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The world’s billionaires are eyeing the 
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Have you heard about 
nuclear fusion? 
It’s this amazing 

new way of generating 
electricity that creates no 
pollutants and leaves no 
nuclear waste. And it’s just 
50 years away!

Of course, sustainable useful fusion has been 
50 years away for about the last 70 years. And 
because of this, there are people who think the 
technology will never amount to anything and 
will always be a pipe dream.

Yet governments - historically in Europe and 
the US and more recently in China - continue 
to invest billions in building experimental 
fusion reactors. China’s rather cutely-named 
Experimental Advanced Superconducting 
Tokamak (EAST) has hit various operational 
milestones this year; the International 
Thermonuclear Experimental Reactor in 
France is on track for a 2020 opening; and the 
National Spherical Torus Experiment Upgrade 
(NSTX-U) in Princeton continues to do important 
experimental work in fusion plasma creation 
and containment. 

All these projects are massive, in both 
dollar terms and the sheer size of the toroidal 
”tokamak” magnetic containment systems that 
hold superheated plasma. But others are working 
on so-called ”compact fusion” devices, including 
Lockheed Martin’s famous Skunk Works.

Yes, there is a LOT of human e� ort being put 
into fusion right now.

And yet despite this, politicians and public 
fi gures deride fusion, and repeat the familiar 
mocking mantra: ”It’s always 50 years away.”

What these non-scientists don’t release is 
that the ”problem” of creating and sustaining a 
fusion reaction to create surplus energy is many 
orders of magnitude harder than nuclear fi ssion.

A quick recap: fi ssion - our current nuclear 
power technology - creates energy by allowing 
unstable Uranium atoms to decay and release 

a bunch of waves and particles, among which is 
energy as heat which turns water to steam and 
drives a turbine.

Fusion on the other hand occurs when 
hydrogen and then helium atoms are smashed 
together to create new elements and, in the 
process, release lots of energy which again 
we’d use, when making electricity anyway, to 
drive a turbine. 

Our current level of understanding means 
it’s fairly easy to create an unstable fusion 
reaction. Our thermonuclear weapons are the 
most destructive example of that, but we can 
also fuse atoms in particle accelerators and 
also in devices that basically shoot a bunch of 
high-powered lasers.

Nuclear fusion occurs in the heart of the 
sun, where fi rst hydrogen and then helium are 
crushed together under the force of the sun’s 
incredible gravity (to compare: the force that 
keeps you on the ground on Earth is 1g. At the 
surface of the sun it’s 28.02g and close to the 
core - which contains 34% of the sun’s mass - 
the pressure is a mind-melting 265 billion bar.) 

The point of mentioning this is that all 
the sun’s pressure and gravity contains the 
superhot plasma and keeps the fusion reaction 
going. Here on Earth, the lack of pressure and 
intense gravity is good for, you know, living, but 
not so good for sustaining a fusion reaction.

So these massive fusion projects must solve 
the problem of how to contain a superhot 
plasma inside (in the absence of gravity) an 
intense magnetic fi eld. That’s not an easy 
problem to solve, but it is one we’re working on, 
and it’s a problem with a potentially huge payo� . 

Yeah. It’s going to take longer than 50 years. 
But be fair: if back in the 1990s scientists told 
the truth, that fusion wouldn’t be an everyday 
power source until well into the next century, 
would they have been given ANY funding? 

Anthony Fordham
afordham@nextmedia.com.au
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Engineers inspect the gold-plated primary 
mirror one final time, before the James Webb 

space telescope is turned to install the instruments 
on the other side. The telescope is on track to launch 
in 2018. Its primary mirror is six times larger than the 
Hubble telescope’s, and will capture more infrared 
light, so we can peer further back in time and space. 
Expansion of the cosmos causes light waves from the 
most remote galaxies to stretch on their long voyage 
to Earth in a process called "redshift", and they are 
only observed as infrared light.

A vast mirror to unlock  
the secrets of the universe

Photo // NASA
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MEGAPIXEL | BUBBLES

On the floor of Lake Abraham, Canada, 
bacteria feast on dead animals and plants. 

The organic material is the remains of the landscape 
that existed before the lake was formed by 
construction of a dam, and organic deposits in the 
permafrost, which thaws slightly in the spring. The 
material is consumed by bacteria, that produce 
methane gas and bubbles. In the winter, the gas is 
trapped under the ice, and as the ice thickens, the 
gas bubbles are trapped in stages, making it seem 
as if they were stacked.

Decay and bitter cold  
create strange beauty

Photo // Vicki Mar
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NEWLY-DISCOVERED "MOSS" LIZARD 
DNA analyses have revealed an unknown lizard 

species of the genus Anolis in the Dominican 
Republic. The lizard is a camouflage expert; its 

greenish and brown scales are the 
colour of moss-covered 

branches. The 
lizard's body is 

13.4 cm long, 
and its tail 

grows to be 
18 cm. The 

new lizard is a highly 
endangered species.

This computer image of a watery 
Mars is a little misleading: 

obviously all the impact craters 
would not have been there. 

A sea also means a water 
cycle, which creates clouds.

Giant tsunamis 
battered Mars 
Coast lines in the Red Planet’s northern 
hemisphere show signs of two monster waves, 
which struck over 3.4 billion years ago.

 ASTRONOMY  A huge wall of 
muddy red water suddenly rises to 
skyscraper altitude, thundering 
toward land with the speed of a jet 
plane. Could this have happened on 
Mars 3.4 billion years ago? 
Scientists from  NASA’s Ames 
Research Centre in California, USA, 
and the Planetary Science 
Institute in Arizona, USA think 
evidence points to yes. 

The rolling monster waves 
carried huge, 10-m boulders 
along, and when the water 
retreated back into the ocean, the 
water cut 20-km-long and 200-m 
wide channels in the landscape.

New satellite photos of the 
northern plains of Mars have put 
scientists on track of the violent 
events that probably happened 
approximately one billion years 
after the formation  of our Solar 
System. At that point in time, the 
Red Planet was probably both wet 
and much warmer than now.

The huge waves
were created when two 
asteroids or comets 
slammed into the cold 
ocean of the northern 
hemisphere of Mars, 
each of them 
producing a crater 
with a diameter of 
approximately 30 
kilometres. The 
impacts triggered 
huge tsunamis, which 
were at least 50 m 
high and in some 
places up to 120 m 
high, according to 
scientists’ calculations.

While the first tsunami 
flooded an area of 
approximately 800,000 square 
kilometres – or about the size of 
Turkey – the other one flooded a 
region of about one million square 
kilometres – corresponding to the 
size of Egypt.
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Editor: Babak Arvanaghi

ENCYCLOPEDIA

930

PROOF 2

PROOF 1

PROOF 3

 GEOLOGY  During volcanic eruptions, 
volcanic lightning may occur in the ash cloud, 
but so far, it has been a mystery how these 
powerful energy discharges are generated.

Scientists from the US Geological Survey's 
Cascades Volcano Observatory have monitored 
the Chilean Calbuco volcano, discovering that ice 
particles play a central role. When the voltage 
difference of the electric charges of water and ice 
particles in the ash 
cloud become too 
large, lightning strikes. 
But it can also happen 
without ice when ash 
particles rub against 
each other, creating a 
difference in charge.


MEDICINE  For the first time 
ever, scientists have managed 
to grow bones in the lab, which 
are anatomically exactly the 
same as the real thing and even 
customised for the patient who 
is meant to receive the bone. 
The scientists behind the 
breakthrough is Gordana 
Vunjak-Novakovic from 
Columbia University in the US.

In the experiment, a pig 
jawbone was grown in the lab 
and subsequently implanted into 
a pig. Scientists hope that cancer 
patients could benefit from the 
technology in the future. 
Patients whose heads/necks 
are radiated risk suffering 
damage to the trachea cartilage 
or the jawbone, and a lab-grown 
bone could correct that.

The pig jawbone was grown 
in a customised mould with 
stem cells from the patient as 
“fertilizer”. It was ready for 
transplant in only three weeks.

Ash and ice produce lightning in volcanoes

Volcanic lightning occurs in most violent eruptions. So 
far, they have been a mystery to scientists.

Volcanic lightning

Pig jaw

Lightning is nature's 
way of neutralising the 
voltage difference 
between the electrically 
charged particles inside 
the ash cloud.

Using stem cells, scientists have 
managed to grow a pig jaw in the lab.

genes determine your love 
of a stiff drink or lack of it, 
according to a new study, 

which concludes that
alcoholism can be genetic. 

Scientists 
grow bones 
in the lab

Boulders and 
channels reveal 
monster waves 
The violent forces of nature 
have left their clear marks on 
Mars, both in the shape of 
boulders located in the 
"wrong" places and huge flow 
return channels in the surface.
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Flow return 
channel

Boulder

Deposit

Deposit

Boulders
When the tsunamis struck, 

huge boulders were carried 
kilometres away from their 

original locations. 

Deposits 
Tongues of deposits tell a story of oceans 
and dramatically changing water levels 
and moving billions of tonnes of sediment. 

Channels
When the water flowed back into the 
ocean after the tsunamis, channels 
were formed in the planet's surface. 
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ASTRONOMY – Saturn's rings

SCIENCE UPDATE

250,000-
year-old flint tools show that our ancestors cooked and 
consumed ducks, horses, and rhinos in the Stone Age. 

Saturn’s exterior ring gets dented – With its vast ring system, Saturn is 
one of the most characteristic planets of the Solar System. But one of the rings has 
received a dent, according to images sent back to Earth by the Cassini probe. 
Scientists think that a jet of material inside the ring, caused the disruption.

And talking of lemurs ...

ZOOLOGY
Young, indri lemur 
males sing out of 
tune, according to new 
research. Probably to 
distinguish themselves 
and stand out in the 
search for a mate.

12   |   SCIENCE ILLUSTRATED

Astronomers find newborn exoplanets
ASTRONOMY  In its search for distant 
worlds, the Kepler telescope has made a 
spectacular discovery: two newly formed 
exoplanets 430 light years from Earth.

One of the planets, K2-33 b, is only 5-11 
million years old and about 0.5 times larger 
than our own gas-giant Neptune. 

The other planet, which is the size of 

Jupiter, is located in the Taurus constellation. 
It orbits very close to its star, so one orbit only 
takes five days. The planet is about two million 
years old, making it the youngest planet ever 
spotted by astronomers. In comparison, Earth 
and the other planets of our Solar System 
were formed about 4.6 billion years ago.

Scientists hope the discovery of the two 
new exoplanets can give us a 
better impression of how new 
planets are formed.

At two million years, one of 
the two newly-discovered 

planets is so young that 
hominids were living on 
Earth, when it was born.

A PLANET IS BORN
Stars form in huge, dense 
clouds of dust and gas, 
which collapse. 
Some of the dust and gas 
collects around the star 
in a flat disc. 
Dust particles collide, 
growing ever bigger to 
finally become a planet.

Among ring-tailed 
lemurs with black 

masks, the females call the 
shots.  They remove food from 
the hands of the males, and if 
males have found a good place 
to sit, they are shooed away, 
so females can take over. 

Lemurs owe their name 
to their odd looks. The 

word lemur derives from Latin 
“lemures”, which means 
ghosts or spirits of the night. 
The special name is due to the 
fact that the animals are 
primarily active at night.

Ring-tailed lemur males 
have glands on their 

wrists, which secrete foul-
smelling liquid, that they rub 
into their tails. When they 
fight over females, they wave 
their tails. The smell deter-
mines who gets lucky. 
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2,000-YEAR-OLD BUTTER FOUND IN MOOR
Technically, this 10 kg lump of butter, which 
has been recovered from a 3.5-m-deep moor 
north of Dublin, Ireland, is still edible. As in, 
it probably won't kill you. Indeed, after a 
span of over 2,000 years, the butter has 
become porous and smells very much of 
cheese. The butter was probably a 
sacrificial offering to the gods.

Diving helmet adds an
extra layer to reality
Transparent display feeds navy divers data, images, and text. It is 
to make underwater missions safer and more efficient.

 TECHNOLOGY  From 2017, when US 
Navy divers go on missions in the abyss, 
they will be wearing high-tech helmets 
that make other diving helmets seem 
out-dated. A transparent display is 
integrated into the helmet’s “windscreen”, 
adding an extra layer to everything by 
means of augmented reality.

The head-up display (HUD) is high-
resolution and located directly in the 
field of vision, so the diver needs not 
look the other way to check instruments, 

read messages, or inspect navigation 
instructions. All sorts of useful 
information about the surroundings 
such as sonar images, charts, videos, 
maps, and task specifications are 
available to the diver, who can 
activate or deactivate the display 
as he or she pleases.

The display can also change position 
and be moved up or down. The intention 
is that the helmet can be used for a long 
series of different diving tasks, including 

construction work underwater, search 
and rescue, and exploration of wrecks.

The sophisticated diving helmet, 
which has been named Divers 
Augmented Vision Display – or just DAVD 
– was developed by the Naval Surface 
Warfare Centre Panama City Division.

The next major project for the 
developers will be to introduce the 
technology into ordinary diving 
helmets, which are used by amateurs
for sports activities.

Like in traditional diving 
masks, oxygen is 
fed into the mask via a 
hose that is linked with 
the mother ship. 

Text messages and 
charts can be 
shown, easing the 
communication 
between diver and 
mother ship.

Sonar images from the 
mother ship on the surface 
are transmitted to the diving 
helmet display in real time, 
guiding the diver to a crashed 
plane, a shipwreck, etc. 

The 3D image of the 
plane is from the mother 

ship's  sonar. Even if the 
water is muddy, the diver 
can clearly see the plane 

which he is to explore. 
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The display, which is 
integrated in the diving 
helmet, is located directly 
in the field of vision. 

The ancient butter has 
been divided into 
several, small knobs. 



3,000,000

Homo erectus  
had huge feet
PALAEONTOLOGY  800,000 years ago, 
a group of our ancestors walked along the 
shores of a major lake in Southern Eritrea, 
leaving their mark for eternity. Scientists 
working in the area, which is now a desert, 
have just discovered their fossilised 
footprints, that are probably the oldest ever 
found from Homo erectus, the ancestor of 
modern man. The footprints are pretty 
large, and if the owners of the feet were to 
have had a pair of shoes, it would have 
been a size 46.5. Our ancestors were 
probably hunting when they left the 
prints. Scientists have found a prehistoric 
track in the same area made by an 
antelope-like animal. The scientists 

DESERT AND SALT PLAIN 
CONSERVED THE PRINTS

The footprints, which come from 
several people, were found in the 
Danakil desert and salt plain in 
Eritrea. 800,000 years ago, they were 
made in wet soil on a lake shore, 
dried by sunlight, and preserved.

behind the discovery are from the National 
Museum of Eritrea and the La Sapienza 
University of Rome, Italy.

AFRICA

Danakil
Eritrea
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SCIENCE UPDATE

substances were tested in the development of a new drug 
that can cure parasitic diseases such as sleeping sickness.

Menstruating rodent could ease fertility treatment
Unlike other rodents, a specific type of rodent menstruates, scientists have 
discovered. The discovery makes it easier and cheaper to test new fertility treatments 
and so, childless women could look forward to improved medication in the future.

MOUSE KEY TO A MIRACLE BABY: Fertility breakthough!
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OLDEST
STONES MADE 
BY ASTEROIDS
The by far oldest "stones" 
on the planet are zircon 
crystals, which are more 
than four billion years 
old. It is a mystery how 
the crystals formed, but 
scientists from the 
Trinity College in Dublin, 
Ireland, have found 
evidence indicating that 
the zircons were formed 
in huge impact craters 
left by asteroids. KE

VE
N
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antelope-like animal. The scientists University of Rome, Italy.

OLDEST
STONES MADE 
BY ASTEROIDS
The by far oldest "stones" 
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behind the discovery are from the National 

If shoes had existed 
in its time, Homo 

erectus would have 
worn a size 46.5.





SCIENCE UPDATE

Nanorods can 
harvest water 

When the air humidity is low, the 
nanorods absorb water, but if it is 
high, the water evaporates.

�TECHNOLOGY  When an 
experiment with nanocarbon 
rods did not work out as 
planned, scientists from the 
Pacific Northwest National 
Laboratory in the US took a 
closer look at the microscopic 
rods, and discovered they lost 
weight as air became humid.

The scientists studied the rods 
under a microscope, confirming 
that odd forces were at play. 
When the air humidity is low, the 
rods suck water like sponges, and 
when the air humidity increases 
to 50-80 %, the liquid is shed 
again, as if moisture were forced 
out of the sponge.

If it becomes possible to make 
"forests" of nanorods, water can 
be harvested from even the driest 
air, such as in deserts, and used 
for drinking. The nanorods could 
also be used in  sportswear, to 
remove sweat from the body.

Games 
improve 
grades

Students who spend their 
spare time playing online 
games are better at 
maths, reading, and 
physics, according to a 
new study from RMIT 
University. 12,000 
students participated.

NEWS FLASH!
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Jumping means worse shocks
An adult eel can give a shock of up to 650 volts to paralyse its prey. When the shock is 
given above water, the concentration is increased, and the shock is even bigger.

�ZOOLOGY  When electric eels feel 
threatened, they may jump out of the water 
and attack by using a series of shocks. Until 
recently, scientists thought that the eel only 
ever attacked underwater.

