartica’s marine life, who have no 
defence against their claws. Climate 
change also exacerbates the spread 
of species brought to new regions by 
other means. For example, fire ants 
that arrived in alabama from Brazil can 
now be found across southern usa.



nature uncovered
 Science of sinkholes

“I’ve seen no evidence that these strangely 
coloured animals are eaten more readily – 
strong colour breaks make them harder to 
spot, and so might help hide them better.”

Professor Iain Stewart
Plymouth Univeristy

the water is eating away at florida’s 
limestone foundations. and that means 
the land above is sinkhole country.

78 @SciUncovered

lorida is a state collapsing in 
on itself. Amid the city 
streets, quiet suburbs and 

citrus groves, gateways are opening up 
into the real, hidden Florida. Virtually 
the whole of the Sunshine State, from 
the Keys in the south to the border 
with Georgia in the north, is underlain 
by a strange cavernous underworld. 

That is because Florida is built on a 
vast platform of limestone bedrock. 
Just tens of metres below ground a 
vast underground river system – the 
Floridan aquifer – channels billions of 
gallons of groundwater through 
subterranean passageways. This 
buried arterial network provides most 
of Florida’s fresh water. It keeps the 
lawns green, fills the swimming pools 
and slakes the thirst. But the water is 
also eating away at Florida’s soluble 
limestone foundations. And what that 
means is that the land above is 
sinkhole country.  

Sinkholes mostly form by acid-
tinged rainwater slowly eating away 
the limestone and washing soil and 
sediment into the cavities. The result 
is a pockmarked landscape of gentle 
pits and depressions that can flood to 
give residential estates much desired-
ornamental lakes. But some sinkholes 
form with the sudden collapse of the 

the menace 
beneath us

ground above caves and caverns. 
These ‘cover-collapse’ sinkholes are 
the deadly threat that lurks in the 
Florida subsurface.

natUre’s traPdoors
The trigger mechanism for these 
sinkhole trapdoors is still a mystery.  
Some are caused by too much water. 
Hurricanes can dump tons of water on 
the land over a matter of hours, 
weighing down the soil and collapsing 
the roofs of caves below. Others snap 
open from too little water. Drought 
years or groundwater pumping can 
reduce pressure in water-filled voids, 
causing unsupported sides to implode. 

But the main reason for Florida’s 
growing toll of sinkhole damage is 
ourselves. The lure of Florida sun is 
drawing ever more people to the state, 
and our urban sprawl is advancing into 
wild land primed with sinkhole traps. 
In the past, they would have gone 
unnoticed. But not now.  

sinkholes are cavernous pits that appear when the  
ground’s surface collapses – sometimes without  
warning. How do these deadly depressions occur?

F

The largest natural sinkhole in the 
world is Egypt’s Qattara Depression

120km wide and 129km 
long, British troops used it 
as a defence in World War II

underground caveS
As the limestone dissolves, pores and cracks 
appear, allowing more water in. This process 
hollows out the rock beneath, creating a large 
network of underground cavities. The land surface 
forms a bridge above these voids and when it  
can no longer support its own weight, it collapses 
in on itself – forming a sinkhole.

rock eroSIon
The majority of sinkholes  
in Florida are caused by a 
layer of limestock rock  
lying beneath the soil across 
the entire state. This layer  
is extremely soluble and  
acidic rainwater seeps 
through the soil until it 
reaches the limestone, 
eroding it over time.

words BY  Prof Iain Stewar t

IM
AG

Es
 ©

 P
r

Es
s 

As
so

cI
At

Io
n 

IM
AG

Es

+ It might seem that no one in Florida is safe, but in 
fact most sinkholes cluster in the west central part 
of the state. This 45-foot deep sinkhole opened up 
beneath homes in Lake City, Columbia County, in 
2005, forcing evacuations. 

the anatomy  
of a sinkhole

Prof Iain Stewart
Geologist, Plymouth University
+ a new programme about sinkholes 
presented by Professor stewart will  

air as part of the bbc horizon series starting in  
January. @Profiainstewart
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nature uncovered
 Science of sinkholes

Florida’s worst sinkhole 
disaster occurred in 1994

The 46m-deep sinkhole in  
Polk County released radioactive 
waste into drinking water 

water PoolS
Rain water pools at the 
bottom of a sinkhole, 

forming a shallow acidic 
pond of sorts that 

hastens the dissolution 
of the limestone below.

unPredIctable hazard
It is difficult to predict when a 
sinkhole might open up, due to 
numerous factors. Different 
soluble rock types behave 
differently and water can have 
varying degrees of acidity. This 
sinkhole opened up suddenly and 
local authorities blamed large 
amounts of surface water 
dumped there at once by a 
hurricane.

other SInkholeS 
around the world

Florida may be the sinkhole capital, but 
other places have their deadly 
equivalents. In 2010, a sinkhole killed at 
least 15 people in Guatemala City, 
Guatemala. It opened in the wake of 
Tropical Storm Agatha, occurring just 
three years after a similar sinkhole in the 
city in 2007, which killed three people.

+ Sinkholes aren’t always traumatic.  
The Bimmah sinkhole in Bayt al-Afreet, 
Oman, is often cited as one of the world’s 
most beautiful sinkholes. It is a tourist 
attraction in its own right, as 
holidaymakers flock to swim in its  
emerald green waters.

+ Sinkholes are a common problem in 
Eastern Europe, where much of the 
lansdcape is underlain by soluble bedrock 
such as limestone. In November 2013, the 
residents of Sanica, Bosnia, woke up to 
discover that an immense sinkhole had 
drained their village pond.

guatemala

oman

boSnIa
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 Learn how science shapes our creations

84 supercharged 
superhighway 
 Could lasers from space 

give us much faster  
internet speeds?

86 the smartphone 
science revolution
 How the mobile phone  

is becoming an important 
tool for scientific discovery.

38,000 tonnes is 
the LHC’s weight

Particle collisions inside it 
create temperatures 10,000 
times hotter than the Sun

inside this 
section 



Higgs bosons are very 
hard to produce

If LHC collisions were grains of sand, they 
would fill a swimming pool and Higgs-
producing ones would cover a fingertip 

lhc  
exhibition

Collider, an exhibition about the  
Large Hadron Collider, is on at  
the Science Museum, London,  

until 6 May.

technology uncovered
 Collider’s next targets

After the Large Hadron Collider’s success finding the 
Higgs boson, it still has some big questions to answer
words BY  dr harr y clif f

hint of the existence of other 
universes beyond our own. This 
famous particle’s existence was first 
proposed way back in 1964 by British 
theoretical physicist Peter Higgs 
and five other theorists as part of a 
theory that explains how elementary 
particles – ones that can’t be broken 
down into even smaller units – acquire 
mass. The ‘Higgs mechanism’ became 
the cornerstone of what’s known as 
the Standard Model, the theory that 
describes all the known particles of 
nature and how they interact with 
one another. Yet despite the Standard 
Model’s success in describing these 
building blocks of our Universe, 
physicists are convinced it isn’t the 
end of the story.

