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T
hese days, you can’t 

read anything about 

high energy particle 

physics or cosmology 

without at least some 

mention of dark matter 

or dark energy.

What is this stuf ? Where 

did it come from? And what ever happened to 

the nice simple view of the universe we had back 

in the 1980s? You know, in that brief window of 

history when Pluto was still a planet.

Here’s thing. The dark matter / dark energy 

hypothesis exists because science will not accept 

any model unless it fi ts observations. Our ides 

of gravity, of mass, of reality itself might sound 

nice and neat and tidy, and they might work very 

well when it comes to predicting, say, how fast an 

orange will roll of  a table or how long it will take 

Jupiter to go around the sun. But when we use 

those same laws to look at anything bigger than a 

galaxy, we run into problems.

Our theory of gravity - and here by ”theory” 

I mean ”well demonstrated working model” - 

ultimately relies on the essential mathematical 

truth that one plus one equals two. All our 

theories rely on that. Everything is maths. 

Everything can be broken down to basic equations 

which you can work out on your fi ngers.

But when we apply the physics we’ve worked 

out to objects the size of galaxies or galactic 

clusters, or the structure of the universe itself, the 

maths doesn’t work out right.

Basically, the way really big things move around 

implies that the universe contains much, much 

more mass and energy than can be accounted for 

in the stars and gas we actually see.

It’s kind of confusing, but it does make 

sense. We’ve worked out the mass of the 

Earth (5.972x1024 kg) and the mass of the sun 

(1.989x1030 kg) and the speed of our orbit (about 

107,825 km/h) and our distance from the sun 

(149.6 million km) and we plug all that data into 

our gravitational model and it accurately predicts 

the length of the year. The maths works.

But when we take all the masses of the various 

stars and planets and the presumed size of the 

supermassive black hole in the middle of the 

galaxy (all based on our observations of these 

stars moving and how bright and far away from 

each other they are) and put them all together... 

the results don’t match the actual size and motion 

of the galaxy. There’s a whole bunch of mass 

missing. In fact, the amount of mass we can ”see” 

(either as light, radio waves or other radiation) 

accounts for just 15.5% of the mass the maths 

needs to make the galaxy work.

There’s clearly something amiss with the model. 

Either we have our ideas of gravity and matter 

and time and size completely wrong - which 

seems unlikely since our model works perfectly at 

planetary scales - or we are simply yet to observe 

what most of reality actually is. For now, we call 

this dark matter and dark energy.

These things are called ”dark” because 

they are made of stuf  that doesn’t interact 

with electromagnetic radiation. Everything 

we ”see” is observable because it either emits 

electromagnetic radiation (light, radio, x-rays etc) 

or radiation bounces of  it. 

Imagine sitting in a dark room. You can just 

about see a glow-in-the-dark cube in front of you. 

You try to pick it up. It’s impossibly heavy. So you 

turn on the lights and realise the cube is actually 

stuck to the top of a giant oak dining table. While 

the room was  dark, there was no way to ”see” the 

dining table. To ”see” dark matter, scientists need 

to fi gure out how to turn on the light.

All this stuf  matters because it speaks to our 

fundamental understanding of the universe. Either 

we’ll discover dark matter’s (and dark energy’s) 

function and importance in the machinery of 

reality... or our entire model will be upended 

once more and we’ll become a more enlightened 

civilisation. It’s happened before.

Anthony Fordham

afordham@nextmedia.com.au
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Why Dark Matter, uh, Matters
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MEGAPIXEL | METEOROLOGY

Clouds contain supercooled water droplets, 

that is, water cooled to a temperature 

below freezing without freezing. When a plane 

passes through the clouds, the air surrounding the 

wings is cooled by up to 20°C, immediately making 

the supercooled droplets freeze. Small ice crystals 

form, which absorb the droplets around them. The 

heavy ice crystals fall as small local rain or snow 

showers, punching holes in the clouds. The “hole-

punched cloud” phenomenon is captured here in a 

satellite image of the Florida coastline.

Aeroplanes punch  
holes in the clouds 

Photo // MODIS/NASA
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Every winter, billions of sardines migrate 

along South Africa’s coast, attracting 

dolphins, sharks, and other predators. The Bryde’s 

whale takes a more radical approach than its 

competitors. The 50 tonne animal surges through 

the shoal with its mouth open wide, swallowing 

hundreds of litres of water. When the whale blows 

out the water, the fish remain thanks to baleen - 

long, vertical fibres in the creature’s mouth. This 

image of a hungry whale won an award at the 

Wildlife Photographer of the Year 2015 competition.

Whale vacuum-cleans  
the ocean of sardines

Photo // Michael AW
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The winning design hovers 15 mm above the rails by 

using super magnets, ensuring a fast, steady trip.

MAGNETS MAKE THE CAPSULE FLY

Students build 
first hyperloop testbed
MIT students have won a major design contest that aims to bring the high-speed 

train of the future, Hyperloop, one major step closer to reality. 

 TECHNOLOGY  Twenty-seven students from the 

respected American  Massachusetts Institute of Technlogy 

(MIT) are responsible for the best design of the super train 

of the future. Elon Musk’s company, SpaceX, arranged the 

contest to find the most realistic aerodynamic transport 

capsule, which glides above the track by means of super 

magnets at a speed of 1,200 km+/h.

The MIT students focused on the challenges of limiting 

the air drag (shortening the trip from Los Angeles to San 

Francisco to just 35 minutes), gaining full control of the 

capsule’s motion, and introducing efficient emergency 

brakes. The students designed a 3D model of the capsule, 

and will now use these designs to build a 250 kg prototype. 

The design includes a shell made of carbon fibre and 

polycarbonate. These ultralight materials solve the 

challenge of air drag. Transverse magnets are to stabilise 

the capsule, and mechanical brakes are activated, should 

the automatic functions fail. The model is only one step on 

the way to a real capsule.

Students from a total of 115 universities in 20 countries 

have designed, prepared plans, and made calculations in their 

efforts to introduce a Hyperloop capsule concept. 
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Width: 1 m

Length: 2.5 m

Brake system:
In emergencies, a fail-
safe braking system 
ensures automatic 

slowdown.

Ladder-like base:
The capsule is built on a base 
of aluminium rails, which are 

inherently stable. 
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Editor: Karine Kirkebæk

 TECHNOLOGY  Fibres from the 

Spinifex grass type can result in con-

doms as thin as a human hair and as 

strong as ordinary latex condoms.

Scientists from the University of 

Queensland have developed a method 

for extracting nanocellulose from the 

grass. The cellulose strengthens the cell 

walls of the grass, and by adding latex 

rubber, scientists created an ultrathin, 

flexible material. The scientists expect 

to be able to make condoms that are 30 

percent thinner than ordinary condoms, 

but just as safe. Other latex products 

such as gloves used by doctors can also 

be improved by the grass product.

The strength of the grass has been 

known for generations among 

Indigenous peoples, who have used the 

plant juice as a type of glue.

FLYING DRONE WITH 
ITS OWN "ARMOUR"
The robust Gimball drone is 
protected by an "armour", 
which enables the drone to 
fly about in hard-to-access 
places such as basements 
and collapsed structures. 
Inspired by insects such as 
flies, the drone is shockproof, 
and if it happens to hit a wall 
or a ceiling, it will just 
continue its flight. 

Ultrathin 
grass condoms?

Carbohydrates from grass can make 

condoms 30 % thinner.

A two-metre-long fish from the Cretaceous Period 

opened its mouth to swallow and filter plankton.

ARuns on magnets 
Two parallel rows 

of 20 neodymium 
magnets will keep 
the capsule "flying" a few 
mm off the rails 
due to a magnetic field 
between the capsule 
and coils in the track. 

BLow-speed wheels 
In emergencies, 

the magnets are hoisted, 
and the capsule can move 
slowly forwards/back-
wards on special wheels. 

CSuper light body
The body is made of 

ultralight carbon fibre 
and polycarbonate and 
shaped like a bullet, 
ensuring minimum air 
drag and maximum speed.

Extinct fish consumed 
plankton via huge mouth
 PALAEONTOLOGY  Scientists have discovered two 

unknown species of a rare fish that lived 92 million years 

ago in the Cretaceous. Called Rhinconichthys, they 

measured two metres, and had huge mouths, which 

they used to filter plankton just like modern whales.

So far, palaeontologists have only known the animal 

from one single fish head 

discovered in England in 2010, 

but two new fossil fish heads 

found in the US and Japan reveal 

that Cretacean biodiversity was 

greater than we used to think, as 

they were discovered in three 

different parts of the world. 

Spinifex grass

Condom

The Cretaceous owes its 

name to calcareous 

deposits originating from 

the remains of single-

celled, calcareous algae 

living in the oceans. 

The Hyperloop super 

train travels at up to 

1,220 km/h. 2.4 kg
– is how much a mole weighing 
100 g can push in front of it in its 
narrow, underground tunnels. That 
is 24 times the animal's weight. 
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HYPERLOOP FACTS

The high-speed train 
of the future will carry 
passengers between 
cities (up to 1,500 km 
apart) in an almost 
perfect vacuum tube. 
Solar panels on the tubes 
will generate energy for 
the transport system.

ENCYCLOPEDIA



SCIENCE UPDATE

SHOOTING STAR

'Spider' waits 99 million years for love
PALAEONTOLOGY  Perhaps the oldest 

erection ever has been discovered, frozen in a 

piece of amber in Burma. The extended penis 

belongs to an unknown harvestman species 

that roamed the Earth 99 million years ago. 

The different species are hard to distinguish, 

as the shapes of their bodies and legs are very 

similar. But the shape of the creatures’ 

penises may vary.

The reproductive organ is located under the 

body, and scientists rarely have the chance to 

study it, so, palaeontologists are thrilled about 

their impassioned discovery. Based on its 

shape, scientists determine that the creature is 

a species that has not been registered before. 

Arachnids have lived on Earth for 400 million 

years, and the find provides us with a unique 

chance to study their evolution. 

London, as seen from the ISS

1.047 seconds
time taken for a machine to solve a Rubik's Cube, 
setting a new world record. 

The shape of the 

erected penis reveals 

that the spider belongs 

to an unknown 

harvestman species.

FOSSILISED RESIN

Material: Amber 
consists of fossilised 
resin. Approx 78% of 
amber is carbon. The 
rest is oxygen, hydrogen, 
and sulphur.

Age: Amber is at least 
30-50 million years old.

Record: The world's 
oldest amber is 235 
million years old.JA
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A golden city shines into space – From an altitude of 386 km, at night London 
looks like a vast and complex golden cobweb. Since 2013, ISS astronauts have taken 
night photos of the big cities of the world as part of  the “Cities at Night” project, which 
aims to create a nocturnal map of Earth.

The about 15-m-long and 

30-t-heavy humpback whales 

travel 25,000 km per year, 

migrating from the cool waters 

of the polar regions in the 

summer to warmer tropical 

regions in the winter. 

The whales hunt food using a 

method which resembles 

netting. They circle about a 

shoal of fish, producing a net 

of bubbles below and around 

them. The whales take turns 

swimming up through the 

shoal to eat.

For the first six months of its 

life, a humpback whale calf 

only feeds on its mother's milk, 

which holds 50% fat. And the 

greedy calf can drink up to 50 

litres of milk every day. 

While we're on the subject...

NEWS FLASH!
When young humpback 
whales "breach" out of 
the water, they're 
actually exercising. 
The activity develops 
their muscle tissue’s 
ability to store oxygen.

Penis
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The spring-shaped “sperm-

bot" is directed to the chosen 

sperm cell by means of a rotating 

magnetic field.

1

The auxiliary motor coils 

around the sperm cell's tail, and sci-

entists control the cell by means of 

magnetic fields. 

2

When the sperm cell hits the 

egg, the spermbot lets go of the 

sperm cell, moving in the opposite 

direction. 

3

RARE FEMALE JEWELLERY FOUND
In Jerusalem, scientists have discovered a 
seal that probably belonged to a very 
special woman. The seal is 2,500 years 
old, and at that time, only upper class 
people – who were mostly men – had seals 
with which to sign letters. The inscription 
reads: “Elihana, daughter of Gael”.

Auxiliary motor boosts 
slow sperm cells
In the future, healthy but slow sperm could be assisted by small 
robots, which coil around the sperm cells, leading them to the egg. 

 MEDICINE  Sperm cells with poor 

swimming powers are often the cause of 

infertility in men. So, German scientists from 

the Institute of Integrative Nanosciences in 

Dresden have developed a method to speed 

up these sperm cells. They have designed an 

auxiliary motor – a small metal coil 

measuring just 50 micrometres – to help the 

sperm cell succeed in its mission. 

Known as a spermbot, the auxiliary motor 

is shaped as a metal-coated double helix like 

the spring-shaped structure of DNA strands. 

The spring coils around the sperm cell’s tail, 

and by placing a magnet placed above the 

woman’s abdomen, scientists can create a 

rotating magnetic field to control the 

spermbot. Once the fertilisation has taken 

place, the robotic spiral is turned in the 

opposite direction, losing its grip on the 

sperm cell and moving in the opposite 

direction. The method has only been tested 

on bull sperm in a culture dish.

An auxiliary motor coils 

around the weakened sperm 

cell, providing it with the 

power to enter the egg.

SPERM ELIMINATION RACE

 200 million sperm cells 
are released per ejaculation.

 10,000 sperm cells reach 
the oviducts. 

 50-100 sperm cells reach 
the egg. 

 1 sperm cell manages 
to fertilize the egg.

EGG

SPERM CELL WITH MOTOR
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299 km/h

SCIENCE UPDATE

FALCONS
FORCE-FED

BEFORE DEATH
Two mice and a

sparrow were the last 
meal of an Egyptian 

falcon, after which the 
bird was mummified. 

Scientists CT scanned 
the mummy, concluding 

that the falcon was 
force-fed to death, as one 
of the mice was stuck in 

its alimentary canal. 
Force-feeding suggests 

that the Egyptians were 
among the first to breed 

birds of prey.

Shirt is the world’s 
oldest woven garment

Only 2.24 mg of the shirt was 

needed to date it to 

approximately 3000 BC.

Tomb

Tarkhan

EGYPT

 ARCHAEOLOGY  A shirt with pleated 

sleeves discovered in an Egyptian tomb is the 

world’s oldest woven garment. The shirt was 

first uncovered in 1912-13 by an English 

Egyptologist in a chamber of a burial site 

south of Cairo. However, he did not realise 

the importance of the shirt, as it was lying in 

a heap of other rags. In 1980, the shirt was 

dated to around 1000 BC, but the method 

was unreliable, and a new test has now come 

up with a very different result.

Based on 2.24 mg of the shirt, isotope 

analysis experts from the British University of 

Oxford have dated it to the first Dynasty of 

Egypt, about 3000 BC or older. So, the shirt is 

the world’s oldest woven garment. 

SHIRT DISCOVERED 
IN TOMB

The shirt was discovered in 

1912-13 by Egyptologist William 

Matthew Flinders Petrie. It was 

located in a tomb from about 

3000 BC near the village of 

Tarkhan, 50 km south of Cairo. 

The tomb held 2,000 graves.
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– is the top speed of the world's fastest hydrogen car. 
Italian carmaker Pininfarina made the prototype.

Wolves have regional accents

Scientists have analysed 2,000+ sound recordings of wolves, categorising them via 
an algorithm, and finally extracting 21 different sounds. They found out that 
different subspecies - including jackals and domestic dogs - have their own howls.

ANIMAL LANGUAGE Know a wolf by his howl
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Diamonds 
form deeper 
underground

A special type of diamond is formed up 

to 700 km into Earth’s mantle. 

 GEOLOGY  Most diamonds 

form 120 km into Earth’s intioer, 

but some rare “super deep” 

diamonds form at depths of 250+ 

km. It happens when carbon 

from ocean water is separated 

and absorbed by the ocean floor, 

only later to be forced down, 

when ocean plates are forced 

under continental plates. But we 

didn't know how deep the 

carbon must move before a 

melting process in the rock 

converts it into precious stone. 

Scientists from Bristol 

University have now answered 

that question. By copying the 

melting process in lab 

experiments and comparing the 

results to geological models, 

they have discovered that the 

diamonds form 300-700 km into 

Earth’s mantle.
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Whales 
found off 
Madagascar

Scientists have discovered 

80 omura whales off the 

coast of Madagascar - 

twice as many as 

previously recorded. The 

discovery could reveal 

how these whales live in 

family groups. 

Clumsy robotic hands can 

now get sensitive 

fingertips that can 

feel rabbit fur.

A finger full of electronics
The robotic finger registers temperature, pressure, and vibrations of the objects 

touched. The finger converts electrical resistance into sensory impressions.

 TECHNOLOGY  Artificial hands and robotic 

hands are usually too clumsy to handle 

something as fragile as an egg without 

making a mess of it, but a new robotic finger, 

which can be mounted on existing artificial 

limbs, has sensors that can match ours. 

Called BioTac, the finger was developed by 

scientists from the University of Southern 

California. The robotic finger has a solid core 

with sensors and electrodes surrounded by 

rubber skin and a liquid right beneath the skin. 

The finger can register the direction of pressure, 

temperature, and texture.

The technology is controlled by an 

algorithm with data about 117 materials and 

sensory impressions described according to 15 

different characteristics such as soft, rough, 

smooth, warm, and cold. The finger quickly 

determines how to adjust to motions and 

pressure not to crush the egg.

Sensitive robotic 
fingers feel fur and heat 
New robotic fingers imitate human fingers. The fingertips have 

the same tactile sensitivity as a human hand.

Plastic fingernail

Liquid

Pressure sensor

Rubber skin

Wires with power and signals

Pressure. Liquid moves 
under the skin, and elec-
trodes register the altered 
resistance of another 
electric circuit. 

Vibrations. Grooves in 
the skin send vibrations 
to a transducer, which 
converts and amplifies 
them into electric signals. 

Temperature. If the finger 
touches something hot or 
cold, a thermistor registers 
the difference as changes in 
electrical resistance.

NEWS FLASH!
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Baleen whales do not suffer a great 

risk of something getting stuck in 

their respiratory passages or gullets. 

The gullet is not so flexible that 

something can get stuck, and it 

contains lots of lubrication.

The large baleen whales are 

among the biggest organisms that 

ever lived on Earth, but at the same 

time, they feed on tiny organisms 

such as krill and shrimps. This type of 

prey exists in such large quantities 

that it is not a problem to have 

enough, if you develop a technique 

for capturing it. And that is exactly 

what baleen whales have done. 

Instead of teeth, they have huge, 

fibrous baleens that filter all edible 

particles out of the water. The whales 

actively look for a shoal of small fish 

or krill, subsequently taking a huge 

mouthful, forcing out the water, and 

swallowing the creatures left. The 

whales do not need a wide throat, 

when they feed on small prey, so the 

size goes from grapefruit to 

basketball. The baleen whales that 

primarily feed on fish have the biggest 

gullets. If something too large ends 

up in their mouths, it is forced out 

again. Also, unlike the toothed 

whales, baleen whales have two 

blowholes on top of their heads.