The scientist behind the discovery is 
Kenneth Catania from Vanderbilt University, 

who researches electric eels and keeps the 
fish in large tanks. Intending to move the 
fish from one tank to another, he put his net 
into the water, and the eels jumped out, 
pressed against the net handle, and gave 
shocks. Later, experiments with a plastic 
crocodile confirmed the discovery.

Scientists have discovered that electric eels can jump 
out of the water and give powerful electric shocks.
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The shock is weaker and takes a 
shorter route through the victim.

The severe shock takes 
a longer route through 
the victim.

When the electric eel is underwater, its 
electric discharges are spread in the water, 
so the shocks are relatively weak.1 When the body is above water, the 

electricity passes directly into the victim 
and must take a longer route through it.

Electric eels attack 
above the water

MODERATE 
SHOCK

VIOLENT 
SHOCK 

2

Electric eels attack 

When electric eels jump out of 
the water, their shocks 
become more paralyzing.
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WHAT IS A TACHOMETER?
A tachometer is an instrument that 
measures the rotation speed of a 
shaft or disc. In our everyday lives, 
we use tachometers as speed 
indicators and rev counters in 
cars. So even though your car 
has a "speedo" and a "tacho", 
they are the same thing, 
but one measures 
crankshaft speed, the 
other wheel speed.SH
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Why do waves 
roll towards 
the shore?
Why is it that waves always roll towards the shore 
– no matter the wind direction?

The wind needs both time and space to 
generate waves. Those conditions only 
exist in open water, and so, you will 
always see the waves move towards you. 
On very still days, and in very sheltered 
bays, there can be no waves at all.

Waves form slowly, as the friction 
between air and water is only slight. The 
transfer of energy takes place, as air 
presses against the front of a wave, 
sucking at its back. Physicists have 
accurate formulas describing how large 
waves can grow. Generally, waves 

increase in height the more windy it is, 
the longer it is windy, and the longer 
the distance affected by wind. That last 
factor is known as “the free stretch”. In 
open sea, in areas where the wind is 
generally high such as the southern 
Indian Ocean, the average wave height 
can be as much as seven  metres.

At some point, when the wind speed 
decreases, the wave height cannot be 
maintained, the waves change into 
swells. The first small, wind-produced 
waves are called ripples or cat's paws.
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?
Pro and prebiotics are two very different 
components of food, which both make sure that 
your intestinal microbiota remains healthy and 
balanced. The intestinal microbiota is the 
microorganisms that exist in the gastrointestinal 
tract, and include bacteria and fungi.

Probiotics are living bacteria such as lactic 
acid bacteria, which establish themselves in the 
gut and curb the growth of disease-causing 
bacteria and generally help the intestines 
remain healthy. Prebiotics are food fibres or 
other indigestible materials, and provide 
nutrition for lactic acid bacteria. The fibres also 
strengthen the small intestine and the colon.

What are pro and prebiotics?

Probiotics are bacteria that benefit the 
intestinal flora. Prebiotics are their nutrition.

WATER-SAVVY?
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Editor: Rikke Jeppesen

Which human-like 
robot is the most 
sophisticated?
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ATLAS 
Boston Dynamics 
Skills: Can open doors, pick up 
boxes and place them on a shelf, 
walk in snow, and rise after falling.

ASIMO 
Honda
Skills: Can kick a football, 
pour tea from a thermos, 
hop on one leg, kill silently...

HUBO 
Team Kaist
Skills: Won the 2015 DARPA Robotics 
Challenge by driving a car, climbing 
staircases, and opening doors.

JULIA 
University of Maryland
Skills: Learns by observing. 
Can mix drinks after watching a 
video of a person mixing drinks. 

ICUB
Istituto Italiano 
di Tecnologia
Skills: Can see, hear,
and react to touch. 
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Why does wet paper 
stick together?

The paper fibres of wet toilet paper 
absorb water molecules, which 
cling to each other like weak glue. 
The water molecules are held 
together by cohesive forces, as 
they are polar and produce 
hydrogen bindings to their closest 
neighbours. The effect is also 
produced in wet hair and sand.

Waves can only form in open 
water. So, they will always 

roll towards the coast.
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WAVES BREAK IN SHALLOW WATER
Water particles move up and down in vertical circular patterns in open water, 
producing wave crests on the water surface. When the waves reach shallow water, 
they bounce off the sea floor. The lower part of a wave loses speed, whiles the crest 
ploughs onward, producing a steep wave, which gravity eventually breaks.

Water particle 
motion

Waves in open water are unaffected. Steep waves break.Waves turn steep near the shore.

video of a person mixing drinks. 

The Atlas robot

Lactic acid bacterium

TOP 5
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Clitoris

Clitoris

Womb

Labia

Labia

Vagina walls

Womb

Vagina wall 
swells

ASK US
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How adhesive is gaffer tape?

INSIDE THE BODY

Gaffer tape comes with different degrees of 
adhesiveness, but according to the 3M 
company, the tape typically has an 
adhesiveness of 502 g/cm width, when the 
tape is used on a steel surface. If a piece of 
5-cm-wide gaffer tape is used on a steel plate, 
you must subject the tape to a load of more 
than 2.5 kg to make it lose its grip.

Gaffer tape also works in space, where 
astronauts participating in lunar missions and 
other projects have attached tools and 
repaired spacecraft with the adhesive tape.

Scientists have not yet come up with a complete 
answer to explain female orgasm. Male orgasm is 
necessary to expel sperm, but women can fall 
pregnant without orgasm. One theory is that it 
encourages the female to keep the male around, as 
humans are vulnerable during early child rearing.

?
What is the biological
purpose of female orgasm?

3 GAFFER TAPE LAYERS
Tape: Gaffer tape is made of 
water-repellent polyethylene 
– the most common type of 
plastic – placed on top of 
heavy-duty canvas.
Glue: The subsurface of the 
tape includes glue based on 
natural rubber.
Resistance: Gaffer tape can 
resist temperatures of up to 
93 degrees C for a period of 
no less than 30 minutes.

Apollo 17 astronauts 
used gaffer tape to 
repair a lunar rover. 
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Gaffer tape

PHASE 1
A R O U S A L

When a woman becomes sexually aroused, 
the afflux of blood to her genital organs 
increases. The blood vessels expand, and her 
clitoris and labia swell. 
Duration: From a few minutes to 
several hours. 

PHASE 2
P L A T E A U

Powerful afflux of blood makes the moist 
vagina walls swell and become solid, 
ready to receive the penis. The clitoris 
becomes so sensitive that it retreats to 
avoid direct stimulation. 
Duration: Several minutes.

PHASE 3
O R G A S M

Rhythmic contractions in and around the 
vagina, and the womb contracts and is lifted 
slightly, so the pressure inside it increases. 
Negative pressure in the womb helps suck up 
sperm. In the brain, the dopamine reward 
chemical and the "hug" hormone oxytocin 
are released, possibly (in prehistoric times) to 
stop the male wandering off and leaving the 
female unprotected!
Duration: Typically only a few seconds.



PORT SAN ANTONIO
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WORLD RECORDS

608,000 kg

Where is the world's largest hangar? The 
world's largest hangar is Hangar 375 (“Big 
Texas”) by the Kelly Field Annex in San 
Antonio, Texas, The hangar, that 
accommodates up to 15 big planes at a 
time, has four mighty doors, each weighing

Where: Texas.

USA

What: The world's 
largest independent 
plane hangar.

Some tropical frogs use 
their eyelids to camouflage 
colourful eyes. In that way, 
they can watch out without 
attracting attention.

Why does my dog seem 
to have an extra eyelid?
When I watch my dog fall half-asleep, it 
looks like she has a third eyelid that comes 
from the side. Does she really?
Many animals have a third eyelid: the 
nictitating membrane, which typically provides 
extra protection. The membrane exists in many 
other animals such as cats and sharks, but not 
in most primates (except lemurs).

Other animals have "custom" eyelids, such 
as tropical frogs, which have eyelids with 
camouflage-like patterns. The lids allow the 
frogs to close their eyes to hide their often very 

colourful and striking eyes, still knowing what 
is going on in the world around them.

According to scientists, humans also have 
the remnants of a nictitating membrane in the 
corner of the eye near the nose. Known as plica 
semilunaris, the small, pink organ protects the 
eye against dust and dirt. It makes mucus, 
which captures dust, pollen, and mild 
pollutants, when they hit our eyes. The 
secretion collects in lumps at the plica 
semilunaris, and is ejected as that yellowish, 
crusty material we simply call "sleep".

ANIMALS SEE WITH 
THEIR EYES CLOSED

Cats have a third eyelid, 
a flexible device, which is 
meant to protect the cornea. 
When a cat senses a threat 
by using its whiskers, the 
eyeball is retracted, 
and the third eyelid is 
pushed forward, across 
the eyeball and the cornea. 
The reflex is important, 
when the cats hunts at 
night and may not 
see branches and other 
hazards fast enough. 

Snakes' eyelids have 
adapted into a transparent 
membrane, the spectacle, 
which covers the eye. So it's 
not that they can't blink 
their eyes. Their eyes are 
always closed!
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Nictitating membrane

Our third eyelid shrank as our eyes evolved "whites" to aid in communication and showingemotion.



250 kg
The world's longest snake was recently discovered by construction workers in Malaysia. 
The huge python is eight metres long and weighs approximately
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When two electrodes 
are separated by a glass 
plate, a spark between 
them will travel around 
the glass, as the air 
molecules conduct 
the flow of electrons. 

1 The electric voltage 
difference between a 
negative and a positive 
electrode increases.

2 At some point, the voltage 
difference becomes high enough 
to ionise gas molecules between 
the electrodes. The molecules' 
electric resistance is 
considerably reduced.

3 The gas molecules enter into 
a higher energy state, when they 
are hit by electrons between the 
electrodes. Energy is released 
in the form of light, when 
the molecules return to 
their basic energy state.

WHAT IS THIS?
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Could meteorites infect 
Earth with alien bacteria?
Theoretically, microorganisms can survive a 
journey through space, but it is highly unlikely that a 
meteorite includes hazardous bacteria.

Scientists have never discovered life in 
meteorites, only complex molecules known as amino 
acids. The amino acids can function as building blocks 
of biological molecules such as proteins, which are 
necessary for all life. But not alive themselves.

Every day, Earth is bombarded with more than 100 
tonnes of dust and tiny particles from space. A 
meteorite is a fragment of an asteroid, which has 
survived the passage through Earth's atmosphere, 
and landed on the surface.
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Scientists have not discovered 
life in any meteorites, 

but many of them include 
metals such as iron.
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Electrode
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Without bees, 
many fruits 
and vegeta-
bles would be 
affected:

• Apricots
• Cucumbers
• Oranges
• Plums
• Cotton
• Beans
• Lemons
• Peaches
• Grape fruits
• Hips
• Strawberries
• Coffee
•  Cocoa beans
• Cherries
• Kiwi fruits
• Onions
• Mangoes
• Nectarines
• Pears
•  Rape
•  Redcurrants &  

blackcurrants
• Sunflowers
• Tomatoes
• Walnuts
• Grapes
• Apples

The world population of honey bees has 
been on the decline since 1950, but since 
the mid-1980s the die-off has sped up and 
scientists are really worried about 
whether the honey bee might go extinct. 
The problem only becomes more severe 
by the fact that throughout the world, 
beehives are increasingly affected by 
colony collapse disorder, in which entire 
colonies disappear.

Honey bees not only produce honey, 
they also pollinate a major quantity of the 
crops we eat. According to calculations, 
honey bees pollinate 70 of the some 100 
plant species that feed about 90% of the 
world population. If the bees went extinct, 
it would probably be a huge problem, as 
most of the fruits and vegetables that we 
consume would disappear. Many wild 

flowers would also go extinct, as honey 
bees collect pollen and nectar from 
hundreds of species. On the other hand, 
pollination of grain crops would continue, 
as they are wind-pollinated.

Plants cannot just replace their 
pollination method or pollination partner, 
so in the short term, many plant species 
would be considerably reduced. In the long 
term, the conditions would probably be 
balanced again, as other insects would fill 
the honey bees’ niche. Several insects exist 
that could take over the pollination of fruit 
trees, but they are much less common and 
will not be able to cover as many plants. 

As a the last resort, fruit trees and other 
plants could also be pollinated by humans, 
but that would limit the production and 
make food prices soar. 
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Bees are in the middle of a crisis caused by climate 
change and disease, and entire colonies die at a time. 
What would happen if no more bees remained on Earth?

What if ...

... all bees died?

Basket

Pollen

Bees collect pollen in 
baskets located on their 
rear set of legs. Pollen also 
gets stuck in other places 
on their bodies, so they 
always leave a little on the 
flowers they visit.

Honey bees build their hives of combs with
cells for eggs, larvae, honey, and pollen.

Bees take
fruit to 

their grave
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The question is no longer whether 
we are going to send people to 
Mars, but rather when. Probes 
have mapped out the planet, 
astronauts are preparing to go, 
and we have the technology.

LANDING
The first settlers arrive to a hostile planet, 
and depend entirely on their equipment.
The first settlers arrive to a hostile planet, The first settlers arrive to a hostile planet, 
and depend entirely on their equipment.and depend entirely on their equipment.

M I S S I O N  Q U E S T I O N S
How is heavy cargo landed?

Can the spacecraft endure the mission?

What will the Martian suit be like?

How to build living quarters?

SPACE | MARS



scienceillustrated.com.au   |   25

The first Martians to 
land in the 2030s will 

encounter a barren 
and hostile landscape.

DETLEV VAN RAVENSWAAY/
SCIENCE PHOTO LIBRARY

The first Martians are ready to put on their spacesuits and 
set up camp in the red dust. Only one last obstacle remains 
before the settlers can land. No government space agency 
has a spacecraft that can land a manned capsule on Mars, 
but a private company has one in the pipeline.

Billionaires send eager volunteers to

CONQUER MARS

By Mikkel Meister
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MARS

AIRBAGS CUSHION 
FREE FALL FROM 12 M

In the case of light and robust cargos such as 
provisions, customized airbags are enough to 
cushion the fall. 12 m above the surface, the par-
achute is disengaged. The airbags are made of 
Vectran fibres, which are about twice as strong 
as Kevlar and able to resist sharp stones and pro-
truding rocks.

NASA’s Jet Propulsion Lab mission 
control staff has stopped 
working. Most are staring at the 

big screen. A few pace around in circles, 
listening to the feverish radio updates.

It is 6 August 2012. 247 million km 
away, a lander has just entered the 

Martian atmosphere at a speed of 
21,000 km/h. Aboard the lander is 

Curiosity, a DKK 15 billion Mars rover. For 
the next seven minutes, everybody in 

mission control can only hope that they have 
thought about everything.
Based on decades of Mars missions, space 

agency engineers have developed a tool box of 
”tricks” to prevent rovers and other equipment 
worth hundreds of millions of dollars to be crushed 
against Mars’ surface. But in spite of several 

successful experiments over the years, landings in 
the red dust are still nail-biting affairs. NASA has 
named the descent through Mars’ thin atmosphere 
the “Seven Minutes of Terror”.

NASA aims to send a group of astronauts to 
Mars in the 2030s. And with humans of flesh and 
blood aboard the spacecraft, the ”cargo” is suddenly 
much more valuable than scientific equipment.

The landing must be as soft as possible and 
within an acceptable distance of the area designated 
as the most ideal for a Mars colony. If not, the first 
Martians could suffer critical lack of water and not 
least fuel for the journey back to Earth.

GROUND-BREAKING CRANE LANDING
Curiosity’s descent and landing gives us an idea 
of the difficulties of landing heavy vehicles on 
Mars. With a weight of about 1 tonne, Curiosity is 

1

3 techniques for a soft landing
The landing is the most critical part of a mission to Mars. The method to be used 
depends on whether the cargo is robust, mechanical, or of flesh and blood. So, aerospace 
engineers have several methods for landing crafts, equipment, and astronauts safely.
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CRANE LOWERS HEAVY AND FRAGILE 
MARS ROVERS TO THE SURFACE

If the cargo is heavy and fragile, such as large rovers, engineers can use the 
skycrane. Shortly before landing, four powerful rockets are activated to keep 
the crane flying. Three 7.5-m-long nylon straps lower the cargo towards the 
surface. The rover unfolds its wheels and is carefully placed in the Martian 
dust. The crane disconnects and flies about 650 m away to crash.

2
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The Red Dragon enters 
the Martian atmosphere

In 2018, the SpaceX rocketmaker will try to land its Red 
Dragon craft using rockets. It will be the first rocket-
controlled landing on Mars and an important test prior 
to a manned Mars mission.

Rocket-controlled landing 
to bring people to Mars

MARS
LANDING

T H E  M O O N

The Martian atmosphere is a little too thin 
to slow down crafts by means of an ordinary 
parachute. Moreover, it is thick enough to 
crush a spacecraft passing into it at a speed 
of 20,000+ km/h. So, landing on Mars is 
much more complicated than on the Moon.

Compared to the challenges of Mars, the 
lunar landings were quite easy. The Moon’s 
very weak gravitational field combined with 
the lack of atmosphere mean that crafts can 
take off again without very much fuel. So, it 
was possible to get the lunar astronauts back 
to Earth again.

Gravity: 17 % of Earth’s

Average distance to Earth: 385,000 km

Approximate travel time: 4-5 days

Atmosphere: None in reality

Magnetic field: None

MARS T H E  M O O N
LANDING

V Sthe heaviest load ever landed on the 
surface of Mars, and consequently, new 
methods had to be employed.

On its way down the upper atmosphere, 
the rover was protected by a heat shield, 
which guarded the vehicle and its scientific 
instruments against temperatures of 
approximately 2,100 degrees C.

