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Bright Bugs series – 2014 $1 Colour Printed Coin – Leichhardt’s Grasshopper 
For more from the Bright Bugs series, visit eshop.ramint.gov.au.

Catch the  
collecting  
bug today! 

Go hopping mad over this coin! 



T
he surface of every 
alien world looks 
like an abandoned 
quarry in Cornwall. 

At least, that’s what the 
producers of Doctor Who 
would have us believe. But 
as our knowledge of the 

galaxy grows, it’s starting to look like there’s 
almost no end to the weird and wonderful 
variety of planets.

It’s amazing to think that, despite a century 
of science fiction classics, actual planets 
outside of our solar system weren’t discovered 
until the 1990s.

Of course, it seems pretty obvious that if 
our star has planets, other stars like it should 
have planets too. But science doesn’t like to 
make assumptions - even though probably any 
astronomer you asked in the years 1900-1990 
would have said other planets must exist, they 
weren’t able to definitively say ”yes they do” 
until just 20 years ago.

Since then we’ve discovered thousands of 
worlds - 1516 confirmed planets out of 4875 
total potential planetary observations -  in 
the tiny fraction of the sky we’ve been able to 
survey. Most of these planets are unimaginably 
massive, far bigger than Jupiter, the giant of our 
own system. Yet imagine how many dozens of 
moons must orbit those titanic worlds, if Jupiter 
itself has at least 63? 

From sci-fi supposition to cosmological 
fact, it’s now starting to look like planets in our 
galaxy may outnumber stars three-to-one. 
That means 300 billion - yes billion - worlds. 
The immense majority of them will be insanely 
hostile to human life. Worlds where it rains 
glass, where the sun is so close it fills the entire 
sky, where the surface is liquid metal, or the 
gravity is so high all carbon gets compressed 
into diamond. Worlds the most insane drug-
addled imagining of the Star Trek scenery 

department couldn’t have hoped to conceive. 
Worlds where the surface is blacker than the 
blackest substance we’ve ever found. Where 
everything is an intense, neon blue for reasons 
we still don’t understand.

Yet some of these worlds could be twins to 
our own. Warm, oxygenated, good air pressure. 
Just maybe.

This is the thing. Our observations of these 
worlds are still indirect. We have to use clever 
interpretation of other observations - usually 
stars - to catch little glimpses of the planets in 
orbit around them.

Soon though a new generation of space 
telescopes will launch, and we’ll be able to 
directly observe planets for the first time. For this 
reason, the broader community of astronomers 
thinks that within 20 years we will make an 
astonishing discovery: life on another world.

Today, the idea of alien life, be it mere oxygen-
generating microbes or complex technological 
species like our own, seems ridiculous to some 
people but common sense to others. Just like the 
idea of planets around other stars.

Some scientists even cling to the notion 
that humans are the only intelligent species 
in the whole vastness of the universe. Out of 
hundreds of billions of galaxies, each with 
hundreds of billions - maybe even trillions - of 
planets, somehow only here are conditions just 
right for intelligent life. 

That doesn’t seem likely to me, but then, 
I’m a Romantic at heart. What’s important 
to remember is that despite our decades of 
observations, we’ve only seen the tiniest, 
merest, most infinitesimal portion of the 
universe. All that big picture stuff is inferred, 
not directly observed. The job has only just 
begun. And I’m excited to see where it takes us.

Anthony Fordham
Twitter: @sci_illustrated

Facebook: facebook.com/ScienceIllustratedAus

Things we learned in this issue
+ All our energy problems could be solved 
by FUSION if we can ever get it working!
+ The idea of TIME TRAVEL might not be 
that crazy after all... if you only want to 
go to the future.
+ The difference between HUMANS AND 
APES is more about the way we think, 
rather than what we do.
+ EINSTEIN’S BRAIN is actually small.
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MASSIVE SOLAR FLARE
CREATES AMAZING NORTHERN 
LIGHTS ON EARTH

The Sun has entered a turbulent period including huge eruptions, which 
may stretch 500,000 km into space – the equivalent of 40 Earths lined 
up. This photo is one of the best taken of the phenomenon. The solar 
fl are was captured from space by NASA’s Solar Dynamics Observatory 
probe in 2012. Although the eruption did not travel directly towards 
Earth, the charged particles disturbed Earth’s magnetic fi eld su�  ciently 
to produce extensive northern lights three days later.SD
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POLAR BEAR HUNTS SEALS 
USING UNDERWATER TACTICS

Normally, polar bears catch their favourite prey - ringed seals - by either 
sneaking up on the animals or lying in wait at a breathing hole in the 
ice. But this young female uses another method: swimming under the 
water and surprising seals that sunbathe on ice fl oes. These underwater 
tactics may become more widely used as the ice disappears from the 
Arctic. The photo is from Hudson Bay, Canada, where the midnight sun 
is dimmed by smoke from major forest fi res further south.PA
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Editors: Karen Grubbe & Rasmus Palludan

LATEST NEWS AND DISCOVERIES

different chemical ingredients make up urine, according 
to the most extensive analysis of the waste product ever, 
which it took 20 scientists seven years to make.3,000

Chileans were chronically poisoned
ARCHAEOLOGY People from several pre-Columbian 
civilizations in northern Chile suffered chronic arsenic 
poisoning, according to new studies of mummy hair.

Hair analyses previously revealed large amounts of arsenic 
in the mummies, but scientists were unsure if people 
consumed arsenic, or it came from the soil in which the 
mummies were found. The new analyses show that the 

Chileans drank water with 
arsenic in it. The water was 
contaminated by copper. 

Hair samples from mummies 
reveal chronic poisoning.

HAIR IS A  
TOXIN RECORD
Unlike other human 
remains, hair does 
not change, 
and it grows very 
evenly, making it 
an excellent record 
of what a person 
has consumed. 

SPACE FLOWER FINDS 
REMOTE PLANETS
Starshade makes remote planets visible to astronomers.

AEROSPACE In its search for planets outside 
our Solar System, NASA now introduces an 
ambitious project, Starshade: a giant sun-
flower in space. Starshade will block out 
the bright light of stars which often out-
shine planets in orbit around them. 
Cooperating with a space telescope, 
Starshade allows direct observation of 
planets, which orbit remote stars.

The secret behind Starshade, which has 
a diameter of 34 m when unfolded, is its 
“petals”. The edges of the petals are 
customised to reduce the bend of the light, 

meaning that the shade is very dark and 
thus perfect for observing planets.

Starshade positions itself in space and 
can either be launched with a telescope or 
on its own. The astronomers responsible 
for the project imagine that Starshade 
could be used together with the James 
Webb telescope, which is scheduled to be 
launched into space in 2018. 

According to the scientists behind the 
project, Starshade will allow telescopes to 
see and take photos of planets the size of 
Earth, but located many light years away. 

1. The Starshade is folded, when 
launched. 2. The petals begin to unfold. 

Shield unfolds in space
NASA’s Starshade will be launched 
folded, only to unfold once it 
reaches its destination. 
CLAUS LUNAU & NASA
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NASA is already building the first 
Starshade prototype.
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Super energy charges car fastCombining carbon nanotubes and graphene, scientists have 
developed a so-called ultracapacitor – a unit that 

stores large amounts of energy, which can be discharged in a second. The 
capacitor can charge an electric car in a few minutes.

ZEBRA STRIPES 
CAUSED BY FLIES

For many years, scientists 
have wondered why zebras 

have stripes. A new study 
establishes that the stripes 

protect against flies. 
Horseflies and tsetse flies kill countless 

animals, but the flies keep away from 
stripes, which confuse the fly’s visual 

system. Previously, both camouflage and 
cooling have been mentioned as 

explanations of the stripes.

3. The petals 
have unfolded.

4. A mechanical ring 
forces the petals into 
the final position. 

5. The Starshade 
is fully unfolded.

Solar panels

Control motor

Starshade

Telescope

Planet

Control 
module 
and fuel

Mechanical 
ring

Petals

The starshade dims the light of the star, 
so it does not outshine the small planets 
around it. Consequently, telescopes can 
observe the planets.
NASA
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HARD CHILDHOOD AGES CELLS
Children from disadvantaged social environments get 
kicked even at the cellular level. US scientists recently 
discovered that the so-called telomeres (chromosome 

ends that shrink every time a cell divides) were 
shorter in 9-year-old boys from disadvantaged 

environments than in 20-year-olds from 
ordinary environments. This could be due to 

stress affecting chromosomes.
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 A so-called algal gene is 
inserted into stem cells from a 
mouse embryo, and the stem 
cells are converted into 
motor nerves .

The modified 
motor nerves are 
inserted into the mouse's 
leg at the sciatic nerve. 

By shining light 
on the recreated nerve, 
it is activated, and the 
muscle contracts. 

2
1

3

C
LA

U
S LU

N
A

U
 &

 BA
RN

EY BRYSO
N

/U
C

L IN
STITU

TE O
F N

EU
RO

LO
G

Y

STEM CELLS CURE PARALYSIS
MEDICINE Scientists will probably soon be able to cure 
several nervous disorders such as paralysis, spinal 
damage, and epilepsy, stimulating genetically engi-
neered stem cells by using pulses of light.

Doctors of the King’s College in London have already 
used the new method to cure paralysis in mice. In a sci-
entific project, they inserted a so-called algal gene, 
that produces light-sensitive proteins, into stem cells 
from a mouse embryo. Subsequently, the scientists 
developed the stem cells into motor nerves which 

send signals between the spinal cord and the rest of 
the body. The modified cells were introduced into the 
legs of mice, whose nerve paths had been cut. After 
five weeks, when the scientists shone blue light on 
the nerves, the mice’s leg muscles reacted.

Today, most paralysis is relieved by electric impuls-
es, but light manipulation is a much less painful alter-
native. At first, scientists will focus on helping para-
lysed people with their breathing. This is a relatively 
simple task, as breathing only involves one muscle.

Genetically engineered stem cells can make the muscles of paralysed people move.

LIGHT ACTIVATES NEW NERVE CELLS 
By means of light-sensitive stem cells, doctors can make 
paralysed muscles move when they shine light on them. 

Light source

New nerve cells

Spinal cord

Ruined 
nerve

Mouse embryo

DICTIONARY
Stem cells are 
immature cells in 
their very first 
development stage, 
meaning that 
stem cells can 
potentially develop 
into any body cells.

billion planets are included in the Milky Way at 
the very least, according to NASA scientists, who 
base their estimate on Kepler telescope images.100



STRANGE
– BUT TRUE!

Bumblebees use logic, when searching for 
nectar. By noticing the types of flowers that other 
bees seek out, they find the most attractive ones. 
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LOCAL FOCAL POINT
Research Base of Giant Panda Breeding, Chengdu, China

Electric cars get 
their own race series
FIA has introduced a brand new 
racing series: Formula E, which is 
only for electric cars. Unlike Formula 
1, the new racing series only 
involves very few requirements 
concerning car specifications. For 
instance, the cars’ electric systems 
can be modified as engineers see fit. 
The Formula E races will be hosted 
by 10 iconic cities such as London, 
Rome, Berlin, and Rio de Janeiro.

Eucalyptus trees
point out gold
Eucalyptus trees in Western Australia 
may be worth their weight in gold. 
As the trees’ roots suck water from 
the ground, it may include gold. The 
trees deposit the gold in their 
branches and leaves, indicating the 
presence of treasures in the ground 
to modern day gold diggers. 

Asparagus kills hangover
Asparagus can prevent hangover. 
The vegetable contains special 
minerals and amino acids that 
protect liver cells against toxic 
substances, according to 
experiments in which both mice and 
men were exposed to an extract of 
the vegetable.

Men stress out 
lab animals
Lab mice and rats get more stressed 
out by male scientists than by 
females, according to a new 
Canadian study. The explanation is 
probably the body odour of men – 
which can consequently affect 
scientific results.

Satellite 
with 3D view
METEOROLOGY A new satellite is the first in 
the world to take 3D photos of light rain. 

The satellite can detect even tiny differ-
ences in precipitation using a radar which 
produces 3D scans across the surface of the 
Earth and up into the atmosphere. The new 
satellite will orbit Earth in 93 minutes and 

complete 16 Earth orbits per day.
The organizations behind the satellite are 

the Japanese JAXA space agency and NASA 
of the US. Scientists hope that the satellite 
can provide them with a new view of the 
atmosphere and reveal more about how 
fresh water moves around the Earth.

The radar of a new satellite 
displays precipitation in 3D, 
the colours indicating the 
degree of precipitation.

PRECIPITATION

Light Heavy

14 new giant pandas are ready to join the Chinese Chengdu Research Base's 
panda family, which already includes 128 members of the species. Since 1987, 
the base has researched and bred giant pandas and other endangered 
animal species with the aim of reintroducing them into the wild.

Baby giant pandas see the light
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SCIENCE UPDATE

CLIMATE THREAT IMPACTS AROUND THE WORLD
CLIMATE A new report from the IPCC 
climate research panel demonstrates 
that climate change already has a 
measurable effect on all continents and 
oceans. The new graphic shows how the 
change manifests itself in different parts 

of the world and how confident scientists 
are of the effects of climate change.

One effect is that the summer ice of 
the Arctic will shrink, and so will the ice by 
the coasts of Antarctica. Moreover, tundra 
warming will melt the permafrost, many 

animal and plant species will change their 
behaviours, and the oceans will be more 
acid as they absorb carbon dioxide from 
the atmosphere. The conclusion of the 
report is clear: We have to react now to 
avoid disastrous climate problems. 

SYSTEMS AFFEC TED 
BY CLIMATE CHANGE

Climate change affects the whole world

Physical systems

Biological systems

Human systems

Degree of confidence in 
attribution to climate change

Glaciers, ice, 
and snow

Terrestrial
ecosystems

Food
production

Low High

Flooding, drought, 
and rivers/lakes

Wildfire

Livelihood, health, 
and economics

Closed symbol: Major effect.
Open symbol: Minor effect.

Coastal erosion and 
sea level effects

Marine 
ecosystems

SURPRISINGLY MANY FISH 
LIGHT UP THE OCEANS

American biologists have discovered nearly 180 
bioflourescent fish species.

ZOOLOGY After five expeditions to the 
Bahamas, Cayman Islands, and Solomon 
Islands, US biologists have discovered nearly 
180 fish species that light up the deep.

So-called bioflourescence is much more 
widespread among fish than previously 
believed. Bioflourescence works by the fish 
absorbing light and emitting it as a different 
colour. The biologists shone special blue light 
on the fish, and the results were very colourful. 
The colours are not visible to the human eye, 
but by using special camera filters, the 
scientists could take photos of the biofluo-
rescent fish. They probably use the light as 
camouflage or in connection with mating.

Space travel makes 
your heart round
If astronauts spend a long 
time in a state of 
weightlessness, it influences 
their physiology very much. 
For instance, the heart 
becomes more spherical, 
possibly causing cardiac 
problems during space 
missions. The heart gets its 
original shape back shortly 
after returning to Earth.

IP
C

C
A

M
N

H

N
A

SA

SURGEONFISH

GOBY

Source: IPCC
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square metres is the average 
surface area of the inside of a 
human being’s intestines.
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32
KANGAROO 
INSPIRES 
NEW ROBOT

ROBOT COPIES JUMP
The robot's special leg tendons 
enable it to store energy and 
reuse it in the next jump. 

TECHNOLOGY Festo, a German robot 
manufacturer, previously impressed the 
world with robots based on for instance ray 
motion. Now the company introduces the 
BionicKangaroo – a robot inspired by 
kangaroos. The robot boasts special leg 
“tendons”, making it jump and recapturing 
energy on landing. The robot weighs roughly 
7 kg, is 140 cm tall, and jumps 40 cm up and 
80 cm forward. The BionicKangaroo is part 
of a project to improve robotic technology 
inspired by nature.

Motors for hips 
and tail

Elastic spring el-
ement

Valve

Air pressure 
charges the elastic 
spring tendon. 

The control system 
examines sensor input on 
direction and stability. 

As the robot jumps, the air 
valve closes, allowing the energy 
from the landing to be stored.

The legs are moved 
forward and the tail raised 
during landing, and the 
spring tendon stores the 
energy again. 

The BionicKangaroo 
is controlled with 
gestures picked up 
from an armband.

VIKINGS COULD NAVIGATE AFTER SUNSET
ARCHAEOLOGY The Vikings had 
neither sextants, nor a magnetic 
compasses, but they could still 
find their way, according to 
archaeologists who combined two 
discoveries: crystals mentioned in 
Viking sagas as navigation 
instruments for cloudy weather 
and an almost 1,000-year-old sun 

compass. In total, the two 
instruments make up a navigation 
tool called a twilight board. 

Scientists tested the idea by 
inserting crystals into a sun 
compass found in Greenland. In 
the crystals, the Vikings could see 
the twilight glow on the horizon 
and navigate after sunset.

North is marked 
by a line

The long stick was used 
during the day, the short 
stick during the night.
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AUDIO&AVSHOW
InterContinental Melbourne The Rialto, 17-19 OCT

tickets nOw On-sale at  
www.australianaudioandavshow.com
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TO LIFE’S
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EDITOR: Morten Kjerside Poulsen

Where does the sunlight go?

DOES ASPARTAME CAUSE CANCER?

When sunlight hits the Earth, where 
does it go? Is it simply absorbed as heat, 
or are other processes involved?

The sunlight does not disappear when it 
hits Earth: it is either reflected or absorbed. 
The phenomenon can be described 
according to the first law of 
thermodynamics, which says that the 
energy from a source of electromagnetic 
radiation - which is what the sun is - must 

be preserved. The ability to reflect light is 
called the surface reflection coefficient or 
albedo. The light reflected by a surface is 
what we see as the colour of the surface. 