The seeds of the Standard Model’s 
doom were sown long before it was 
written down – as long ago as 1933, 
when Swiss astronomer Fritz Zwicky 
noticed something strange about the 
stars. Zwicky realised that galaxies 

ighteen months ago, 
scientists from CERN 
announced they had 

found the Higgs boson. It had 
been spotted among the trillions 
of particle collisions at the Large 
Hadron Collider (LHC), the world’s 
most powerful particle accelerator.

But for all of the Higgs hysteria 
this announcement generated, the 
truth is that for many physicists 
the Higgs boson was old news even 
before its spectacular discovery. What 
every physicist is yearning for is the 
restart of the LHC in 2015, when the 
upgrade currently taking place will 
allow particles to be collided with 
much higher energy. It is then that 
physicists hope to find clues to some 
of the biggest questions about how the 
Universe works. 

The Higgs itself is at the centre of 
what is perhaps the most intriguing 
conundrum of all – one that may 
provide us with the first tantalising 
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technology uncovered
 Collider’s next targets

Everything that exists  
is just a tiny leftover

For every particle around 
now, roughly a billion were 
created in the Big Bang

in the distant Coma Cluster were 
moving about so fast that they should 
overcome the gravity holding them 
together. The fact that the cluster 
remains intact suggests the existence 
of some invisible material generating 
a gravitational force strong enough to 
hold the galaxies together.

This invisible material is what we 
now refer to as dark matter, so-called 
because it doesn’t reflect, absorb 
or emit light and so is completely 
invisible to our telescopes. The 
evidence that dark matter exists is 
now overwhelming. In fact, recent 
measurements by the European Space 
Agency’s Planck telescope suggest it 
is over five times more abundant than 
ordinary matter.

The Standard Model has absolutely 
nothing to say about dark matter, 
which is really rather shocking when 
you think about it. It means that 
despite all our triumphs in mapping 
the subatomic particles that make 
up planets, stars and the like, we still 
have absolutely no idea what most of 
the Universe is made from.

PAired uP
The Standard Model’s woes don’t  
end there. In 1928, theoretical 
physicist Paul Dirac wrote down  
an equation that predicted the 
existence of ‘antiparticles’ – mirror 
images of ordinary particles. We 
now know that whenever you create 
or destroy a particle you must also 
create or destroy a corresponding 
antiparticle. So why does the Universe 
apparently consist only of matter? 
Again, the Standard Model has no 
convincing answer.

But in the eyes of some scientists, 
these are trifling details compared 
to what they call the deep structural 
problems of our current picture of the 
subatomic world. The first is the quest 
to find a way to explain the behaviour 
of particles in the subatomic world – 
an area of physics known as quantum 
mechanics – that doesn’t contradict 
our understanding of gravity. This 
has proved to be an incredibly thorny 
problem, defeating Einstein and 
driving the development of string 
theory (see ‘The Next Key Targets for 
the Particle Smasher’, opposite).

@SciUncovered

+ The Large Hadron Collider (LHC) is the biggest 
and most powerful particle accelerator ever  
built. Housed in a 27-kilometre circular tunnel 
under the countryside outside Geneva, it 
accelerates beams of protons – one of the 
components of atoms – to within a whisker 
(99.9999991%) of the speed of light before 
colliding them headfirst into each other at four 
points around the ring. At each of these four points, 
physicists use enormous detectors the size of 
office buildings to record the particles produced in 
the collisions. 

1 hidden at depth
The collider is located on the Franco-Swiss 
boarder near Geneva, and is 100 metres  
beneath the surface.

2 hydrogen gas
The protons that are smashed together begin 
life in an ordinary bottle of hydrogen gas, 
which is ionised – converted into charged 
particles – to produce free protons. These are 
then accelerated through a series of smaller 
machines – including the extremely powerful 
Super Proton Synchrotron (SPS) – before they 
reach the main ring of the LHC. 

3 magnetic forces 
Two proton beams are accelerated around the 
ring in opposite directions by powerful magnets. 
When the beams cross, the particles collide. 

4 cms detector
It’s like a gigantic digital camera that scours the 
millions of collisions produced by the LHC every 
second for Higgs bosons, micro black holes and 
dark matter. 

5 lhcb detector
This makes extremely precise measurements of 
Standard Model processes, which are compared 
with theory predictions to tease out evidence of 
new particles or forces.

6 atlas detector
Like the CMS detector, ATLAS searches for  
Higgs boson particles, micro black holes and 
dark matter.

7 alice detector
This studies an extremely hot state of matter 
that existed just after the Big Bang called 
quark-gluon plasma. It’s produced when the LHC 
collides the nuclei of lead atoms.

The debris of high-speed collisions reveals new things about our Universe
how particles are smashed at the lhc

1

3

2

65
7
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technology uncovered
 Collider’s next targets

The LHC is the emptiest 
place in the Solar System

The vacuum inside it  
is thinner than  
interplanetary space

@SciUncovered

dr harry cliff  
Physicist & exhibition curator
+ A particle physicist at the University of 
Cambridge, Harry also works at the LHC 

and is head of content for the Collider exhibition at the 
Science Museum in London.  @harryvcliff

supersymmetry
+ This is the most popular ‘extension’ of the Standard 
Model of physics. It proposes that every particle has 
a partner or ‘sparticle’. The electron’s partner, for 
instance, is called the selectron. The lightest sparticle 
is one of the things that physicists think may account 
for the mysterious stuff that fills our Universe – dark 
matter. Finding evidence of supersymmetry was one of 
the main reasons for building the LHC. 

extra dimensions of space
+ Gravity is weak compared to the other forces of 
nature. After all, a fridge magnet can lift a paperclip, 
overcoming the gravitational attraction of the entire 
planet. Some physicists suggest there may be extra 
dimensions to the three we perceive, and that gravity 
leaks away into them – making it appear weak. If this 
were right, it might be possible to produce black holes  
at the LHC, but so far it’s found no evidence of these. 

string theory
+ This is a proposed ‘theory of everything’, something 
that could explain all known particles and forces – 
including gravity – by describing them as tiny vibrating 
strings of energy. It requires the introduction of up to 
seven extra dimensions of space, which are curled up 
too small for us to see. So far, however, String Theory 
has made no testable predictions that could be tested 
at the LHC. But if that changes, the particle smasher will 
be able to prove or disprove it.

The second problem relates to the 
Higgs boson, and is the source of much 
controversy. The basic principles of 
quantum mechanics tell us that empty 
space is anything but. The closer you 
zoom into the so-called vacuum, the 
more you reveal a seething mass of 
virtual particles and antiparticles. In 
the Standard Model, the Higgs boson 
should interact strongly with this sea 
of virtual particles, driving its mass to 
an enormous value, far greater than 
the one measured at the LHC.