At a speed of about 21,000 km/h, a 
customized parachute was released to slow 
down Curiosity to a speed of 1,600 km/h. 
Shortly after, the craft shed the heat shield. 
The rover became visible, and a radar 
scanned the surface to find a suitable, flat 
landing site. At a speed of 290 km/h, the 
parachute could not slow down the craft any 
further, so it was disengaged together with 
the back shell. The rover, which was worth 

Air resistance will gradually reduce 
theRed Dragon’s speed as it 

descends. At a speed of some 2,700 km/h, 
eight SuperDraco rocket engines are 
activated, initiating a sudden slowdown. 

�C�C 40 m above the Martian surface, the rockets 
have slowed the Red Dragon down to a speed 

of about 8 km/h, which is similar to fast walking. The 
module slowly sinks towards the surface, landing on 
legs with integrated shock absorbers.SP

A
CE

X

Capsule gets ready for landing

SPACEX
SPACEX

�A The craft enters the atmosphere at 
a speed of almost 22,000 km/h. Its 

course is adjusted by means of rocket nozzles 
and computer control – known as a guided 
entry. The result is an accurate landing.

�B

3

Gravity: 38 % of Earth’s

Average distance to Earth: 225 million km 

Approximate travel time: 6-8 months

Atmosphere: About 1/100 of Earth’s

Magnetic field: Very weak

The craft slows down
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The parachute detaches, and the landing module lands, protected by 
airbags. By emptying some airbags and inflating others, the module 
rolls to a suitable site. The first robots excavate the foundations.

1
Robots excavate foundations

Living quarters

Robotic excavator

Living quarters roll in position
Like the robots, the three living quarter modules land by parachute and 
airbag. The modules roll to the construction site and place themselves 
on the foundations. Each module has 12 pentagonal surfaces.

2

The pentagonal panels around the living quarter modules unfold, and 
the insides of the modules are inflated. The individual modules are 
linked by air locks. The total indoor area of the base is 93 square metres.

The pentagonal panels around the living quarter modules unfold, and 

The base is infl ated

3
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billions of dollars, 
now hovered 1.5 km 

above Mars ”wrapped” in a 
rocket-controlled crane, which 

opened its nozzles to further reduce 
speed. Finally – flying in the air – Curiosity 
was lowered to the surface, before the crane 
shot itself away, crashing onto the surface at 
a safe distance from the rover.

On Earth, the thick atmosphere 
contributes to the slowdown. Here, a sturdy 
heat shield and parachutes are sufficient to 
make sure that the craft does not catch fire 
on the way and lands softly in the end. On 
Mars, however, the atmosphere is more than 
100 times thinner than on Earth, and so, a 
parachute does not possess enough braking 
capacity for a safe landing.

And as parachutes could not ensure the 
900 kg Curiosity rover a soft landing on 
Mars, the same would be the case with a 
manned spacecraft which would be many 
times heavier.

SPACEX TO GO TO MARS IN 2018
NASA is trying to solve the problem, and the 
American space agency has asked the 
SpaceX rocketmaker to help. The private 
company was founded by entrepreneur Elon 
Musk, who is also the man behind the Tesla 
electric car. For several years, the space 
company has supplied goods to the ISS 
space station for NASA. According to plan, 
the company will also carry astronauts to 
and from the space station from 2017.

Consequently, SpaceX is not a complete 
aerospace novice. The company’s stated aim 
is to help humanity become an interplanetary 
race. According to Elon Musk, the company’s 
spacecraft, the Dragon, is an obvious choice 
for an unmanned mission to Mars already in 
2018. Once there, the Dragon must 
demonstrate an untested landing method, 
using rockets, but no parachutes. SpaceX 
intends to use a modified version of the craft 
for the test mission. The test craft, which has 
been named the Red Dragon, is equipped with 
eight powerful rocket engines that are 

MARS

Robotic excavator
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Robot welds Martian 
dust in place

Robot carries 
regolith to 
the base

The first astronauts must quickly seek shelter from the 
powerful radiation on Mars. A firm of architects has designed 
the first Martian home which will be constructed by small, 
autonomous robots, before the astronauts arrive.

Small robots cover the base
in Martian dust

A team of robots harvest regolith – the top, loose layer of the Martian 
surface. Another team of robots “weld” the regolith to the base panels
using microwaves. The dust keeps hazardous radiation at a safe distance.

Martian dust blocks out radiation

4
Martian dust blocks out radiationFO
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Robot welds Martian 
dust in place



30   |   SCIENCE ILLUSTRATED

The torso is made of a 
multi-faceted material 
that is both light and 
strong. The suit can be 
adjusted at the waist 
and shoulders.

In the back, there is a 
hatch, through which the 
astronaut enters the suit. 
The hatch includes the 
oxygen supply system. 

New spacesuit is
made for walking

The chest and sides of the suit 
are equipped with luminescent 
stripes and symbols. Individual 
 astronauts have unique 
symbols, so they can be 
identified even from a distance. 

The boots are designed like 
sturdy hiking boots, adjustable 
via buckles at the front and back 
to suit the astronaut’s feet. 

The legs are made of a 
flexible material that allows 
astronauts to walk in a 
natural and effortless way 
on the surface of Mars. 
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The exploration of Mars 
requires lots of walking 
and hard work in the red 
dust, so the new Mars 
suits are customized for 
physical exercise.

MARS

The torso is made of a 
multi-faceted material 
that is both light and 

sturdy hiking boots, adjustable 
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Lunar rover paved the way

While the astronauts of the first three 
Apollo missions could only walk and 
jump about close to the lander, the last 
three missions to the Moon could move 
about in the weak gravitational field on 
four wheels.

Apollo 15, 16, and 17 brought 
individual versions of the LRV (Lunar 
Roving Vehicle), which was 
the first vehicle on another 
heavenly body. In order to 

make room for the extra cargo under the 
landing module, the rover and its two sets 
of wheels were folded at the centre . The 
”package” as a whole took up about 1m3.

On the rover’s first mission, Apollo 
15, astronauts Dave Scott and Jim Irwin 
covered 25 km – almost four times as 
far as in connection with the previous 
lunar landings. The top speed was 
about 13km/h.

The lunar rover was designed in record 
time. Only 17 months after NASA had 
chosen the design, the rover was ready. It 
came with an integrated navigation 
system which allowed the astronauts to 
drive out of sight of the landing module 
and still find the shortest route back. 

The trips in the rovers gave NASA 
heaps of experience about driving ”cars” 
on other heavenly bodies, which was 
used in the design of both Martian rovers 
and the next generation of ”cars” for 

carrying astronauts about Mars.

The lunar rover of the Apollo missions was an engineering masterpiece. In action, it was the size of a small car,
but the foldable design meant that it only took up about 1 cubic metre of landing module stowage space.

Apollo 16 astronauts John Young and 
Charles Duke test the lunar rover on 
Earth before launch.

On the way to the Moon, the rover was 
folded under the landing module.
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integrated into the aircraft body. The rocket 
engines were originally developed as a safety 
precaution, which can eject the astronauts in 
the space capsule far away from the booster 
rocket in the case of an explosion. 

However, the powerful rocket engines, 
which have been named SuperDraco, are 
also ideal for landing on Mars, etc., where 
they can provide enough force to slow 
down the craft and ensure the passengers 
a soft landing in spite of the craft’s total 
weight of about 5 tonnes. During the 
descent through the Martian atmosphere, 
the Red Dragon will, according to plan, use 
the same control mechanism as Curiosity, 
making sure that the unmanned craft lands 
within a radius of about 10 km on the 
planet’s surface.

Such is SpaceX’s sales talk, which has 
convinced NASA to participate as a technical 
partner. The Red Dragon mission in 2018 will 
be the first in the history of aerospace, in 
which a private company, not a public space 
agency, lands a spacecraft on Mars. The 
mission can provide NASA with new 
knowledge about how future manned crafts 
can land safely in the Martian dust.

NEW NASA ROCKET SETS RECORD
People’s ”road” to Mars may seem like pure 
science fiction, but actually, it is a step-by-
step project that has been going on for years. 
Countless studies of life in space carried out 
at the ISS space station and different rovers’ 
scientific experiments on the surface of Mars 
constantly add new dimensions to the 

knowledge, which will one day make a 
manned mission to Mars possible.

For NASA, the next step consists in 
constructing new rockets and space 
capsules that can carry astronauts to the 
Red Planet. The 98-m-tall rocket by the name 
of Space Launch System (SLS) and the Orion 
space capsule, which are both under 
development by NASA, are the proof that 
Mars is an imminent destination.

The SLS rocket will be able to supply 
about 20 % more force than even its 
legendary predecessor Saturn V, which sent 
NASA’s astronauts to the Moon in 1969-
1972. Whereas the first version of the rocket 
must be able to lift 70 tonnes of goods, the 
future Mars version will be able to lift at least 
130 tonnes of cargo, according to plan.

MAJOR MILESTONES
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BIOWARE

The large Mars bases of the 
future must be prepared for 
stifling dust storms that could 
embrace the entire 
planet for weeks.

The SLS uses solid-state rockets, in 
which the fuel is located as compressed 
powder along the full length of the rocket. 
The four engines under the rocket’s main 
stage have been inherited from the 
pensioned-off space shuttles, but they have 
had a technological overhaul making them 
more efficient. Each of the two solid-state 
rockets boasts 22 million hp. Moreover, the 
hold at the top has been expanded to 
accommodate Orion, separate living quarter 
modules, robots, and equipment for the 
construction of the Mars base.

The Orion capsule is designed to 
accommodate up to six astronauts, whereas 
its predecessor from the Apollo missions 
could only include three. The capsule is linked 
with a newly developed “Launch Abort 

System” – a life rocket that can immediately 
eject the crew 150 m away from the booster 
rocket in case of an explosion.

The Orion capsule was first tested in late 
2014, when a Delta rocket lifted it into an 
orbit almost 6,000 km above Earth. The 
unmanned test was to provide NASA with 
data about the efficiency of the capsule’s 
shielding from hazardous space radiation and 
test the capsule’s newly developed heat 
shield that can resist temperatures of up to 
2,200 degrees C.

VISITS ASTEROID IN MOON ORBIT
According to plan, the first common SLS and 
Orion launch in 2018 will be a 25 day unmanned 
mission, during which Orion will orbit the Moon. 
The next major step will be in the mid-2020s, 

when a manned mission is to visit a large 
asteroid boulder, which NASA’s ARM (Asteroid 
Redirect Mission) robotic vehicle has removed 
from an asteroid a few years previously and 
entered into orbit around the Moon.

Both missions function as preliminary 
exercises, allowing NASA to thoroughly test 
the equipment before the first manned 
mission to Mars in the 2030s.

The conquest of Mars will not stop with a 
solitary outpost inhabited by a handful of 
astronauts. In the longer term, the major 
engineering project of our Solar System will 
begin. The atmosphere will be filled with 
greenhouse gases to produce global 
warming, melting the ice, so plants and trees 
can grow, and people can breathe on a blue 
and green version of the Red Planet. 

MARS



THE AIR ON 
MARS IS

100
TIMES
THINNER THAN ON 

EARTH
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Huge dust storms threaten 
astronauts’ equipment 
Dust storms on Mars could embrace the entire planet for 
days, threatening to destroy astronauts’ equipment.

About every five years, Mars is ravaged 
by huge dust storms that embrace the 
entire planet. But although science 
fiction books often describe the weather 
on Mars in apocalyptic terms, NASA’s 
observations show that wind speeds 
never exceed 100 km/h. In comparison, 
Hurricane Katrina in 2005 involved wind 

gusts of 270+ km/h. And as the Martian 
atmosphere is abut 100 times thinner 
than Earth’s, Mars storms require much 
higher wind speeds than on Earth to be 
just as devastating.

Nevertheless, dust storms make up a 
challenge to future Mars dwellers. The 
dust could get stuck in moving parts and 

cause problems. A prolonged dust storm 
blocks out the sunlight for weeks, and 
the fine and electrostatic Martian dust 
could settle on the surface of solar cell 
panels, etc., making them less efficient. 
At worst, astronauts’ vital equipment 
could run out of power.

THE WEAKEST LINK
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The North American 
monarch butterfly is one of 

the migrants of the animal 
kingdom. In the autumn, all 
butterflies fly from the Eastern 
US and Southern Canada to 
hibernation areas in forest-clad 
mountains in Mexico. There, 
the monarch butterflies settle 
in several layers on tree trunks. 
The swarm probably includes 
millions of creatures sitting so 

close together that birds and 
other predators have difficulties 
telling the insects apart. Due to 
the high number of creatures, 
the risk to the individual 
butterfly is very limited. 
Moreover, the monarchs’ bright 
warning colours indicate that 
they contain toxic substances 
that do not taste good. In the 
spring, the monarchs fly back 
north again.

Monarch butterfl ies make up a 
confusing orange wall

Starling groups are held together 
by high-speed camera eyes, a vast 
orgy results in billions of locusts, 
and columns of ants kill snakes. In 
the animal kingdom, individuals 
are weak, but in huge swarms, 
starlings, locusts, and ants can 
dominate their environment...

TOGETHER 
THEY ARE 
STRONGER

Monarch butterflies have settled 
three-deep on a tree trunk.
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Every autumn, all monarch 
butterflies go on a 5,000 km 

journey from the US to the warm, 
forest-clad mountains of Mexico.

JOEL SARTORE/GETTY IMAGES

By Lars Thomas & Morten Kjerside Poulsen
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SWARMS

Every evening at sunset, some 1.5 million bats take flight from 
the Congress Avenue Bridge in Austin, Texas.

The large ”body” of starlings makes it 
difficult for birds of prey to pick out a target.

Thanks to their very special eyes, starlings can fly fast in dense swarms, 
which swerve back and forth in the air, as their eyes function as high-speed cameras. 

M exican free-tailed bats are 
highly socially minded 

animals, millions of which 
originally lived in caves. But after 
the arrival of humans, they have 
also begun to settle in buildings. 
The Mexican free-tailed bats of 
Florida even prefer human 
structures over natural caves, 
and in Austin, Texas, a colony of 
1.5 million free-tailed bats have 

settled in the Congress Avenue 
Bridge. The animals spend their 
days sleeping in the numerous 
cavities and cracks of the bridge 
structure, leaving to hunt insects 
at sunset. The regular bat flights 
are a major attraction, due to 
which local Texans and tourists 
also flock to the bridge to 
experience the spectacular 
swarm of bats take flight.

Huge bat colony prefers 
to live close to humans 

S tarlings generally breed in large groups, 
but outside the breeding season, the 
team spirit becomes extreme. In the late 

summer, some one million starlings from the 
entire Baltic region and Norway get together in 
south-western Jutland.

The biological explanation of the huge flocks 
is simple – high numbers make up an efficient 
defence against particularly birds of prey. If a 
lonely starling encounters a merlin, it does not 
stand a chance of escaping, but if the merlin 
faces a huge flock of birds, it is difficult for it to 
focus on its prey, reducing the risk of the 
individual starling considerably. On the other 
hand, scientists have found it hard to understand 

how the motions of a group of starlings are 
controlled and why the birds to not collide as 
they speed back and forth across the sky in close 
formation. Studies and computer models show 
that the starlings react extremely fast and that 
their eyes can process a much higher number of 
images per second than human eyes can. 

In other words, the starlings have the vision 
of a high-speed camera. What we perceive as 
continuous motions, a starling sees as a number 
of individual images. 

Consequently, when a bird of prey starts to 
attack, the outermost starling in the group 
reacts, making the rest of the starlings follow in 
a collective evasive action.

Starlings become one organism
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  HANG WITH HUMANS 
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The Malawi lake fly population explosion literally looks like a bomb blast, 
as the insects rise out of the water.

When Malawi lake flies go 
courting, it looks as if 

smoke is rising from the African 
lake. Huge clouds of small, black 
flies ascend from the water 
surface like columns of smoke 
over the lake. The flies find mates 
in the air and make cascades of 
fertilized eggs shower into the 
lake. In this way, as many eggs as 
possible find their way to the lake 
bed, where they subsequently 
hatch without being consumed by 

fish. If the swarms make landfall, 
they can be so dense that it is 
difficult to breathe. The fly clouds 
are said to include billions of 
insects. It is primarily insect-
consuming animals that benefit 
from all the flies, but the people 
around the lake have also learned 
to use the abundance. The flies 
are collected with nets and 
pressed into flat, black “kungu” 
cakes that are baked or smoked. 
Delicious fly cake!

Billions of fl ies have sex in the sky

Fast reactions and 
7 neighbours hold 
the group together

2 According to 
computer models 

and high-speed 
recordings of groups 
of starlings, the 
individual bird only 
keeps an eye on 6-7 
neighbours, adapting 
to their reactions 
accordingly. 

1 The starling’s eyes 
are located on the 

sides of the head, 
resulting in a large 
fi eld of vision, so the 
bird can keep an eye 
on a major area.

3 If each individual 
bird’s reaction is 

observed by 6-7 oth-
ers, one single motion 
such as one starling 
avoiding an attack-
ing bird of prey can 
quickly spread to the 
entire group. 

4 The result is a 
dense ”body” 

of starlings, which 
almost behaves like 
one single unbroken 
organism. 

   SEX SWARM    

  DEFENSIVE WALL 

ZU
M

A 
PR

ES
S/

A
LA

M
Y



SWARMSSWARMS

38   |   SCIENCE ILLUSTRATED

  OMNIVOROUS    HORDE  
The army ant’s impressive 
jaws are an efficient tool 
for piercing and killing 
prey or enemies.