DOES WINE GUM CONTAIN PIG SKIN?
As a by-product of the boiling of pig 
skin and calf bones, gelatine is 
produced - a yellowish, scent-less, 
tasteless starch. It is used in wine 
gum, or jellies to make the sweets 
flexible and rubber-like. Gelatine is 
a broken down version of collagen: a 
protein from tendons, skin, and bone. 
Gelatine can be replaced by pectin, 
gum arabic, and other ingredients.S
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1When a whale needs a 

bite of food, it opens its 

mouth, so the water and its 

contents of tiny, edible prey 

are sucked into the mouth. 

2After the mouth has 

filled with water the 

whale lifts its tongue, forcing 

the water out through the 

baleen fronds. 

3The edible content of the 

water now sticks to the 

fibre along the edge of the 

baleen, and it is easy for the 

whale to swallow the food.

Will a baleen whale risk drowning, if it gets hold of a seal or other large prey? 

Can a whale drown?

FIBRES FUNCTION LIKE A STRAINER
Baleen whales have no teeth. Instead, they feature baleens, which are long, frayed 

folds hanging down from their palates. The baleens function as a large strainer.

Tongue

WaterBaleens

BaleensTiny prey
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Palate

Baleens Baleens

Editor: Anne Lykke

?
The Swedish LKAB mining company has 15,000 

hp engines with a tractive force of 1,200 

kilonewtons (kN). With such muscles, an engine 

can pull a 750-m-long set of freight cars full of 

iron ore. As a minimum, the tractive force of a 

train engine must exceed the total motional 

resistance of the train. Factors such as mass, 

friction between wheels and rails, wind force, 

and the inclination of the rails play a role. 

Freezing rain, oil, and fallen leaves on the rails 

could reduce the adhesion coefficient, slashing 

the tractive force as well. Electronic systems are 

used to balance the shaft of the train engine. 

How much cargo can a train engine pull?

Why do some people 
have freckles?

Freckles are brown, black, or red 

patterns of melanin pigment, which 

protects the skin against ultraviolet 

sunlight. In most people, the 

pigment is spread evenly 

throughout the skin, but red-

headed, light-skinned people with a 

special variant of the MC1R gene 

produce lumps of the pigment. Train engines from LKAB can pull a 750m-

long set of freight cars full of iron ore.

Baleens are long horn 

plates, which can 

grow 0.5-3.5 m long.
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What harms a person's 
IQ the most?

ALCOHOL IN THE WOMB

Lost IQ points: 21 
Cause: According to studies, 
alcohol abuse harms the unborn 
baby and may cause lower IQ.

MICRONUTRIENT DEFICIENCY

Lost IQ points: 12
Cause: According to experiments, 
children who do not get iodine 
and the like get lower IQs.

REPEATED CONCUSSION

Lost IQ points: 10
Cause: Repeated concussions in 
childhood may cause lower IQ, 
as the brain suffers.

SMOKING POT 

Lost IQ points: 8
Cause: Pot-smoking teenagers' 
IQs are 8 points lower than those 
of their non-smoking friends.

TOO MUCH FLUORIDE

Lost IQ points: 7
Cause: Fluoride helps teeth, but 
too much affects the brain – 
particularly baby brains.

How much does a whale eat? 
Whales only eat for about half of the year, as they do 

not consume food during the breeding season. 

Consequently, they need to develop large fat

reserves to live on for months.

FOOD PER DAY
Blue whale: 4 tonnes 
Fin whale: 3 t 
Humpback whale: 2-2.5 t Grey whale: 1 t 

Minke whale: 2-400 kg
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ASK US

4. The other wires 

are used to halt the 

signals, if the HDMI 

cable is removed, etc.

3. Six wires in three pairs carry 

sound and image data. Each 

pair is protected by insulation.

1. The socket of a HDMI cable 

has 19 "pins" - one for every 

conductor in the cable. 

2. A clock signal is sent in 

two separate wires to tell 

the receiving side how to 

decode the signal. 

BLACK PEOPLE MUST 
ALSO USE SUNSCREEN

Lifestyle: Though black 
people's skin offers natural 
protection against sunlight 
(melanin), they still need UV 
sunscreen, although with a 
lower factor. 

Ageing: When sunlight 
affects the skin, cells and 
connective tissue are harmed, 
causing wrinkles, lines, and 
thickening of the skin. 

Dark skin gives 

factor 13 protection against sunlight. 

Does light skin age faster than dark? 

HOW THINGS WORK

Dark skin ages more slowly and keeps wrinkles at 

bay, and dark skin includes several other 

advantages over white skin: The dark brown skin 

colour observed in people of African descent offers 

the same protection as factor 13 sunscreen. In 

comparison, white Europeans are only protected 

by factor 3 "sunscreen". Dark skin also makes up 

better protection against skin cancer; a disease 

observed 10 times more often in white people 

than in their black counterparts. This is due to a 

higher content of melanin in the skin, which 

makes up a protective layer on the skin cells. 

Sound and images are often sent via HDMI cables 
such as from set-top boxes or game consoles to the 
TV. HDMI decodes electric signals in such a way 
that the signal does not deteriorate, although large 
quantities of data are sent through the copper cables.
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How are sound and images 
sent through cables?
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Build a nest at a height of 15 metres

How do woodpeckers 
build a nest in a cactus?
Why is the gila woodpecker not harmed, 

when it builds its nest in a cactus?

The gila woodpecker, which lives in desert 

regions in south-western North America, 

prefers to build its nest in the characteristic, up 

to 15-m-high saguaro cactus. Like many other 

small bird species, the gila woodpecker has 

developed an ability to move about thorny 

plants. Usually, saguaro cactus thorns are 

located so far apart that the gila woodpecker 

can stand between them without being 

harmed. The woodpecker prefers to live in the 

tallest cactuses. The altitude and the thorns 

help ensure that predators living on the 

ground, such as snakes, cannot easily climb up 

to rob the nests. The nest itself is carved out in 

the shape of a 7 inside the stem of the cactus. 

Once the hole has been completed, the cactus 

will initiate wound healing, secreting a cork 

substance, which turns into a hard, protective 

wall inside the nest hole over time. Gila 

woodpeckers and northern flickers are the only 

birds that consistently build nests in the 

saguaro cactus. Their abandoned nest holes are 

taken over by other bird species such as small 

owls, purple martins, and common kestrels.
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WORLD RECORDS

What: The Juancho 
E. Yrausquin Airport

ULTRASHORT STRIP

396.24 m
Where: The Caribbean

Which runway is the shortest? The 
airport of the Dutch Antilles on the island of 
Saba only has one landing strip, and the 
Winair airline is the only one to offer regular 
flights to the island. The landing strip is the 
shortest in the world at

The saguaro cactus 

loses some of its water-

holding tissue in the 

external part of the stem, 

when the gila woodpecker 

builds its nest. But the bird 

pollinates the flowers.

The hard nest wall

is so durable that it 

remains on the ground 

long after the cactus has 

withered, and its soft 

parts are gone. The nest 

is shaped like a low boot, 

and the remains are 

known as "saguaro boots".

WOODPECKER 
HARMS CACTUS

A

B

The gila woodpecker pecks 

off the thorns around the 

entrance to its nest.
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ASK US

1,032 hours
Can a person die of lack of oxygen inside a house? A human being breathes six litres of air per minute. 
A hermetically sealed, 150 m2 house holds 500 m3 of air – enough to keep a human alive for about 43 days or:

Will an RPG push 
you backwards?

A rocket-propelled grenade or RPG is basically an 

open rocket tube and not a closed tube such as a 

cannon or a gun. According to Newton’s third law, 

the firing of a projectile at any given force results in 

a reversed reaction of just as much force. In the 

case of an RPG, this means that when the projectile 

is fired, the recoil exits the rear end, and the 

shooter remains firm on the ground.

When an RPG is fired, it should be done at a 

safe distance to objects behind it, as the powerful 

recoil could hit a person or a wall, bouncing back at 

the soldier. Older models emitted a large flame, 

meaning that it was not always only the enemy 

who was harmed.  

Copper wire

A copper wire will show a 
green light when placed 
inside a flame. It was 
submerged in copper 
sulphate.

1 Some materials produce 

coloured flames as they burn. 

When energy – in the shape of 

heat, etc. – is fed into a material, 

the energy pushes the material’s 

electrons, increasing their 

energy levels. 

2 When the electrons return 

to their basic state, they emit 

the surplus energy as light. 

3 If copper sulphate is burned, 

you will see a bright green 

flame, as the electrons emit 

green light. Other metal salts 

emit blue, red, or purple light, 

as they burn.
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After being poisoned with thallium, the bad 

guy of the “Spectre” film, Mr. White, realises 

that his days are numbered.
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How thallium breaks down cells
Thallium affects several organs of the body, slowly killing you. 

An antidote exists, but often, the victim does not know what is wrong.

In the James Bond film “Spectre”, a bad guy, Mr. White, is 

poisoned with thallium, making him so ill in a couple of weeks 

that he finally commits suicide.

But is thallium really that harmful? 

Thallium is a metallic element that is 

grey and very soft. It is absorbed through 

the skin, breathed in via the air, or 

consumed with contaminated food. 

Chemically, thallium behaves like 

potassium in certain ways, which makes 

it dangerous. The body cannot always 

differ between the two, and the cells 

absorb thallium in the belief that it is the 

useful mineral. Inside the cells, proteins 

are harmed and important biochemical 

reactions disturbed. A dose of about 1g 

can kill you, but the immediate 

symptoms are relatively mild and will 

not occur until after two days. After a 

few days, the nervous system is affected, 

the victim suffering pain, cramps, 

numbness, psychosis, and memory loss. 

About 2-3 weeks later, the hair falls out, 

and one week later, the heart may fail. 

3Thallium destroys the 

cells, so nerves, 

muscles, hair roots, and 

organs are broken down.

2The cells of the body mis-

take thallium for potassi-

um, actively absorbing it.

1Thallium is absorbed 

though skin, air, or food.

Can thallium kill?

SPECIAL EFFECTS

4An antidote can be given 

in the shape of the ferre-

ous pigment Prussian blue, 

that, given in large quantities 

per day, absorbs thallium, re-

moving it from the body. 

THALLIUM 
HAS CLAIMED
MANY LIVES
The slow effect makes it 

easy for the criminal to 

disguise his action.

1971: Agents from the 

French intelligence service 

kill a political leader from 

Cameroun using thallium.

1988: An American man is 

sentenced to death for killing 

his neighbour, who had been 

given thallium in his coke.

1990s: Iraq's president, 

Saddam Hussein, eliminated 

his enemies with thalluim.

1999: Terje Wiik of Norway is 

sentenced to 21 years in jail 

for killing his girlfriend with 

thallium.

In the past, thallium 
was sold over the 

counter in the shape 
of rat poison.

Thallium

Cell

Cell with thallium

Thallium

Thallium with 
antidote
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A new
generation of 
spacecraft lifts off 

3... 2...
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By Mikkel Meister

Since the end of Apollo in the 
1970s, humans have not been any 
more than 1,300 km away from 
Earth. But a new generation of 
spaceplanes, rockets, and capsules 
are about to change that. The new 
ships will not only take us millions 
of km away, they will also be safer 
and cheaper than their 
predecessors. The new space 
travel challenges are: 

Short trips to the ISS. 
Missions to the Moon and Mars.
Stops at bases on other worlds.

In 2018, the huge SLS rocket will launch 

the Orion space capsule on its first 

mission to the Moon. 
MSFC/NASA
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SPACE TRAVEL

Mini space shuttle's 
return trip to the ISS
Since the space shuttles were pensioned off, all astronauts 

and goods have been carried to the International Space 

Station (ISS) by Russian Soyuz rockets and probes. NASA has 

chosen the small Dream Chaser to replace the shuttles. The 

spaceplane is launched by rocket, but lands by itself.

During launch, the Dream 

Chaser’s wings are folded 

to fit into the cargo compartment 

at the top of the rocket. 

After a few minutes, the 

Dream Chaser is disengaged 

from the booster rocket. A smaller 

rocket stage takes over. 

1

2

 AIM:  Carry astronauts and goods to the ISS. 

From 1981 to 2011, NASA’s space shuttles carried out 

135 missions; most of the time carrying astronauts 

and cargo to the International Space Station (ISS). 

The five space shuttles, which could each carry 11 

astronauts and 22 tonnes of cargo, were designed to 

be reused during 100 missions to a Low Earth Orbit 

(LEO). Two space shuttle missions went terribly wrong, 

and as early as 1986, experts recommended their 

retirement, once the space station had been completed.

133 successful space 
shuttle missions

During launch, the space shuttles used an external fuel and 

oxygen tank and two booster rockets.

T
he nose of the rocket rises 98 m into 

the air.  When the countdown 

reaches zero, there is a huge roar, 

and the rocket lifts off in a blaze. Four 

minutes later, the rocket separates, and the 

small space capsule continues on its own. 

In the mid-2020s, when NASA’s new 

rocket, the Space Launch System (SLS), 

launches the Orion space capsule towards 

the Moon, it will be the first time in more than 

50 years that humans have travelled more 

than about 1,300 km away from Earth. 

Initially, the aim is an unmanned mission to 

the Moon in November 2018, but later, the 

Orion capsule will be going to an asteroid to 

bring a fraction of it back to the Moon, where 

astronauts will take a closer look at the rock. 

And finally – sometime in the 2030s – Orion 

will set out on a manned mission to Mars.

NASA is not the only agency renewing its 

”hardware”. Other space organisations and 

several private companies are busy developing 

an entire army of new rockets, space capsules, 

bases, and spaceplanes. Together, the new 

vehicles will take humans millions of km into 

space and allow us to stay in the hostile 

environments of foreign worlds for months. 

OLD TECHNOLOGY IN NEW ROCKET

Since NASA’s famous Apollo programme 

(1969-1972), which sent 12 astronauts 

approximately 400,000 km to the Moon, all 

manned space missions have gone no 

further than the Low Earth Orbit – the 

International Space Station (ISS) at an 

altitude of some 400 km being the most 

frequently visited destination.

The most recent long mission was Apollo 

17, which landed on the Moon in December 

1972, and whose astronauts remained on 

the Moon for no less than 75 hours. NASA 

had three more lunar missions 

coming up, but had to abandon 

them due to lack of funding. 

NASA’s new huge rocket, SLS, 

resembles its predecessors from 

the Apollo era very much, and the 

fact is that NASA intentionally 

improved familiar, thoroughly 

tested technology, allowing 

cheaper development and faster 

completion of the rocket. 

It is fair to describe the SLS 

as a crossbreed between 

NASA’s most powerful rocket, 

Saturn V, and the space 

shuttles, which were retired in 

2011. Physically, the SLS rocket 

resembles the 10-m-taller 

FAREWELL SHUTTLES

NASA
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When the Dream Chaser is 

orbiting Earth, the last rocket 

stage is disengaged. 

By means of a cargo module mechanism, the 

Dream Chaser will dock with the ISS, allowing 

astronauts and cargo to board the space station.

Before the descent through 

Earth’s atmosphere, the cargo 

module is disengaged.

Thanks to the landing gear and 

special wing design, the Dream 

Chaser can easily land on its own, 

completing a mission in two hours. 

3

4

5

6

The shape of the hull is inspired 

by the space shuttle, providing the 

spaceplane with the lift necessary to 

reduce the speed of approximately 

24,000 km/h and landing in an 

ordinary landing strip. 

The cargo module can carry 5.5 tonnes 

of cargo – or the weight of five ordinary 

passenger cars. When the cargo has been 

delivered, the module is scrapped.

The nose, wings, and hull 

are protected by a heat-shielding 

material, that prevents the plane 

from catching fire when reentry 

heats it to 1700 degrees C.

Windows ensure a view for the 

seven astronauts, who the manned 

Dream Chaser can seat. The first 

version, which will fly this year, is 

unmanned and so has no window at 

the front.

Solar panels ensure 

longer flights in space.

WEIGT: 11,300 kg.

LENGTH: 9 m.

ADVANTAGES:

The Dream Chaser is launched 

using existing rockets and can 

be reused many times. It 

lands in an ordinary airstrip 

and will not need to be 

recovered from the sea. 

CHALLENGES: 

The manned version is 

more expensive than 

the competitors. 

STATUS:

Under development.

READY:

The first unmanned test flight 

in a Low Earth Orbit will take 

place in 2016.

DREAM CHASER 
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SPACE TRAVEL

The life rocket

Space Launch System 

will eject the crew 150 

m away from the rest of 

the rocket, if it explodes 

during launch. 

The Orion space capsule can 

carry up to four astronauts. On long 

missions such as to Mars, the capsule 

can be expanded by a habitation 

module, which can accommodate six 

astronauts for months or even years. 

A separate upper 

rocket stage helps 

the capsule on to 

destinations further 

away than the Moon.

The capsule’s heat shield is 

the most efficient in the world. It 

protects the astronauts, as the 

space capsule passes into Earth’s 

atmosphere and heats up to 

temperatures of 2,200 ˚C.

The service module is located under 

the capsule, supplying power for the 

capsule and water and air for the up to six 

astronauts. During a mission to Mars, an 

astronaut will drink about 300 l of water. 

WEIGHT: 1,000 tonnes.

LENGTH: 98 metres.

ADVANTAGES:

Power and cargo carrying capacity allow 

long, manned missions to Mars, etc. 

CHALLENGES: A manned mission to 

Mars in the 2030s may be too expensive 

for NASA, as it would require the 

development of new solid-state rockets 

and an even newer heat shield for Orion. 

STATUS:

Under development/being tested.

READY: The first unmanned mission 

is in November 2018.

SLS AND ORION

ORION SPACE 

CAPSULE

Saturn V, but just like it was the 

case with the space shuttles, two 

powerful solid-state rockets are 

mounted on the side of the fuel 

tank. The four engines under 

the SLS rocket’s main stage 

are also inherited from the 

space shuttles. Both 

have been updated 

with new systems to 

make the engines 

more efficient.

Today, we know 

how to land something 

on the surface of Mars. Over 

the years, NASA has sent 

four rovers – small cars with 

cameras and measuring 

equipment – to the planet. 

Most recently, Curiosity landed in 

August 2012, and began sending lots of 

data and images back to Earth.

The real challenge arises, when 

“something” becomes “somebody”. A 

manned mission to Mars will take 2-3 years, 

making great demands on the astronauts’ 

health during the 6-8 month voyage and 

their stay on the surface of the planet.

The rocket, which launches astronauts 

towards Mars, must not only be able to lift 

the space capsule, the service module, and 

the upper rocket stages, but also a separate 

habitation module. The space capsule is a 

great place to stay during the launch, but it 

will be too small for six astronauts during the 

long journey. So, NASA is developing a larger 

habitation module, which can be attached to 

the Orion capsule during the journey to Mars. 

TO MARS VIA THE ISS

The trips to the space station during the 

past four decades have been an important 

preparation for long voyages to Mars.

