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LET’S FIX OUR PLANET FIRST
In reference to the letter “Why call ET?”  
(Cosmos 67), I must agree with the 
contributor’s comments as well  
as previous ones by Alan Finkel.

As a layman I question the wisdom 
of certain sections of the scientific world 
to outlay astronomical sums of money 
exploring other planets with a view to 
colonising them. I believe this is pure 
fantasy. 

Why not expend all that time, energy 
and money into making our world more 
sustainable for the current population? 
Helping less fortunate countries build up 
their infrastructure would be a good start. 
There are a lot of things wrong with our 
planet. Why not fix them first?

— NEIL KEEDLE 
Oak Flats, NSW

HOW TO COPE WITH SOLAR WIND
Your article, “How the Sun stole Mars’ 
atmosphere” (Cosmos 67, page 11), was 
fascinating. When humans settle Mars, 
will dwellings on the surface block the 
deadly solar wind? Would building in 
volcanic pipes, surrounded by volcanic 
pozzolano deposits be a better option? As 
Mars spins around its polar axis, perhaps 
future nuclear heating of the planet’s 
mantle could reintroduce a long lost 
magnetosphere as a barrier to solar wind. 

— FRED WEYERMAN 
Frankston, Victoria

WRITE TO US
Letters to the editor must include the writer’s full name, address and daytime telephone 
number. They may be edited for clarity and length. Please do not send attachments.

SEND TO
 letters@cosmosmagazine.com

 Cosmos Magazine, PO Box 254, Toorak Victoria 3142 Australia

 facebook.com/CosmosMagazine

 @CosmosMagazine 

AN ALTERNATIVE BIG BANG VIEW
Why does the Big Bang have to start at 
a singularity? I can envision an infinite 
universe in which our little Big Bang
Universe starts out as a black hole which 
accumulates enough matter to reach  
a “critical mass” and then explodes, 
forcing much of the “neighbourhood”  
out in front of the blast.

The resulting Dark Matter and Dark 
Energy are likely a combination of what the 
black hole blew out. As the force of the blast 
eventually carries matter past the point 
where gravity could bring it back, it is now 
accelerating due to the attraction of gravity 
in the undisturbed infinite Universe.

—  TESSA SMITH 
by email

CATCHING GRAVITATIONAL WAVES
I read the article bemoaning the fact 
that Einstein might have been wrong 
about gravitational waves ( “Einstein’s 
gravitational waves remain elusive”, 
Cosmos 67, page 16). Then just 12 hours 
later, there was the announcement that, at 
last, gravitational waves had been detected! 
I hope Alan Finkel, the Incurable Engineer, 
can give us chapter and verse of how it all 
happened in the next issue of Cosmos?

— GRAHAME D. SMITH 
Currambine, WA 

REPLY FROM EDITOR:  
He certainly can! See page 25.
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EDITOR’S NOTE

ELIZABETH FINKEL
Editor-in-chief

GIVE YOURSELVES a hearty slap on the back  
for being a member of the species that discovered 
gravitational waves!

Cosmos covered the announcement online. 
Here in the magazine two of our columnists give 
voice to their elation and there’s a wrap-up feature. 
But I can’t help joining the chorus. This discovery 
resonates on so many levels. 

There’s the personal. I recall being startled 
when my son Alex, as a child of eight or nine,  
asked me whether gravitational waves exist.  
On 11 February, I delighted in telling the grown- 
up lad: yes they do.

There’s the prophetic. Einstein predicted  
them 101 years ago from his bizarre theory of 
General Relativity. Time was a fourth dimension 
woven with the nothingness of space to create  
the fabric of space-time. Gravitational waves  
might ripple through that. Now, with the final  
proof of Einstein’s theory, we must entertain the 
truth of our bizarre Universe. We are going to get 
to know it in a profoundly new way. Gravitational 
waves are incredibly weak yet propagate through 
anything. So we can probe things that were  
blocked to us before – from the events inside  
an exploding star to the beginning of the Universe 
in the Big Bang. Suddenly the movie Interstellar 
seems less like sci-fi. 

ISSUE 68

Join the chorus  
to welcome a great day  
in science

Then there are the mind-blowing contrasts. 
Physicists figured out that, gravitational waves 

being so weak, the best chance of detecting them 
would be to shoot for the most cataclysmic events  
in the Universe – the merger of two black holes. 
They figured right. But where do such events  
take place? Not in the Milky Way. To find one,  
the LIGO machines probed space-time in the  
range of 190 million light years from here.  
And to detect such a wave, the machine measured  
a distortion of space-time one ten thousandth the 
size of the nucleus of an atom. Trying to imagine  
the unimaginable at both scales makes my poor 
head wobble.

Then there’s the crazy scientist angle. What 
possesses scientists to go hunting for something  
as immeasurable as the flapping of an angel’s wing? 
Einstein himself thought gravitational waves 
would be too weak to detect. It took a few very 
brave pioneers like Joseph Weber at the University 
of Maryland, Australia’s own David Blair at the 
University of Western Australia and Caltech’s  
Kip Thorne, who devoted their lives to establish 
that this might not be as crazy as it sounds. 

And then it took about 1,000 more to bring 
it to fruition. Ultimately building LIGO was not 
rocket science. It was done by a group of obsessional 
people in pursuit of perfection: perfect stillness, 
perfect cleanliness, perfect mirrors, perfect steering 
of laser beams, perfect data analysis. Some 50  
of these strange types came from Australia.

Two decades ago they realised they were  
a 1,000-fold out on all these measures. Any sensible 
person would have walked way. They didn’t.  

COVER

This depiction of a black hole takes 
some artistic licence – no one has 
seen one after all. But all that could 
change with our new eye on the 
Universe, gravitational waves.
CREDIT: FABIAN OEFNER
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“A SCIENTIFIC TRUTH DOES NOT TRIUMPH  
BY CONVINCING ITS OPPONENTS AND 
MAKING THEM SEE THE LIGHT, BUT RATHER 
BECAUSE ITS OPPONENTS EVENTUALLY DIE 
AND A NEW GENERATION GROWS UP THAT  
IS FAMILIAR WITH IT.”
— MAX PLANCK (1858–1947)
CREDIT: ULLSTEIN BILD / GETTY IMAGES
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A CLOSER LOOK AT THE BIG STORIES

The Zika virus and  
birth defects: the  
evidence builds
A growing number of studies are drawing  
the conclusion that the virus is the culprit.
  
The sight of rows of Brazilian mothers 
nursing babies with small misshapen heads, 
shocked the world into awareness of the 
Zika virus early this year. The World Health 
Organisation declared Zika a public health 
emergency.    

Zika virus particles infecting a cell, as captured 
under the electron microscope.  
CREDIT: SMITH COLLECTION / GADO / GETTY IMAGES
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By 2013 other Pacific Island countries 
were reporting cases. Most infected people 
recovered fully, though after an outbreak 
in French Polynesia, the virus was linked 
to cases of Guillain-Barré Syndrome  
where the immune system, triggered 
by a virus, goes on the rampage against 
peripheral nerves. The result can be 
paralysis and death.

By 2014 Zika made its way to the 
Americas, reaching epidemic proportions 
in Brazil in September 2015. But Brazil, 
with its huge, close-packed, mosquito-
ridden population, was set for a perfect 
storm. By the end of the year the 
microcephaly epidemic was obvious: 
the number of affected infants spiked to 
around 40 times that previously reported. 

But nailing Zika as the culprit has  
been controversial.

