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W
ITH ONE OF THE WORLD’S great whale
migrations taking place along the NSW
coastline this winter, it’s time to head to
a coastal national park to see the ocean’s
most majestic creature.

National parks make up almost 50 per cent of the NSW
coastline and provide some of the best lookouts, headlands and
foreshores to see whales on their annual migration.

The north coast – from Tweed Heads to Port Stephens – offers
some of the best whale watching in the country. Popular spots
such as Cape Byron State Conservation Area and Tomaree
National Park (NP) are ideal for seeing breaching humpbacks
and southern right whales.

Sydney and its surrounds offer many places for whale watching
and it’s an incredible opportunity to see them migrating past
Australia’s largest city.Top spots can be found in Sydney Harbour,

Ku-ring-gai Chase and Kamay Botany Bay national parks.
The south coast, from Shoalhaven to Batemans Bay and Eden,

is home to several generous stretches of coastal wilderness, with
large numbers of whales making an appearance on their annual
migration. Head to Jervis Bay and Meroo national parks for
fantastic vantage points.

There’s also a range of accommodation in NSW national
parks that offers a unique holiday experience. Stay in a restored
lighthouse cottage perched on a headland. Choose from
spectacular locations including Cape Byron, the wildlife sanctuary
of Montague Island Nature Reserve and Green Cape Lightstation
in Ben Boyd National Park.

For family-friendly coastal cabins and a fun whale-watching
getaway, enjoy a stay at Pretty Beach and Depot Beach, in
Murramarang National Park on the south coast.

SPECIAL ACCOMMODATION OFFERS
To make the most out of your whale-watching

experience, take advantage of great accommodation

deals in NSW national parks, ranging from luxury

lighthouse cottages to coastal cabins.

Visit:www.wildaboutwhales.com.au
for more information, plus terms and conditions.

JOIN THE WHALE-LOVING COMMUNITY
Stay connected and get the latest whale sightings

and information:

Website – for all your whale info, best vantage

points, tips for whale watching and coastal accom-

modation, visit www.wildaboutwhales.com.au

FREE Mobile App – download theWild About

Whales app to see whale sightings and record your

own – just search ‘whales NSW’ in your app store

Facebook – join the whale-loving community to

stay updated and share photos and experiences at:

www.facebook.com/wildaboutwhales

Twitter – share your sightings on Twitter with

the @wildaboutwhales community using #whaleon

Ben Boyd National Park

Tomaree National Park
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Visit www.wildaboutwhales.com.au to plan your whale-watching adventure



Real knowledge is to know the extent of one’s
ignorance.” Working on a magazine like this,

the words of great ancient Chinese philosopher
Confucius often slap me in the face, a daily wake-up 
call to how little I know about this ball of rock and 
gas we currently call home; how my knowledge barely 
scratches the surface of science, history, technology, 
nature, world events and, well, everything; I’m no fool 
(I think). But I’m no walking encyclopedia. Worse 
than you’d think in pub quizzes, too.

Still, I’ll admit to displaying strong ‘fact-geek’ 
tendencies from a young age; bedtime reading 
was as likely to be a world atlas as a Roald 
Dahl book. Maybe that’s why in the middle of 
writing a long feature, usually about three o’clock 
in the afternoon when the blood sugar is falling off 

a cliff, when someone’s just emailed a ‘why-are-cats-
scared-of-cucumbers?’ video around the offi ce, I often 
fi nd myself mentally drifting off-road, seeking out 
nuggets of trivia on the internet.

Take this issue’s cover story on Vatican scandals 
(see page 8). Weighed down by the sheer scale of 
alleged church corruption, I instead spent 30 minutes 
eyeballing reams of Vatican-related factoids. Did you 
know Vatican City is the world’s smallest nation, only 
one-eighth the size of NYC’s Central Park? Or that 
the Vatican Bank’s ATM is the only one in the world 
with instructions in Latin? Or that the Vatican has the 
world’s highest crime rate, at 1.5 crimes per citizen? 
Me neither. Still useless in pub quizzes, though. 
Vince Jackson, Editor
Follow me on Twitter: @vince_jackson1
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If all negotiations have failed, there’s only one group to call: an 
elite Special Weapons and Tactics (SWAT) team. Award-winning 

photographer Tom Weber captured one such mission

J
ust 20 centimetres. The police offi cer from 
the SWAT team draws his gun, a Walther PPQ. 
He’s fully aware that if anything goes wrong 
now, he has to be quick. Hanging upside down 
by a special rope the thickness of a thumb, 

the 36-year-old is 90 metres above the ground, right 
in front of the glass exterior of the building. One 
fl oor below is his target: a man has taken someone 
hostage and barricaded themselves in on the 28th 
fl oor. Threatening to kill his victim, he has broken off 
contact with negotiators. The door is locked, with 
furniture piled up against it. There are no balconies. 
Gaining entry to the room from inside the skyscraper 
is impossible – but then neither is it necessary. 

„ONE WRONG MOVE � 
AND YOUÊLL FALL!‰ 

Over the radio the SWAT offi cer asks for more rope. 
Above him on the roof, operating the winch, his 
colleague obliges. Just ten centimetres. Three more 
SWAT offi cers don harnesses and get into position 
as he dangles upside down like Batman, suspended 
from the rope by his feet. As the point man he needs 
to remain undetected: were he to be lowered feet-
fi rst to the 28th fl oor, the hostage-taker would spot 
him before he could see the target. Just before the 
SWAT offi cer reaches the window on the 28th fl oor, 

28TH FLOOR
HOW TO FREE 

A HOSTAGE FROM THE

he reaches up and takes some plastic explosive 
out of his pocket. Silently, he stretches down 
and places it on the window pane. 

The point man looks up and twirls his index fi nger, 
signalling to be winched in. As he is slowly hauled 
upwards, the other SWAT offi cers ready themselves. 
Five seconds later, the pane of glass explodes. Right 
on cue, the three SWAT offi cers abseil furiously down 
the building and sail through the shattered window 
into the room where the hostage-taker is. Surprised 
by the sudden carnage, he loses control of his 
hostage. The offi cers quickly overpower him. 

Missions like this are the exception, though they 
do happen. Although they’re not always upside 
down (this is only really necessary when scouting 
the job), it’s still a very risky business: “Rappelling 
down a building with the aid of a belay device, the 
SWAT offi cers are completely unsec ured,” says 
photographer Tom Weber, who took this shot during 
a SWAT training exercise and worked as a sniper 
and instructor in the military himself. “If they lose 
their grip on the cable, either through carelessness 
or injury, they’ll fall!” 

And so military operations like the one pictured 
here must be practised hundreds of times. Right 
down to every last hand movement – even at a height 
of 90 metres dangling upside down from a cable…



VATICAN’S
DARKEST
SECRETS

P
rologue: should the 
Vatican be allowed to 
have a bank? Should 
this bank be able to 
invest money, give out 
loans and charge 
interest? Some 

scholars argue that the Bible 
expressly forbids lending money at 
interest. However, towards the end 
of the 19th century, the Vatican 

began doing just that: unoffi cially it 
started to lend money to the Roman 
aristocracy – and charge interest. 
“Aside from the irony of lending 
believers’ money to the rich, it 
demonstrated something else,” 
says journalist and author Fidelius 
Schmid. “The Church no longer 
cared about the centuries-old ban 

on usury that forbade Catholics 
from charging interest payments.” 
It was the beginning of one of the 
murkiest episodes in the history of 
the Catholic Church. Not only did 
the Vatican bank, founded in 1942, 
throw Christian values out of the 
window, it also broke numerous 
secular laws – and was responsible 
for the deaths of many people. 

It started with a pact with the 

devil. It was Italy’s dictator Benito 
Mussolini who laid the foundations 
for the Vatican bank. On 11th 
February 1929 he and Pope Pius XI 
struck a deal: the Church would 
recognise the fascist regime. This 
gave Mussolini such a surge in 
popularity that most Italians would 
later voluntarily follow him as he 

joined forces with Hitler during the 
Second World War. In return, the 
Vatican was promised its 
sovereignty as an independent state 
– along with 1.75 billion lire. This 
money was placed under the care 
of the Holy See, the universal 
government of the Catholic Church. 
With success too: until the outbreak 
of the Second World War, this 
special administration, controlled by 

fi nancial genius Bernardino Nogara, 
increased the money twentyfold 
through speculative deals. But soon 
the money-making administration 
ran out of steam. The reason? It 
wasn’t prepared for major crises 
– and the biggest crisis of all was 
the Second World War. The 
following is a drama in six acts…

           
  



 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 
 

   

 



“Remember your 
oath,” yells the 
Commander of the 
Swiss Guard to his 
men. “You are 

forbidden to ever talk about 
this.” He gestures towards 
dozens of boxes in a truck and 
tells his men to carry them into 
the Tower of Nicholas V – the
home of the newly created

IS THE VATICAN 
BANK HIDING 
NAZI GOLD?

Nazis – up to 750,000 people, 
mainly Jews and Roma, are 
murdered. The Ustaše, the 
dictator’s feared militia, carries 
out the mass slaughter. The 
victims’ belongings are looted; 
it’s a hoard worth millions. 

By the end of the war, the 
Ustaše had amassed a 
collection of gold teeth,
jewellery and gemstones worth 
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It should only be a simple search of
the offices of fascist financier Licio
Gelli. However, when it fell into the
hands of detectives investigating
the Sindona affair (see left), none

of them could believe their eyes. It was a list
of 962 high-ranking members of a masonic
cabal known as Propaganda Due (P2) that
secretly ruled Italy. The difference from
other lodges: P2 was exclusively political.
Its goal was an authoritarian state – and
the absolute rule by a powerful few. Its
modus operandi included bombings, for
which left-wing groups were blamed.

Nearly 1,000 members from the world of
politics and business belonged to P2 – among
them Italy’s future leader Silvio Berlusconi.
The CIA also supported the lodge and gave it
$10 million annually. Furthermore, 121
members of the Church were involved – even
though being a member of a masonic lodge
was punishable by excommunication. The 121
Church representatives in the secret society
included all of the leaders of the Vatican Bank
– plus its main advisor and financial manager,
mafia man Michele Sindona and his successor
Roberto Calvi, known as “God’s banker”.

This unholy trinity of the Vatican bank, the
CIA and the mafia imploded when P2 was
exposed in 1981 and the public found out for
the first time that a secret society ruled them.
P2 was made illegal. However, the Vatican
bank didn’t have to fear any consequences –
it even survived a rebellious pope…

On 2nd September 1957, Michele
Sindona enters the Grand Hotel
Et Des Palmes in the Sicilian city
of Palermo. Two bodyguards frisk
the lawyer for weapons – before

introducing Sindona to the crème de la
crème of the criminal underworld. In a luxury
suite sit representatives of the US and Italian
mafia, the overlords of drugs, weapons and
prostitution. “How can we launder millions
of dollars?” they ask Sindona. “Don’t worry,”
he replies. “I have a plan.”

At the centre of the plan was the Vatican
bank. Sindona wasn’t just a lawyer but
also a ruthless banker known as the “The
Shark”. He transferred the money from his
own account to the Vatican bank – and then
on to an escrow account overseas. So,
indirectly, the Vatican washed the blood
and cocaine from the mafia’s banknotes.
For their trouble, they picked up a fat
15%, a hefty commission.

Insider Marcello Bordoni later testified:
“It took place every day and the stakes were
very high. The methods were really the most
primitive and criminal you can imagine.”

These financial transactions were only
the beginning of a link between the Vatican
and the mafia. Sindona was a ‘guest’ of
the Holy See’s bank so frequently that Pope
Paul VI made him a financial advisor:
“I was told, Michele Sindona, that you
were sent from God.” Sindona got to work
immediately: he merged all of the semi-
illegal and illegal assets to make himself and
the Vatican rich. The cash flows of his two
clients, the mafi a and Vatican, soon became 
intertwined. But this was only the fi rst step 
for Sindona and the Vatican Bank…

WAS THE VATICAN
INVOLVED IN A
MASONIC SECRET
SOCIETY?

WAS THERE A
HIDDEN MAFIA-
VATICAN NETWORK?

SQUEAKY CLEAN
The bank is offi cially 
separate from the 
Vatican, so the Pope 
is always innocent.  

HEADQUARTERS 
The Vatican bank is located 
in the Tower of Nicholas V.

ACT III

ACT IV
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LTIMATE SACRIFICE
hn Paul I was elected as 
pe on 26th August 1978 
nd died only 33 days 
r. His death remains 
stery. Was he the 

of a conspiracy?

She opens a crack in the door and 
peeks into the papal bedroom. The 
light is on, but nothing is moving. 
Sister Vincenza Taffarel has been 
Pope John Paul I’s housekeeper for 

19 years, but has never seen him sleeping. 
When she enters, she fi nds him in bed. His face 
is contorted and his rigid fi ngers are clasping 
a sheet of paper. It’s immediately clear that 
all is not well: the Pope is dead. 

Before the doctor can get there, Jean-Marie 
Villot turns up. Villot is the Cardinal Secretary of 
State, the second most powerful man in the 
Vatican – at least he was before the Pope fi red 
him hours earlier for being a member of the 
masonic lodge P2. Just after he arrived, the 
paper clasped by John Paul I disappeared – 
along with a bottle of blood pressure medication 
on his bedside table and his testament. Was the 
Pope poisoned on the night of 28th September 
1978 – just 33 days after taking offi ce? 

By the end of the 1970s, the Vatican bank was 
the cash cow of the Freemasons and the Sicilian 
mafi a. John Paul I, on the other hand, was a 
staunch opponent of the fi nancial institution. 
He knew all about the dirty business the 
bankers Michele Sindona and Roberto Calvi 
conducted under the smokescreen of the 
Church – and was determined to stamp it out. 
Was it a decision he paid for with his life, say 
conspiracy theorists? 

With John Paul I’s death, Villot reversed his 
own dismissal, prevented the dissolution of the 
Vatican bank, and prevented a post-mortem 
examination of John Paul I after his murder. 
When asked why, he cited canon law.

WHO WAS BEHIND 
THE MURDER OF 
POPE JOHN PAUL I?

m

ACT V



“Giorgio Ambrosoli?” asks 
a voice behind him. Ambrosoli 
turns around. It’s close to 
midnight on 11th July 1979. 
Three men stand in front of him. 

“Yes?” the lawyer confi rms, only twigging 
fractions of a second later that he’s just 
uttered his own death sentence. Four bullets 
hit his body. Ambrosoli collapses on the 
pavement outside his Milan home. 

The Vatican bank’s biggest scandal was 
like the end of a Shakespearean tragedy: 
everyone died. The two main protagonists 
of this wild violence were Michele Sindona 
and Roberto Calvi. While attempting to 
further bend the laws of the fi nancial world, 
they triggered a crisis that tore down 
powerful banks and numerous illegal 
businesses that had the Vatican bank 
as one of their main shareholders. 

Giorgio Ambrosoli was appointed as a 
liquidator to one of the banks controlled by 
Michele Sindona and discovered unusual 
payments involving Sindona’s account, which 
had been handled by the Vatican bank. He 
threatened to reveal what many had long 
suspected: the mafi a’s money laundering, 
the involvement of the Vatican bank and the 
role of Michele Sindona. The latter hired 
three killers, but their victim Ambrosoli was 
only one of many deaths: everyone who got 
too close to the secrets of the Vatican bank 
was murdered – even the protagonists 
themselves died in the end. Michele Sindona 
was sentenced to 25 years in prison, where 
he died from cyanide poisoning after 
announcing he was going to spill the beans 
about the Vatican bank. Meanwhile, Roberto 
Calvi was found hanging under Blackfriars 
Bridge in London in 1982 after also wanting 
to confess. The two bankers had made a pact 
with the devil – and paid the price. 

And today? Well, fresh allegations of money 
laundering continue to dog the Vatican bank, 
despite Pope Francis ordering it to be more 
transparent. Will a moderniser such as he 
be able to open all of the doors?

HOW MUCH 
BLOOD IS ON 
THE HANDS OF 
GOD’S BANK?

ACT VI
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It was in July 2013 that current 
pontiff Pope Francis announced to 
the world that he was about to get 
tough on the Vatican’s shady fi nancial 
dealings. On his way back to Rome 

after attending World Youth Day in Brazil, 
Francis gave a surprise press conference 
on the papal plane, admitting that the latest 
transgression ripping through the Catholic 
church was damaging the Vatican’s already 
scarred reputation. “These are scandals,” 
said Francis. “And they do harm.”

The incident in question centred around 
Monsignor Nunzio Scarano, head of accounting 
at the Amministrazione del Patrimonio della 
Sede Apostolica (APSA), the department that 
managed the Vatican’s property holdings and 
controlled its purchasing affairs. The slick, 
good-looking clergyman had built a reputation 
for extravagance, earning the nickname My Lord 
Five Hundred thanks to his habit of only carrying 
€500 banknotes. When Scarano reported a 
burglary at his 17-room apartment in one of 
Naples’ wealthiest suburbs, police were stunned 
to fi nd an opulent home full of expensive art. The 
value of the missing artworks was around €6 
million, leaving some to ponder how a priest 
earning €36,000 a year could reap such rewards. 
“Donations,” Scarano told police.

Six months later however, the sky began 
to cave in on the debonair cleric. Italian 
police arrived at Scarano’s rectory early 
one morning, arresting him on suspicion of 
being part of a money-laundering conspiracy 
that saw the priest smuggling €20 million 
on a private plane from Switzerland. 
Investigators suspected that Scarano had been 
running APSA as a ‘parallel bank’, used by both 
the Italian elite to avoid taxes, and the mafi a 
to launder the proceeds of crime.

So, in light of this and an 80-year history of 
fi nancial misdemeanours, will Pope Francis be 
the man who fi nally cleans up the Vatican? He’s 
certainly earned his stripes, having addressed 
money-related scandals in Argentina during his 
stint as archbishop of Buenos Aries. As well as 
removing various bonuses and stipends for 
Vatican staff and cardinals, Pope Francis has 
employed a group of outside experts with the 
power to prod and poke every aspect of the 
Vatican’s fi nances. They’ve been encouraged 
to employ some blue-sky thinking, including 
whether the Vatican bank should even be closed.  

CAN POPE FRANCIS 
EVER CLEAN UP 
THE VATICAN?