The ISS was launched in 1998, and ever 

since, it has functioned as a space 

laboratory, in which 200+ astronauts have 

stayed over the years, carrying out 1,700+ 

scientific experiments. The experiments 

have provided us with new knowledge about 

how the human body, plants, and bacteria 

react to long periods in space. In August 

2015, the ISS crew tasted vegetables – 

lettuce – that had been grown from scratch 

at the space station. The experiment is the 

first important step to growing vegetables 

on Mars, which would ensure long stays.

In 2014, NASA decided to continue its 

missions to the ISS until at least 2024, four 

years longer than originally anticipated. 

28   |   SCIENCE ILLUSTRATED



LONG MISSIONS

Huge rocket takes 
astronauts to Mars
Since 1972, humans have not travelled any more 

than 1,300 km away from Earth. NASA intends 

to change this with a new huge rocket and 

a space capsule, which are intended to carry people 

to the Moon, asteroids, and hopefully to Mars.

NASA will send a robot to 

find an asteroid and steal

 a lump of it. The aim is to make 

the lump orbit the Moon and be 

met by a manned mission aboard 

the capsule in the mid-2020s. The 

mission will not only explore 

asteroids, it will also function as a 

test before the mission to Mars.

In 2018, the Orion craft will be 

sent on a 20 day unmanned 

mission to the Moon.

The probe will orbit around the 

Moon twice and go on to travel 

70,000 km further away. Orion will 

bring 13 miniature satellittes or 

Cubesats, which are all going on 

separate scientific missions.

The ultimate mission for 

Orion is a manned mission 

to Mars in the mid-2030s. The 

voyage to the Red Planet will last 

6-8 months, and consequently, the 

Orion capsule must be expanded 

by a Deep Space Habitat module, 

which accommodates up to six 

astronauts.

Humans
to asteroid 
in the 2020s

Unmanned craft
to the Moon in 
November 2018

Humans 
to Mars 
in the 2030s

The rocket’s four main engines are 

updated versions of the space shuttle engines. 

Each engine is the size of a car – slightly more 

than four metres high and weighing 3.5 tonnes. 

The rocket is 98 metres high. The first 

version can lift 70 tonnes of astronauts and 

building materials out of Earth’s gravitational 

field, but a later version must be able to lift 

almost twice as much. 

Two solid-state rockets supply the 

majority of the force during the first minutes. 

The whole "stack" has 7440 kilonewtons of 

thrust. In comparison, a single Airbus A380 

engine develops 357 kilonewtons of thrust. 

NASA’s Saturn V is the only rocket 

that ever carried humans further 

away from Earth than the Low Earth 

Orbit of 2,000 km. 

The 110-m-high Saturn V is the 

tallest, heaviest, and most powerful 

rocket ever built. The rocket’s 

heyday was during the Lunar 

programme, and it was pensioned 

off in 1973 after 13 successful 

missions. The rocket sent a total of 

12 astronauts to the Moon, three of 

whom took the trip multiple times. 

Iconic rocket sent 
us to the Moon

The command module (capsule) was 

located at the top of Saturn V.

 AIM:   Manned missions to Mars.

A TRIP TO THE MOON IS THE FIRST STEP TOWARDS MARS

1 2 3

BYE-BYE SATURN V

NASA
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SPACE TRAVEL

Colony on Mars 
requires new bases
The thin Martian atmosphere is not sufficient protection 

against hazardous cosmic radiation, so a voyage to the 

planet would require a base. However, it is expensive to 

send building materials to Mars, so the Clouds AO company 

aims to build a base of local raw materials.

 AIM:   A permanent colony on Mars.

In the forecourt 

between the living 

quarters and the external 

layer, astronauts need no 

spacesuits for short visits. 

An inflatable plastic shell lined with

a 5cm-thick layer of 3D printed ice make up 

the base’s external layer, which protects 

against radiation. 

NASA’s new rover is extremely agile, as 

it is equipped with 12 wheels, which can 

rotate 360 degrees and consequently take 

the rover in all directions. 

3D printed 
Martian ice base
Send a spacecraft to the Martian north pole, 

inflate a plastic balloon, and reinforce it with 

a layer of ice. That is one wild vision of how to 

make a Martian base of local raw materials.

The basic base module consists of an 

unmanned spacecraft containing all 

necessary materials - except the ice - for 

building the base. The craft will land in Mars’ 

cold northern hemisphere.

Small robots are sent out of the 

landing module to collect ice beneath 

the surface. The ice melts, and dust, sand, 

and pebbles are filtered out. The foundation 

is built of this material.

1 2

The Lunar Module (LM) 

offered two astronauts the 

opportunity to land on the 

Moon and explore it on 

foot. Though they did not 

have a base as such, a 

pressurised cabin of 6.65m3 

allowed them to use the 

lander as a safe haven in 

between the walks on the 

surface of the Moon.

No bases on the Moon

FAREWELL LM

The Moon walkers had 

no base – only a 

pressurised cabin. 

During the period, NASA will carry out 

experiments on the physical and psychological 

consequences of long space missions.

Since the space shuttles were pensioned 

off in 2011, NASA has depended on the 

Russian Soyuz capsule, but the agency 

would like to avoid this.

Earlier this year, NASA signed contracts 

with three private companies – SpaceX, 

Orbital ATK, and Sierra Nevada Corp. In a few 

years, the companies will deliver equipment 

and lab tests – and over time also astronauts 

for the space station aboard the new 

spacecraft. The size and weight of the small 

craft will be custom-designed to dock with 

the space station. 

COLONIES MADE OF MARTIAN GRAVEL

Everything about the space programmes 

may seem huge. Structures weighing 

thousands of tonnes, which are to travel at 

speeds indicated in km per second. This also 

makes it extremely expensive.

So, some of the most spectacular plans 

of bases on Mars involve using local raw 

materials. In this way, engineers save both 

money for materials and space at the top of 

the rocket.

To involve new, wild visions, NASA in 2015 

invited participants to enter a contest to 

design an innovative Martian base, which can 

be built by robots, before astronauts arrive. 

One of the best designs involves robots 

building a 93 m2 base made of regolith – the 

loose soil covering the surface of Mars.

The new spacecraft are all part of a major 

plan to send humans further into the Solar 

System than ever before. Once we are back 

on the Moon and have conquered an 

asteroid, the way to a base on Mars has 

hopefully been paved. And in a distant 

future, we may build a permanent, self-

sufficient colony on the Red Planet. Robot

Spacecraft Foundation

NASA
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STOPOVERS

The astronauts’ 

habitation module is 

the central chamber. 

Stretching several floors, 

it contains a library, a 

kitchen, and a laboratory 

surrounded by a garden. 

Two air locks allow 

the astronauts to leave 

the base on foot or in a 

rover, when they are 

going on a mission.

A plastic membrane brought from 

Earth is inflated to embrace the 

spacecraft. On the inside of the membrane, 

a shell of ice is printed. The shell allows 

sunlight to enter, but not radiation. 

The 5-cm-thick shell will be printed by 

robots, which spray a mixture of water, 

fibre material, and a nanogel through three 

nozzles. Due to the low temperature, the 

mixture freezes fast.

Once the base is completed, the 

astronauts will arrive aboard a 

separate craft, which will also bring NASA’s 

new rover. The latter is docked with an air 

lock at the base. 

The central area of 

the base is 

pressurised with oxygen, 

and the astronauts can 

stay there permanently 

without wearing 

spacesuits. Here they will 

grow vegetables, etc. The 

entire area is surrounded 

by insulating nanogel, 

with a temperature of 20 

degrees C inside. The 

forecourt, where the 

astronauts of the base can 

also stay without wearing 

spacesuits, is somewhat 

colder to save power. 

3 4 5

6

RESIDENTIAL AREA: 90 m2.

ADVANTAGES: NASA needs 

not carry all building materials all 

the way to Mars.

CHALLENGES: Landing in a 

place where scientists are 

positive that there is enough ice 

to build the base. 

STATUS: Prototype.

READY: Unknown.

MARS ICE HOUSE

BASE SEEN FROM 

THE OUTSIDE

Plastic 
membrane

Ice shell Living 
quarters 
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HUMANS | THE HUMAN BRAIN

You only use 10 % of it, 
and it shrinks a little 
every time you go pub 
crawling. Those are just 
a few of the myriad 
rumours about our 
electrical information 
centre. Science Illustrated 
has checked out 10 of the 
most common myths 
about the brain.

10
MYTHS OFTHE BRAIN

TRUE
OR

FALSE

MEN’S hippocampuses and 
amygdalas – where memory 
and fear are regulated – are 
more developed.

WOMEN have a frontal 
lobe that is more developed 
than men’s. That is where 
empathy and self-control 
are regulated.

WOMEN often have more 
grey matter than men. 
This is where the brain 
controls its signals.
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By Andreas Andersen & Rikke Jeppesen

Men have 
bigger brains 
than women 

M
easured only by weight, men win. 

In 2014, English scientists 

measured thousands of brains, 

establishing that a man’s brain is opn 

average 8-13% larger than a woman’s. 

However, women’s brains seem to have 

better internal communication than 

men’s. The link between the two cerebral 

hemispheres – the corpus callosum – is 

thicker in women, indicating that women 

can move from a problem in one side of 

the brain to one at the other side faster. 

Scientists have also discovered 

differences in the distribution of the grey 

and white matter of the brain. Grey matter 

consists of brain cell nuclei, whereas white 

matter includes their wiring, the axons, 

which carry signals from one cell to 

another. In other words, the brain’s white 

areas are responsible for communication, 

whereas the grey ones are control centres. 

Women often have more grey matter, 

whereas men have more white matter.

In men, parts of the limbic system are 

bigger than in women – that is where 

memory, fear, emotions, behaviour, and 

sense of smell are controlled. According to 

some scientists, the difference has to do 

with prehistoric men coping with fear and 

danger when hunting. In women, parts of 

the frontal lobe are bigger than men’s. 

That is where empathy is regulated, and 

the difference may explain why some men 

are more aggressive than women.

1
MYTH

MEN have a limbic system 
that is slightly larger than 
women’s. It includes centres 
that control emotions, 
behaviour, and sense of smell.

S
H
U
T
T
E
R
S
T
O
C
K

TRUE

MEN often have more white 
matter than women. This is 
where brain cells communicate 
with each other. 

WOMEN have a sligthly larger 
language centre than men – 
also known as the Broca’s area.
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The brain
consists of 100

billion nerve cells
Your brain consists of a tremendous number of cells, which control 

bodily functions. The exact number was only recently established.

A
ccording to old text books, your head holds 

100 billion nerve cells. Those are the most 

important cells of the brain, and so, they 

are surrounded by different types of supporting 

cells that protect them against harmful substances 

and insulate their links, so they can send electric 

signals to each other fast and efficiently. 

However, the text books had to be rewritten 

after 2009, when scientists first managed to make 

a count. Using a new method, isotope 

fractionation, lab technicians dissolved and 

separated the parts of the brain. The scientists 

calculated that the brain contains 86 billion 

nerve cells – about 14 % fewer that what they 

used to believe. The difference is the same as 18 

cat brains. The brain’s 86 billion nerve cells are 

accompanied by 85 billion supporting cells, on 

which they depend heavily to keep a check on 

everything from your innermost thoughts to how 

fast your fingernails grow. 

In the experiment, the scientists also mapped 

out the distribution of nerve cells throughout the 

brain, discovering a big difference between the 

cerebrum, the cerebellum, and the brain stem. The 

cerebrum is by far the biggest, but only contains 

about one fifth of the total number of nerve cells. 

Instead, the supporting cells are in the majority. 

Scientists now want to find out why.

Scientists separate the brain and the 

spinal cord by cutting the brain stem close 

to the large hole at the base of the skull. 

Then the brain is cut up into three parts – the 

cerebrum, the cerebellum, and the brain stem. 

Subsequently, the scientists can study the number 

of nerve cells in each of the three brain parts. 

The brain parts are immersed into a 

dissolving agent known as Triton X-100. The 

scientists carefully crush the brain tissue 

using a spatula, destroying the cells and exposing 

the cell nuclei. Now, the brain cell nuclei are evenly 

distributed in a milky white solution. Lab technicians 

add two pigments – one binding to cell nuclei DNA 

and one that makes nerve cells stand out.

The scientists now take out a sample of 

the solution, placing it under a fluores-

cent microscope. When the microscope 

aims light of a specific wavelength at the sample, 

the nerve cell nuclei light up. So, scientists can 

count the bright dots of the sample and multiply 

them to make out the total volume. 

MOTOR CENTRE INCLUDES 
MORE BRAIN CELLS

Scientists count brain cells

WEIGHT: 1.5 kg.

 THE CEREBRUM: Makes up 82 % of the brain’s 

mass, but only contains 19 % of the nerve cells.

 THE CEREBELLUM: Makes up 10 % of the 

brain’s mass, but contains 80 % of the nerve cells. 

 THE BRAIN STEM: Makes up 8 % of the brain’s 

mass, but only contains 1 % of the nerve cells.

Cerebrum

Brain 
stem Cerebellum

The nuclei of 
nerve cells light up. 

Cerebrum

Cerebellum

Brain stem
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1 MUSCLE 

cells contract 

and expand, when 

you move. All mus-

cle cells have nerve 

fibres around them, 

which send electric 

signals to the 

spinal cord.

2 THE SPINAL CORD’S 

nerve cells get 

signals from the muscles. 

Sensory impressions are 

now sent to the part of 

the brain stem known as 

the pons, which is linked 

with the cerebellum.

3 THE CEREBELLUM 

receives information 

from all the muscles of 

the body, calculating 

where the muscles are 

located. The sense is 

known as proprioception.

Back in the 1960s, Nobel laureate Roger 

Sperry studied test subjects, whose 

links between the two cerebral hemispheres 

had been cut. He asked them to solve 

different problems, observing which side of 

the brain was active. This led to the myth of 

the sharply divided functions of the two 

hemispheres. Scientists abandoned the 

claims a long time ago, as brain scans show 

that even simple tasks activate many 

different areas throughout the brain. 

These days, scientists divide the brain 

into 52 Brodmann areas, which they use as 

a map of the brain. The areas are all 

important for specific tasks, but their links 

are just as important. Brain researchers 

recently mapped out fields around the 

forehead, behind the ear, and on the left 

side at the top of the brain, whose co-

operation is important for intelligence. 

Nothing seems to indicate that one 

cerebral hemisphere is responsible for more 

logical or creative ideas than the other one 

does. Myth busted!

As we learn more about the human anatomy, 

scientists discover that we have much more senses 

than the five conventional ones. The brain receives 

sensory impressions from millions of receptors 

throughout and on the body. Receptors are small sensory 

units which feel pain, temperature, itching, pressure, etc 

– important information that the brain must use to take 

care of the body. The receptors are linked by nerve cells 

that convert the information into an electrical signal, 

sending it to the brain, which processes sensory 

impressions and reacts. If, in an unguarded moment, 

your hand touches a red-hot stove, receptors feel the 

heat, sending a fast signal to the brain, which triggers 

muscle motion to remove your hand. One of the senses 

controlled by the brain is known as proprioception. The 

sense is cooperation between muscle cells, the nerve 

cells of the spinal cord, and the cerebellum, enabling you 

to move your arms and legs in a controlled fashion even 

with your eyes closed.

Logic is in the left cerebral hemisphere 
and creativity in the right hemisphere 

The brain 
controls 
hidden senses 

Nerve 
link

Nerve cell in 
the cerebellum

Nerve 
fibre

Muscle 
 spindle

Spinal 
cord

MYTH

4

MYTH

3

TRUE

FALSE
Here you will find areas 
that control hearing.

If you develop brain injury in 
the Wernicke’s area, you will 
have difficulties 
understanding language.

At the back of the 
brain, there are 
areas that are im-
portant to vision. 

Intelligence depends on 
several brain regions, which 
also need good links to each 
other in order to be able to 
solve complex problems. 

NEW KNOWLEDGE
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Brain injury near the Broca’s 
area causes pronunciation 
and sentence problems.These regions make sure that 

you can control your muscles.
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We do not use the entire brain at the same time, 

but all parts are at work during a day. Scientists 

measure brain activity by making patients consume 

radioactively marked sugar. The brain is powered by 

sugar, and in a PET scanner, scientists can see the areas 

at work light up – and it's much more than 10 %. 

Imagine that you take a walk on the beach. When you 

move your muscles, you use areas on top of and at the 

side of the brain (motor cortex). You sense the sand – 

the areas right behind are active (somatosensory 

cortex). You see where you walk, activating the 

backmost part of the brain (visual cortex). When you 

breathe the fresh sea air, you use the innermost part of 

the cerebral cortex (olfactory cortex). As you walk along 

the beach, thoughts pass through your head, that are 

produced at the front of the brain (frontal lobe).

We only use 10 % of the brain 

Even when you sleep, a major part of your 

brain is active. New studies show that during 

sleep, your brain keeps on working with what 

you were doing when you were awake.

MYTH

5
FALSE

If you see the same image on a screen 

several times in a row, you will experience 

it as ever briefer, although the time interval 

is the same. If the subject changes, you will 

experience the time as longer again. Brain 

researcher David Eagleman explains the 

phenomenon by the fact that our brains 

adapt and save energy, when they 

encounter problems that they solved 

before. Known as neural 

adaptation, the mechanism 

takes place several places in 

the brain. Without it, we 

would always notice all 

details around us such as 

traffic noise, the smell 

of the room we are in, 

or clothes rubbing 

against our bodies. In 

other words, neural 

adaptation is the 

brain’s ability to 

prioritise inputs.

The brain messes
with your sense of time 

In the eye, two types of 

receptors capture the 

light impressions we receive. 

Cones capture colours, rods 

capture grey tones. The light is 

converted into electric signals 

brought on by the optic nerve.

In the chiasma, nerve 

fibres from the rear side of 

both eyes meet, uniting the left 

and right fields of vision, before 

the impression is sent on.

In the thalamus, the 

impression is processed 

for the first time. Some nerve 

cells capture colours and edges, 

others motion and depth.

Visual fibres go to the 

visual cortex, where a 

definitive visual picture is 

registered and sent to other 

parts of the brain. If the sight 

has already been captured, this 

is impeded.
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Adults cannot form
new brain cells 

COFFEE AND SEX MAKE NEW BRAIN CELLS THRIVE
NEW BRAIN CELLS 
GROW MORE:

BRAIN CELLS
GROW LESS:

Deep inside the brain, scientists have discovered hidden clusters 

of stem cells that can save future dementia patients. 

F
or a long time, brain researchers 

claimed that the brain does not form 

new nerve cells after birth. But in the 

past 15-20 years, scientists have found several 

pockets in the brain, where new brain cells 

are continuously emerging. Naming the 

process neurogenesis, scientists have 

discovered that new cells appear both in the 

hippocampus (centre of memory) and in the 

subventricular zone. There, stem cells exist, 

which can reproduce and develop into new, 

fresh brain cells in only five weeks. The 

discoveries were a revolutionizing medical 

breakthrough for brain researchers, who are 

now studying neurogenesis closely. 