For one thing Colombia, where more 
than 2,000 pregnant women have been 
infected with Zika, has not reported an 
increase in microcephaly. Last February  
a group of Argentinian physicians 
suggested the cause might be an anti-
mosquito larvae agent, pyriproxyfen, 
which had been introduced into Brazil’s 
drinking water supplies in 2014.

“That argument doesn’t fly,” says 
Simmons, pointing out pyriproxyfen  

 The virus exploded into the Brazilian 
population last September, mostly causing 
mild symptoms – fever or rash. Its impact 
on unsuspecting pregnant mothers was  
a tragic sting in the tail. Until now, health 
authorities were unaware that Zika could 
cause birth defects ranging from mild 
microcephaly – small heads but normal 
brain capacity – to severe brain damage. 

Part of the surprise is that Zika,  
a flavivirus transmitted by Aedes 
mosquitos (and in rare cases through 
sexual transmission), is closely related  
to other mosquito-borne viruses like 
dengue, yellow fever and West Nile fever. 
But none of these cause microcephaly. 
“There was no precedent,” says Cameron 
Simmons, a dengue expert at the 
University of Melbourne. 

The virus was first identified in rhesus 
monkeys in Zika Forest, Uganda in 
1947. Apart from isolated cases, it took 
until 2007 for it to emerge in a human 
population, with a large outbreak in the 
Yap islands in Micronesia. 

has been used all around the world without 
raising the risk of birth defects. 

March saw a rapid-fire build up in  
the case against Zika. On 4 March, the 
New England Journal of Medicine (NEJM) 
published the first study of 88 pregnant 
women in Rio de Janeiro. All of them had 

Aedes aegypti mosquitos responsible 
for the spread of Zika. The World Health 
Organisation warns that the virus is likely  
to spread throughout nearly all the 
Americas.  CREDIT: MARIO TAMA / GETTY IMAGES

Babies born with microcephaly are held by their mothers at a Carnival party held last February  
in a health clinic in Pernambuco state, Brazil.  CREDIT: MARIO TAMA / GETTY IMAGES

BRAZIL, WITH ITS CLOSE-PACKED, 
MOSQUITO-RIDDEN POPULATION,  
WAS SET FOR A PERFECT STORM. 
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WE DON’T YET HAVE ENOUGH 
INFORMATION TO COUNSEL  
WOMEN – THAT’S THE GREY AREA.

BY THE NUMBERS

FEEDING THE WORLD

24 MILLION
Weight, in tonnes, of synthesised phosphorus-based fertiliser needed  

to keep grasslands ticking over to feed the 2050 population,  
according to the first global model of phosphorus budgets in grasslands,  

published in Nature Communications in February.

9.7 BILLION
Global population by 2050,  

according to the United Nations.

3.3 BILLION
Area, in hectares, of grazing grassland  

worldwide today.

80%
Projected increase in grassland  

milk and meat production  
to feed the population in 2050.

26%
Proportion of the Earth’s  

ice-free surface used for grazing.

recently reported a rash and 82% tested 
positive for Zika virus. 

Of 42 infected women who consented 
to have their foetuses scanned by 
ultrasound, 29% showed microcephaly 
or other foetal abnormalities. No 
abnormalities were found in 16 women 
who were not infected. 

On 10 March another study, in the 
same journal, reported that a European 
aid worker who had contracted the virus 
in north-eastern Brazil aborted a foetus 
at 29 weeks that had been diagnosed with 
microcephaly during an ultrasound in  
a Slovenian clinic. Zika virus was detected 
in the brain tissue of the foetus. 

As far as nailing Zika to brain defects, 
“that’s unequivocal evidence”, says 
Simmons. “What remains is working out 
the true rate at which these defects occur.” 

That was partly answered on 15 March. 
The Lancet published a retrospective 

study of microcephaly in the French 
Polynesian epidemic of 2013-2014. 
Looking back, they found that the cases  
of microcephaly had risen dramatically. 
But the estimated risk of microcephaly  
was much lower than suggested by the  
Rio study: one in 100 for women infected 
with Zika virus during the first trimester  
of pregnancy. 

That shows it is still very early days for 
measuring the risk from Zika. 

“I think most people believe there’s 
an association,” says Michelle Giles, an 
infectious diseases expert at Melbourne’s 
Alfred hospital. 

“We don’t yet have enough 
information to counsel women – that’s the 
grey area.”

With no anti-viral treatment for Zika 
and no vaccine, the key efforts have been 
targeted at mosquitoes, including the 
release of genetically engineered, sterile 
Aedes mosquitos. 

As the March 10 editorial in NEJM 
put it: “Once again, an outbreak is going to 
challenge our public health infrastructure 
and require a substantial response.”  

DIGEST — 11COSMOS



Unravelling Jupiter’s 
giant storms 

What drives Jupiter’s wild weather? The 
answer is in the giant planet’s interior. 

Since Giovanni Cassini pointed his 
telescope at Jupiter in the mid-17th 
century and saw a massive red hurricane, 
physicists have wondered what seeds the 
gas giant’s swirling storms and why the 
biggest tend to form immediately above 
and below its equator.

Now they have an answer: immense 
bubbles of hot gas percolating from 
deep within. It came from a computer 
simulation by Moritz Heimpel and 
colleagues from the University of Alberta 
in Edmonton, and was reported in Nature 
Geosciences in November. 

Like Earth, Jupiter’s atmosphere has 
fast-flowing ‘rivers’ of wind known as jet 
streams. Its distinct brown and orange 
palette of bands are separated by these 
jet streams that drive flurries of ammonia 
snow around the planet at 550 kilometres 
an hour. 

But while those on Earth typically flow 
from west to east, those on Jupiter flow 
in alternate directions. This explains why 
the Great Red Spot, the hurricane that 
mystified Cassini, rolls anti-clockwise like 
a ball bearing. It’s sandwiched between  
a westerly and an easterly jet stream.

But working out what seeded the Great 
Red Spot or why storms form near the 
equator has proved tricky. Since the early 
1970s, NASA has sent eight spacecraft to 
peer at Jupiter. Together with centuries  
of telescope images, these missions 
revealed Jupiter to be a ball of hydrogen 
and helium spinning at the breakneck 
speed of once every nine hours. But all  
that information barely scratches the 
surface. The Galileo probe descended just 
100 kilometres in 2003 below the cloud 
layer before it was crushed. 

So physicists have turned to 
modelling. Past models zeroed in on the 
top few hundred kilometres of Jupiter’s 
atmosphere, where the storms spin, while 
others tried to crack the deeper layers –  
all without success.

Heimpel and his colleagues used 
supercomputers to combine the 
approaches, taking in the top 7,000 
kilometres of the planet’s atmosphere  
and surface. Watching their simulations, 
they saw hot gas bubbles percolating 
up from Jupiter’s interior, then getting 
trapped beneath a chilly layer dusted  
with frozen water and ammonia crystals. 
Once they were big enough, the gas 
bubbles burst through to the winds 
whipping above. As they spread, the 
bubbles cooled, dropping back again  
below the surface, only to be replaced 
with more hot gas bubbling from Jupiter’s 
interior. This churning circulation fixed 
the gas bubble in place to spin between the 
jet streams. They also tended to form in 
the wide bands to the north and south  
of the equator. Just like on Jupiter. 

The model also helps explain why 

Jupiter’s storms can last years, says 
Heimpel: “These storms are embedded 
in these jet streams, and there’s no solid 
surface to stop them” – unlike on Earth, 
where cyclones fizzle out after hitting land.