EPILOGUE

HIGH ROLLER
Monsignor Nunzio 
Scarano only ever 
carried €500 
banknotes.



4 FASCINATING QUESTIONS ABOUT VATICAN SCANDALS

SMARTER IN 60 SECONDS…

Why did the Catholic church steal
300,000 babies?

It was one of the more unusual
letters the Pope Francis receives: a
petition signed by 26 women asking

the pontiff to end the church’s celibacy
requirements – so they could then have sex
with their priest boyfriends. The authors of
the missive, sent in 2014, say they
represent only a “small sample” of women
worldwide who are in a secret sexual
relationship with a priest. Although
celibacy has been practiced in Catholicism
since the year 1100, it’s considered a
discipline, not doctrine – meaning Francis,
or in fact any pope, could repeal it.

Between 1960 and 1990, the Spanish Catholic church stole up to 300,000 
babies from their parents, and then sold them for adoption through a 
network of doctor, nurses, priests and nuns. Mothers, often young and 
unmarried, who had just given birth in hospitals, usually run by the church, 
were told that their babies had just died – and that they couldn’t see the 
body of the dead infant or attend the funeral. The babies were then given to 
childless couples viewed by the church as being more ‘worthy’ parents, 
usually on the basis of their religious beliefs and/or fi nancial security.

Francesca Chaouqui was supposed to help mop up the Vatican’s
mess; instead she made it dirtier. In 2013, the public relations expert 
served on a high-profi le Vatican commission examining fi nancial 

reforms. It’s alleged that during this time 33-year-old Chaouqui and two 
others stole confi dential documents and then leaked them to journalists, who 
used them as basis for controversial books about the Vatican’s fi nancial 
mismanagement of church funds. Chaouqui maintains her innocence, but 
says she’s willing to accept jail if the Vatican court fi nds her guilty. To add fuel 
to the fi re, the Italian media has alleged that Chaouqui had sex with Spanish 
monsignor, Lucio Angel Vallejo Balda, while she worked on the commission.

Who is the woman behind ‘Vatileaks’?

Was a gay 
prostitution 
ring operating 
in the vatican?

In one of the most damning accusations 
ever levelled at the church, two Vatican 
employees – Angelo Balducci, a senior 

usher at the Vatican, and Ghinedu Ehiem, 
a former member of an elite Vatican choir 
– were recorded on a wire tap discussing 
how to arrange male prostitutes for a papal 
gentleman-in-waiting. The transcripts, 
published by Italian newspaper La Repubblica 
in 2010, show Ehiem suggesting to Balducci, 
under suspicion of corruption at the time, that 
he meet a man whom he describes as “two 
metres tall…97 kilos…aged 33, completely 
active.” Three years later, the same newspaper 
leaked a Vatican dossier which revealed the 
existence of a “gay conclave ”, a group of 
senior clergymen “united by their sexuality” 
who held parties with gay male prostitutes. 
According to Catholic teachings, homosexual 
acts are “intrinsically disordered.”

Are priests 
breaking
celibacy 
vows?

“Each of us is in, 
was or would like to 
start a relationship 
with a priest we are 
in love with.”

PHOTOS: Bildagentur Huber; Reuters; DDP; Getty Images (6); Alamy (3); AAP
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Some house vast legacies made of stone, others are home to  

some of the planet’s true hidden wonders. Whatever their secrets, 

deserts are far more than dead stretches of sand; they’re  

landscapes that could’ve come from another world

THE LONELY CASTLE 
Qasr al-Farid is just one of 
around 150 burial chambers 
carved in the stone. Forgotten 
by humans, they remain 
perfectly preserved.

THE MAJESTIC WORLD OF

THE DESERT
NATURE



It is one of the most beautiful rock 
cities in the world, hidden in a 
mysterious landscape of canyons 
in the middle of one of the driest 
and hottest regions of Saudi Arabia. 
But this wonder of the world, 400 
kilometres north-west of Medina, is 
rumoured to be cursed. Its name is 
only whispered: Mada’in Saleh. At its 
centrepiece is the magnificent Qasr 
al-Farid (literally ‘the Lonely Castle’, 
left), a rocky sandstone massif that 
emerges from a barren wasteland, 
glowing red-gold under the burning 
desert sun. Despite its misleading 
name, the monument was actually 
used as a tomb. It’s the largest of 
around 150 such burial chambers, 
which were all carved into rock 
nearly 2,000 years ago. 

When translated, Mada’in Saleh 
means ‘city of Saleh’, after the 
Islamic prophet of the same name. 
According to tradition he was 
supposed to have come to the city 
of Hegra to convert the residents to 
Islam. But they mocked the prophet 
and insulted God. Allah punished 
the blasphemers with lightning 
and earthquakes, extinguishing all 
traces of life. And the trading hub 
of Hegra became a graveyard, now 
known as Mada’in Saleh. Feared by 
the people, forgotten by the world 
and preserved by the desert climate, 
Mada’in Saleh is now a World 
Heritage Site – but hardly anyone 
visits its majestic tombs. That’s 
because most Arabs still consider 
the place to be cursed by God. 

HOW DOES A 
CURSE PROTECT 
A WONDER OF 
THE DESERT?

Cursed by God, deserted 
by humans, forgotten by 
history – this solitude 
became the protective 
shield of Mada’in Saleh
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DEGREES CELSIUS
The highest temperature ever recorded was 
measured in the Iranian desert of Dasht-e Lut. 
The surroundings are so hostile to life that even 
bacteria must be real masters of survival. 

70.7



METRES HIGH
Some of the sand dunes in the southern 
part of the desert can reach an astonishing 
300m metres in height. That’s about 
as tall as Paris’s Eiffel Tower.

300

The Kerman province in central 
south-eastern Iran is home to the 
country’s brutally arid Dasht-e Lut 
desert. Its translated name – ‘Desert 
of Emptiness’ – is an apt moniker: 
not a lot lives or grows here thanks 
to the punishing heat. Surface 
temperatures of more than 70°C 
have been measured, the highest 
anywhere in the world.

At 480km long and 320km wide, 
the Lut is a major smuggling route 
for heroin traffi c moving from 
Pakistan and Afghanistan to Turkey. 
MERSAD, the military branch of the 
Iranian police charged with stopping 
drug traffi cking, faces an uphill task. 
Not only do they have the heat to 
contend with, but Dasht-e Lut’s hills 
– known by geologists as yardangs 
– play an unwitting part, too. These 
giant sandcastle-like formations, 
which can reach 75 metres in height, 
look like solid rock, but are simply 
highly compacted sand. In areas, 
they are so densely packed that they 
provide concealed, criss-crossing 
pathways for the smugglers to use.

Other parts of the desert are more 
benign. In contrast to the punishing 
daytime heat, winter nights in the 
southern area sees the mercury 
dropping below zero. Here, large 
sweeping sand seas with dunes up 
to 300 metres high dominate the 
landscape (left).

WHERE IS 
THE HOTTEST 
PLACE ON 
THE PLANET?

Iran’s Dasht-e Lut desert 
boasts dunes as high as 
the Eiffel Tower and is 
(quite literally) a hotbed 
of smuggling action
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METRES 
That’s how far below sea level the world’s lowest 
road, Highway 90, runs. It travels along the Israeli 
and West Bank shores of the Dead Sea.

393



OF THE PLANET’S POTASH
The Dead Sea produces nearly a fi fth of the 
world’s potash, which is a key component of 
industrial fertiliser. Indirectly, then, it helps 
feed hundreds of millions of people.

15% On the border between Israel, Jordan
and Palestine lies a sea like no 
other. One and a half million years 
old and of deep spiritual signifi cance 
to Christians, Jews and Muslims, 
the scraggly shoreline you see here 
belongs to the Dead Sea, one of the 
planet’s true natural wonders. But 
for how much longer?

At 423 metres below sea level, the 
Dead Sea is the lowest point on the 
planet. This extreme position makes 
for some unique climatic features. 
The highest-ever atmospheric 
pressure on Earth was recorded 
here, and the air contains around 
10% more oxygen than can be found 
at sea level. Everything feels a little 
heavier; fi res burn more quickly. 

Although its name implies 
otherwise, the Dead Sea is actually 
a lake – a very salty lake. Roughly 
nine times more salty than the 
ocean, its salinity makes for a harsh 
environment in which plants and 
animals cannot fl ourish, hence its 
name. All that salt does have its 
upside: bathers fl ock to the lake’s 
shores to experience its hypersaline 
buoyancy. But all this is now under 
threat as the lake is threatening to 
turn into a desert. Water levels are 
dropping by an average of one metre 
every year, with experts blaming an 
imbalance between the amount of 
incoming and outgoing water. As it is 
306 metres deep, by the year 2322 it 
may have disappeared completely.

HOW CAN 
A LAKE 
TURN INTO 
A DESERT?

The Dead Sea’s shoreline 
is the lowest point on the 
Earth’s surface – but its 
water level is dropping at 
an alarming rate 
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LIFE GIVER 
The Adjder oasis in central 
Algeria is irrigated by an 
aquifer 15 metres under the 
surface. The water is not 
drawn up by traditional 
means, but by scores of 
mechanical pumps, as 
befi tting the country’s status 
as a major oil producer.
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Oases – pockets of life in a never-
ending sea of sand – are one of the 
true wonders of the desert and a 
welcome sight for weary travellers. 
Usually fed by an underground 
aquifer, they can range in size from 
a few palm trees clustered around 
a freshwater spring to a large town 
and its irrigated cropland. 

Algeria, the largest country in 
Africa by area, is also home to the 
largest portion of the continent’s 
sprawling Sahara desert – and 
thus its greatest number of oases. 
The Adjder oasis, pictured here, is 
about 100 kilometres north-west 
of the town of Timimoun. Water lies 
about 15 metres below the surface 
and, rather than adopt a traditional 
irrigation method to bring it to the 
surface, electric pumps are used. 
These are buried in the sand and 
powered by electricity brought in 
by pylons. An incongruous sight 
perhaps, but one that allows the 
palm trees (and the vegetables 
grown underneath them) to be 
nourished. In addition to watering 
the crops, the pumps send water 
to the residents of Timimoun.

The sharp edges visible along 
the rim of the oases are sand walls, 
built to prevent shifting sands from 
burying the gardens. This is not 
as unlikely as it sounds: multi-
directional winds can play havoc 
with dune dynamics in the Sahara.

HOW DO YOU 
SUPPORT LIFE 
IN THE MIDDLE 
OF A DESERT?

Over the years, precious 
areas of desert vegetation 
have propped up whole 
towns and cities 
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THE RUSSIAN

DEEPER AND DEEPER
The branching network of tunnels and 
caverns under Berezniki is eight times 
larger than the city. Since 2006, the mine 
has been imploding – but this hasn’t 
stopped the mining company drilling new 
shafts. Some are 400 metres deep.



The Russian city of Berezniki was built on a massive 

salt mine. This brought work and prosperity for 70 

years – until the town started sinking into the ground 
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his place is safe. That’s the absolute 
truth.” Sergey Dyakov is the mayor 
of Berezniki. A stocky man with 
a steely gaze, he has a voice used 
to giving orders, but still has a habit 
of showing his palms when talking 
in an effort to portray a calm 
demeanour. He wants to placate 
the citizens of his city – despite 
knowing better. Just a few days 
earlier Dyakov had personally 
authorised the evacuation of 
40 families from the supposedly 
safe Berezniki in a cloak-and-
dagger operation. He knows the 
fate of the city: it will go under – 
nobody can stop it from happening. 

But how did it come to this? 
What has to happen for a city to 
simply disappear into the earth? 

THEY DUG TOO DEEP 
– AND PAID THE PRICE

Berezniki is not a particularly 
noteworthy place – it’s home to 
150,000 residents, busy roads, 
shopping centres and playing 
fi elds. Get in your car in Moscow 
and drive about 1,600 kilometres 
east and you’ll reach this 
nondescript provincial Russian 
town. Hardly anyone knows that 
Berezniki is built directly on top 
of one of the biggest potash mines 
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DEAD ENDS
Virtually every street in Berezniki is a fenced-off 

dead end. Behind these fences lie restricted zones. 
Anyone entering these areas risks death – they are 
full of deep fi ssures, fl ooded craters and houses in 

danger of collapsing. 



LABYRINTH UNDER THE CITY
To get to the valuable salt, 84 million cubic metres of soil 
were removed from under Berezniki. The caverns that 
formed as a result could hold the water from more than 
33,000 Olympic-sized swimming pools. 

COLLAPSED TUNNELS

BEREZNIKI

SALT LAYER

SINKING EARTHMINING ZONE

When underground mine shafts 
collapse, the soil that lies above 
them also moves. It’s a simple 
principle with catastrophic 
consequences. Every metre of 
tunnel that caves in means craters 
and cracks appear on the surface. 

THE SCIENCE BEHIND

SINKHOLES
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END OF THE LINE
In 2010, the ground ripped 
open near the train station and 
a freight wagon was dragged 
into the abyss. Berezniki has 
been cut off from the rail 
network ever since. 

on Earth – a raw material traded 
on world markets as a key 
component in fertilisers. 

In Berezniki, potash salt has been 
mined for more than 70 years 
without much regard to human 
safety. Thousands of kilometres of 
tunnels extend through the subsoil 
like scars; countless caverns have 
turned the ground into a skeleton. 
The cave system under Berezniki 
has a ground area of more than 
390 square kilometres. To put that in 
perspective, if you were to lay all of 
the mine’s salt caves mine next to 
one another, they’d cover the same 
amount of space you’d need to 
build 11,000 fi ve-storey high rises. 

But, at some point, something’s 
got to give. On 17th October 2006, 
a catastrophe unfolded. The fi rst 
harbingers of the disaster arrived 
in the form of small earthquakes. 
Then, 400 metres underneath 
Berezniki, the mine imploded – 
caverns and tunnels collapsed in 
on themselves and large quantities 
of freshwater fl ooded the shaft. 
The water reacted with the porous 
subsoil and dissolved the salt-rich 
layers of rock on which Berezniki 
is built. In the north-east of the city, 
a giant crater the size of 17 football 

pitches formed – with walls the 
depth of a 50-storey building. It 
was the beginning of the end. 
The city sank into the soil – and 
a Russian Atlantis appeared out of 
nowhere, even though Berezniki is 
a 23-hour drive from the sea. 

Observing Berezniki from the air 
today, the city looks rutted and sick 
– as if it has a serious bout of 
eczema. Craters have appeared 
everywhere, some just a few metres 
wide but so deep that you can’t see 
the bottom. Others are wider, 
hundreds of metres in diameter. 
They formed in a matter of minutes. 
Many streets end in metal fences. 
Behind them, ‘the zone’ begins – 
areas of Berezniki that could claim 
your life if you set foot in them. The 
ground here looks corrugated, 

rising and falling by several metres 
– lopsided houses stand ruined, 
and cracks as wide as a person 
criss-cross the city blocks. 

Meanwhile, unseen danger lurks 
in the form of highly explosive gas 
bubbles, which have built up in 
those caverns that haven’t been 
fl ooded. These could unleash an 
inferno in the city at any time. 

LIVING ON 
BORROWED TIME

For the residents of Berezniki, life 
has become a nightmare. The salt 
mine in the subsoil extends under 
almost the entire city. Nobody 
knows where the next crater will 
open up. Everyone is afraid that 
their house could be the next to be 
swallowed. It’s a fear that even an 

I AM VERY 
SCARED OF 
BEING 
SWALLOWED 
BY A CRATER.

Marina Sipyagina
Resident of Berezniki 
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UNDERMINED CITY
The metropolitan area of
Berezniki covers almost
21 square miles – the mine
below it extends into a large
part of this area.

army of geologists and construction 
engineers can do nothing to allay. 
They might be actively looking for 
ways to predict the next landslide, 
but in reality they’re as powerless 
as the central control room set up 
by the city’s mayor. 

Here, images from hundreds 
of cameras are analysed – the 
entire city is under 24-hour video 
surveillance – but how much 
warning time they provide is 
unclear. Berezniki is even being 
monitored by space researchers 
from the Clausthal University 
of Technology in Germany. The 
team is examining the localised 
subsidence from a height of 515 
kilometres using the Earth-
observation satellite TerraSAR-X. 
It’s a process so precise that it can 
detect height changes in the 
millimetre and centimetre range. 

There is probably no city in the 
world that has been geologically 
observed to such a degree – and 
yet it’s a place where no geologist 
would choose to spend time. 
The visiting experts from the mining 
fi rm moved their main offi ce to 
a safe zone outside the city several 
months ago. But why then are 
all of the city’s residents remaining 
in their homes? 

NOBODY IS SAFE IN 
THIS TOWN

“To be frank, every house here 
should be evacuated,” explained 
Valery Kovbasyuk, editor of Inaya 
Gazeta, an opposition newspaper in 
Berezniki. “But the problem is that 
the city administration would never 
openly admit that.” Quite the 
opposite. Mayor Dyakov and other 
powerful politicians in the city are of 
the fi rm opinion that people should 
stay – at least in the districts that 
have not yet disappeared into the 
ever-emerging holes. In fact, they 
are investing millions to spruce up 
the appearance of a doomed city, 
rather than building new living 
quarters outside the death zone. 

The immaculate exterior of
Berezniki’s inhabitable zones is
meant to disguise the dangers that
lurk under the city. If one of the
streets outside of the restricted
zone is ripped open, it’s filled with
asphalt; if cracks appear in the
plaster in schools or theatres, extra
walls are put up to stabilise the
building. New parks with water
fountains are being constructed
and an ostentatious celebration is
being planned for the city’s 73-year
anniversary – all to make Berezniki
look completely different from what
it really is: a doomed Atlantis.

Which begs the question – why
go to such effort? The answer is as
straightforward as it is chilling: as
long as millions of tons of potash
still lie under the city, the owners

of the mine need thousands of
workers to extract the valuable
substance. However, people aren’t
particularly interested: the mining
metropolis is one of the few places
in Russia where, despite the good
wages on offer, there are still
unfilled vacancies. For that reason,
no expense is being spared on new
parks and public festivals –
although, naturally, there’s no
mention of the fact that geologists
have discovered a gigantic gas
bubble directly underneath the
central festival square in Berezniki.