If future doctors obtain the means to 

control and trigger the birth of new brain 

cells, there will be hope for patients with 

diseases such as Parkinson’s and 

Alzheimer’s, which are literally eating the 

brain from within. Altogether, many patients 

with brain injuries are suffering, because 

they have lost a part of the brain that cannot 

be replaced. If doctors become able to do 

that in the future, the perspectives will be 

far-reaching. 

When you have sex

 When you learn 

new things and 

train your brain 

 When you lower 

your calorie

intake by 20-30 %

 When you eat 

fruit and 

vegetables

 When you 

have fish oil, 

omega-3

fatty acids,

zinc, and

folic acid

 When you eat 

dark chocolate 

and drink coffee

 When you only 

eat a few meals 

a day

 When you 

exercise

 When you are 

lacking sleep

 When you 

get older

 When you

are lacking 

vitamins

 When you eat 

too much sugar

 When you get 

too much 

saturated fat

Under stress

 When you drink 

too much
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THE HUMAN BRAIN

Although we can rehabilitate some lost functions 

following brain injury, it is very difficult for the brain to 

repair a hole from a removed tumour or other damage to the 

brain tissue. If the injury arises in an area, where brain cell 

nuclei exist, the nerve cells will often die and be lost for good. 

If an area deep inside the brain is affected by brain injury, 

nerve cells will normally be able to recreate the lost links. But 

glial cells block the way, because they make up a protective 

network around the brain injury. Scar tissue fills the hole, at 

the same time restricting healthy brain cells from growing 

freely and preventing the lost links from growing back.

People recover from brain injuries not by regrowing lost 

tissue, but by their brain rewiring itself around the injury. A 

patient's brain "plasticity" will determine how well they recover.

The brain 
can repair 
brain injury 

AUXILIARY CELLS
BLOCK THE WAY

Scar tissueHoles in the brain 

are filled by 

supporting cells. 

They block the way 

for nerve cells, 

which then perish.

HEALTHY NERVE 
CELL CONDUCTS
ELECTRICITY

When you wake up after a party, you have the exact same 

number of brain cells as the previous day. A team of 

Danish scientists discovered this in 1993, when they counted 

nerve cells in the cerebral cortexes of alcoholics and control 

subjects. The cerebral cortex is the external layer of the brain, 

where a wealth of brain links take place. 

That's not to say alcohol won't still damage the brain. It has 

been shown that the white areas of the brain, where the 

communication wires of cells are located, shrinks in alcoholics. 

Alcohol breaks down the insulating layer around the wires. 

Without the insulating layer, the speed of brain communication 

falls from 120 m/s to 1 m/s, and the nerve cells become useless. 

We do not know exactly how alcohol does this.

In the hippocampus, the brain’s centre of memory, it looks as 

if alcohol affects genes that break down nerve cells, shrinks brain 

tissue, and restricts the formation of new cells. This explains

why alcoholics can often have memory problems.

Alcohol 
makes 
you lose 
brain cells 

BRAIN OF ALCOHOLIC

BRAIN OF CONTROL SUBJECT
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Nerve cells
send electric
impulses to each other.
The signal arises in the 
nucleus, when it gets an 
impulse from another cell. 

Dying
nerve cells

Healthy
nerve cells

Glial cells 
collect near 
the brain 
injury.

An electric impulse 
is sent from the 
nucleus into the 
nerve cell’s axon.

Axons are insulated by 
myelin sheaths, which 
make the signal travel 
100 times faster. 

The axon ends here, 
and the impulse is 
transferred to 
another nerve cell. 

A HOLE IN THE BRAIN 

was observed by 

scientists, when they 

scanned a 72-year-old 

female alcoholic. A 

healthy brain is full of 

white substance, but 

in this case, there is a 

gaping hole. 

SMALL CAVITIES

usually exist several 

places in the brain. 

That is where the 

cerebrospinal fluid is 

produced, which 

protects the fragile 

brain tissue against 

major pressure 

differences, etc.
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Baby brains develop 
more favourably 
if they listen to 
Mozart

In the 1990s, Mozart’s sonatas were praised 

in one of the world’s most reputable journals, 

which said that the music makes you 

smarter. Today, scientists dismiss the 

effect, but still, music may benefit the brain.

I 
n 1993, a team of scientists made a group of 

university students listen to Mozart before an IQ test. 

At the end of the experiment, it turned out that the 

group that had listened to classical music scored 8 IQ 

points more than the control group. The rumour of the 

Mozart effect spread fast, and soon, parents throughout 

the world were playing Mozart to their kids, hoping that 

they would grow up to be geniuses. 

Although the original study was misinterpreted, 

certain areas of immature brains do develop differently, 

when they grow up with music.

According to studies, music affects brain development 

in several places. When kids listen to music or learn to 

play an instrument, new links form between the brain 

cells of several areas – and the kids develop better 

concentration skills, learning skills, and language and 

motor functions.

Recent studies show that as early as week 25 of the 

pregnancy, unborn babies are able to hear music coming 

from the outside. After birth, the babies can recognise 

the melodies played to them in their mothers’ wombs, 

and their brain activity is higher than in connection with 

melodies which they have never heard before.

Newborn babies remember the 

music that they heard in the 

womb. After 25 weeks, the 

cerebral auditory centres are 

ready to capture music.

UNBORN BABIES 
REMEMBER MUSIC

SOUND WAVES FROM MUSIC 

reach an unborn baby. Sound 

hits the stomach, spreading 

through the tissue to the baby in the 

mother’s womb. The same principle is 

used in ultrasound scanning, in which 

sound waves that the human ear cannot 

hear is sent through the stomach to the 

baby. The sound reflections produce an 

image of the baby. 

AFTER WEEK 25 of the pregnancy, 

the brain areas that enable the 

baby to process sound are 

developed. The AUDITIVE CORTEX picks up 

different frequencies, and that is where the 

music is processed and analysed by the 

brain for the first time. 

The sound waves reach THE BABY’S 

EARS, which pick up the music. 

The auditive cortex of 
the brain processes 
music.

10
MYTH

TRUE & 
FALSE

SHUTTERSTOCK & ALAMY/ALL OVER & SPL
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Apart from the Tasmanian Devil, 
Quolls are the last of the marsupial 
carnivores in Australia. These 
cat-sized predators used to be 
common, but today face a real 
risk of extinction. Unless 
conservationists can turn their 

fortunes around...

Save the 
Quolls

These diagrams show the significant decline in the quoll populations 

from before 1999 to the present day. 

S
ince European settlement, Australia’s native 

quoll populations have gradually declined. Just 

as recently as 2010, conservationists were 

predicting that they would likely go the same way as 

the Thylacine and become extinct. But now thanks to 

innovative new conservation projects there is renewed 

hope that these Australian marsupials will once again 

roam the habitats in which they have vanished.

WHY HAVE QUOLL POPULATIONS DECLINED?

Predation by feral animals such as foxes and by feral 

and domesticated cats and dogs is largely responsible 

for the decline in quoll populations since the early 

19th century. There has also been a significant 

reduction of quoll habitats due to the clearing of 

native vegetation for livestock grazing. Individuals are 

often found near roads as roadkill. Hunting, trapping 

and baiting by farmers defending poultry is also 

considered to be another factor that has contributed 

to the decline in quoll populations across the country. 

Distribution in present day

Distribution prior to 1999

Distribution in present day

Distribution prior to 1999

Distribution in present day

Distribution prior to 1999

Distribution in present day

Distribution prior to 1999

Spotted Northern

Eastern Western
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By Dominic Bayley
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Description: Dark brown fur with 

white spots on body and tail. Adults 

measure 70cm to 1.2m (head to tail).

Status: Endangered: North Qld less 

than 400, NSW, SE Qld, Vic and Tas, 

less than 10 000. 

Sub species: Two have been 

described, including Dasyurus 

maculatus gracilis and Dasyurus 

maculatus maculatus.

Habitat: Rainforest, wet and dry 

sclerophyll forests and woodland.

Life span: 3-4 years.

Fact:  It is the largest of the four 

species and the largest native 

carnivore left on the mainland. 
Description: Brown to grey 

fur with white spots on body 

but none on tail. Tails are 

often dark. Adults measure 

40cm to 65cm (head to tail). 

Status: Endangered. 

Population is fragmented 

across northern Australia. 

There are fewer than 10,000 

in far north Qld. 

Habitat: Dry rainforest, 

eucalypt woodlands, 

savannah, rock piles and 

boulders near fresh water. 

Life span: 1-2 years

Fact: Although the smallest 

species, they are considered 

the most aggressive. 

Quolls are small carnivorous marsupials with pointed 

snouts and sharp teeth, averaging about the size of a 

small cat. Australia has four distinct species of quolls. 

They are the spotted-tailed quoll, northern quoll, 

western quoll and eastern quoll.  All four species are 

either endangered or threatened. Behaviourally the 

four species are quite similar; they are largely solitary 

and mostly nocturnal, hunting for prey at night. They 

are known to make their dens in tree hollows and are 

both arboreal and terrestrial. 

Description: Fawn or black fur with white spots on its 

body but none on its tail. Adults measure 45cm to 70 

cm (head to tail).

Status: Regionally extinct on the mainland 

but reintroduced into the ACT. The 

Tasmanian population is stable and 

numbers several thousand. 

Habitat: Open forest, scrub,

heath and grassy areas. 

Life span:  2-3 years 

Fact: The last confirmed sighting on 

the mainland was in the 1960s in 

Neilson Park Vaucluse in Sydney 

where one was found as roadkill. 

Description:  Grey fur with white 

spots on body, none on tail.

Adults measure 50cm to 70cm 

(head to tail)

Status: Vulnerable – survives in the 

far south-west of Western Australia 

in jarrah forests, woodlands and 

mallee scrubland. 

Habitat: Mallee, wet and dry 

sclerophyll forests 

and woodlands but 

also arid areas. 

Life span: 3 years 

Fact: The spotted pattern on the 

western quoll's back helps to break 

up its outline in moonlight, 

therefore helping protect it from 

predators. 

Tiger Quoll (Dasyurus maculatus)

Northern Quoll
(Dasyurus hallucatus)

Western Quoll (Dasyurus geoffroii)

THE FOUR SPECIES 
OF QUOLLS

1

2

3

4

MOSTAGGRESSIVE

MOST ENDANGERED

MOST RECLUSIVE

LARGEST
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QUOLL CONSERVATION

Poisoning, trapping and shooting feral 

cats and foxes is considered quite labour-

intensive. One suggestion gaining support 

by scientists and state governments is to 

reintroduce native predators such as 

Tasmanian devils to the mainland to deal 

with these threats. Devils in Tasmania 

have been quite successful at preventing 

foxes taking a foothold on the island since 

they can easily sniff out and kill foxes in 

their dens. They are less successful finding 

cats in dens since cats often den in hollow 

trees. However, devils are thought to keep 

cat populations in check by chasing cats 

away from prey.  Captive bred devil 

populations are available for a trial on the 

mainland, however any reintroduction 

requires the approval of the Tasmanian 

government and petitioning continues to 

seek this approval. 

The Argument to 
Bring Back The 
Tassie Devil

CANE TOAD (BUFO MARINUS) 
SPECIES AFFECTED: NORTHERN QUOLL 

As a top predator, northern quolls often eat cane toads and fall victim to the poison 

contained in cane toad glands. Northern quolls have seen a significant reduction in 

their habitable range as cane toads advance across the Top End and northern 

Queensland. But the new danger zone for northern quolls is the Northern Territory, as 

cane toads spread west across the continent. It is estimated that between 1980 and 

2010, the northern quoll disappeared from 95 per cent of its traditional range largely 

due to the spread of cane toads. 

RED FOX (VULPES VULPES)
SPECIES AFFECTED: ALL SPECIES   

By 1911 foxes had spread from Victoria to most of NSW and Queensland and west into 

other parts of Australia. The introduction of foxes saw quolls lose their position as the 

top predators in their environments as they became prey for this larger animal.  The 

states have instigated fox bating with some success, although there have been studies 

showing that baits are occasionally eaten by quolls. Baiting with sodium 

monofluroacetate (1080) is considered the most effective lethal control for foxes and its 

use is considered necessary before quoll populations can be reintroduced into an area. 

FERAL CAT (FELIS CATUS)
SPECIES AFFECTED: ALL SPECIES

There are approximately 2.7 million domestic cats and over 18 million feral cats in 

Australia. Cats prey on quolls but also prey on many of the species that quolls eat, 

diminishing local food sources. Targets released in the Threatened Species Strategy at 

the Australian Threatened Species Summit 2015 include the culling of two million 

feral cats, the creation of five cat free enclosures on the mainland and ensuring five 

islands off the coast of Australia are free of feral cats by 2020. 

THE MAJOR THREATS

Recent modelling by the University New South Wales shows how reintroducing surrogates for apex 

predators may yield benefits for biodiversity conservation, including quoll populations.

POISON

-100%

~0% -21%

-56%
+21%

+12%
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KEY CONSERVATION AND RESEARCH PROGRAMS 

There has been a suggestion that domestication of quolls 

as pets could be the key to ensuring there are viable 

numbers if wild populations disappear. This remains a very 

controversial topic. Advocates argue that an extinction crisis can 

be averted by ensuring quolls are readily available for 

reintroduction to native habitats. However, most scientists agree 

that if current threats to habitats and feral pest problems are not 

addressed, captive bred populations are unlikely to survive if reintroduced 

into the wild. This reinforces the importance of the continuation of 

conservation programs aimed at protecting wild quolls in their native habitats. 

Why not just 
domesticate them?

EXAMPLE ONE:  Western quolls 
reintroduced to the Flinders Ranges

Conservation Program: Western quoll reintroduction program 2014

Program by:  The South Australian Department of Environment and 

the Foundation for Australia’s Most Endangered Species (FAME)

What happened?  Beginning in 2014 a population of western quolls 

was returned to the Flinders Ranges for the first time in 130 years. 

Forty-one animals were moved from Western Australia to the 

Flinders Rangers. This was followed by another group of 37 adult 

quolls in May 2015 to bring the total number of the new colony to 

over 100 quolls.  The final batch of quolls was released into the wild 

in May this year. 

Program Update: The majority of the released quolls from the 

original 41 quolls survived, and 60 young quolls were born and 

have moved into separate areas and established their own 

territories. This progress is promising and scientists continue to 

monitor the population.

EXAMPLE TWO: Training northern 
quolls to resist cane toads 

Conservation research: Cane Toad Aversion Study 

Research by: University of Sydney and the Territory Wildlife Park 

and Kakadu National Park

What happened? Researchers studying Northern quolls in 

Queensland have noticed that for reasons unknown, Queensland 

northern quolls have adapted to living with cane toads. Efforts are 

now focused on the Northern Territory populations which have not. 

Since 2007 researchers from the University of Sydney have laced 

sausages with cane toad poison in an ingenious plan to train quolls 

to avoid cane toads as prey. 

Research Update: The team of researchers published their study in 

the journal of ecology. The study found that quolls that had been 

induced to have an aversion to eating cane toad meat survived up to 

five times longer than those that weren’t. Researchers now plan to 

up scale the results to make a difference to wild populations. 

A small piece of cane toad 

is laced with a tasteless 

odourless chemical

The captive quoll eats 

the portion of cane 

toad

Quoll returns to its 

burrow feeling unwell

Quoll eats toad meat laced with the 

chemical a second time

Quoll feels sick again 

Quoll learns to 

avoid toad meat
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MYSTERIES OF ASTRONOMY | DARK MATTER

95 % of the matter of the universe is invisible to 
astronomers. Three huge telescopes have taken a 
closer look at a galaxy cluster, discovering that the 
invisible matter is controlled by unknown forces.

W 
hen two huge galaxy clusters 

collided 700 million years ago, 

the consequences were not 

immediately very considerable. The 

individual galaxies of the clusters were 

located light years from the closest 

neighbour, and so, most of the galaxies 

travelled right through each other, before 

gravity gently united the two clusters into 

one over millions of years.

But now, it turns out that the collision 

had tremendous consequences after all.

By means of three telescopes, one of 

which is Hubble, an international team of 

astronomers have taken a close look at the 

collision in the galaxy cluster known as the 

Musket Ball cluster. And there is every 

indication that the dark matter of the 

galaxy cluster behaves according to 

unknown laws of physics.

The laws determine how the dark 

particles interact with each other – just like 

visible matter interacts with light. And that 

has pointed scientists in a new direction in 

their search for dark matter.

GALAXIES SHOULD EJECT STARS

In 1933, observations of a galaxy cluster 

were the first evidence that the universe 

contains large quantities of dark matter.

Swiss astronomer Fritz Zwicky found 

out that the Coma galaxy cluster was 

rotating so fast that gravity from the stars 

and gasses of the galaxies could not 

possibly hold the cluster together. So, the 

Coma cluster had to contain invisible 

matter with tremendous gravity, which 

prevented the galaxies from being hurled in 

all directions. Fritz Zwicky named this 

unknown material "dark matter."

In the 1970s, observations showed that 

not only did the dark matter exist between 

galaxies, it also existed in individual galaxies. 

The stars on the out-skirts of the Milky Way 

would have been hurled into space, if 

invisible matter did not hold on to them.

FATEFUL HOUR FOR 
SCIENTIST FAVOURITES

Scientists do not know what dark matter 

is, but for decades, their favourites have 

been twin particles of atomic building 

blocks such as protons and neutrons. The 

particles have not been discovered yet, 

but physicists are looking for them, using 

underground detectors and other instru-

ments. If they do not find the particles, 

the theories must be abandoned.

SCIENTISTS ARE THIS CLOSE 
TO SOLVING THE MYSTERY

20 % 40 % 60 % 80 % 100 %

DETECTOR

ENRICO SACCHETTI
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By Rolf Haugaard Nielsen

5%
of the universe 

is visible to 
astronomers

95%
of the universe 
is invisible to
astronomers
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ASTRONOMY

3 MILESTONES

DARK MATTER HOLDS 
GALAXIES TOGETHER

In the 1970s, 

astronomers Vera 

Rubin and Kent Ford 

discovered that all galaxies are 

rotating so fast that the stars on 

their out-skirts would be flung 

in all directions, had they not 

been held in position by 

invisible matter.

DARK MATTER WIND 
HITS EARTH

Since 2000, the DAMA 

detector has picked up 

seasonal fluctuations 

in the number of dark particles 

that hit Earth. That is due to the 

fact that Earth is orbiting the 

Sun and moving in the opposite 

direction of the rest of the 

galaxy in the summer and so hit 

by more particles.

TELESCOPE SHOWS 
UNIVERSE MATTER

In 2013, the Euopean 

Planck satellite mapped 

out the distribution of 

matter in the universe by 

measuring the cosmic 

background radiation. 4.9 % of 

the matter is visible, atomic 

matter, 26.8% is dark matter, and 

68.3% is dark energy.

More matter   Less matter

HST/NASA

WMAP

Today, astronomers know that the visible 

matter of the universe only makes up about 

5% of the total. The rest is invisible dark 

matter. But physicists still do not know 

exactly what the dark particles are.

ONLY ONE EXPLANATION

In their search for an answer, physicists 

introduced a series of candidates of the 

mysterious dark matter, but had to abandon 

them one after the other.