If a surface reflects all the visible 
wavelengths of light, we see the surface 
as being white. Such a surface has an 
albedo close to 1. But if the surface does 
not reflect any light, we see it as black, and 
the surface has an albedo of 0. Earth’s 
atmosphere, clouds, and surface reflect 

some 30% of the sunlight, and our planet’s 
albedo is therefore 0.30.

The remaining 70% of the sunlight is 
absorbed by Earth’s top layer, where the 
energy increases the temperature. The 
extra heat is either shed in the form of 
long-wave heat radiation or by water 
evaporation. Over a relatively short period 
of time, Earth must shed the same amount 
of energy as it receives to keep the 
temperature stable.

In 1996, American neurologist 
John Olney claimed the artificial 
sweetener aspartame of causing 
cancer. His most important 
argument was that since the 
approval of aspartame in 1981, an 
increase in the number of brain 
cancer cases had been observed. 
This caused a fierce debate, but 

broadly all subsequent studies 
have cleared aspartame. 
Nevertheless, the EU has had to 
introduce maximum permissible 
values of aspartame, as studies 
demonstrate that the sweetener 
can cause asthma and increase 
the risk of pregnant women 
suffering prenatal poisoning. 

The amount of aspartame you can consume:
  The acceptable daily aspartame intake in the EU is 40 mg per kg body weight
  For a person of 60 kg, that is 2,400 mg per day
  One litre of soft drink can contain no more than 600 mg of aspartame
  A 60 kg person can drink 4 litres of sugar-free soft drink per day

SNOW AND
SAND REFLECT 
SUNLIGHT 
DIFFERENTLY
A planet’s ability to reflect sunlight is 
called its albedo. Earth’s albedo is 0.30, i 
because 30 % of the sunlight is reflected 
into space. The number is an average of 
the atmospheric, cloud, and ground 
surface reflective power.

Surface Reflection

Newly fallen snow 80-95%

Older/melting snow 40-80%

Desert sand 15-45%

Tundra 18-25%

Forest 5-20%

Ocean 3-10%
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IN SHORT
ARE HAIR AND FUR 
THE SAME THING? 
Fur and hair are almost the 
same, as both consist of thin 
keratin fibres. However, the 
term “hair” is strictly limited 
to humans, whereas “fur” is 
used about other mammals. 
For instance, a cat’s dense fur 
consists of many thin fibres, 
but human heads are covered 
in fewer, thicker hairs.

EARTH SHEDS JUST AS MUCH 
ENERGY AS IT RECEIVES 
On average, Earth receives 342 watts per 
m2 at the atmosphere boundary.  About 
30% is reflected directly into space, while 
the remaining 70 % is first absorbed and 
emitted as long-wave radiation. 

Sunlight 

100%

6% 
reflected by 
the atmosphere20% 

reflected
by clouds

19%
absorbed by the 
atmosphere

51%
absorbed by 
land and oceans

4% 
reflected
by the ground 
surface

WHICH MINERAL IS THE 
MOST EXPENSIVE?
Today, diamond is the most expensive naturally occurring 
mineral – in particular the rare red variant, which can cost 
over $1 million per carat. Red diamonds are only known from 
one single mine in Australia. The most expensive gem in the 
world is the Second Star of Africa diamond, 
which is included in the British Crown 
Jewels. The diamond is beyond 
valuation, according to 
jewellers. It is literally 
priceless!

70% of the light is absorbed 
and leaves Earth again via clouds 
and the atmosphere in the form of 
long-wave heat radiation.

30% of the light is reflected
Therefore Earth has a reflection 
coefficient or albedo of 0.3.

Second Star of Africa
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WHICH 
WATERFALL IS 
THE HIGHEST?
1. SALTO DEL ANGEL, 
Venezuela 
Height: 979 m

2. TUGELA FALLS, 
South Africa
Height: 948 m

3. CATARATAS LAS TRES 
HERMANAS, Peru 
Height: 914 m

4. OLO’UPENA FALLS, 
Hawaii 
Height: 900 m

5. CATARATA YUMBILLA, 
Peru 
Height: 896 m

Measuring 979 m, the 
Salto del Angel is the 
highest waterfall of all. 
THINKSTOCK

TOP5
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THE ANSWERS 
TO LIFE’S
LITTLE MYSTERIES

ASK US
Did you know some viruses attack 
bacteria and live inside them? Such a 
virus is called abacteriophage – the 
Latin word for bacterium eater.

Thousands of asteroids feature paths 
that sometimes take them relatively 
close to Earth. Approximately once a year, 
an asteroid the size of a car comes close 
to Earth. The result is a meteor that 
shoots through the air as it burns up.

An even bigger asteroid may break 
when it hits the atmosphere, so only 
small parts of it make it all the way down 

to the surface of the Earth. That was 
what happened near the city of 
Chelyabinsk in Russia on 15 February 
2013, when an asteroid measuring 19 m 
and weighing approximately 12,000 
tonnes exploded 23 km above the city. 
Astronomers calculated that within a 
period of 20 years, there is a 13% risk 

Earth will be hit by an asteroid the size of 
the Chelyabinsk meteor or even bigger.

The authorities put a lot of effort into 
spotting these potentially hazardous 
asteroids, which have a diameter of more 
than 150 m and come closer to Earth 
than 7,500,000 km. As of 1 January 2014, 
NASA has recorded 1,448 such asteroids. 

ASTEROID DIAMETER RISK OF IMPACT

1. 1950 DA 1,300 m  0.025 % before 2880

2. 1999 RQ36  560 m  0.026 % before 2182

3. 2007 VK184  130 m  0.055 % before 2048

4. 2009 FD 130 m  0.028 % before 2195

5. 2000 SG344 37 m  0.088 % before 2071

DO SOME INSECTS HAVE BEAKS?
The members of the order known as 
“true bugs” (Hemiptera) feature a 
relatively long and powerful proboscis, 
which resembles a bird beak. The order is 
made up by more than 80,000 species 
worldwide and includes bugs, cicadas, 
and plant lice. The proboscis or “beak” is 

used to pierce tissues and suck sap from 
plants or nutrient fluid from animals. 

Although the mouthparts are shaped 
like a beak, they are not a real beak. The 
mouthparts of an insect consist of 
several hard structures, called labrum, 
mandibles, jaws, and labium. The 

WHAT IS THE RISK OF BEING HIT BY AN ASTEROID?

The spiked shieldbug 
features a long, 
powerful proboscis, 
which it uses to 
"stab" its prey.

The risk of Earth being 
hit by a big asteroid 
within the next 65 years 
is extremely small. 

The five most hazardous asteroids
Astronomers base their calculations on size and risk 
of impact, when they calculate the hazard of asteroids 
coming close to Earth. 

Mouthparts adapted to food type

The same mouthparts 
are specialised for either 
biting or sucking:

Mandibles

Jaws

Labium (lips)

structures are shaped in 
different ways in different 
insect species.

The mouthparts are 
specialised for either 
biting or sucking. In biting 
insects, the mandibles 
are shaped to cut and 
crush the food (like ants), 
whereas the equivalent 
mouthparts are shaped 
as a proboscis in sucking 
insects - like true bugs.

SUCKING INSECT BITING INSECT

GETTY IMAGES

CLAUS LUNAU
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The analysis company's computers process the 
data received, and at around 6 or 7 a.m., the company 
can provide information concerning the number of 
people who watched a programme – by the minute.

HOW DOES 
THE BODY 
PRODUCE HEAT?
The body produces heat as a 
byproduct when it makes 
adenosine triphosphate (ATP), 
a chemical which carries 
usable energy between cells 
to power, for instance, your 
muscles. When you get cold 
and shiver, the action of your 
muscles uses up all available 
ATP, which stimulates the 
body to make more. As more 
ATP is produced, your body 
heats up.

HOW THINGS WORK

6-12 times per minute, 
the box receives a code 
identifying the channel 
which is viewed. The sound 
of all TV channels includes a 
four-digit code, which our 
ears cannot hear. The code 
identifies the channel. More-
over, the sound includes an 
undisclosed time signal.

Each person of the 
household has been 
assigned a number, which 
he enters via the special 
remote control, as he 
turns on the television set. 

Between 2 and 6 a.m., 
the TV meter box 
calls an analysis company 
and provides the 
data of the past 
24 hours. 

The TV meter box is a rectangular box 
with a display, which indicates who has 
tuned in as a viewer. The box is typically 
situated next to the television set. 

1 2

4

3

   What’s the world record for bubble gum? 
In 2004, an Amrican, Chad Fell, produced the 
world's biggest bubble gum bubble without using 
his hands. The bubble had a diameter of: 50.8 cm
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HOW ARE TV SHOW
RATINGS MEASURED? 
When we read that 1.6 million people watched a soccer 
match on TV, the number is based on real measurements 
and statistical methods. The measurements are made by 
equipping a representative cross-section of the population 
with a special measuring unit and a remote control. 
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WILD ANIMALS

HOW ARE SHIPS PROTECTED FROM RUST?
Metals don’t all rust at the same 
rate as they get in touch with 
oxygen, and it is very different 
when they will begin to corrode. 
Less precious metals such as iron 
rust fast, whereas precious 
metals such as gold and platinum 
can hardly be broken down.

The fact that the metals are 
more or less precious is the 
principle behind the sacrificial 
anode. A sacrificial anode is a 
piece of metal, typically zinc, 

which is less precious than iron or 
steel. When the sacrificial anode 
is attached to steel plate, the zinc 
is broken down – or “sacrificed”, 
whereas the iron escapes.

Though most yachts are made 
of fibreglass, they include metal 
parts which must be protected 
from rust and equipped with 
sacrificial anodes. This even 
includes water-fed cooling 
systems for engines. Without 
sacrificial anodes, they would rust.

Zinc sacrificial anodes “sacrifice 
themselves” to be corroded 
instead of the hull of a ship. 

SHIP WIHTOUT PROTECTION

Salt water and oxygen 
make the steel hull corrode. 

Zinc in the sacrificial anode 
rusts instead of the steel.

SHIP WITH PROTECTION

Oxygen
molecules

Oxygen
molecules

Water
molecules

Water
molecules

Zinc oxide
Rust

Steel hull

Sacrificial anode

The hooves are long and slender, including 
rounded points which are specialised for rough 
surfaces. The klipspringer is the only antelope that 
stands on the tip of its hoof. The part of the hoof 
that rests on the rock measures no more than 2 cm.

The body is short and com-
pact, and the explosive muscles 
allow the klipspringer  to speed 
up steep slopes and jump over 
crevices in a jumping gallop. 

The hoof subsurface is rough and rubber-like. 
It functions as a type of skid-resistant shoe.

The back curves slightly 
upwards, so the klipspringer 
can easily "bend", keeping its 
balance with all four legs 
fit into a very small area.

The fur is thick and bristly, 
consisting of hollow hairs 
that are shock absorbent, 
if the animal should fall.

   Who invented the wristwatch? 
In 1868, Swiss watch manufacturer Patek Philippe 
made the first wristwatch in the world as a present 
for a woman, Countess Koscowicz of Hungary.
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Steel hull

The klipspringer is an antelope species, 
which lives in South Africa. It owes its 
name to its ability to elegantly jump about 
almost vertical rock surfaces. Thanks to 
non-skid hooves and a short, compact 
body, the antelope can take off in explo-
sive rushes and jump 10 body lengths into 
the air – the highest among mammals.

HOW DOES THE 
KLIPSPRINGER 
KEEP BALANCE?
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The traps that occur in adventure films such 
as those starring Indiana Jones are 
impressive, but pure fabrications. Scientists 
know of neither temples, nor tombs including 
traps such as tripwires, trap doors, and 
poison arrows. But the films may have been 
inspired by the Egyptian pyramids. 

The Ancient Egyptians blocked the 
entrance from the shaft to the royal tombs 
by one or more portcullis stones, which were 
to prevent tomb robbers from gaining 
access. The portcullis stones were not 
meant to hit people in the head and kill them, 
they were designed to seal the tomb, once 
the burial had been completed.

The portcullis stones were typically made 
of hard types of rock such as granite, but 
although the portcullis stones blocked the 
tomb, robbers still found their way to the 
sarcophagus and the riches which 
accompanied the dead on their last voyage. 
The robbers just cut or drilled a hole in 
the soft limestone wall beside the 
shaft block in order to gain access.

DO TEMPLES 
AND PYRAMIDS 
REALLY HAVE TRAPS?
In adventure films, old temples 
and tombs often feature awesome 
traps, which are to prevent visits 
by uninvited guests. But were 
traps also used in real life?

Portcullis stones blocked the tomb
The Great Pyramid of Gaza has three granite portcullis 
stones, which block the entrance from the antechamber 
to the tomb. After the burial, the stones were lowered 
into position by means of ropes and pulleys. In 
other pyramids, the design was 
simpler: the portcullis 
stones rested on a 
wooden scaffold. 
Once the scaffold 
was removed, 
the stone fell 
into place. 

Temples full of trap 
doors, rolling boulders, 
and poison arrows are 

pure fiction.

SPECIAL EFFECTS

3 portcullis stones

Great Pyramid of Giza

The King's Chamber
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By Lone Djernis Olsen

The number of known exoplanets has exploded, and thanks to a new technique, 
scientists can now come ”close” to the alien worlds. And many of these planets 
have proven even stranger than astronomers expected.

7 WEIRD
WORLDS

A mission to

FEATURE | ASTROLOGY
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YOU LIVE HERE

Join astronomers on a mission to other planets
Gliese 667 Cf is one of the closest exoplanets, only 22 light years away. But even aboard 
the fastest modern spacecraft, a physical mission to Gliese 667 Cf would take some 400,000 
years. So for the time being, we must settle for visiting the alien worlds via telescopes.

The Milky Way includes lots of 
exoplanets – probably an 
average of more than one 

planet per star.
ESO/M. KORNMESSER 

The Sun
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GLIESE 667 CF
Size: 1.5 times Earth
Distance: 22 light years

The size of Earth 
as compared to
exoplanets

Earth

HD 189733 B
Size: 11 times Earth
Distance: 63 light years

Three
sunrises
If intelligent creatures exist on Gliese 

667 Cf, they can take pleasure in no 
fewer than three sunrises. The planet 
orbits a star which is part of a triple 
system: three suns orbiting a common 
centre of gravity.

The planet’s star probably has 
seven planets, three of which are 
located in the habitable zone and could 
hold liquid water on the surface. Gliese 
667 Cf is best suited for life, as it 
receives about the same amount of 
solar energy as the Earth.

Windy world 
is deep blue

HD 189733 B
Type: Gas planet
Discovered: 2005
Orbit time: 2.2 days

 factor: First
exoplanet with 
known colour

Winds Spread
The Heat

HD 189733 is locked in its 
orbit around its star, and 

the same side always fac-
es the star. The side 
facing the star is the 
hottest, but the night side 

is not as cold as it should 
be. Consequently, strong 

winds must be spreading 
the heat across the planet.

GLIESE 667 CF
Type: Unknown
Discovered: 2013
Orbit time: 39 days

 factor: Has 3 suns

T emperatures of 930 degrees, wind 
speeds of 7,000 km/h, and glass rain. 

That is the weather forecast on HD 189733 b.
The extreme winds must exist due to a 

temperature difference between the day and 
night sides of 280°C. The planet was one of 
the first whose temperature was measured.

In 2013, scientists also found out that 
the planet is blue. The light from its star was 
less blue when the planet was hidden 
behind it. As blue was missing, the planet 
had to be blue.

The glass rain is due to silicates in the 
atmosphere, which are condensed into small 
pieces of glass by the heat.

1
W hen today's astronomers aim their 

telescopes at planets billions of 
ki lometres away, they can 

measure their surface temperatures and 
draw maps of the cloud cover. 

Only a few decades ago, most scientists 
believed that we would never be able to 
discover planets orbiting other stars than our 
own, the Sun. They were simply too small and 
too far away.

But in 1992, the first exoplanet was 
captured, and today, the number of known 

planets is growing by the week. In February 
this year, 715 exoplanets discovered by the 
Kepler telescope were officially approved, so 
the total number now comes close to 2,000.

Whereas the discovery of the first 
exoplanet 22 years ago was a sensation 
throughout the world, not many people 
take notice of the new planets today. The 
process of finding alien worlds has become 
routine procedure.

On the other hand, scientists have 
started to look into the conditions on the 

remote planets. And the more results we 
have, the more surprising they become. The 
exoplanets have proved to be an odd group 
including many strange exceptions – from a 
planet being consumed by its star to a world 
with a permanent cloud cover.

LIGHT IS FULL OF 
INFORMATION
Astronomers cannot observe the exoplanets 
directly, not even using modern, highly 
powerful telescopes. The light from their 

Day side

7,000 km/h 930 °C
650 °C

Night sideNight side

Pole

Pole

Winds

Winds

ESO/L. CALÇADA

M. KORNMESSER/ESA/NASA

CLAUS LUNAU

EARTH-LIKE
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KEPLER-78 B
Size: 1.2 times Earth
Distance: 400 light years

Earth

DID YOU KNOW ...  “Exo” indicates that the planets are located outside 
our own Solar System and orbit stars other than the Sun. The vast majority of exo-
planets were probably formed in connection with the birth of their star.

Kepler-78 b is the first planet discovered by 
astronomers that has a density like Earth’s. 

As the density is the same, the planet is probably 
made up in the same way with an iron core, a 
surrounding mantle, and a rock crust at the outside.

On the other hand, the climate must be 
completely different, as Kepler-78 b is orbiting so 
close to its star that its surface is red-hot. It is a 
mystery how the planet ended up there. Its 
formation cannot have taken place so close to the 
star, as when the planet originated, the star was 
much bigger and reached beyond the place in 
which the planet is now located. An there is no 
known mechanism that could have slowly 
moved the planet to its present position.

Scientists do not understand how this 
red-hot world came so close to its star.