If this enormous mass was realised 
in nature, it would mess up physics 
as we know it. The heavy elements 
could never form and we would not 
exist. To generate the Higgs mass we 
see requires very careful fine-tuning 
of the Standard Model’s parameters, 
leaving the Universe looking like it has 
been arranged in a very specific way. 
This has been compared to walking 
into a room to find a pencil perfectly 
balanced on its tip: you might well 
assume there was some invisible wire 
holding the pencil upright.

MAn y univerSeS
To explain this spooky fine-tuning, 
theoreticians have proposed 
extensions of the model, the most 
promising of which is an idea called 
supersymmetry. It provides an 
invisible wire holding up the Standard 
Model by introducing a slew of new 
particles that cancel out the nasty 
vacuum fluctuations to produce the 
Higgs mass we see. It also neatly 

provides an explanation for dark 
matter – the lightest supersymmetric 
particle is a good candidate.

So far, however, no evidence 
of this has been uncovered by the 
LHC, leading many to propose a 
controversial alternative explanation. 
What if our universe is in fact only 
one of an effectively infinite number, 
each with different laws of physics? 
Strangely, this is exactly the state of 
affairs suggested by String Theory.

If you take this view, the problem 
of fine-tuning vanishes– clearly the 
Higgs mass is what it is because there 
are many more universes where it has 
a huge value, but we don’t live in such 
a universe because heavy elements 
cannot form. 

When the LHC starts up again 
in 2015 this debate should be settled 
once and for all. Either we will find 
supersymmetry (or something like it), 
or we find nothing. If we find nothing, 
it would give us the first and only hint 
of the existence of universes beyond 
our own. This would be nothing short 
of a revolution in the way we think 
about nature, and completely change 
our view of what kind of questions it is 
even reasonable to ask.  

the next key targets  
for the particle smasher
It’s hoped that the Collider will be able to test  
some mind-bending ideas

Above ATLAS is one of the LHC’s two multi-purpose detectors, along with CMS
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These two beams of 
protons are guided around 

the LHC in opposite 
directions at high speed



technology uncovered
 Space laser revolution
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ith just 100 days of mission 
time from launch, NASA’s 
Lunar Atmosphere and Dust 

Environment Explorer (LADEE) didn’t 
waste any time making a name for 
itself. First, the craft enjoyed a brief 
moment of social media stardom when 
an airborne frog cropped up in a photo 
of its launch. Now LADEE has booked 
its place in history by using lasers to 
deliver internet speeds in excess of 
those enjoyed by most of us here on 
Earth – despite the fact it’s in space.

LADEE is on a mission to study the 
structure and composition of the 
atmosphere of the Moon. But while it 
does this, a tiny piece of equipment on 
its side called the Lunar Laser Space 
Terminal (LLST) is revolutionising 
global and interplanetary 
communications. Alongisde the Lunar 
Lasercom Ground Terminal (LLGT),  
the LLST is one half of the Lunar Laser 
Communications Demonstration 
(LLCD) -  NASA’s first dedicated 
two-way communications system 
using lasers instead of radio 
frequencies. While beaming data to 
Earth, it has recorded download rates 
of 622 megabits per second (Mbps). 
That’s the equivalent of receiving 100 
HD channels simultaneously - six 
times faster than the speediest 

space laser 
revolution 

broadband available in the UK, and 
roughly five times faster than NASA’s 
existing radio wave communications. 

It’s a huge leap for NASA in sending 
data to and from space probes, and 
could be the start of an internet 
system where probes and craft  
communicate at higher speeds than 
we’re used to on Earth. But LLCD’s 
initial goal is only to enhance space-
based communication systems. We’re 
still a long way from replacing 
fibre-optic cable and copper wire with 
near-infrared space beams for 
everyday browsing.

That’s because while laser-based 
superfast internet sounds enticing, 
there’s a big practical problem. Even if 
internet companies began equipping 
satellites with the receivers needed, 
cloudless skies are required for laser 
communication with Earth to work. 
The locations of LLCD’s three ground 
stations (in New Mexico, California 
and Tenerife) were picked because of 
the clear skies in these regions. While 
radio waves travel through clouds, 
lasers can be scattered and so need a 
clear line of sight on their target. Until 
this problem can be overcome, 
laser-based internet beamed down 
from space will remain a pipe dream 
for us on Earth.

ladee uses lasers to deliver internet 
speeds far in excess of those enjoyed by 
most of us here on earth.

NASA’s latest test uses lasers to deliver internet speeds 
that are out of this world. Could the tech be used to 
improve download speeds on Earth?

W

The fastest internet speed  
reached on Earth is 186Gbps

This would make possible  
the transfer of 100,000  
Blu-ray discs in a day

words BY  Mat thew pellet t

advantages oF lasers 
OVER RADIO WAVES

+ Lasers have multiple advantages over the radio frequencies 
NASA currently uses. All signals spread over distance, but 
with wavelengths 10,000 times shorter than the radio 
alternative, the spread of a laser is reduced significantly over 
a long distance. Giant antennae and satellite dishes are 
needed to successfully transmit and receive radio signals, but 
much smaller and less power-intensive devices are needed 
for laser communications. Slower radio data systems 
struggle with the larger files generated by better cameras 
and equipment on board today’s spacecraft. High-definition 
images that take well over an hour to send back to Earth on 
existing frequencies would take just minutes, if not less, 
using lasers. Real-time video feeds also become a possibility.

2. Waking up
LADEE’s onboard LLST activates 
once it senses the scan from 
the ground terminal, and 
responds by fixing onto the 
source of the scan with its 
lightweight telescope, before 
sending a laser beam back.

shorter wavelengths mean lasers can 
travel longer distances more effectively
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the Future Of 
cOmmunIcAtIOn

technology uncovered
 Space laser revolution

NASA first turned on an 
internet node in space in 2000

Engineers communicated with the 
UoSAT-12 satellite, paving the way 
for internet access on spacecraft

ABOVE The Lunar Lasercom Ground Terminal (LLGT) 
in New Mexico, developed by MIT Lincoln Laboratory

The LLGT is the primary ground terminal for data 
transmission to and from the LLST

l adee’s Mission to  
the Moon
+ LADEE was launched in 
September 2013 to orbit the 
Moon, gather information 
about its atmosphere and 
find out whether dust is 
being lifted into the sky. It 
has already found helium, 
neon and argon-40, and it is 
hoped it will tell us whether 
lunar dust, electrically 
charged by sunlight, was 
responsible for the pre-
sunrise glow seen during the 
Apollo missions.

+ The LLCD test has been a big success, 
but it’s merely a precursor to a larger 
project named the Laser Communications 
Relay Demonstration (LCRD). The ground- 
based technology for this is being tested 
this year and the space-based technology 
is set to launch in 2017. It will test and 
refine the system as NASA seeks to 
establish laser communications as its 
permanent replacement for radio 
communication.