When asked why they didn’t
want people to know, the city’s
mayor and the director of the
Mining Institute declined to
comment as they “didn’t want
to cause panic”. PH
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In 2013, as the sinkhole situation in 
Berezniki rapidly deteriorated, the 
Russian government decided to take 
action – and ordered that the 
population be resettled. To help in the 
effort, Moscow provided more than 
$900 million, but the money hasn’t 

been utilised effi ciently. A mere 68 
sub-standard houses were built, but the 
state commission condemned them as 
uninhabitable as they didn’t comply with 
Russian building regulations. To date, 
only 12,000 residents out of 150,000 
have been evacuated from their homes.

BEING EVACUATED?
WHY ISN’T EVERYONE

MAIN MINING SHAFT IN BEREZNIKI 
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SMARTER IN 60 SECONDS…

Treacle tart may be an old-school classic dessert, but its 
main ingredient was responsible for one of the strangest 
tragedies in American history. In 1919, a tidal wave of the 

sticky liquid thundered through Boston, Massachusetts, at 60km/h, 
fl inging aside buildings like matchsticks. The disaster, known as the 
Great Molasses Flood, killed 21 people and injured 150. But what 
caused the fi ve-metre-high swell? A tank containing around 2.3 
million gallons of the sweetener burst – its rivets popping out like 
machine gun bullets. It took six months to mop up the syrupy goo, 
but locals claim you can still smell the molasses on hot days.

What causes a treacle tsunami? 

The Karakum Desert in Turkmenistan is home to a sight 
that would grace any sci-fi  fi lm: a pit of fi re extending 30 
metres down into the rocky soil. The amazing thing? It’s 

been burning for 45 years. The pit is above one of the world’s 
largest gas reserves, which Soviet engineers originally thought 
was a vast oil fi eld. When they tried to excavate it in 1971, their 
drilling rig disappeared into the ground. Worried that noxious 
fumes would fl oat into nearby towns, the engineers lit the leak.

Is there a door to hell? 

How do 
you clean 
up a giant 
oil spill?

It was one of the worst industrial disasters in history: in 
2010, BP’s Deepwater Horizon oil rig exploded and sank, 
releasing 4.9 million barrels of crude oil into the Gulf of 

Mexico and causing widespread damage to the area’s wildlife. 
Over 50,000 people helped in the huge clean-up operation, 
which involved chemical dispersants, skimmer boats, 5,000 
kilometres of barriers and oil-eating microbes. Most oil has been 
removed, but the environmental impact will be felt for years.

PHOTOS: Alamy (2); Wikipedia

How did smog change London forever?

Britain’s capital city had 
long been famous for its 
‘peasoupers’ – thick 

green fog caused by air pollution 
– but the Great Smog was 
different. On 5th December 
1952, a perfect storm of weather 
conditions and increased coal 
pollution from homes and power 
stations formed a poisonous 
cloud than hung over London for 
fi ve days. Visibility was reduced 
to less than a metre in the middle 
of the day and ambulances 
simply stopped collecting 
people. Up to 12,000 people 
died – more than on the worst 
nights of the Blitz. However, the 
disaster led to the Clean Air Act 
of 1956, which introduced 
“smoke control areas” and 
prohibited the burning of smoky 
fuels. A few more peasoupers 
aside, Londoners could fi nally 
breathe easily. 

4 FASCINATING QUESTIONS ABOUT INDUSTRIAL DISASTERS



CAN YOUR BRAIN BEAT CANCER?

IS THE SECRET CODE FOR ETERNAL LIFE HIDDEN IN YOUR MEMORY?

DO DREAMS REVEAL WHEN YOU’RE SICK?

What was once considered 

abstract nonsense can now be 

scientifi cally proven – that the 

brain is so powerful, it could heal 

your body. Could this be a defi ning 

moment in the history of medicine?

 

HUMAN BODY



he force of the impact is 
devastating – as is the doctors’ 
prognosis. After Morris Goodman 
is forced to make an emergency 
landing in his single-engine 
Cessna 172, the plane fl ips over 
several times. Rescue workers 
recover his body from the 
mangled wreckage. At this point, 
the 35-year-old can only blink. 
Two of Goodman’s neck vertebrae 
are shattered and dozens of his 
bones broken. His organs have 
stopped functioning. Doctors 
give  Goodman the bad news: 
he’ll never walk again – let alone 
speak. Nor will he able to eat 
and drink unaided. He’d be an 
invalid for the rest of his life 
– if he didn’t die from his injuries 
in the next few days. 

But what they didn’t know was 
that from the moment he was 
rushed to hospital, his thoughts 
were still working at full speed. 
“Even though I couldn’t move 
a muscle, I felt an extreme >
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Lissa Rankin
Physician and author

displayed extreme willpower and 
positive thinking, which they 
deployed as weapons against the 
illness. But what exactly happens 
in the body during this mysterious 
self-healing process? 

For many doctors, cases like 
that of Morris Goodman are not 
a miracle, but a sure sign that the 
complex regeneration system is 
controlled by the power of the 
mind. Jerome Groopman, a doctor 
at Harvard Medical School, 
explains: “Thoughts and emotions
are often seen as secondary in
medicine. In truth, they are
nothing more than a mixture of
chemicals and electric impulses
in the brain.”

That’s to say our thoughts aren’t
controlled by a metaphysical spirit
wrapping itself around cells.
Instead, they’re a fixed part of our
bodies that can be measured and
verified. For example, if – as in
Morris Goodman’s case – the
muscles aren’t moved, they’ll waste
away. To prevent this, researchers
from Ohio University developed
a treatment whereby the muscles
could be regenerated using the
power of the mind alone – no
technology required.

How does it work? Imagination!
The patient imagines moving
their muscles for 15 minutes
per day for 12 weeks, which
stimulates the brain regions
responsible for movement,
thus restoring the muscle.

Another example of the power of
the mind can be seen through the
spontaneous shrinking of tumours
in some cancer patients. Cancerous
tumours contain nerve fibres and
are, as a result, connected to the
brain and central nervous system.
Consequently, researchers assume
that the psyche can interfere with
their development and aid the
immune system. Every sensation
releases semiochemicals in the
brain – natural drugs that can, for

instance, act as painkillers. Every 
thought activates nerve impulses 
that penetrate the cancerous 
tumour. Studies have shown that 
patients who firmly believe they will
recover produce significantly more
immune cells.

However, the remarkable ability
of the mind is best observed
during experiments with placebos
and drug-free studies. So, for
instance, approximately half of
asthmatics using a drug-free
inhaler saw an improvement
of their condition, while roughly
40% of headache patients
reacted positively to a placebo.

Dr Bruce Moseley proved that
even fake operations can be as
effective as genuine ones. The
orthopaedic surgeon developed a
special procedure for patients with
arthritis in their knee joints. He
performed a standard operation
on one group of patients and then
performed a complex, fake

willpower in every fi bre of my 
body. I was convinced that I’d 
be healthy again,” Goodman 
recalls. Indeed, the American left 
hospital only fi ve months after the 
accident – healthy and without help. 

Today, he fl ies around the world 
giving lectures – explaining how 
to harness the incredible power 
of the mind.
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So was Morris Goodman simply 
incredibly lucky? Or is the mind 
actually more powerful than we 
previously believed? And, if so, 
how can we harness it to benefi t 
our health? US doctor Lissa Rankin, 
the bestselling author of Mind Over 
Medicine, has attempted to answer 
these questions. Rankin has 
analysed thousands of studies, 
conducted interviews with patients 
and examined how long it took 
them to get better. 

She’s convinced: “Everyday in 
the clinic we doctors encounter 
things science simply can’t 
explain. We know that, 
occasionally, spontaneous and 
unexplained healings do occur. 
Moreover, the vast majority of 
doctors believe deep down 
that a kind of bridging process 
between the mystical and 
physical aids the healing process. 
But no one talks about it.” 

However, although no specifi c 
follow-up research was done 
afterwards, more than 1,000 cases 
have been scientifi cally recorded 
where supposedly incurable 
diseases vanished of their own 
accord. Almost all of them had one 
thing in common: the patient 

EVERY SINGLE 
NEGATIVE 
THOUGHT 
STRESSES THE 
BODY – EVEN IF 
YOU DON’T FEEL 
STRESSED.
 >
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operation on another. A third  
of the patients who had the real 
procedure said their knee 
problems had been fixed, but
the results were equally positive 
amongst those who received the
simulated surgery.

How can thoughts, feelings and
expectations manifest themselves
in physiological changes? Harvard 
Medical School’s Dr Walter 
Cannon first coined the term 
“stress reaction” (often known  
as the “fight or flight response”),  
a survival mechanism that’s 
triggered when the brain perceives 
a threat. If this hormonal cascade 
of thoughts and emotions (such  
as fear) is activated, the body  
is flooded with cortisol and 
adrenaline. If the cortisol level 
increases over time, it may lead to 
physical symptoms and make the 
body more susceptible to illness.

However, our body also has a 
relaxation response that decreases 
the quantity of the stress hormone 
in the blood and releases 
beneficial relaxation hormones. 

“When the body is in stress 
response, the body’s natural  
self-repair mechanisms are 
disabled. Your natural self-repair 
mechanisms only function  
when your body is in relaxation 
response,” says Lissa Rankin. 

But, if we can use our brains  
to influence our muscles and 
immune system, is it possible to 
manipulate our DNA with feelings 
and thoughts – and by extension 
rewrite our genes?

It’s just before 9am when a loud 
bang on a New Jersey street 
makes passers-by jump. A few 
moments later, it’s clear that it was 
just a car backfiring and people 
continue on their way to work or 
the shops. But one person 
doesn’t. Sarah Larsson stands 
rooted to the spot at a nearby 

junction, her body shaking 
violently. Shock is etched all over 
her face. Memories of the 9/11 
terror attacks in New York, and the 
explosions as the planes hit the 
Twin Towers, come flooding back. 
Even the harmless bang of an 
exhaust pipe was enough to 
trigger them. The truly astonishing 
thing? Sarah Larsson wasn’t even 
born when the attacks occurred.
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Fifteen years ago, Sarah’s mother 
witnessed the horrifying onslaught 
on New York while she was heavily 
pregnant. The fears and negative 
thoughts and associations ate their 
way into the woman’s genes – and 
the DNA structure of the unborn 
Sarah. Indeed, neurologist and New 
Yorker Rachel Yehuda conducted  
a study that showed children with 
mothers who witnessed the 
destruction of the World Trade 
Center in 2001 whilst pregnant 
formed abnormal stress responses. 
“Traumatic experiences leave 
traces in our genome,” Yehuda 
explained. But how can you detect 
these indelible marks? 

Cell biologist Bruce Lipton 
argues: “When cells divide, they 
pass on environmental influences 
and ‘impressions’ that they
have inherited or experienced 
themselves over the course  
of your life – thanks to your 
lifestyle and even your thoughts.” 
Researchers from the Max Planck >
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Can you control
shortness of breath?
American studies show
that, in more than 50%
of cases, asthma is
triggered by stress or
anxiety. Doctors
recommend relaxation
techniques such as
yoga. These increase
the activity in the left
frontal lobe of the brain,
the area responsible for
good moods. The body’s
airways then unblock
and air circulates.

	
Willpower can replace 
migraine medication. In 
numerous studies, placebo 
tablets have proven to be 
as effective as real
painkillers for up to 50% 
of sufferers. The reason? 
Traces of natural
painkillers produced by 
the body were found in 
their blood – a dosage 
equivalent to 8mg of 
morphine. Several
hormones that the brain 
produces “just in case” 
are responsible for this.

Heart specialist Dean Ornish showed patients images of their blocked 
arteries and asked them to imagine blood passing freely through. Studies 
using CT scanners show that arteries can be reopened using this 
visualisation technique alone. Ornish’s willpower training has another 
side effect: the heart is able to produce more cells and heal itself.



Researchers from the University of Liège have had
success combating chronic stomach problems using
the “biofeedback” method. This teaches patients to
direct thoughts specifically towards parts of their
body. To achieve this, bodily functions such as
heartbeat or blood pressure are converted into visual
or audio signals using sophisticated equipment.
The patients can monitor the signals, training 
themselves to find the pain and mentally turn it off.
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US doctor Jeffrey Koch told a 
control group suffering from high 
blood pressure that he’d only 
given them sugar pills – with the 
caveat that they had worked well 
for other people. Astonishingly, 
this experiment alone led to 
improved results in 60% of the 
patients. Evidently, being told 
that the placebo had aided others 
was enough to kick-start the 
body’s self-healing mechanism. 

�

In an experiment at the 
University of Georgia, two daily 
15-minute concentration 
sessions helped ease the pain of 
50 patients with chronic back 
issues. Around 70% of backache 
cases are caused by stress, and 
meditation is the best way to 
fi ght the stress hormone cortisol. 

In an experiment, 180 patients 
with mild osteoarthritis were 
brought into an operating theatre. 
However, most of the people who 
weren’t operated on were later 
free of pain. Their knee was cut 
so they assumed a procedure had 
taken place. Just the thought of 
surgery caused nerve cells to 
form new connections, build 
networks and initiate healing 
processes. This process is 
called neuroplasticity. 
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OUR 
NIGHTMARES 
CONTAIN 
SECRET 
MESSAGES 
ABOUT 
OURSELVES.

Ernest Hartmann 
Dream researcher 

impact of mindfulness meditation 
on genes. The results showed that 
the participants’ DNA had been 
modifi ed, consequently making 
anti-infl ammatory drugs and 
painkillers more effective.

While gene researchers are only 
just discovering the power of the 
mind and how they can explore it, 
dream researchers have been 
using our subconscious for years 
– as an early warning system for 
future diseases.

The pain is almost unbearable. 
Glowing, red-hot coals burn like fi re 
under his chin. His tormentor knows 
no mercy. The nightmare only ends 
when Brandon Tanner* tears open 
his eyes and wakes up in bed. He 
has the same dream night after 
night. The agony seems real, but it 
disappears as soon as he wakes 
up. The 36-year-old doesn’t feel so 
much as a scratch. Nothing. After 
Tanner fi nally told his doctor about 
the dreams, the American physician 
Bernhard Siegel decided to carry 
out an extensive health check. 

Institute for Psychiatry have proven 
this interplay between feelings and 
genes for the fi rst time. They found 
that stress directly infl uences the 
biochemical processes taking place 
in our cells – causing measurable 
alterations to the functions of DNA. 

However, this doesn’t actually 
involve changing the DNA itself. 

Instead, it’s a modifi cation of 
the genetic code using special 
enzymes that can turn on or off the 
genetic information of the genome. 
The process, known as DNA 
methylation, may sound confusing 
at fi rst, but it’s essentially nothing 
more than scientifi c evidence that 
psychological factors have a direct 
impact on our body.

So if thoughts and experiences 
can infl uence our genes and 
personality in such a way that 
trauma is passed on to our 
descendants, is it also possible 
to force our DNA to alter using 
positive thoughts? Researchers 
from the University of Calgary in 
Canada are asking exactly this 
question. In one study, they 
managed, using meditation 
techniques, to alter the biochemical 
structure of the subjects’ DNA so 
that they technically aged more 
slowly than the control group. 
Furthermore, another study by the 
Barcelona Biomedical Research 
Park (PRBB) and the University of 
Wisconsin-Madison tested the >
*Name has been changed
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Stack asked subjects to hold a pencil
sideways between their teeth, in effect
forcing them to smile. The result: the
facial movement triggered a biochemical
reaction and led to them laughing.
Apparently the brain doesn’t care why
you’re grinning, – just that you’re doing it
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If you see yourself as a helpless victim of
fate, you’ll feel trapped – like you’ve lost
control. It’s better to focus on what you
can actively change. You should train your
thoughts at least three times a day with
the following question: what can I do
today to improve my life? It can even be
something small such as a walk. Passivity
weakens the will and control strengthens
it, regardless of what life throws at you.
Avoid saying things like “I wish I had…”
or “if I could…”

��� ������� ������
To stimulate the ‘chemical line’ between
the body and brain, thoughts can be
directed to body regions or movements.
Yoga has been used for this purpose for
thousands of years. A study by the
University of Calgary demonstrated that
just a 90-minute workout for 12 weeks
produced quantifiable effects in the
participants’ bodies. A blood test showed
that telomeres, a region at the end of
chromosomes, were longer in the Yogis
than in the control group. They become
shorter with each cell division, offering
a clue about the age of the body. The
shorter they are, the lower the life
expectancy of the person.
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Doctors use so-called neurofeedback
to specifically strengthen the mind and
willpower. They train ‘good’ thoughts.
Normally, people are incapable of
recognising their own brain currents –
the electric activity in the nerve cells
that becomes thoughts and feelings.
Neurofeedback changes this: using
electrodes attached to the head, brain
currents are measured and transmitted
to a computer. It then formulates
feedback from the data – for example,
a sound or an image. It takes about 0.2 
seconds for a human to calibrate a 
thought. So, when the device warns of  
a negative thought, the patient can take 
countermeasures. If this process is 
repeated hundreds of times, the brain will 
learn to think on a more positive level.

���
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MIND GAMES
An experiment with 160 
depressed teenagers found 
that 44% of their depression 
could be taken away by 
computer games. They kill 
monsters that represent their 
negative emotions. Two-thirds 
of the remaining participants 
saw their symptoms diminish. 
These so-called “health 
games” can also help with 
other conditions including 
paranoia and asthma. 

THE WILL TO SUCCEED
A study involving 300 students
showed that 70% of those
who had very clear objectives
for their future were able
to achieve them. Those who
had more wishy-washy goals
were more likely to give them 
up or fail.

MENTAL MUSCLES
Studies show that if you
imagine yourself taking
part in strenuous exercise,
forcing your muscles to
contract, you can increase
your strength by 15% in
just 12 weeks. This ‘brain 
workout’ can also help 
rehabilitation and stroke 
patients to learn how to 
walk again. 
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You use up to 80 muscles when you
laugh. These stimulate neurotransmitters
in the brain that increase willpower.
Adults use this tool on average just 15
times per day, while children laugh up
to 400 times. But it doesn’t need to be
a fit of the giggles to have a positive 
effect: in a study, psychologist Fritz 
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Up to 50 million damaged cells are 
replaced during sleep. This cell-care 
acts like a rejuvenation programme 
– not only for the body, but also for the 
mind. Evidently, sleep is incredibly 
important and only a few people can get 
by on fewer than six hours. The less 
sleep you get, the more your 
concentration levels will decrease.  