The planet
that cannot 
exist

The surface is a red-hot 
lava plain, but the inside 
of the planet is like 
Earth’s.

Scientists can measure that 
HD 189733 b must be 
blue, but they do not 

know why it is so.

KEPLER-78 B
Type: Rock planet with iron core
Discovered: 2013
Orbit time: 8.5 hours

 factor: Should not exist2 3

Kepler-78 bThe Sun
EarthVenus Mercury 

DAVID A. AGUILAR CFA

EARTH-LIKE

Planet is ”glued” to its star
If Kepler-78 b were located in our Solar System, its orbit would have been closer 
to the Sun than Mercury’s. Earth is 100 times further away from the Sun.

Hypothesis!
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1960
Frank Drake creates an 
equation that can be 
used to calculate the 
number of sophisti-
cated civilisations 
in the Milky Way.

2003
The Spitzer space 
telescope is 
launched and 
finds some of the 
smallest exoplan-
ets known so far.

300 BC
A philosopher, 
Epicurus, writes 
that countless 
worlds exist, of 
which some are 
similar to ours.

1543
Copernicus 
claims that 
Earth is not 
the centre 
of the universe. 

2001
Sodium, oxygen, 
and carbon are 
found in the 
atmosphere of 
HD 209458 b.

1600
 Giordano Bruno is 
burned at the 
stake for claiming 
that other solar 
systems exist. 

2001
The first planet 
in the habitable 
zone is discov-
ered. HD 28185 b 
orbits a star simi-
lar to the Sun.

2009
The Kepler 
telescope, 
that can study 
thousands of stars 
at a time, begins 
its mission.

2010
The number of 
known exoplanets 
exceeds 500. 2011

The discovery of the 
first confirmed rock 
planet just slightly 
bigger than Earth, 
Kepler-10 b, is 
announced. 

1609
Galileo uses the newly
invented telescope to 
make observations. 
He finds four unknown 
moons of Jupiter. 

The dream of
other worlds is ancient
The Ancient Greeks believed that other worlds than Earth existed – and during the Renaissance, 
scientists were killed for this belief. But 22 years ago, both Greeks and scientists were proven right.

Kepler-78 b

HD 209458 b

CORBIS/ALL OVER

SHUTTERSTOCK

ALAMY/ALL OVER

IMAGESELECT

A. VIDALMADJAR, CNRS/ESA/NASA JPL/NASA KAREN TERAMURA UHIFA

RON MILLER

Kepler-10 b
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2014
715 new Milky Way 
exoplanets found by 
the Kepler telescope 
are confirmed. The 
total number is now 
almost 2,000.

1990
The Hubble 
telescope is 
launched. It plays 
a main role in the 
search for planets 
outside our own 
Solar System.

2017
NASA plans to 
launch the TESS 
satellite. TESS 
allows the 
study of 500,000 
stars at a time, 
searching for 
exoplanets. 

1992
The first exoplanets 
are discovered: 
PSR B1257
+12 b & c orbit a 
small neutron star. 

stars blocks the view of the planets. On the 
other hand, scientists utilise the fact that part 
of the starlight passes through the planets’ 
atmospheres on its way towards Earth. When 
the light moves close by a planet, its make-up 
is changed, depending on the substances that 
make up the atmosphere.

For instance, oxygen molecules absorb 
light with wavelengths of 628 and 687 
nanometres, corresponding to orange and red 
light. If these exact wavelengths are missing, 
when the light reaches the Earth, there must 
be oxygen in the exoplanet’s atmosphere.

SCIENTISTS STUDY RAINBOWS
In practice, the analysis is made by scientists 
directing the starlight through a prism. There, 
the light is split up into a band with all the 
colours of the rainbow: a spectrum. If the 
spectrum includes narrow, dark lines, this exact 
wavelength is missing. The light has been 
absorbed by the chemical. Apart from oxygen 
molecules, scientists have found carbon dioxide 
and methane in the atmospheres of planets.

The make-up of the atmosphere is an 
excellent indication of the type of exoplanet 
we are dealing with. If the atmosphere 
contains large amounts of hydrogen and 
helium, it is probably a gas planet.

Scientists can also measure and 
weigh the planets based on the light 
we receive. The light from some 
stars seems to move 
slightly backwards 

PSR B1257+12 c

DID YOU KNOW THAT ...  Technologies are constantly 
improved, and in a few decades, astronomers may have a
telescope that can directly observe light from exoplanet cities.

ESA

WIKI COMMONS

NASA

TESS TEAM/NASA

3,000 light years

 Earth
Kepler’s search field
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Earth Earth Earth

KEPLER-56 B & C
Size: 6.5 and 10 times Earth
Distance: 1,200 light years 

WASP-12 B
Size: 15 times Earth
Distance: 600 light years

KEPLER-7 B
Size: 16 times Earth
Distance: 1,200 light years

Gravity 
distorts planet

The planet WASP-12b won't last 
long. Astronomers estimate that in 

10 million years, the star will have 
sucked up all planet's material – 
that's a very short life in astronomical 
scales. Already at this point, gravity has 
distorted the planet.

Astronomers have observed binary 
stars stealing each other’s material, but 
it is the first time that the phenomenon 
has been observed involving a planet.

WASP-12 B
Type: Gas planet
Discovered: 2010
Orbit time: 1.1 day

 factor: Is consumed 
      by its star

Three worlds 
rotate in
complete chaos 
I  n our own Solar System, all eight plan-

ets orbit in paths in line with the Sun’s 
equator. But in the Kepler-56 system, the 
two innermost planets rotate at one level, 
while the exterior planet orbits at another. 
Moreover, both planets are situated 
askew in relation to the star’s equator – 
which is very unusual in the universe.

Astronomers do not know how the 
askew planetary orbits evolved. 

KEPLER-56 B & C
Type: Gas planets
Discovered: 2013 
Orbit time: 11 and 21 days

 factor: Exist in messy 
       system of planets

Clouds found 
by accident

Kepler-7 b orbits very close to its star, 
and consequently, the surface 

should be thousands of degrees hot. But 
the Spitzer and Kepler telescopes only 
measured approx. 1,000 degrees. The 
reason proved to be that the telescopes 
had not measured infrared 
radiation from the surface, but from 
the tops of clouds, which are somewhat 
cooler. The results produced the first 
map of exoplanet clouds.

KEPLER-7 B
Type: Gas planet
Discovered: 2010 (mapped out 2013)
Orbit time: 5 days

 factor: First exoplanet 
       with clouds

Planet

Matter sucked 
up by the star

Star

Outer planet

Seen 
from Earth

Star axis of 
rotation

Kepler-
56 b & c

Star Permanent
cloud cover

4 5 6
and forwards. The phenomenon is due to the 

fact that the gravity of an exoplanet pulls 
slightly at its star, making it rock back and forth. 
The bigger the planet and the closer it is to its 
star, the more powerful the rocking motion.

Many exoplanets also pass in front of the 
star, blocking out some of the light. The 
reduction of brightness is very slight, 1/10,000 
of the total amount of light or less. But thanks 
to still more sensitive instruments, it is possible 
to measure it very accurately. Based on the 
extent of the reductions and their length, 

astronomers can determine exoplanets’ 
weight and diameter plus length of orbit. 

The knowledge of size and weight also 
makes it possible to calculate the density. By 
comparing with planets in our own Solar 
System, astronomers can often confirm if it 
is a gas or a rock planet.

THE DREAM OF EARTH 2
All planet hunters dream of finding a rock 

planet like Earth. Some have been discovered, 
but the vast majority of globes are big and 

heavy gas planets. But that is 
particularly due to the methods of 
analysis and does not necessarily 
mean that planets like Earth are rare in 
the universe. That would be like hauling a 
wide-meshed fishing net through the 
Atlantic Ocean and concluding that whales 
are the most common life form on Earth.

But the net is becoming more fine-
meshed all the time, and probably, it is only a 
question of time before astronomers 
discover Earth’s twin.  

NASA/JPLCALTECH CLAUS LUNAU NASA/JPLCALTECH/MIT
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DID YOU KNOW ...  Exoplanets have odd names, as they 
are named after their star. For example, Kepler-7 b was the first (a)
planet to be discovered orbiting the star Kepler-7. Earth

KEPLER-62 E & F
Size: 1.6 and 1.4 times Earth
Distance: 1,200 light years

7

Kepler 62 e and f orbit an old star, so any life has had plenty 
of time to reach a sophisticated level.

Earth’s sisters could 
be home to lots of life

Life stands good chances on Kepler-62 
e and f. The planets have been named 

Earth’s sisters, as they are only slightly 
bigger and located in the so-called 
habitable zone, where liquid water can 
exist. If Kepler-62 e’s atmosphere 
resembles Earth’s, the temperature on the 
surface will be around 30 degrees.

New models show that both planets 
could very well be covered by oceans.
Life on Earth originated in the sea, but 
scientists do not know for sure if a 

technological civilisation can thrive in 
water. On the other hand, life would have 
had plenty of time to evolve, as the star is 
7 billion years old (The Sun: 4.5 billion). 

KEPLER-62 E & F
Type: Rock planets
Discovered: 2013
Orbit time: 122 and 267 days

  factor: Good chances
for life

We are at a point 
in exoplanet science, 

where we are moving beyond 
detecting exoplanets and 
into understanding them.

Paul Hertz, Director of NASA’s Astrophysics Division
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Is the   energy of the future

At the heart of the American 
research reactor, 192 lasers 
bombard  the small fuel capsule, 
triggering a fusion process. 
PHILIP SALTONSTALL/LLNL
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Physicists dream of copying the power plant inside the Sun. Hydrogen atom fusion 
could supply us with immense quantities of clean, safe energy. In the US, physicists 
have just produced surplus energy in a research reactor, and in France, what might 
be the most complex machine in the world, the ITER fusion reactor, is being built. 

2 PROCESS:
Under extremely high 

pressure and temperatures 
in a small container, the two 
atoms are forced so close 
together that they fuse. 

1 FUEL:
The fusion reactor is 

supplied with fuel: heavy 
hydrogen (found in seawater) 
and super heavy hydrogen 
(extracted from lithium). 

3 RESULT: 
Energy is produced in 

the fusion, which can be con-
verted into power. The “waste” 
is helium and a free neutron 
that become new fuel. 

Is the   energy of the future

A REACTOR THAT COPIES THE 
POWER PLANT IN THE SUN
At the core of the Sun, hydrogen atoms fuse into helium. 
A fusion reactor utilises the same principle: heavy hydrogen 
(with 1 proton and 1 neutron) and super heavy hydrogen 
(1 proton + 2 neutrons) fuse, producing helium, a free neutron, 
and energy-rich radiation. The energy can power a steam turbine. 

Heavy hydrogen Super heavy hydrogen

FUSION

Free neutronHelium
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The fuel capsule 
bombarded by the lasers has 
a diameter of only 2 mm. 

192 LASERS BOMBARD A PEA
The 100-m-long NIF research reactor in California functions like a laser 
amplifier. The 192 extremely energy-rich lasers hit the small, hydrogen-
containing fuel capsule very accurately. The bombardment forces the 
hydrogen atoms in the capsule so close together that they fuse into 
helium atoms, emitting powerful radiation. 

1 The light from the 192 
super powerful lasers 

is directed through optical 
amplifiers, intensifying 
the energy of the beams 
up to 10 billion times. 

3 In the chamber, 
all the beams hit a 

hydrogen capsule the size 
of a pinhead. The capsule 
is violently compressed, 
and the hydrogen fuses.  

2 Once they have 
passed by the ampli-

fiers 52 times, the high-en-
ergy beams are directed at 
the reactor chamber.

Tthe 100-m-long factory building in 
Livermore, California, isn't much to 
look at. Nothing indicates that 

inside, physicists are getting ready to pass 
a milestone in the history of physics. 
Pressing a button, they can activate 192 
lasers. Over and over again, the beams are 
directed through optical amplifiers and 
finally into the spherical reactor chamber, 
where each and every one hits the tiny 
plastic capsule. With a pressure of 150 
billion atmospheres and a temperature of 
50 mill ion degrees, the capsule will 
evaporate and release the hydrogen inside. 
This is the moment that physicists have 
been waiting for: the hydrogen atoms fuse 
into helium, releasing energy.

At the American National Ignition Facility 
research reactor, NIF, scientists have just 
taken an important step in their efforts to 
tame the energy source that makes the Sun 
burn. Using the 192 lasers, they have 
extracted more energy from the tiny 
hydrogen capsule than they pumped into it. 
Scientists have worked hard to do this for 
more than 60 years, as the prospects are 

huge. Fusion is an almost inexhaustible 
energy source. The fuel is heavy hydrogen 
from seawater and super heavy hydrogen 
based on lithium, of which the known 
reserves are sufficient for at least 1,000 
years. In the reactor, there is no risk of 
disastrous meltdowns, as just like in the case 
of a car engine, the process can be halted at 
any time by cutting the fuel supply.

Fusion could solve the world’s energy 
problems. But we are still a long way from 
fusion powering private homes.

BURNS LIKE SOAKING
WET WOOD
The integrated safety measure, which means 
that a fusion power plant cannot melt down, 
is also one of physicists’ biggest challenges. 
Initiating and maintaining a fusion process is 
as difficult as lighting soaking wet wood. In a 
hydrogen bomb, in which the fusion is allowed 
to run wild, a small nuclear bomb is used as 
an igniter, but that method is of course not 
practical in connection with a power plant, 
where the aim is to use the huge amount of 
power in a controlled fashion.

LLNL

LLNL

LLN
L
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EACH LASER BEAM 
IS AMPLIFIED UP TO 
10 BILLION TIMES

Power: lasers supply 500,000 billion W
Pressure: 150 billion atmospheres
Temperature: 50 million degreesnif

National Ignition Facility 

PHILIP SALTONSTALL/LLNL
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1 The reactor ring 
is a vacuum vessel, 
in which the fusion 

fuel – heavy and super 
heavy hydrogen – is con-
tained by a magnetic field.

3 18 powerful 
superconductive 

magnets surround 
the entire reactor ring, 
containing the red-hot 
fuel in a magnetic cage.

2 Microwaves and 
extremely energy-

rich hydrogen atoms heat 
the fuel in the ring to a 
temperature of roughly
150 million degrees.

5 The walls of the reactor 
ring are covered with 

steel and beryllium. When 
the reactor is active, they are 
bombarded with neutrons, 
becoming radioactive. 

4 The magnets must be 
cooled to a tempera-

ture of minus 269 degrees 
to be superconductive, 
so the entire reactor is inte-
grated in a huge freezer.

Reactor produces 
its own fuel
A lithium blanket surrounding the reactor ring 
captures runaway neutrons and convert them 
into super heavy hydrogen, which is captured 
and used as fuel. Free neutron from 

the reactor ring

Lithium-6 atom

Helium Super 
heavy hydrogen

Free neutron

Lithium-7 atom

Helium Super heavy hydrogen

1. A free neutron that escapes 
the reactor hits a lithium-7 atom 
in the blanket. The result is helium 
(diverted), super heavy hydrogen 
(reused as reactor fuel), and a 
new free neutron. 

2. The new free neutron 
continues and collides with a 
lithium-6 atom. The result is 
helium (diverted) and super 
heavy hydrogen (reused as 
reactor fuel).

6 The inner wall is 
lined with a lithium 

blanket, that absorbs the 
neutrons from the fusion 
processes, converting them 
into super heavy hydrogen.
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7 Reactor exhaust re-
moves helium from 

the reactor ring along with 
the atoms from the inner 
wall that the neutron bom-
bardment shook loose. 

Consequently, scientists have drawn 
inspiration from the Sun. In the power plant 
inside a star, hydrogen atoms fuse into 
helium at a temperature of 15 million 
degrees and under huge pressure.

Hydrogen is also the obvious fusion fuel 
on Earth, as it is in abundant supply, but 
lacking the pressure and temperature of 
the Sun, scientists had to ignite it in a 
different way. They bombarded the 
hydrogen capsule with three powerful laser 
impulses for 20 nanoseconds – or 20 
billionths of a second. The lasers transferred 
10 kJ to the 170 microgrammes of hydrogen 
in the fuel capsule, triggering the fusion, 
which produced 15 kJ of energy. A very 
small quantity in real terms, but still a 
surplus of 50 %.

1 KG OF HYDROGEN CAN
GENERATE THE SAME

ENERGY AS 10,000t OF COAL

MAGNETS HOLD
THE FUEL AT BAY
ITER, which is being built in France, is a research 
reactor, in which physicists can experiment with 
containing the fusion process in a powerful magnetic 
field. Inside the reactor, the fuel – hydrogen atoms – 
is bombarded with microwaves, and the temperature 
rises to 150,000,000 degrees. This makes the hydrogen 
atoms fusion and emit energy, which can be captured 
by the research reactor’s cooling system. 

ITER is built in the South of France. The 493 columns, that the 
reactor will rest on, have already been cast. 

The power consumption of the lasers 
was 100 times bigger, but this is excluded 
from the energy calculation, as the process 
is intended to continue on its own, once the 
lasers are switched off. The magic moment, 
ignition, is a prerequisite for future fusion 
power plants. The NIF reactor has been built 
to find out how to produce ignition in the 
hydrogen capsules, and physicists hope to 
be able to do it within a few years. They aim 
to create ignition by making the extremely 
hot helium cores produced by hydrogen 
atom fusion responsible for continued fuel 
heating, keeping the pot boiling, so to 
speak. The American scientists observed 
the first signs of this phenomenon during 
their latest experiment.

THE WORLD’S BIGGEST 
FUSION REACTOR
In spite of the promising NIF reactor 
results, future fusion reactors will not 
necessarily involve lasers. The biggest 
fusion reactor in the world is under 
construction in France at the moment, 
and it uses a different method.