A lthough an army ant can bite, it is not very 
big (no more than 12 mm long), and 
individual ants can only kill prey of a 

certain size. But when 200,000 ants cooperate, 
moving through the landscape in marching 
columns, there is almost no limit to what the ant 
army can kill. Big insects and small vertebrates such 
as rodents and snakes are quickly overpowered and 
killed by the army. The mouth parts of the ants 

consist of several separate parts, but the most 
important ones are the jaws, which are also known 
as mandibles. Unlike other animals’ jaws, which 
move up and down, ant jaws move sideways 
towards each other. Ant army soldiers have 
extremely large jaws that can pierce any enemy. 
The jaws are often so large that the soldiers are 
unable to eat by themselves, and consequently, 
they but must be fed by smaller workers.

Marching micro-army 
is a killing machine
Even the largest tarantula takes flight, when a dense 
column of 200,000 ants march through the jungle.
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Strong jaws build bridges
The majority of the ant army is made up by workers, 
which use their sharp jaws to cut up prey. The jaws are 
also very powerful and can be locked into a folded 
position, enabling the ants to hold on to things for a 
long time. This quality is used by the army ants, when 
they take hold of each other and produce temporary 
nests to protect the queen or build bridges, which can 
lead the ant army safely across cracks in the ground.
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12,500,000,000,000
individuals were included in a swarm of Rocky Mountain locusts observed in 1875. The species has not been seen since 1902.

13-17 yrs
is the time it takes North-

American cicadas to 
grow up. The cicadas have 

synchronised their 
lives so accurately that 

millions leave the ground 
within a few hours or 

days to begin 5-6 
weeks of mating. 

4.8 km3

was the volume of 
the largest herring 

shoal ever observed.Passenger 
pigeon
5,000,000,000 
passenger pigeons 
existed in North America, 
when the population 
reached its peak.
 
30,000 passenger 
pigeons were to be shot in 
on day, if shooters wanted 
to win one of the pigeon-
shooting competitions 
that were popular in the 
US in the 1800s.

260 km2 of forest were 
taken up by the largest 
known passenger pigeon 
colony.
 
40% of all North-American 
birds were passenger 
pigeons in the 1800s.

creatures per m3 
could be included in 
a large shoal of krill.

60,000

75,000
garter snakes come to 
Narcisse Snake Dens in 

Canada every year to mate.

bird droppings are dumped 
annually by a million pairs of 
breeding little auks in Svalbard.

500 
tonnes of

SWARMS
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bird droppings are dumped 
annually by a million pairs of 
breeding little auks in Svalbard.

tonnes of
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D esert locusts live in desert-like 
regions, where food is scarce. 
Consequently, the locusts mostly 

keep to themselves, as too many peers would 
make it difficult to find enough food. In most 
desert regions, it rains sometimes, and the 
rain can trigger a cascade of events. The 
locusts suddenly go from being reserved 
loners to becoming extremely sociable. They 
breed drastically, and soon, they have 

consumed every bit of vegetation in the areas 
in which they live. In order to find more food, 
the locusts need to migrate. They take flight 
and convert themselves into huge swarms 
known as “the 8th plague of Egypt” in the 
Bible. A swarm can cover an area of more 
than 1,000 km2 with a density of 40-80 million 
locusts per km2. Everything is consumed by 
the raging hordes, as they progress, possibly 
ruining the harvest for local farmers.

Stressed out locusts go berserk
Desert rain triggers a sudden explosion in the population of desert locusts, 
making them rub against each other and change in nature.

Locusts become insatiable sex monsters
The conversion from shy, harmless locusts into migrating, raging plagues 
is one of the most radical in the animal kingdom. Indeed, scientists 
originally believed that they were two different species.

2 Rain makes new 
vegetation start to 

grow. The increased, 
but still scarce quantities 
of food make the locusts 
reproduce intensely. 

3 The locusts get in 
close contact with each 

other. They accumulate the 
serotonin neurotransmitter 
in their nervous systems, 
so they get stressed. 

4 The effect of the 
serotonin is so 

forceful that a locust 
becomes yellow and black 
in only four hours and 
even more willing to mate. 

1 The green locusts 
live quiet lives in the 

desert, consuming the 
sparse vegetation. They 
are not very sociable at 
this point in time. 
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The large African herbivores benefit 
from each other across species. 

Wildebeest, zebra, and gazelle graze 
together in huge groups, improving the 
protection against predators such as 

lions. However, the crowding together 
involves the disadvantage that food in a 
specific area is quickly consumed. When 
the grass plains have been ”harvested”, 
the animals have to migrate to new 
places to find more food.

Every year, rain on the savannas of 
East Africa triggers the world’s most 
extensive mass migration of large 
mammals. Some two million 
wildebeests, 500,000 gazelles, 250,000 
zebras, and 250,000 other antelopes 
migrate more than 800 km in search of 
new grass. And as they go along, the 
animals have offspring, find new mates, 
and mate again.

When desert locusts swarm, they can 
consume several hundred million kg 
of plant material a day, much to 
the harm of agriculture.

5 The mood change 
accelerates the 

breeding and so the 
swarming even more. 
Soon, the insects take 
fl ight in huge swarms. 

Rain triggers mass migration

3 million graminivores migrate together 
towards the lush savannas to the north.

After crossing a river full of 
crocodiles, zebras and 

wildebeests speed ashore. 

  EATING MARCH 

  GLUTTONS     
 

The red-billed quelea is the world’s most 
populous bird with a population of at 

least 1.5 billion pairs that all live in Africa. 
Everything takes place in groups. The birds 
mate, forage, sleep, and sing in groups of up 
to several thousand individuals, and groups 
of several million birds are not uncommon. 
Although one bird is only 10-12 cm long and 
weighs 15-20 g, they can cause much harm to 
vegetation and crops together. The birds’ 
ravage has triggered extreme control 
campaigns, which involve placing powerful 
explosives and barrels of inflammatory 
liquids under the trees, in which the birds 
spend the night. The mixture detonates, and 
the resulting fireball kills the birds.

Extreme group 
mentality

Trees with large groups 
of birds are the targets of 
explosive control 
measures.
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The combatants confront each other: The 
simple, well-known, however impractical 
tokamak model versus the sophisticated, 
untested, but efficient stellarator model. 
One of the two reactors is the key to 
successful fusion energy in the future.

New reactor to make the dream 
of fusion energy come true

TOKAMAK
Simple. Symmetrical. 

Hopelessly Impractical?

 PROS:  The tokamak reactorer is the most 
simple design. It is easier to build a large fusion 
power plant with this type of reactor. 

 CONS:  As the magnetic coils are located 
closer to each other on the inside than on 

the outside, the ring is weaker on the 
outside. So far, hydrogen can only be kept 

contained for a few seconds.

V    S

Fusion chamber

Magnet

TWISTED    SISTER
PHYSICS | FUSION
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By Rolf Haugaard Nielsen

 PROS:  In a stellarator, twisted magnets make sure 
that the fuel is affected by the exact same field 
strength from all sides. Theoretically, it can be 
kept stable for months. 

 CONS:  Stellarators are extremely complex 
plants that make up a huge engineering 
challenge. Consequently, they pose a 
considerable technical challenge.

V    S M
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Fusion chamberMagnet

STELLERATOR
Sophisticated. Stable. 
Maybe Impossible?

TWISTED    SISTER
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On 3 February, German Chancellor 
Angela Merkel hit the red button, 
injecting hydrogen into Germany’s 

new fusion reactor for the first time. The 
extremely hot and electrically charged 
hydrogen gas was captured in a magnetic 
cage for a quarter of a second. That doesn't 
sound like a lot, but Merkel’s touch may have 
been the first small step towards taming the 
forces that provide the Sun with energy and 
so towards solving Earth’s energy problem 
once and for all. The day was a huge fusion 
technology breakthrough. 

The fuel of fusion power plants must 
keep up a temperature of no less than 100 
million degrees, and so, the hydrogen cannot 
be cooled by touching the reactor wall. The 
magnetic cage is a must, when hydrogen 
atoms are to fuse into helium, releasing 
large quantities of energy. The 
new reactor, Wendelstein 
7-X, aims to capture 
the hydrogen in 

the magnetic cage for half an hour at a time. 
If successful, that could pave the way for 
power plants, in which fusion fuel can be 
captured in the cage for months. And this 
very perspective makes the new German 
reactor a worthy challenger of the huge 
international ITER reactor, which is under 
construction in France.

ITER is a huge tokamak. The reactor 
project will pave the way 
for many fusion 
power plants 
with pulsed 

power supply systems, in which the fuel is 
introduced into the reactor ring and captured 
in the magnetic cage for a few minutes or, at 
best, for an hour at a time. The cage cannot 
be kept up any longer, and subsequently, the 
reactor ring is completely emptied, and new 
fuel is introduced over and over.

TWISTED SHAPE IS INGENIOUS DESIGN 
The Wendelstein 7-X is a stellarator, in which 

the magnets surrounding the reactor ring 
are twisted into odd shapes. That 

allows the creation of a 
stable magnetic cage, 

w h i c h  c a n 
t h e o re t i c a l ly 

The Wendelstein 7-X reactor’s oddly 
shaped parts were assembled very 
accurately. All welding was computerized.
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Plasma flies freely in twisted shape
In a fusion reactor, the fuel is 100 million degrees hot. The stellarator curbs the high 
temperatures in a special magnetic cage, in which the distance to the fuel is the same anywhere.

Cooling plant around reactor
The reactor has an exterior diameter of 16 metres. 
The reactor ring is surrounded by a cooling plant, 
in which liquid helium at a temperature of down to 
minus 269 degrees cools the superconducting 
magnets around the ring. 250 entrance gates to 
the reactor allow maintenance of cooling plant 
and magnets, injection of hydrogen into the ring, 
and process monitoring.

20 circular 
magnets are 
used to fine-tune 
the reactor ring 
magnetic field. 

50 twisted magnets make 
up the main field, which 
keeps the hydrogen inside 
the magnetic cage. Each of 
the twisted magnets is 3.5 
m tall, weighs 6 t, and is 
surrounded by a necessary 
kilometre-long, 
superconducting cable. 

Plasma is kept stable
The magnetic field from the twisted 
magnets is equally powerful from all 
sides, so the fuel is kept stable in the 
magnetic cage in the reactor ring. The 
ring is shaped so the frozen magnets 
come as close to the 100-million-degree 
hot fuel as possible everywhere, making 
the magnetic cage extremely strong. 
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keep "floating" fuel trapped for ever. This very 
characteristic will be a great practical 
advantage in a fusion power plant that is to 
be operated 24/7, 365.25 days a year. The 
disadvantage is that the design is extremely 
complex, will no doubt throw up many 
technical problems engineers haven't yet 
considered. So, the simpler tokamaks have 
been the darlings of fusion scientists’ since 
the 1960s. But if the new German stellarator 
lives up to expectations, the scores will be 
even immediately before the next long leap 
ahead – a demonstration power plant, which 
is to show that fusion reactors are able to 
generate competitively priced power.

Physicists and engineers from all over the 
world have been working on making the 
dream of generating fusion energy come true 
for the past seven decades, as that would 
mean that we can forget about energy 
shortage for the next 1,000 years. The fuel is 
heavy hydrogen, which can be extracted from 
seawater, and superheavy hydrogen, which is 
made by radiating lithium with neutrons in the 

reactor. Fusion generates so much energy 
that 40,000kg of coal can be replaced by 40 
litres of seawater and 5 grams of lithium – 
about as much as in a smartphone battery.

Fusion energy will not produce radioactive 
fuel waste, which must be deposited safely 
for 100,000 years, and a power plant would 
neither emit unhealthy air pollution nor 
greenhouse gases. In addition, fusion power 
plants are very safe, as there is no risk of out 
of control chain reactions like in a traditional 
nuclear power plant, where the reactor tank 
contains uranium for many months.

Hydrogen fusion can be halted fast and 
efficiently by cutting the continuous supply 
of fuel to the reactor ring. So, the fusion 
reactor will come to a halt in the same way as 
a car engine, which runs out of petrol.

NO MATERIAL CAN HANDLE THE HEAT
The major fusion energy challenge is to make 
hydrogen fuse into helium. To obtain so much 
fusion that the process results in a surplus of 
energy as compared to the quantity of 

1.8-m-
tall man

SEAWATER GENERATES ENERGYFusion energy consumes very 
few resources and is eco-friendly.

SEAWATER
40 l of

HEAVY HYDROGEN FROM

+ 5 G OF 
LITHIUM

can generate just as much energy as

40t of
COAL
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energy used to heat the fuel, temperatures 
of 100-200 million degrees are required. No 
materials can tolerate such temperatures, so 
the fuel must be captured in the magnetic 
cage. To create an efficient cage, we need 
huge, superconducting magnets all the way 
around the reactor ring. The magnets must 
be cooled to a temperature of minus 269 
degrees by means of liquid helium, and the 
frozen magnets must function right outside 
the reactor ring with the extremely hot fuel.

EXPERIMENTS BEGIN IN 2035
So far, tokamaks have been the best solutions, 
but the challenge remains a huge one. At the 
giant ITER test reactor, in which the largest 
superconductive magnets measure 25 m from 
"head to foot" and weigh 400 tonnes, the first 
experiments were meant to begin in 2020, but 
the date has now been postponed to 2025, at 
which point the reactor is to use ordinary 
hydrogen. Experiments with energy 
generation and real fusion fuel consisting of 
heavy and superheavy hydrogen will begin in 

German physicist Hans 
Bethe proves that the 

energy inside the Sun and 
other stars is generated by 
fusion of hydrogen atoms 

into helium. 

Experiments begin in the 
world's largest fusion 

reactor – a stellarator – 
at the US Princeton 

University. The aim is 
peaceful use of hydrogen 

fusion for energy. 

The world's first 
tokamak designed by 

physicist Andrei Sakharov 
is built in Moscow. In the 
1960s, tokamaks produce 

the best results and 
become leading.

The European test reactor 
JET – a tokamak – sets a 

fusion energy world 
record by generating 16 

MW in five seconds.

1938 1951 1956 1997

Fuel
Half the fusion fuel is heavy 

hydrogen with 1 proton and 1 neutron 
in the atomic nucleus. The other half is 
super-heavy hydrogen with 1 proton 
and 2 neutrons in the nucleus. 

Process 
A high temperature of 

100-200 million degrees 
forces the hydrogen atoms 
so close together that they 
fuse into helium.

Result
The fusion releases 1 

neutron and high-energy 
radiation, which is converted 
into heat and power in turbines.

REACTOR 
IMITATES 
THE SUN

1

2

3

Heavy hydrogen Super-heavy hydrogen

Free neutron

FUSION

Helium

In a fusion reactor, 
hydrogen fuses into 
helium, releasing major 
quantities of energy. 

100 years from idea to launch

1956

The JET tokamak sets 
a world record in 1997. 

JET
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Hans Bethe thought of hydrogen 
fusion for peaceful purposes. 

ProtonNeutron
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2035. Physicists wait as long as possible, 
because superheavy hydrogen is radioactive. 
Once they have introduced it into the reactor 
ring, they can no longer send engineers in to 
make repairs or technical improvements. In 
the first experiments with energy generation, 
ITER must keep the fuel captured for a few 
minutes at a time and produce 10 times more 
energy than the reactor consumes.

STELLARATOR WAS ALMOST DITCHED
The aim of the Wendelstein 7-X-stellarator is 
not to generate power, but rather to keep the 
fusion fuel magnetically caged for half an 
hour at a time. If the experiments are 
successful, the capture time could 

theoretically be extended to almost forever 
in future fusion power plants, which could 
operate 24/7 by adding new hydrogen to the 
reactor ring and removing surplus helium.

The first experiments look promising, but 
the construction of the reactor challenged 
engineers. The ring with the twisted 
magnets had to be designed on a 
supercomputer to get a stable magnetic 
cage, and the shape of the magnets was so 
technically demanding that one third of the 
industrially made magnets were scrapped in 
2003, after the Germans had been working 
on them for three years. By then, the project 
was close to being ditched, but Germany 
continued the work, only to discover that the 

construction of the 
tricky helium system 
around the twisted 
magnets was a true 
n i g h t m a r e .  T h e 
components had to 
be changed over and 
over again. A million 

working hours went into building Wendelstein 
7-X. Thankfully, it works.

If the new German fusion reactor is 
succeeded by an energy-generating stella-
rator, this type of reactor could become a 
serious competitor to tokamaks like ITER, 
when fusion energy takes its next leap 
forward. The next step will be construction of 
a demonstration plant, which is to supply 
power to the grid. The choice of reactor will 
be made when the design phase begins in 
the 2030s. The aim is to build the first 
commercial fusion power plants in the 2050s. 
At that point, fusion energy will have been 
underway for 100 years, but then, the huge 
effort will earn the world an almost 
inexhaustible energy source. 

The construction of ITER 
begins in France. The 

huge tokamak will 
generate 10-30 times 

more energy than used 
to trigger the initial 

fusion processes.

In the world's biggest 
stellarator, Wendelstein 
7-X in Germany, hydrogen 
fusion experiments begin. 

The aim is to sustain 
plasma for up to 30 
minutes at a time .

A demonstration power 
plant, which will either 

be a tokamak or a 
stellarator, will show that 

fusion energy can 
generate power at 
competitive prices. 