��������������
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A slumped posture not only reflects 
negative thoughts – it reproduces them. 
It’s been proven that adopting a 
90-degree angle with the floor when 
standing upright has a positive affect  
on awareness. Psychologist Sascha 
Topolinski explains: “A person with  
an upright posture not only seems  
more confident, they feel it.” It also 
increases mental power. 



WE CAN 
MEASURE THE 
HEALTH OF 
OUR BODY 
USING
THOUGHTS.

Bruce Moseley 
Orthopaedist 

LIGHTNING STRIKE
72 hours under a million 
volts: a special metal 
suit protected David 
Blaine from a fatal 
electric shock. The 
magician had to focus 
his mind for three days 
and nights without food 
– if he fell from the 
narrow column, he’d die. 
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The results are a shock, even for the 
experienced doctor: Tanner has the 
early stages of thyroid cancer. But, 
thanks to its early detection, the 
cancer could be treated. Tanner’s 
mind had prevented the disease 
from going unnoticed and, 
therefore, saved his life. 

In fact, dream researchers have 
since discovered that dreams not 
only reveal our fears and desires, 
but also any illnesses that are 
hiding in the body – and what 
they are. “Dreams can function 
like an x-ray,” explained the US 
doctor Robert van de Castle. But 
how can our dreams warn us that 
we’re ill if we don’t feel any other 
pain or symptoms? Does our 
subconscious know more about us 
than we do? Many reports suggest 
that dreams contain crucial 
information about the body’s 
condition. For example, an army 
offi cer dreamt that he had been 
wounded in the lower right-hand 
side of his stomach during a 
fi refi ght. The next day he was 
admitted to hospital with acute 
appendicitis. The offi cer was one 
of 3,000 cases that the psychiatrist 
Vasily Kasatkin used to examine the 
connection between a dream and 
the onset of illness. The surprising 

result was that the diseases 
announced themselves by 
corresponding pain or symptoms 
during dreams in 85% of the cases. 

Kasatkin went even further, 
providing proof for a temporal 
relationship between the dream 
and the outbreak of disease: for 
ailments involving the skin, neck or 
teeth, it only takes a few hours; for 
high blood pressure, two to three 
months; for a brain tumour, up to 
a year. “Our subconscious is 
alarmed by the fi rst disease 
signals in our body and sends 
warnings in dreams,” explained 
Kasatkin. “If you take them 
seriously and go to the doctor, 
you can save yourself a lot of pain.” 
At the moment, researchers aren’t 
entirely sure why this happens. 
Nevertheless, they have recently 

identifi ed a dream warning: if 
your dreams suddenly become 
a lot more violent and involve 
fi ghting woff an attacker, it 
could indicate the presence of 
a neurodegenerative disease 
such as Parkinson’s, which may 
otherwise take two to three 
decades to diagnose, as well 
as other conditions like multiple 
sclerosis and Tourette’s syndrome. 
This remarkable phenomenon is 
called rapid eye movement sleep 
behaviour disorder (RBD). 

It’s another example that shows 
the uncanny power of the mind is 
clearly much greater than was 
previously thought. We just need 
to decipher its secret codes and 
systems. And that, most doctors 
agree, will be the biggest task in 
medicine over the coming years. 
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SCIENCE

Black holes are the most powerful predators in the universe, lurking in the darkness 

of space for billions of years. Natural laws don’t apply to them. Anything that gets too 

close to a black hole disappears forever – be it an asteroid, planet or even a sun

������
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THE GIANT        
Sagittarius A* is a giant star-gobbler 

in the Milky Way. The black hole, which 
has a mass equivalent to 4.3 million 
suns, is at the centre of our galaxy. 



*

ANATOMY OF
A �����
��	�
�
Black holes can’t be 
seen, but by measuring 
their effects, they can 
be located. In 1974, 
astronomers Bruce 
Balick and Robert 
Brown used radio
waves to discover the
supermassive black
hole at the centre of
the Milky Way, naming
it Sagittarius A*.

Hydrogen clouds
condense into a
compact ball of
gas and a star
is born.

The star begins to
fuse hydrogen with
helium – and
produces energy
in the process.

If the star exceeds the limit of 
1.44 solar masses, its burning 
processes change. The growing 
giant begins to fuse helium and 
then carbon. 

Stars, such as 
the sun, lose 
their outer 
layers at the 
end of their 
lives due to 
the force of 
a supernova 
explosion.

STATIC LIMIT
Researchers call this the ergosphere, 
a zone around the black hole in which 
all objects are thrust into the rotational 
direction of the star-killer.

ACCRETION DISK
This is where interstellar dust 
and gases collect. They slowly 
rotate around, and in the 
direction of, the black hole. 

star
ly
n a

hurry, it’s down
to one of two reasons: first, it 
got too close to the explosion 
of a neighbouring star and 
was violently pushed away 
by the force of the impact. 
Barnard’s Star, a low-mass 
red dwarf, reached a record 
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Black holes are 
invisible. Their 
massive gravity 
means they even 
swallow light. 
They’re only 
discovered when 
their force of 
gravity diverts 
light beams. 
Furthermore, 
when they 
swallow stars, 
the victims’ 
matter heats up 
to such a degree 
that they betray 
the location of 
the black hole. 

speed of over 500,000 
kilometres per hour as 
a result of this process.

Second, it got too close to 
the greatest predator in the 
universe – a black hole. 
These gigantic star-eaters 
lurk unseen in the deepest 
darkness at the centre of the 
universe for billions of years 
and mercilessly swallow 
whatever gets too close to 
them. This leads to the 
dramatic end of a star’s life, 
with no chance of escape – 
even if it’s racing along at 
no less than 1.4 million 
kilometres per hour. But 
where do the monstrous top 

dogs of the universe fi nd the 
strength to tear entire solar 
systems to pieces?

STAR HUNTERS

Black holes are true serial 
killers – they are always 
devouring something. Let’s 
take the monster black hole 
at the centre of the Milky Way 
as an example. Sagittarius A* 
is massive, weighing 4.3 
million times the mass of 
our sun. And it has a huge 
appetite. It regularly gorges 
on a star – before indulging in 
planets, asteroids and gas 
clouds for dessert. With an 
age of at least 11.4 billion 

seems

What causes a star to transform – and 
guzzle up its former friends? Its mass. 
Every star must constantly fi ght against the 
pressure of its own ‘weight’. The energy for 
this struggle comes from nuclear fusion. 
When a star no longer has enough fuel, 
it collapses in on itself. If the star is 
particularly massive, this can lead to the 
formation of a black hole. 

FROM STAR TO  
��		�����
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Stars with 
more than 20 
solar masses 

turn into a 
black hole.

Neutron stars form when
the dying star has eight
to 20 solar masses.

Sun White dwarf

25 million kilometres

Black holeNeutron star

In the end, a white
dwarf is all that
remains of our sun.

The star expands and
fuses heavy elements like
neon and oxygen to meet
its own energy needs.

Iron is the last element to form
during the nuclear fusion. The
core then collapses and
unleashes a supernova.

SINGULARITY
The entire mass of the
black hole is located at a
single point in its core. This
curves space into infinity
(see diagram, right).

EVENT HORIZON
Beyond the event horizon,
no object can escape the
gravitational attraction of the
black hole – not even light.

X-RAY JETS 
When a black hole swallows 
a star, the death struggle 
produces violent ejections 
of energy as x-rays. 

years, Sagittarius A* has probably 
gulped down hundreds of 
thousands of stars in its lifetime. 

FATAL ATTRACTION

In order to murder a star, a black 
hole simply has to stay still – and 
wait. As soon as something 
approaches it, the object will be 
attracted to its unimaginably large 
force of gravity – and swallowed in 
one gulp. An escape attempt is 
futile. The maximum speed in the 
universe is limited by the speed of 
light – 299,792,458 metres per 
second – and at a certain distance 
from the black hole, this is no 
longer fast enough to escape its 
jaws. This effect allows the galactic 

cannibals to appear black, even 
though they’re actually full of light. 

SAFE DISTANCE

However, there’s no need to panic 
– Earth doesn’t lie in the hunting 
grounds of a black hole. The 
nearest star-eater, A0620-00 in the 
constellation of Monoceros, lurks 
at a distance of around 3,500 light 
years – roughly 3,500 times 
9.5 trillion kilometres – which is 
much too far for it to be a threat 
to us. But exactly how close would 
the Earth have to get to a black 
hole for it to be able to snap us 
up? The fi gure varies because 
it’s different for every black hole 
– and depends on the density 

of its mass and, therefore, its 
gravitational force. 

The most dense – and, 
consequently, the smallest – known 
black hole is XTE J1650-500. 
Located in the Ara constellation, it is 
around 15,000 light years away from 
Earth, has a diameter of just 24 
kilometres and a static 3.8 
solar masses. The density of XTE 
J1650-500 is about one quintillion 
kilograms per cubic metre. As a 
comparison, the average human 
has a density of around 1.06 grams 
per cubic centimetre, while a 
teaspoon of matter from XTE 
J1650-500 weighs around 1,000 
times as much as the Great Pyramid 
of Giza. Don’t get too close.

THE POWER OF GRAVITY 
Every mass bends space with its 
gravitational force, like a stone on 
a rubber sheet. The heavier the 
object, the more the sheet will curl.



WORLD EVENTS



Civilian militias are cropping up across the USA, motivated by the desire to 

maintain law and order without relying on traditional means. Armed vigilante 

groups are already carrying out attacks, creating no-go areas and occupying 

government buildings 
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BLACKMAIL
THE USA?

2nd January 2016: “Thus far 
and no further,” growls Ammon 
Bundy. He has just been told 
that two of his fellow ranchers 
have been arrested for arson. 
For the car fleet manager from 
Burns, Oregon, this is the final 
straw. Now he’ll take the law 
into his own hands. Together 
with a group of heavily armed 
militiamen he makes his way to 
the Malheur National Wildlife 
Refuge, 80 kilometres away. 

Once they arrive, the men 
storm the administration 
building and position armed 
guards at the entrance to the 
775-square-kilometre area. 
Bundy demands the federal 
government immediately 
release both farmers and 
abandon all claims to the 
wildlife reserve. He is prepared 
to fight “to the death” and take 
control of other establishments. 
“We want to give the people 
back their land,” explains 
Bundy. “It’s our goal to get the 
logger back to logging, the 
rancher back to ranching.” But 
the local sheriff David Ward is 
convinced that the self-titled 
Citizens For Constitutional 
Freedom are pursuing other 
plans: “They want to topple  
the county administration and 
then the US federal government 
in the hope of triggering  
a country-wide movement.” 

It’s 41 days until the FBI 
manage to crush the uprising. 
Blood is shed. Bundy and his 
crew are on their way to a civic 
meeting when several law 
enforcement vehicles suddenly 
block their path. After a short 
chase, the altercation ends  
in a shootout. One occupier  
dies while Bundy and his 
accomplices are arrested. The 
occupation is over – but experts 
say it won’t be long until the 
next escalation occurs. 

 and if 
necessary  

ready to die.”
������������
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AMERICA’S 
BACK 
DOOR?

Painstakingly, Tim Foley 
(right) scans the horizon using 
his night-vision device. Day and 
night the ex-soldier lies in wait 
here, not far from the Mexican 
border. Together with a group  
of heavily armed veterans, Foley 
is on the lookout for illegal 
immigrants, drug smugglers  
and terrorists. 

“I know that I am doing good 
and am countering evil; this is 
America’s own little war zone,” 
says the leader of the Arizona 
Border Recon, a paramilitary 
unit that has been “keeping 
America’s back door safe” since 
2011. The 56-year-old believes 
it’s only a matter of time until 
America experiences terror 
attacks like those in Paris and 
Brussels – unless controls in 
America’s backyard are not 
strengthened quickly. “People 
need to wake up and realise that 
our border is not secure.” 

According to some accounts 
the civilian militia has already 
captured hundreds of criminals 
and as a result saved countless 
lives – but what the ex-soldier 
doesn’t say is that he is willing to 
use any means to do so. As early 
as 2011 he attracted the 
attention of the federal police 
after FBI agents received an 
anonymous tip-off that Foley had 
placed homemade pipe bombs 
on the border. In 2015, in the 
course of a top-secret operation, 
several members of a similar 
militia – the Arizona Special 
Operations Group – were 
arrested for stealing drugs from 
border traffickers. 
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T
he first thing Cliven Bundy 
hears is the menacing drone 
of the rotor blades. Gingerly,
he pushes back the curtain
and peers out of the window.
His suspicions are
confirmed: nine helicopters
are circling above his ranch

and an armada of police officers have surrounded the
property. Two hundred law enforcement officials,
including several snipers, train their sights on the
67-year-old’s property – but Bundy isn’t fazed. He
smiles to himself. He’s prepared for this: in the past
few days hundreds of government opponents from
all over the country, including dozens of heavily
armed militiamen, have made the pilgrimage to
Bunkerville in Nevada to support him in the fight
against Washington. “They have my cattle and now
they also have my sons,” the old man says, as he
loads his rifle. “The war begins tomorrow.”

HOW DO YOU GET 200 FEDERAL POLICE
OFFICERS TO FLEE?

What sounds like something out of the Wild West is
actually the culmination of a 20-year private feud
between a farmer and the authorities. A dispute that
has now developed into an all-out ‘civil war’ between
the militia and the US government.

It all began mundanely enough. For decades, Bundy
had grazed his cattle on land officially belonging to the

US government. But as the rancher steadfastly
refused to withdraw his herd and pay grazing fees to
the Bureau of Land Management (BLM) – his arrears
had spiralled into the millions – the federal police
eventually got involved. They seized 400 of his cattle
and arrested Bundy’s son, Dave. For the farmer this
was the final declaration of war.

The standoff lasts nearly a week. It seems only a
matter of time until the first shots are fired – until out of
the blue the police release the cattle and retreat. “We
wanted to avoid an escalation,” explained Neil Kornze
from the Bureau of Land Management. But what the
government official doesn’t realise is that the ‘Farm
Wars’ mark just the beginning of a new era of armed
resistance against the incumbent government.

��������� �� 	� ESCALATION

In Bunkerville, the first big showdown
between the federal police and the
heavily armed militiamen – including
many members of the so-called Oath
Keepers – takes place. The confrontation
lasts for almost a week, and is symbolic
of the deep divide running through the
American populace at the time. The
situation is tense and several times
things threaten to escalate: while militia
members, government workers and
police officers engage in a stand off,
a pregnant women is tasered by federal
agents during a scuffle.

The actions of private armies are
not just limited to disputes with the
government: in August 2015, on the
anniversary of the fatal shooting of
Michael Brown*, severe unrest erupts
once more. Once again, the Oath
Keepers are involved. Armed with
AR-15 rifles and Glock pistols they
patrol the streets and post lookouts
on rooftops, thus worsening the
already riled-up atmosphere. After
three weeks they retreat, but promise
to return the next year with even
more people.

After the government accuses the
owners of the Sugar Pine Goldmine at
Grants Pass of operating their mine
without the approval of the federal
authorities, the Oath Keepers dig in and
prepare for conflict. Not only do they
create a no-go area for government
officials, they also build a five-acre camp
where they store equipment, plan
operations and recruit new members.
Only when the government backs down
do the Keepers pull back – only to start
marching again in August during a conflict
over a mine in Montana.

NEVADA, APRIL, 2014 MISSOURI, AUGUST, 2015OREGON, APRIL, 2015
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The war begins 
tomorrow.”
������
������


>

* Michael Brown, an 18-year-old black student, was shot by a white police officer, Darren Wilson, following a robbery in Ferguson, Missouri. 



With 80 million Americans owning 310 million weapons 
and several billion rounds of ammunition, the USA can 

lay claim to having the largest private army in the world. The 
origins of this can be traced way back to 1791 when the 
Second Amendment to the US Constitution guaranteed every 
American the right to bear arms. This was introduced as a 
result of the American War of Independence. “Ultimately, 
democracy in the USA was defended by small private armies,” 
says US author Eric T. Hansen. The constitutional amendment 

was also meant to ensure that – unlike in Europe – no future 
national government could achieve a monopoly on the use of 
force. “From the very beginning we were paranoid about the 
relationship to authority,” says Hansen. The result is one of the 
most liberal gun laws in the world (see chart). Although on 
average there is one mass shooting a day in the USA, nothing 
has been done to change things. Quite the opposite, in fact: in 
more than 40 US states you are allowed to openly carry a gun 
at work, while shopping or at a restaurant. 

THE BIGGEST PRIVATE ARMY IN THE WORLD

ONE MASS 
SHOOTING PER DAY

In 2015 the 
Washington Post 

recorded 335 mass 
shootings in the USA. 

On average more than 
30,000 people a year 

die as a result of 
firearms.

WEAPON MAKERS
In 2014 around 3.6 million pistols, 

744,000 revolvers and more than 3.3 
million rifles were produced in the USA.

OPEN CARRY
Since January 2016 openly carrying a handgun 
in public has been allowed in Texas – for the 
first time since 1871. The practice is already 
legal in more than 40 other US states.  

SHOTGUN  
IN THE 
CLASSROOM 
In Texas,  
teachers at 78 
schools carry 
weapons in the 
classroom. Since 
2014 schools have 
also been able to 
appoint armed 
‘marshals’. 

Traders need a permit  
Weapons are officially registered 
Monitoring of all weapons sales 
Waiting time for gun buyers  
Assault rifle ban
Open carry prohibited  
Castle Doctrine* upheld
Concealed carry prohibited

The more colours, the more restrictive 

*The Castle Doctrine permits the use of armed force when defending your own 
property – including your house, garden or private office. In states like Missouri  
and Ohio this doctrine is even applied to cars. So if you climb into somebody’s car 
uninvited in those states, you could be shot (and it wouldn’t be against the law). 

to limit gun ownership 
�����������	��

HAWAII
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Households that 
own a firearm

10% 30 50 60

63%

10%

PER CAPITA 
OWNERSHIP
Out of 100 US 

citizens, 88.8 will 
own a handgun or a 

rifle. According to 
one study most of 

these are white, 
married men over 

the age of 55. 
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HOW MANY MILITIAS ARE THERE IN THE USA?