In the giant International Thermonuclear 
Experimental Reactor (ITER), the fusion fuel 
will be heated to a temperature of 150 
million degrees and flow freely in a magnetic 
cage. The technology has been in 
development for decades, for instance by 
the Joint European Torus (JET) experiment, 
which has come close to creating an energy 
surplus. In experiments, 20 MW were used to 
start the fusion, which produced 16 MW. 

The first experiments are scheduled for 
2028. ITER is not only intended to produce 
fusion for a few nanoseconds, it should 
keep the ignition going for 6-8 minutes, 
increasing the energy output tenfold. Once 
the init ial  experiments have been 
completed, scientists hope that the reactor 
can contain the ignited fuel in the magnetic 
cage for an hour, producing an effect 30 
times bigger than the quantity of energy 
starting the fusion.

iter Weight: 6,500 tonne magnet system
Temperature: 150 million degrees
Cost: 15 billion Euro ($20 billion)

International Thermonuclear Experimental Reactor

35 nations have joined 
the ITER project. The 
reactor is scheduled 
to be finished in 2020.

IT
ER

ITER
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THE Z MACHINE 
TEMPERATURE IS 
2,000,000,000°

ITER will be the biggest and most complex 
machine ever built. On the concrete 
foundation, you will find 493 columns, 
including shock absorbers to make sure that 
the plant can resist earthquakes. The 
complex will weigh 360,000 tonnes, and the 
reactor building will be 60 metres high. 

REACTOR IN A FREEZER
The ITER reactor chamber is shaped like a 
huge car tyre and surrounded by magnetic 
coils, the biggest of which measure 25 m 
and weigh 400 tonnes. The magnets are 
superconducting, so the power will pass 
through the coils without resistance, once 
initiated, minimising power consumption 
and producing a very strong, stable 
magnetic field, which can contain the fusion 
fuel for a long time.

The price of the superconduction is that 
the magnets must be cooled using liquid 
helium to a temperature of minus 269 
degrees, and so, the reactor is integrated 
into a super freezer. The fusion fuel must be 
heated to a temperature of 150 million 
degrees, and the magnets, which will be 
some of the coldest objects on Earth, will be 
located a few metres from the hottest fuel 
in the world.

The freely flying fusion fuel can be 
contained in the magnetic cage, as it is in a 
special state: plasma. The positively charged 
hydrogen cores are separated from the 
negatively charged electrons, and so, the 
plasma is electrically charged and can be 
contained in a magnetic field.

To produce the high temperature, 
powerful microwaves are pumped into the 
reactor chamber, and red-hot hydrogen 
atoms are shot into the fuel.

When the small hydrogen atoms fuse 
into bigger helium atoms, energy is 
emitted, and this energy is the purpose of 
all fusion power research. The energy can 
heat liquid in a pipe system in the reactor 
wall. A heat exchanger can transfer the 
heat to water, that can be boiled up to 
power a turbine – just like in an ordinary 
coal-fired or nuclear power plant.

ITER will not produce power for the grid, it 
will be used to gain experience for the next 
big project, the DEMO power plant, which is 
scheduled to produce power in 2050, when 
global energy consumption will have doubled. 
So, there is an acute need for new, climate-
friendly energy sources. Fusion power plants, 
involving lasers or magnets, could form an 
important part of the solution.   

Fusion can beat coal-fired and nuclear power stations
The first fusion power plants will involve many advantages over present types of energy.

COAL NUCLEAR FUSION
SAFETY

Low risk of accidents. 
Only local effect.

Very low risk of accidents 
that could be disastrous. 

Very low risk. The process can 
be shut down at any time.

RADIOACTIVE WASTE
Radioactive fly ash 
collected at the plant. 

Used, highly radiaoctive fuel 
rods must be stored securely.

Construction waste could be 
radioactive for 100 years.

WORK ENVIRONMENT
Mining is dangerous – 
power plants are safe.

Employees are subjected to 
small quantity of radiation.

Employees are subjected to 
small quantity of radiation.

POLLUTION
Large amounts of greenhouse 
gasses could change climate. No polluting emissions. No polluting emissions.

FUEL RESERVES
The known coal reserves can 
last some 150 years.

Uranium can last for several 
hundred years.

Hydrogen can last millions of 
years – lithium for thousands.

PRODUCTION PRICE Low. Low. Still unknown.
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NUCLEAR PHYSICISTS
TEST ALL POSSIBILITIES
In theory, fusion energy is very simple, but the dream is 
more difficult to realise, so physicists are working on several 
different methods. In the so-called Z Machine, power is used 
to fuse hydrogen atoms. University of Texas scientists are ex-
perimenting with nuclear waste as fusion reactor fuel. And 
the Helion Energy company intends to make hydrogen 
atoms collide at extremely high speeds in an accelerator.

The Z Machine is the most powerful X-ray generator in the world. The 
central reactor chamber diameter measures 34 m.

The Z Machine’s energy discharge
 is so powerful that lightning is 
produced around all metal parts 
surrounding the reactor chamber.

Power zaps fusion fuel
Reactor burns nuclear waste
Hydrogen balls collide

Sandia Labs University of Texas  Helion energy

others 
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By Antje Gerd Poulsen  Art Claus Lunau

FISH USED 
FINS AS LEGS 
Animal life originated in the sea, and it remained there for a billion years. 
But some 375 million years ago, fish-like animals changed the history of life 
itself when they ventured onto land aided by four strong fins.

THE CRUCIAL STEP
Scientists have compared the fish-like Tiktaalik to a more primitive fish 
and one of the first four-limbed vertebrates. Scientific research shows
the Tiktaalik had strong limbs, which it could use to shuffle onto land.

Acanthostega: One of the 
first animals that could sup-
port its own body weight. 

The Tiktaalik fish may 
have been the first 
animal to scramble 

ashore on leg-like fins.

Its pelvic fin was 
adapted to life 
in water.

The shoulder was 
relatively small 
and weak. 

Primitive 
shoulder

Sturdy shoulders 
provided fore fin 
stability .

Big hip joint 
provided 
flexibility. 

The hind part was 
so strong that the 
animal could walk.

Sturdy shoulders 
provided fore fin 
strength to stand.

Small pelvis bone

Bigger 
pelvis 

More sophisti-
cated shoulder

Big, strong 
pelvis

Strong 
shoulders

Eusthenopteron: 
 A fish with weak, early 
stages of bone structure.

Tiktaalik: A fish with 
the features and build 
of four-legged animals. 

THE TRIUMPH OF LIFE
Life is a great mystery to scientists. Science Illustrated follows the origin 
and development of life from the first breath to the – perhaps – last gasp.
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After a billion years of animal life existing only in the 
oceans, the first fish with legs crawled ashore.

EARTH 
375 MILLION YEARS AGO

ATMOSPHERIC 
OXYGEN CONTENT: 
The ozone layer protected 
against the sunlight, and 
plants produced oxygen 
for the atmosphere.

MAINLAND:  
The first animals could 
enjoy themselves on 
several large continents. 

SOLAR BRIGHTNESS: 
The Sun shone almost 
as brightly as today.

LIFE: Terrestrial ferns 
were swarming with 
huge insects, and tall 
trees provided shadow.

97%

OCEAN TEMPERATURE:

 27%

16%

25° C

PART 2: LIFE 
GOES ASHORE 
Fish develop legs 
in shallow watersBETH ROONEY

T he small fish flee, as the big 
predatory fish emerges from the 
shadows of the water. The 

prehistoric Tiktaalik roseae quietly swims 
into the shallow water. Ever since life 
originated on Earth, it's history has unfolded 
in the water. Insects have conquered the 
land, but marine animals, which will later 
become the first mammals and humans, 
still live in the water. The Tiktaalik lurks in 
the shallow, muddy water, focusing on a fat 
dragon fly on the river bank. It stands 
completely still, its four fins anchored to the 
river bed and its flat, crocodile-like head 
located in the surface of the water. 
Suddenly, it shoots forward, using its fins to 

slide onto the bank. The prey is caught and 
swallowed in one mouthful. This is how the 
Tiktaalik may have used its well-developed 
fins to venture onto land 375 million years 
ago – probably as the first ever.

Very recent Tiktaalik studies and 
discoveries show that the animal featured 
both well-developed fore fins and a powerful 
pelvis with strong, flexible fins. The crocodile-
like fish was adapted to life in shallow waters 
and capable of taking small trips onto the 
bank. So far, scientists used to believe that 
the first fish to venture onto land only used 
their fore fins to move about, as the pelvic 
fins were small and weak. According to the 
theory, the fish developed strong fore fins, 

and not until much later, their descendants 
developed hind legs. Consequently, the act 
of fish moving ashore is often compared to 
front-wheel drive.

HALF FISH, HALF 
TERRESTRIAL ANIMAL
The front-wheel drive theory was 
consistent with all discoveries made by 
palaeontologists until the Tiktaalik finds. 
All fish fossils that appeared during the 
excavation featured strong fore fins, 
but very weak pelvic fins. Scientists still 
lacked a transitional species that 
resembled the first four-limbed 
vertebrates, the tetrapods. 
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Fossils of the prehistoric Tiktaalik predatory fish 
reveal that it had a strong hind limbs resembling 
those of terrestrial vertebrates. 

Lungfish have gills 
and lungs, so they 
can survive in 
oxygen-poor water.

The oldest tetrapods ever found are 
animals by the name of Ichthyostega and 
Acanthostega, which lived 374-359 million 
years ago. When palaeontologists found 
the first Tiktaalik fossils on Ellesmere Island 
in the Canadian Arctic in 2004, it was 
sensational, as the Tiktaalik represented 
the missing link between fish and four-
legged animals. But to begin with, there 
was no indication that the front-wheel drive 
theory had to be revised.

The discovery was the prize of six years 
of constant search in the deserted rock 
landscape, which was once a part of a 

subtropical river delta. One of the 
palaeontologists, Professor Neil Shubin 
from the University of Chicago, had no 
doubts, when he saw the animal’s snout 
protruding from the rock: the animal fit 
perfectly into the evolutionary family tree 
between fish and 
terrestrial vertebrates. 
Its body resembles that 
of a fish with scales, 
gills, and fins. Moreover, 
it has a flat head with 
eyes located on top of 
the skull and a big jaw 
with pointed teeth like a 
crocodile. On top of 
that, it features a 
powerful chest and 
primitive lungs. The 
Tiktaalik fossils also 
bore evidence of a 
flexible neck, which is only observed in 
terrestrial animals. Fish have stiff, inflexible 
necks. The prehistoric animal’s strong 
chest protected the internal organs 
against the weight of the body and allowed 
it to move onto the shore using all four fins.

NEW SURPRISING 
DISCOVERIES
The most interesting aspect about the 
Tiktaalik was the big fore fins, which were 
equipped with stable shoulders, elbows, 
and partly with wrists. The well-developed 

fins explained the very 
transition from fins to 
legs. This was a fish that 
was strong enough to 
make push-ups on the 
shore. The scientists did 
not find the animal’s hind 
part and were hence 
unable to study it. Now, 
10 years later, new 
Tiktaalik studies question 
the front-wheel drive 
theory. First of all, the 
American scientists have 
found the hind part of the 

first fossil. Secondly, they have found more 
fossils, so today, they have the remains of 
five individuals, including well-preserved 
hip sockets and parts of the pelvic fin. 

The studies of the five prehistoric fish 
have surprised palaeontologists in several 

As soon as I saw 
the fl at head, I 
knew that this 
was what I had 
dreamt of fi nding 
for 20 years.
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Neil Shubin, palaeontologist and 
professor, University of Chicago, USA
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THE TIKTAALIK hunted fish and shellfish in the 
water and probably also consumed terrestrial animals 

resembling modern crabs, slaters, and spiders. 

Legs weren't a necessary tool when fish 
ventured onto land, according to the 

scientists behind an experiment published 
in the Journal of Experimental Zoology in 
2011. Scientists from the Northern Arizona 
University studied mosquitofish which 
jump ashore when threatened by predato-
ry fish, as well as zebrafish that normally 
remain in the water. In the experiment, 
both species jumped away in almost the 
same fashion when placed on wet cloth. 
The scientists believe that fish learned to 
jump ashore long before developing legs.

According to some scientists, the 
passing from water to dry land 

happened gradually. The animals went 
back and forth like crocodiles. 
The Ichthyostega is 
considered the first 
vertebrate adapted to 
life on the shore. This is 
based on fossils of adult 
individuals, but new CT scans of a 
young individual show that the latter was 
only adapted to life in water. Its humerus 
was not as well-developed as that of 
adults, and hence, the scientists believe 
that the Ichthyostega only ventured ashore 
once it was fully grown. According to the 
theory, the animals lived in water, as 
they could not support their own weight.

ways. For instance, the pelvic fins are much 
bigger than expected. Particularly the pelvis 
and the hip joint have attracted attention. 
The species features a strong hind part, 
which clearly points in the direction of the 
bone structure of four-legged terrestrial 
animals. The pelvis is big, the hip joint is the 
size of the shoulder joint, and the hip socket 
is wider and more robust than those of fish. 
Moreover, the hip joint is much more flexible 
than it normally is in fish, allowing the animal 
to use its pelvic fin both as a paddle and as a 
leg. Based on the new discoveries, scientists 
conclude that all four fins were developing 
into legs at the same time, already when the 
species was still living in the water.

FISH HAD LUNGS
But how did gills develop into lungs? 
According to scientists, the Tiktaalik and 
other transitional animals developed 
primitive lungs to adapt to life in shallow 
waters. The Tiktaalik probably featured 
both lungs and gills just like the African 
lungfish, which belongs to a 400-million-
year-old special group of fish considered 
to be the closest ancestors of the first 
vertebrates that ventured onto land. Its 
gullet includes one or two ”bags”, that 
function as lungs. The skin of the bags is 
so thin that the fish can absorb oxygen 
through them and survive drought. When 
its pool dries up, the fish entombs itself in 
the lake bed, breathing oxygen from the 
air. Some scientists believe that lack of 
oxygen in the shallow water also made the 
Tiktaalik develop lungs.

Based on the new studies, 
palaeontologists have pictured the life of 
the Tiktaalik in the prehistoric river delta 
375 million years ago. The animal lived in 
shallow, muddy water, paddling about in 
search of prey. With its oblong fish body 
measuring up to 2.4 m and a crocodile-like 
head, the Tiktaalik was an unpleasant 
acquaintance for small fish. Sometimes, the 
Tiktaalik would also move its head out of 
the water to breathe and look for prey, and 
the predator took short trips onto land, 
hence paving the way for future 
generations of four-legged animals – and 
finally for humans.  

The first land vertebrate could 
breathe by means of lungs and gills. 
It had eight toes per foot.

LEGLESS FISH JUMPED ASHORE

VERTEBRATES STARTED OUT IN WATER

In an experiment, fish were 
able to jump about on dry land.
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History is full of breakthroughs and inventions, which have 
resulted in very different, innovative creations by a roundabout 

route. Follow the connecting thread!
By Else Christensen

The Chinese begin producing very big bangs, when they think of placing an explosive mixture of sulphur, arsenic, saltpetre, and honey inside the bamboo canes. At first, the explosion is hard to con-trol, but over time, the mixture is refined into what is now known as black powder. The explosion takes place, as powder burns extremely fast, producing gases that take up more space than the original material.

Powder makes a big bang

Bamboo has played a main role in the life of the Chinese for millennia. Discoveries show that as early as 14,000 years ago, they made chopsticks, baskets, and houses from the useful plant. Bamboo is a type of grass that produces sturdy stems, and the infant shoots are edible. 

Bamboo “cutlery”

From chopsticks ...

12,000-
2000 B.C.

The Chinese have eaten bamboo shoots with bamboo chopsticks for millennia.

The Chinese mix sulphur, 
arsenic, saltpetre, and hon-
ey, inventing black powder. 

Around 200 BC, a Chinese monk places bamboo canes on a 

fire. The heat makes the air inside the hollow canes expand so 

much that a hole emerges in the side of the cane. The explo-

sion produces a deafening bang, and soon, placing bamboo 

on the fire becomes a permanent religious festival tradition to 

scare off evil spirits. Fireworks have been invented.

The Chinese invent fireworks

1000

SCIENCE MUSEUM/SSPL

FRANZ HANFSTAENGL

200 B.C.

A Chinese monk places bamboo 

on a fire, inventing fireworks.

THE CONNECTING THREAD



... to skyscrapers George Stephenson invents 
the steam engine in 1816.

1816

1856

Bridges enable trains to cross water 
The heavy railway cars demand a lot from the bridges that allow trains to cross rivers 
and valleys. To improve the load-carrying capacity, technicians begin to experiment 
with converting iron into much stronger steel by adding carbon. In 1856, Henry Besse-
mer of England invents an efficient method which reduces the process from days to 

minutes. In 1890, the Firth Bridge of 
Scotland opens as one of Europe’s 

first big steel structures. 

The Chinese use the powerful 

powder charges to discharge 

arrows and other types of projec-

tiles at a high speed from bamboo 

canes. The principle comes to Europe 

in the 12-1300s, developing into the 

cannon. At first, armourers make the 

barrel of iron rods held together by 

rings, but in the 1500s, foundries 

start to make cannons by heating 

iron to a temperature of 1,535 °C.

Cast iron cannon The constant demand for cannons 
stimulates iron production, which is 
improved over time, so the material 
becomes cheaper. Since the 1500s, coal 
mines and others have carried objects in 
cars running on wooden rails, but now 
the rails are made of iron instead. 
When George Stephenson invents 
the steam engine in 1816, railways 
become popular. In 1825, the Stock-
ton and Darling ton Railway Company 
opens the first steam-powered railway 
in the world, operating an engine that 
drives 14.5 km/h.

Englishman invents
the steam engine

1500

SPL/SCANPIX

GETTY IMAGES

Cannons create demand for large 

amounts of cast iron.