One question remains. The Great 
Red Spot has raged for at least 350 years, 
which is long even by Jovian standards – 
most last only a few years. And although 
slowly shrinking, it is still twice the Earth’s 
diameter. That suggests it is powered by 
some still-unidentified force, possibly 
beneath the layers that Heimpel team’s 
modelled, says Monash University 
physicist Tapio Simula.

Fresh clues are coming. NASA’s Juno 
spacecraft, which will reach Jupiter in mid-
2016, will peer 600 kilometres into the gas 
giant, six times deeper than the Galileo 
probe of 2003.  

THE GREAT RED SPOT HAS RAGED  
FOR AT LEAST 350 YEARS, WHICH IS 
LONG EVEN BY JOVIAN STANDARDS – 
MOST LAST ONLY A FEW YEARS.

SPACE

A 3-D simulation of Jupiter’s deep atmospheric flow, right, shows the bands of predicted 
storms mirror the weather on the gas giant. CREDIT: MORITZ HEIMPEL / UNIVERSITY OF ALBERTA
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Burps from the  
Earth to predict  
volcanic blasts

Nailing down the timing of a volcanic 
eruption is tricky, but gases hissing from 
vents might be the warning we need. 

The folks living near Campi Flegrei have 
a right to be nervous. This picture-perfect 
region of Naples is situated next to a super 
volcano that has lain dormant for 500 
years. Scientists suspect that may be  
about to change. But when? 

A new technique may calm the 
Neapolitan nerves. A study published 
in Nature Geoscience in February shows 
the composition of gases in the magma 
chamber beneath a volcano changes 
dramatically in the lead-up to an 
explosion. Monitoring these changes  
may give surrounding towns precious  
time to evacuate.

Predicting when a volcano will erupt 
is notoriously difficult – especially when 
it’s lain dormant for centuries. Scientists 
have tried to translate ground movements, 
caused by rising pressure from magma in 
underground chambers, into warnings. 
But it doesn’t always work. Some 
volcanoes can build pressure for millennia 
without exploding.

So researchers led by Mike Stock 
from the Department of Earth Sciences 
at the University of Oxford sought a 
better warning sign. They analysed tiny 
crystals of apatite found near the volcano. 
Spewed from Campi Flegrei during an 
active period 4,000 years ago, some were 
released in occasional splutters; others 
from a full-blown eruption. Based on their 
age (ascertained by radioactive dating), 
they could compare their composition 
to the volcano’s activity. In particular 
the crystals locked gas molecules inside, 
offering a snapshot of the gas composition 
of the magma as the volcano rumbled.

During splutters, the magma was 
relatively bubble-free. Just before  
an eruption, it became very gassy.  
The findings suggest, worryingly, that 
rather than a slow build, eruptions can 
occur quite suddenly when a big batch  
of gassy magma percolates from deeper  
in the mantle. 

CAPTURED

How do you remember where you parked your car today compared to yesterday? 
In a technological tour de force Nathan Danielson and his team at Columbia 

University got a clue by peering into the brains of live mice. 
They implanted a tiny microscope into the hippocampus – the part of the brain 

that makes new memories, and unusually for the brain, continues to sprout new cells 
into late adulthood. They also engineered the new and old brain cells to glow with 
different colours when they fired electric signals. Then they watched while the mice 
ran on a treadmill.

Occasionally Danielson changed aspects of the running environment.  
That triggered indiscriminate firing in the young’uns (red) but not the mature cells 
(green) which demurely fired only in specific locations. 

The researchers think the unruly excitement of the infant cells is the key to 
discriminating new memories from old. Their work was published in Neuron in March. 
CREDIT: NATHAN DANIELSON

NEW CELLS FOR  
NEW MEMORIES 

The good news is some of these gases 
would vent to the surface. “Our findings 
suggest that, rather than seismic activity 
and ground deformation, a better sign of 
an impending eruption might be a change 
in the composition of gases emitted at the 
Earth’s surface … potentially providing an 
early warning sign,” says Stock.  

EARTH SCIENCES
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swing round for a better view.
So astronomers led by the University of 

Western Australia’s Lister Staveley-Smith 
used a special receiver on the Parkes radio 
telescope to filter out foreground stars and 
dust. Though they have just begun, they 
already spotted 883 galaxies, a third of 
which had never been seen before. 

Their discovery, published in February 
in the Astronomical Journal, is the 
beginning of solving the mystery of the 
Great Attractor, which drags our galaxy, 
along with hundreds of thousands of 
others, towards it. 

Astrophysicists have been trying to 
get to the bottom of the Great Attractor 
since the 1970s. Their star maps showed 
that, like eddies in a fast-flowing 
stream, galaxies surrounding the Milky 
Way seemed to be drawn towards one 
region instead of moving apart with the 
expanding Universe.

“We don’t actually understand what’s 
causing this gravitational acceleration 
on the Milky Way or where it’s coming 
from,” Stavely-Smith says. “We know 

Unveiling the  
Great Attractor  
behind the Milky Way 

It’s not called “milky” for nothing.  
Our galaxy has blocked our view  
of what lies beyond – until now. 

Our galaxy is hurtling through space at two 
million kilometres per hour, inexorably 
drawn to a mysterious region with a 
gravitational force equivalent to a million 
billion Suns.

But astronomers can’t shove the stars 
and dust of the Milky Way aside to see this 
so-called “Great Attractor”. Nor are they 
inclined to wait hundreds of millions of 
years for our part of the spiral galaxy to 

The sweat-monitor wristband and the 
flexible printed circuit board that drives it. 
CREDIT: WEI GAO / UC BERKELEY

The sweat of your  
brow is your new  
medical monitor

Keeping track of your health may soon  
be as easy as slapping on a wristband.

Instead of dreaded trips to the lab to get 
blood drawn, look forward to the future 
where a nifty wristband monitors your 
metabolic health 24/7. University of 
California, Berkeley, scientists have just 
built the prototype, as reported in Nature 
in January. 

So far, wearable devices like the 
popular Fitbit monitor heart rate or the 
number of steps you take but don’t reveal 
body chemistry. Sweat is a good mirror of 
what’s going on in the body but measuring 

TECHNOLOGY

they exercised. 
This is just the beginning, they say: 

“Wearable sensor technologies are 
essential to the realisation of personalised 
medicine.”

And it seems healthcare systems are 
eager for them. The UK’s National Health 
Service recently announced proposals to 
roll out wearable devices like Fitbits.  

that in this region there are a few very 
large collections of galaxies [that] we call 
clusters or superclusters, and our whole 
Milky Way is moving towards them at two 
million kilometres per hour.”

The work involved taking hundreds 
of radiowave snapshots of each patch of 
Milky-Way-obscured sky over the course 
of three years to filter out foreground dust 
and stars. The team identified three galaxy 
concentrations and two new clusters. 
Their sheer bulk may help explain our 
galaxy’s movement.

“An average galaxy contains 100 billion 
stars, so finding hundreds of new galaxies 
hidden behind the Milky Way points to 
a lot of mass we didn’t know about until 
now,” says University of Cape Town 
astronomer Renée Kraan-Korteweg, who 
was also involved with the study.  

its components has been daunting because 
they are present at low concentration. 
Previous prototypes measured single 
chemicals. But to understand what is 
happening to the body, requires the 
measurement of multiple chemicals 
simultaneously, and continuously. That’s 
what the Berkeley researchers reported. 

Their device packs five sensors and 
ten silicon chips into a thin flexible, 
transparent band. It senses glucose, 
lactate, sodium and potassium ions and 
temperature by using both electrical and 
enzyme reactions. All this data is relayed 
to a smartphone.