 The mission’s success could see bulky 
radio transmitters replaced with lighter 
and more efficient laser transmitters that 
would be used for near-Earth and deep 
space missions. 

Operators at ground stations in New 
Mexico and California will put the system 
through its paces. They will beam data to 
and from the satellite carrying the LCRD 
technology, finding the best way to encode 
information. They will also look at the 
effects of clouds and to try find ways 
around disruptions, such as backup 
stations on the ground.

plans are already afoot to build  
on this space laser technology

3. locking on
When the ground terminal 
receives the beam fired from 
LLST, it locks on. With the two 
terminals aligned, laser pulses 
are fired from the LLST 
encoding hundreds of millions 
of data bits that flow to Earth.

1. establishing contact
To begin high-speed communications, the 

ground terminal of choice and the LLST 
must first locate each other. The two 

terminals aren’t in constant contact, so 
the first step sees the ground terminal 

scanning LADEE’s expected path to track 
down the spacecraft. 

4. doWnloading data
At the ground base, an array of telescopes 
focus the laser on to detectors that count 
the signal photons transmitted from the 
LLST and turn them into data bits. This 
data can then be used on the ground.
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words BY  Mat thew Bolton

Technology uncovered
 Smartphone science

The microscopic world comes into view with a few extra lenses

 With most smartphones now 
doubling up as excellent cameras 

thanks to their powerful image sensors, 
a team at University of California, Los 
Angeles, has found a way to turn them 
into a tool for seeing the invisible. 

“We designed compact, lightweight, 
cost-effective, yet powerful optical 
microscopes that can be integrated 
and attached to cellphones,” says Dr 
Aydogan Ozcan, who leads the team at 
UCLA and has used phone cameras with 
accessories that can detect allergens  
in food products and conduct kidney 
tests. The idea is to use the abundant  
and relatively cheap consumer 
technology to enable better portable 
scientific equipment. 

“Using these field-portable 
microscopes, one can look at a blood 
specimen, count cells and look at cell 
morphology, investigate pathology 
samples or even search for bacteria  
in drinking water, milk and so on,”  
says Ozcan. 

Better still, the advances in 
smartphone camera technology 
also improve the usefulness of the 
microscope. “Better sensor chips 
in our cellphones will improve the 
resolution and/or the field of view of our 
microscopes. Instead of a 5MP camera, 
if we are given a 10MP camera, our field 
of view will double, since our imaging 
design is not limited by the performance 
of lenses,” says Ozcan.

A portable microscope

There are 6.8 billion mobile 
phones in the world 

Of this total, 1.2 billion 
are in China and 8.8 
million in India

Packed with sensors and bursting with processing 
power, your phone is the scientific  

instrument of the moment

The sMarTphone  
science revolution

The team’s microscope has been 
used to identify particles of around 100 
nanometres in tests – roughly 1,000 
times smaller than the width of a human 
hair. Its effectiveness is impressive, 
though it’s perhaps no surprise that it’s 
limited compared to what a non-portable 
microscope can achieve. 

The microscope is a normal optical 
device – not an electron microscope. So 
attempts to focus on areas smaller than 
20-30mm² will create imperfect images. 
Although larger, static microscopes can 
beat this, the accuracy and portability  
of the UCLA team’s smartphone 
accessory makes it a potential life- 
saver in emergencies, or in hard-to-
reach locations.

ABOVE Phones fitted 
with the microscope 
accessory developed  
at UCLA promises to 
transform healthcare
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A simple photograph is enough to make forecasts better

 If weather satellites are trying to 
determine surface temperatures 

from photos of the Earth’s surface, they 
need to be sure they’re looking at the 
ground, not at clouds – which is not 
always an easy task. But researchers at 
the Space Science and Engineering 
Center (SSEC) at the University of 
Wisconsin-Madison in the US think  
they have the answer. They have come 
up with a clever way of providing 
meteorologists with extra information  
that can make life a little easier – a 
smartphone app. 

Users of the SatCam app get a 
notification when a satellite passes 
overhead, based on the their location. 
They’re then asked to take a snap of 
the sky above, giving researchers extra 
reference points for where clouds are. 

The clever part is how the SSEC  

An eye on the sky

The ‘minds’ of many smartphones are thinking 
through some challenging problems

 The idea of getting lots of 
computers to work together to 

solve complex problems is nothing new 
– programs such as SETI@home, where 
PCs help to search for extraterrestrial 
life, have been around for over a decade. 

In distributed computing projects 
such as this, the processing power of 
hundreds of thousands of computers are 
combined to form a ‘supercomputer’. 
Anyone who signs up installs software 
on their computer and it is sent tasks 
to perform, while other PCs work on 
related jobs. Computers running BOINC 
software – or clients, as they are known 
– contribute collective computational 
power of more than nine petaFLOPS, 
which is almost a third of that 
offered by the world’s most powerful 
supercomputer, China’s NUDT Tianhe-2. 

A supercomputer on  
a miniature scale

BOINC systems have been involved in 
climate-change research, simulations 
for the Large Hadron Collider, disease 
control and genome analysis.

However, sales of traditional PCs are 
declining, with smartphones and tablets 
taking their place. While smartphone 
processors used to be too weak for such 
tasks, they’re now becoming as powerful 
as PCs were a few years ago. It’s no 
surprise, then, that there’s already a 
BOINC app, which contributes processing 
power when a phone is charging but not 
in use. Another app, Seattle on Android, 
lets phones perform calculations 
on behalf of students at New York 
University. With smartphone CPU power 
increasing by 50% each year, phones will 
only become a more important avenue 
for distributed computing.

gets people to participate in the first 
place – if you send your photos to them, 
they’ll send you one back from the 
satellite – of you, as it passes overhead. 
Well, of the area you’re in, at least – 
they’re not that detailed…

Mobile phone subscriptions will 
outnumber people in 2014

Former Soviet Union 
countries already 
have 1.75 per person

Technology uncovered
 Smartphone science

RIGHT SatCam is 
being used to improve 
weather forecasting
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Japan has 4,235 earthquake 
warning seismometers

Wireless telephony was tested 
on German trains in 1918

The first mobile telephone 
service was launched in 
Missouri, US, in 1946

heavily, as a result of 
constantly monitoring  

the phone’s sensors and  
GPS, so few people would  

want to run it regularly).  
But it has already 

revealed some useful data when 
tested. So if it could be optimised, 
this technology could help our 
understanding of noise pollution 
significantly. It could even help people 
choose where they want to live, for 
example, or could help doctors to 
identify noise pollution as the cause of 
stress or high blood pressure in patients.

Secchi app
iPhone/Android

 Help to monitor the 
effect changing sea 

conditions are having on important 
phytoplankton by creating a simple 
Secchi Disk, taking measurements 
and contributing data.

mping
iPhone/Android

 US smartphone 
owners can tell this 

app when it’s raining where they are. 
The data will be used to improve the 
algorithms used by weather radar to 
ensure more accurate readings are 
given in the future.