The most logical explanation would be 

that dark matter consists of known objects 

– such as small black holes and neutron stars 

– which telescopes cannot see.

Dark holes and neutron stars only emit 

weak light, but boast such huge masses that 

they function as gravitational lenses, 

bending light from light sources behind 

them. Astronomers can spot neutron stars 

and black holes by means of the bent light. 

The lenses have been found in such small 

numbers, that the objects could only make 

up a tiny amout of the dark matter.

Instead, astronomers began to focus on 

neutrinos - small, neutral electrons. They 

have a very small mass, exist in huge 

quantities in the universe, and rarely interact 

with other matter. But as neutrinos move at 

speeds close to that of light, they cannot 

possibly have made up the relatively 

stationary lumps of dark matter.

According to one last theory, gravity is 

more powerful across long distances than 

scientists used to think. If so, the pull of the 

stars and gasses at the centre of a galaxy 

would be strong enough to hold on to the 

stars on the outskirts of galaxies. The theory 

means that dark matter does not exist, but 

it does not hold water. Images of collisions in 

the Musket Ball cluster, have shown that the 

majority of the cluster’s matter was not in 

the same place as the stars and the gas 

clouds after the collision.

All in all, this leaves astronomers with 

only one explanation: Dark matter is made up 

of an unknown type of particles.

THREE TELESCOPES COOPERATED

The theory is supported in several ways by 

the new observations of the Musket Ball 

cluster. Three telescopes have taken images 

of the cluster at the same time, and the 

images show that most of the matter is 

located far away from the visible matter.

The Hubble telescope photographed the 

visible light of the galaxy cluster. The images 

show that most galaxies sped right past each 

other during the collision. The galaxies ended 

up in a region that is eight million light years 

across, and which now makes up the cluster.

The rest of the visible matter in the 

cluster is gas clouds. They emit X-radiation, 

of which the Chandra space telescope has 

taken images. In those, astronomers could 

see that the gas clouds have not spread as 

much as the galaxies, they are still 

concentrated in the collision region. 

Scientists have identified the invisible dark 

matter using the Musket Ball cluster as a 

gravitational lens. By using the Keckler 

telescope in Hawaii, astronomers have 

Gasses make up the majority  

 of the visible matter of the cluster.

The dark matter of the cluster.

Three telescopes have observed a collision between two 

galaxy clusters and mapped out the distribution of matter.

HUBBLE

TELESCO
PE

CHANDRA X-RAY OBSERVATORY CENTER
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The Magellanic 

Clouds are 

moving towards the 

Milky Way, producing 

ripples in the dark 

matter like the ripples 

around a sailing ship. 

A cloud of dark matter 
surrounds both the Milky
Way and its satellite galaxies.

Large Magellanic Cloud

Small Magellanic Cloud

The ripples in 

the dark matter 

around the two 

Magellanic Clouds hit 

the dark matter of the 

Milky Way. The 

repeated ”drumbeats” 

make the Milky Way’s 

disc change between 3 

distorted shapes over 

millions of years.

Dark matter bends the Milky Way
Astronomers can see evidence of dark matter in many places in the 

universe. The Milky Way ought to be a flat, rotating disc of stars, 

but the disc is distorted. According to astronomers, this is due to 

the fact that dark matter in two small galaxies on collision 

course with the Milky Way is ”beating at” the disc.

The Milky 
Way should 
be a flat disc
The rotation of the 

Milky Way should 

produce a flat disc 

of stars.

The real 
shape of the 
Milky Way
In reality, the disc 

is distorted. That 

may be due to a 

collision between 

the dark matter of 

the Milky Way and 

the dark matter 

surrounding two 

satellite galaxies.

2

1

The dark matter from 
the Magellanic 
Clouds hit the Milky 
Way here. 

DARK MATTER BASICS

CLAUS LUNAU



SOLVING THE MYSTERY

Detector to capture dark matter
In 2016, the world’s largest underground detector, 

XENON1T, began to search for dark particles. 

If the detector captures as few as 10 of the 

millions of particles passing by it every second, 

it can reveal the identity of the dark particles.

The laboratory is located 

1,400 m below the 

surface at the Gran Sasso 

laboratory in Italy. The rock 

protects against ordinary 

cosmic radiation. 

The detector is a tank, 

which contains 3.5 t 

of xenon. This makes 

the tank 10 times 

larger than the 

world’s second largest 

underground detector.

The vast majority of 

dark particles speed 

through the liquid xenon. 

But on rare occasions, a dark 

particle hits an atomic 

nucleus. When that happens, 

the particle pushes the xenon 

nucleus like a billiard ball, 

emitting light.

Photodiodes at the 

top and bottom of 

the tank spot the light 

signal from the collision. 

The strength of the light 

signal depends on the 

dark particle’s mass 

and energy, so it 

can be 

identified.

 

Usually, 

xenon is a 

gas, but cryostats 

freeze the gas to -190 

degrees, so it becomes 

liquid.

Detection of light

Dark 
particle

Recoil caused 
by collision

Xenon 
atomic nucleus

Light

3

2

1

CLAUS LUNAU

10 m
etres
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measured the light from light sources 

behind the cluster, discovering that the 

majority of the cluster’s matter is not found 

in the central gas clouds, which otherwise 

make up the majority of the visible matter. 

So, astronomers have found considerable 

evidence that the cluster contains huge 

quantities of invisible matter.

SEVERAL CANDIDATES

Now, scientists think that dark matter 

could be "weakly interacting, massive 

particles." They almost only affect visible 

matter via gravity and very rarely interact. 

The most likely identity of the particles is 

a family of unknown twin particles of atomic 

building blocks such as electrons. In the 

large LHC accelerator in Switzerland, 

scientists are trying to create the particles, 

but so far, they have been unsuccessful.

Physicists have a different candidate: 

sterile neutrinos, which only interact with 

atoms via gravity. A sterile neutrino is 

heavier than other neutrinos and moves 

more slowly. So, sterile neutrinos could 

make up the dark matter in the universe.

However, the new observations indicate 

differently. During the collision in the Musket 

Ball cluster, the dark matter passed by the 

region where the clusters 

collided, just like the 

galaxies. But the dark matter’s present 

location shows that the galaxies moved 

faster. The galaxies raced ahead of the dark 

matter, spreading to a larger area.

The dark matter slowdown indicates 

that like visible matter, it interacts with 

itself. This happens according to laws of 

physics that scientists do not yet know.

Astronomers imagine that dark particles 

interact chemically, electrically, and 

magnetically with each other by means of a 

dark parallel to the electromagnetic force, 

which controls the interaction of atoms. 

And that is surprising, as so far, scientists 

used to think that dark matter is made up of 

relatively dull particles, which almost only 

affect each other by means of gravity and 

reciprocal attraction.

DETECTORS TO REVEAL PARTICLES

Physicists are searching for dark particles 

using underground detectors. In March 

2016, the largest underground detector, 

XENON1T, was activated in Italy. Scientists 

hope that dark particles will interact with 

atoms from the liquid elemental xenon in 

the detector. If the detector does not 

capture dark particles within five years, 

physicists think we should abandon the 

theory of dark particles and start looking for 

other explanations of the invisible matter.

If the dark particles interact by means of 

unknown rules, the situation could quickly 

become very complex.

Visible matter interacts with light, 

e lectr ica l ly,  chemica l ly,  or 

magnetically. If dark matter has its 

own rules, physicists must go 

back and try to figure them out, 

before solving the mystery of 

dark particles and identifying 

the invisible matter of the 

universe. As for dark energy... 

well ,  that's a whole 

extra problem.... 

The detector is 

surrounded by cryostats, 

which freeze the elemental 

xenon to a temperature of 

-190 degrees.

THREE OTHER 

ROADS TO 
DARK MATTER

ACCELERATOR 
COULD MAKE 
DARK MATTER

Physicists at the 

Large Hadron 

Collider in 

Switzerland want to produce 

twin particles via proton 

collisions. The experiment 

takes place by means of 

record-high energies.

DETECTOR LOOKING 
FOR MYSTERIOUS 
PARTICLES

When dark particles 

collide, they are 

destroyed and 

converted into ordinary 

particles or light. At the 

International Space Station, 

the AMS detector will look 

for inexplicable particles in 

cosmic radiation.

TELESCOPE 
FOCUSES ON 
THE MILKY WAY

NASA’s Fermi 

telescope will 

observe the central 

part of the Milky Way, which, 

according to the theory, 

includes huge amounts of 

dark matter. The telescope 

will look for gamma radiation, 

which cannot be explained by 

ordinary astrophysics.

3

2

1

NASA

CLAUDIA MARCELLONI/CERN

ENRICO SACCHETTI

scienceillustrated.com.au   |   49



In films, computers have long been smart, discreet assistants. 
Now, reality is catching up with fiction. In a few years, computers 
will be an indispensable part of your everyday life, 24 hours a day...

Welcome to the Future 
of Computing...

Miniature computers which we carry on our 

bodies, also known as wearables, already 

form part of our everyday lives in the shape 

of smart watches and fitness trackers, but 

the portable technology is becoming much 

more discreet. The Bragi Dash earbuds are 

examples of the trend. Bragi Dash consist of 

two wireless earpieces, which can either link 

to a smartphone via Bluetooth or function 

completely independently. The small 

earbuds feature both an integrated music 

player and a series of sensors, which 

measure your pulse rate and more. 

Everything is controlled by swiping or touch. 

The next step will be computers hidden in 

finger rings or under the skin.

Computer hidden in an earpiece
The wireless Bragi 

Dash earbuds can 

function without a 

mobile phone.

SHRINKING GADGETS
NOW

In the film “Avatar”, computer 

displays have been replaced by 

holo grams that hover in the air.
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By Rolf Haugaard NielsenBy Lasse Skytt

With an augmented reality viewer, digital content 

leaves the display to hover freely in the air.

Today, digital experiences are often associated with 

the display of a mobile phone or tablet, but the 

augmented reality technology adds a digital layer to 

reality. Looking through a special viewer, you see 

images and data that mix into the surroundings. 

Microsoft is focusing on the AR technology with its 

HoloLens viewer, that shows digital objects with 

which you can interact in real time. You could 

project a virtual display right in front of you and 

watch TV or have a video conversation, and when 

you walk about your home, the display follows suit.

In the future, AR will be even more sophisticated 

– such as integrated into contact lenses, allowing 

more people to experience the same virtual 

elements. Doctors will be able to prepare for surgery 

with common 3D graphics, and in schools, the world 

map will be replaced by an interactive globe. 

Viewer adds a layer to reality

Voice control makes communicating 

with mobile phones and other 

gadgets more natural, but the 

technology still involves challenges. 

In noisy environments, voice 

recognition often fails, and many 

users feel a little shy talking to a 

mobile, when others can hear it. 

Those problems will be solved with a 

new voice control technology 

known as subvocal speech 

recognition, which functions by 

means of infrared electrodes, that 

register nerve signals in your speech 

organs, when you speak silently to 

yourself or read silently. 

Subsequently, software can 

translate the nerve signals into 

words. In the present version, which 

was developed by NASA, the 

electrodes are placed on the throat, 

and so far, scientists have trained 

the software to recognize six words. 

When the technology becomes 

available to consumers, the sensors 

will be located in the auditory canal.

Talk to your phone 
without saying a word

Infrared electrodes on the throat can capture the nerve signals that 

arise in our speech organs, when we speak silently to ourselves.

With Microsoft’s HoloLens 

viewer, films, games, and 

messages appear as virtual 

windows placed throughout 

your living room.

The viewer allows you to create 

digital models, which you see 

and work with in 3D.

NEW VOICE CONTROL
IN 5 YEARS

COMPUTERS DISAPPEAR
Today, we are used to computers, tablets, and smartphones as physical objects, 

but within a few years, our gadgets will shrink and finally become almost invisible.

Displays become viewers

NOW

AUGMENTED REALITY
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COMPUTER TECHNOLOGY

In a few years, eye control may 

replace clicks and touch. Scanning 

your eyes with infrared sensors, 

the computer, tablet, or phone 

can always spot the direction in 

which you are looking. So, you 

can move a cursor about the 

display with your eyes and click 

on something by winking.

The Danish company The Eye 

Tribe is developing a technology 

which makes the eye control 

automatic, so the phone scrolls 

down by itself, as you read a 

long text. And Apple recently 

bought the Emotient company, 

which develops algorithms that 

interpret people’s emotions 

based on facial expressions. This 

could pave the way for 

computer programmes which 

adjust problems to our moods.

A new technology known as 

EM- Sense can register, what 

you touch or hold in your 

hand. The technology 

captures the electromagnetic 

noise flowing through your 

body, as you touch electric 

objects. In the future, the 

system can be integrated into 

smart-watches, which will 

automatically indicate a map, 

your shopping list, etc., when 

you place your hands on the 

steering wheel.

EIT is another motion 

control technology, which 

decodes your finger motions 

by measuring the muscles of 

the wrist. 

Scroll, swipe, 
and click by 
eye motions

Answer your phone with a sign

Infrared sensors register the direction in which you look, so you can move a 

cursor about the display with your eyes and click by winking.

The wristband decodes your finger 

position, allowing you to take a 

call using a specific sign.

The watch registers anything you touch. In this experiment, 

it indicates the person’s messages, when he touches the handle.

In “Iron Man”, Tony Stark 

has a digital butler, named 

JARVIS, who also functions as 

a friend and adviser.

IN 5 YEARS

MOTION CONTROL
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COMPUTERS GUESS WHAT YOU WANT
So far, we have communicated with electronics by typing, clicking, and touching, but soon 

it will be more common that computers interpret our wishes, automatically realising them.

DRONE TAKES OFF BY
THE POWER OF THOUGHT

The computer obeys 
your brain waves
Measuring brain activity, a computer can figure out the letter 

we wish to write or turn on the light according to our wishes. 

The brain waves are measured by EEG electrodes in a headset.

D irect contact between brain and 

computer is the easiest way to 

control electronics. Known as BCI, Brain-

Computer Interface, the technology 

interprets and converts certain signals in 

the brain into actions. BCI technology is 

already used in the computer programme 

P300, that can guess which letter you are 

thinking about, based on the brain region 

that is activated when you see the 

alphabet on a display.

To gain access to our thoughts, the 

computer measures the electric 

oscillations in our brains by means of a 

headset with integrated EEG electrodes. A 

programme translates specific thoughts 

or mental states into commands such as 

“turn on the light in the living room” or 

“turn to the next page.”

The gaming industry was among the 

first to adopt the young technology. The 

leading players are the Australian 

company Emotiv Brainwear and American 

NeuroSky, which both sell headsets that 

allow you to play the computer game 

“Call of Duty” by the power of thought.

In experiments, scientists have 

hooked electrodes directly up with the 

motor cortex, which controls our 

motions, allowing a paralysed Amerian 

woman to have a robotic arm carry out 

the motions which she is thinking about.

Puzzlebox Orbit is a drone, which is 

controlled by thoughts. In an app, 

you first adjust the level of awareness or 

meditation that you would like to achieve.

An EEG headset 

measures your 

brain waves, translating 

them into commands 

for the drone.

The drone takes off, 

when you achieve 

the mental state indicated as 

you make mental calculations.

1

2

3

EEG headset
Drone
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COMPUTER TECHNOLOGY

Sensors interpret 
your state of mind
The fNIRS technology allows computers to enter our heads 

to see if we are in the mood for solving a specific problem – 

boosting the brain to help do so, if necessary.

S oon, computers will keep track 

of whether you are stressed out, 

sleepy, or unfocused. A new 

technology known as fNIRS – 

functional Near-Infrared 

Spectroscopy – uses infrared sensors 

to measure the activity in your brain. 

The sensors are placed on the head, 

sending harmless infrared beams 

through the skull. Based on the light 

that is reflected back, the sensors can 

measure the quantity of oxygen sent 

through the blood vessels of the brain. 

A high oxygen level signifies high 

activity (you are thinking hard).

The NeuroTutor computer pro-

gramme uses the fNIRS technology to 

help school teachers. Based on 

measurements of a student’s brain 

activity, the programme determines 

the student’s state of mind, and can 

tell, when the student is motivated for 

learning, and when it is time for a 

break. The next step will be boosting 

the brain with a weak current, when 

the computer spots that the student’s 

level of performance is declining.

Carmakers such as Great Wall Motors 

of China are using a variant of the fNIRS 

technology to sound the alarm if a driver 

is falling asleep behind the wheel. And in 

2011, the German BrainDriver project 

showed that fNIRS can be used to drive a 

car by the power of thought.

In “Inception”, it is 

possible to hack into 

other people’s dreams to 

steal or plant thoughts. 

Sensors measure the 

oxygen of the brain’s 

blood vessels, 

indicating if 

the person is tired 

or focused.

IN 5 YEARS
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COMPUTERS MERGE WITH YOU
Technology that links the brain and the computer will blur the boundaries 

between humans and machines, enabling us to tap into extra mental resources.

We may one day be able to 

transmit knowledge from one 

brain to another. A group of 

scientists from the University of 

Washington took the first step to 

link two brains in an experiment 

in 2014. Two test subjects were 

sitting in different rooms, 

playing computer games, while 

their brains were linked via the 

Internet. When one was thinking 

about making a certain gesture, 

his brain-waves were captured 

and transmitted to the other 

one, who automatically made 

the same gesture.

Digital assistants such as iPhone’s Siri and 

Google Now of Android phones can already 

answer our questions, but they are still a long 

way from being able to make ordinary 

conversation. 

However, according to 

many scientists, it will 

only be a few years, 

until computers are 

sophisticated enough to communicate with us 

on equal terms. Perhaps they will even be as 

”clever” as in the film “Her”, in which the 

main character falls in love with a control 

system that is based on artificial intelligence.

As sufficient data from human conversation 

is stored, and technologies such as speech 

control are refined, many scientists believe that 

we will be able to develop social relationships 

with intelligent computers, whether in the 

shape of a robot or a control system. Lonely 

elderly people can have a conversation partner. 

However, scientists disagree as to whether and 

when computers will reach the same level or 

even a higher level than the human intelligence.

Thoughts sent
via the Internet

Computers become 
our equals

The one person’s brainwaves are 

captured and transmitted to the 

other, who is in another room.

In an experiment, German scientists steered a car by 

means of brain waves. Carmakers will use the 

technology to wake up sleepy motorists.

In the film “Her”, the 

main character falls in 

love with a control 

system, which is 

artificially intelligent.

1

2

Brainwaves 

detected.

Brainwaves 

received.

IN 10+ YEARS

ARTIFICIAL INTELLIGENCE

IN 10 YEARS

BRAIN TO BRAIN

MARY LEVIN/UNI. OF WASHINGTON
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NATURE | JELLYFISH

Lethal toxins, enticing light, and efficient swimming 
strokes. On the face of it, jellyfish resemble simple 
blobs of jelly, but make no mistake. They are highly 
specialized creatures that keep on surprising scientists.

A Greater Whole

Japanese fishermen have always had a 

strained relationship with the huge 

Nomura’s jellyfish, which can weigh up 

to 200 kg and have a diameter of 2 m. It 

often ends up in the fishermen’s nets, but 

is an undesirable catch, as a net full of 

heavy jelly blobs prevents fishermen from 

recovering their catch of fish. 