Steel makes buildings grow tall

With plenty of high-quality steel, structures can suddenly 

grow sky-high. So far, the outer walls have carried the 

entire weight of buildings, but now, a light steel skeleton can 

support the structure, so the facade is reduced to a ”curtain”. 

Chicago’s 10-storey Home Insurance Building from 1885, 

which is considered the first skyscraper, weighs one third of a 

similar brick structure. Today, the world’s highest complete 

structure, the Burj Khalifa in Dubai, reaches 828 m.

The 828-m-high 
Burj Khalifa in Dubai 
is the tallest building 

in the world.

The Firth Bridge 
of Scotland.

The Home Insurance Building in Chicago is 

considered the first skyscraper in the world.

1885
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WORLD’S BIGGEST SHIP
AT 488 M, THE PRELUDE WILL BE THE 

The Prelude will be the world’s biggest ship, the 
largest floating drilling rig, and the first floating 
natural gas plant, when it is launched in 2017. 
The record-breaking vessel is going on a difficult 
mission: extracting natural gas in a cyclone belt. 

Ice-cold sea water is sucked 
into the ship from a depth of 
150-200 m via 8 wide pipes. 

50,000
cubic metres of sea water 
per hour circulate to cool 
the large tanks from below.

Tankers with 
thermotanks berth beside 
the Prelude every week to pick 
up liquefied natural gas and 
two residual products. 

A helipad lets the crew commute by air. 
The employees work shifts of several weeks. members work shifts on the 

Prelude. At the back of the 
vessel, there are cabins 
for the crew on duty. 

350  crew

SHELL/CLAUS LUNAU
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WORLD’S BIGGEST SHIP
Natural gas plant
including 14 different modules which 
purify, cool, and condense the gas. Each 
module weighs approximately

mooring tower 
protects gas pipes and 
mooring chains. The tower 
can rotate with the wind 
independently of the 
vessel’s motion. 

By Antje Gerd Poulsen

A 93 m-tall

5,000 tonnes

cubic metres - capacity of the 
tanks below deck.  They are 
earmarked for the liquefied 
natural gas and the two residual 
products, condensate and so-
called bottle gas.

436,000

FEATURE | TECHNOLOGY
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The huge ship towers above the sea 
surface at the Samsung Heavy 
Industries shipyard in South Korea. 

The yard is one of only a few in the world 
to possess a dry dock big enough to build 
a vessel the size of the Prelude. By early 
December 2013, 5,000 yard employees 
had been working on the ship for a year. 
The hull had been completed, and it was 
about to float for the first time. 
Everybody was very excited – would the 
world’s biggest ship remain afloat? Oh 
yes. As anticipated, the Prelude sailed 
out of the dry dock: The world’s biggest 
vessel was seaworthy.

The giant ship measures almost 0.5 
km, outrivalling the present record holder, 
the Maersk Triple-E container vessel, by 88 
m – that is if you can actually define the 
Prelude as a ship. The giant cannot sail on 
its own without the assistance of tug 
boats. But then it is not required to be 
manoeuvrable. The Prelude will be moored 
at a gas pocket off Australia and produce 
natural gas for Shell for 25 years.

NEW NATURAL GAS ERA
The Prelude is not only the biggest in the 
world, it is also the first. The ship is built 
according to the FLNG concept - Floating 
Liquefied Natural Gas: a floating liquefied 
natural gas production plant. 

Normally, raw natural gas is extracted 
by a drilling rig and taken to an onshore 
refinery via submerged pipeline systems. 
The Prelude is a drilling rig, gas refinery, 
and tanker in one, saving lots of time, 
space, and money. 

Another great advantage resulting 
from uniting all the natural gas production 
processes on a vessel is that it allows the 
extraction of natural gas from so-called 
stranded gas fields. 

These are fields that have been 
discovered, but not yet utilised, as this has 
been too difficult or expensive so far. For 
instance, it has not been possible to 
establish submerged pipelines across such 
great distances as would be required to 
extract natural gas from the field 200 km 
off the Australian coast. But with a mobile 
plant, the gas field can be utilised.

Shell expects the Prelude to mark the 
beginning of a new era in the gas industry. 
The demand for natural gas is rising, for 
instance because the burning of natural 
gas emits less CO2 per energy quantity 
than other types of fossil fuels, and 

All-time record breaker
Huge amounts of materials will be used to build 
the Prelude. The vessel will be finished in 2015. 

488 m

Weight:

436,000 
cubic metres

Electric cables:

3,200 km
Steel: 

260,000 
tonnes

74 m

USS GEORGE 
H. W. BUSH
Biggest aircraft carrier.

PRELUDE

The world’s biggest vessel 
is 155 m longer than the 
biggest aircraft carriers.

with full tanks. 

The distance between 
Sydney and Perth

Slightly wider than 
the wingspan of a 
Boeing 747.

175 
Olympic 
swimming pools

Width: 

The tanks can hold:

600,000 t

Length: 

488 metres

333 metres
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consequently, the new natural gas vessel will 
pave the way for gas extraction in remote 
gas fields throughout the world.

GAS PURIFIED ABOARD
Like oil, natural gas was produced from plant 
and animal remains. For millions of years, 
they were subjected to high pressure and 
temperatures deep down in the ground, and 
in a process without oxygen, they were 
converted into natural gas. The gas contains 
89% methane, a series of other gas types 
such as ethane, propane, and butane plus 
small amounts of water, sulphur, nitrogen, 
and carbon dioxide. In order to obtain 
methane gas which is as pure as possible, 
the other gas types are separated out along 
with impurities.

The Prelude is able to purify the raw 
natural gas in its own natural gas plant built 
on the deck. Subsequently, another plant 
condenses the gas. By cooling the natural 
gas to a temperature of minus 162 degrees, 
it becomes liquefied, and that comes in 
handy, as the liquefied gas takes up 600 
times less space and is easier to store and 
transport. The tanks at the bottom of the 
ship can hold up to 220,000 m3 of natural 
gas, which tankers equipped with big 
thermotanks pick up together with two 
residual products from the production – 
liquefied petroleum gas, also known as 

bottle gas, and condensate, which is a very 
light type of oil. Before the gas is delivered to 
consumers, it is heated and converted into a 
gaseous state once again.

THE PRELUDE REQUIRES 
INNOVATION
Although the construction of the world’s first 
natural gas vessel started only one year ago, 

the project has been in the pipeline for much 
longer. The decision to build the Prelude was 
made in 2011, and the first ideas for a 
floating natural gas plant were introduced 
back in the 1990s. 

Long before the shipyard workers put on 
their welding goggles, more than 600 
engineers and experts from 10 different 
countries had put 1.6 million working hours 

The Prelude is built by the Korean Samsung Heavy Industries shipyard in Geoje – 
one of the only ones big enough to hold the world’s biggest ship. 

AUSTRALIA

THE PRELUDE 
WILL DRILL 

FOR GAS HERE

Floating gas production plants such 
as the Prelude can give us access to 

some of the world’s so-called stranded 
gas fields: gas pockets that have been 

discovered, but are not utilised for 
financial reasons. They may be located so 

far off-shore that it is not worthwhile for 
companies to build pipelines to carry the 

gas between the field and an onshore 
production plant. By carrying out all processes 
from raw material to finished product in the 
same place as the drilling, companies can use 
the gas fields. There are stranded gas fields all 
over the world. The BP oil and gas company 
estimates that 175,000+ billion m3 of natural 
gas is contained in stranded gas fields 
throughout the world.

Floating plants 
reach new fields

Stranded gas field

Some gas fields are not 
yet utilised, as they are 
located too far offshore. 
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The sea floor 
IS FILLED WITH
huge gas field

1. Seven drilling wells 
on the sea floor let the Prelude 
access the large gas field. 

2. The gas is directed up through 
the bottom of the ship in gas pipes.

3. In 14 different plants with dif-
ferent functions, the gas is purified 
and condensed. In its liquefied state, 
the gas takes up 600 times less space. 

4. The liquefied natural gas is stored in tanks that 
can hold a total of 220,000 m3. Tankers pick up the 
gas once a week and take it directly to the countries
in which it is to be consumed. 

The gas field off the coast of Australia 
contains enough natural gas for the 
Prelude to pump and refine gas for 
approximately 25 years.

Located in a
cyclone belt

The Prelude will be located in a very challenging 
area as far as the weather is concerned. The ship 

will be moored 200 km north-west of the Australian 
Kimberly coast, which is the most cyclone-prone in the 
country. Around five cyclones rage the area per season 
(November-April). Hence, the ship has been designed 
to resist a category 5 cyclone including wind gusts of 
250 km/h and 20-m-tall waves. It is equipped with 
three propellers boasting 5,000 kW each to make sure 
that the vessel remains in place above the gas field in 
spite of waves and wind. The ship is moored to the sea 
floor with 25 mooring chains attached to steel posts 
in the sea floor at a depth of 250 m. The Prelude also 
features a 93-m-tall mooring tower: a metal fortress 
proctecting gas pipes and mooring chains. 

Offshore drilling rigs must 
resist strong 
winds and high waves.

SHELL/CLAUS LUNAU

Mooring chains

R. ROBERTS/GETTY IMAGES

50   |   SCIENCE ILLUSTRATED



scienceillustrated.com.au   |   51

Gas provides enough 
energy for a city

   The Prelude will produce 3.6 million tonnes 
of natural gas annually – enough to cover the 
demand of a city such as Hong Kong. 

   Tankers carry gas from the Prelude to 
the Asian market. The twin-hull vessels 
and insulated tanks keep the gas cool. 

    The natural gas will be used for 
heating homes, manufacturing, 
and fuelling cars and ships. 

into developing the ship. The challenge 
involved in designing a floating natural gas 
plant with huge pipe systems, compressors, 
cooling systems, and tanks has been just as 
big as the design of the ship itself, and as the 
Prelude is the first of its kind, the engineers 
had to be innovative.

In onshore natural gas plants, refinery 
and tanks are located side by side, but there 
is no room for that on the Prelude, although 
it is the world’s biggest ship. Instead, they 
have been designed as a sandwich, which 
only takes up 25 % of the space of an 
onshore plant. Engineers also had to find 
space for cabins and staff facilities such as 
cafeteria, fitness centre, and cinema for the 
150 people working aboard the Prelude.

One special innovative feature is the 
protection against the storms that the Prelude 
must resist in the cyclone belt off the coast of 
Australia. A huge mooring tower protects gas 
pipes and mooring chains against the powerful 

wind gusts, and the ship’s tanks are designed 
to resist the violent ”waves” produced in half-
filled tanks during a cyclone. Moreover, long, 
flexible loading arms make sure that the 
natural gas can be transferred to tankers 
without spillage in a rough sea.

The ship’s cooling system is also new. In 
order to cool the gas in the tanks, sea water 
is sucked into the ship through eight pipes 
with a 1 m diameter. 50,000 m3 of sea water 
circulates in the system per hour. This 
supplies another cooling plant with coolant, 
saving more space.

MORE GIANTS COMING UP
According to plan, the Prelude will be 
completed in 2015, but the ship must wait 
another two years for the drilling well on the 
sea floor to be finished, before it can start 
producing natural gas. After 25 years of 
service, once the gas field has been 
depleted, the Prelude will be restored and 

Korean shipyard workers assemble the 
Prelude part by part. According to plan, 
the ship will leave for the gas field in 2017.

tugged to a new gas field. By then, the 
floating natural gas plant will no longer be 
the only or biggest one of its kind. Several 
other oil companies such as Petronas of 
Malaysia are building similar and bigger 
floating plants, and Shell has announced 
that the Prelude is just the first of a series of 
future floating natural gas giants.  

SHELL
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WHAT IS THE TINY DIFFERENCE?

JAMES BALOG/GETTY IMAGES

Animals are more like 
us than we thought. 
Chimps are self-
conscious, think 
rationally, and can 
learn language. 

FEATURE | BIOLOGY
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By Rasmus Kragh Jakobsen
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Humans are the masters of the world. 
But what particular characteristic 

makes us 'superior' to all other 
species? Each time scientists point 

out a feature as being uniquely 
human, animals subsequently prove 
to be able to do the same. Now, a US 

psychologist has come up with a 
new theory. Apparently, 

talkativeness is a key part of 
our success as a species.

WHAT IS THE TINY DIFFERENCE?
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Six characteristics were considered particularly 
human, until animals proved to possess them as well. 
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Animals can learn 
spoken language
Human language has countless combinations. Immediately, 
the gift of language is the central dividing line between 
humans and animals, but actually, scientists have been able 
to teach apes, birds, and dogs to understand a high number 
of words and even use them.

Psychologist Irene Pepperberg trained 
the parrot Alex for 30 years (1977-2007), 
teaching him 150+ words. The bird could 
point out 50 named objects, understand 
words such as over/under and big/small, 

and combine words into short 
sentences. The experiment 

disproved that only apes can 
learn language.

HUMANS WIN
Our vocabulary is much larger than 
animals are able to learn, and we can 
combine the words in an infinite 
number of ways based on grammati-
cal rules – a concept that animals do 
not understand. Also, they do not 
grasp the principle that numbers are 
consecutive. Unlike children, they 
take the same time to learn 1 and 9. 

At the age of 10, Rico, a border collie, 
had learned more than 200 words for 
objects and could guess the meaning 
of new words by means of the 
elimination method. When the dog 
was asked to go get an object 
with a new name, it chose the 
only toy in the room that it 
did not already know. 

Guess the meaning 
of new words

Combine words into 
short sentences

An ape's voicebox cannot form words, but many 
have learned to understand spoken words and 
express themselves by means of special lexi-
grams. One of the stars is Kanzi, a male bonobo 
that can combine three words into sentences. 
However, apes only talk about things they want 
by means of nouns. They do not express thoughts.

DOGS

PARROTS

language
Express themselves using 
lexigrams and sign language

Birds: 150
Dogs: 250

Apes: 3,000
Humans: 30-60,000
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Alex learned more than 150 
words and could count to six.

Rico learned to tell 
more than 200 
different toys apart.

Psychologist Sue 
Savage-Rumbaugh 
has taught apes up 
to 3,000 words.

APES
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I n the early 1700s, when the bishop of Polignac in Paris saw a living 
chimpanzee for the first time, he reportedly said: “Speak, and I shall 
baptise you.” The question of which unique characteristic makes 

humans superior to animals has fascinated great thinkers for at least 
2,500 years. Language seemed the most obvious answer, but the 
theory was dismissed long ago due to scientific discoveries. Today, 
we know that the alarm call of guenons includes different sounds for 
leopard, eagle, constricting snake, and baboon. And the dancing 
communication of bees plus trained apes’, dogs’, and birds’ amazing 
vocabularies have disproved that language is confined to us.

Other scientists have pointed out the use of tools as special 
human behaviour and named our species Hobo faber, Man the 
Creator. But this theory only held water until the early 1960s, when 
primatologist Jane Goodall proved that chimps make tools such as 

fishing rods for catching termites. Memory, morality, and 
consciousness are other qualities that have been suggested to be 
uniquely human, but one by one, the theories have been disproved by 
animal experiments or observations in nature.

Now, American psychologist Thomas Suddendorf ventures to 
introduce a new theory as to what made humans successful. In his 
book “The Gap”, he points out two features that distinguish us 
fundamentally from animals: an insatiable urge to communicate and 
the ability to imagine the future.

WE COMMUNICATE ABOUT 
OTHER THINGS THAN ANIMALS
The superior characteristic of humans is not a physical one. None of 
those are particularly epoch-making in the way of for 

Ravens are sympathetic
Theory of mind - comprehending that 
others think and have deliberate goals - 
exists in the smartest species.

Animals and 
kids forget

HUMANS WIN
Only humans master so-called 
secondary theory of mind, i.e. 
contemplating what someone else 
thinks of a third person. We are also the 
only species that understands the 
phenomenon of false knowledge. 
We know that a person, who was not 
present when an object was 
moved, believes that it is still in the 
original place when he returns.

A thief thinks every man steals, and that is also 
true for thievish ravens, US and Austrian 
scientists have proved. In an experiment, they 
made a raven hide food, as two other ravens 
sat in a cage close by. Half of the cage was 
covered, so one raven could not see what 
happened, whereas the other one could see 
where the food was hidden. When the birds 
were let out of the cage, the raven that hid the 
food acted aggressively towards the bird that 
had been able to see. The other one remained 
unchallenged, even close to the hiding place. 
What was even more impressive was the fact 
that the bird which saw where the food was 
hidden tried hard not to reveal its knowledge.

Psychologist Jean Piaget has lent his 
name to a scale measuring the ability 
to maintain objects in the memory. If 
you show an object to a baby of up to 
12 months of age, subsequently 
diverting his attention and hiding the 
object in your hand, the baby will 
immediately forget it. Dogs, dolphins, 
parrots, and crows can remember the 
object, placing them at level 5 of the 
scale. Level 6 is the ability to 
remember the object if it is placed in 
one of four pockets. Only apes, a few 
other monkeys, and humans aged 
over 18-24 months can do this.

RAVENS

1. The raven (yellow) is hiding food, as 
two peers (red and blue) ”watch” from a cage 
nearby. Half of the cage is covered, so only 
one of the birds can see what is going on.

2. The birds in the cage 
are let out and approach the 
food, but the raven that hid it 
only acts aggressively towards 
the bird that could see. 

empathymemory

Chimp = 2-4-year-old child
Raven = 2-year-old child

HUMANS WIN
Humans’ working memory

is much better than animals’. It is 
the prerequisite that makes all our 

other mental powers possible.

Parrot, dog, dolphin 
= 1-year-old child

Ape
= 2-year-old child

WHAT IS THE TINY DIFFERENCE?
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example feathers, which have enabled birds to conquer the 
skies. Nor have scientists found anything particularly decisive in 
our genes. Comparisons of human genes to those of our closest 
relative, the chimp, have not produced any noteworthy results. 
“The tiny difference” between humans and animals is to be found 
in our big brain. The key factor is apparently not any individual part 
of the brain, it is rather the fact that we possess much more “brain 
power” than other species.