What’S invaSive!
iPhone/Android

 Another one for the 
US, this enables users 

to note sightings of non-native plants 
and animals that cause problems for 
indigenous wildlife. Visit national 
parks and let them know what you 
see! (For an in-depth look at invasive 
species, see page 74.)

LoSS of the night
Android

 Help to track light 
pollution by telling 

this app which stars are visible to  
you in your location. It points you 
towards particular stars, so they’re 
easy to find.

project noah
iPhone/Android

 This app is designed 
to get kids and adults 

contributing information about 
biodiversity. Share what wildlife you 
find, and set missions to spot certain 
animals or plants.

5 More apps 
A few other apps that will enable you to  
help advance science (though a Nobel 
Prize isn’t guaranteed)

 Noise pollution can be a real 
problem for many people, 

particularly those living in urban  
areas. Heavy traffic, nearby airports  
and noisy sirens can all be disruptive.  
But tracking noise pollution 
over a wide area is difficult,  
– it’s a very time and resource- 
intensive operation.

 If only there was a way to distribute 
lots of noise sensors cheaply. Well, a 
team at the Commonwealth Scientific 
and Industrial Organisation in Australia 
has come up with a clever way to use 
the microphones and GPS chips in 
smartphones to crowdsource data. 

Software on the phone helps to 
determine when the data is right to 
capture – it avoids measuring the noise 
levels if a conversation is going on, for 
example, since it’s interested only in 
ambient noise. And it can use a phone’s 
proximity sensors to detect when it’s 
in a bag or pocket, which would muffle 
the ambient noise levels. When the 
conditions are right, the app records the 
noise levels and the phone’s location. 

It’s largely a proof of concept at 
the moment (the app drains batteries ABOVE Phone data helps to identify noise pollution hotspots

ABOVE Smartphones 
can help those living in 
airport flight paths 
monitor noise levels

Smartphones can act as extra 
ears to help us keep track of 
noise levels

A noise 
pollution sensor
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Japan has 4,235 earthquake 
warning seismometers

They predict the rough 
area of an epicentre and 
issue warnings

 Almost all modern smartphones 
include a sensor called an 

accelerometer, used to let the device 
know if the orientation in which it’s 
being held changes, so that it can rotate 
the screen accordingly. These sensors 
can detect almost any kind of 
movement. Teams from both the 
California Institute of Technology 
(Caltech) and the Italian National 
Institute of Geophysics and Volcanology 
have suggested ways to use smartphones 
to greatly improve the way we detect and 
respond to earthquakes.

Although the chips in commercial 
smartphones generally aren’t sensitive 
enough to pick up on lower-magnitude 
earthquakes, they are able to provide 
excellent readings for more severe 
events. This would mean an early 

 Smartphones are deeply embedded 
in many of our lives, providing us 

with ways of communicating, reading, 
listening and watching. It means they 
reveal a lot about what we do and when 
we do it. There’s a huge amount of data 
being collected by our phones that we 
might not even realise is potentially 
useful, until we cross-reference it with 
other information. 

A University of Cambridge team 
has developed a smartphone app called 
Emotion Sense that tracks data such 
as noise levels, communication and 
movement, then asks you questions 
about your mood and emotions. The 
idea is that you can look for correlations 
between when you’re unhappy or 
tired (or, equally, happy and alert) and 
the activities that you’ve performed. 
Are you miserable after talking to a 
particular person? Happier after visiting 
a particular place? Personal data tracking 

A roving psychologist
Spotting patterns in moods so we can identify 
what (and who) makes us truly happy

A mini seisometer

warning system for severe ’quakes could 
be established, with the network of 
phones providing information instantly. 
Japan’s earthquake warning system cost 
around one billion US dollars to build, 
but for many countries such a level of 
expenditure isn’t an option. The Caltech 
team has built an app called CrowdShake 
that detects tremors, then warns others 
of the danger. 

Though earthquakes travel at around 
5km per second, it could still give people 
enough time to move somewhere safe. 
It could also provide an indicator of the 
severity of the earthquake.

The Italian proposal is based on the 
same principles, but recommends the 
data be collated by emergency services, 
enabling them to go directly to the areas 
likely to have the most casualties. 

Monitoring shakes to provide earthquake 
researchers with valuable data

is already working its 
way into our lives via diet and 
fitness apps, but tools such as 
Emotion Sense could allow 
you to analyse your life in 
a more personality-driven 
way, for your curiosity or even 
therapeutic reasons. 

The Cambridge team points out 
that you might see your therapist only 
once every few weeks, but Emotion 
Sense offers you an ongoing link to  
your environment. 

ABOVE Emotion Sense 
can be used to identify 
patterns in your mood
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LOCATION At-Bristol
DATE 14 Feb 2014
TIME 6.30-10pm 
PRICE From £7 (£6 concessions and 
At-Bristol members, group rates also 
available. 18+)
WEBSITE at-bristol.org.uk

AFter Hours: Love

 This is another chance to 
experience one of the popular 
adults-only After Hours events at 
At-Bristol. Join the team at their 
beautiful harbourside location 
for a special Valentines-themed 
evening. Take a romantic trip to 
the stars in the Planetarium, 
dissect a real heart, and get your 
own heart racing with the sports 
challenge. Grab a drink and 
mingle among the exhibits – you 
never know, you could find love 
across the test tubes.

LOCATION Charmouth Heritage Coast 
Centre, Charmouth, Dorset, Dt6 6LL
DATE 1-2 Feb 2014
TIME 10am-3.30pm 
PRICE Adults (15+) £70
WEBSITE charmouth.org

roCks AnD  
FossiLs WeekenD

 If you have ever fancied going 
dinosaur hunting, this is the 
event is for you. Though they 
might be a bit dead when you 
find them. Based on the Jurassic 
Coast, this weekend of lectures 
and guided walks is an 
introduction the science of 
geology and palaeontology. 
The fee covers all activities 
for the weekend, however 
accommodation is not included. 

LOCATION Lecture theatre 2, school of 
Chemistry, university of Bristol
DATE 5 Feb 2014 
TIME 4pm 
PRICE Free
WEBSITE bris.ac.uk

is LiFe QuAntum 
meCHAniCAL?

 Professor Jim Al-Khalili is 
a British theoretical physicist, 
author and broadcaster. He has 
become famous for his 
appearances on popular science 
shows, such as Radio 4’s The Life 
Scientific and documentaries for 
the BBC on subjects including  

events

ExplorE
sciEncE

yoursElf

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

InsIde thIs 
sectIon 

CHANNEL: BBC Four DATE & TIME: 18 Feb (tBC) DETAILS: two-part series

 In this striking exploration of the interaction between parasite 
and host, presenter Michael Mosley is going the extra mile in the 
name of science -  systematically infecting himself with some of 
the most extraordinary and powerful parasites of them all. From 
tapeworms to bloodsucking leeches and lice, Michael’s 
experiences give him a whole new insight into the devious 
methods used by parasites to survive.

inFesteD
edItor’s choIce   tv

94 dIY scIence
 Build a volcano using items from 

your kitchen cupboards.