For athletes, this information could 
make the difference between winning and 
losing. Rising lactate levels could signal 
the onset of a debilitating cramp; rising 
sodium – dehydration. Glucose levels in 
sweat may also warn of falling or rising 
blood sugar levels which is important 
for monitoring diabetes, though this 
relationship is less clear. 

The Berkeley researchers tested 
the device by comparing sweat samples 
collected from 26 healthy volunteers as 

GALAXIES SURROUNDING THE  
MILKY WAY SEEMED TO BE  
DRAWN TOWARDS ONE REGION

SPACE
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If we could push aside the Milky Way, this is what we would see,  
according to this artist’s impression based on newly discovered galaxies. CREDIT: ICRAR 
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All systems Go!  
A computer victory

The program that beat the Go world  
champion was largely self-taught.  

Compared to the ancient Chinese 
strategy game Go, chess is easy. That 
is why engineers at Google’s artificial 
intelligence arm are so excited that their 
program AlphaGo has beaten the Go world 
champion. “It’s been the grand challenge 
of AI since Deep Blue beat Kasparov at 
chess,” says Demis Hassabis, an AI guru  
at DeepMind, the London lab acquired  
by Google. 

And it happened about 10 years before 
experts predicted. The program, which 
models the way a human brain learns using 
so-called “neural networks” largely taught 
itself to improve its game by playing 
millions of matches against itself. 

AlphaGo beat world champion Lee 
Se-dol in Seoul, South Korea, four-one 
in March after trouncing European Go 
champion Fan Hui last year five-nil. Asked 
what it was like playing the machine,  
Fan said he would’ve thought AlphaGo 
was a person if he hadn’t known better. 
But he described it as “a little strange”. The 
British Go Association’s Toby Manning 

declared its quick moves and eerie calm 
distinctly non-human. But there are 
human elements to AlphaGo’s processes, 
says Toby Walsh, an AI researcher at the 
University of New South Wales. 

Originating in China more than 2,500 
years ago, Go has a straightforward aim: to 
secure territory. Players take turns placing 
black and white stones on a 19x19 grid. 
When a stone is surrounded, it is taken 
off the board. A player wins when he has 
covered 50% of the board.

Sounds simple, but it’s anything but. 
As with chess, Go is a game of “perfect 
information” – players can see every move 
and know where every piece lies. But 
unlike chess, where players might have  
25 options at each turn and can think four 
or five moves ahead, there are hundreds of 
options each move in Go. There are more 
Go board configurations than atoms in 
the Universe, and computer processors 
are nowhere near powerful enough to run 
through them all.  

The DeepMind program combined 
two state-of-the-art machine-learning 
techniques to master the game. The Monte 
Carlo tree search randomly samples 
moves, plays them to the end, and selects 
the patterns most often associated  
with success. 

It combined this approach with 
“deep learning” which so far has worked 
spectacularly for Google programs that 
have learnt to recognise cats and human 
faces on the internet. David Silver,  
a DeepMind computer scientist, describes 
that process as “akin to imagination”. 

AlphaGo underwent three layers  
of training. The program learnt skills  
by being fed thousands of games played 
by Go masters. Those skills were honed by 
playing against itself. Finally it learnt the 
skill of assessing who was winning. That’s 
crucial because while chess players can tell 
at a glance who’s in the stronger position, 
Go, with its larger board and hundreds  
of pieces, makes the task much harder. 

Advances in computer processing 
mean faster and more comprehensive 
searches, Walsh says, so AlphaGo will  
only get better.

“If I were earning my income as  
a Go grandmaster, I’d start looking into  
a second job.”  

Octopuses have developed 
sophisticated displays to settle 
disputes without violence, a new  
study shows. 

David Scheel of Alaska Pacific 
University in Anchorage and 
colleagues documented 52 hours 
of footage involving more than 186 
interactions between shallow-water 
octopuses (Octopus tetricus) in Jervis 
Bay, south of Sydney. 

The researchers reported 8 
February in Current Biology that when 
the animals crossed paths, aggressive 
males stretched to appear larger and 
the octopuses changed colour to  
signal dominance. 

Dark colours signified an 
unwillingness to back down. When two 
dark-coloured animals met, a fight was 
likely. When a dark octopus met a light 
one, the paler animal usually retreated.

The behaviours appear to work. 
The scientists reported they saw fewer 
fights than they were expecting. 

Mating was equally rare.

IN BRIEF

STEERING 
CLEAR OF 

FIGHTS

Octopuses go out of their way to  
avoid trouble, a new study shows. 
CREDIT: JOHN TURNBULL

MATHEMATICS

Professional Go player Lee Se-dol, right, 
places his first stone against AlphaGo. 
CREDIT: GOOGLE / GETTY IMAGES
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CLIMATE WATCH
is in places where hot air meets warm 
coastal waters, such as in India, West 
Africa, Iran, Saudi Arabia and other 
Persian Gulf countries.

To model future heat and humidity 
in such places, Coffel, Sherwood and 
Huber used a metric called the wet-bulb 
temperature which combines heat and 
humidity into a single figure.

A wet-bulb temperature is taken by 
placing a damp cloth over a thermometer’s 
bulb. Evaporation cools the bulb, the  
same way perspiration cools the body.  
As humidity increases, the cooling  
effect slows. 

For many mammals, including 
humans, a wet-bulb temperature of 35°C 
is critical because it’s the point at which 
sweat will not evaporate. Even the fittest 
young adult is unlikely to survive outdoors 
in these conditions for more than a few 
hours. Lower wet-bulb temperatures can 
claim the lives of the elderly or infirm. 
Heat waves in India and Pakistan that 
killed 5,000 people in 2015 only produced 
wet-bulb temperatures in the range of 
29-31°C.

Coffel found that by 2060, an  
estimated 600 million people will live  
in regions where wet-bulb temperatures 
may hit 32°C. Of these, 250 million could 
see heat waves with wet-bulb temperatures 
of 33°C, and 50 million could see 34°C – 
one degree off the critical limit.

Even if these areas are never truly 
rendered uninhabitable, people living 
there will have to make major lifestyle 
changes, says Radley Horton, another 
Columbia climate scientist involved in 
the project. Outdoor labour will become 
increasingly difficult, for example:  
“We will see more [rest] breaks, more 
people working overnight, changes in 
clothing, less strenuous activity.”

Extreme heat and humidity will also 
place major demands on infrastructure. 
“There will be conditions where power 
and air-conditioning systems can’t fail,” 
Horton says. Noah Diffenbaugh, a climate 
scientist at Stanford University, agrees, 
adding that part of the reason for the 
fatalities in India was that the country’s 
electrical grid wasn’t up to the demands  
of a severe heat wave.

Haiyan Teng, a climate scientist at the 
National Centre for Atmospheric Research 
in Boulder, Colorado, notes that Coffel’s 
study is just the most recent in a growing 
body of work showing that heat alone 
is not the best predictor of the climate-
change danger. An article published in 
Nature Climate Change, focused on the 
Persian Gulf, found similar results under 
business-as-usual carbon emissions.

“Climate change is often measured  
by the mean surface air temperature,” 
Teng says, “but the impacts on human 
health depend on multiple factors.”

“The question,” adds Diffenbaugh,  
“is how do we prepare ourselves? 
We’re going to face these hazards more 
frequently in the future.”  

A WET-BULB TEMPERATURE OF 35°C IS 
CRITICAL BECAUSE IT’S THE POINT AT 
WHICH SWEAT WILL NOT EVAPORATE. 