The aim is that the first 
fusion power plants– 
either tokamaks or 
stellarators – are to 

supply power for the 
power grid.

2010 2016 2040-50 2050-60

The construction of the ITER 
tokamak reactor has begun.

Plasma sustained in 
Wendelstein 7-X for 0.25 
of a second.

IPP

IT
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NAMED AFTER STARS

TOKAMAK STELLARATOR
The name is a 
Russian abbreviation 
of “toroidal chamber 
with magnetic coils”.

The name derives 
from the Latin word 
for star – stella. 
Fusion energy is 
the power plant of 
all stars. 
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The huge Gemasolar solar thermal 
plant in Spain is the first solar power 
plant that can supply power 24/7.
TORRESOL ENERGY

TECHNOLOGY | SOLAR POWER
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In 2018, the world’s biggest solar power plant on the 
outskirts of the Sahara will be ready to supply one 

million people with power. The technology is now so 
sophisticated that solar energy can compete with oil 
and coal. The next step will be large plants in space.

SOLAR POWER
Huge solar power plants can now supply millions 
of people with power – even after dark.

SOLAR CELLS
Scientists are developing a new wonder material 
that can make solar cells much more efficient.

SOLAR POWER IN SPACE
Engineers aim to build solar power plants in space 
and send the energy back to Earth with microwaves.

Solar Power 
Has Some 

New Tricks
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SOLAR POWER

ARCHED MIRRORS: A SIMPLE, 
THOROUGHLY TESTED METHOD

Arched mirror plants are the most 
thoroughly tested technology. The 
mirrors follow the Sun across the sky, 
focusing the sunlight onto a pipe at the 
centre of the arch, in which oil is heated 
to a temperature of 400 degrees. The 
heat is used to power a steam turbine 
and for power storage. 

HIGH TEMPERATURES MAKE 
TOWER PLANTS EFFICIENT

Thousands of mirrors focus the 
sunlight onto a container at the top of a 
tower, heating a liquid to a 
temperature of 1,000 degrees, making 
power generation more efficient. Tower 
plants are more expensive, as the 
mirrors need to rotate east and west plus 
up and down to follow the Sun.

HUGE REFLECTOR DISHES ARE 
THE MOST ENERGY-EFFICIENT

The most recently developed type of 
solar power plant consists of parabolic 
mirrors, which focus the sunlight onto a 
special engine, where 1,200-degree-
hot gas moves a turbine, which powers 
a power generator. The mirrors follow 
the Sun from east to west. Energy 
cannot be stored.

Arched mirrors are the most simple and cheap 
solar power plant technology.

Tower plants are expensive to build, 
but they are better at storing the energy.

Parabolic mirror plants are the most 
recent ones and very energy-efficient.

Mirrors harvest solar heat
Solar power plants consist of thousands of mirrors that concentrate the heat 
of the sunlight. Three types of plants exist, which all have pros and cons.

Arched mirror Parabolic mirror

Flat mirrors
Pipe with oil

Steam engine 
Solar tower
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Mirrors harvest solar heatMirrors harvest solar heat
Solar power plants consist of thousands of mirrors that concentrate the heat 

ARCHED MIRRORS: A SIMPLE, 
THOROUGHLY TESTED METHOD

Arched mirror plants are the most 
thoroughly tested technology. The 
mirrors follow the Sun across the sky, 
focusing the sunlight onto a pipe at the 

in which oil is heated 
to a temperature of 400 degrees. 

HIGH TEMPERATURES MAKE 
TOWER PLANTS EFFICIENT

Thousands of mirrors focus the 
sunlight onto a container at the top of a 

of the sunlight. Three types of plants exist, which all have pros and cons.

SENER

Mirrors heat the sunlight to a 
temperature of several hundred degrees.
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On the Western outskirts of the 
Sahara, a shadow has appeared 
in the desert, which is usually a 

very hot place. In an area of 450+ 
hectares in the Quarzazate region of 
Morocco, 500,000 arched mirrors are 
aimed at the Sun. Instead of the heat 
being wasted in the sand, the mirrors 
capture the sunlight, converting it into 
power that is used in thousands of 
Moroccan homes.

Sunlight includes so much energy 
that the amount that hits us each day 
could provide the entire world’s energy 
consumption... times eight. So, engineers 
and scientists have long been eager to 
find an efficient way to take advantage of 
the great energy potential.

At the same time, the burning of 
large quantities of coal and oil has filled 
the atmosphere with CO2, and the 
nations of the world have agreed to 
reduce greenhouse gas emissions. The 

climate crisis has boosted the 
development, and there is every 
indication that solar energy is heading 
for a major breakthrough.

MOROCCAN SOLAR ENERGY IS HOT
Today, solar energy is generated in two 
different ways. One method involves 
solar cells that take advantage of the 
energy of different wavelengths of light 
to push electrons and convert light 
directly into power. The other method is 
solar power plants. By means of mirrors, 
the sunlight is concentrated, and the 
high temperatures are used to make 
water evaporate, powering steam 
turbines and electric generators.

In many places in the northern 
hemisphere, the sun only shines for 
1,500-1,700 hours a year. Nevertheless, 
solar cells can now compete with wind 
turbines there, because solar panels 
have become more efficient in recent 

years and crucially, much cheaper.
In sunnier countries such as 

Morocco, the second type of solar 
power plants are also well on their way 
to a major breakthrough, as the average 
number of sunshine hours is twice as 
high as in, say, Scandinavia.

So, the North African country is now 
building one of the world’s biggest solar 
power plants on the outskirts of the 
Sahara Desert, where the sun shines 
from a cloudless sky 3,600 hours a year 
in some places. The first of a total of four 
plants opened in February 2016. Once 
the entire complex has been finished, it 
will have a capacity of 500 MW, similar to 
a small nuclear reactor, and be able to 
supply one million people with power.

MOLTEN SALT STORES THE HEAT
The first plant in Ouarzazate consists of 
thousands of flexible, arched mirrors 
that follow the Sun across the sky. At 

Solar plant supplies power 24/7
The Spanish Gemasolar solar 
power plant is the only one in 
the world that can supply 
power around the clock. 
In the daytime, solar heat is 
stored in molten salt, so the 
generation can continue 
during the night.
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Sunlight hits 
the mirrors, 
which reflect 

the light onto a container 
at the top of the tower.

In the tower, molten salt is 
heated to a temperature of 
565 degrees.

The cold tank 
contains 290-
degree-hot 

salt, which is heated 
in the tower. 

The hot tank is 
filled with hot salt, 
some of which is 

converted into power. The 
rest is stored for the night. 

A heat exchanger 
transfers the heat of 
the salt to water, which 

evaporates. Subsequently, the 
salt returns to the cold tank.

The steam turbine 
is activated by the 
water vapour, 

powering the generator, 
which generates power.

Flexible mirrors

Heat exchanger

Turbine and 
power generator

Cold tank

Hot tank
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New material allows 
for cheap record cells

SUNLIGHT PUSHES
SOLAR CELL ELECTRONS

As sunlight hits a silicon solar cell, 
the energy of the light is converted into electron 

motion through the semiconductor material.

The electrons move to the electrode at the top 
of the solar cell, which gets a negative charge.

The electrons leave positive charges known as 
electron holes. They move to the bottom 

electrode, which gets a positive charge.

The voltage difference sends the electrons 
through an external circuit – often the electricity 

grid – from the top to the bottom electrode.
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Red wavelengths

Yellow
 wavelengths

Blue wavelengths
TANDEM CELLS 
CAPTURE MORE LIGHT

Solar cells are much more efficient, if they are a combination 
of two materials which capture light of different wavelengths.

White sunlight is emitted in all 
wavelengths. Modern silicon solar 

cells capture the energy of the light’s red 
and yellow wavelengths, but do not take 
advantage of the blue ones.

A special type of solar cells, tandem cells, 
also absorb blue wavelengths. Today, gallium 
arsenide is used in tandem cells, but it is so 

expensive that it is only used in satellites. 
But a new group of materials known as 
perovskites are cheap to make and have 
the same properties as gallium 
arsenide. Perovskite cells swell in 
water and are dissolved in air in a 
few minutes, so scientists try to 
make them sturdier.

Positive electrode

Electron hole

BOTTOM

TOP

Silicon

Negative 
electrode

1

Electron

A transparent negative electrode 
is located at the top of the tandem cell.

The perovskite top cell functions in the same 
way as an ordinary solar cell. The special material 
converts the blue wavelengths of sunlight into 
power. Tandem cells are more efficient, as they 
absorb a broader light spectrum.

The bottom silicon cell absorbs the red 
and yellow wavelenghts of sunlight.

EFFICIENCY: ABOUT 28%

EFFICIENCY: ABOUT 18%

Perovskite + ordinary solar cell =tandem cell

SOLAR POWER
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the centre of the arch, there is a tube 
filled with oil, at which the sunlight is 
focused to heat the oil.

Apart from generating power, the 
plant includes integrated energy 
storage. Only some of the heat is used 
to generate power. The rest heats large 
tanks of molten salt, which conserve 
the heat until sunset. After dark, the 
energy stored in the salt takes over, 
potentially keeping up the energy 
generation for three hours. In 2018, 
Quarzazate will be expanded by another 
power plant, which is built according to 

another principle. Instead of heating the 
oil of indivi-dual pipes, the mirrors of the 
power plant will reflect the sunlight to 
the top of a central solar tower. A 
container with oil is heated to power a 
power generator, and the surplus heat 
is stored in molten salt. With the 
addition of the tower, Ouarzazate can 
go on generating power for five hours 
after dark.

But that is still not enough. If solar 
energy is to become an alternative to 
fossil fuels, solar power plants must 
generate power for even more hours.

24/7 SOLAR POWER GENERATION
When energy is to be saved for the night, 
arched parabolic mirrors are the most 
thoroughly tested type of solar power 
generation. Most plants function in the 
same way as in Ouarzazate, where the 
surplus heat from the oil is transferred to 
large tanks of molten salt.

The method is reliable, but it is not 
ideal, as the transfer of heat back and 
forth between oil and salt causes 
energy loss. If the oil in the pipes could 
be replaced by liquid salt, the system 
would be much more efficient. This 
model is used at the Andasol pioneer 
plant in Spain, whose energy store is 
sufficient for 7.5 hours of power 
generation after dark.

But the method is technically 
demanding, as the salt hardens at a 
temperature of 290 degrees. So, the km-
long pipes must be kept warm at night 
by means of electric radiators to avoid 
that the system is blocked by hardened 
salt, and this reduces the energy 
advantage. Scientists from the Sandia 
National Laboratories in the US are trying 
to solve the problem with a new mixture 
of five salts, which remain liquid at 
temperatures of down to 70 degrees.

Solar power plants with a central 
tower are more fit for using salt for both 
collection and storage of heat. The 
advantage is that the pipe system 
between the container, the steam 
turbines, and the storage tanks is not 
very long, so the pipes can be kept 
warm around the clock with modest 
energy consumption.

Today, the method is used in the 
Spanish Gemasolar plant, which is the 
only solar power plant in the world that 
can supply power to consumers 24/7. 
This very quality is the crucial 

precondition that the solar power plants 
of the future can replace old-fashioned, 
coal-fired power stations completely.

 
SOLAR CELL POWER IS CHEAPER
In spite of all the sunshine hours in 
places such as Morocco, power from 
concentrated solar heat is still a little 
more expensive than solar cell power. 
Solar cell plants exist in all sizes, from 
small rooftop panels to the huge 
Californian 597 MW Solar Star plant, 
which is the biggest solar power plant 
in the world.

Solar cells have become extremely 
popular, particularly because the price of 
solar cell panels has been greatly 
reduced. In 1977, the panels cost $90 
per watt they could supply, as compared 
to about 40 cents today. Solar cells now 
account for 1% of the world’s energy 
consumption. Today, 1 kWh of solar cell-
generated power costs 12-18 cents, 
which is only 2-3 times more expensive 
than power from established coal-

SOLAR ENERGY STORED 
IN HYDROGEN DEPOSITS

Solar cells sometimes 
generate too much power, 
which is impossible to store. So, 
scientists throughout the world 
are developing solar cells that 
split water into oxygen and 
hydrogen, which can be stored. 
The hydrogen cells must be 
cheap, generate large quantities 
of hydrogen, and work for years. Perovskite absorbs the blue wavelengths 

of sunlight, making ordinary solar cells 
much more efficient.

Hydrogen bubbles out of the solar 
cell, as the water is hit by sunlight.

ENERGY RESEARCH INSTITUTE/NANYANG TECHNOLOGICAL UNIVERSITY
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fired power plants. (Building a NEW coal 
plant makes the power more expensive than 
solar, due to start up costs.)

A new type of material, perovskites, can 
make solar cell power one of the world’s 
cheapest energy forms. Perovskites have the 
same chemical qualities as silicon, of which 
most solar cells are made today. Only seven 
years after their discovery, perovskites can 
convert 20% of the energy of sunlight into 
power, which is comparable to silicon cells 
that boast 40 years of development efforts.

This has made both universities and 
private companies try to solve the major 
problem of the new wonder materials: 
perovskites neither tolerate water nor air for 
more than a few seconds or minutes. So, 
scientists are trying to make perovskites 
more chemically robust and develop methods 
for encapsulating them into glass or plastic.

In spite of the success of solar cells, there 
is also the problem of storing power for the 
night. Often, solar cell power generation is at 
its lowest level, when the demand is the 

greatest – such as on dark, cold winter 
nights. However, a new type of solar cell 
could solve the problem by using the energy 
of the sunlight to split water into oxygen and 
hydrogen. Hydrogen can be stored from day 
to night and from summer to winter, and 
“solar hydrogen” could contribute to a 
breakthrough for hydrogen-powered cars 
with fuel cells that only emit water vapour.

MICROWAVES SEND POWER TO EARTH
If the world’s power requirement is to be met 
by solar cells, it is necessary to cover 1.6 % a 
region the size of Argentina in solar panels, 
which is not realistic.

But in space, there is lots of room, and the 
sunlight is five times more powerful above 
the atmosphere. So, several of the world’s 
energy-hungry nations plan to launch huge 
solar power plants into space.

They aim to place the space power plants 
in a geostationary orbit 36,000 km above 
Earth, where they hover above the same 
spot. The solar cell power is converted into 

microwaves, that can easily be sent to a 
receiving station on Earth’s surface, where 
the energy of the microwaves will be 
converted back into power. The technical 
challenges particularly involve making light 
and low-volume mirrors and solar cell panels, 
so the cost of launching them needs to fall. 
Moreover, the space power stations must be 
reliable, as repairs will be extremely difficult, 
subjecting astronauts to cosmic radiation. 
But that has not made engineers halt their 
efforts. Both in Russia and the US, prototypes 
are developed, and China and Japan plan to 
launch large space power plants into orbit in 
the 2020s and 2030s.

Morocco has not halted its solar energy 
efforts either. Towards 2020, the country 
aims to build more large solar power plants to 
obtain a capacity of 2,000 MW, which could 
supply 11 million of the country’s 34 million 
people with electricity. If Morocco’s large-
scale solar energy efforts are successful, it 
could serve as inspiration and contribute to a 
worldwide solar energy breakthrough. 

Balloons capture sunlight from cloudless sky
Above the clouds, there is sunlight all day 
long, and so, French scientist Jean-François 
Guillemoles proposes to place solar panels 
at an altitude of 20 km by means of 
balloons. The balloon power plants would 

be able to supply power day and night. 
During the day, some of the power 
generated by the solar cells will be used to 
split water into oxygen and hydrogen, 
which is stored inside the balloon. During 

the night, fuel cells can generate 
electricity by converting the hydrogen 
gases back into water. The power is sent to 
consumers on Earth via cables integrated 
into the balloon mooring lines.

A ballon’s mooring line includes 
a power cable to Earth’s surface.
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Solar power from space
The US, Japan, China, and Russia have started a race to build solar cell power plants in 
space. They would eliminate all the weaknesses of solar energy all at once.

As sunlight hits the atmosphere, 
about 80 % of it is either spread, 

absorbed, or reflected never to reach 
Earth’s surface. On top of the energy 
loss, the sun only shines in the 

daytime, and on cloudy days, solar cell 
power generation cells is reduced. In a 
geostationary orbit 36,000 km above 
Earth, every square metre of solar 
panel will only be in the shade for 72 

minutes per day, receiving five times as 
much sunlight as on Earth. So, solar 
power plants in space could supply 
electricity at prices that are competitive 
to coal and oil-fired power plants.

The atmosphere 
swallows 80% of the 
energy of the sunlight, 
before the light reaches 
Earth’s surface.
before the light reaches 
Earth’s surface.

Modern solar cells 
typically absorb 20% of the 
sunlight energy that hits 
them. A total of 4% of the 
sunlight energy is 
converted into power. 

100% 

80% LOST
IN THE ATMOSPHERE

Solar cells

EFFICIENCY: 4% 
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SOLAR POWER 
PLANT ON EARTH

In space, solar cells absorb 
35-45 % of the energy from 
direct sunlight. Mirrors 
concentrate and reflect the 
light onto the panels. light onto the panels. 

The power plant in space 
converts the power into 
microwaves, which are 
sent back to Earth without 
any energy loss. any energy loss. 

The receiving station 
converts the microwaves into 
power. The conversions mean 
a loss of 75%, so 9-11% of the 
solar energy is realized. 