96 GreY matter 
 Test your knowledge of science 

facts with our challenging quiz.

98 antImatter 
 Tasting champagne to advance 

scientific knowledge.

the Higgs boson and the history 
of electricity. 

Al-Khalili has a talent for 
delivering complex ideas in 
physics in interesting and 
understandable ways. So he is  
as good a person as anyone to 
hunt down and listen to if you 
happen to be looking for an 
accessible entry point into the 
freshly burgeoning field of 
quantum biology. 

Where we once thought 
quantum mechanical 
phenomena were confined to 
precise conditions, we now think 
the surprising quantum laws also 
apply to to the squidgy, messy 
world of biological lifeforms.
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serious matters
 Elon Musk 

@elonmusk
profile: A co-founder of PayPal, 
Musk is CEO of Tesla, and CEO 
and chief designer for SpaceX.

sample tweets:

 Am happy to hear that 
GM plans to develop an 
affordable 200 mile range 
electric car. Right target. 
Hope others do same.

 About an hour away from 
launch. I’d like to thank  
@SES_Satellites for taking a 
chance on @SpaceX. We’ve 
given it our all.

 Restart was good, apogee 
raised to 80k km (50k 
miles). Yes!!!

Laughing matters
 Fake Science 

@FakeScience  
 profile: Bite-sized nonsense to 
baffle pals in the pub with.

sample tweets:

 It’s so easy to get on a high 
horse and judge people who 
falsify data. But did you 
know that 78% of the people 
who do that can’t even read?

 Let’s be honest: neutrinos 
are a little sleazy. Passing 
through you without 
warning, hanging around 
the weirdest deuterium.

 Can’t remember the 
difference between 
mitosis and meiosis? 
First thing to note: they’re 
spelled differently.

Who to follow on 
Twitter to expand  
your knowledge

AUTHOR ray 
Jayawardhana
PUBLISHER  
oneworld 
Publications
PRICE £11.99
OUT now

AUTHOR Ben  
miller
PUBLISHER Little 
Brown Book Group
PRICE £7.99
OUT now

AUTHOR Alan 
Beech
PUBLISHER 
Amazon 
Distribution
PRICE £9.99
OUT now

tHe neutrino 
Hunters

it’s not roCket 
sCienCe

sCienCe & mAtH 
rHYmes 2 HeLP u

 Trillions of neutrinos pass 
through our body every second, 
but these tiny, ghost-like 
particles are notoriously shy. 
They hold zero electrical charge, 
have the tiniest mass imaginable 
and rarely interact with other 
particles. So the intrepid 
scientists who came before us 
were forced to go to obscene 
lengths to track these pesky 
subatomic particles down. 
Jayawardhana’s book charts 80 
years of dogged pursuit of the 
particle – and how its eventual 
discovery planted the seeds for 
a revolution.

 One half 
of comedy duo Armstrong and 
Miller, Ben Miller found fame  
on the television. However, as a 
former physics PhD student, 
Miller’s first love was science and 
first love runs deep. Indeed, 
that’s the name of this book’s 
opening chapter. 

Miller has a demonstrable 
ability to take even the most 
mundane of scientific subjects 
and get to the heart of what is 
exciting about it. This book is  
a passionate and thoughtful 
sweep through topics ranging 
from DNA to black holes – 
although more seasoned readers 
may find that it lacks the 
in-depth insight of more 
specialised books.

 “Proteins we consume in food
To amino acids are unglued
To every cell we circulate
Where DNA proteins create.”

Science’s resident urban poet 
Alan Beech is a strong believer in 
the use of rhymes as a memory 
aid: to this end he has compiled a 
book of 100 science-flavoured 
poems, which aim to help you 
remember everything from 
Pythagoras’ Theorem to the 
difference between stalagmites 
and stalactites. 

Beech studied science in 
England before getting a PhD 
in the US, and a short summary 
of the relevant science is 
included in front of most of 
the rhymes.

exploratorIum
 What matters

books

scIence followshIps

Ammonites are among the 
fossilised charms of Dorset 
coastal village Charmouth
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exploratorIum
 What matters

ArCHAeoLoGist

 It’s easy to see the appeal of archaeology, but it’s 
not as simple as taking a shovel to your back 
garden. And what’s more, if you do stumble 
across an artefact while going it alone, it’s best to 
leave it in place and report it to your local 
museum rather than attempting to loosen it.

It can be hard for a beginner to know where 
to start digging. Archwilio is a free website and 
Android app that highlights over 100,00 sights 
of archaeological interest across the entirety of 
Wales. You can also add your own information to 
its collection, so this is a good starting point for 
budding UK archaeologists.

Many archaeological societies also have 
information on their websites about how to get 
involved with digs as a volunteer. The Council for 
British Archaeology (archaeologyuk.org) and 
Archeological Institute of America 

become an Instant…

You might not become outstanding in 
your field on your first dig, but here 
are the resources to get you started

CHANNEL BBC Four
DATE 17 Feb (tBC)
TIME tBC
DETAILS six-part series (6 x 60 min)

CHANNEL eden
DATE early 2014
TIME tBC
DETAILS Five-part documentary series  
(5 x 60mins)

CHANNEL BBC Four
DATE 17 Feb (tBC)
TIME tBC
DETAILS two-part series

tHe seCret oF Bones

AFriCA

DisseCteD: tHe 
inCreDiBLe HumAn 
HAnD, AnD DisseCteD: 
tHe inCreDiBLe 
HumAn Foot

 With over 62,000 species of 
vertebrate in existence, it is 
remarkable and surprising 
that, despite what outward 
appearances might suggest, they 
all share the same basic skeletal 
blueprint underneath.

Primatologist Ben Garrod 
will take a look at the small 
but critical ways skeletons can 
differ from each other, from 
tiny rodents all the way up to 
enormous whales, and how these 
clues in the universal body plan 
can reveal an animal’s complete 
life story. It not only tells us  
how it moves, where it lives and 
what it eats, but its entire 
evolutionary journey.

 Each episode in this natural 
history series captures novel 
animal behaviour and intimate 
footage of extraordinary African 
wildlife, in all its vivid colour. 
With diverse backdrops ranging 
from the soaring Atlas Mountains 
to the deep jungles of the Congo, 
it’s easy to see why this show 
attracted over 8 million viewers 
when it first aired on the BBC. 