Humidity, not heat, 
could be the big  
climate change killer

Conditions so severe that the human  
body can no longer cool itself could  
make some parts of the world all but  
uninhabitable. RICHARD A. LOVETT  
reports on the new research.

In January 2015, thermometers in Marble 
Bar, Western Australia, touched 50°C – 
one degree shy of the national record.  
But it’s extreme humidity we should be 
taking more notice of, research suggests.

In some regions of the world, climate 
change could bring deadly heat waves 
that combine high temperatures with 
humidity so severe the human body can’t 
cool itself. Ethan Coffel, a doctoral student 
in atmospheric science at Columbia 
University, reported that conclusion at  
an American Geophysical Union meeting 
in San Francisco in December.

Some studies suggest average global 
temperatures could rise by as much as 
7°C by the end of this century. In 2010, 
climate scientists Steven Sherwood from 
the University of New South Wales and 
Matthew Huber of Purdue University 
calculated that if so, some regions would 
experience heat and humidity so extreme 
that humans could not survive being 
outdoors for prolonged periods.

Coffel’s study made even more  
dire predictions. Using the latest  
climate change projections from the 
International Panel on Climate Change,  
he and his colleagues found conditions  
that cause extreme stress could arise 
within five decades, at significantly  
lower temperatures. The greatest risk  

EARTH SCIENCES

An Indian commuter tries to beat humidity 
at Allahabad railway station.  CREDIT: PRABHAT 

KUMAR VERMA / PACIFIC PRESS / LIGHTROCKET / GETTY IMAGES
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Rocket man  
zooms closer

Buying a jetpack of your own will soon  
be possible.  By CATHAL O’CONNELL. 

On 3 November last year tourists visiting 
the Statue of Liberty were startled to see  
a man in a jetpack flying around it. 

It wasn’t a stunt scene from an  
Iron Man film but a promo. The man in  
the grey suit was Australian inventor 
David Mayman, the founder of Jetpack 
Aviation. Watching Mayman careen and 
pirouette through the sky with seemingly 
effortless control makes you want to rush 
online to place your order. But although 
the company’s marketing material tells  
us “the personal jetpack is here” you’ll 
have to wait a little longer for a jetpack  
of your own.

Jetpacks first entered the popular 
imagination when they were depicted 
on the covers of pulp science fiction 
magazines in the 1920s. The United States 
military made a serious attempt to build 
one in the 1950s, during the Cold War. 
By 1961, US president John Kennedy 
was treated to a working display of a 
jetpack prototype known as the rocketbelt 
(it consisted of a rocket strapped on to 
the back with a belt). But although the 
demonstration was successful, the army 
was unimpressed with the rocketbelt’s 
20-second maximum flight time and the 
project was shelved. Since then, men with 
jetpacks have zoomed about on stage and 
rudimentary screen: think of the 1965 
James Bond flick, Thunderball, or the  
1984 Olympics opening ceremony in  
Los Angeles, or Michael Jackson’s glitzy 
1992 tour. 

Jetpack Aviation won’t be the first 
company to go to market with a jetpack.  
A New Zealand-based firm, Martin 
Jetpack, announced their product will go 
on sale in late 2016. But the 200-kilogram 
Martin is more like a personal aircraft  

than a jetpack; far too bulky for a pilot  
to carry around. Instead of a jet engine,  
it uses ducted fans for thrust like 
 a quadrotor drone. But it can fly for  
30 minutes. In 2015, Dubai Civil Defence 
placed an order for 20 Martin Jetpacks  
at US$200,000 a pop. They plan to use  
the devices for “reconnaissance and 
rescue” missions across the towers in  
the City of Gold. 

Jetpack Aviation’s JB-9 is the first 
jetpack to use a jet engine light enough  
to be carried on the pilot’s back. 

It’s the brainchild and passion project 
of Mayman, an aviator, inventor and 
businessman who made his fortune 
in mining and software. To make his 
childhood dream come true, Mayman 
hooked up with fellow dreamer Nelson 
Tyler in the 1990s. A multi-award-winning 
Hollywood camera engineer and pilot,  
Tyler designed the rocket belt that flew 
during the opening ceremony of the  
1984 Olympics. 

As self-described jetpack purists, 
Mayman and Tyler were determined  
to use a jet engine for thrust. And with 
the JB-9 (their ninth prototype), they’ve 
succeeded. The JB-9, powered by two 
small turbojet engines that run on 
kerosene, is as light and portable as the 
old rocketbelt but can fly 30 times longer. 
With a top speed of 100 kilometres 
per hour, it’s also much faster than any 
previous design.

The jetpack is light enough for 
Mayman to jog several hundred metres 
while wearing it, even when it’s loaded 
with fuel, and its compact size allows  
him to pirouette in mid-air or land  
in tight spaces. 

To build a jet small enough to fit  
on somebody’s back, the engine has  
to compensate by revving very fast to 
achieve lift off. As a result the JB-9 guzzles 
four litres of fuel per minute, limiting 
flying time to 10 minutes. That’s not great 
for touring but enough for some medical 
emergencies. The jetpack could give a new 
meaning to the phrase “flying doctor”.   

With its greater manoeuvrability and 
ability to land in tighter spots, the JB-9 
is set to give Martin Jetpack some stiff 
competition. But JB-9s are not for sale. 
Would-be customers will have to wait for 
the JB-10, which will include a parachute 
to make the jetpack safer and auto-
stabilisation systems such as those used in 
drones, that will  make it easier to fly.

The first application the designers have 
in mind is a high thrills air-race. It may be 
a few more years yet before the jetpack 
rises beyond its established role of stunt 
spectacle entertainment.  

 The video of the JB-9’s flight over  
New York City can be viewed here:  
bit.ly/jb9jetpack

ILLUSTRATION: ANTHONY CALVERT

JB-9 SPECIFICATIONS
FUEL: Kerosene (38 litres)
FLYING TIME: 10 minutes
RANGE:  8 kilometres (return) 
THRUST: Two turbojet engines
FUEL CONSUMPTION: 4 litres/
minute
TOP SPEED: 100 kilometres/hour
PEAK ALTITUDE: 3,000 metres
CLIMB RATE: 150 to 300 metres/
minute 

JET PACK
When the pilot wants to speed up, 
he can tilt the whole pack forward to 
redirect the thrust. The ability to tilt 
or ‘vector’ the engine is one reason 
the pack can cover ground so much 
faster than the rest. 
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CONTROL STICKS 
The right hand controls 
throttle via a twist-grip, 
like on a motorcycle. 
The left hand grip helps 
with steering, controlling 
little flaps that deflect the 
airstream from each jet.

JET ENGINES
Air rushes in at the top 
and is compressed by the 
turbine into a chamber at 
the engine’s heart, where 
a controlled explosion 
shoves it through the 
back end, generating 
tremendous thrust. 

FUEL TANK
The huge 38-litre tank comprises 
most of the pack’s bulk. And at more 
than 30 kilograms, the fuel makes  
up most of the weight. As fuel is  
used up in flight, climbing speed  
can increase dramatically.
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BODY TALK

NORMAN SWAN is a doctor and multi-award winning  
producer and broadcaster on health issues.

HEALTH

Warning: scare stories need to be taken 
with a grain of salt. 
 
EVERY MORNING SEEMS  to bring news 
of a new medical danger. Some health 
scares fizzle fast, but others look like they 
will never run out of fuel. How can we 
make sense of them without turning into 
quivering neurotics?