Sometimes, Nomura’s jellyfish 

appears in huge shoals, which cover the 

coast in a slime layer that is several 

metres thick. In the past, such blooms 

occurred at intervals of several years, but 

since the late 1900s, they have become 

more frequent. Now, the shoals make up 

Nomura’s jellyfish 
loves global warming

Nomura’s jellyfish can grow huge, and large shoals wash up 
on Japanese shores annually.
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a problem almost annually in Japan. 

The cause is unknown, but global 

warming could play a role, as warmer 

water boosts the jellyfish life cycle.

56   |   SCIENCE ILLUSTRATED



By Lars Thomas

NATURE PRODUCTION/NATUREPL

Nomura’s jellyfish may be the 
biggest of all jellyfish. Its 
numbers are rising tremendously, 
which could cause problems.      

NO SKELETON
As jellyfish have no skeletons, 

they can only grow to a certain 

size. Nomura’s jellyfish is one of 

the largest, weighing up to 200 kg 

and growing to a diameter of 2 m. 

GIANT
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JELLYFISH

T
hey do not seem very big, when they 

are floating passively back and forth 

just off the beach.  Scientists used to 

believe that jellyfish were poor swimmers, 

which had to let themselves be carried by 

ocean currents and blown accidentally with 

the wind. But that is utterly wrong.

A team of scientists from the Stanford 

University in the US have studied jellyfish 

swimming techniques using high-speed 

cameras, and they discovered that jellyfish 

are highly specialized swimmers that make 

the most of both the water pressure and 

their own simple bodies. 

The discovery is the most recent one of a 

long series of studies that draw a different 

picture of jellyfish, which turn out not to be 

as primitive and helpless as their trans-

parent jelly may indicate.

JELLYFISH SUCK THEIR WAY 

FORWARD

For years, biologists believed that jellyfish 

only moved forwards due to the rhythmical 

contractions of the bell, which force the 

water inside the bell backwards, pushing the 

creature more or less accidentally forwards.

When the Stanford University scientists 

measured the pressure in the water around 

common jellyfish, they discovered that the 

jellyfish not only forced water backwards. 

Instead,  the creatures produced 

underpressure on the top side of the bell, 

sucking their way forwards instead of pushing.

When a jellyfish creates under pressure in 

front of it, it consumes less energy when 

swimming, and that is an advantage, as 

lower energy consumption means less need 

of food. Scientists cannot yet explain how 

the jellyfish does it.

THE BODY IS 98 % WATER

Jellyfish anatomy is rather simple, 

and as the creatures consist of 

98 % water, their structure is 

not very solid. They have no 

skeletons or supporting 

structures, so they can only 

grow to a certain size. Most 

jellyfish consequently vary in 

size from a thumb nail to a 

plate, but both microscopic 

species and huge giants 

exist, which weigh twice as 

much as a human being.

The only jellyfish opening is 

the mouth, that is located on 

the underside of the bell, 

doubling as the anus. The mouth 

The Atolla wyvillei is nicknamed the 

alarm jellyfish due to its special defence 

technique. Although it does not belong 

to the group of luminous comb jellies, it 

has the same characteristics. The 

In the warm, shallow, tropical waters 

off Florida and in the Caribbean, 

jellyfish exist that seem to have passed 

out, lying on the ocean floor with their 

arms pointing upwards. They are 

known as inverted.

Instead of swimming about 

capturing plankton and small 

creatures, which are their primary 

food, the inverted jellyfish have 

adapted to a static life on the ocean 

floor, living in symbiosis with algae in 

the creatures’ tissue. The algae 

require sunlight for photosynthesis, 

so the jellyfish must be upside down. 

The algae see to it to 

provide extra food for 

their hosts.

The alarm jellyfish 
attracts enemies

Jellyfi sh live upside down

purpose of the light is still a mystery, 

but it is probably used to attract prey. 

The jellyfish can also produce more 

powerful lights to scare off enemies, 

according to scientists.

The aim of the alarm jellyfish’s 

powerful light flashes is totally 

different. It is just as good as comb 

jellies at lighting up, but uses its light 

in a type of biological Russian roulette 

game. If a fish attacks the small 

jellyfish, it emits a series of 

powerful light flashes. The 

alarm jellyfish does not emit 

the flashes to scare the 

enemy, but rather to 

attract more. The idea 

is that the enemies 

attack each other, so 

the small alarm jellyfish 

can escape unnoticed in 

the confusion.

The inverted jellyfish is 
lying on the ocean floor, 
waiting for its prey.

The alarm jellyfish attracts 
as much attention as 
possible, when it is attacked.
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THE MOUTH IS THE 

ONLY OPENING
The mouth, which is the 

jellyfish’s only opening, is 

usually located on the 

underside. Inverted jellyfish 

are lying on their backs, 

mouth upwards.

MUSCLE RING PUSHES 

JELLYFISH FORWARDS
Along the edge of the jelly-

fish, there is a muscle ring, 

which "rolls", propelling the 

jellyfish forwards. When the 

jellyfish moves like this, you 

can see its luminous interior.

ACROBAT

LIGHT 
MAKER
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Lethal jellyfish 
spreads fear
The Portuguese man o’war is known as 

“the floating terror”.

The Portuguese man o’war is very common in tropical and 

subtropical waters, where it lives on the surface and is 

easily recognisable by its bluish swim bladder. It cannot swim 

by itself, so it flows freely about with the wind, which 

sometimes takes it close to the shore, causing problems in 

places where swimmers do not know it and may mistake it for 

an innocent plastic bag. Its cnidocytes are powerful and its 

sting very painful. The tentacles can grow up to 30 m long 

and are almost invisible. Stings have caused deaths, often 

because the victims pass out due to pain and drown.

Four polypoids in one
The Portuguese man o’war is a siphonophore, 

and rather than “it”, you should use the term 

“them”. The man o’war is a colony consisting 

of four different types of polypoids, which 

have four specific functions.

 1. SWIM BLADDER 
The largest polypoid is the 

pneumatophore, which makes up 

the swim bladder that keeps up 

the colony. If the man o’war is 

threatened, it can let air out of 

the bladder and dive to safety.

 2. SEX ORGANS 
Although the jellyfish is a colony, 

the gonozoids provide it with a 

sex, and it produces either eggs 

or sperm cells. Fertilized eggs 

develop into larvae, which 

specialise in one of the functions.

 3. DIGESTION 
The gastrozoids digest 

the prey, subsequently 

sharing the energy and 

nutrients with the rest 

of the colony. 

 4. TENTACLES 
The dactylozoids are 

the jellyfish’s tentacles. 

They are very powerful 

cnidocytes that make 

up the creature’s 

defence and hunting 

weapons.
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TENTACLES FULL OF

POISONOUS NEEDLES
The jellyfish’s tentacles are lined 

with thousands of cnidocytes 

which use pointed needles to 

penetrate the prey’s skin to 

inject toxin. The man o’war’s 

cnidocytes are very powerful.

COLONY
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leads to a cavity in the jelly, where 

digestive system and sex organs are located.

But apart from the jellyfish’s general 

design, their biological evolution is still almost 

unknown to scientists.

The simple design has not offered the 

creature much to work with, but it has been 

The small, blue by-the-wind sailor 

boasts a diameter of 2-3 cm and a flat 

body with a small, vertical sail. The 

jellyfish is very common in the oceans, 

living on the surface, where the water is 

very deep. There, it sails about, 

powered by the wind and hardly able to 

control its direction. By-the-wind sailors 

are hydrozoans, which normally live 

stationary lives in polypiod colonies on 

the ocean floor or on other solid 

surfaces, where they reproduce. 

Due to the great depths, the 

jellyfish has moved upwards, 

using the ocean surface as 

the base of its reproduction.

By-the-wind sailor 
fl ows with the wind

The by-the-wind sailor 
often attracts attention, when 
washed ashore in huge shoals.
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stretched and twisted during 

the more than 650 million years 

of jellyfish existence on Earth.

Many of the some 2,000 

modern species have spent 

the long period specializing, 

and so, jellyfish now come in a 

wealth of odd versions. Some 

are able to light up, using their 

light flashes for clever defence 

tactics. Other species swim 

thousands of km in search of 

food, while still others live all 

their lives without leaving their 

small private spot on the 

ocean floor.

Although they fail both brain 

and sensory organs, some 

species may exhibit a highly 

complex behaviour and even 

cooperate with totally different 

animals. Some fish species 

spend all their lives between the 

jel lyf ish’s burning, highly 

dangerous tentacles without 

suffering any harm, and the 

jellyfish provide good pro-tection 

of the fish against enemies. It is 

unclear, what the jellyfish get out of it, but 

the fish probably prevent their tentacles 

from becoming entan-gled, and if a jellyfish 

captures large prey, they can help parting it 

into smaller pieces, so the venomous 

tentacles are not torn.

Evolution has been particularly success-

ful developing extremely powerful venom in 

some jellyfish. There is no doubt that the 

jellyfish venom is a very efficient weapon, but 

biologists wonder why it is so extremely 

venomous.

Scientists found particularly powerful 

venom in sea wasps. According to experts, 

every wasp has enough venom to kill about 

60 people. If you are stung, you could die 

within only four minutes. That is faster than 

any other poisonous animal in the world can 

kill, and it is of course an advantage for the 

slow and physically weak lumps of jelly to 

have a venom that can neutralize a threat 

fast, but many scientists find it difficult to 

understand why a small jellyfish that feeds 

on shrimps has a venom that is strong 

enough to kill a human being. The weapon 

may be a very efficient defence mechanism, 

but scientists doubt it, as some fish species 

consume even the most venomous jellyfish 

without suffering any harm.

JELLYFISH REMAIN A MYSTERY

The Stanford scientists have come much 

closer to one of their many secrets, and now, 

they are to find out, if the swimming 

technique is common among other jellyfish.

The studies of the efficient jellyfish 

swimming technique have already provided 

engineers with a new impression of how 

efficient underwater propulsion is carried 

out, and in the future, the lumps of jelly’s 

swimming secret will inspire the design of 

more efficient, fuel saving ship propellers. 

THE BODY IS PURE JELLY
The bodies of jellyfish consist of 

a hollow jelly bell surrounded by 

two tougher layers, which hold 

it all together. However, by-the-

wind sailors’ bodies are flat.

1 Rinse the affected 

area with ocean water or 

vinegar. Both neutralise 

the cnidocytes. Urine has 

absolutely no effect on 

jellyfish stings. 

3 Place the arm or leg in 

40+ °C warm water. This 

will break down the venom 

and relieve the pain. 

4 Painkillers or local 

anesthesia may be used, if 

the sting is painful.

5 Call a doctor in the 

case of powerful attacks 

or severe allergic 

reactions.

2 Remove the remains 

of tentacles and cnidocytes 

using a razor or the edge 

of a credit card. 

First aid

A jellyfish sting can cause anything from 

unpleasant burning to lethal pain, which 

requires medical aid. This is what you can do:.

Jellyfish burn 
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A sting can cause 
brain haemorrhage
It is only the size of a thumb nail, but the Irukandji 

jellyfish is the world’s most venomous creature.

I rukandji jellyfish are very small – often only measuring a few cm 

– transparent jellyfish. They are common in tropical waters off 

the north coast of Australia. Many consider the creatures to be the 

most venomous in the world, and unlike other jellyfish, Irukandjis 

also have cnidocytes on the outside of the bell. Their sting can 

cause brain haemorrhage and is lethal, if not treated. The pain is so 

tremendous that even high doses of painkillers have no real effect.

In 10 milliseconds, the Irukandji jellyfish’s nemato-

cyst cells paralyse their victim by means of venom.

Venomous needles paralyse prey

The cell trigger 

is touched by the 

prey, activating the cell.

1
The lid of the 

cell is opened. 
2

A harpoon is shot 

out of the cell to-

wards the victim’s skin.

3
A stinging thread 

is triggered, when 

the skin is penetrated.

4

Venom is 

pumped 

through the thread 

into the victim’s 

body.

5

An unfortunate fish is 
consumed by the small 

Irukandji jellyfish.
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ORAL ARMS HELP 

JELLYFISH EAT
Under the bell, jellyfish are 

equipped with a bundle of oral 

arms, which are usually studded 

with cnidocytes and help get 

the prey into the mouth.

Tentacle 

Trigger 

Harpoon 

Stinging thread

The victim’s skin

Stinging thread

Venom

Cell lid 

KILLER
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An Impossible 
Engine Challenges 
Newton’s 3rd Law: 
(every action has an equal and opposite reaction)

TECHNOLOGY | EMDRIVE



I
magine that you arrive at the airport in a 

car without wheels. Subsequently, you 

board a plane without wings. On the 

plane, you read the morning paper and drink 

a cup of coffee. The plane speeds through 

the air, completing the flight from London to 

Sydney in a few hours.

A brand new type of engine could 

revolutionise travel on Earth and in space. 

Known as EmDrive (electromagnetic propulsion 

drive), the engine works by taking advantage of 

the energy of microwaves, and it can allegedly 

obtain such incredible speeds that it could 

make other engines obsolete.

The EmDrive differs from other engines by 

not using traditional fuel. Instead, it 

accelerates by means of electricity that could 

be generated by solar cells. So, the engine can 

keep on accelerating – in principle indefinitely 

– as it will not run out of fuel. The limitless 

acceleration means that in theory, an EmDrive 

vehicle would be able to obtain incredibly high 

speeds over long distances – particularly in 

Engine without exhaust challenges Newton

Ordinary engine 
with exhaust

The engine’s exhaust 

“pushes” the craft. In 

aerospace, etc., this 

means that if a rocket 

boasts a propulsion of a 

certain force, something is 

pushing in the opposite 

direction with the exact 

same force. It is usually 

the exhaust that “pushes”.

EmDrive engine 
without exhaust
The EmDrive does not push 

anything out of its rear end, 

but it is still said to provide 

propulsion. According to the 

inventor, Roger Shawyer, this 

can be done by aiming high-

energy microwaves at a sealed 

rear end. The energy pressure 

on the rear end is said to 

cause forward motion.
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A rocket accelerates by “throwing” 

its exhaust backwards, which 

propels the rocket forwards. 

Imagine a silent rocket launch 

without smoke and roaring fire. 

That is the “impossible engine”.

Watch out Newtonian 
physics. An inventor says 
this engine accelerates 
without exhaust. If so, 
physics text books must 
be rewritten.

CLAUS LUNAU

The EmDrive is inconsistent with one of the basic laws of physics: 

In order for action (motion) to take place, a reversed reaction is required.

space, where there is no wind resistance.

So, the EmDrive could particularly make  

history within space travel, as the EmDrive 

could seriously do justice to itself on long 

voyages in a vacuum. If it works, colonisation of 

remote planets will suddenly be within reach. 

Without fuel, a vehicle will also be 

markedly lighter. Nearly 85% of the weight of 

NASA’s space shuttle, which was in use until 

2011, was due to fuel.

If the new engine is built, it will also have 

a significant effect on short everyday trips: 

Flights around the world could be completed 

in no time, and cars would glide  above roads 

powered by means of four EmDrives pointing 

towards the surface, producing lift.

CHALLENGING NEWTON

It almost sounds too good to be true, and 

perhaps it is, as the engine is inconsistent 

with the laws of nature.

According to the engine's inventor, 

electromagnetic propulsion works by 

electromagnetic radiation flying back and 

forth inside a cone-shaped cylinder. This 

produces energy pressure on the wider end, 

producing motion in the opposite direction. 

The controversial aspect is that the EmDrive 

does not emit anything from its rear end, like 

an ordinary jet engine would. The EmDrive 

accelerates forwards without pushing 

anything backwards. It is comparable to 

moving a sailing ship by placing a fan on the 

deck, which would blow wind into the sail. 

This cannot be done, as there is no external 



EMDRIVE
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Energy from microwaves 
fuels the impossible engine
The aim is that the microwaves zap about 

the closed cone, obtaining the highest total 

speed near the larger end and producing 

higher radiation pressure on this end. The 

pressure difference ensures propulsion.

The pressure at the 

larger end functions 

in about the same way as in 

a fuel-operated engine: It 

“pushes” backwards,making 

everything move forwards.

The total speed of the 

waves is higher near 

the larger end than near 

the smaller end. Overall, 

the pressure is higher at 

the larger end.

The cone walls are so 

reflective that the 

waves ricochet between 

the slanting sides.

We travel to other 
solar systems

The EmDrive is energy-efficient 

and able to obtain immense 

speed between solar systems.

Mars in a few months

With the new engine, the voyage to 

the Red Planet could probably be 

completed in 70 days. A trip to the 

Moon would only take four hours.

Lighter satellites with 
longer lives

The EmDrive could be used as an 

engine for satellites, making them 

lighter and extending their lives.

Invisible missiles

Today, you can clearly see the light 

flash from space, when a ballistic 

missile is launched. EmDrive missiles 

will be more difficult to spot.

2

4

3

CLAUS LUNAU

Microwaves are generated 

by a magnetron and intro-

duced into a cone-shaped chamber.

1

Life with the impossible engine: The Moon is 4 hours away, and cars glide
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Scientists 
disagree: Is the 
EmDrive possible 

Several EmDrives were designed 

in various experiments. This is a 

prototype.
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force for the sail to push back against. 

When the wind from the fan affects the sail, 

the sail will push back with the same force. 

As the fan is on the boat, the sail’s push 

against the fan neutralises the push on the 

sail, and the ship will not move.

This principle is one of the laws of motion 

introduced by Isaac Newton in 1687 in his 

work Principia Mathematica. His three laws 

of nature concerning motion have never 

been disproved. According to Newton’s third 

law, for every action, there is an equal and 

opposite reaction.

INEXPLICABLE PROPULSION

EmDrive experiments have been carried out 

in England since the turn of the millennium, 

but they have not attracted any serious 

attention until recently, when several 

scientists reported positive results.

In 2010, a group of Chinese scientists 

reported propulsion after an EmDrive test. In 

2014, a group of NASA scientists known as 

Eagleworks tested the engine, measuring 

propulsion. And in November 2015, the same 

group tested the engine again in a vacuum 

to make sure that external factors such as 

temperature fluctuations due to the 

microwaves and airflows were not 

responsible for false propulsion. Still, the 

NASA scientists measured microscopic, 

inexplicable propulsion.

In the same year, German scientists 

cryptically proclaimed that they could not 

rule out that the EmDrive really works.

MAJOR PROGRESS OR JUST A HOAX?

English engineer Roger Shawyer invented 

the engine, earning him lots of criticism right 

from the start.

Some critics dismiss the engine as being 

utterly ridiculous and refuse to take the 

invention seriously. Others are happy to take 

a look at the experiments, but only to be 

able to point out errors and omissions in the 

event of positive results.

Another point of criticism is that no 

articles about the EmDrive have been 

published in peer-reviewed scientific 

journals, which is usually a bad sign.

However, this argument can no 

longer be used, as in 2015, an article 

by Roger Shawyer was published in 

the peer-reviewed and respected 

scientific space exploration 

journal Acta Astronautica.