 Illustrated with detailed 
dissections, and examples of 
the extraordinary ways in which 
humans use their hands, the 
first episode will examine what 
gives human hands their 
unrivalled capabilities of 
precision and power. The second 
episode, also located in a  
specially created dissection lab, 
examines the evolution and 
development of the human 
foot, and how it is pivotal to 
some of humanity’s greatest 
physical achievements.

televIsIon

FROM university of Bristol
FORMAT ios/Android
PRICE Free
OUT now

PLAnttrACker

 Fire ants and Burmese pythons 
are bad enough, but some of the 
worst invasive species in the 
world are plants: imported 
species can spread rapidly and 
kill indigenous plants. Left 
unchecked, these unwelcome 
invaders could pose a real threat 
to the UK’s diversity of plant life 
– with this app you can help the 
Environment Agency build a 
picture of the situation by 
recording your sightings.

FROM national museum of Health & 
medicine Chicago
FORMAT iPad
PRICE £6.99
OUT now

einstein BrAin AtLAs

 Here’s your chance to have a 
poke around Albert Einsten’s 
head yourself. This atlas allows 
you to look at 170-odd slices of his 
brain as if under a microscope. It’s 
an invaluable chance to see for 
yourself how his brain’s unique 
structure contributed to his great 
intellect. For more on the science 
of genius, turn to page 42.

apps

(archaeological.org) are useful ways of finding 
your local society and getting your hands dirty 
along with the pros.

But if you don’t fancy getting covered in 
grime at all, fear not. Digitised Diseases 
(digitiseddiseases.org) is an online collection 
from the University of Bradford, UK, of 
photorealistic 3D models of medieval bones. It 
gives you the opportunity to examine the 
pathology of some ancient nasties without 
having to dig them up yourself, and brings 
archaeology well and truly to your armchair.

ABOVE Plant Tracker is helping to keep an  
eye on invading flora

There are plenty of 
opportunities to join 
professionals on a dig
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URL fold.it/portal
HOST university of Washington

FoLDit

 A cell biologist working at Harvard 
University’s Wyss Institute, Hamilton argues 
that when it comes to developing new 
medicine, the two main options we currently 
have – Petri dishes and animal testing – are 
proving to be ineffective. The solution she  
puts forward in this talk? Human body  
parts on a chip.

Showing off one such ‘lung’ ,  Hamilton 
explains the basic principles of the device. 
Human lung cells are placed into channels on a 
chip. Capillaries underneath these cells are 
filled with a blood-like nutrient solution, and 
the chip is then subjected to the forces that the 
cells would normally experience within the 
body. In the case of lung cells, that’s stretching 
and contracting that mirrors our breathing.

In creating these ‘organs on a chip’ , 
Hamilton’s team is creating the smallest 

 This website will allow you to 
combine your love for science and 
puzzles in a ground-breaking 
experiment in crowdsourcing. 
Foldit is a game that enables you to 
contribute to scientific research. 
It’s all about protein folding – 
there are many proteins whose 
structure scientists don’t yet 
know, and it can take years to 
work them out. But some savvy 
scientists realised that if they could 
gamify the process, perhaps 
members of the public could help 
speed things along. Regularly 
updated with new proteins to 
‘solve’, playing this game could 
even land you with your first 
scientific publication. Previous 
players have been given full credit 
for their input once a protein has 
been successfully folded. 

URL http://insideinsides.blogspot.nl 
HOST Andy ellison

 insiDe insiDes

 This eye-catching blog is by 
Andy Ellison, a magnetic 
resonance image (MRI) 
technologist at Boston University 
Medical School Center for 
Biomedical Imaging, and displays 
his images of food.

The images appear to exist 
more for artistic reasons than 
research, but the results are 
stunning – artichokes and 
pineapples appear almost ghostly 
in their scanned form, and his 
animated GIFs bring the beauty 
of simple foodstuffs to life. There 
are also interactive 3D cross 
sections which you can scroll 
through if you really want to see 
how your favourite fruit or veg 
looks like under its skin.

 This 
stunning 

3D Blu-ray box-set includes 
three titles from Sir David 
Attenborough. The Kingdom Of 
Plants was shot over a year at 
the Royal Botanic Gardens at 
Kew, using the latest time-lapse 
and 3D macro photography. 
The result is a dynamic portrayal 
of the live of plants, as never 
seen before. 

Galapagos uses its 3D 
technology to transport the 

websItes

FORMAT Blu-ray
PRICE £49.99
OUT now
CLASSIFICATION u

DAviD AttenBorouGH: 
tHe 3D CoLLeCtion

dvd & blu-raY
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ted talk choIce

Dr Geraldine Hamilton lays out the 
research possibilities for designing 
and building body parts on a chip

“We need to engineer a home 
away from home for cells.”

viewer to the islands made 
famous by Charles Darwin in 
his studies of evolution. 
Attenborough looks at the 
hidden forces that have shaped 
such a unique site of scientific 
importance, and examines the 
fascinating life that flourishes 
there. 

Micro Monsters is a ‘Honey I 
Shrunk The Kids’ experience, 
only without Rick Moranis, 
delving into the sometimes 
bizarre and always fascinating 
world of bugs. With this unique 
point of view, Attenborough 
explores their beauty, variety 
and unusual adaptations.

FROM runar
FORMAT Android
PRICE Free
OUT now

iss DeteCtor

 The International Space Station 
is the most expensive object  
ever built, and thanks to its 
(relatively) low orbit, it’s clearly 
visible to the naked eye, too. You 
just need to know when to look, 
and where. The ISS Detector gives 
you an overview of coming 
passes, shows you the station’s 
current location and it can even 
sound an alarm a few minutes 
before it passes overhead.

functional unit that represents how these body 
parts work. They can then be used to simulate 
diseases, by adding white blood cells to the 
capillaries and then introducing bacteria. In the 
case of lung cells, Hamilton’s team are hoping to 
study treatments for cystic fibrosis and the effects 
of cigarette smoking – gut cells can be used to 
research irritable bowel syndrome too.

Hamilton’s goal is to see these chips widely 
used in research. She argues that connecting 
multiple ‘organs’ to form a ‘virtual human’ could 
revolutionise clinical testing and help to prevent 
adverse drug reactions. Who knows, perhaps in the 
future we’ll each have our own virtual equivalent.

Watch the talk at bit.ly/1dPMk4c.

Geraldine Hamilton explains 
her ideas for growing human 
tissue on microchips
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diy science
 Build and experiment at home

 

what to do...

1. First, make the ‘volcano’. 
Mix the flour, cooking oil  

and salt in a bowl with two cups 
of warm water. 

2. Place the drinks bottle in 
the baking tray and mould 

the dough around it to form your 
volcano. Remove the bottle and 
fill the crater most of the way up 
with hot water. Add the baking 
soda and a squirt of detergent. 

3. Slowly pour in the vinegar 
and observe.

Kitchen 
Science
Your kitchen cupboards are 
packed with ingredients for 
interesting experiments

The baking tray will contain 
most of the fizz, but cover the 
surroundings with newspaper

tweet uS your 
picS + videoS!