NOTHING LOST
IN THE ATMOSPHERE

100% 

Mirror

Microwaves

Space power plant

Solar cell panels

Receiving station

EFFICIENCY: 11% 

SOLAR POWER 
PLANT IN SPACE
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Billions of neutrinos flow through us without leaving 
a trace, but huge detectors reveal the secrets of the 
particles and answer major questions concerning 
the universe. And now scientists are ready to build the 
most sophisticated detector of its kind.

In the Daya Bay, China, scientists have found 
errors in very basic physics formulas. The 
scientists have used 3 large detectors to 
measure the flow of neutrinos produced by a 
nuclear power plant. The result is the most 
accurate measurements so far of the energy 
of neutrinos and a count of the number of 
neutrinos at different energy levels.

However, the results differ by about 10 % 
from the numbers predicted by existing 
models. But although scientists cannot 
explain the major deviation, the ground-
breaking measurements help them fine-tune 
their calculations. New, improved formulas 
will ensure that physicists can come to more 
accurate conclusions about the universe.

Will laws of physics be rewritten?
DAYA BAY REACTOR 
NEUTRINO EXPERIMENT

 Daya Bay, China.
 Three 100 t detectors have 

been placed around six nuclear 
reactors, which produce large 
quantities of neutrinos. 

Using mystery 
particles... to solve 
more mysteries...

TECHNOLOGY | NEUTRINOS
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          Neutrinos are the most common particles in the universe,
 but nevertheless, they are extremely difficult to measure, as 

they usually flow right through every single atom on Earth.
The puzzling particles are produced when two protons collide and 

one of them turns into a neutron. The process is very intensive in the 
Sun’s core, but it is also the driving force behind the extremely 

powerful explosions of hydrogen bombs.

Fusion produces 
ghost particles

Fusion
NEUTRINO

Proton

Neutron

Antielectron

Protons 

The Daya Bay detector consists of 
large water tanks with hundreds 
of light sensors on the inside.
ROY KALTSCHMIDT/
LAWRENCE BERKELEY NATIONAL LABORATORY

CLAUS LUNAU
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They exist one moment, but are gone the 
next. For more than 30 years, the 

neutrinos of the Sun caused scientists to frown, 
until a neutrino detector deep below the 
ground in Canada gave them the answer. The 
neutrinos never disappeared. Instead, they 

turned into other types of neutrinos that 
physicists’ old detectors could not identify. New 
sensors and a tank with heavy water molecules 
allowed the Canadian physicists to measure the 
new particles, and the results showed that one 
single neutrino can switch between three 
different variants: electron, muon, and tau 
particles. The solution of the mystery earned 
the scientists behind the discovery a Nobel 
Prize, but the results raise more questions than 
they answer. According to the most basic 

theory of physics, the standard model, 
neutrinos should not be able to switch type. 
The comprehensive model describes all the 
tiniest building blocks of nature and most of the 
forces that hold them together, but the 
measurements from Canada emphasise that 
the theory is not complete. Now, scientists are 
searching for a new standard model, which can 
explain the properties of the neutrinos and 
provide scientists with a clearer impression of 
how the universe is made up.

How can particles disappear?
For decades, scientists have wondered how half the neutrinos from the Sun can disappear 
on their way to Earth. The answer questioned the laws of physics and yielded a Nobel Prize.

An extra neutron in one of the water molecule’s
hydrogen atoms makes the water heavier, improving
the chance of hitting a neutrino. The violent collisions

become brief light pulses.

Heavy water
captures neutrinos

SUDBURY NEUTRINO OBSERVATORY

Ontario, Canada.
The detector was built 2,100 m below Earth’s 

surface to keep out distracting radiation.

1 A neutrino collides 
with a hydrogen atom 

in a heavy water mole-
cule. It releases a proton 
and a neutron. 

2 The neutron hits 
another hydrogen 

atom, emitting a small 
quantity of high-energy 
gamma radiation.

3 The radiation tears 
an electron off an-

other water molecule, 
producing light that 
can be measured. 

Scientists are getting
ready to attach thousands
of cables to the outside of
the large water tank.

Neutrino Proton 

Neutron 

Heavy water

Gamma radiation Light beam
Hydrogen core with 
proton and neutron

Light sensor1

3

2

LAWRENCE BERKELEY NATIONAL LABORATORY/
SCIENCE PHOTO LIBRARY
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Every day, Earth is bombarded from 
outer space, and only the planet’s 
atmosphere and magnetic field 
protect us from lethal radiation. 
Some of the particles may come 
from supernovas, but even 
exploding stars cannot produce the 
most high-energy particles that hit 
with the force of a brick falling 
from a skyscraper. Physicists have 
not been able to do anything but 
guess where the particles come 
from. Perhaps they are produced in 

supermassive black holes at the 
centre of galaxies or in collisions 
between collapsed stars. So far, 
scientists have been unable to 
measure the direction from which 
the particles come, as the 
particles’ electric charges send 
them zigzagging between the 
magnetic fields of galaxies. But 
now, neutrinos are to provide 
scientists with the answer. The 
source surely also releases 
neutrinos, and the uncharged 
particles are not bent by the 
magnetic fields. A huge neutrino 
detector on the South Pole will 
capture the neutrinos from outer 
space, and figure out where cosmic 
radiation comes from.

Sunlight is produced in the Sun’s core, but 
may take thousands of years to reach the 
surface of the Sun, because the light 
particles collide with atoms and other 
particles on their way out, causing a long 
delay. So, sunlight cannot tell us much 
about what is going on inside the Sun right 
now. Instead, scientists must use the 
unaffected neutrinos. The neutrinos are 

produced at the same time as the light, but 
only take a few seconds to reach the surface 
of the Sun. A neutrino detector placed below 
a mountain in the Italian Gran Sasso national 
park can now measure the neutrinos 
liberated, as the Sun produces its light. So, it 
is possible to directly observe the processes 
going on deep inside the Sun’s core as we 
speak and understand how the energy that 
powers life on Earth comes into existence. 
Using the same method, scientists hope to 
be able to look into other stars than our 
own. They are keen to observe a supernova 
moment by moment to get a detailed 
impression of what leads to star death. 

Where does cosmic 
radiation come from?

What makes the Sun shine? 

NEUTRINOS HIT 
THE SOUTH 
POLE’S ICE

ICECUBE NEUTRINO OBSERVATORY

The South Pole, Antarctica.
The detector consists of 86 strings 

lined with 5,160 light sensors 
which stretch 2.5 km into the ice.

BOREXINO

Gran Sasso mountain, Italy.
The detector is located deep inside a 

mountain, and 1,400 m of massive rock keep 
out unwanted atmospheric particles.

The IceCube observatory 
uses Earth as a huge 
filter, screening out 
unwanted particles, as 
only neutrinos can pass 
though the planet to hit 
the detector from below. 
As a neutrino collides 
with an atomic core in 
the ice, a long trace of 
light is produced, that 
the sensors detect. 

The Borexino detector  
usually holds 278 tonnes 

of liquid that captures 
the neutrinos.

Only the ice of the South 
Pole is massive and clear 

enough to capture the tiny 
particles and allow scientists 

to measure their light.

IceCube observatory

Collision with 
atomic core

Neutrino

Light

Light sensors

Eiffel Tower, 324 m

0 m

-2,450 m

ERIK BEISER/NATIONAL SCIENCE FOUNDATION
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The galaxies of the universe rotate so 
fast that they would be torn apart if 

they were not held together by mysterious 
dark matter. In spite of decades of search, 
physicists have been unable to detect the 

dark matter, but the world’s largest physics 
lab, CERN, intends to change that. The 
European scientists are preparing a ground-
breaking new experiment that could reveal 
the universe’s last hidden particles. Their 
detector can measure if one of the three 
known types of leptons switches into a 
fourth unknown particle, but it will also be 
able to detect new particles that are not 
leptons. The huge device, which has been 

named SHiP, will be finished in 2026. A 
particle accelerator with a circumference of 
7 km is going to bombard the new detector 
with protons, and the collisions will produce 
a shower of particles, perhaps including the 
building blocks of the dark matter that 
holds the universe together. The experiment 
could close all the gaps of 
the laws of physics 
once and for all.

Do more mysterious particles exist?
The world’s leading physicists aim to solve the remaining mysteries of the universe.
A huge CERN detector is to find the dark matter that holds the universe together.

SHIP

Geneva, Switzerland.
A 400+-m-long tunnel must be built to 

make room for the large new detector. 

The high-tech CERN facility 
covers an area of more than 
60 square kilometres.

1 A flow of protons is sent into a 
metal block, in which they 

collide with the metal atoms, 
producing a series of particles, 
including leptons (neutrinos are 
a type of lepton). 

2 The particles continue 
through a magnetic field, 

which screens out most 
particles. Neutrinos pass freely, 
and other unknown particles 
may follow suit. 

4 In a 50-m-long 
cylinder, the neutrinos 

will change shape and 
perhaps form new types of 
particles like muons.

5 At the end of the 
cylinder, scientists

have placed sophisticated 
measuring equipment, 
which can determine the 
identity of the particles. 

3 The neutrinos pass a 
9+ tonne detector, 

which counts them.

New detector to 
fi nd hidden 
particles 

Large Hadron Collider
Produces the Higgs boson, 
that provides all the universe’s 
building blocks with mass.
The experiment was awarded 
a Nobel Prize in 2013.

Super Proton Synchrotron
Proves that the weak nuclear 
force functions by emitting
W and Z particles. The 
experiment was awarded a 
Nobel Prize in 1984.

Antiproton decelerator
Produces large quantities of antimatter for the first time.

For decades, the huge research station has
been a Mecca for physicists, and the underground

facility has produced major scientific breakthroughs.

CERN produces 
scientifi c advances

60 square kilometres.
CERN/SCIENCE PHOTO LIBRARY
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SHIP

Proton Synchrotron
Discovers the weak nuclear force, 
which controls a type of radioactive 
decay. The experiment was awarded 
a Nobel Prize in 1979.

Earth’s surface

NEW DETECTORREADY IN 2026
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Scientists partly empty the huge 
water tank, taking a closer look 

at the sensitive measuring 
equipment.

The matter that we and our galaxy are 
made up of has a counterpart, which 
can destroy all of us. When the 
counterpart, known as antimatter, 
collides with matter, both disappear in a 
flash of radiation. Matter and antimatter 

should have been produced in equal 
quantities during the Big Bang, and they 
should have the exact same qualities 
apart from the fact that they have 
opposite electric charges. However, the 
two cannot possibly be as equal as the 
theories say they are. If they were, they 
would have destroyed each other long 
ago, and the galaxies of the universe 
would never have formed. A huge 
neutrino detector in Japan has taken 
scientists one step closer to 

understanding why the universe is still 
here. The Japanese scientists have 
measured both neutrinos and 
antineutrinos, which they sent off from 
a particle accelerator 295 km from the 
detector. En route, all particles could 
change shape, but the experiment has 
shown that neutrinos change more 
often than their counterparts. The result 
indicates that matter could have formed 
faster than antimatter in the Big Bang, 
determining the fate of the universe.

Why is there more matter than antimatter?
SUPER-KAMIOKANDE NEUTRINO 
DETECTION EXPERIMENT

Mount Ikeno, Japan.
The detector is the biggest of its kind in the 

world, containing 50,000 tonnes of water. 

at the sensitive measuring 
equipment.

KAMIOKA OBSERVATORY/ICRR/UNIVERSITY OF TOKYO
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Autonomous underwater drones can find shipwrecks in no 
time and warn of imminent tsunamis. However, radio 
signals are slowed down in water, making it hard for 

drones to communicate. So, scientists will now 
link the oceans in an Internet of sound.

Sea Drones Sing 
Like Digital Dolphins

A container has 
broken loose from 

a ship and fallen into 
the sea. Its profile 
against the sea floor 
can clearly be seen in a 
sonar image.

The drones 
search the sea 

floor by means of 
sonar. They 
continously exchange 
data concerning 
where they were, 
making the search as 
efficient as possible. 

2

1

Drones cooperate by 
means of audio signals
Even over short distances underwater, a radio signal attenuates down 
to nothing. To solve this, the autonomous drones communicate in the 
same way as whales – via sound. With simple modems, drone 
computers can translate acoustic messages from “colleagues” into 
digital data and coordinate an ocean floor search all by themselves.

SUNLIVE/EPA/SCANPIX

CLAUS LUNAU

TECHNOLOGY | UNDERWATER DRONES



If two drones are too 
far away from each 

other, a drone in between 
the two can function as 
an intermediate, passing 
on data.

When major 
quantities of data 

are to be sent back to 
scientists, the drone 
moves to the surface to 
send data via a radio 
antenna. Radio is the 
same technology as in 
a wireless router. The 
method is faster than 
sending data via an 
audio signal. 

A buoy at the 
surface functions 

as a data hub. The buoy 
picks up audio and 
light signals from 
many submarine units. 
The data is passed on 
as radio signals to 
scientists on the shore.

3

4

5

MODEMS HELP COMPUTERS 
UNDERSTAND SOUND
The word modem is a a combination of “MOdulator” and 
“DEModulator”. A modem at the sender first converts 
(modulates) digital data into an analogue signal such as 
sound. The sound can now be sent to the receiver’s modem 
via seawater, a phone connection, or even light. The 
receiver’s modem converts the analogue signal back 
(demodulates) into its original digital form.

Asearch has been initiated on the 
Atlantic Ocean floor. A container fell 
off a ship, and the search team has 

begun to comb a major, marked out area of 
the ocean floor.

The search team does not include divers, 
coastguard vessels, or walkie talkies. The only 
indication of an extensive, coordinated effort is 
the weak humming of small, electrically 
powered propellers.

We are close to Porto, the harbour where 
the scientists behind the European Sunrise 
Project are testing whether their newly-
developed underwater drones can cooperate 
to find a missing container without human 
interference. The three drones of the search 
party are autonomous, and they choose 
separate routes to search the area optimally 
with their integrated sonar.

As they work, they communicate with each 
other by converting their position data into an 

audio signal that they play under the water. 
The other drones pick up the sound with their 
microphones, converting it into digital data, 
which their computers understand. In this way, 
the three drones search the marked out area 
together without overlapping each other’s 
search patterns.

Very soon, the small group of people who 
have collected in front of a computer screen by 
the water’s edge cheer: They can clearly see 
the outline of the container in the blurred sonar 
image of the ocean floor.

DRONES MAKE UP SEA NETWORKS
The episode in Portugal is the first practical 
success of the Sunrise Project, which has so far 
consisted of a series of minor experiments in 
small basins. A total of 13 research institutes 
participate in the project, which aims to make 
all the participants’ equipment communicate 
and create a type of underwater Internet.

Scientists from the University of Rome immerse 
underwater sensors linked witha buoy into the 
Mediterranean south of Sicily.
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UNDERWATER DRONES

In the IT industry, people often talk about 
the “Internet of things”, an Internet, in which 
everyday items can communicate without 
human interference. Five minutes before your 
mobile phone alarm wakes you up, the phone 
could send a message over the Internet to 
your Wi-Fi-connected coffee machine to brew 
the first cup of the day, so it is ready when 
you enter the kitchen after taking a shower. 

Similarly, communication buoys on the 
sea surface, drones in the water, and 
measuring instruments on the sea floor will 
be able to communicate and send data to 
each other. This means that scientists need 
not constantly be in contact with their 
underwater robots to tell them what to do. 
Scientists have named it the “Internet of 
Underwater Things”.

Over time, the growing numbers of 
undersea units will be able to create a 
worldwide network under the water, which 

will make of a series of tasks in seas, lakes, 
and rivers easier. 

SALT WATER IS A PROBLEM
Today, big cities are so closely packed with 
wireless networks that it is a challenge to 
find areas without several available Wi-Fi 
networks. Even in the most remote corners 
of the world, where the closest mobile 
phone mast is far away, it is now possible to 
check your e-mail via communication 
satellites in space.

However, good Internet connections are 
restricted to people above the water. More 
than 70% of our planet’s surface are covered 
by oceans and lakes, and beneath the 
surface, traditional wireless networks cannot 
communicate via radio waves.

Although radio waves travel at the speed 
of light, they are very efficiently slowed down 
by water. In the sea, the problem is even 

bigger, as the electric conductivity of salt 
water will quickly spread a radio signal, so it 
will never reach the receiver. As radio is not 
practical to use under water, scientists had to 
use alternative methods for sending data 
below the sea surface.

SOUND SWIMS FURTHER THAN WI-FI
Their solution was inspired by the animal 
kingdom. Whales are famous for their songs, 
which they use to send messages across 
long distances. By using sound under the 
water instead of radio waves, the reach of 
the undersea communication is expanded 
from a few metres to several kilometres.

The audio signal underwater technology 
is very much like the modems that were used 
by many home computers 20-30 years ago. 
They sent data in the form of audio signals 
via an ordinary phone connection. When you 
lifted the receiver, as the computer was 

All sea drones to speak
the same language
At this point in time, no standards 
for underwater communication 
exist, so two sea drones from two 
different makers cannot 
communicate. The aim of the 
extensive Project Sunrise is to 

standardise the makers’ software and 
hardware, so the drones speak the 

same language. In the end, the aim is to 

create common standards, so data 
transmission works, no matter the units 
that communicate, and no matter if the 
signal is sent via audio, light, or radio 
waves. Since 2013, scientists have been 
working on the project, which is 
directed by the University of Rome “La 
Sapienza”. 13 research institutions from 
all over the world participate.