With baby boomers pushing 70, 
dementia scares are becoming more 
common. Take recent warnings about 
mercury in fish. People are eating more 
fish to ward off heart disease. But could 
mercury trigger brain changes that lead 
to dementia? To check it out, researchers 
at Rush University Medical Centre 
in Chicago studied the brain tissue of 
deceased elderly people to look for a link 
between mercury levels and brain plaques, 
a sign of Alzheimer’s disease. The good 
news: they found no link. Even better, 
a paper in the Journal of the American 
Medical Association in February 2016 
showed eating fish reduced brain plaques 
in people whose ApoE4 gene put them  
at high risk.

Another dementia scare grabbed 
headlines in February, when German 
researchers found a link to commonly 
prescribed heartburn medications. The 
drugs are called proton pump inhibitors, 
or PPIs. (Their generic names end in 
prazole – omeprazole and esomeprazole 
are two examples.) At first glance, the 
results look disturbing. But, as with any 
scare, level-headed questions need to be 
answered before people with heartburn 

succumb to panic. First, does it make 
biological sense that PPIs could cause 
dementia? Maybe. But there should be  
a dose-response effect: the higher the  
dose or the longer a person takes the drugs, 
the more likely the onset of dementia.  
No one has shown that is the case. There 
are also alternative explanations for 
the link. For example, people who have 
heartburn and take PPIs tend to be older, 
fatter and are more likely to smoke than 
people who don’t take these drugs. Those 
factors may put them at risk of dementia – 
not the drugs themselves. 

The case demonstrates the classic 
danger of assuming that events that are 
correlated – taking PPIs and developing 
dementia – are causally related. Other 
health scares flourish when there is not 
even a clear correlation. For example, take 
the fears of a link between mobile phones 
and brain cancer. That radiation emitted 
from phones could be zapping our brains 
sounds plausible. But the story fizzles out 
when you examine the evidence. We know 
the dates when mobile phones came on 
the market and have ample data on usage 
patterns. If phones raise brain cancer rates, 
there’s been enough time for the dial to 
have shifted. It hasn’t. Reviews of studies 
looking for a link between mobile phones 
and brain tumours also show different 
results depending on the methodologies 
used. So the science is inconsistent. There 
is no basis to even start to assess a dose 
effect. These days people are more likely  
to be texting, taking photos or using ear 
buds than clutching their phones  
to their heads, further complicating the 
data. Another question is whether it is 
biologically plausible for mobile phones 
to cause cellular damage: in contrast to 
X-rays, the wavelengths mobile phones 
emit are too weak to trigger cancer. 

My point here? It’s not that we should 
ignore the possible risks of mercury 
pollution, overuse of PPIs or mobile 
phones. But these cases demonstrate 
how people can bark up the wrong tree. 

Why worry about unproven scenarios 
that might, at best, account for tiny risks, 
when the greatest proven risks are obesity, 
alcohol and being a couch potato – which 
are all preventable. 

Research by psychologists such as 
Nobel laureate Daniel Kahneman and  
his late colleague Amos Tversky suggests 
that we happily swim in a sea of risk –  
for instance we seldom think twice about 
getting into a car despite the staggering 
number of injuries and deaths they cause. 
Yet for many folks, flying sends the fear 
barometer off-scale though it’s a far safer 
way to travel. Our emotional response 
tends to be heightened if we feel we have 
no control over our exposure, or if a giant 
conglomerate profits from the activity. 

We will never be rid of scares. Nor 
should we, because sometimes they do 
uncover a real threat. But as Kahneman 
suggests in his book Thinking, Fast and 
Slow, we need to slow down and consider 
what matters more rationally.  

Ignorant panic  
is a health risk

WE SELDOM THINK TWICE ABOUT 
GETTING INTO A CAR DESPITE  
THE STAGGERING NUMBER OF  
INJURIES AND DEATHS THEY CAUSE.
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ASTRO KATIE

KATIE MACK  is a theoretical astrophysicist who focuses on finding  
new ways to learn about the early Universe and fundamental physics.

ASTROPHYSICS

Catching  
gravitational  

waves 

Prepare for the unveiling of the  
invisible Universe.

YOU MAY THINK YOU ARE  sitting still, 
peacefully reading this column. In fact 
you are awash in waves of spacetime that 
periodically stretch you and squeeze you 
this way and that. Born in distant cosmic 
cataclysms, these waves travel through the 
Universe like ripples on a pond.

On September 14 last year we caught 
our first glimpse of one: a ripple emitted 
more than a billion years ago by the 
merging of two massive black holes. 
Historic though this was, that signal, 
recorded in the impossibly tiny motions 
of mirrors in the Laser Interferometer 
Gravitational-wave Observatory (LIGO) 
experiment, was merely the beginning. 

Just as light’s electromagnetic 
spectrum stretches from high-energy 
gamma rays to languid radio signals, 
gravitational waves also span the range 
from high to low frequencies. And just  
as we have telescopes tuned to pick up  
the entire electromagnetic spectrum,  
so too tools are being developed to span 
the gravitational wave spectrum and usher 
in the era of gravitational wave astronomy.

 LIGO, with its mirrors placed four 
kilometres apart, can pick up the high-
frequency end – it’s optimised for waves 
whose crests pass by at 10 to a 1,000 times 
per second, that is 10 to 1,000 Hz. Waves 
in this frequency can be generated by a pair 
of fast-circling neutron stars or a relatively 
small pair of black holes on the brink of 
merging. Humans can hear soundwaves 

in this frequency range, which is why the 
quick-rising waveform that LIGO detected 
is referred to as a “chirp”. An even higher-
frequency gravitational wave would be 
generated by a supernova (an exploding 
star) and would also be detectable at the 
very upper range of LIGO’s sensitivity. 

But the ripples that make up the 
constant low hum of spacetime occur at 
lower frequencies. Some are generated 
by non-merging binary systems, many of 
which reside in our own galactic backyard. 
Pairs of neutron stars and white dwarfs 
circling at a leisurely pace produce 
gravitational waves from once a second  
to once in several hours. These frequencies 
are too low, and thus their wavelengths  
too long, to be detected with LIGO.  
To pick up longer wavelengths, longer 
arms are needed: eLISA, with mirrors  
a million kilometres apart, will be up to  
the task. This space-based version of 
LIGO, with a set of mirrors orbiting the 
Sun in a triangular configuration, is set  
to be launched in 2034.

Such a space-based instrument  
could also detect mergers between 
supermassive black holes, which produce 
lower frequencies than the merely massive 
black holes recently detected by LIGO. 
Since every large galaxy (including our 
own) seems to host a supermassive black 
hole in its centre, picking up this kind of 
signal will allow us to watch galaxies  
grow by consuming one another in the 
distant Universe. 

At even lower frequencies of one 
crest per 10s of years, we may be able to 
detect the most massive of supermassive 
black holes as they orbit each other before 
merging, giving us even more insight into 
the growth of galaxies. To do this, we let 
the Universe build our instrument for us: a 
pulsar timing array. A pulsar is a collapsed, 
fast-spinning star that, like a cosmic 
lighthouse, emits regular pulses with each 
rotation. Their rotation is so regular that 
their pulses are the most accurate clocks in 

the Universe. By stretching and shrinking 
the space between pulsars and Earth, low 
frequency gravitational waves can change 
pulse arrival times. So in theory when 
these clocks lose their timing, that’s the 
hallmark of a gravitational wave. 