@SciUncovered

this month…

Baking tray, 20oz drinks bottle, 6 cups of 
flour, 2 cups of salt, 2 tablespoons of 
cooking oil, dishwashing detergent, 
vinegar, 2 tablespoons of baking soda.

what you need...

how it worKS
The acidic vinegar and alkaline 
baking soda react, neutralising 

one another and producing 
carbon dioxide as a byproduct. 

This gas builds up pressure inside 
the volcano and causes the liquid 

to fizz out. Carbon dioxide is 
present inside real  

volcanoes.

Build time: 
60 mins

Baking soda volcano
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Cornstarch bouncing balls

Milk and vinegar glue

what to do...

what to do...

1. Pour a cup of milk into  
a pan and add a 

tablespoon of vinegar. Heat 
gently and stir until lumps 
appear in the mixture.

2. Place the filter into the 
funnel and pour the 

mixture through into a jar.

3. It’s the solid residue 
from the filter you want. 

Scrape it into a second pan, 
and mix with a teaspoon of 
baking soda and some water. 
Heat until it starts to bubble.

Adjust the amount 
of water and baking 
soda in step three to 
change the consistency 
of the paste

1 cup of warm water, 2 cups of cornstarch, 
food colouring (optional).

what you need...

Jars, skimmed milk, vinegar, funnel, coffee 
filter, baking soda, measuring spoons.

what you need...

how it worKS
Cornstarch and water form a 

polymer - a long chain of atoms.
These chains flow past each 

other easily when the cornstarch 
is moved slowly. But if you hit 
the cornstarch, the chains get 

entangled and the mixture gets 
firmer. It’s what’s known as a 

‘non-Newtonian’ fluid.

how it worKS
The milk is soured by the acid  
in the vinegar, separating it  
into curds (solid) and whey 

(liquid). The baking soda 
neutralises the curds’ acidity, 
and the reaction forms carbon 

dioxide and liquid casein –  
a natural glue.

If you get the 
consistency wrong 

you ’ ll end up with a 
‘slime ’ - which is still 
fun to play with.

Build time: 
5 mins

Build time: 
3 mins

1.  Put the cornstarch into a 
bowl and add the warm 

water slowly, stirring as you go. 
Add food colouring if desired.

2. Add just enough water so 
that the consistency is 

thick and flows slowly. 

3. Knead the mixture into a 
ball shape until it solidifies. 

If the consistency is right, you’ll 
be able to bounce it.
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grey matter
 Test your science knowledge with our quiz

 

  After the Moon, which 
planet is the second- 

brightest object in the night sky?

Where would you find the 
islets of Langerhans? 

How many nanometres are 
there in a metre? 

A skeleton of which species 
of dinosaur was recently 

auctioned for £400,000 in West 
Sussex, UK?

What does NASA  
stand for?

Which famous Sicilian 
volcano spectacularly 

erupted at the end of 2013?

In which year was  
Pluto reclassified as a  

dwarf planet?

Which animals escaped 
from Colchester Zoo in the 

UK at the end of 2013?

Name the song that 
astronaut Chris Hadfield 

performed in a video filmed 
during his time on the 
International Space Station.

What is the super-thin, 
highly conductive substance 

graphene made of?

How many bones are there 
in the human body? 

 What is the difference 
between a meteor and  

a meteorite?

What is the only muscle in 
your body that’s only 

attached to bone at one end?

What is the most  
common gas found in 

Earth’s atmosphere?

Answers
1 Venus. 2 Pancreas. 3 One billion.  
4 Diplodocus. 5 National Aeronautics  
and Space Administration. 6 Inner ear.  
7 Mount Etna. 8 2006. 9 Timber wolves.  
10 Space Oddity by David Bowie. 11 Carbon. 
12 206. 13 A meteor is a flash of light from 
interplanetary debris. A meteorite is debris 
that lands on Earth. 14 Tongue. 15 Nitrogen. 
16 Isambard Kingdom Brunel. 17 Nuclear 
fusion. 18 None. 19 Induced Pluripotent 
Stem cells. 20 Six.

 Where in the human body are  
these tiny hairs found? 

This iconic 
bridge in Bristol, UK, 
was built by which 
pioneering British 
engineer?

How many moons does 
Venus have?

In stem-cell research, what 
does the acronym ‘IPS cells’ 

stand for?

How many planets from the 
Sun is Saturn?

how did you do?
WhErE DO yOU OrBIT IN ThE SOlAr 
SySTEM Of SCIENCE TrIVIA?
0-5 Pluto: relegated
6-10 Neptune: far out
11-15 Earth: comfortable
16-19 Venus: lover of science 
20 Mercury: hot stuff

What is the 
name of the 
process going on 
inside the Sun, 
generating heat 
and light?
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What was the experiment?
Brave test subjects were put through the 
arduous task of blind tasting seven varieties of 
sparkling wine. Drinking from black glasses, 
the group – a mix of wine experts and less-
experienced tasters – had to identify the 
proportion of red and white grapes in each. “If 
you read some champagne books, you get the 
sense of the writers talking as if they can tell the 
impact of a particular grape on the flavour,” says 
Professor Charles Spence, a psychologist at the 
University of Oxford and one of the scientists 
behind the experiment. The aim was to find the 
degree to which grapes can be identified.

Could the tasters tell the difference?
In a word, no – not even the experts could put 

“Companies need to make the most of 
branding and paCkaging beCause those 
will make produCts taste better.”

Wine tasters asked  
to identify the grapes 
in sparkling wines

an accurate figure on the proportions of each 
grape variety. They were, however, able to spot 
variations between the wines – the tasters’ 
perception of white grape content was actually 
influenced by sugar and alcohol content. 

Could they tell the expensive vintages 
from the cheaper ones?
The seven wines in the test ranged from £18 
to £400 a bottle, but there was no correlation 
between how much the wine cost and how much 
it was enjoyed. “The people who write wine 
books preferred the £40 champagne,” explains 
Spence. “The less-experienced tasters preferred 
one that was about £75.”

Does the research have any practical 
application for non-oenophiles?
The experiment’s results suggest that our 
perception of taste depends as much on external 
factors (such as cost, for example) as our taste 
buds – and that could be useful information for 
food marketers. “In many product categories 
there’s very little difference between what 
you’re paying for,” says Spence. “It’s the 
everything else that makes the difference; the 
bottling, the branding, the history and perhaps 
also the rarity value – when you know how 
much the champagne costs to buy, then it really 
does taste better. Companies just need to realise 
what they’re selling, and then make the most of 
the branding and the packaging, because those 
are the things that will make it taste better.” 

+ A Finnish research team scanned men’s brains in a PET 
scanner as they were stroked by their partners. The men were 
under a blanket and wearing pants, and the partners took care 
to avoid areas that might cause them to become sexually 
aroused. The scientists found that levels of brain chemicals 
called opioids dropped in certain brain regions as a result of 
stroking. It’s suggested that opioids may act as a kind of  
‘painkiller’ – the body requiring less when it’s more comfortable.

Men stroked and scanned
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