The sonar image 
shows the outline of 
the missing 
container off the 
harbour of Porto.
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transmitting data, you could hear a lot of noise. 
Unfortunately, the speed of the drone data 
transmission is also at the same level as in the 
early 1990s. They can only send about 20 kilobits 
per second, and that is much too slow to send a 
series of photos from a camera or sonar. So far, 
scientists have to settle for sending simple 
measuring data and individual photos.

If drones have to send large quantities of data 
back to the scientists , one of them can go to the 
sea surface and send the collected data via an 
airborne radio signal, using its integrated antenna.

So although the audio signals are have very 
long range, it does not change the fact that the 
drones can only send very brief messages to 
each other. Consequently, the scientists would 
very much like to integrate technology for 
transmitting data over short distances between 
the drones by means of light. That would all at 
once make the transfer up to 500 times faster 
than with the existing audio signals. 

Teams of underwater drones
make divers redundant
Autonomous sea drones that communicate and cooperate can be 
programmed to carry out many jobs that are difficult for divers.

DRONES ARE STUDDED WITH 
SOPHISTICATED TECHNOLOGY

LAUV – “Light Autonomous Underwater 
Vehicle” – is one of the main characters 
of Project Sunrise. Apart from being 
equipped with two different types of 
sonar, the drone is studded with sensors 
that can measure the water’s salinity, 
clarity, conductivity, and much more. FACTS

Length: 2.5 metres

Top speed: 7 km/h

Maximum depth: 100 metres

Maximum reach on one 
charge: 100 kilometres

Equipment: Acoustic modem, 
sonar, camera, radio transmitter, 
navigation system

A team of oil rig 
drones can be 

programmed to follow a 
subsea pipeline, so any 
leaks can be found cheaply 
and without delay.

Drones can find new 
shipwrecks or 

flooded cities. They can also 
monitor and protect existing 
archaeological discoveries 
on the sea floor. 

In case of accidents 
in open sea, drones 

can search a major part of 
the sea floor, looking for the 
black boxes of crashed 
planes, or other items.

ARCHAEOLOGIST

OIL WORKER DETECTIVE

By measuring the 
water’s clarity, 

salinity, temperature, and 
more, the drones can provide 
a more correct impression of 
the health of the oceans. 

OCEANOGRAPHER

Professor Chiara Petrioli,
PhD in computer engineering, 
University of Rome “La Sapienza”, 
heads Project Sunrise.

DRONES PROTECT 
SEA FLOOR 
DISCOVERIES
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What
can the 

project results 
be used for in 
the long term?

The drones’ 
exploration activities 

will improve our knowledge 
about the sea floor. Italy 
has 1,000+ submarine 
archaeological sites, which 
drones can protect.

!?

What 
will 

the future 
involve?

We have set up 
working groups 

to try to reduce drone 
energy consumption. 
In the long term, we can 
build offshore charging 
points for the drones. 

!?

What
are

your major 
challenges at 
this point?

We are trying to 
create a reliable and 

efficient network. The sea is 
challenging, as the 
communication between 
drones can be interrupted by 
noise from motor boats, etc.

!?
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A scientific breakthrough at a 
Californian research centre has made 
centuries of dreams of designing life 

come true. The American scientists have 
neither created Frankenstein’s monster nor 
revived the dinosaurs, like in Jurassic Park. 
Instead, microscopic organisms created by 
means of ground-breaking methods grow in 
their lab. Whereas life on Earth formed via 
millions of years of natural evolution, the new 
life forms were designed and made by 
humans. And scientists already plan to use the 
tiny creatures in the fight against everything 
from diseases to global warming.

SEARCHING FOR THE ESSENCE OF LIFE
Geneticist and entrepreneur Craig Venter is 
the man behind the ground-breaking project, 
which could soon change our idea of life. For 
two decades, the scientist has been driven by 
a wish to understand the secret of life. Six 
years ago, he managed to create a synthetic 
copy of a bacterium’s complete DNA 
sequence, also known as the bacterium’s 
genome. The artificial genome was 
introduced into cells from another type of 
bacterium, converting it into a different 
species. But Venter wasn't satisfied with 
imitating nature. He wanted to find the basic 
ingredients of life and create a brand new life 
form in the lab. A new organism, which, in 
spite of its simplicity, includes the tools 
needed to maintain itself, all the way from its 

high-protein interior to its exterior membrane. 
And most importantly: an organism that can 
divide and pass on life to its descendants.

The great breakthrough came earlier this 
year, when Venter and his team of scientists 
found the basic formula of life and created a 
functional synthetic genome from scratch.

Like natural genomes, the new genome 
consists of a long code made up by the four 
DNA-bases A, T, C, and G. Shorter sequences 
in the genome, known as genes, function as 
working sketches for the make-up of new 

proteins. The proteins are a cell’s workers, 
that determine which nutrients the organism 
is able to break down or absorb as food. 
However, Venter’s artificial genome differs 
from the ones created by nature. The 
American pioneer has removed al l 

superfluous genes, leaving only the most 
important ingredients of life. As a result, the  
artificial genome is simpler than any other we 
know on Earth, and it is the first designed 
and made by humans.

ARTIFICIAL LIFE BASED ON NATURE
The most simple organism created by nature 
is the Mycoplasma genitalium bacterium with 
only 525 genes. In comparison, a human 
being has 20,000. When Venter began his 
ambitious research project, he based it on 
this very organism. But Mycoplasma 
genitalium proved to be hard to adapt to life 
in the lab’s nutrient fluids and it takes almost 
24 hours for it to double. After years of 
difficulties, Venter switch to the closely 
related Mycoplasma mycoides bacterium 
instead. With 901 genes, its genome is more 
complex, but it grows faster and that actually 
makes it easier to work with.

In 2010, the scientists from California 
took the first step on the way towards 
artificial life, when they managed to 
synthesise the ent ire genome of 
Mycoplasma mycoides in a machine. In a 
genome transplant, they transplanted the 
synthetic DNA sequence into a closely 
related bacterium species. The procedure 
had never been carried out before, but it is 
reminiscent of the method used when the 
cloned sheep Dolly was born in 1996.
In the cloning process, scientists removed 

For the first time in history, a synthetic life form designed and 
created by humans has been constructed in an American lab. 
Scientists’ visions of customised organisms that can clean up 
oil spills or produce fuel and medication were little more than 
science fiction until this year. Now, they are within reach.

Scientists create 
artificial life

I am 100 % certain 
that in the future, 

scientists will use their 
computers to design 
and build organisms. 

Craig Venter 
Geneticist and successful 
entrepreneur
S. HUFFAKER/SCANPIX

TECHNOLOGY | ARTIFICIAL LIFE
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Scientists have found the formula of life. They have cut 
down the genome of the Mycoplasma mycoides bacterium, 
so only the most vital genes remain. The list of ingredients 
can be used to create more new life forms in the future.

Like many other bacteria, 
the artificial organism’s 

diameter only measures about 
one millionth of a metre.

Essence of Life ORIGINAL 
GENOME

NEW 
GENOME

UNKNOWN
GENES MUST GO
Category: Unknown 

We do not know the 
functions of 25 % of the 
genes of the Mycoplasma 
mycoides genome. Many of 
those genes are apparently 
not important, when the 
bacterium exists in the lab, 
and can be removed. They 
may play a role in the 
natural environment. 

63�% 57�%
of the original 
genes have 
been deleted.

of the original 
genes have 
been deleted.

of the original 
genes have 
been deleted.

of the original 
genes have 
been deleted.

10�% 72�%
of the original 
genes have 
been deleted.

48�%

Deleted 
genes

ORGANISM 
NEEDS SUGAR
Category: Metabolism 

Whereas most natural 
organisms can digest a 
long series of nutrients, the 
artificial organism can only 
survive on the glucose 
carbohydrate. Moreover, it 
is not able to produce 
vitamins and other 
building blocks itself, so 
they must be added. 

GENES TO 
PROTECT GENES
Category: Gene protection

The cell’s genes are 
constantly in danger of 
being destroyed by 
mutations, and so it is vital 
for the cell to protect its 
genes. Nevertheless, the 
new artificial organism can 
manage with only 25 % of 
the genes that normally 
protect the genome.

EXTERNAL 
BOUNDARIES 
WEAKENED
Category: Cell membrane 

The cell membrane is the 
cell’s external protection 
against the outside world, 
but the artificial bacterium 
only has half the genes that 
build the cell membrane. 
So, it will be hard for the 
new organism to adjust, if 
its environment changes.

PROTEIN 
FACTORY INTACT
Category: Gene 
expression

Genes code for specific 
proteins, and the cell needs 
a sophisticated apparatus 
to translate the code and 
produce the vital proteins. 
In order for the system to 
function, the new organism 
has kept the vast majority 
of the machinery. 

By Gorm Palmgren
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ARTIFICIAL LIFE

ARTIFICIAL BACTERIA TO BE 
USED FOR FIVE PURPOSES
The new bacteria’s DNA can be 
customized for beneficial purposes by 
removing or adding genes to their 
genomes. Scientists are very 
ambitious concerning the use of the 
tiny organisms.

Sucking CO
2
 out of the atmosphere 

to limit the greenhouse effect.

Producing eco-friendly biofuels 
or generate power in new types 
of batteries. 

Making efficient drugs, 
which have been limited so far
due to high production costs.

Improving the environment by 
breaking down oil and other pollutants. 

Taking over industrial production of 
plastic, causing less pollution 
without the use of scarce resources.

5
times back and forth between Earth and 
the Sun. If the DNA of all our cells were 

unfolded and placed side by side, it 
would be astronomically long. 

% or more of our 
genome consists 
of DNA from virus-
es, which infected 
the cells of our re-
mote ancestors mil-
lions of years ago.

the entire genome from an egg cell and 
replaced it with the genome from the sheep 
they wished to clone. Similarly, Venter’s first 
home-made organism was just a clone of a 
natural life form. But since then, the 
American and his team of scientists have 
edited the organism’s genome to a great 
deal, and based on the most recent 
knowledge, they have created the world’s 
first designer genome on a computer.

GENOME TO SOLVE MYSTERY OF LIFE
In his search for the basic building blocks of 
life, Venter has consistently deleted genes 
that are not necessary for the organism to 
survive and reproduce in the lab. He has 
deleted the parts of the genome which 
usually see to it that the cell can break down 
starch into glucose. The new organism does 

not need this function, as scientists feed it 
glucose directly. After the careful weeding 
out, only 473 genes remain in the genome. 
That is just about enough to keep the 
organism alive, and it is a new low record.

The stripped down design serves a good 
purpose. When no more genes can be 
deleted without life processes coming to a 
halt, scientists have the most basic life form. 
By studying the role played by each of the 
remaining genes, scientists can come much 
closer to understanding what life is. How-
ever, the purposes of Venter’s work are also 
more practical, as a simpler organism can 
more easily be manipulated to work for 
humanity. It is only able to do what scientists 
have programmed it to do, and its behaviour 
can be controlled down to the tiniest of 
details. For this very reason, Craig Venter 
expects a lot from his artificial organism.

ARTIFICIAL LIFE TO SAVE THE WORLD
Following a major oil spill in the ocean, 
scientists can find the file with the artificial 
genome on a computer. The genes that 
enable the artificial bacterium to absorb and 
extract energy from glucose are now deleted. 
Instead, scientists insert a small handful of 
genes that make the oil the organism’s only 
possible nutrient. Moreover, the organism 
gets new genes that prepare it for a life in the 
ocean. Once the new genome has been 
designed, it is synthesised in the lab and 
inserted into an empty cell.

The artificial creature now only has one 
aim in life: feasting on oil, until the spill has 
disappeared. When the oil has finally been 
broken down into its eco-fr iendly 
components, the artificial bacterium and all 
of its offspring will die, as they are designed 
to be unable to survive without oil.

Similarly, scientists can design other 
organisms to carry out a long series of 
important tasks such as the production of 
drugs and eco-friendly fuel. And the simple 

make-up of the new creatures ensures 
that the danger of them getting out of 
control is minimal. There will be challenges 
and setbacks of course, but the science is 
solid and we have only just begun to 
scratch the surface of possibility.

Indeed, the development does not stop 
here, as Craig Venter is convinced that his 
research will one day lead to the production of 
much more sophisticated creatures. In the 
future, it may only be our conscience that 
sets a limit to what we would like to create. 

times bigger than 
the human genome. 
That is the size of 
the marbled lung-
fish’s genome. 

% of our DNA 
are not genes, 
but they still 
have a function. 

The new artificial organism 
grows fast and is able to 
double its number of cells 
in only three hours.
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2 More copies 
are made

4 Genes are 
tested

The artificial bacte-
ria are tested to see 
if the new genome is 
functional. If the 
bacteria survive, the 
scientists may be 
able to delete more 
genes. Otherwise, 
they must return to 
the drawing board.

3 Cell turns 
artificial

Scientists insert the 
artificial genome 
into a bacterium. It 
has its own genome, 
but when it divides, 
some of its 
descendants will 
only inherit the 
artificial genome.

1 Scientists 
create DNA

On a computer, 
scientists design a 
new genome based 
on what they learned 
from previous 
experiments. A 
machine makes the 
genome, which is 
then inserted 
into a yeast cell. 

Every time the yeast 
cell divides, it copies 
the artificial genome, 
passing it on to its 
daughter cells. So, 
scientists get 
thousands of copies, 
which they can 
isolate and use for 
the next step.

Genome put 
to the test

Craig Venter’s team worked hard for years to 
create the simplest life form. The procedure: 

a cycle of design and testing of the genome. For 
every round, they came one step closer to the goal.

Cells with the natural 
genome are screened out.
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A patient lies in a deep coma, and all hope 
seems lost, but maybe not quite. US scientists 
claim to be able to revive parts of the brain 
with a cocktail of stem cells and lasers, 
eventually reviving comatose patients.

Waking
The
"Dead"

TIM PANNELL/CORBIS/VCG/GETTY IMAGES

In April 2016, the American 
company Bioquark was allowed to 
start generating new brain cells in 
braindead patients.

HUMANS | COMA
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It is a small miracle that Asbjørn has left 
home to live in his own flat. Six years ago, 
when he was 16 and went to high school, 

he suffered an acute hypoglycaemic event 
related to his diabetes, and sank into a coma-
like condition, because his blood sugar level 
was out of control, increasing the pressure on 
his brain. For six months, the young man was 
in a vegetative condition, the level of 
consciousness right before a coma. He 
almost never moved, and did not react to 
sound nor light, and as there were no signs of 
improvement, doctors estimated that the 
condition would become permanent.

But today, Asbjørn can walk about his flat 
on his own, and he eats and drinks and loves 
to have his family come visit. Though he still 
needs other people’s help and finds it difficult 
to speak, he is a shining example of the 
advances that doctors have made in their 
efforts to make patients in a coma-like 
condition wake up to a life worth living.

And now, doctors aim to go one step 
further. In a hospital in India, scientists from 
the American Bioquark company are 
preparing clinical testing that will be the first 
step towards waking up braindead patients. 
Right now, scientists are looking for 20 test 
subjects, who have been declared braindead 
following a traumatic accident.

HELP FROM SCIENCE ILLUSTRATED
A person is braindead when all brain functions 
appear to have have stopped. The condition is 
much more far-reaching than a coma, minimal 
consciousness, and a vegetative condition, 

Six years ago, a 16-year-old Danish boy, Asbjørn, 
was so ill that he was in a vegetative condition. 
His mother read an article in Science Illustrated 
about an Argentinian doctor, Esteban Fridman, 
who had woken a patient from a coma using a 
potent version of a special brain ingredient. 
Science Illustrated helped Asbjørn’s mother get in 
touch with the scientist. He agreed to treat the 
boy, who amazingly woke up from his coma.

Today, Asbjørn can walk about his flat, eat, drink, 
and speak – although still with some difficulty.

H
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Boy woken from a coma

SCIENCE 
ILLUSTRATED 
6 YEARS AGO

By Gorm Palmgren
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COMA

in which the brain still demonstrates a  
little activity. Several doctors have managed 
to save patients from the three coma-like 
conditions by means of medication.

One of them is Esteban Fridman from 
Cornell University in New York, who woke 
Asbjørn from his vegetative condition. The 
doctor used drugs that increase the quantity 
of dopamine in the brain and which are used 
to treat Parkinson’s disease. Dopamine is a 
neurotransmitter, which nerve cells use to 
communicate. Cooperating with a Danish 
doctor, Fridman prescribed the drug Madopar. 
The treatment worked, and after only two 
weeks, Asbjørn woke up.

Only in some cases, doctors are able to 
cure the damage by restoring the brain’s 
chemical neurotransmitter balance. If the 

injury is too severe, doctors must also replace 
the missing nerve cells.

DOCTORS AIM TO CREATE NERVE CELLS
Bioquark CEO Ira Pastor and his staff of 
scientists aim to do both to resuscitate 
braindead patients. The team intends to 
introduce brand new nerve cells to the brain 
and make the existing nerve paths grow, 
filling the hole left by the damage. Though it 
sounds impossible, there is scientific 
evidence that a brain can restore itself.

Like humans can regenerate damaged 
tissue caused by a wound, zebrafish and 
other primitive animals can restore parts of 
their brains. The small fish have brain pockets 
of stem cells that can divide and develop into 
other cell types, i.e. a kind of universal spare 

parts. In 2011, German scientists showed 
that the stem cells can be converted into 
nerve cells, which can form part of networks 
with other nerve cells and send signals, 
restoring a functional brain.