Another argument used 

against the EmDrive engine is that 

the ins ignif icant  propuls ion 

measured by scientists could be caused by 

external influences such as airflows or 

temperature fluctuations. 

But this problem ought to have been 

solved by the use of a vacuum in the NASA 

group’s experiment from 2015.

Consequently, the EmDrive could be  

either the greatest leap forward for humans 

since the invention of industrial steam 

engines – or it is a major hoax, which, in a few 

years time, NASA will regret ever having 

engaged in. Is the impossible engine really 

impossible? We are very much looking 

forward to the answer. 

The EmDrive debate is a heated 

one.Are the test results genuine, 

and could “the impossible 

engine” really work?

Gliding cars and planes without wings
The EmDrive would render wheels and wings superflous. Cars would glide slightly above the ground instead of wearing out wheels and roads, and air transport would be possible without wings, propellers or jet engines.

Yes

The engine’s microwaves 

could have caused 

temperature differences during the 

experiment, producing the microscopic 

motion measured.

The experiments have 

allowed for temperatures. 

Recently, a German EmDrive test was 

carried out, in which temperatures did 

not explain the propulsion.

No

Yes

If you count in the force 

exerted on the cone’s sides, it 

will neutralise the propulsion that ought 

to exist, according to the calculations. 

Oppositely directed forces will neutralise 

each other.

It is not a problem, as the 

force exerted by the 

microwaves on the slanting sides is 

insignificant in comparison with the 

force they exert at the end.

No

Yes

A NASA group has apparently 

measured an EmDrive force of 

5.3 micronewtons per watt. If the waves 

were sent out of the cone’s rear end 

instead of keeping them inside, you 

would obtain a force of 3.3 nanonewtons 

per watt. In other words, EmDrive is 

supposed to produce 1,600 times more 

force by the microwaves flying about in a 

chamber instead of leaving the rear end 

as exhaust. This seems unlikely.

Scientists have changed their 

minds before. What seems 

impossible now, may not be in 50 years.

No

Yes

No
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Lithium batteries with longer lives, wind turbine 
wings that are not worn by storms, and drugs 
without side effects – that is how scientists 
imagine the world, when they use the world’s 
most powerful X-radiation to reveal atoms at 
work in a new Swedish accelerator. 

The Secret Life
of Atoms

0.03 nanometres is the lower limit 

of the objects that can be seen by a 

newly built synchrotron, MAX IV, 

that includes the world’s most 

powerful X-radiation. The 

synchrotron can see the 3D atomic 

structure of proteins which contain 

thousands of atoms.

  ELECTRON MICROSCOPE  

0.05 nanometres is the resolution of 

the best electron microscopes, which 

can see individual atoms and measure 

their electric and magnetic fields. 

  LIGHT MICROSCOPE  

200 nanometres is usually the 

lower limit of what you can see in an 

ordinary optical microscope. That is 

sufficient to see a virus particle.

10 nm

100 nm

1 µm

10 µm

100 µm

1 mm

1 nm

 0.1 nm

VIRUS

ATOMS

SYNCHROTRON

New nanoscope 
can see atoms 
in action
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From millimetres 
to nanometres
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By Rolf Haugaard Nielsen

X-rays are invisible, but the 

first X-rays of the Max IV 

can be seen in the synchrotron 

window due to fluorescence.

O
n 21 June, it is summer solstice in 

Sweden, and on this very date, the 

longest day of the year, X-rays of 

unprecedented strength will be lit in a new 

accelerator in the city of Lund. The X-rays 

are produced by bundles of electrons, which 

circulate at speeds close to that of light in a 

ring-shaped accelerator – also known as a 

synchrotron. This new miracle tool, Max IV, 

has a circumference of 528 m, and it takes 

5-6 minutes to walk the full circle. Electrons 

make the trip a bit faster, completing 

500,000 full circles per second. However, 

the truly revolutionary aspect isn't the 

speed, but the extremely powerful X-rays 

that the electrons emit on their way.

Synchrotrons are X-ray factories, and 

over the decades, they have been 

scientists’ best tools for studying the world 

of atoms, as energy-rich X-rays have 

ultrashort wavelengths, which are smaller 

than atoms. Just like a microscope can look 

into a cell by means of visible light and 

show components the size of the 

wavelength of light, short wave X-rays can 

reveal the type and location of individual 

atoms in a sam-ple. And the more intense 

the radiation, the more detailed the image. 

You may compare it to shining light onto a 

cobweb on a dark night. It is visible in the 

light of a flashlight, but if we use a 

floodlight projector, we can spot every 

dewdrop, observe the motion of individual 

threads, and keep an eye on the spider.

The Max IV facility is smaller than the 

world’s three largest synchrotrons in 

Switzerland, the US, and Japan, but the 

Swedish X-ray factory can still produce 

X-rays that is 10 times more intense thanks 

to a new, ground-breaking technology.

AMERICANS WANT SWEDISH MODEL

Electrons emit X-rays when their paths bend, 

and to get the most radiation out of the 

circulating electrons, the accelerator ring is 

surrounded by magnets, whose alternating 

fields force the electrons to slalom their way 

through the ring. In traditional synchrotrons, 

each magnet forces the electron bundles 

through one or two curves. The novelty 

about Max IV are smaller, more compact 

magnets, where the electrons are forced 

through seven curves on their way through 

each magnet. The slalom bends the 

electrons’ paths so much that the X-rays 

emitted are extremely powerful.

Moreover, the small magnets mean that 

scientists only need one accelerator tube 

with a diameter of just 2 cm, as compared to 

the usual 6 cm, providing another advantage: 

As they slalom through a series of magnets, 

the electron bundles are spread. Without 

intervention, during the next slalom, the 

X-rays would be emitted in a broad cone 

instead of in a concentrated beam and so, 

become weaker. Consequently, after each 

slalom ride, the bundles pass through a 

section of the accelerator, in which they 
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People told me: “Don’t.
The method is too risky.” 

Now it is used all over the 
world. That’s really something!

Mikael Eriksson// Machine Director, MAX IV
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Circle forces electrons forwards
The X-ray factory produces the world’s most powerful X-rays in ultrathin beams. The 

intense short wave radiation can show atoms and molecules at work.

ELECTRON GUN The 

electrons are launched 

in bundles fired 

quickly one after the other. 

LINEAR ACCELERATOR The 

electron bundles are thinner 

than human hairs. They are 

accelerated to almost the speed of light 

and energised by means of radio waves.

To make the electron beam 

emit radiation, it is forced 

to slalom. The magnets 

unite the radiation again.

Atoms 
slalom 
between 
magnets

The new synchrotron in Lund, that 

boasts a circumference of 528 m, 

will be inaugurated in June. 

1

2

are united again by means of magnetic 

fields. The trick of the narrow accelerator 

tube is that the focusing magnets can be 

placed close to the circulating electron 

bundles and produce powerful magnetic 

fields around the bundles, uniting the 

electrons. As the bundles are so small, during 

their slalom rides, they emit all X-rays in 

concentrated beams with diameters of as 

little as 10 nanometers, corresponding to 

the diameter of a DNA molecule. It is the 

times per second, the electrons 

pass around the synchrotron, and 

after 10 hours of work, they have 

covered a distance corresponding 

to 4-5 times the distance 

between Earth and Pluto.

efficient focusing into super thin beams that 

makes the Max IV radiation 10 times more 

intense than the radiation of other 

synchrotrons.

The intense X-rays allow scientists to film 

chemical reactions at the atomic level, as 

they take place. Scientists can see the 

processes inside a battery or reveal what 

proteins in cell membranes look like and so 

customise drugs and medicines.

Two of the world’s biggest synchrotrons 

– the European Synchrotron Radiation Facility 

in France and the American Advanced 

Photon Source in Illinois, USA – have decided 

to modify their accelerators according to the 

Swedish model. And Japan is expected to do 

the same thing concerning the SPring-8 

synchrotron in Hyogo.

Still, for the next couple of years, the Max 

IV will be the only synchrotron in the world to 

generate really top-notch X-rays. And there 

is even room for improvement. Within the 

existing physical limits, the radiation can 

become 30 times more intense. M
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Slalom magnets include a 

cavity that contains the 

accelerator tube.
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CIRCULAR ACCELERATOR When the 

electrons enter the circular accelerator, 

magnetic fields force them to slalom, 

causing the emission of X-rays. 

3. When the X-radiation hits 

a sample of blood haemo-

globin, the radiation is 

spread by the atoms, 

producing a spread pattern 

on the detector, indicating 

the structure of the sample. 

2. After each round, the electrons 

have spread and need to be united 

again by focusing magnets.

1. Electron bundles pass 

through slalom magnets, 

emitting radiation. 

BEAMLINES The X-rays are extracted 

for experiments. The synchrotron in Lund, 

Max IV, accommodates 19 beamlines.

EXPERIMENTAL STATIONS At 

the end of the beamlines, there 

are experimental stations.

SHORT PULSE FACILITY Instead of moving in 

circles, the electron bundles can continue directly 

into a short pulse facility, where they emit 

ultrashort X-ray pulses, which only last 100 millionths of 

a nanosecond. They can film proteins, etc. at work. 

Sample 

The focusing magnets, which are located 

around the accelerator tubes, ensure that 

electrons unite the radiation again.

TARGETED
DRUGS 
The X-rays can show the 

atomic structure of proteins in cell membranes, 

which is the most important aim of drugs. When 

scientists know what the receptor looks like, 

they can make drugs with optimum 

beneficial effect and minimum side effects.

LONGER
BATTERY LIFE 
Over time, lithium ion batteries for 

computers and mobile phones will need to be 

charged more often due to undesirable 

chemical reactions on the two electrodes. 

Intense X-ray radiation can film the process at 

the atomic level and pave the way for nuclear 

engineering that can make the batteries 

perform better for a longer time.

STRONGER WIND 
TURBINES
The longer wind turbine wings are, 

the stronger they must be to resist sudden, 

powerful wind gusts. Experiments can show how 

composite materials are distorted, as they are 

bent and twisted. The knowledge can be used to 

design stronger materials. 

A synchrotron 
can give us …

3

4

5

6
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TECHNOLOGY| DRONES

When the Mayflower leaves England in 2020 for the 
US east coast, the captain remains on the shore. The 
wind and solar powered drone ship will pave the way 
for future cargo vessels, which are unmanned robots.

Unmanned 
ship will cross 
the Atlantic

C
an a ship without a captain cross the 

Atlantic all on its own? That is the 

question which the Mayflower drone 

ship will answer in 2020. Instead of a crew, 

the Mayflower will be equipped with 

technology enabling it to handle all the 

tasks usually carried out by human beings. 

So, scientists are developing software that 

acts as a virtual captain, making decisions 

about course, speed, right of way, and 

whether or not to be under sail – and 

implementing them.

Known as MARS – the Mayflower 

Autonomous Research Ship – the project is to 

pave the way for a future, in which cargo ships 

are unmanned robots crossing oceans on their 

own. The project involves much more research 

than just what concerns navigation. The ship 

is to cross the Atlantic powered by solar and 

wind energy only, and on its way, it will make a 

long series of scientific measurements.

REMOTE-CONTROLLED

FROM THE SHORE

MARS is a cooperation project between 

Plymouth University, the MSubs company, 

which specialises in autonomous vessels, 

and the Shuttleworth Design yacht yard. 

Basically, the Mayflower must be able to 

know i ts  accurate pos it ion ,  and 

consequently, the ship will be armed to the 

teeth with all sorts of navigation instruments 

such as radar, GPS, and different types of 

echo sounders, optical photo systems, and 

sophist icated d istance measur ing 

equipment. Moreover, it will be able to 

receive information about other ships’ 

names, positions, courses, and speeds – and 

send the same data, so other vessels aware 

of the drone ship.

All data collected by the instruments 

during a voyage will be sent back to the MARS 

project control centre in Plymouth. More 

specifically, the person on duty is to be able 

to observe the Mayflower online and remote-

control the ship via satellite, if necessary.

COLLISION PREVENTED

BY ELECTRONICS

One of the huge challenges of the project is 

converting and reducing the large amounts of 

data into a format that can be transmitted to 

the control centre as fast as possible via a 

satellite connection. However, the drone ship 

is intended to be able to handle a trip across 

the Atlantic so well that engineers on the 

shore hardly need to interfere.

One of the central concerns, when it 

comes to unmanned vessels, is right of way 

and anti-collision systems, and so, the 

Mayflower is equipped to be able to  

determine other vessel’s positions by 

SUBMARINE 
DRONES
The Mayflower will send submarine 

drones out to collect data from 

the abyss. On the maiden 

voyage, it will not be possible 

to pick up the drones again. 
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By Lise Mortensen Høy

TRIPLE HULL

The vessel is a trimaran, consisting of 

three interconnected hulls. It will be 

32.5 m long and 16.8 m wide. The hull 

is made of a composite material, 

which is a mixture of glass and 

aramid (synthetic fibres). 

DRONES IN THE AIR
The drone ship carries a high number of single use 

drones. The small drones are preprogrammered to 

fly above the vessel in a specific pattern to check 

out the rigging, deck, solar cells, etc. The drones 

are usually autonomous, but the onshore control 

room can alter or update their flight patterns.

2 SAILS
The Mayflower boasts 

2 sails. The vessel 

automatically places 

the sails below deck, 

when there is too 

much or too little 

wind to be under sail.

SOLAR CELLS ON THE DECK
The entire deck is lined with solar cells, which will 

generate power to propel the vessel, if there is not 

enough wind. In calm weather, the deck is 

automatically turned into a type of wing, securing a 

larger area with solar cells. At a speed of 9 km/h (5 

knots), the drone ship will be able to sail indefinitely 

powered by the electricity generated by the solar cells.
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means of radar and AIS: a system, by which 

ships automatically send data to each other 

concerning their directions and speeds. Just 

like on a manned vessel, the instruments of 

the drone ship will automatically calculate if 

there is danger of collision. On a manned 

vessel, the navigator on duty will decide 

whether to alter the course to avoid a 

collision. On the Mayflower, sophisticated 

software receives the information from the 

instruments and decides what to do. At 

worst, the control centre officer on duty can 

interfere to avoid a collision.

A LEGAL CHALLENGE

Today, neither maritime rules nor other laws 

and conventions are geared for autonomous 

ships. Basically, the rules are based on the 

principle that the responsibi-lity will always 

rest with the captain or the navigator on duty, 

so unmanned ships are a legal mystery. 

Another difficult matter for shipping and 

insurance companies is who owns the vessel, 

when it is “abandoned” at sea. So, it is an 

important question, whether the Mayflower 

can be considered to be abandoned in the 

eyes of the law, and who is responsible, when 

the ship sails without a captain.

Professor Martin Attrill, the director of the 

Plymouth University Marine Institute and one 

of the MARS project scientists,is not in doubt:

“There will constantly be a person on 

duty at the control centre, who is monitoring 

the ship and can take charge. So from our 

point of view, there is indeed a captain – 

albeit a virtual one.”

According to Attrill, part of the purpose of 

the project is to make sure that laws are 

adjusted to allow for unmanned vessels.

SUNLIGHT AND WIND LAST FOREVER

When the Mayflower leaves for the US, it will be 

powered by complex hybrid technology. The 

sails make up the main propulsion. Depending 

on the wind speed, the ship will set one or two 

sails, obtaining an average speed of 37 km/h 

(20 knots). When the sails provide sufficient 

speed, the ship’s propeller will spin, powering a 

generator, which charges the batteries that 

power the instruments.

When there is not enough wind, the 

Mayflower will automatically lower its sails 

and place them under deck, after which a 

solar cell-powered electric motor takes over 

at a maximum speed of 23 km/h (12.5 

knots). Under normal weather conditions, 

the solar cells are expected to generate 

enough power for the Mayflower to continue 

indefinitely at a speed of 9 km/h (5 knots).

At this point in time, the developers 

imagine that the ship will be equipped with a 

biodiesel generator, which can charge the 

batteries as a backup solution. However, it 

may be given up in favour of several batteries 

during the development phase.

SHIP EQUIPPED WITH DRONES

The planned voyage across the Atlantic 

could last anything from a week to several 

months, depending on the scientific tasks 

that the Mayflower is to carry out. The 

vessel will function as a platform for 

instruments that collect climate data, 

measure ocean currents, and 

register temperatures and life in the 

ocean. For this purpose, the drone 

ship will bring small drones which can 

function in the air or under the water.

The important scientific perspective of 

the MARS project is that it provides the 

opportunity for sending unmanned vessels 

to remote areas of the world to collect data 

at a much lower cost than manned vessels. 

But robotic ships without crews are also 

interesting for commercial shipping. Huge 

cargo ships crossing the oceans without 

crews would be able to solve many existing 

marine challenges. The EU has initiated a 

project known as MUNIN – Maritime 

Unmanned Navigation through Intelligence in 

Networks – which is to look into the pros and 

cons of sending robotic cargo ships across 

the oceans. A number of research 

International rules require all large 

merchant vessels to use an electronic 

nautical chart systems known as ECDIS – 

Electronic Chart Display and Information 

System – starting from 2018. The vast 

majority of vessels already have the 

system. Onshore control centre 

operators can send a recommended 

route directly to a vessel’s ECDIS display, 

and the navigator only needs to click 

“OK” to accept the route. Authorities 

may also enter warnings of wrecks or 

temporary obstacles into the system, 

which appear as virtual buoys popping 

up on nautical charts. 

Nautical charts 
become digital1

Electronic 

nautical charts 

suggest routes 

to navigators.

90% of the world’s cargo is carried 

by sea, and scientists are 

researching new marine propulsion 

methods that can save fuel and 

benefit the environment. The efforts 

include modern sailing ships. Lade 

AS of Norway has taken the most 

radical approach with its Vindskip 

concept that takes advantage of the 

wind without a sail. Instead, the hull 

is so tall and aerodynamic that it 

functions as a sail. According to the 

company, this will reduce fuel 

consumption by 60%.

Scientists from the University of 

Tokyo imagine a sailing ship with 

50-m-tall masts and sails of 20 x 50 

metres made of light aluminium and 

fibreglass-reinforced plastic. 

The sails can be individually 

adjusted and folded by means of a 

telescope system.

Sailing ships are 
back in busines

Vindskip is a sailing ship, 

whose hull functions as a sail.

SPERRY MARINE
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institutions and large companies such as 

marine engine maker Rolls-Royce are 

developing robotic ships.

The shipping industry has cause to rely on 

unmanned vessels. Wages are the major 

factor weighing down cargo ship operating 

budgets, and right now, 15,000 ship’s officer 

jobs are waiting to be filled worldwide. When 

a “crew” only consists of the man in charge at 

the control centre, payroll costs will be 

significantly reduced, and the ship could 

even sail more slowly and so more cost-

efficiently without extra payroll costs. If the 

speed is reduced from 16 to 11 knots, the 

fuel consumption and CO
2
 emissions of a 

traditional cargo ship are halved. Moreover, it 

is much safer to sail at a slower pace, 

speaking in favour of the idea of software 

taking over the bridge.