These pulsar timing arrays should 
also allow us to pick up primordial 
gravitational waves left over from the 
Big Bang. They are still permeating the 
cosmos as ultra-long, ultra-low-frequency 
waves in spacetime, stretched out by 
the expansion of the Universe. In 2014, 
a microwave telescope called BICEP2 
seemed to find swirly traces of these waves 
imprinted in the left-over radiation from 
the Big Bang. These swirls turned out to 
be dominated by Milky Way dust. But the 
waves might still be hidden there, waiting 
for our experiments to do a better job of 
teasing them out.

Our exploration of the invisible 
Universe with gravitational wave 
astronomy is only beginning, but its future 
looks bright.  

A SPACE-BASED INSTRUMENT COULD 
ALSO DETECT MERGERS BETWEEN 
SUPERMASSIVE BLACK HOLES.
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PHILOSOPHER’S 
CORNER

LAURIE ZOLOTH  is a professor of medical ethics &  
humanities at Northwestern University, Chicago.

ETHICS

We need to set boundaries and rules  
on artificial intelligence.

“TOMORROW CAN BE  a wonderful age. 
Our scientists today are opening the doors 
… to achievements that will benefit our 
children and generations to come.” So 
proclaimed Walt Disney in 1955 when he 
launched Tomorrowland amidst friendly 
robots and rocket backpacks. 

Disney’s timing was auspicious. That 
same year the polio vaccine put an end to 
the scourge that paralysed or killed half 
a million people each year. We also got 
the atomic clock (paving the way to GPS 
satellites) and Velcro. A year later came 
videotape, the hard disk and the national 
nuclear power grid. Two years later, 
Sputnik was launched. Could robots  
be far behind? 

The 21st century is not shaping up  
to be quite as sunny as the one imagined 
at Tomorrowland. The latest worry is that 
robots who are smarter and stronger than 
us might take over the world if we don’t 
watch out.

It’s not just luddites who worry. The 
latest angst comes from some of the 
most technologically savvy men on the 
planet. At last year’s World Economic 
Forum at Davos, so concerned were 
SpaceX and Tesla founder Elon Musk, 
Peter Thiel of PayPal and other Silicon 
Valley entrepreneurs that they personally 
committed $1 billion to funding “Open 

AI” a new non-profit company that 
proclaims Artificial Intelligence should 
remain “an extension of individual 
human wills”. They were supported by 
astrophysicist Stephen Hawking who has 
expressed concern that “the development 
of full artificial intelligence could spell the 
end of the human race”. Bill Gates also told 
startled reporters: “I am in the camp that  
is concerned about super intelligence.” 

If Bill Gates is worried, shouldn’t we 
all be? And given the level of concern, 
how adequate is the response? To find 
out, I looked up some of the institutions 
that share Hawking’s concern about 
the potential dangers of AI. They are 
the Cambridge Centre for the Study of 
Existential Risk, the Future of Humanity 
Institute, the Machine Intelligence 
Research Institute and the Future of Life 
Institute. All of these impressively named 
bodies are linked – the same people are 
on the boards, and they are funded by the 
same people. 

It is good that such boards exist, 
but most of the researchers and board 
members are older white men. There are 
nine women in total, out of 120 people 
at all the institutes, as well as one Asian 
man (at the Future of Humanity Institute) 
and one person of colour (actor Morgan 
Freeman at the Future of Life Institute 
Science Board). 

So here is one of my reservations. 
Open AI may seek to be “an extension of 
individual human wills”. But whose wills 
are represented? One of the women who  
is not on these boards is bioethicist Justine 
Cassell. She notes that most concern about 
the robot takeover comes from super-
competitive power-hungry men whose 
expertise is quite far from the AI field. 

She wonders if they are afraid of robots 
made in their own image. But there is 
another narrative. A movement called 
UBI – Universal Basic Income – once 

advocated by socialists, is now embraced 
by Silicon Valley entrepreneurs. They 
look forward to a future where intelligent 
machines not only power the economy, 
they do all the dangerous and mind-
numbing jobs, leaving humans the time  
for leisurely and creative pursuits.

We need to design artificial intelligence 
with a full understanding of what is at 
stake. In Cassell’s words “since we make 
the robots, we can make the future”. We 
are moral agents, not helpless observers. 

AI is our collective brainchild. And it 
takes a village to raise this powerful, smart 
and growing kid. Rules will be needed, 
and curfews set. But too much fear blinds 
us to the possibilities that intelligent 
machines may allow – a future where 
jobs of drudgery, mechanical complexity, 
and danger are no longer a part of human 
existence. We need an inclusive discussion 
to find the right parenting balance. 

And as Cassell reminds us, unlike 
human children, with these kids you can 
always pull the plug.  

The new  
robot angst  

WE NEED TO DESIGN ARTIFICIAL 
INTELLIGENCE WITH A FULL 
UNDERSTANDING OF WHAT IS AT STAKE.
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Gravitatioonal waves give us an exciting  
new way to view the Universe.

IF YOU WERE A GAMBLER  you would 
wonder at the extraordinary conflux of 
events. After eight years in development, 
Advanced LIGO began its search for 
gravitational waves in September last year. 
One hour later, it recorded the definitive 
detection of gravitational waves. 

Another coincidence: it happened 
100 years after the publication of Albert 
Einstein’s Theory of General Relativity, 
which predicted the waves in the first 
place. But it was more than luck, it was 
brilliant science and engineering, and that 
day, Thursday 11 February 2016, will be 
forever etched on my mind. 

There have been other major 
discoveries in physics and confirmations 
of predictions in my lifetime – black holes, 
dark matter, dark energy and the Higgs 
Boson, for example.

I pay homage to them all, but somehow 
they crept up on me without the fanfare 
of the gravitational waves event, the 
crescendo of which lasted just one tenth of 
a second, the moment when two massive 
black holes collided, manifested as a single 
oscillating blip on a computer screen.

There are three reasons for my 
excitement. First, gravitational waves  
are the final prediction to be verified from 
Einstein’s theory. Every other one has 
been proven again and again with ever 

increasing accuracy.
General Relativity offered a new 

explanation of gravity. Rather than being  
a force as Newton viewed it, it was  
a distortion in the fabric of space-time.  
With this final piece of evidence, the 
theory now appears rock solid and – 
bizarre as it seems – will forever be an 
accurate descriptor of physics from the 
molecular to the cosmological scale. 

In December 1999, Time magazine 
named Albert Einstein the Person of  
the Century. To me, he is the Person  
of the Millennium.

Second, and best of all, there is the 
promise of more to come. Modern 
astronomy started when Galileo picked 
up an optical telescope in the early 1600s. 
It wasn’t until the 1930s that the radio 
telescope was invented and eventually 
used to discover pulsars, quasars and  
the cosmic microwave background 
radiation. That’s it – two types of 
telescope. Until now.

Gravitational waves were discovered 
with two LIGO detectors in the United 
States – not enough to determine the 
direction the gravitational waves came 
from. But in future, three or more LIGO 
detectors will constitute a gravitational-
wave telescope, giving us a third routine 
way to observe the Universe. 

Every time scientists develop a better 
microscope or measurement instrument, 
it provides new insights. LIGO will be 
no exception; there will be many more 
discoveries in the coming years.

Third, as an engineer I marvel at the 
LIGO instrumentation. 

Einstein did not think that we would 
be able to build instruments sufficiently 
sensitive to detect gravitational waves. 
Even 10 years ago it seemed impossible. 
But that did not daunt the physicists, 
engineers and mathematicians in the 
LIGO team.

They built a giant detector in which 
laser beams bounce between the mirrors 
at each end of two intersecting, vacuum 
tunnels, each four kilometres long. 