Since Barack Obama’s election as US president the
number of anti-government ‘patriot’ groups has
exploded, rising from 150 organisations to around
1,000 in 2015. Many experts on extremism are
convinced that Bundy’s triumph has only strengthened
the development of civilian militias. “We believe
these armed extremists have been emboldened by
what they saw as a clear victory at the Cliven Bundy
ranch and the fact that no one was held accountable
for taking up arms against agents of the federal
government,” says Heidi Beirich from the Southern
Poverty Law Centre. “When the federal government
was stopped from enforcing the law at gunpoint, it
energised the entire movement.”

According to the BLM, there were over 50 incidents
described as “serious confrontations with anti-
government overtones”, in the four years between
2010 and 2014. Among them were politically
motivated attacks: in 2013 a man in Arizona was
charged with attempted murder after he shot
two BLM officials, and in Oregon a person threw
firebombs at employees in a BLM camp.

At the forefront of this movement are a group called
the Oath Keepers. Founded in 2009, the organisation
has around 30,000 members, many of whom have
served in the armed forces or police. The group has
vowed to “protect the constitution from all enemies
at home and abroad” – especially the Second
Amendment, which guarantees every American the
right to bear arms. Whenever there’s a conflict involving
illegal immigrants, African-Americans or government
representatives, you can be sure the militiamen will turn
up with their bulletproof vests and assault rifles.
Already active in 47 US states, they were also present
at the occupation of the Malheur National Wildlife
Refuge in Oregon. “They claim that they are just a
group of upstanding citizens who want to protect the

constitution, but that’s not true,” says Mark Potok, an 
expert on extremism. “The Oath Keepers are throwing 
oil on the fire and there’s a real danger of this fire
spiralling out of control.”

IS THE STATE’S MONOPOLY ON THE USE OF
FORCE INCREASINGLY LIMITED?
The Oath Keepers are just the tip of the iceberg: other
militias, like the Arizona Border Recon, arbitrarily patrol
the Mexican border to hunt down drug couriers and
illegal immigrants, while civilian armies like the North
Florida Survival Group (NFSG) equip children with
assault rifles to prepare them for the apocalypse, which
they believe to be imminent. What connects all of these
groups is their lack of trust in the government. They
see themselves as the only true guardians of the
constitution, particularly the named amendments. “The
government is trying to get rid of all of our weapons,”
says ex-cop and NFSG leader, Jim Foster. “We are
patriots just trying to protect our right to bear arms.
We are the custodians of the American constitution.”

Extremism experts believe the formation of such
groups is symptomatic of the transformation that
America is currently undergoing – towards a society
that has abolished the rule of law of the states. No one
embodies this mentality quite so extremely as Donald
Trump. According to Mark Potok, the Republican
nominee has electrified the radical right – and in
inciting hatred against Latinos, Muslims and America’s
own government he has bestowed legitimacy on
groups like the Oath Keepers. “Trump sounds more like
the leader of a lynch mob than of a great nation like
ours,” says US politician Nihad Awad.

The rest of the world isn’t immune from this form of
extremism. This year has seen an increasing number
of militia-style attacks on migrant camps in Calais,
France, while as recently as mid-April five members of
the Freital neo-Nazi group in Germany were arrested.
The rap sheet against them included attempted
murder. Of even more concern are the numbers of guns
on the streets. In January, 300 small firearms licences
were applied for in Cologne following disturbances
during the city’s new year celebrations. This compares
with 408 applications made during the whole of 2015.

And in June, British MP Jo Cox, who campaigned
for her country to leave the European Union, was
shot and murdered in broad daylight by an assassin
with links to far-right organisations.

A continent that’s home to a growing number of
civilian militias who plan to take the law into their
own hands? The parallels are obvious. The difference
between the situation in the USA and Europe is
that in Europe, the militias have yet to declare war
on their governments. PH
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THE BIG-EARED 
INVASION 

An incredible natural revolution is taking place in Europe 

– and yet most people don’t realise it’s happening. Hordes 

of wild rabbits are taking over the cities, becoming 

the new rulers of the urban underground 

NATURE



T
he location could be better. And at 
fi rst glance the size is nothing to 
write home about. Plonked slap 
bang in the middle of two four-lane 
roads and in the shadow of three 
large tower blocks, the new build 

offers just 58 square metres of living space. In spite 
of this, the new residents seem to be settling in 

ll F th l f 20 wild rabbits, the traffi c 
e offers the perfect urban 
of their fellow species 

fer the bright lights of the 
d quiet of the countryside. 

wing these streetwise bunnies 
?  

AT INSTEAD OF 
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undreds of thousands? 

how many wild rabbits have 
y to the city in recent years. 
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mber of wild rabbits in some 
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ions extend for dozens of 
s (see diagram over the 
ve learnt that they can enjoy 
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Kinser. Food supplies are 
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the monotonous 
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re rabbits can hide from their 
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rise in urban areas. Bunnies 

n, something already proven 
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released by settlers in 

mber has grown to 300 
humans by ten to one.



WHERE THE WILD ONES LIVE
Wild rabbits are some of the most skilled 
builders in nature: their tunnels can be up 
to 40 metres long and lie several metres 
deep under the earth. The underground 
living spaces offer room for up to 50 
animals. But their excavations can cause

problems on the surface because they can 
uproot trees. In cities lying on the banks of 
rivers the consequences can be even more 
dangerous. There the animals dig their 
warrens close to fl ood protection barriers, 
which makes the protective walls unstable. 

TRAPDOOR
Though wild rabbit warrens can be as 
large as several football fi elds, the 
largely nocturnal animals rarely venture 
far from their construction. The system 
of burrows has a very shallow main 
entrance and other hidden openings that 
are dug almost vertically into the ground. 
When the animals need to fl ee, they can 
simply fall into the hole. 

ALARM SYSTEM 
If a rabbit discovers a 
predator on the surface – 
an urban fox, for example – 
it will beat its back legs 
violently against the ground. 
The vibrations serve as a 
tip-off to any brethren under 
the earth. They can then 
hide in the system of tunnels 
deep below the ground.
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NESTING BURROWS 
Away from the main building the females 
dig a well-hidden tunnel where they 
retreat to rear their young. Known as a 
nesting burrow, this area of the rabbit hole 
is particularly well padded with hair from 
the mother’s stomach and moss. The 
burrow gets a lot of use because rabbits 
can give birth up to seven times a year.

STRICT ORDER
A strict hierarchy operates in 
the warren. An alpha male and 
an alpha female are the leaders 
of the group. Researchers have 
discovered that animals at the 
very bottom of the hierarchy 
have poorer immune systems.

FOUR WEEKS IN THE NURSERY 
The kits are born bald and blind 
and weigh just 50 grams. The 
mother feeds them for the fi rst 
three weeks, after which time 
they wean themselves.

BUILDING MATERIAL 
Rabbits are choosy builders – they 
won’t burrow just anywhere. An ideal 
building site would consist of loose 
soil with a high proportion of sand.

THE DOOR TO THE 
UNDERWORLD…
…has a diameter of 15 centimetres.

100 SQUARE METRES 
Tunnels can be up to 40 metres long and 
three metres deep and extend over an area 
of 100 square metres. The ideal spot for 
their warrens is a semi-open area with 
hiding places: grass verges, railway 
embankments and the like.

GOING 40KM/H IN A 30 ZONE
Wild rabbits can reach speeds of 40km/h when 
fl eeing a predator. They can also jump over 
obstacles up to 50 centimetres high. Their 
distinctive running style leaves behind Y-shaped 
tracks: the small front paws touch the ground 
fi rst, followed by their larger back feet which 
land in front of the planted front paws. 
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TOKYO’S 
CRIME

MIRACLE
The Japanese capital has 40 million residents yet one of the 
lowest crime rates on Earth. What can we learn from Tokyo?

WORLD EVENTS



COMPLETE
REBUILDING
OF A MEGA-CITY
Tokyo is the largest 
metropolitan area on the 
planet. In spite of this, 
its 40 million residents 
are safer than they would 
be in any other urban 
sprawl in the world. The 
real danger in Tokyo is 
posed not by crime but 
by nature, something city 
planners are only too 
aware of. They regularly 
reconstruct parts of 
Tokyo to protect the city 
from earthquakes. Only 
one in fi ve homes 
predates 1981. 
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The most frequent crime in big cities is usually theft, which accounts 
for around half of all offences. The number of murders in the Tokyo 

prefecture has been falling for years: in 2013 there were 108, around 
the same as in London, which has fi ve million fewer residents.  

,

TOKYO 
URBAN AREA

(13,500,000 RESIDENTS)

CRIMES PER 100,000 RESIDENTS
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Melbourne’s pretty laneways belie a soaring crime rate that amounts 
to one crime for every four residents. Robbery, assault and theft are 
the most common misdemeanours, with Melbourne’s assault rate of 

344 per 100,000 residents being six times the state average.

26,870
MELBOURNE

(4,400,000 RESIDENTS)

CRIMES PER 100,000 RESIDENTS

I
magine a city one-sixth 
the size of Sydney, but 
so crowded that it’s 
home to the equivalent 
of 50% of Australia’s 
population. A city 
containing a sea of 
people, hemmed in 

between the ocean and high 
mountains. A city with skyscrapers 
up to 634 metres high, most 
of which are shaken by tremors 
at least once a month. A city 
with streets so packed it can take 
three hours to drive from one side 
to the other. A city that’s regularly 
fl ooded by typhoons in the 
summer. A city that stands where 
four seismic plates meet. Where 
the ocean can unleash a tsunami 
at any moment. The residents 
of Tokyo have plenty of things to 
worry about – but crime isn’t one 
of them. How is this possible? 

WHY DOES A CITY 
REFUSE TO LOOT?
Tokyo holds three notable records: 
with a population of 40 million, 
there’s no bigger metropolitan area 
on Earth. At the same time no 
urban sprawl is safer: there are just 
0.4 murders per 100,000 
inhabitants each year – and that 
number is decreasing. Sydney’s 
murder rate is one per 100,000; 
St Louis, the most dangerous city 
in the USA, clocks in at 7.3 and 
Caracas in Venezuela, with its 
political and economic chaos, a 
frightening 122. On the other hand, 
according to estimates from 
insurers Swiss Re, no other major 
city has a greater risk of falling 
victim to a natural disaster than 
Tokyo: the amount of time between >



an underwater earthquake and 
powerful, 15-metre high waves 
striking land could be as little as 15 
minutes, while for a more localised 
earthquake residents would get 
just 80 seconds’ warning. 

Millions of people live here in the 
face of total disaster – and yet no 
one panicked when three nuclear 
reactors exploded just 150 
kilometres away in Fukushima 
following the 2011 tsunami. In 
contrast to cities like New Orleans, 
where Hurricane Katrina triggered 
mass civil disobedience and 
lootings in 2005, the people of 
Tokyo continued calmly about their 
business, taking their morning 
commute to work after disaster 
struck. “Looting simply does not 
take place in Japan. I’m not even 
sure if they have a word for it,” 
explains Gregory Pfl ugfelder, a 
professor of Japanese history at 
Columbia University in New York. 

WHAT MAKES JAPANESE 
SOCIETY SO ORDERED?
Behind this lies a fundamental 
difference between Japan and the 
West: “You do everything you can 
to protect your own interests with 
the understanding that, in a rather 
free-market way, everybody else is 
going to do the same. And that 
order will come out of this sort of 
invisible hand,” says Pfl ugfelder. 
“The Japanese don’t function that 
way. Order is seen as coming from 
the group and from the community 
as a sort of evening out of various 
individual needs.” Discipline, 
cohesion and community values 
have been the survival strategies of 
the Japanese for millennia – there’s 
no room for outsiders, in the most 
literal sense: around a fi fth of the 

country’s land area is too 
mountainous to be built on. For 
centuries, Japan’s 130 million 
residents have lived cheek by jowl 
behind paper-thin walls, particularly 
in Tokyo. This breeds courtesy and 
consideration from a young age. 
Everyone knows the rules of 
society. There are no ghettos and 
only 1% of the population has an 
immigrant background. 

What there are, of course, are 
natural disasters. Tokyo’s citizens 
live with the ever-present threat of 
earthquakes or eruptions from 60 
active volcanoes. In these situations 
the support of the family unit is 
vital. Families also help discipline 
the biggest city on Earth in times of 
peace, too, far more effectively than 
the police would ever be able to. 
But what happens when discipline 
breaks down? Does society fall 
apart? Quite the opposite… 

WHY ARE THERE
VIRTUALLY NO 
WEAPONS IN TOKYO?
Looting Tokyo would be extremely 
diffi cult. The reason: there’s hardly 
any means of demanding respect 
by brandishing a weapon. With the 

THE SAFEST CITIES 
IN THE WORLD 
According to the EIU Safe Cities Index 
2015 (based on aspects of safety)
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exception of shotguns and air 
rifl es, both of which are strictly 
regulated, civilians are forbidden 
from owning fi rearms. Statistics 
show only one in 175 households 
owns a gun – unlike in America, 
where there are more guns than 
people (see the US militias feature 
on page 48). The last mass 
shooting in Tokyo took place in 
1923, almost 100 years ago. 
Throughout Japan only a dozen 
murders are committed using a 
fi rearm each year. In Australia the 
number is closer to 230; in the US 
it’s more like 12,000. 

“Some shootings in the US 
claim more victims than all the 
shooting victims in Japan in 
a whole year,” explains American 
weapons expert David Kopel. 
Weapons are frowned upon in 
Japan – being caught with a knife 
in public can land you in prison. 
And if that weren’t enough… 

DOES EVERY 
FAMILY HAVE 
A POLICE OFFICER?
On almost every third street corner 
you’ll fi nd a koban – there are over 
800 in Tokyo’s inner city alone. 
Basically a small neighbourhood 
police station, kobans are as 
intrinsic a part of city life as trams 
are in Melbourne. They’re staffed 
by a small number of community 
policemen whose job it is to 
oversee their local patch. As 
offi cials are often stationed there 
for their entire service life, they 
know their beat inside out. 

Such is the respect for law and 
order, they also have help from 
thousands of other unpaid 
patrolling residents. To them the 
police are not snoopers, they’re 



trusted pillars of the community 
who will even offer advice about 
personal problems. “We look out 
for people. No street is ever dark 
here,” says the mayor of Tokyo, 
Yoichi Masuzoe.

The police don’t shy away from 
involving themselves in private 
matters, and regularly visit known 
weapons owners at home to check 
that they are ‘emotionally stable’. 
This extensive monitoring network 
has led to one of the world’s most 
impressive crime detection rates 
– 97.7% of murders are solved. 
A third of all murders in the USA 
remain unsolved. 

WILL THE OLYMPIC 
GAMES CHANGE TOKYO?
The individual is nothing, the 
community is everything: that’s how 
things work in Japan, and nowhere 
exemplifi es this better than Tokyo. 
There’s little social deprivation: the 
country divides its wealth as the 

fourth largest national economy on
Earth relatively equally among its
inhabitants. The most well-paid
company CEO only earns a tenth
of what his or her counterpart in
the US would bank. “It’s this
unshakeable trust in science,
employer and government that
allows the Japanese to keep their
cool in times of crisis. It is better
when everybody acts together,”
says Misaki Hatori about her
compatriots who, at 84, have the
highest life expectancy in the world.

This attitude is also reflected in
everyday life: in stark contrast to
most places on the planet, Tokyo

LOVE THY
NEIGHBOUR
A high degree of 
respect: these train 
commuters aren’t 
worried about foreign 
viruses – their 
mouth masks are 
worn to protect their 
fellow travellers from 
their own germs. 

“CRIMES TARNISH THE FAMILY NAME. 
ANYONE COMMITTING A CRIME WILL 
BE THROWN OUT OF THE FAMILY – 
FOREVER. FEW PEOPLE WANT THAT.”

KENJI OHNO, TOKYO METROPOLITAN POLICE 

has hardly any garbage bins 
– yet there’s no litter lying around. 
People take their trash home with 
them. Japanese people accord 
little trust to those outside their 
own cultural circle, reasoning that 
they could raise the crime rate on 
the 421 inhabited islands that 
make up the country. Of the 5,000 
asylum applications it received last 
year, Japan approved just 11. It’s 
not another tsunami, then, that 
could prove to be the real test 
of Tokyo’s safety, but a wave of 
visitors. Ten million are expected 
to visit the city when it hosts the 
Olympic Games in 2020. PH
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HOW DO YOU CREATE A 

It might look like a copy – or even the 

real thing – but the painting you see here 

is an original, created by a computer. 

Amazingly, 350 years after Rembrandt’s 

death, a machine has learnt how to paint 

in the style of the Dutch master

TECHNOLOGY



B

148 MILLION PIXELS 
Looiersgracht 60 gallery, Amsterdam, 
April 2016: visitors marvel at the ‘new 
Rembrandt’ – in reality, the image is 
drawn by a computer that can imitate 
the Dutch master’s painting technique.  
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DATA SCAN
Every Rembrandt 
artwork is scanned 
in 3D, producing 
160 gigabytes of 
data in total. 

DETAILS 
The software 
analyses the 
images in more 
than 60 different 
areas like the  
ears and eyes.

ANALYSIS
By comparing data
and creating
algorithms the
computer learns
how Rembrandt
painted the nose.

CREATION
Mouth, forehead,
clothing – every
individual
characteristic is
‘rendered’ by the
computer. This
process alone
took 500 hours.

PRINT
A 3D printer lays 
down 13 layers of 
ink to create 
texture (top right). 
This makes the 
image look like oil 
painted on canvas. 

WORKS OF ART MADE FROM DATA
This ‘man in the hat’ brings together more than 
168,000 image details from hundreds of Rembrandt 
paintings. It’s not just a simple flat image either;  
depth and texture was added to create a bona fide 
three-dimensional model (see below). The image was 
painted using a 3D printer that used 13 layers of ink.

MOUNTAINS OF COLOUR 
Regardless of whether it’s printed 
or painted, every brushstroke 
creates peaks and valleys on the 
canvas. Some are so tiny they 
measure less than one millimetre. 

A computer spent one and 
a half years studying 

Rembrandt’s technique. The 
result? A brand new image 

that looks like an old 
master. The five steps to a 

generated masterpiece are:

HOW DOES  
A COMPUTER 

BECOME 
REMBRANDT? 