Although many animals have the same fundamental mental 
abilities to, say, communicate, humans bring them to a higher level, 
and Thomas Suddendorf points out two special human 
characteristics that involve several of our other qualities and speed 
them up, so to speak. Whereas animal communication is 
fundamentally about food and territories, humans feature a deeply 

rooted urge and ability to share what is on our mind. Though apes 
and other intelligent species can be trained to communicate by 
means of words or symbols, it does not make them express ideas 
and opinions about the world. Their language is still confined to 
asking for the treat they want.

A CHESS PLAYER IMAGINES HIS NEXT MOVE
The other unique characteristic that Thomas Suddendorf points out 
is our capacity for mental time travelling. In other words, we can 
imagine the future in details and play different possible scenarios in 
our mind. This ability is often used by chess players. Unlike all other 
species, humans can sit still on a chair and think so intensely that the 
pulse rate reaches a level as if we were hunting prey on the savanna. 
The ability to perform mental time travelling enables us to predict the 

MORALity
Bats cooperate and punish
According to biologist Frans de Waal, morality rests on two pillars – cooperation/
reciprocity and empathy. Those are phenomena that also exist in animals.

HUMANS WIN
The exchange of benefits according to 
the give and take principle is more 
complex in humans. Animals always 
exchange the same “commodity”, but 
we are able to cooperate in spite of 
different aims and wishes. One party 
may get something completely 
different out of a deal than the other. 
Human empathy also reaches further, 
including the ability to sympathise 
with entirely different species.

LOGIc
Octopuses think with the entire body
Many animals are surprisingly good at solving problems. To get food, 
they can apparently overcome obstacles by thinking rationally.

In experiments, octopuses figured out how to open a screw-top jar. 
However, their brains are organised very differently from ours. Each arm 
features a type of brain, and what seems to be logic may be the result of 
them naturally using their entire bodies and finding the solution by 
accident. More reliable results have been produced by apes and 
not least crows, which can select and adjust tools to solve a 
problem in the best possible way.

Vampire bats live according to the same give and take principle that is 
characteristic of human relations. The blood-sucking animals raise their 

offspring in huge societies, where they feed each other’s babies. The bats 
collect blood in a throat sack, and in an experiment, scientists pumped air 
into some of the sacks. To the other members of the group, it looked as if 
those animals had returned to the cave with their sacks full of blood, but 

without sharing. This immediately made the others stop 
feeding the cheaters’ offspring.

HUMANS WIN
Though animals can think rationally, 
there is an important difference 
between them and humans. Animals 
do not seem able to analyse why they 
were able to solve a problem, so they 
do not improve over time. Even in 
experiments where animals display 
very impressive abilities, the rate of 
success varies a lot from time to time.

The octopus practices 
trial and error until it 
manages to remove the lid 
and get to the crab.

Vampire bat 
= 3-7-year-old child

VAMPIRE BATS

OCTOPUSES
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consequences of an action and choose one future over the other.
According to Thomas Suddendorf, the two abilities make up the key to 

the success of the human species. Our fundamental urge to share our 
thoughts with each other and try to get useful information from peers 
makes us share experiences and accept advice. Altogether, this produces 
a common consciousness, which our superior culture and 
technology is based on. 

The exchange of ideas and mental time 
travelling may be the secret about ourselves 
we have spent centuries looking for. But 
when similar behaviour is proved in 
animals, will scientists once again 
have to reopen the search for the 
tiny difference?  

Monkeys
are conscious 
creatures
Like humans, some animal species 
have a conscious idea of themselves 
and the world. Scientists have 
developed a test that makes it 
possible to look into animals’ minds.

Mirror reveals animal 
self-perception
In the mirror test, which was developed by 
American psychologist Gordon Gallup, a taste 
and scent free mark is placed on the forehead 
of the animal. When the “victim” wakes up from 
the sedation, it is placed in front of a mirror, 
and if the animal studies its reflection carefully 
or tries to rub off the mark, scientists conclude 
that it is conscious about 
itself and expects the world 
to look in a particular way. 
Countless animals have 
been subjected to the 
mirror test, since it was 
invented in 1970. 30-50 % 
of the tested apes passed. 
Other species made it a few 
times: one elephant, two 
magpies, and two dolphins. 
Dogs, cats, and babies up to 
the age of 15 months fail.

HUMANS WIN
Humans are able to build mental 
models of the world, which are much 
more sophisticated than animals’. We 
can imagine scenarios that predict pos-
sible results of our actions and choose 
the solutions we consider the best.

consciousness

Chimps pass the mirror 
test, in which the animal 
gets a mark on the 
forehead and is placed in 
front of a mirror.

Dolphins are one of the few 
species to pass the mirror test

Ape, elephant, 
dolphin, magpie = 

18-24-month-old child

CHIMPANZEES

JAMES BALOG/GETTY IMAGES



58   |   SCIENCE ILLUSTRATED

T he superhero of materials is what 
graphene has been called by 
scientists, who have only just begun 

to find out how the material can be used in 
wafer-thin, flexible displays, improved solar 
cells, fast computers, and new types of 
medicine. Apparently, there are countless 
possibilities. For instance, scientists are 
developing extra-safe condoms by mixing 
latex and graphene, whose lattice structure 
is so dense that even the tiniest of hydrogen 
atoms cannot pass. Nevertheless, the 
atomic structure of graphene is so flexible 
that the condom experience is improved.

Many experts were surprised to find that 
graphene can exist in free form. In the 1930s, 

prominent scientists thought that such thin 
materials had to be unstable and would be 
destroyed by temperature changes – 
although they could theoretically be 
fantastic conductors of electricity or heat.

In 2002, a scientist, Andre Geim managed 
to extract the material from graphite. Using 
adhesive tape, he peeled off one layer of 

graphite after the next, until 
there was only one layer of 
atoms left: graphene. In 2004, 
he introduced his results, which 
won him the 2010 Nobel Prize 
in physics. The result was a 
global treasure hunt among 
scientists who wanted to 

utilise the potential of the material. According 
to a report, no fewer than 3,018 graphene 
discovery patents had been taken out 
worldwide by July 2011. By 18 months later, in 
February 2013, the number had almost tripled 
to 8,416. Samsung, Nokia, IBM, and other 
multinationals invest in graphene research, 
hoping to revolutionise their industry. 

Graphene atoms 
appear in a flat 
layer of hexagons, 
making the 
material flexible 
and strong at the 
same time. 

In 2004, ultrathin slices of graphite were found to be 
stronger than steel. A decade of scientific research 
has revealed that graphene also features other super 
powers, and in 10 years, it will have improved 
everything from condoms to computers.

SCIENCE'S NEW 
SUPER MATERIAL

1. THIN - graphene is the thinnest of all materials (one atom thick).

2. STRONG - one graphene layer is 200 times stronger than steel. 

3. DUCTILE - graphene can stretch by 20%.

4. ELECTRICALLY CONDUCTIVE - conducts electricity better than copper. 

5. THERMALLY CONDUCTIVE - conducts heat better than any other material. 

6. TRANSPARENT - graphene’s atomic lattice lets 97.7% of the light through. 

7. IMPENETRABLE - graphene is so dense that no atoms can pass. 

8. NON-REACTIVE - graphene is very resistant to acids and bases. 

By Berit Viuf
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Ink enables intelligent clothes 
Clothes with flexible solar cells. Mobile displays that stick 
to skin. Adhesive plaster which monitors wound healing 

and cardiac rhythm. Electrically conductive, graphene-containing ink 
allows for a series of new products. In computers, electronic circuits 

are normally located on stiff boards, but with graphene ink, the 
electronics become flexible. If graphene ink is printed on 

clothes, the circuits can be washed, dried, stretched, 
and wrinkled without being damaged. So, graphene 

can become more durable and conductive than 
electronic ink including silver.

Graphene will be used
in planes, condoms,
and computers
Products including graphene will be commercially introduced in the 
years to come. For example, the material will make clothes smarter, 
computers faster, condoms safer, and medicine more efficient.

Bill Gates of Microsoft 
has invested US 

$100,000 in a scientific project to 
explore all the possible applications of 

graphene. For example, scientists utilise the 
fact graphene’s dense lattice structure does 

not allow the passage of even the smallest 
hydrogen atom. They have mixed 

graphene with latex, hoping to make 
condoms which are thinner, stronger, 

and more flexible than the ones 
available today. 

Normally, it 

takes 40 

years for a 

material to move from 

labs to industry. but 

companies such as IBm 

and samsung are 

already using graphene.

Andre Geim, The Times of India, 2013. 

Scientists have created a type of ink including graphene that can be printed on 
textiles. The ink allows the creation of flexible electronics on clothes. 

Tape leads to Nobel Prize
In 2004, a simple experiment 
with adhesive tape and 

graphite led to the discovery of graphene, 
winning scientists Andre Geim and Konstantin 
Novoselov the Nobel Prize in 2010. The two of 
them used the tape to peel off graphite layer by 
layer, until they were left with a layer the thickness 
of one atom – and voila: graphite had been 
converted into graphene. The material is based on 
carbon and appears in a flat, hexagon pattern, 
which resembles chicken wire at the atomic level. 

F. TORRISI ET AL.

ANDRE GEIM

Rubber becomes 
durable and thin 
at the same time 

computers faster, condoms safer, and medicine more efficient.computers faster, condoms safer, and medicine more efficient.computers faster, condoms safer, and medicine more efficient.

Super condoms including 
graphene can make sex 
safer and help fight AIDS.
THINKSTOCK
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Sturdy film protects houses
Building facades no longer need to degrade. 
The same is true for cars, bicycles, 

fences, or anything else falling victim to nature’s eternal wear. 
If surfaces are equipped with a thin layer of graphene, they will 

become up to 100 times more resistant to corrosion. It can be 
done, as graphene sticks slightly to both rough and smooth 

surfaces. Two dry materials on top of each other will 
normally only have physical contact in a few places. But 

graphene adjusts to the surfaces it gets in contact 
with – sort of like fluids bind to surfaces. So, the 

challenge consists in making graphene flakes 
that are big enough to cover more 

voluminous surfaces such as houses.  

Very light planes built with plastic parts. Not toys, but 
real aircraft: graphene can make it happen. Graphene 

mixed with plastic produces very light, super strong plastic materials 
(composites), which can replace the metal parts used in planes, cars, or 
houses. Moreover, the plastic materials can be 3D printed into complex 
shapes that allow them to conduct heat and electricity. Scientists have 

already introduced prototypes of light-weight, 3D printed plastic 
heat exchangers in cars. Heat exchangers are normally made of 

ordinary metal, which is more vulnerable to corrosion. Very 
light plastic materials will also lower the weight of cars, 

reducing petrol consumption and CO
2
 emissions. 

 The stiff displays of modern smartphones could become 
outdated once new, flexible screens hit the market. 

Modern displays take up a lot of space, and they are heavy and sensitive 
to blows and rain. Graphene solves these problems, as the material 

is thin, transparent, light, bendable, and electrically conductive. 
In short: perfect for screens that will bend like a piece of paper. 

Future graphene displays can be folded and placed in a 
pocket – or stuck to the living room wall, the office wall, 

or the car window like a poster. Moreover, graphene 
is so strong that the displays will not break 

if they are dropped on the ground. 

no matter 

which one of 

graphene’s 

many qualities you choose 

to study, you will end

 up with magic. 

Andre Geim, Nobel Prize interview, 2010.

As graphene is only 0.3 nm 
thick, it is invisible to the 
human eye and can be 
used in displays. 

litres of fuel could be saved annually, and CO₂ emissions 
would be reduced by 23 million tonnes, if electrically 

conducting plastic were included in European cars.

10 BILLION

ASU

THINKSTOCK

Displays bend like paper

Plastic planes are no longer toys

1
g of graphene 
can be spread
to cover several 
soccer fields. 
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More efficient solar 
cells and batteries

 Existing solar cells are not as 
efficient at converting sunlight 

into electricity as solar cells including graphene could 
become. Today, silicon is used in solar cells; a material that 

is unable to capture the entire light spectrum. Graphene 
can do it, producing more energy per light photon captured. 
In theory, this quality allows us to make much more efficient solar 
cells. Scientists have also discovered that graphene can be used in 
long-life batteries, as the material can be electrically charged 
very fast and holds the charge for a long time. 

Many scientists believe that the 
greatest potential of graphene involves 

making electronics radically faster. A graphene-based 
transistor with frequencies of 400+ gigahertz has already been 

made in an MIT lab. In comparison, a fast home computer runs at 
4GHz today. The frequency is increased, as graphene is so thin that 
the electrons move fast and without friction on the surface – much 
faster than on silicon, which is the main constituent of modern computer 
chips. But the low frictional resistance of graphene involves a big 
challenge: the material conducts electricity a little too well. Computers 
solve problems by means of transistors that alternate between 0s 
and 1s. This process involves that electrons can be slowed down, 

but graphene is such an eminent conductor that they are 
almost unstoppable.

Graphene can cause 
2-3 electrons to 
be released, when 
sunlight hits a surface.

Graphene can kill bacteria and viruses by “vacuum-packing” 
them. In experiments, oxidized graphene flakes demonstrated a 

marvellous ability to fold around bacteria, efficiently isolating them. As no mole-
cules can penetrate graphene, the bacteria get no oxygen and die. 

In this way, scientists have reduced diseases in for example tomato plants. 
Experiments have also been carried out with cancer cells, 

in which graphene ”hugged” and suffocated them. This is a 
completely different treatment method than the chemical 

drugs we know today which smash molecules to 
pieces. Graphene drugs are a new field of 

research, and scientist still need to find 
out how graphene leaves the body.

CLAUS LUNAU

THINKSTOCK

USAF

Graphene

Bacterium

Much faster computers

Graphene kills diseases

The focus on graphene is quite sensational, 
given the fact that the material is most 
frequently made from graphite (like pencils), 
which is not immediately very fantastic.

The fine-grained mineral originates in 
metamorphic rock, primarily gneiss or 
phyllite, which has been subjected to 
increasing pressure or temperatures. 
Graphite is sustainable compared to the 
more rare earth minerals often used in 
electronics. If industry increased the use of 
graphene in products, environmentally 
damaging mining could be avoided.

The mass production of graphene is a 
challenge. At the moment, so-called 
chemical breakdown into the graphene oxide 
composite is the most efficient way to 
graphene. But the method reduces the 
quality of the end product markedly. The 
quality remains high with the use of the 
mechanical exfoliation method, involving 
that machines “shave” carbon down to one 
layer of atoms. But this method makes it 
difficult to produce graphene sheets big 
enough for industrial use.

Many resources go into overcoming the 
challenges. The Graphene Flagship is the 
EU’s biggest research initiative so far. Over 
the next 10 years, a team of leading 
scientists ”armed” with EUR 1 billion will 
reinvent everything from the production to 
the use of graphene, aiming to revolutionize 
several industries and create economic 
growth and jobs in the EU.

We will not run out of graphene any time 
soon, as it can be extracted from just about 
any carbon-containing raw material. 
Scientists have extracted graphene from 
plants, cookies, and even dog poo.  
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Biologen Gerald Fink har 
på de amerikanske 
 myndigheders vegne 
 udarbejdet en liste med en 
række forsøg, som forskerne 
bør undgå at udføre.

SHUTTERSTOCK
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W hat is the risk of terrorists using 
biotechnology to make weapons of mass 
destruction? This question concerned 

Americans very much after the 9/11 terror strike in 
2001. It made the US authorities ask Gerald Fink, a 
reputed biologist of the Massachusetts Institute of 
Technology in Boston, to prepare a report concerning 
the risk. In his report, Fink warns of types of 
attempted strikes that could be used against 
mankind. Scientists are advised against carrying out 

these experiments before seriously considering 
whether terrorists could abuse their results.

Nevertheless, several scientists ignored Fink’s 
warnings. A few years ago, scientists chose to alter a 
lethal bird flu virus, so it could not only attack birds, 
but also humans. They created a killer virus which 
could spread to more than 40% of the population in 
3 months. The scientists published their results, and 
the formula is now freely accessible to anyone. What 
else should science avoid?

SCIENCE'S 
NOT TO DO LIST:

Recreate ancient lethal virus 
Make microorganism more hazardous 
Make vaccine ineffective 
Make bacterium resistant 
Create aggressive new killer virus 

science
    lethal    

By Gorm Palmgren
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Recreate lethal virus
Humans have no resistance, and scientists have no experience with the disease in animals. 

Make microorganism more hazardous
With a few changes, a harmless virus could become a dangerous killer.

DANGER LEVEL

T he US Centre for Disease Con-
trol and Prevention, CDC, aim 

sto protect people’s health, but in 
2005, one of their scientists 
shocked the world. Terrence 
Tumpey had recreated the flu 
virus responsible for the Spanish 
Flu, which ravaged the world in 
1918 and claimed as many as 100 
million lives. The virus had 
become extinct with its victims, 

but the scientist had iso-
lated small fragments of 
the virus’ genes from vic-
tim tissue samples and 
recreated a living version 
of the virus. Mice began 
to die just three days 
after they had been 
infected with the virus, 
and after five days, all 
were dead.

Less than 100
100-250
250-500
More than 500

FATALITY RATE
Per 100,000 people)

Virus would rage everywhere
Up to 33 million people would die if a recreated flu virus 
were to spread in the world. One million people would lose 
their lives in the EU, US, and Australia, and 10 million would 
die in developing countries. 

EXTINCT VIRUS REVIVED

 33 million 

 people would die 

The Spanish Flu killed 50-100 
million people in 1918-19.