Scientists have never observed anything 
like this in mammals, but in 2014, the 
experiment inspired another German team of 
scientists to try to help an injured mouse 
brain restore itself. And they could. The 
scientists only needed to feed the brain a 
little protein, known as a peptide, by the 
name of Sox2. A transcription factor 
determines the genes that are to be active 
and so controls what the cell does. Sox2 
could reprogramme existing brain cells – glial 
cells, which are a type of assistant cells that 
support and nourish nerve cells. Thanks to 

Three-pronged approach
restarts the brain
American scientists aim to wake up braindead patients by
replacing and repairing damaged nerve cells, allowing the 
brain to regenerate. In order to optimise the chances of
success, scientists use three different strategies.

SUPPORTING 
CELLS TURNED 
INTO NEURONS

Scientists injected 
the Sox2 protein into the 
brains of rats. The 
supporting cells – known as 
glial cells – are converted 
into active nerve cells.

Glial cells

Neurons
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In order to recreate damaged areas of the 
brain, it is necessary to add new nerve 
cells. Doctors do so in the shape of stem 
cells – a type of cells which can develop 
into any type of body cell, from liver cells 
to skin cells.

The stem cells are injected into 
the brain. The cells have been
extracted from the patient himself, 
so his body will not reject them.

Scientists inject special 
proteins known as peptides 
into the supporting cells of the 
brain– glial cells. 

The stem cells are affected by 
the existing brain cells, 
developing into nerve cells, 
which can send signals.

The peptides enter the cell
nucleus, where they activate and 
deactivate genes in the DNA. The 
glial cell turns into a nerve cell.

Scientists use laser beams to make the 
nerve cells branch out to bind the cells 
together, so they can produce a 
network of links. An alternative to laser 
beams is electric stimulation, which 
has a similar effect.

the protein, the supporting cells 
are rehabilitated to be fully 

functional nerve cells.

CELLS NEED A LEADER
The Bioquark scientists roughly aim 

to copy the method, taking stem 
cells from braindead patients’ own 

blood or fat deposits and injecting them 
into the brain stem, where they develop into 
nerve cells. The brain stem is the lower part 
of the brain and controls very basic life 
processes such as breathing and heartbeats.

If the scientists can restore the activity 
in the brain stem, it can keep the rest of the 
body alive. But the stem cells need a 
“leader” to tell them what to do. The leader 
is going to be proteins, that the scientists 

generate from human egg cells.
And the proteins are not only intended to 

lead the stem cells, Ira Pastor explains. “The 
proteins from the egg cell must both 
reprogramme the stem cells and affect the 
existing cells to clean up the injured area, 
break down the dead tissue, and produce a 
healthy environment, in which the new nerve 
cells can thrive.”

Just like muscles must be exercised to 
function optimally, it is beneficial for nerve 
cells to be activated, and send nerve signals. 
The Bioquark scientists do this by aiming a 
laser beam at them, and in several 
experiments, this has made nerves grow 
faster than they usually do. Moreover, Iranian 
scientists in 2015 showed that the high-
energy beams could also stimulate stem 

STEM CELLS 
Produce new building 
blocks for regeneration

LASER BEAMS 
Make nerve cells
restore networks

1.

1.

2.

2.

1

2

Injected into the brain stem 

every two weeks

A few minutes of radiation per day

for 10 days

Daily injections into the spinal cord

over a period of six weeks

Scientists irradiate the nerve 
cells with laser light, so they 
are activated and send active 
nerve signals. 

This stimulates nerve cell 
growth to reach other nerve 
cells faster and produce the 
vital networks. 

Less than half of all brain cells are nerve 
cells, which can send signals and cause 
brain activity. The majority of the cells 
are glial cells, which support the nerve 
cells, providing them with oxygen and 
energy and removing dead cells.

PEPTIDES 
Convert supporting 
cells into nerve cells

1. 2.

Stem cells

Peptides

Nerve cell
New 

ramification

Glia cells Cell nucleus

Nerve cell

DNA

Nerve cell Signals
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New scans show if a patient in a coma has conscious thoughts and 
stands a fair chance of being resuscitated.

It is often difficult for doctors to predict if a 
patient will wake up after severe brain injury. 
Scientists have scanned the brains of 131 
patients in a coma-like condition, observing 
the patients’ development and whether they 
woke up within a year.

Brain activity can be measured by 
observing the use of the glucose sugar 

molecule, which is the only nutrient that brain 
neurons can feed on. The more they consume, 
the higher the activity. The results showed that 
if a patient exhibits less than 42 % of normal 
brain activity, the likelihood of them waking 
up is very limited. It is the first time that 
scientists have obtained an accurate measure 
of a coma patient’s chances of waking up.

In everyday language, the word coma is often used to 
describe a condition in which a patient is permanently 
unconscious. But coma is a temporary condition, and 
after a few weeks, the patient passes into either 
“minimal consciousness”, the more severe
“vegetative condition”, or suffers brain death.

THREE STAGES OF PERMANENT 
UNCONSCIOUSNESS 

A scan can reveal the 
likelihood of a patient 
waking up from a coma.

cells to develop into nerve cells. Hence, Ira 
Pastor aims to radiate the 20 braindead test 
subjects with stem cells and proteins for a few 
minutes a day.

APPROVAL CAUSED OUTCRY
In April 2016, when US health authorities 
approved Bioquark’s application to begin the 
ambitious experiments, there was an outcry 
throughout the world.

Some found it unethical to try to make the 
difference between life and death. Others 
worried about the possibility that hospitals 
could be forced to keep braindead patients 
artificially alive for years, if there was even the 
slightest hope of bringing them back to life. 

However, Ira Pastor urges everybody to 
calm down, stressing that there is still a long 

way to go before braindead people can be 
revived. “Initially, we will only look for very early 
signs of nerve cell generation in the patients’ 
brain stems – that is very different from 
resurrection,” he says.

PROLONGED DEATH ENSURES TIME
Although Asbjørn was nowhere near being 
braindead, he and others in the same 
situation could also benefit from the 
ambitious clinical testing.

Several parts of Asbjørn’s brain were 
damaged by the high pressure inside his skull, 
and he needs a walker to be able to move 
about and has difficulties speaking. However, 
persistent rehabilitation therapy could improve 
his condition, as the activity in the nerve cells 
of the brain – when he tries to speak or walk – 

Brain scans reveal 
possibility of reawakening

FISH RESTORED BRAIN
One week after scientists had caused 

brain injury in a zebrafish, 90 % of the 
destroyed tissue had regrown. Can we 
make humans do the same?

1. The brain of a 
zebrafish with 
inflicted injury 
(white areas).

2. The same brain has 
healed after a year. 
The damaged tissue 
liberated stem cells 
that developed into 
functional nerves.

INJURED BRAIN

HEALTHY BRAIN
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way to go before braindead people can be 
revived. “Initially, we will only look for very early 
signs of nerve cell generation in the patients’ 
brain stems – that is very different from 

FISH RESTORED BRAIN
One week after scientists had caused 

brain injury in a zebrafish, 90 % of the 
destroyed tissue had regrown. Can we 
make humans do the same?
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TEMPORARY
CONDITION 

Doctors only use the 
term coma for the fi rst 
2-3 weeks. After that, 

the patient passes into a 
vegetative condition 

or minimal 
consciousness.

stimulates them to grow new branches and 
connections and produce new networks. And 
treatment with stem cells, proteins, and laser 
beams could boost the process.

When it comes to patients who are in a 
coma-like condition, the best available 
treatment is medication such as Madopar or 
Amantadin, according to Esteban Fridman. “I 
have had about 140 patients, and some wake up 
completely without suffering permament injury. 
Patients such as Asbjørn develop permanent 
handicaps, and some do not react to the 
treatment,” the doctor says, stressing that there 
are few cures that work for everybody.

Esteban Fridman will not deny that 
Ira Pastor’s ambitious plans of 
bringing the dead back to life 
could be realized in the long 

term. He mentions doctor Sam Parnia from the 
Stony Brook University in New York, an expert on 
reviving people following cardiac arrest. According 
to Parnia, death is not sudden, rather it is a 
process that could go on for several hours.

If death is a lengthy process, it will benefit Ira 
Pastor’s research, as it prolongs the time in 
which the stem cell, protein, and laser 
resuscitation experiments are possible. 

 

COMA VEGETATIVE CONDITION MINIMAL CONSCIOUSNESS

CONSCIOUSNESS None None Limited

MOTIONS A few reflexes Few and random motions
Sometimes reaches out 

to grasp objects

SENSES None
Reacts to sudden 

sound, light, and touch

Occasionally reacts to direct speech 
with nods and gestures. Can follow 

moving objects with eyes

RESPONSE None Randomly smiles or cries
Sometimes consciously smiles or 

cries due to jokes or sorrow



1

2

3

4

HOME CHEMISTRY LAB
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A bowl

100 ml of water

100 g of potato flour

An old speaker

A spoon for stirring

Glad wrap

Mix potato flour with half of the water. Stir, and 
slowly add the rest of the water, until everything 
is fully mixed. You could add a little food colour. 

You can test whether the fluid has the right 
consistency by pressing your finger into the 
mixture. If the mixture offers resistance, and it is 
difficult to insert your finger, it is just right. 

Explore the characteristics of the mixture: Make 
a fist and hit it hard into the bowl. Pick up the 
mass and shape it into a ball. Then relax your 
hand and see if the ball keeps its shape. 

If you have a loudspeaker with powerful bass, 
remove any speaker grilles, so the driver from 
which the sound comes is uncovered. Place 
plastic film in the driver and pour the goop into 
it. Play music with bass and turn up the volume.

Make a fluid that is
solid AND liquid

YOU WILL NEED:

None of the materials are hazardous, but the experiment 
is messy. Avoid food colour, untreated wood, and white 
clothes. Do not use expensive speakers!

It will take 15 minutes to make the experiment.

GUIDE:
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The potato flour starch provides the 
mixture with its special qualities. 
You can also use corn starch.

HOME CHEMISTRY LAB
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Fluids that seem to defy physics
Tomato sauce, paint, and the mixture of water and potato flour have one thing 
in common: None of them behave in the way that fluids should, according to 
classical physics. They change consistency under pressure and so, they are 
called non-Newtonian fluids.

The mixture created for this 
experiment is called "oobleck" after 

a slimy substance in a children’s book by 
Dr. Seuss. When placed under pressure, 
it behaves like a solid, whereas it is 
liquid at no or slight pressure. The 
pressure can come from your hands, a 
punch, or sound waves from a 
loudspeaker that makes oobleck clot 
and jump. Oobleck is a non-Newtonian 
fluid. Liquids are usually fluid, though 
their rate of flow varies. Some fluids 
such as water are easy-flowing, while 
others such as honey are not.
A fluid’s ability to flow is called viscosity. 

The higher viscosity, the thicker the 
fluid. In everyday language, viscosity is 
thickness or consistency. 

The viscosity can be altered by 
temperature changes: If you heat honey, 
it flows more easily. Otherwise, the 
viscosity is constant. Water and honey 
are Newtonian fluids - their consistency 
does not change under pressure. A non-
Newtonian fluid changes viscosity when 
it is affected by force such as pressure. If 
you jab your finger into a non-Newtonian 
fluid, it becomes either more liquid, such 
as ketchup, or more solid, which is the 
case with oobleck. 

Two types of fluids
do not obey Newton

THIN UNDER PRESSURE
Ketchup, paint, and whole milk 
become thinner, the more 
pressure they are placed under. 

NEWTONIAN FLUID
Pressure has no effect on the 
substance's viscosity. 

THICK UNDER PRESSURE
Oobleck and quicksand become 
thicker the more pressure they 
are placed under.

Thickness

Force

The special mixture is 
liquid when left alone, 
but when it is subjected 
to sudden force, it 
becomes solid, putting 
up resistance.

By Kristian Filrup



1. Which Order of vertebrates are 
unique for having their pelvis inside 
their enlarged and specialised rib-cage?  

2. Which country was the fi rst to land 
a probe (well, crash really) on Mars 
back in 1971?

3. What mineral, used in power 
generation and the production 
of germanium, has the proper
geological name ”lignite”?

4. What destroyed a Minoan 
settlement and inspired many 
apocalyptic Greek myths sometime 
in the period 1642-1540 BCE?

5. Is there a scientifi c di� erence 
between shrimps and prawns?
 
6. What happens when you electrify 
a two-lead semiconductor in a p-n 
junction diode?

7. What do traditional Japanese 
carpenters never use when 
constructing a wooden house?

8. According to 
legend, what 
did the Chinese 
emperor Shennong 
accidentally invent 
in about 2737 BCE, 
when leaves fell 
into his water?

9. How many more vertebrae 
(neck bones) do gira� es have 
compared to humans?

10. True or false: 
the QWERTY 
keyboard is 
deliberately 
ine�  cient, to 
slow down typists 
and stop the 
system jamming?

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

It consists of a 
crystal-line type of 
carbon known as 
graphite. Its name 
sounds similar, and 
rhymes with “mean”

The material is 
produced in sheets 
with a thickness of 
only one atom layer. 
Hence, it is called a 
2D material.

Scientists are still 
trying to find a cost-
effective, industrial 
production method. 
Today it is very 
expensive to make.

It has proven to 
be an excellent 
electrical conductor, 
and it is about 300 
times stronger than 
steel but brittle.

This material was first 
isolated in a lab in 
2004. Subsequently, 
the experiment 
earned the scientists 
a Nobel Prize. 

3. CHEMISTRY

Name this 
material

One of its most 
important functions 
is speech, which 
would be impossible 
without it. It contains 
our taste buds. 

It stretches from the 
throat to the front 
of the mouth and 
plays an important 
role in the human 
sensory system.

The Latin name of the 
organ is lingua. Its 
nubbly surface is 
covered in small 
sensors known 
as papillae. 

It had a total of eight 
muscles, four exterior 
and four interior 
ones, providing
the organ with 
great dexterity. 

This organ is unique 
to vertebrates. In 
adults, the organ’s 
average length is 
approximately 10 
centimetres.

The first primitive 
versions of the 
invention were 
developed in the late 
1800s and used in the 
first telephone.

2. ANATOMY

Name this 
organ

Even though your 
mobile has one 
inside, you might use 
Bluetooth to connect 
to a bigger and 
better one.

The invention 
converts an electric 
signal into 
mechanical motion, 
and creates a 
pressure wave in air.

It comes in different 
versions depending 
on its design. The 
most common is the 
electrodynamic one.

The modern version 
of the invention was 
patented in 1925 by 
Chester W. Rice and 
Edward W. Kellogg.

1. TECHNOLOGY

Name this 
invention

Trivia Countdown (use fewer clues, get a higher score!)

q. 5

Trivia
PUT YOUR KNOWLEDGE
TO THE TEST

ANSWERS ON p82!
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constructing a wooden house? compared to humans?

the QWERTY 
keyboard is 
deliberately 
ine�  cient, to 
slow down typists 
and stop the 
system jamming?

q. 9
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Australia’s tea trees - plants in 
the genus Leptospermum - are 
almost entirely unique to our 

arid continent. A few species exist in 
New Zealand, Southeast Asia, Malaysia 
and Indonesia, but the bulk of the 87 
described species are found only here.

Leptospermum means “fine
seeded” but the plant’s common name 
comes from the early settlers throwing
a few leaves in the pot to make a 
sort of bush tea.

Leptospermum leaves are high in 
vitamin C, but they also provide the 
source of our famous “Manuka honey” 
which some people believe has special 
antibacterial properties (tests are 
inconclusive, though research goes on).

This Leptospermum sp. was 
photographed high up in the Blue 
Mountains where the plant had grown 
into a tough little shrub on an exposed 
plateau. And then, after admiring the 

POLLINATING PALS
MEET IN THE TEA TREE

distinctive five-
petaled flowers 
our photographer 
realised she’d caught 
something else: a beetle 
and an ant meeting face to face.

Bees are not the only pollinators of 
flowers, and in fact ants play a massive 
role in ensuring flowering plants can 
reproduce effectively. As for the 
beetles, the order Coleoptera were 
among the first insects to start 
pollinating flowering plants.

Remember, “flowers” as we 
understand them, evolved only in the 
last quarter of the history of life on Earth 
so far. The angiosperms did not emerge 
until the Early Cretaceous, about 120 
million years ago. 

Insects, by contrast, first appeared in 
the Devonian, 396 million years ago. 
Beetles themselves came along 96 
million years later. And so they had to 

TRIVIA ANSWERS 1. Turtles 2. USSR 3. Brown coal 4. The massive eruption of the volcano Thera 5. No. They are interchangeable terms. 6. It emits light, because it is an LED. 7. Nails 8. Tea 9. None.
10. False. It is laid out for efficiency but compromised to separate common pairs (like TH or ST) which would jam. Trivia Countdown – Name this invention: Loudspeaker Name this organ: Tongue
Name this material: Graphene

BIODIVERSITY | ENTOMOLOGY
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spend 180 million 
years eating 

something other 
than delicious nectar...
Eventually beetles 

adapted to feed on flowering 
plants and an increasing range of new 
insect species began to develop even 
more specific pollen-feeding adaptations.

The pinnacle of this evolutionary 
pathway is of course the superfamily 
Apoidea - the bees. From eating pollen 
and nectar they are able to sustain 
complex social structures, build intricate 
hives, and are a key part of the 
reproduction of tens of thousands of 
species of flowering plant.

Meanwhile, this ant and beetle 
on a tea tree somewhere in the Blue 
Mountains continue to do what their 
kind have always done. Explore their 
world, find food, and not worry too 
much about any of it. 