0.05mm
0.1mm

0.18mm

0.2mm



I
t’s a body that triggers 
a revolution. In 1632, 
Rembrandt van Rijn 
paints a group portrait 
featuring a dead corpse 
being dissected by  
a doctor surrounded  
by seven surgeons. In 
doing so, the 25-year-
old artist breaks a 

centuries-old convention of painting. 
The subjects are depicted not as 

was customary, in neutral poses. 
Instead, they are leaning in, looking 
lively and engaged. Fascination and 
excitement is etched on their faces. 
“Against the dark background their 
emotions look particularly strong,  
as if the artist dipped his brush in 
sunlight rather than colour,” explains 
the psychologist Barbara Diggs. 

This colour play is what makes the 
346 Rembrandts so unmistakeable. 
It’s generally accepted that the 
Dutch master completed at least this 
number by the time of his 
death in 1669. But has the 
art world missed one? 
On 5th April 2016, 
another painting was 
unveiled. Number 347. 
But this canvas had 
one glaring difference
from the others. It  
didn’t originate from 
the hand of the 
maestro himself, but 
something much more
modern. A computer 
to be exact. Painting 
347 was generated  
by a machine that 
mimicked the artist. 
But can artificial 
intelligence really  
be this creative? 

To this day budding artists learn
by trying to copy the images of the 
great masters. And it seems a 
computer can do the same – with a 
bit of help, of course. Starting with 
the knowledge base of a young 
child, a computer network spent 
months analysing how Rembrandt 

dealt with light, proportion and 
colour. It’s a process known as 
‘deep learning’. From 168,263 image 
details taken from Rembrandt’s 346 
paintings, a 20-person team created 
algorithms that deliver the same 
composition on a screen as 
Rembrandt did on his easel. 

“We distilled the artistic DNA  
from the paintings,” says  

Bas Korsten, the leader  
of the project. Building  
on these capabilities, 
the software can now 
even sketch its own 
 designs. The result  

is a 30-something 
white male with the 

facial hair and  
plain clothing so 
characteristic of 
Rembrandt’s work.  
It’s eerily realistic. 

So could this be the 
perfect forgery? Well, 
no. The process isn’t 
foolproof because a 
chemical analysis of 
the colour pigments 
would reveal the truth. 

So far, Rembrandt’s later works 
have been deemed too difficult  
to attempt to master. But just as 
Rembrandt didn’t stop painting after 
that revolutionary anatomy lecture, 
Microsoft also has plans to continue 
the project. It seems the deep 
learning has only just begun. 

The choice of artist was no 
coincidence. “Rembrandt 

completed a lot of paintings, 
so there’s a huge amount of 

technical data available,” 
explains Joris Dik of Delft 
University of Technology. 
Computers can only learn 

the style of particularly 
productive artists – and 
even then they’ll not be
100% perfect. Certain

details, like the reflected
light from the collar onto the

chin, are missing from the
image. “Still,” explains art

historian Gary Schwartz,
“the technique could help

unmask forgeries from newly
discovered paintings.”
Future software would

compare all ‘real’ noses
painted by Rembrandt with

the structure of the new one
and evaluate their similarity.

WILL 
COMPUTERS 

BECOME 
PERFECT ART 

FORGERS? 

“WE USED 
TECHNOLOGY 

AND DATA IN THE 
WAY THAT 

REMBRANDT USED 
BRUSHES AND 

COLOUR.”  
RON AUGUSTUS,  
MICROSOFT
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Science fi ction or soon to be a reality? Just how authentic 
is the technology in Star Wars? When will the fi rst lightsaber 

be constructed? How do you build a TIE fi ghter? We’ve 
examined the facts – with some surprising results

SCIENCE



IN THE CROSSFIRE
The Force Awakens saw Han Solo pilot the 
legendary Millennium Falcon (right of 
image) once again and engage in 
fast-paced dogfi ghts with TIE fi ghters (left) 
of the First Order, the successor to the 
Empire. Many Star Wars technologies – 
such as ion propulsion and laser weapons 
– have long been a reality. 
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A variety of exotic worlds exist in the Star 
Wars galaxy. While planets such as Hoth, 

Jakku and Dagobah consist entirely of ice, desert and 
swamps, you can marvel at two sunsets on Tatooine 
and visit underwater cities on Naboo. But how 
realistic is this universe? Is there such a thing as a 
desert planet? Theoretically yes, but Bruce Betts, 
director of the Planetary Society in Pasadena, thinks 
it’s unlikely: “The planets depicted in the films have 

very monotonous scenery – there’s a jungle planet, 
an ice planet and so on – while the Earth and Mars 
have very varied climates.” That said, Tatooine’s two 
suns aren’t purely science fiction because NASA 
scientists, using the Kepler space telescope, have 
already identified a planet within a binary star 
system. According to astrophysicist Alan Boss, this 
was a groundbreaking discovery. “Again, something 
that appeared to be science fiction became a reality.”

ARE THERE DESERT PLANETS AND 
DOUBLE STAR SYSTEMS?

»

HOSTILE ZONE
The surface of Jakku, the home 
planet of new Star Wars heroine 
Rey, is completely covered by 
desert landscapes. Experts think it 
unlikely that life could develop on  
a completely arid, parched planet.



It’s probably the most famous weapon in fi lm 
history: the lightsaber, symbol of the Jedi warrior. 

In reality, there are a few problems with producing this  
technology. The greatest obstacle: light particles, called 
photons, have no mass and so can’t interact with each 
other. If two laser beams in the form of swords met, they’d

simply pass through one other and have no effect. But 
now US researchers have done the seemingly impossible: 
they’ve brought photons together to form a kind of 
molecule. This means that if the particles collide, they’ll 
bounce off each other – a completely new state of matter 
and the first step towards lightsaber technology…

»
HOW FAR ARE WE FROM 
DEVELOPING LIGHTSABERS?

ALL UNDER CONTROL
A stable saber needs a
cathode ray tube in the
hilt of the sword. This would
emit electrons that would
glow in the air and produce
a solid beam.

RETRO LOOK 
The most striking innovation on the 
earlier Star Wars fi lms: the two 
crossguards on the hilt of the lightsaber 
belonging to villain Kylo Ren (right), 
which are reminiscent of those found 
on a medieval longsword.

HOTTER THAN THE SUN
Researchers have calculated that the 
high-energy lightsaber would have a 
temperature of 10,000 degrees 
Celsius. This heat, two times of that 
on the surface of the sun, would be 
just centimetres away from the body. 
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SOLAR WING
The Imperial TIE Fighter uses 
an ion engine – a reaction 
propulsion that is powered by 
two hexagonal solar wings. 

INTERFERENCE FILTER

SIGNAL COMBINE

LASER BEAM

LASER DIODES

OPTICAL FIBRE

In the real world, the drive
system of the most iconic of

the Imperial fighter ships has been
used for a long time. As far back as
2003, the European Space Agency’s
SMART-1 was launched and, like the 
TIE fi ghter, it uses solar-powered 
engines. It needs 38.5 hours to 
accelerate to 100km/h, but its 
endurance is unbeatable: thanks to 
its ion thruster, the SMART-1 can 
reach an incredibly high speed 
because – unlike chemical engines 
that only fi re for a few minutes – it 
can accelerate over years. This 
helps it save fuel. NASA’s Dawn 
spacecraft, which was launched in 
2007 to explore the dwarf planet 
Ceres and entered its orbit in March 
this year, also has an ion thruster 
that draws its energy from the sun. 
During its mission, Dawn accelerated 
to 38,620kmh, eclipsing the record 
for velocity change produced by a 
spacecraft’s engines. 

LASER WEAPON SYSTEM
Although we are still some way from epic space 
battles, laser weapon technology already exists 
– and is used on the American warship USS 
Ponce. The physics behind it is simple: light 
from laser diodes is pumped through a thin 
glass fi lter and then refl ected back and forth 
through a heavy metal fi bre core, before being 
combined into intense beams of light that can 
set drones and infl atables alight. 

HOW DOES A TIE 
FIGHTER WORK?

»



COCKPIT
The pilot must endure acceleration 
forces 4,100 times stronger than 
Earth’s gravitational pull – a fatal 
experience for the human body. 
Survive all that and he’ll still be 
exposed to harmful x-rays during 
interstellar fl ight.

DEFLECTOR SHIELD
The standard TIE fi ghter model is not fi tted with any sort of 
defl ector shield system, making it vulnerable to enemy laser fi re. 
According to physicists from the University of Leicester, UK, this 
technology is not pie in the sky: using a strong magnetic fi eld, 
a plasma shield would be able to divert incoming photons. 

DRIVE SYSTEM
Using a reactor, the TIE fi ghter can ionise 
micro-particles of gases and then eject them 
from the driving nozzle. But the standard 
model cannot exceed the speed of light as it 
isn’t fi tted with a hyperdrive. 

EAPONS SYSTEM
o forward laser cannons 

below the viewing window. 
 pilot can decide whether 

fire them alternately 
at the same time.   

75



»

Scale of
spaceship

SUPERLASER

THE FORCE
AWAKENS

MILLENNIUM 
FALCON
Length: 
26.7 metres

X-WING 
FIGHTER
Length: 
12.5 metres

TIE FIGHTER
Length: 
6.3 metres

IMPERIAL STAR 
DESTROYER
Length: 1,600 metres

FIRST DEATH STAR 
(from Episode IV)
Diameter: 160km

SATURN V ROCKET
Length: 110 metres

The Millennium Falcon is one of 
the fastest spaceships in the 

Star Wars universe. It travels 25,000 
light years per day and can reach nine 
million times the speed of light. With 
speeds like that it can even shake off an 
Imperial Star Destroyer, which can ‘only’ 

accelerate more than two million times 
faster than the speed of light through 
space. Passing through the light barrier 
(the speed of light is around 300,000km 
per second) leads to ‘hyperspace’, which 
has up to eleven dimensions and avoids 
Einstein’s cosmic speed limit.

HOW DO YOU TRAVEL THROUGH 
THE STAR WARS UNIVERSE?

WHAT DOES HYPERSPACE 
REALLY LOOK LIKE?
According to physicists, you would 
not see the leap through the light 
wall as it’s depicted in the fi lm, 
when a strip of stars hurtles past. 
Instead there would be just a disc 
of glaring light. 

SECOND DEATH STAR 
(from Episode VI)
Diameter: 900km

“The true sign of intelligence is not 
knowledge, but imagination.” When 
George Lucas plunged into the 
biggest project of his life 40 years 
ago, he may have had this quote 
from Albert Einstein in mind. What 
Lucas created was Star Wars, the 
most successful sci-fi  saga of all 
time. While showing what’s possible 
with the power of imagination, his 
visions also expanded the horizons 
of science and put seemingly 
impossible technology on fi lm. 
Some see the fantastical machines 
in Star Wars as among the next 
quantum leaps in science: “The 
fascinating universe of Star Wars 
stimulates our imagination,” 
explains Michio Kaku, a professor 
of theoretical physics. “Lucas 
presents entirely new worlds to us 
and we physicists have to bring it 
to life – technologically.”

Episode VII: The Force Awakens 
was not just a huge box offi ce hit 
– grossing more than $2 billion –
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it even inspired some new
technologies. So, to celebrate the
film’s success, World of Knowledge
has been examining the state of
research into the technology used
in Star Wars. How do lightsabers,
prosthetic arms and laser weapons
work? Do these technologies stand

“It’s a completely
new state of
matter – the
physics behind
it is similar to what
would have to
happen inside
a lightsaber.”

THE FASTEST 
SHIPS IN THE 
UNIVERSE

up to a reality check? And are 
some of them already in use 
without us even knowing it?

CAN LIGHT MOLECULES 
ACT LIKE LIGHTSABERS?
Everyone’s dreamed of holding a 
lightsaber in their hands – but, 
unfortunately, physics has other 
ideas: the blade would simply be 
an infi nitely long light or laser, 
which would only be visible when it 
struck resistance. The beam would 
be most visible when it encounters 
dust particles – like a laser pointer.

However, a blade of light may not 
be the stuff of fi ction much longer, 
because a team of US researchers 
has done something that could turn 

the world of physics on its head: 
“We have developed a method of 
making photons interact with each 
other so that they begin to behave 
as if they have mass. They 
combine to form quasi-molecules,” 
explains Mikhail Lukin of Harvard 
University. In an experiment, the 
scientists pumped rubidium atoms 
into a vacuum chamber and cooled 
the atom cloud using lasers to a 
few degrees above absolute zero. 
When they shot more particles at 
the cloud, they didn’t escape as 
separate atoms – but as a 
connected unit. “When these 
photons interact, they nudge and 
guide each other – the physics here 
is similar to what would occur in a 
lightsaber,” explains Lukin. 

The researchers are already 
dreaming of creating complex 
three-dimensional structures from 
this completely new state of matter 
in the future: they want to produce 
crystals of pure light – lightsabers. 

WILL A PROSTHETIC ARM 
COME ABOUT THROUGH 
THE SHEER POWER OF 
IMAGINATION?
One question that was hotly 
debated when the fi rst trailers were 
released: where’s Luke Skywalker? 
There’s was no trace of the hero in 
the promos – apart from one scene 
where a hooded fi gure stretches 
out a prosthetic arm to R2D2. This 
was clearly veiled reference to 
Luke, who lost his right hand in a 
battle with Darth Vader, which was 
then replaced with a cybernetic 
prosthesis. But is this technology 
still really in the distant future? In 
the US, the Defense Advanced 
Research Projects Agency (DARPA) 
spent $40 million developing an 
artifi cial arm, which was approved 
for the market in 2014. >

DISCOVERY ONE (2001: A SPACE ODYSSEY)
Atom-powered plasma engine
0.00002 times gravitational acceleration

CYCLON RAIDER (BATTLESTAR GALACTICA)
Superliminal drive
7.5 times gravitational acceleration

JUPITER 2 (LOST IN SPACE)
Hyperdrive
0.55 times gravitational acceleration

TIE FIGHTER (STAR WARS)
Twin ion engines
4,100 times gravitational acceleration

USS ENTERPRISE NCC-1701 (STAR TREK)
Warp drive
512 times the speed of light

DEATH STAR (STAR WARS)
Sepma 30-5 sublight engines
A million times the speed of light

TARDIS (DOCTOR WHO)
Vortex drive
Ten billion times the speed of light

MILLENNIUM FALCON (STAR WARS)
Hyperdrive of 0.5
9,130,000 times the speed of light

DELOREAN (BACK TO THE FUTURE)
“Flux capacitor”
0.34 times gravitational acceleration

USS SULACO (ALIENS)
Hyperdrive
271 times the speed of light

PLANET EXPRESS (FUTURAMA)
Dark matter drive
4,870,000,000,000 times the speed of light

X-WING STARFIGHTER (STAR WARS)
Thrusters and hyperdrive
4,570,000 times the speed of light

SPACE SHUTTLE DISCOVERY (NASA)
Aerojet Rocketdyne RS-25
Three times gravitational acceleration

SPEED OF A PROTON
(IN LARGE HADRON COLLIDER)
Particle accelerator at CERN
1.9 billion times gravitational acceleration

IMPERIAL STAR DESTROYER (STAR WARS)
Ion drive
Two million times the speed of light

HEART OF GOLD (HITCHHIKER’S GUIDE TO THE GALAXY)
Infi nite improbability drive

Speed relative to the speed of light (c = 299,792,485m/s) 

Acceleration relative to gravity (g = 9.8m/s2)

Which is faster: the Enterprise, 
the Millennium Falcon or Doc 

Brown’s DeLorean? We compared 
the top speeds of real and fi ctional 
spacecraft in one table.

»



Tellingly, its nickname is “Luke”. 
It can carry out ten different 
movements and has six grip 
patterns that allow the wearer to 
eat independently, tie their shoes 
– maybe one day even swing 
a lightsaber. The artifi cial arm is 
controlled by electrodes, which 
are attached near the top of the 
prosthetic. They interpret the 
brain signals that trigger muscle 
contractions and transmit them 
to a computer that converts the 
signals into movement commands. 
Clever – but it comes at a price. 
Currently that’s around $100,000.

ARE LASER WEAPONS 
ALREADY IN USE? 
Silently, the drone fl ies towards its 
destination over the barren desert 
landscape. Suddenly – as if struck 
by an invisible beam – it launches 
into a tailspin before crashing into 
the hard sand below. What sounds 
like a scene from The Force 
Awakens actually took place in 
New Mexico recently. It happened 
during testing of a prototype laser 
weapon that aviation giants Boeing 
has developed for the US military. 
Engineers mounted a rotatable 
ten-kilowatt solid-state laser 
to a US Army truck and shot 
down more than 150 targets, 
including remote-controlled 
drones and mortar shells. 

The High-Energy Laser Mobile 
Demonstrator (HELMD) has several 

signifi cant advantages over 
conventional weapons systems: 
it can operate autonomously, shoot 
an unlimited amount of times 
(thanks to a diesel generator), and 
is signifi cantly cheaper. “A budget 
missile costs $100,000 and can 
only be fi red once,” explains 

Boeing director David DeYoung. 
“To fi re the laser weapon once 
costs less than $10.” 

While HELMD is only in the 
testing phase, the fi rst laser gun is 
in already in use on the warship 
USS Ponce, which patrols the 
Persian Gulf. The $40 million laser 

RIDDLE IN THE SAND
In the new Star Wars fi lm the 
wreck of an Imperial Star 
Destroyer on Jakku is the starting 
point of the story – and the scene 
of many spectacular chases.
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weapons could 
save lives”



FROM ZERO TO HYPERSPACE
The 1,600-metre-long Destroyer was 
equipped with a hyperdrive, along 
with turbo lasers, ion cannons and 
tractor beam projectors. It was 
normal procedure to dump the ship’s 
garbage before hitting hyperspace, 
thus reducing overall weight.

weapon system (LaWS) can fi re 
both warning shots and deadly 
beams of light, and only needs 
a few seconds to take out drones 
or set fi re to a boat containing 
pirates or terrorists. 