WORST CASE
 If terrorists were to 

use the scientist’s 
results, they would 

have a formula 
describing how to 
make a virus with 

the same lethal effect 
as smallpox.

I n 2002, Ariella Rosengard of 
the University of Pennsylva-

nia, USA, wondered why the 
smallpox virus kills 40 % of all 
the infected, whereas the 
closely related vaccinia virus is 
harmless. She suspected a 
specific gene, SPICE, so she 
tried to alter the vaccinia virus’ 
harmless variant of the gene 

slightly, so it resembled the 
smallpox virus’ gene more. 
With only 13 minor changes, 
the gene was transformed, 
becoming 100 times more 
aggressive and having the 
potential to convert the harm-
less virus into a killer. 
The scientist never entered 
the gene into a virus.

HARMLESS VIRUS GETS LETHAL WEAPON

WORST CASE
If the recreated flu 

virus were to 
escape the 

laboratories, 
millions of people 
would die, and a 

100-year-old 
tragedy would be 

repeated. 

Smallpox became 
extinct in 1980 
due to efficient 
vaccines.

DANGER LEVEL

OTIS HISTORICAL ARCHIVES NATIONAL MUSEUM OF HEALTH AND MEDICINE

CLAUS LUNAU

BSIP/GETTY IMAGES



Make vaccine ineffective
Illness could kill millions, before scientists found a new vaccine.

I n 2001, Ronald Jackson from 
Canberra, Australia, had 

quite a surprise. He was 
researching methods for steri-
lising mice. The strategy was to 
have female mice develop anti-
bodies against their own eggs. 
The mice were subjected to a 
weak version of smallpox virus, 
which they had already been 
vaccinated against. The virus 

had been supplied with two 
genes to make the immune 
system develop antibodies. 
But the experiment did not 
work out as expected. The mice 
fell ill and died of smallpox. 
It turned out that the gene in 
the customised smallpox virus 
prevented the immune system 
from fighting it, making the 
vaccine ineffective.

SUPER VIRUS DEFIES VACCINE
The smallpox vaccine has saved millions of lives, 
but lab mice died, though they had been vaccinated.

DANGER LEVEL

WORST CASE
If terrorists could 

modify the 
smallpox virus, so 

the vaccine that we 
have today became 

ineffective, they 
would have an 

awful weapon of 
mass destruction.

Smallpox virus 
is kept in a few, 
heavily guarded 
laboratories.
BSIP/GETTY IMAGES

Before smallpox was 
eradicated, the disease 
had claimed around 500 
million lives.
THINKSTOCK
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Make bacterium resistant 
If antibiotics were rendered ineffective, infections could be fatal.

DANGER LEVEL

1. Particularly aggres-
sive  anthrax bacteria are 
cultured in Petri dishes.

2. The bacteria 
are stressed to produce 
infectious spores.

3. The spores are dried and 
ground into a fine powder 
that is mixed with plastic balls.

4. The entire mixture is placed in 
a cluster bomb. The plastic balls absorb 
the heat from an exploding weapon. 

5. When the bombs are 
dropped and explode, the spores 
are spread across a large area.

Bacteria Spores Powder 
with spores

Plastic ball

Cluster bomb
Spore cloud

TERRORIST FORMULA
A microorganism would be seriously dangerous, if it were spread in the population, 
where it could trigger a lethal epidemic. In practice, it would be rather difficult, as a 
multiresistant bacterium cannot resist the heat of a bomb. But that could be solved.

O ver use of antibiotics has already made many bacteria resist-
ant. In the EU, 25,000 people die annually of infections that 

could have been treated, if the bacteria had not been 
resistant. Doctors particularly fear Methicillin-resistant Staphylo-
coccus aureus (MRSA), which is extremely difficult to fight and 
causes flesh wounds, vital organ injury, and pneumonia. A new 
resistant organism would be a lethal weapon in the hands of ter-
rorists, but no scientist has yet been able to create one in the lab, 
and terrorists would hardly be able to develop one on their own.

FLESH WOUNDS KILL 25,000 PEOPLE A YEAR
WORST CASE

Well-meaning 
scientists could 
create potential 
weapons, if they 

developed resistant 
viruses and 

bacteria, trying to 
understand how 

resistance is 
developed.

Antibiotics 
block cell
wall enzyme

Dividing 
bac-
terium

Daughter cell 
partly without 
cell wall

Antibiotics

Altered 
cell membrane 
enzyme

Daughter cell
with intact 
cell wall

Bacterium hides from antibiotics
The appearance of the MRSA bacterium has changed, 
so antibiotics will no longer consider it a target and cannot affect it.

NONRESISTANT BACTERIUM
Antibiotics block out an enzyme that builds 
bacterium cell walls. When the bacterium 
divides, daughter cells lack cell walls and die. 

RESISTANT BACTERIUM
If the cell wall enzyme changes shape, 
the antibiotic cannot recognise it. The 
bacterium and daughter bacteria live on.

CLAUS LUNAU
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Create an aggressive killer virus
Scientists have no defence against an organism that is tailored to attack humans. 

136 million people infected after 85 days
American scientists have calculated how an infectious H5N1 variant could spread across the 
US, if 10 infected passengers arrived at the country’s 14 biggest airports. After two months, 
four million people would be infected per day. Three weeks later, the infection would have 
spread to the entire country, affecting 136 million people or 43 % of the population.

AFTER 65 DAYS AFTER 85 DAYS

WORST CASE
If bird flu virus could 
be transmitted from 

human to human, 
there would be a 

risk of a worldwide 
epidemic infecting 

hundreds of millions 
of people.

I n 2011, scientists intentionally created an 
extremely hazardous version of the H5N1 

bird flu virus. The natural virus can kill both 
humans and birds, but humans can only be 
infected by contact with sick birds. Hence, 
the H5N1 cannot cause an epidemic, and dur-
ing the past decade, it only claimed 400  

human lives throughout the world. But with 
four fateful mutations, Ron Fouchier of the 
Erasmus Medical Centre in Rotterdam, the 
Netherlands, and Yoshi-hiro Kawaoka of the 
University of Wisconsin in the US managed to 
reprogramme the virus to transfer its deadly 
infection from human to human via one sin-
gle sneeze. Scientists believe that thanks to 
their research, we now know the enemy in 
advance, allowing us time to come up with 
the weapons to conquer it.

HUMANS INFECT EACH OTHER DIRECTLY
Scientists have created a version of bird flu which can be transmitted directly 
from human to human. Terrorists could spread the new virus worldwide.

RON FOUCHIER
from the Erasmus 
Medical Centre in 
the Netherlands 
created the virus 
that could kill 
millions of people. 

DANGER LEVEL

TIMOTHY C. GERMANN ET AL./PNAS
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After 65 days, people in 
cities with airports (red) 
would be infected. 
After 85 days, the virus 
would have spread to most 
of the country.

Today bird flu is only 
transferred via birds. Any 
sick birds are destroyed.
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“Theoretically, it is a fairly 
reasonable option that the laws of 
nature allow time travel.”

“Time travel to the past through 
wormholes or any other method is 
probably impossible.”

YES 
According to Amos Ori, 
physicists cannot compellingly 
argue against time travel. In a 
scientific article from 2005, 

the Israeli professor of physics mathematically 
described, how it would, in theory, be possible to build a 
two-way time machine. His idea is based on a doughnut-
shaped vacuum in a ball of matter.

NO 
The prominent British physi-
cist has introduced a “chronol-
ogy protection conjecture”, 
saying that the laws of physics 

have joined forces to prevent us from travelling 
back in time. Quantum physics phenomena will 
make a time machine break down as soon as it has 
been constructed. 

ROUND- TRIP

CAN YOU GO BACK IN TIME?DEBATE·TIME TRAVEL

MICHELLY RALL/GETTY IMAGES

Stephen Hawking, physicist, Centre for Theoretical Cosmology Amos Ori, physicist, Technion – Israel Institute of Technology 

TECHNION, ISRAEL

According to physics, it is 
possible to travel to the 
future. The real challenge is 
going back in time. 
Physicists still debate 
whether Einstein’s theories 
can be bent sufficiently to 
link the present and the 
past. Logic may turn out to 
be a key “floor stop”, as 
chronology is turned upside 
down... when we go back 
and change the past.
SHUTTERSTOCK & CLAUS LUNAU
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I magine walking into a time machine and 
travelling back through the millennia to 
witness dinosaurs roaming Earth. Count-

less films and books have toyed with the 
idea of time travel, but the subject is not 
only of interest to imaginative science 
fiction writers. Prominent physicists also 
study whether time travel is possible, and in 
looking for an answer, they may find out 
how our universe functions at the most 

fundamental level.
The big question is whether, in 

principle, the laws of nature prevent us 
from travelling back in time. Perhaps, 

the make-up of the universe makes 
it impossible to do what is 
necessary to turn back the clock. 
Another possibility is that, 
theoretically, we could jump back 
and forth in time, but the 
difficulties of constructing a time 
machine are so great that, in 
practice, it will never happen. 

SPEED SLOWS
DOWN TIME

We all travel in time every day, but 
unfortunately, we can only travel in one 

direction – forward. The interesting 
aspect is that we do not necessarily travel 

equally fast into the future. Einstein 
discovered that the speed of light is the 
same for all, whereas time and distance are 
relative, depending on whom you ask.

According to Albert Einstein’s special 
relativity theory, time passes more slowly, 
the faster you move. This means that in 
principle, all means of transport are time 
machines which can only travel forward in 
time. The effect is very slight, as long as we 
do not come close to the speed of light. But 
if it were possible to build a spacecraft that 
could be accelerated to speeds close to that 
of the light, we would seriously be

ROUND- TRIP 

Travelling back in time 
makes heavy demands on 
the theories of physics 
and puts logic to the test. 

to the 
past...

By Henrik Bendix

FEATURE | RELATIVITY
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able to travel forward in time. When 24 
hours pass by on a spacecraft travelling at 
a speed of 99.99999996 % of that of the 
light, 100 years will have passed on Earth, 
so a 24 hour trip could bring a time traveller 
to 2114.

Einstein also discovered that the passage 
of time depends on the gravitational field 
that affects us. According to his general 
relativity theory, time passes more slowly for 
a person who is close to a heavy object than 
for a person who is further away. For a person 
aboard a spacecraft closely orbiting a black 
hole or a star, time will pass much more 
slowly than time on Earth, so such a mission 
would function as a trip forward in time as 
compared to Earth time.

SPACETIME BENT ON ITSELF
While time travel into the future is allowed by 
the existing laws of physics, it is much more 
problematic to go back in time – if it can be 
done at all. According to Einstein’s theories, 
it is impossible to travel back in time, but 
other physicists have tried to recalculate his 
equations, searching for a “loophole”.

According to Einstein, time and space 
are inseparably united in so-called 

spacetime, which is not constant and 
unchangeable, but can be twisted and bent. 
Space and time are not independent, but 
are affected by all the matter of the 
universe, and a heavy object such as Earth 
bends spacetime like a ball lying on a 
flexible lattice. It is the bend 
we experience as gravity. 
So, the question is whether 
spacetime can be bent to 
such an extent that there is 
a way through it leading 
back in time. In 1985, 
p hys i c i s t  Ca r l  S a ga n 
consulted his colleague, Kip 
Thorne, on this very question. In a science 
fiction novel, he was writing, there was a 
short cut in spacetime, a so-called 
wormhole, and Sagan wanted to know, if 
such a spacetime link could exist in real life.

After having recalculated Einstein’s 
equations, Kip Thorne concluded that it 
could. The word wormhole had first been 
used by American physicist John Wheeler 30 
years earlier, but Sagan’s novel, “Contact”, 
and Thorne’s calculations became a 
breakthrough for scientific research in 
theoretical time machines.

A wormhole is a kind of tunnel between 
two different positions in spacetime. It could 
be two different places, two different times, 
or both. The travellers enter at one end of 
the tunnel and exit into another time or in 
another place in the universe. Put more 

accurately, the cosmic short 
cut can be described as a 
black hole, in which the 
objects sucked in will not, as 
usually happens, be crushed 
into a point of infinite 
density, but fall out of 
another black hole.

A small black hole could 
perhaps be captured in the universe or 
created in a particle accelerator, and 
according to Kip Thorne, the wormhole 
could, in principle, be constructed, so 
humans or spacecraft could pass through. 
This requires the tunnel to be lined with a 
material, which, unlike ordinary materials, 
expands when touched. Without this 
exotic matter, the wormhole would 
immediately close.

Such a special material has never been 
observed, but no laws of physics say that it 
could not exist. According to some

“I believe that human time travel 
could happen this century.”

“The energy required to bend space 
time is of galactic magnitude.”

NO 
Time travel requires that space 
time bends on itself, providing 
a route back in time. According 
to Moldoveanu, this requires 

too much energy, and so we will never manage to 
build a time machine. A wormhole requires so 
much of a type of negative energy that it cannot 
be provided.

A wormhole links two times by means of a tunnel. 

The traveller is sucked into a black hole in one time 

and falls out through a black hole in another.

YES 
Ronald Mallett is 
convinced that it is 
possible to build a time 
machine, but he stresses 

that we could never travel further back in time than 
to the time when the machine was built. Mallett 
himself has tried to build a small time machine by 
means of circulating laser light, but so far 
unsuccessfully.

THE DUEL WILL IT BE POSSIBLE TO BUILD A TIME MACHINE?

FLORIN MOLDOVEANU

DON HAMERMAN

JEA
N

FRA
N

C
O

IS PO
D

EV
IN

/SPL/SC
A

N
PIX

Florin Moldoveanu, physicist, University of Maryland – College Park Ronald Mallett, physicist, University of Connecticut

Novel made 
physicists 
aware of 

wormholes

TIME TRAVEL
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WORMHOLES
link the present and the past
According to Einstein, all matter bends space and time. A black hole holds a huge amount of matter 
in a very small space, bending “spacetime” to extremes. If two black holes were linked, there could 
be a tunnel between them– a wormhole – linking two places or times.

A wormhole links two 
places in the same village. 
The villagers can take a 
shortcut between the 

school and the church, but the time 
at the two entrances is the same.

One villager in a 
spacecraft flies at a speed 
close to that of the light, 
bringing his end of the 

wormhole with him – it moves in 
proportion to the church.

He reaches a remote 
galaxy with his end of 
the wormhole, now far 
away from the church. 

The other end is still right next to 
the school. 

1

2

3

4
When the traveller 
returns, only a short 
while has passed for 
him due to his high 
speed, but many 
years have passed 
on Earth. The worm-
hole now links two 
different times. 

F U T U R E

PA S T

Galaxy

Spacecraft

Spacecraft

Church

Church

Church

Church

School

School

School

School

Wormhole

MAKE A WORMHOLE · AND USE IT AS A TIME MACHINE

A BLACK HOLE
has a huge mass, bending 

space time to extremes

BLACK HOLE

A WORMHOLE
links two black holes, creating a 
shortcut through the universe.

EXOTIC MATTER
prevents the wormhole from 

immediately collapsing.

SPACE TIME 
can be understood as a net 

bent by heavy objects.

CLAUS LUNAU
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NO 
In 2010, Seth Lloyd made an 
experiment, which he 
interprets as if a light particle 
were sent a few billionths of a 

second back in time to destroy the younger version 
of itself. The experiment demonstrated that it could 

not be done, and according to LLoyd, this 
supported the theory that quantum mechanic 

laws prevent time travel 
paradoxes. This is called the 
banana peel theory – the time 
traveller slips on a banana peel, 
before he manages to kill his 

grandfather.

“No matter how hard you
 try to mess with the past, 
you can’t do it.”

“If you used a time machine to go 
into the past, you would go into 
the past of another universe.”

YES 
According to David 
Deutsch, a time traveller 
does not only travel to 
another time, but to a 

parallel universe. Hence, he could kill his young 
grandfather, as in the world he comes from, his 
grandfather will still be alive. The theory of multiple 
worlds, which is based on quantum physics, 
eliminates the time travel paradox.

CAN YOU KILL YOUR GRANDFATHER BEFORE HE HAD KIDS?

theories, the universe contains so-called 
cosmic strings: a type of ultrathin energy 
threads, which were created in the Big Bang 
and have a smaller diameter than atomic 
nuclei. Theoretically, cosmic strings have the 
qualities required to keep a wormhole open.

WAITING FOR VISITS
FROM THE FUTURE 
Even if scientists find the exotic matter, the 
time machine is still a long way from being 
realised. A wormhole that is big enough for 
us to pass through must be lined with an 
amount of exotic matter corresponding to 
the mass of Jupiter. Nevertheless, the 
wormhole is physicists’ most “realistic” 
theory of a time machine that allows us to 
travel both ways.

Perhaps a highly sophisticated civilisation 
will one day manage to build a wormhole, but 
in that case, it is surprising that we have 
apparently not been paid any visits from the 
future yet. Or maybe it is not so strange. If our 
descendants build a wormhole time machine, 
it cannot, according to physicists’ calculations, 

be used to travel 
further back than the 

time when it was created. If we wish 
to go back to the time of the dinosaurs, we 
must find a wormhole that always existed 
naturally or has been kept open by an 
unknown, sophisticated civilisation.

If we manage to overcome all time 
machine hurdles one day, there will be a new 
question to ask: What happens, if the time 
traveller changes the past? Imagine a billiard 
ball rolling into a wormhole and exiting at the 
other end a few seconds earlier. In this way, 

the time travelling ball would knock its own, 
slightly younger version off course, so it 
would never find the entrance to the 
wormhole. This is a paradox.

A BATTLE OF THEORIES 
The logic paradox must be solved for  time 
travel into the past to be theoretically 
possible The answer could be found in 
quantum mechanics, which describes the 
tiniest of particles. According to this theory, 
two particles can be linked and function as 
one system, though they are separated by 
time and space. Perhaps this links the past, 
present, and future in an unknown way, 
which does not allow paradoxes. Hidden 
forces may prevent time travellers from 
changing the past.