400-YEAR-OLD JOURNEY REPEATED

Scientists will determine the final design of 

the Mayflower concept this year. The project 

group will initially build a scale model of the 

ship, which will be tested under different 

conditions in a test tank. The work on the 

final hull is expected to be initiated in the 

spring of 2017, and once the hull has been 

built, another year will be spent on thorough 

tests on the water.

In 2020,  when the Mayflower leaves 

Plymouth, England, on its lonely voyage to 

Plymouth, Massachusetts, it will be exactly 

400 years after another “Mayflower”, a 

three-masted sailing ship, completed the 

same trip carrying English immigrants. Back 

then, the voyage required a crew of some 30 

men, but if all goes well, the Mayflower drone 

ship will make it on its own. 

The marine engine maker Rolls-Royce has 

introduced a concept of future bridges, by 

which the view through the bridge windows 

is a mixture of the real view, camera and 

sensor input, and data sent from an onshore 

control centre. Other ships’ routes, ice, reefs, 

and other possible perils, which are normally 

not visible, pop up in the helmsman’s field of 

vision. Moreover, the system can calculate 

and indicate how to carry out a difficult 

manoeuvre. If the ship is to avoid an oil rig, 

the ship and the rig is indicated on the bridge 

windows in bird’s eye view, and some 

manoeuvres can be remote-controlled from 

the control centre. The “intelligent” bridge is 

expected to be released within eight years.

In 20 years, the captain will not stand 

on the bridge. Instead, he works in an 

onshore control centre, and his ship 

does not include crew accommodation, 

as it is unmanned. That is one vision of 

future unmanned cargo ships. Sailors 

need cabins, staff rooms, and life rafts, 

the transportation of all of which 

requires energy. If the cargo ships were 

unmanned robots instead, shipping 

companies could save lots of money for 

fuel and not least wages. 

Vessels already boast navigational 

equipment enabling them to sail all by 

themselves. When radar, sonar, GPS, 

cameras, and other sensors are linked 

with a control centre via a high-speed 

connection, the captain might as well 

monitor one or more vessels from the 

shore rather than from the bridge.

Bridges
become virtual

The captain is 
on the shore32

Future cargo ships are 

unmanned robots 

without crew quarters.

Virtual data about other ships’ routes, etc., 

will pop up on the bridge windows.

3-STAGE “ROCKET”
The Mayflower drone ship is one step on the way to unmanned 

cargo ships. Computers will gradually take over crew tasks.
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NATURE | HURRICANES

THE EYE OF THE STORM
SATELLITES STARE INTO

When Hurricane Katrina raged 10 years ago, the US 
authorities reacted too slowly. Now eight new NASA 
satellites will monitor all storms in the hurricane belt 
to ensure early and accurate storm warnings.

M
y God! The shout echoes, as the 

small, trembling, bouncing propeller 

plane bursts through the massive 

clouds at the eye of the storm. It is 27 August 

2005 – the day before Hurricane Katrina 

strikes Louisiana. The national US weather 

service, NOAA, has sent a team of hurricane 

hunters to measure the wind speeds of the 

storm. In its eye, the plane is surrounded by a 

huge, rotating wall of thunder and rain clouds. 

Risking their lives, the hurricane hunters 

release measuring equipment into the inferno. 

The instruments register wind speeds of a 

staggering 280 km/h. 

Today, hurricane hunters are the only 

ones able to measure winds speeds inside a 

hurricane, but in the future, the daredevils 

will be assisted by eight new NASA satellites. 

Named CYGNSS (Cyclone Global Navigation 

Satellite System), they are the first to be able 

to measure wind speeds inside a hurricane 

from the outside and observe its 

development. How? By using GPS satellites.

HURRICANES RAGE AT 250 KM/H

Hurricanes – also known as tropical cyclones 

or typhoons – are the most devastating 

storms in the world. They can grow 

thousands of kilometres wide and reach 

wind speeds of 250 km/h or higher.

Hurricanes originate over water, which is at 

least 26.5 degrees warm. The high 

temperature makes the surface water 

evaporate and move upwards in the shape of a 

thunderstorm, as a deep depression develops 

at the sea surface. First, the surrounding air will 

try to fill the depression, but Earth’s rotation 

bends the wind, so it spins in a characteristic 

spiral around the depression. When the 

atmospheric pressure and the winds are strong 

enough, the storm has turned into a hurricane.

Hurricanes are categorised according to 

wind speeds on the Saffir-Simpson Hurricane 

Wind Scale, which includes five categories. A 

category 1 hurricane has wind speeds of 

117-153 km/h, whereas a category 5 

hurricane, which is the strongest, is 

characterised by wind speeds of 248 km/h+.

A storm can turn into a hurricane very 

fast, which was the case in October 2015, 

when Hurricane Patricia went from an 

ordinary thunderstorm to a category 5 

hurricane in 24 hours. A hurricane can also 

run out of steam. Scientists do not know 

exactly how hurricane dynamics work, but 

they do know that a hurricane’s primary 

energy source is warm water vapour, and the 

amount of water vapour depends on the 

wind speed at the ocean surface. That is 

what NASA’s new satellites will measure.

WEATHER SATELLITES 

FEEL RAINDROPS

NASA’s CYGNSS satellites are only the size of 

microwave ovens, but combined, they 

function as one big satellite. The satellites do 

not emit signals, they have receivers which 

can pick up the signals of the 31 GPS 

satellites that orbit 20,180 km from Earth.

Ordinary weather satellites work at a 

wavelength of a few cm and register even 

small rain drops. But the 19-24-cm-long GPS 

signals move right through the dense 

thunder clouds to hit the sea surface, which 

reflects them. The NASA satellites pick up 

the GPS signals at an altitude of 500 km. The 

strength of the signals differs depending on 

the size and shape of the waves. Both are 

highly affected by wind speed, which is 

consequently revealed by the signals.

Once the CYGNSS satellite antennas 

have captured the signals, a computer 

processes them, calculating the wind speed 

at the sea surface. In this way, scientists can 

observe a hurricane when it is ”born” and see 

how it develops and how powerful it will be. 

The eight satellites will orbit Earth at an 

inclination of 35 degrees to the Equator and 

pass over the same region approximately 

every 12 minutes. Each satellite can 

Approximately 18 massive storms form on Earth per year. This combined image from the American weather 

service NOAA shows the hurricanes that hit the Atlantic Ocean in 2010.
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By Antje Gerd Poulsen

Four satellites are mounted 

on each of the two modules. 

The "packet" is located at 

the front of the rocket.

51 cm

24 cm

159 cm

A. The satellite is folded 

during the journey. 

B. Each satellite has two tripartite solar 

panels. The first stage is lifted from the body.

C. The 3 

stages are 

gradually 

unfolded.

THE ROCKET 
SHEDS SHIELD

At an altitude of 174 km, 

the rocket loses its shield.

3

ENGINES
ACTIVATED

The rocket engines are activated 

at an altitude of 10km. 

2

AEROPLANE 
LIFTS ROCKET

The plane launches the 

rocket at an altitude of 10 

km and returns to Earth. 

1

SATELLITES 
UNFOLD

The eight satellites are released 

at an altitude of 500 km.

4

The satellites are placed on two modules and 

mounted on a rocket. A modified passenger jet 

lifts the rocket the first 10 km away from Earth. 

From there, the rocket continues on its own until 

it reaches an altitude of 500 km, where the 

folded satellites are disconnected.

Small satellites 
are launched 
by aeroplane ...

D. The satellites are completely unfolded, 

and orbit Earth at a speed of 8 km/s.

Solar panel

Satellite
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The satellites pick up GPS signals reflected by the 

sea surface. When the storm is raging, the rough 

sea causes the GPS signals to change.

... to determine the 
power of the hurricane   GPS satellittes orbit

20,180 km from Earth.

  CYGNSS satellittes orbit
about 500 km from Earth.

GPS and CYGNSS satellittes
orbiting Earth

An antenna receives signals 

directly from GPS satellites.

Two antennas receive reflected 

GPS signals from the sea surface.

HURRICANES

GPS receiver locates the

satellite and processes data.

NASA SATELLITES 
PICK UP SIGNALS

The satellites’ antennas pick up part of 

the reflected GPS signals, and a computer 

converts them into wind speeds. 

GPS SATELLITES 
SEND SIGNALS

Using a radio transmitter, 

31 GPS satellites send position 

signals towards Earth. 

5

WAVES AFFECT 
THE SIGNALS

The signals are reflected by the 

sea surface. In case of a rough sea, 

the signals are reflected differently 

than when the sea is calm.

6
7

The signals end up as a curve, which a 

computer converts into a wind speed graph. 

The colours indicate wind speed. The strongest 

winds are red.
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measure four reflections at a time - so 

that's 32 wind measurements per second.

The satellites cover the entire hurricane 

belt in 5-6 hours, and in about 24 hours, a 

fine-meshed network of measurements in 

the entire tropical belt is captured. So, the 

eight satellites can observe every single 

tropical storm originating in the hurricane 

belt throughout its lifetime. 

In comparison, human hurricane hunters 

only contribute snapshots. During the five 

days that passed from Hurricane Katrina 

originated as a storm off the Bahamas until its 

landfall in Louisiana as a hurricane, two planes 

were in the air every day, and 153 measuring 

instruments were released into the storm.

SIMPLE, CHEAP TECHNOLOGY

The satellites will ensure better hurricane 

warnings from 2017, but in October 2016 

the satellites will be launched into space 

aboard a rocket mounted on the belly of a 

modified passenger plane. The plane lifts 

the rocket to an altitude of about 10 km to 

save fuel. There, the rocket is disconnected, 

and three rocket engines take it to an 

altitude of 500 km, where the satellites are 

launched into true orbit.

The first months will be spent 

adjusting the instruments, 

col lect ing data,  and 

testing the satell ites. 

When everything is under 

control, the satellites will 

supply data for both daily warnings and 

scientific research.

In the long run, the satellites will test if 

this technology can also be used for other 

purposes, such as rock analyses or crop 

surveillance. If the system works as it is 

expected to, fleets of small satellites will 

probably be launched in the future. The 

simple technology makes the new satellites 

much cheaper to make and launch than the 

usual weather satellites that are big as buses 

and rather complex.

THE HUNT CONTINUES

With NASA’s new satellites, meteorologists 

can improve the warnings concerning 

hurricane strength markedly, which could 

save lives, as the authorities have time to 

evacuate the most exposed areas.

On 29 August 2005, when the hurricane 

hunters pay their last visit to Katrina’s eye,  

they measure wind speeds over 225 km/h at 

landfall. The wind has decreased, as often 

happens at landfall, when the energy from the 

warm seawater is gone. Katrina is only a 

category 3 hurricane, but so huge that it 

creates havoc in a region the size of the UK in 

Mississippi and Louisiana. Katrina causes an 

immense storm surge, measuring eight 

metres in some places. Along a 100 km 

stretch, the surge destroys everything in its 

path, and many people drown. 

Many other factors than warnings – such 

as weak levees – played a role, when Katrina 

NARGIS (CYCLONE) 

Burma, 2 May 2008

Casualties: 138,366 
Category: 4 
Wind speed: 165 km/h, gusts of 215 km/h
Hallmark: Storm surge travelled 40 km into a 
densely populated river delta.

HAIYAN (TYPHOON)

The Philippines, 8 November 2013

Casualties: 6,100
Category: 5
Wind speed: 230 km/h, gusts of 315 km/h
Hallmark: One of the strongest storms recorded 
at landfall.

KATRINA (HURRICANE)

Mississippi, USA, 29 August 2005

Casualties: 1,836
Category: 3 
Wind speed: 205 km/h, gusts of 280 km/h
Hallmark: The levees surrounding New Orleans 

collapsed. Most victims died in the water.

3 EPIC STORMS

caused death and destruction in two states, 

but scientists hope that earlier and more 

accurate warnings can help prevent other 

similar tragedies. 

And the hurricane hunters? They are not 

pensioned off yet. The planes do not just 

measure wind speeds, they also contribute 

many other types of data about precipita-

tion, atmospheric pressure, and more, for 

meteorological  research.  And the 

combination of hurricane hunter data and 

CYGNSS satellite measurements can 

improve the research into one of the world’s 

wildest weather phenomena and finally 

explain hurricane dynamics. 

NASA MONITORS THE 
ENTIRE HURRICANE BELT

Hurricanes originate in a belt around the 

Equator. NASA’s satellites observe all 

hurricanes in the belt. The lines indicate 

the hurricanes of the past 10 years. The red 

ones are the most powerful. 

Hurricane 
belt

Hurricane



1. Made out of titanium and 

protected by 256-bit AES encryption, 

the Solarin is a $19,000 what?

2. Suf ering from syphilis, Johnny 

Depp’s character in the 2004 fi lm The 

Libertine had to wear a silver what?

3. In myth and legend, which came 

fi rst: the Gri�  n, or the Hippogrif ?

4. Though the famous story of her 

life says she fell short of her goal of 

making 1000 before she died in 1955, 

Hiroshima school girl Sadako Sasaki 

actually folded 1400 what?

5. Which common igneous rock, 

usually grey and often weathering 

into large round boulders, gets its 

name from the Latin word for “grain”?

6. What popular nickname, referring 

to his scythe, did the personifi cation 

of Death get in 1847?

7. Sharks from the family Sphyrna, 

easily identifi ed by 

their distinctive 

“cephalofoil”, are more 

commonly known as 

what-heads? 

8. Energy drink Red 

Bull has seven times 

less caf eine per 

100ml than what?

9. If you have no empathy, no 

remorse, act anti-socially and have no 

apparent inhibitions, you 

might be psychologically 

classifi ed as a what?

10. Largely ignored until 

1961, Marion Donovan 

eventually sold which 

world-changing invention 

to Proctor & Gamble?
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The planet is the 

outermost of the 

four large gas giants 

of the Solar System. 

It is bluish and has 

partial rings.

It is the fourth 

largest planet in 

our Solar System 

by diameter and 

the third largest 

by mass.

NASA’s Voyager 2 

was the first and 

only space probe to 

fly by the planet on 

25th August 1989.

With wind speeds of 

2,500 km/h and 14 

known moons, it 

orbits an average of 

4,500,000,000 km

away from the Sun.

Officially discovered 

in 1846, it was the 

first planet found 

based on maths 

rather than based 

on observations. 

3. ASTRONOMY

Name this 
planet

Two million people 

in Austria, Serbia, 

Romania, Ukraine, 

and Slovakia also 

speak the 

language. 

The language 

belongs to the same 

family as Finnish, so 

it is not Indo-

European, but rather 

an Uralic language. 

The Khanty and 

Mansi languages 

are related to this 

language, which is 

written in our 

normal alphabet.

In the 1700s and 

1800s, the European 

language became 

markedly more 

modern. There are 

several dialects. 

Because of its 

sophisticated 

grammar, this 

language is 

considered very 

difficult to learn.

 In 1848-1855, this 

city was hit by 

severe earthquakes 

with a minimum 

strength of 

8.2 Richter.

2. LINGUISTICS

Name this 
language

The capital is a part 

of a Pacific island 

country, itself 

named after the 

Dutch province 

of Zeeland.

In 1865, this city of 

many gold mines 

became the capital 

of its country 

instead of Auckland. 

Covering an area of 

some 290 km2, it is 

the world's southern-

most capital with a 

population of

approx 168,000

The city is named 

after an English 

duke, who won the 

Battle of Waterloo in 

1815. It sits on a 

southern point. 

1. GEOGRAPHY

Name this 
capital city

q. 1

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

q. 10

q. 9Trivia
PUT YOUR KNOWLEDGE
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W      
hile putting the finishing 

touches on this issue of 

Australian Science Illustrated, 

this tiny mouse pup tottered out from 

under the couch in my study. Barely old 

enough to be away from its mother, the 

pup was unsteady on its feet and 

seemed dehydrated. It offered no 

resistance when I picked it up.

A crueller or more pragmatic man 

would have flushed the little blighter, but 

I was curious to see how resilient this tiny 

creature was. I soaked some toas t 

crumbs in milk, and put them in a 

container with some tissue paper. The 

pup quickly sniffed out the treat, 

munched it down, and within an hour had 

recovered its natural skittishness and 

near-impossibility to capture.

I released the mouse pup in the vacant 

lot across the street. Probably, it will just 

sniff its way back into the house where a 

trap or poison will get it - that’s assuming 

a neighbourhood cat or kookaburra 

doesn’t first. Such is life, for a mouse.

House mice are among the world’s 

most successful mammals, having 

adapted to live off human garbage and 

raid our food supplies. Their ability to 

jump and climb, combined with acute 

vision and sense of smell, means they 

can get into places you would swear had 

been mouse-proofed.

Key to the house mouse’s success is its 

ability to switch between social 

behaviours, depending on environment. 

When thousands of mice are packed 

into, say, an apartment block and 

have access to lots of food, 

they become 

“commensal”. They 

have a pecking-

order (squeaking 

order?) of 

individuals, low 

conflict between 

females, and much 

less infanticide.

Out in the 

fields or even in 

habitats as food-

OUR VITAL ENEMY

scarce as dry riverbeds, mice become 

“noncommensal.” A dominant male rules a 

group of females and a large territory, and 

females fight with each other to defend 

their young from infanticide. It’s a harsh life 

for a cute little squeaker.  Even without the 

constant threat of predators.

As anyone who has experienced a 

mouse plague knows, these animals are 

incredible breeders. Pregnancy lasts just 

three weeks, and females can have as 

many as 10 litters of 6-8 pups a year. 

When food is plentiful, populations 

don’t so much increase as explode.

Mice should be among our 

greatest enemies, and to most 

people they are a filthy pest. In 

plague proportions they can destroy 

farms and ruin lives. Yet they remain 

an essential part of the scientific 

process and are enormously 

valuable in genetic research. 

Which seems fair enough to 

me. They’ve stolen so much 

from us over the millennia. The 

least they can do in return is 

cure cancer. 

TRIVIA ANSWERS 1. Mobile phone 2. Nose

3. Griffin 4. Paper cranes 5. Granite

6. The Grim Reaper 7. Hammerheads

8. Espresso coffee 9. Psychopath

10. Disposable nappies 

Trivia Countdown: 

Name this capital city: Wellington.

Name this language: Hungarian.

Name this planet: Neptune

KILL ON SIGHT
Humans aren’t the house mouse’s greatest enemy. Rats are. Rats are such determined 

mouse-hunters, scientists have even coined a special word for this behaviour: muricide. 

Usually, rats forage for food rather than hunt, and eat a small sample of everything they 

find (which is why it’s so hard to kill an entire rat population with poison alone). But if a 

rat comes across a mouse, it will chase the poor critter down, bite the back of its neck 

until it dies, and then consume the brain. Mice do compete with rats for food and 

territory, so maybe this is why the larger rodent seems to hate its tiny cousin so much. 

SPECIES: House Mouse

SCIENTIFIC NAME: 
Mus musculus

DISTRIBUTION: Ubiquitous, 
everywhere humans are found and 
food is accessible.

STATUS: Pest / essential laboratory 
test subject
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