All of these systems are based 
on fi bre laser technology. Light 

from semiconductor laser diodes 
is enclosed in thin glass fi bre and 
then refl ected in a heavy metal fi bre 
core, before eventually being 
converted into an intense laser 
beam. Although there’s still a long 
way to go until we develop the 
laser cannon seen in Star Wars, 

technology expert Paul Scharre 
thinks the US military is on the 
cusp of using directed-energy 
weapons in the fi eld: “Fibre laser 
weapons could save lives and 
protect US bases, ships and 
military personnel.” So the 
future has already begun.

46,800 CREW MEMBERS
They can carry up to 46,800 personnel, 
including 9,700 stormtroopers. 
Compare this with the biggest cruise 
ship, Harmony of the Seas, ‘only’ 
capable of carrying 6,360 people.



SCANNING THE OCEAN
FOR RUBBER DINGHIES

Every day thousands of refugees 
set sail on a perilous journey 

across the Mediterranean Sea to Europe. 
The size of the boats they use mean  
only a fraction are detected by satellites, 
while they easily slip under the radar of 
patrol ships. This is what the so-called 
Wave Glider is aiming to counter. And the 
underwater drone is not some project for 

the distant future – quite the opposite. 
The autonomous mini subs can be  
kitted out with a passive acoustic  
sensor to scout the ocean for boats 
exhibiting ‘abnormal behaviour’, and  
are already being tested in the course  
of a mission by the EU border agency 
Frontex. Part of a state-of-the-art 
software suite, the sensors are  

designed to acoustically detect and track 
suspicious waterborne sounds, which  
are then transmitted to a command  
and control centre on the mainland.  
In the future this could allow unseaworthy 
refugee boats to be tracked down in 
international waters and then collected 
back by the patrol boats of the countries 
from where they set sail. 

Project: WAVE GLIDER

WORLD EVENTS
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tracking down capsized vessels,
saving people from drowning, seizing
refugee boats and registering the
occupants on shore. It’s a mammoth
undertaking, especially when you
consider that an estimated 138,000
people travelled across the
Mediterranean to Europe in the first
ten weeks of this year alone. But
how exactly should this task be
managed in the future? And can
high-tech surveillance make the
border fences erected by the likes
of Hungary redundant?

Frontex HQ is something of a
fortress. Four safety barriers, metal
detectors and an iris scanner stand
between the outside world and its
23rd floor nerve centre. Information

ike a nutshell, the
rubber dinghy
bobs through the
endless blue of
the Mediterranean.
A tiny black dot in the

glittering water that disappears
then reappears in between the
troughs and crests of the waves.
The dinghy has been drifting for
days, somewhere between Morocco
and Spain, far from the boats and
planes of the coastguard. Seemingly
unnoticed, it sails towards Europe.
But what none of the 38 refugees on
board suspect is that the dinghy has
been under observation for some
time. High up in space, a satellite
has been tracking its every move.

HOW DO YOU MONITOR A
14,000-KILOMETRE BORDER?
Who makes it, who doesn’t? The
fate of thousands of refugees is
decided on the Mediterranean Sea,
off the coasts of Italy, Greece,
France and Spain – and on the 23rd
storey of a skyscraper in the Polish
capital Warsaw. This is where the
central command of the European
border control agency Frontex is
based. The EU-funded special unit
has more than 300 employees.
It runs dozens of patrol boats,
helicopters and drones and has
access to several satellites.

Frontex’s surveillance area extends
across nearly 14,000 kilometres of
borders in Europe. The task so far:

L

>

The war to stop

REFUGEES
Every week, a fresh wave of refugees hits Europe. But while 

they prepare for their perilous journey, politicians are busy looking 

at ways to beef up security on Europe’s borders – which could spell 

the end for physical barriers like walls and fences



“If people want 
to come, they 
will. We can’t 
shoot them.”
Michail Partzyszek, Frontex

THE HEART OF FRONTEX
In the command centre of the European border 

agency Frontex, satellite images show the 
position of refugee boats that have been 

detected. The special unit coordinates 
operations in the Mediterranean from here. 

“detecting hidden people”, and 
researchers are already building the 
border control systems of tomorrow. 

The goal is that in future, refugee 
boats should be detected shortly 
after setting sail in international 
waters. Under the framework of the 
cooperation treaty, partner countries 
like Libya, Morocco or Tunisia will be 
able to intercept the boats before 
they reach European waters. 
Another advantage of the high-tech 
surveillance is that criminal gangs of 
traffickers can be caught in the act 
and arrested. In addition, Eurosur 
will guarantee the systematic 
registering of all migrants and 
refugees, who would otherwise  
be able to travel unnoticed and 
unchecked through Europe,  
in reception centres on the 
Mediterranean coast. In reality there 
are already thousands of migrants in 
Europe who aren’t registered and 
therefore can’t be deported. 

The importance of Eurosur to EU 
governments becomes even clearer 
when you look at what Frontex 
costs. The budget for running the 
border control agency has risen 
from 6 million in 2005 to 340 million 

gathered on the front line is fed back 
to the situation room here. Huge 
monitors on the walls show images 
from satellites and drones alongside 
maps of the Mediterranean. On one 
of the screens are scores of green 
dots, each one representing a ship 
or boat carrying refugees. Agents 
analyse the images and pass on the 
vessels’ coordinates to the mobile 
deployment teams at the scene. 

One of the satellite images shows  
a stretch of sea between Morocco 
and Spain with a lone green dot  
on it. Frontex notifies the Spanish 
coastguard who quickly despatch  
a ship and helicopter to the scene.  
A few hours later, 38 refugees – 
dehydrated but alive – are fished  
from the Mediterranean Sea and 
brought to the European mainland. 
Exhausted and hungry, if they can’t 

prove their refugee status they  
face immediate deportation. 

In spite of this, thousands of 
others have also made the journey 
across the Med this year in an effort 
to reach Europe. Some have 
drowned as a result of rough seas 
and leaky boats. In the future, 
Frontex wants to help make both 
scenarios significantly less regular 
occurrences. But even the most 
conservative security experts no 
longer believe this is possible  
using just barbed wire fences and 
military ships. And so strategists  
in Brussels and Warsaw are 
currently undergoing something of  
a paradigm shift. Instead of building 
higher and higher walls, the EU is 
currently massively increasing 
surveillance measures with the help 
of Frontex. The satellite monitoring 
being used at the moment is just the 
tip of the iceberg. Its border control 
system, Eurosur, is currently being 
expanded. Eurosur is a vast system 
encompassing surveillance 
cameras, drones, thermal and 
infrared sensors, robots and more. 
Add to this the most modern coastal 
radar and electronic sniffer dogs for PH
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THE DEADLIEST 
BORDER IN THE WORLD

GREECE
138,977

According to UN fi gures, around 150,000 refugees reached 
Europe by crossing the Mediterranean in the fi rst ten weeks of 
2016. Offi cial fi gures show that 440 people died during the sea 
crossing. But experts fear that the real fi gure is far higher. 

ARRIVALS ACROSS THE MEDITERRANEAN
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last year. And so the main 
benefi ciaries of the European 
refugee crisis are predominantly 
defence contractors and technology 
fi rms. German magazine Der Spiegel 
claims that representatives from 
these two industries have been 
advising the EU Commission on the 
technical matters of border control 
for years. The result? Lucrative new 
contracts for their employers. 

Putting to one side this seeming 
confl ict of interest, the expansion of 
high-tech surveillance systems is 
now considered by experts to make 
much more sense than building 
higher and higher fences. Because 
it’s not just borders that can be 
saved by the detection of refugee 
boats – but human lives.

These autonomous airborne drones are
set to replace patrol boats, helicopters 

and border fences in the future. They 
use electromagnetic shockwaves, quick-
hardening polymer foam and pyrotechnics 
to stop and slow both boats and land-based 
vehicles. AEROCEPTOR will also be used to 
stop terrorists, drugs and weapons smugglers 
– as well as battle people traffi ckers. It’s 
not yet been explained exactly how the 
technology will be deployed. The project’s 
test phase ended in May this year. 

Yet another prototype, this border 
protection robot is equipped with 

hi-tech surveillance technologies rather 
than weapons: radar, cameras, sensors 
and on-board computers are all part of the 
package. The robot is designed to patrol 
Europe’s borders completely autonomously, 
and then raise the alarm so that refugees 
or smugglers can be detained by border 
protection troops. The development of 
TALOS cost 20 million. It’s unclear when 
– and if – it will go into production. 

Project: AEROCEPTOR
AUTONOMOUS HELICOPTERS 
PATROLLING THE COASTS

Project: TALOS
COMBAT ROBOTS WATCHING 
EUROPE’S BORDERS
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BIRTH OF A SUPERPOWER 
The Reichstag, 11th December 1941: in the course 
of a 90-minute speech, Adolf Hitler declares war 
on the USA. In doing so he sets in motion the USA’s 
transformation into a global superpower. 

HISTORY
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�
e promised 
the German 
people a 
1,000-year 
Reich. And by 
the time he 

fi nished speaking, Adolf Hitler had 
indeed created an empire. But it 
wasn’t a German one like he had 
planned, it was American. It had 
taken him just an hour and a half – 
that’s how long Hitler addressed the 
Reichstag on 11th December 1941. 
Eighty-seven minutes that would 
change the world forever. 

The Führer stands at the lectern, 
his voice calm and measured. 
A deathly hush settles over the 
packed room as people listen on, 
hanging on his every word. First, 
Hitler gives the members of the 

house an update on the war against 
Great Britain. Next, he paints 
himself as the protector of Europe 
against the Soviet Union. But then 
talk turns to America. The intensity 
and pace pick up. His voice 
becomes louder, more aggressive. 
He calls the US president insane as 
he explains how “it is the intention 
of the Jews and their Franklin 
Roosevelt to destroy one country 
after another.” Shouts of approval 
echo through the Reichstag.  

And then – to thunderous applause 
– the self-proclaimed ‘greatest fi eld 
commander in history’ seals his fate 
with a single sentence: “Germany, 
Italy and Japan will see out this war 
to its victorious conclusion…”

With this sentence Hitler 
establishes a war on two fronts 
that he can’t win. Seventy-fi ve years 
later, historians are still debating 
why Hitler declared war on the 
USA in the fi rst place. The dictator’s 
reckless decision is considered 
his biggest, most stupid mistake. 
And it’s an error that would take 
anyone familiar with Hitler’s earlier 
plans by surprise, 

Did Hitler really want to wage war 
on the USA? It’s a question he 
answered himself in a manuscript 
designed to be his follow-up to Mein 
Kampf. In this second book, which 
has never been published, Hitler 
describes the USA as Germany’s 
main enemy. But he also says that 
the fi nal battle will only be waged at 
the right time. Only once the whole 

OPERATION BARBAROSSA
With the invasion of the Soviet Union 
on 22nd June 1941, the tide starts to 
turn: appalling weather conditions 
and fi erce Soviet counter-attacks 
force Hitler to abandon the Moscow 
offensive for the winter. In spite of 
the disastrous situation on the 
Eastern Front, he declares war 
on the USA in December 1941. 
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of Europe and Russia has been fully 
conquered would the Nazi war machine 
turn to America. 

The reality at the end of 1941 is entirely 
different. Thanks to the RAF, Britain has 
so far stood firm against wave after wave 
of Luftwaffe attacks. And only six days 
before Germany declares war on the 
USA, Operation Barbarossa grinds  
to a halt. Beaten back by temperatures 
of minus 50ºC, the German 
attack on Moscow freezes 
in its tracks on 5th 
December. Now the 
Soviets are forcing 
the German troops 
back. In his 
headquarters at 
the Wolf’s Lair, 
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Considered the most significant
physicist in history, Einstein created
the theories which facilitated the
construction of a nuclear bomb. In
1933 he gave up his German passport.

���� ����
The Jewish physicist left the Reich
directly after Hitler’s rise to power. In
1943 he was awarded the Nobel Prize.

��
�� �����
A world authority on psychoanalysis,
Fromm came from a Jewish family and
was thus forced to flee.

��� �����
Bethe had a Jewish mother. In 1933
he fled, first to England then on to the
US in 1935. In 1967 he scooped the
Nobel Prize for Physics.

��� ��������
The eminent geneticist upped sticks for 
New York. He received the Nobel Prize 
for Physiology or Medicine in 1969. 

���
� �����
The Swiss physicist with Jewish roots
worked on the Manhattan Project from
1942. In 1952 he won the Nobel Prize.

the Führer paces back and forth. He can 
hardly believe what is happening: his 
“unstoppable” army has actually failed in
Russia. Hitler insists there’ll be no retreat;
his army will fight until the last man is 
standing! He doesn’t care about the 
men’s lives, he’s worried about the loss
of his reputation built around being 
immune to failure. 

Just two days later, then, the man who
thought he had everything under control
receives a second piece of surprising 

news. Without informing the 
German leadership, on 7th

December 1941 the 
Japanese attack the

US base at Pearl 
Harbor. Hitler is not
obliged to help his
ally in the fight 
against the USA.

����
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The German Reich prior to 1933 was 
a centre of science, art and culture, 
but then Hitler entered the fray…  
Directly after the Nazis seized 
power, intellectuals and scientists 
began to leave the country – mostly 
for the USA. It has been said that 
“Hitler shook the tree and America 
got the apples.” From 1945 America 
even took in known war criminals. 
On the back of this the USA began 
to build its status as a superpower.



But instead of weighing up the new 
strategic situation, he declares war on 
the USA just a few days later. Did Hitler 
feel under pressure to support the 
Japanese against the might of America? 
Not according to historians. They argue 
that by declaring war on the 
USA, Hitler hoped that
Japan would, in turn,
declare war on the
USSR.

It’s a vain hope.
While Hitler’s plan
stalls, Roosevelt’s
begins to work:
the US president
has long wanted
to join the war
against Germany.
But 95% of Americans
are set against sending
troops into Europe and their
stance is reflected in the Senate, too.
Roosevelt has not got the majority
needed for a declaration of war against
Nazi Germany. The US will remain
neutral. And of course, in 1941, the
United States is still starkly isolated from
the rest of the world. At the beginning of
the Second World War the US had no

real intelligence service and its army 
consisted of just 200,000 soldiers. In 
contrast the German Reich had more 
than seven million soldiers in 1941. 
Although the USA rose to become a 
global economic power after the First 

World War, its military was 
drastically reduced in size 

after 1918. Even the 
Japanese attack on 

Pearl Harbor 
doesn’t result in 
more money 
being funnelled 
the military’s way. 
The war with 

Japan will only 
take place in the 

Pacific – and will not 
be waged against 

Germany directly. 
But then President 

Roosevelt receives an unexpected gift 
from Hitler that changes everything: the 
Führer declares war on the USA. 
Roosevelt is persuaded to join the Allies 
in adopting a ‘Germany first’ war 
strategy, whereby priority would be given 
to defeating Germany before focusing on 
Japan. It’s the day that the USA’s 

������ ��	
��
Founder of the Bauhaus movement,
whose work was seen as “degenerative
art” by the Nazis. Gropius fled first to
England, then on to the US in 1937.

����� �������
Kissinger’s family feared for their
lives in Germany. The young Henry
later became arguably the most
influential US Secretary of State ever.

������ ���
��� ��� �	��
Along with Gropius, regarded as one of
the pioneers of modern architecture.
Although initially associated with the
Nazis, he took up the US offer in 1937.


��� 
���� �����
The physicist could only continue
his work in the USA.

��������� ��

���
After the cessation of hostilities, the 
US recruited many engineers as part  
of Operation Paperclip. Their number 
included aerodynamics whiz  
Alexander Lippisch. 

���� �����
The Austrian philosopher and
mathematician was one of the most
important logicians of all time. To
avoid being conscripted, he fled to
the US in 1940.
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reputation as the unofficial world police
force is born. The German Reich can’t
counter the combined forces of Britain,
the USA and the Soviet Union – Hitler
endures defeat after defeat until his
suicide in 1945. The US, on the other
hand, goes on growing and growing.

��� ���� 	�
� ��
����
� ���	����	

How do you build a world power whose
influence stretches around the globe?
Sociologist Michael Mann identifies the
four principal sources of a country’s
power as being control over economic,
military, political and ideological
resources. Back in 1941, the US is some
way off being in control of all four. Its
economy is ticking over nicely, but as a
military power it is nowhere near the level
of Germany. Then Hitler utters his fateful
words in the Reichstag, the US war
machine fires up and the rest is history.

The military source of power is not just
about tanks and soldiers. Fearing the
Nazis could build an atomic bomb, the
Americans fight fire with fire. They pool
their financial muscle and scientific
expertise into the Manhattan Project, a
military project to create the first US

atomic bomb. Aware that German
scientists are leaders in the nascent
nuclear field, by 1945 the USA is
deliberately targeting researchers from
Germany. This brain drain turns the USA
into a technological and scientific leader
– a role previously held by Germany.

The third source of power is politics,
which governs the relationship between
states. Roosevelt has a clear vision of
Germany’s role in a post-war Europe: he
wants to prevent a peace treaty like the
one signed in Versailles after the First
World War, which created social and
economic problems and led to the rise
of the Nazis. Roosevelt wants a strong
Germany in the centre of Europe – a
democratic partner. This also helps form
the fourth source of power: ideology.
Ever since 1945 the US has been seen
as the global police force, the defender
of democracy and freedom, first in
Europe and then in Korea.

The end of the Second World War sees
the four sources of power as strong
pillars on which the United States builds
its global empire. The architect of this
superpower might have been Franklin D.
Roosevelt – but its construction was first
made possible by Adolf Hitler.

��������	����
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The Nazi doctor was accused of 
carrying out experiments on humans. In 
the USA he was safe from prosecution. 

������� ���	�����
The legendary rocket engineer made 
the first space flight possible. His 
murky involvement with the Nazis has 
never been fully explained. 

����� �� 	
����� �����
The Haber brothers proposed 
parabolic flight as a platform for 
astronaut training and engineering 
experiments. Like some 200 other 
scientists, Fritz and Heinz Haber were 
recruited by the USA in Operation 
Paperclip. While Fritz built rockets, 
Heinz became a TV presenter. 

����� ��������

The rocket expert became a member of 
the Nazi Party in 1932. After his 
recruitment by NASA he worked on the 
Saturn V rocket.

������ ���
Another hugely influential figure who 
worked with Braun in Germany. 

������ ������
Rocket engineer and Nazi member 
from 1931. Under the Nazis he 
developed the V-2 missile – in the USA 
he worked on the moon programme. 