Today, physicists do not know for sure if 
the laws of physics allow us to travel to the 
past, as they do not know the laws well 
enough. Einstein’s relativity theory seems to 
allow time travel, but quantum mechanics 
may turn out to make it impossible. After 
decades of research, physicists still have not 
managed to combine the theories, on which 
modern physics rest, but the very question of 
time travel could hold the solution.  

TIME TRAVELLERS 
WANTED
American physicists 
recently combed Twitter to find signs of 
time travellers. They imagined that visitors 
from the future would have revealed their 
knowledge of future events. The scientists 
for instance searched for messages 
mentioning Pope Francis before he was 
elected, but no time travellers were found.
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Seth Lloyd, physicist, Massachusetts Institute of Technology David Deutsch, physicist, University of Oxford
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PARADOXES
prevent time travel
Time travellers mess up the chain of cause and effect, when 
they change past events. Sci-fi stories concerning time 
travel frequently encounter such a problem. 

BUTTERFLY EFFECT INFORMATION PARADOX

The time traveller 
prevents his own birth
A man travels a few decades back in time and shoots the young version 
of his grandfather. The young “grandfather” had not fathered any 
children yet, so the time traveller will never be born. But how was 
he able to travel back and shoot the grandfather, then?

GRANDFATHER PARADOX

Any slight
change is fatal
A man travels back to the time of the 
dinosaurs and steps on a butterfly. This 
tiny change triggers a chain of events that 
change the course of history over

millions of years. When the man 
returns to the present, the 

world is not the same as the 
one he left. Is time travel 

possible, if any slight 
change affects the future?

2

1
The invention was made in the futureA young man is paid a visit by an old man from the 

future, who hands him the design of a time machine. 

The man spends many years trying to build the 
machine. When he succeeds, he steps 

into it, travels back in time, and hands the design to his own younger version. But who in-vented the time machine?

SHUTTERSTOCK

SHUTTERSTOCK
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76   |   SCIENCE ILLUSTRATED

S ince Albert Einstein died in 1955, brain 
researchers have dreamt of 
discovering how the genius’ cerebral 

physiology differs from other people’s. 
Scientists have already determined that 
Einstein’s brain convolutions fold in a special 
way. And now, this 
1,230g of cerebral 
matter  once again 
attracts attention. 

New studies show 
that Einstein’s corpus 
callosum was particularly 
thick. The discovery 
indicates that the links 
between his two cerebral 
hemispheres were extra strong.

The scientists behind the study are Dean 
Falk, an evolutionary anthropologist of the 
Florida State University, and Weiwei Men, a 
PhD student of the East China Normal 
University in Shanghai. 

They believe that the discovery could 
explain some of Einstein’s genius, as the 
corpus callosum is particularly thick in 
regions that involve abstract thinking,  
senses, motor function, and vision. 

OLD CORPUS
CALLOSUM PHOTO
The fact that Einstein’s brain can be studied 
59 years after his death is due to pathologist 
Thomas Harvey, who performed the autopsy 
at the US Princeton Hospital. Right after 
Einstein’s death, he took out the brain, 
photographed it, cut it in 240 pieces, and 
preserved it in two jars of formalin. He also 
cut off hundreds of slices and placed them 
on microscopy glass. 

Thomas Harvey forgot one thing, though: 
permission. So, the pathologist lost his job. 
After Harvey’s death, his family left the 
collection to the National Museum of Health 
and Medicine in Washington in 2010.

Among the photos were 14 which 
sc ient ists  had not 
previously seen, and  two 
of those included a clear 
view of the corpus 
cal losum,  which is 
located at the centre of 
the brain. Using a new 
method, Falk and Men 
could study it in detail.

The corpus callosum 
consists of 200-250 million nerve fibres that 
reach from one cerebral hemisphere to the 
other. The corpus callosum sees to it that the 
two hemispheres coordinate their functions, 
and the different parts of the corpus callosum 
feature links to several brain regions. From the 
left cerebral hemisphere, the corpus callosum 
obtains the ability to analyse details, and from 
the right the ability to produce general 
impressions. When we speak, words, 
sentence construction, and language come 
from the left cerebral hemisphere, whereas 
the way in which we communicate the 
message – for instance using irony – derives 
from the right cerebral hemisphere.

In the study, the scientists measured the 
contours of the corpus callosum and fed the 
data to a computer programme which 
divided the corpus callosum into 400 
measurable fields. The individual parts were 
subsequently given a colour code indicating 
the number of nerve links between the two 
cerebral hemispheres.

The coloured images of Einstein’s corpus 
callosum were subsequently compared to 
MRI scans of the brains of two control groups. 
One group involved 15  70-80-year-old men 
(Einstein died at 76), all former university 
students and none suffering from dementia. 
The other group involved 52 24-30-year-old 
men (Einstein published four very important 
scientific articles at the age of 26).

Einstein’s brain weighed approximately 
the same as the older control group’s brains, 
but 10 % less than the average of the young 
control group. But still, the corpus callosum 
was thicker in several places than those of 
both groups.  The places in which Einstein’s 
corpus callosum was particularly thick are 
associated with special spatial and 
mathematical gifts.

Hence, the scientists believe that 
Einstein’s genius could have to do with 
stronger communication between the 
analytical  and detai l-or iented left 
hemisphere and the spatial, creative, and 
systemic right hemisphere.

OTHER SCIENTISTS STUDIED 
Studies of other scientists previously 
demonstrated some correlation between 
corpus callosum thickness and a person’s 
cognitive abilities, but the results are far 
from definitive.

The scientists behind the new study 
stress that the unusual brain physiology 
could just be one of several factors and does 
not in itself explain Einstein’s genius. But the 
more details scientists can derive from his 
brain, the better they can understand what 
made Einstein the greatest genius of 
the 20th century.  

Not big, but very 
well connected...
An unusually thick corpus callosum could explain the genius level intellect of Albert Einstein, 
according to the scientists behind a new study of the physicist's brain. The study indicates that 
Einstein had more neural links than other people, which could explain his mathematical talents. 

Right after Einstein’s 
death, Harvey took 

out his brain, cut it in 
240 pieces, and 

preserved it in two 
jars of formalin.

By Antje Poulsen

FEATURE | NEUROLOGY
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2012: THE BRAIN BOASTS 
EXTRA FOLDS

Anthropology Professor Dean Falk 
of the Florida State University and her 

colleagues study the brain convolutions 
in 12 photos of Einstein’s brain and compare 

them to 85 other studies. The scientists conclude 
that in some places of the frontal lobes, the parietal 
lobes, and the occipital lobes, the cerebral cortex is 
more complex than other people’s. 

The most studied of all brains
Previous studies of Einstein’s brain have revealed that it 
differs from other people’s in several ways.

1955: THE BRAIN IS SMALL
Pathologist Thomas Harvey removes the brain 
from Albert Einstein’s skull in connection with 
his autopsy at the Princeton 
Hospital. Harvey finds the brain 
to be normally weakened 
due to age, but rather small. 
It weighs 1230g compared 
to an average of 1400g.

1985: PARIETAL LOBES ARE RIPE WITH CELLS
Marian C. Diamond and colleagues of the University 

of California count cells in tissue samples 
from the brain and compare the number 

with samples from 11 other brains. 
It turns out that the parietal lobes 

feature an unusual number of 
so-called glia cells which pro-
vide support and protection 
for the neurons. 

1999: BIG 
PARIETAL LOBES
Neurologist Sandra Witelson 
of the Canadian McMaster 
University discovers that the 
parietal lobes are 15 % bigger than the 
average and that a furrow is missing. 
Consequently, two small brain regions that 
are usually separated, are not. 

2014: THICK CORPUS CALLOSUM
An examination demonstrates that in several places (orange), 
Einstein’s corpus callosum is extra thick. In broad terms, 
those places can be coupled with special brain regions.

Planning, reasoning, 
and decisions
This part of the corpus 
callosum is connected to 
the frontal lobes. The 
increased activity is 
consistent with Einstein’s 
big frontal lobes, that 
are responsible for 
planning, etc.

Motor function, senses, 
and imagination
The location of the links 
to the parietal lobes: 
the region for motor 
function, senses, and 
imagination. The 
thickening may explain 
Einstein’s abilities as an 
accomplished violinist. 

Comprehension, 
mathematics, and 
textual interpretation
This part of the corpus 
callosum harbours the 
links to the rear part of 
the parietal lobes and the 
occipital lobes, where 
mathematical gifts 
belong. 

EINSTEIN’S BRAIN

LIBRARY OF CONGRESS

NMHM

CORPUS CALLOSUM

The pathologist who performed an 
autopsy on Einstein took out his brain 
and cut it in 240 pieces. 
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TOP 10 Most important
space missions
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A giant step 
for mankind
One fifth of the people on Earth watched as Neil Armstrong 
first set foot on the Moon on 20 July 1969. Never before had 
a human being landed a craft on the surface of another 
world and walked about on it. The Apollo 11 mission was a 
huge victory for the US in the space race against the Soviet 
Union. The entire Apollo programme was a huge engineering 
feat. Many of the inventions and technologies from the 
missions were later utilised on Earth 
for water purification, insulation of 
buildings, and more. The missions also 
brought back scientific material such 
as 382 kg of lunar rock and dust. 
Moreover, the astronauts placed 
scientific instruments on the surface 
such as seismometers for measuring 
motion on the Moon and mirrors for 
reflection of laser beams from Earth. 
Five lunar missions followed Apollo 11. 

On 4 October 1957, the Soviet Union made 
the first satellite orbit Earth. The launch of 
Sputnik 1 seriously triggered a space race 
between the two Cold War superpowers: the 
USSR and the USA. Sputnik was a metal ball 
58 cm in diameter with four radio antennae, 
which produced simple radio beeps. The 
mission provided us with more knowledge of 

the thickness of the upper atmosphere, which 
slowed Sputnik down, and about the part of 
the atmosphere that contains ionised gasses 
and influenced the satellite’s radio signals. 
Sputnik 1 sent signals for 22 days, until it ran 
out of battery. After three months, air 
resistance had slowed it so much that it left its 
orbit to burn up in the atmosphere. 

The Soviet Union took the lead

Technology
Science
Attention

Technology
Science
Attention
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Technology: Engineering value
Science: Scientific value
Attention: Public appeal

Science Illustrated rates the 
most important space missions 
according to three parameters:

Our big base in space
The first module of the International Space 
Station, ISS, was launched in 1998. Six 
astronauts can live in the space station 
for a few months at a time and carry out 
scientific experiments. The ISS is well suited 
for experiments involving the breakdown 
of the human body during long periods of 
weightlessness, which is important for 
future space missions. The construction and 
maintenance of the ISS have also provided 
us with space walk experience.

Probes leave Solar System
The Voyager 1 & 2 probes were launched 
in 1977. They explored Jupiter and 
Saturn, before continuing towards 
the boundary of our Solar System. In 
2012, Voyager 1 left the Solar System 

and became the first 
human object in 

interstellar space.

Surface heat melted craft
In 1970, the Soviet Venera 7 probe was 
the first craft to land and send data 
from the surface of another planet: 
Venus. The probe sent temperature 
measurements for 23 minutes, before 
Venus’ heat destroyed it.

Landed on Saturn's moon
In 2004, the Cassini probe became 
the first craft to orbit Saturn, 
photographing the planet’s rings and 
moons. It also sent a small probe to 
Titan. The probe shot the first photos 
from the surface of a world in the 
outer Solar System. 

Sees universal childhood
After four years in space, the Planck 
telescope in 2013 provided the most 
detailed map of cosmic background 
radiation change so far. The 
background radiation may include 
evidence of the first galaxies. 

Rovers explore Mars
The two small, roving, robotic 
geologists Spirit and Opportunity 

collect evidence that 
there was once liquid 
water on the surface 
of the Red Planet. 

Russian in orbit
The 27-year-old Russian cosmonaut Yuri Gagarin 
became the first human in space on 12 April 
1961, when he orbited Earth once and spent a 
total of 1 hour and 48 minutes in space aboard 
the Vostok 1 craft. Gagarin parachuted seven km 
above Earth and landed separately from the 
craft. His triumph was another Russian victory 
in the space race against the Americans. 

Telescope captures 
the beauty of space
The Hubble telescope was launched in 
1990, and its images of the universe have 
fascinated people throughout the world. It 
has also provided astronomers with pictures 
of galaxies billions of light years away.
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1. True or false: glass fl ows very 
slowly, which is why some old 
windows are thicker at the bottom.

2. Which infamous ‘warty’ 
introduced species, the terror of 
Queensland, has the scientifi c name 
Bufo marinus?

3. Which epidemic has been the 
most deadly in history so far?

4. If you have nerve damage in your 
hands, what is much less likely to 
happen if you take a long bath?

5. Which of the planets in our solar 
system have ring systems?

6. Relative to their size (measuring 
in multiples of body length), which 
creature can jump the furthest in a 
single bound?

7. How can you tell if a fl amingo is 
unhealthy or malnourished?

8. Which has more ca� eine? Co� ee 
or tea?

9. What are the three most common 
mineral elements of granite?

10. Someone with ulnar polydactyly 
has an extra what?

Trivia Countdown (use fewer clues, get a higher score!)
5 POINTS           4 POINTS               3 POINTS                   2 POINTS  1 POINT5 POINTS           4 POINTS               3 POINTS                   2 POINTS  1 POINT5 POINTS           4 POINTS               3 POINTS                   2 POINTS  1 POINT5 POINTS           4 POINTS               3 POINTS                   2 POINTS  1 POINT5 POINTS           4 POINTS               3 POINTS                   2 POINTS  1 POINT

ANSWERS ON p82!

The animal lives in 
groups or troops 
that are usually 
headed by an older 
male, called a 
silverback.

Central Africa is 
the home of all the 
different 
subspecies, 
including a 
mountain version. 

Zoologist Dian 
Fossey spent many 
years studying the 
animals, before 
she was murdered 
in 1985.

The species 
branched off from 
humans 7 million 
years ago and 
shares 98% of our 
genetic material. 

One of the first 
descriptions of the 
species was made by 
anatomist J. Wyman 
and naturalist T.S. 
Savage.

3. ZOOLOGY

Name this 
animal
species

The Royal 
Australian Navy 
has a controversial 
model named after 
Vice Admiral John 
Augustine Collins.

Today, we have 
nuclear-powered 
types. The first one 
was American and 
also named 
the Nautilus.

French author 
Jules Verne wrote 
a novel about 
one. He 
named it the 
Nautilus.

Special types have 
played important 
roles in science, 
including the Trieste, 
which is a so-called 
bathyscaphe.

One of the first 
usable types
of the vessel 
was built by
Cornelius Drebbel 
around 1620.

These mountains 
have many glacial 
cirques, including 
Cirque de Troumouse 
and Cirque de 
Gavarnie.

2. TECHNOLOGY

Name this 
transport

The range 
stretches more 
than 400 km and 
is located on the 
border between 
France and Spain.

The Tour de France 
often visits, 
including climbs to 
peaks such as the 
Col du Tourmalet 
and Luz-Ardiden.

The Garonne River 
has its source here.
The mountain 
range also includes 
the miniature 
nation of Andorra.

The highest peak 
is Pico de Aneto, 
which is located in 
the central part at 
an altitude of
3,404 metres.

1. GEOGRAPHY

Name this 
mountain 
range
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While most ants are happy 
enough digging tunnels in the 
ground or building mounds of 
soil, sticks and pebbles, 

Oecophylla smaragdina colonies like 
something a bit... airier. 

Known as weaver ants, these small 
brown ants with characteristic bright green 
“gasters” (the end segments of their 
abdomen) can build massive nest 
complexes spanning multiple trees and 
containing half a million ants or more.

The colony has two main types of ant. 
Larger “major workers” scour the forest 
floor for small insects, while the smaller 
“minor workers” care for larvae in the nest 

TREE WEAVERS

Weaver ants are also found in South 
East Asia and central Africa, but only the 
Aussie ants have bright green bums. One of 
the wonders of evolution!   

and also “milk” scale insects for 
carbohydrate-rich honeydew.

Weaver ants aggressively defend their 
nests and will swarm potential predators. 
Fortunately, they don’t have stings. But 
unfortunately they have sharp mandibles 
and will spray formic acid into a bite wound, 
which can feel extremely... unpleasant.

Because of the many different roles in 
the colony and the different sizes of ants, 
coupled with their amazing architecture, 
scientists call these ants “eusocial” 
insects. Eusocial is Greek for “good/real 
social” and means these ants - like many 
other species - exhibit the highest levels of 
social organisation among animals.

Trivia answers: 1. False. The windows were made that way. 2. The cane toad. 3. The 1918 Spanish Flu (second wave). 4. Your fingers won’t wrinkle in the water. 5. Jupiter, Saturn, Uranus and Neptune. 6. Its 
feathers are white or very pale pink instead of vibrant pink. 7. The flea (220 times body length) 8. Tea by weight, but we tend to drink it much weaker than coffee. 9. Feldspar, quartz and mica. 10. Little finger 
(usually on each hand) Trivia Countdown: Name this mountain range: The Pyrenees Name this vessel: Submarine Name this animal species: Gorilla

STICK (INSECT) OF GUM
This peppermint stick insect (Megacrania 
batesii) is also from far north Queensland 
and eats pandanus plants. Give one a poke 
and it will squirt out a milky substance 
that smells strongly of peppermint-
flavoured bubble gum. 
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SPECIES: Oecophylla smaragdina
COMMON NAME: Weaver Ant
SIZE: 8-10mm (major worker)
DISTRIBUTION: Far northern Australia
NOTABLE BEHAVIOUR: Builds elaborate 
nests in trees out of leaves and
larval silk.
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