���� ��
���
The chemist was a member of the 
infamous Brownshirts. He avoided 
de-nazification by going to the USA. 
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SACRIFICE FOR FREEDOM 
With the Normandy landings, 

the USA begins its quest to 
liberate Europe from the evil 
grip of Hitler’s Reich. During 
the Second World War more 

than 400,000 US soldiers will 
lose their lives. 
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QUESTIONS & ANSWERS
DO YOU HAVE A QUESTION FOR OUR TEAM OF EXPERTS? 
Simply send us an email with ‘Questions and Answers’ in the 
subject line to worldofknowledge@bauer-media.com.au

This surfer and the one to his 
left have no chance of 

catching the wave. They are 
paddling towards the next 

mountain of water. 

OUTCAST
The surfer in red has a poor 
exit position. He is too far 
away from the breaking wave 
and draws up his board so 
that he’s not caught by it. 



 

Surfi ng the 
monster 18-metre 

waves off Hawaii is a 
life-threatening sport. 
Not only because falling 
off your board could 
mean being swallowed 
by thousands of tons 
of water, but also 
because surfi ng these 
crowded waves means 
risking a crash with 
fellow thrillseekers. 
With take-off speeds 
of 65km/h, the pointed 
boards pose a serious 
health risk. For that 
reason certain rules 

relating to who has right 
of way apply to all 
waves in the world. In a 
nutshell, only the surfer 
closest to the peak of 
the breaking wave is 
allowed to surf the 
wave. In this photo 
that’s the surfer on the 
right in the blue T-shirt. 
Everyone else must 
either sit it out (green 
board) or take a punt 
that the surfer with 
priority won’t make the 
wave. For that reason 
some paddle parallel to 
the wave (yellow board). 

ABORTED ATTEMPT
The surfer in red (with a green 
board) recognises that the 
surfer in blue has priority and 
breaks off his attempt.

FREE RIDE
The surfer in blue has the 

right of way and is paddling 
the wave ready to ride it. 

RULE BREAKER
Although the surfer in blue has 
priority, the surfer in white (with a 
yellow board) is trying to muscle 
in on his wave. This is bad form.

AMBUSH POSITION 
The surfer in green is waiting 
to see if the surfer in front 
of him will catch the wave. 
If not, it will be his turn 
to paddle in. 
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foraging fl ights need to 
be carried out by a colony 
of bees to collect a year’s 

supply of pollen. 
That’s 30kg.

1,500,000

In Australia, $17 billion worth of 
pesticides are sprayed each year 
to protect crops from disease. 
But thanks to new start-up Bee 
Vectoring Technology (BVT) that 
could soon become a thing 
of the past. The company has 
discovered that bees provide 
a natural alternative to pesticides. 
BVT has designed a tray that the 
bees walk through when they exit 
the hive. In the tray is an organic 
inoculant powder that is collected 
on the bee’s hairy legs and body. 

ARE
BEES THE 
BETTER 
PESTICIDES?

The bee then distributes it over 
the surrounding plants, protecting 
them from pathogens. 300 bees 
and 18 grams of the powder will 
protect around ten million plants. 

A honeybee can reach a speed 
of 25km/h during fl ight. To achieve 

this, the bee will beat its wings 
12,000 times per minute.

Bees carry pollen pellets which form as a result of 
small grooves in their back legs. A single bee can 
carry about half her own body weight in pollen. 

The fi rst few weeks of a worker bee are 
spent as brood nurses feeding the larvae. 
When they get older they are deployed on 

foraging trips collecting nectar and pollen.
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More than 1.2 trillion bricks are produced 
worldwide every year, resulting in 800 
million tons of CO2 being spewed into the 
atmosphere. Now a new method aims to make 
the production of the oldest building material 
in the world more environmentally friendly. 
The basis of the new-fangled type of brick 
is sand mixed with bacteria. The bacteria 
are fed with a nutrient solution that contains 
calcium and which triggers calcifi cation in the 
microorganisms, as a result of which the sand 
becomes fi rmer and fi rmer. It takes two to 
fi ve days for a brick to be fi nished, the same 
amount of time a fi re-cast brick needs. But the 
new process doesn’t require high temperatures 
and, thanks to the bacteria, the water can be 
reused as a fertiliser. 

CAN YOU
BUILD A 
HOUSE WITH 
BACTERIA?
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For anyone who has ever complained that passing trains 
ruin the countryside idyll, the new high-tech project in 
Japan will be welcome. The fi rst invisible trains will begin 
travelling there in 2018. Like a chameleon they will blend 
into the landscape. How exactly does that work? Well, the 
trains will be clad in a semi-refl ective skin designed to 
mirror the scenery they are streaking through. Seven 
eight-carriage trains will come into operation in Tokyo 
between 2018 and 2019. The project is expected to 
cost around $125 million. 

��������	�
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Twitter has over 300 million active users and recently some 
of that number have been trees. As part of a study by the 
Laboratory of Plant Ecology at Ghent University in Belgium, 
12 trees in four different locations were fi tted with various 
bits of monitoring kit – and Twitter accounts. The trees 
tweet updates during the day, writing things like “My sap 
has started fl owing!” and share information on their trunk 
growth. The project is designed to raise people’s awareness 
of climate change and its effects. 
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It can take up to ten minutes for the fi re service to 
reach the location of an alarm. During that time a 
fl ying saucer called Firesound might have already 
done the hard work – without using any water. 
The metre-wide hydrogen-powered drone is 
used to monitor forests. If it comes 
across a fi re that has just broken out, 
the aircraft emits deep sound waves. 
These waves create air currents which 
weaken the small fi re. It’s not only the 
temperature that is reduced – it effectively 
moves the air just enough to starve a fi re of 
oxygen. Fire departments are now looking at 
the drone as a potential ‘eye in the sky’ because 
its thermal cameras can help fi re chiefs decide the 
best place to deploy fi refi ghters during forest fi res. 

DO 
ELEPHANTS 
KNOW 
WHO 
THEY ARE?
For the fi rst time, researchers 
have proven that elephants 
can recognize themselves in 
a mirror. Other animals often 
take their refl ection to be that 
of a cheeky playmate that is 
imitating them. Not so with 
elephants: some of the 
pachyderms had a white cross 
painted on their foreheads and 
when they saw themselves in 
the mirror, they touched that 
area on their head with their 
trunk – not the refl ection. 
This is a sure sign that the 
animals recognise themselves 
– and are thus capable of 
complex thought. At the 
West Midlands Safari Park in 
the UK, an African elephant 
called Latabe even took the 
world’s fi rst ‘elfi e’ on a visitor’s 
dropped mobile phone in 2014. 
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A sneeze can travel at 160km/h 
– equivalent to a hurricane-force 
wind. This energy is needed to 
eject whatever foreign particles 
are causing the nose irritation – 
commonly dust and allergens like 
pollen or animal dander. If the 
number of particles is too large, 
then we may need to sneeze 
several times. That’s because 
when the sneezing refl ex is 
triggered, the volume of air in the 
lungs and pharynx is compressed 

and the pressure required to 
expel them in one sneeze 

would be too high. 
You should avoid 
holding your nose 
when sneezing, as the 

pent-up pressure 
can escape into 

the middle ear 
and cause 
damage. 
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WHY DO SNEEZES 
RARELY COME ALONE?
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It’s a tantalising thought. The 
artifi cial hip that could help us to 
walk in later life might one day 
power something a good deal 
faster than a human being. The 
recycling of prosthetics such as 
titanium hip replacements and 
cobalt chrome knee joints from 
crematoriums is a growing trend 
across Europe. OrthoMetals, the 
company behind the recycling, 
says over half of Britain’s 272 
crematoriums have signed up to 

the scheme, which last year helped 
recycle 450,000kg of metal. The 
metal is fi rst sorted, then sold on to 
a foundry. Some of the higher value 
metals are then sold on again to 
casting companies to be made into 
component parts for the aerospace 
industries, such as aircraft turbine 
blades and engines. Even cheaper 
metals like steel (used in the plates 
that hold legs and skulls together) 
are smelted down and reused in 
road signs and lamp posts.

Does a wagging tail 
indicate�a dog is happy?

Not necessarily, according to the 
pooch-loving boffi ns behind TailTalk, 
a sensor that sits on Fido’s tail to track 
his daily ups and downs. The emotional 
data is transmitted to an app on your 
smartphone, allowing you to learn what 
makes your hound happy, and what 

causes him stress. Experts claim 
tail-wagging signals behavioural nuances 
that dogs understand but humans do not 
always recognise. Left wagging usually 
indicates negative feelings like anger or 
aggression, while right wagging typically 
demonstrates that your pooch is excited.
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It’s hard being a clown fish. You’ve got kids to keep an
eye on, razor-sharp coral to watch out for and dangerous 
predators at every turn. Oh, and there’s the small matter 
of a sex change just around the corner

D on’t be fooled by the colourful scenery: it’s a 
tough life in amongst the coral reef! There’s 
danger everywhere you look – some of the 
coral has razor-sharp teeth, others are armed 

with deadly blades – while predators constantly patrol the 
surrounding waters. It’s a world of contrasts: the prettiest-
looking plant contains some of the most fatal neurotoxins. 

To survive here as a small fi sh you’ll need nerves of steel, 
reliable allies – and a really good plan. Luckily, the clownfi sh 
has all three of these qualities. It spends its entire ten-year 
existence slap bang in the middle of the sea anemone, one 
of the reef’s most poisonous plants. Theirs is a symbiotic 
relationship, benefi cial to both partners: the toxic tentacles of 
the anemone protect the clownfi sh from predators, while in 
return the colourful fi sh pushes its host something nutritious 
every now and again and keeps its tentacles clean. 

So that it doesn’t fall victim to the deadly tentacles, the 
clownfi sh familiarises itself with them by gently brushing 
against the tentacles several times. The fi sh then coats 
itself in mucus so that the sea anemone doesn’t see it as an 
intruder. In effect, the clownfi sh is saying, “I belong to you, I’m 
harmless, there’s nothing to eat here.” 

In the centre of the sea anemone, Mr Nemo watches over 
1,000 eggs every day. That’s right, Mr Nemo – with clownfi sh, 
it’s the men who look after the kids. They’re also an integral 

POOR OL’

NEMO
part of a plan that is as ingenious as it is unique: clownfi sh 
believe in a size-based hierarchy – big is best. In practice it 
looks like this: the male fi sh all report to a lone, large female. 
The breeding male is second largest in the group, and the 
others get progressively smaller as the hierarchy descends. 
All live together on a sea anemone. As soon as a fi sh dies, the 
survivors move up the ranks by one position. If that fi sh is also 
the female, the breeding male changes sex and assumes the 
mantle of leader. The largest non-breeder then becomes 
the breeding male and so on. Complicated? Not really. 
You just need to remember that with clownfi sh 
it’s always the female that rules the reef…

AND FINALLY...
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Doctor’s orders
CATHERINE SCAHILL 
Your feature ‘What Doctors Don’t Tell Us’ (July) suggests that 
I and my fellow doctors are misinformed. Everything you said has 
some truth in it, but let’s just look at the fi rst point. You suggest 
that doctors are ignorant of the risks of benzodiazepines because 
they are still prescribed. Yes, they can be addictive if not used 
carefully and, yes, they are still prescribed. But writing this I am 
reminded of the patients that I have seen after the most harrowing 
events have happened to them. These tablets, used carefully and 
in the short term, can be crucially helpful for people coping with 
travesty. Last year a poll in the UK found that 87% of people 
trusted a family doctor to tell the truth, higher than for any other 
profession. Despite this I spend increasing amounts of time 
dealing with patients who have been misinformed by the media. 
Teenagers are already a group who we have tried to focus on and 
improve access for in the last few years as self-harming and eating 
disorders in this age group increases. With 25% of GPs thinking of 
retiring in the next fi ve years, increased expectation and reduced 
resources, we could all do with more support. 

Black magic
RACHEL BASS
I enjoyed your article ‘The Psychology of a Witch Hunt’ (August). 
However, while this was about the well-documented Salem witch 
trials, we should remember that those victims numbered just 20. 
In western Europe, over 200,000 people were tortured, hanged 
and drowned as a result of witchcraft accusations from 1484 to 
1750. Matthew Hopkins was responsible for over 300 executions 
and fear gripped Britain’s East Anglia for 14 months. He was paid 
to invent accusations, carry out torture and extract confessions 
from innocent people. Hopkins had 68 people put to death in 
Bury St Edmunds alone, 19 hanged in Chelmsford in a single 
day, and then set off for Norfolk and Suffolk. The victims were 
overwhelmingly female and poor. Let us not forget those who died 
here. Salem may be famous, but it was the tip of the iceberg.

Cold comfort
JONATHAN GORDON 
What a chilling article on cryonic 
preservation last month (‘Waking 
The Dead’, August). I can’t say 
I understand why somebody would 
want to pay thousands to have 
their corpse frozen after death, 
but the feature offered really 
interesting insights into the process. 
I wondered if there are back-up power 
generators in place in the event of a 
power cut at a cryonics facility? You’d 
hope so, given how much money 
these people invest in the process.
 > Although most plants have back-up 

generators in place, it would take 
weeks for liquid nitrogen to boil off 
and the fi rms also keep extra in 
reserve. To ensure as much protection 
as possible, whole-body patients are 
hung upside-down from their feet so 
that the head would be the last part 
of the body to defrost in the event of 
a power failure. To date, no cryonics 
patient has ever thawed as a result 
of power failure. 

Chocoholics anonymous
MONIKA BERINGHAUS
I have a question relating to ‘The 
Deceptive Sense Of Taste’ (June): 
is it true that some foods, like 
chocolate, are actually addictive, 
from a scientifi c point of view?
 > Chocolate is commonly cited as an 

addictive food: it is delicious, melts 
in the mouth and is high in sugar 
and fat, which stimulates the brain’s 
reward pathways. But is it addictive 
in the same way as alcohol or drugs? 
Addiction researchers have discovered 
that the consumption of chocolate 
has a similar effect to the consumption 
of cannabis. The reason for this 
is a substance in chocolate called 
anandamide, which binds to the 
nervous system’s THC receptors – and 
triggers a sense of wellbeing and 
happiness. In another study, using 
rats, researchers found that certain 
kinds of chocolate biscuits were more 
addictive than cocaine. Consumption 
triggered markedly reduced activity in 
areas of the brain that control our 
impulses and self-control. It also 
triggered the release of mood-
enhancing chemicals in the brain.



SAVE $112 on these rich reds 
delivered by Australian Geographic’s wine service

Readers of World of Knowledge are invited
to taste a dozen expertly selected reds from
champion smaller estates, delivered to your
door by the Australian Geographic’s own wine
service ... at below cellar-door prices.

Ideal for stylish entertaining, these rich reds are only $139.99 – SAVE $112. Plus you’ll also
receive 3 FREE bottles of Miles from Nowhere Cabernet Sauvignon (worth $96)
a Gold medal winner made with fruit from some of the best blocks in WA’s premium Margaret
River region. That’s $347.99 worth of wine for only $139.99 and FREE DELIVERY.

For your Rich Reds entertaining mix, call 1300 712 087 now quoting code ‘2901001’,
then sit back and let the Australian Geographic Wine Service do the rest.

Terms and conditions: Offer valid for new customers only. Maximum three bottles of Miles from Nowhere Best Blocks Margaret River Cabernet Sauvignon 2014 per household. While stocks last. Orders not accepted
(nor will wine be delivered to) persons under the age of 18 years. Most orders are fulfilled within a week but please allow up to 14 days. Unfortunately due to rising postage costs from our carriers we are now unable
to ship to the Northern Territory. If a wine becomes unavailable, a similar wine of greater value may be supplied. Normal retail prices provided by the wineries. If you don’t like a wine for any reason The Australian 
Geographic Wine Service will refund you and arrange to collect the wine. Fulfilled by Wine People Pty Ltd (licence no. 514 00724, LIQP770016550) 90 Chalk Hill Rd, McLaren Vale SA 5171.

Yours
FREE
3 Gold-winning
Margaret River
Cabernet from
a prestige WA
estate, worth $96

brought to you byOrder now on 1300 712 087 quoting ‘2901001’
(Lines open Mon-Fri 8am-8pm, Sat 9am-6pm) 

or visit www.winepeople.com.au/2901001

Patronus  
‘The Buck’  
Merlot 2015 
Barossa Valley, SA

Rob Mack’s luscious 
Merlot follows in the 
footsteps of Patronus 
‘The Antler’. It’s rip-
roaring stuff – and 
offers great bang for 
your buck.

McPherson  
Full Fifteen 2015
South Eastern 
Australia

Andrew ‘Mac’ has 
managed to shoehorn 
bags of ripe berry 
flavour, not to mention 
a big 15% punch, into  
a standard size bottle!
It’s great with a steak.

Scarpantoni 
Domenico’s Block 
Shiraz 2014
McLaren Vale, SA

Mouthfilling, smooth 
rich and chocolatey 
Shiraz made from fruit 
grown on gnarled old 
vines planted by the 
estate’s late founder, 
Domenico.

Caravan Petite
Sirah 2014 
South Eastern 
Australia

Petite Sirah is also 
known as Durif,  
“a grape that takes no 
prisoners” (Tim Atkins). 
This is BIG – and it has 
FOUR Gold medals and 
a Trophy to prove it!
 

Lake Breeze
Chapel Road 
Shiraz 2013
Langhorne Creek, SA

Enjoy lashings of dark 
berries, nice spice 
and a toasty oak 
touch from ‘magical 
winemaker’ Greg Follet 
and his Champion 
Small Winery.

Loaded Barrels
Grenache Shiraz 
Mataro 2013
McLaren Vale, SA

Mouthcoating McLaren 
Vale stuff, combining 
the raspberry richness 
of Grenache, dark fruit 
power of Shiraz and 
exotic Mataro spice. 
This is excellent.

PLUS
3FREE

WORTH

$96

Plus FREE DELIVERY

Worth

$96



OYSTER PERPETUAL DAY-DATE 40 
IN PLATINUM

THE DAY-DATE 40
Th e international symbol of performance and success, reinterpreted with 

a modernised design and a new-generation mechanical movement.
It doesn’t just tell time. It tells history.