Changes in the length of the tunnels,  
as gravitational waves shimmy through, 
are measured by the way the laser beams 
interfere with each other. 

The detected length change was less 
than a thousandth of the width of a proton 
– so  infinitesimal it is difficult to conceive. 
If we imagine that the tunnels of LIGO 
run the length from here to the nearest 
star system, Alpha Centauri, 4.4 light 
years away, it would be like measuring 
fluctuations across that distance to less 
than the width of a single human hair.

Future generations will look back  
on the timeline of human history and  
see the bright mark etched on Thursday 11 
February 2016. They will have incredible 
new tools at their disposal and fantastic 
new knowledge. I have no doubt their zeal 
to continue pushing back the frontiers of 
the Universe will remain undiminished.  

The physics  
event of  

a lifetime

EVERY TIME SCIENTISTS DEVELOP A 
BETTER ... MEASUREMENT INSTRUMENT, 
IT PROVIDES NEW INSIGHTS. 
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THE NORTHERN LIGHTS could be mistaken for an 
iridescent green mist until they dance across the sky, 
dipping and pirouetting, swirling like a tornado, or 
hanging like curtains rippling in a breeze. 

The Sun powers the performance via a stream of 
electrons and protons known as the solar wind that 
buffets atoms in the Earth’s atmosphere, causing 
them to release photons of light. The reason for the 
green colour is twofold. At an altitude of between 
100 and 200 kilometres, nitrogen molecules are 
outnumbered by oxygen atoms, which are split 
from their molecular form by ultraviolet light. When 
buffeted by the solar wind, oxygen atoms glow green, 
a colour to which our eyes are more sensitive than 
the blue-violet glow of nitrogen molecules. 

This dance was performed in Finish Lapland, just 
inside the Arctic Circle.
CREDIT: SARA WINTER / GETTY IMAGES

HOLODECK: 
COMPILED BY JAMES MITCHELL CROW

POLAR 
LIGHTSHOW  
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HALO
The fierce solar wind bumps other charged particles 
trapped in Earth’s magnetic field and sends them 
racing along the magnetic field lines to both poles.  
At the North Pole the display goes by the name 
aurora borealis; at the South Pole it’s the aurora 
australis.

The solar wind normally blows at around 400 
kilometres per second but explosions on the Sun’s 
surface known as coronal mass ejections create 
blizzards of 1,000 kilometres per second and 
dramatic auroras. On 11 September 2005, NASA’s 
IMAGE satellite captured a brilliant aurora australis 
created by one such storm.
CREDIT: NASA / GETTY IMAGES

28 — HOLODECK Issue 68



HOLODECK — 29COSMOS



JUPITER
The best place in the solar system to see aurorae  
is Jupiter where they are thousands of times brighter 
than those on Earth. 

Here Jupiter’s aurorae are captured by NASA’s 
Chandra X-ray space telescope. The image is overlaid 
on a Hubble photograph of the gas giant.

Unlike Earth’s intermittent displays, Jupiter’s 
aurora permanently lights up its skies because, 
besides the Sun, the moon Io gets into the act.  
Io’s volcanic eruptions spit jets of charged particles 
into space. They are captured by Jupiter’s magnetic 
field and catapulted toward the planet’s poles to 
create a never-ending show. 
CREDIT: X-RAY: NASA / CXC / SWRI / R.GLADSTONE ET AL.;  

OPTICAL: NASA / ESA / HUBBLE HERITAGE (AURA / STSCI)
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SATURN
The Cassini space probe allowed us to see Saturn’s 
brilliant aurora. 

Just as on Earth, it flares brightest when buffeted 
by solar storms. Cassini captured this powerful 
aurora 1,000 kilometres above the cloud tops around 
Saturn’s south pole. 

Earth’s atmosphere is rich in oxygen and nitrogen 
but Saturn’s is mainly composed of hydrogen, which 
gives off strong ultra-violet emissions when excited. 
But the excited hydrogen does give off a little visible 
light too. Cassini’s spectrometers captured some  
of this light in this image. The green colouring  
is artificial. If it were possible to stand at Saturn’s 
poles you’d see faint pink-red ripples dancing across 
the sky.  
CREDIT: NASA / JPL / ASI / UNIVERSITY OF ARIZONA /  

UNIVERSITY OF LEICESTER 
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Gravitational waves, such as those 
blasted by the cataclysm of two black 
holes merging or the Big Bang, will let us 
‘see’ further back in time than ever before.
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Proof of the last element of Einstein’s  
famous theory will give us a new  

tool to observe our origins.  
GRAHAM PHILLIPS  and  

ELIZABETH FINKEL report.  

PROBING  
CREATION 

WITH WAVES
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IT WAS ENOUGH TO SEE  the four moons of Jupiter 
and reach an inescapable conclusion. If another 
planet had moons, Earth could not be the centre  
of the Universe. 

Four hundred and six years later, an instrument 
billions of times more sensitive than Galileo’s 
telescope was trained on the universe. The Laser 
Interferometer Gravitational-Wave Observatory, 
better known as LIGO, was operated by an 
army of 1,006 scientists mostly from the US, 
but also from Germany, the UK and Australia. 
On 11 February 2016, they announced they had 
detected gravitational waves and a never-before-
witnessed event: the merger of two black holes. 
These colliding black holes are the 21st century’s 
equivalent of the moons of Jupiter – the harbinger 
of the next revolution in our understanding of  
the Universe. 

From Galileo’s time until now, we have tuned in 
to the Universe’s broadcasts on the electromagnetic 
spectrum. But colossal events like the merger of 
black holes or the Big Bang have been eerily silent. 
A new generation of gravitational wave telescopes 
promises to change that. “It’s as if we have just been 
given a new pair of ears,” says David Blair, from the 
University of Western Australia, a 40-year veteran 
of the hunt for gravitational waves. “As we open the 
window to gravitational waves, we may hear things 
we never saw,” says David Reitze, director of the 
LIGO lab.

 
EACH TIME TECHNOLOGY GIVES US  a new way  
to peer at the universe, our perception of it changes.

Optical telescopes opened our eyes to the solar 
system, to twinkling faraway stars and nebulous 
dust clouds. Then, from the 1930s, radio telescopes 
peered into the dust, detecting the signature of 

hydrogen atoms. They saw the birth and death of 
stars, and in the late 1950s, something even more 
violent – a jet shooting out of a galaxy. It was named 
“3C 273”, the 273rd object in the Third Cambridge 
Catalogue of Radio Sources. It turned out to be a 
quasar, the brightest object ever seen, brighter than 
the entire galaxy it resided in. 

The best explanation was that this was the work 
of a supermassive black hole. As it sucked in matter, 
particles were accelerated to near light speed 
causing them to radiate a jet of radio waves. 

Radio telescopes also accidentally discovered the 
radiation echoing from the Big Bang in 1964, the so 
called Cosmic Microwave Background (CMB). 

Again by accident in 1967, they uncovered the 
lighthouses of the Universe – neutron stars that can 
spin hundreds of times per second while emitting  
a powerful beam. Known as pulsars, their precision 
in some cases rivals that of atomic clocks.

Putting X-ray eyes on the Universe offered more 
evidence for black holes. In 1964 a rocket bearing  
a Geiger counter detected a strong X-ray source in 
the constellation Cygnus. Many astronomers, not 
least young Caltech astrophysicist Kip Thorne, 
thought the signal was the work of a black hole, the 
X-rays being released by matter as it was sucked in. 
Others, including Stephen Hawking, disagreed.  
In 1975 he and Thorne famously placed a bet on it. 
In 1990, Hawking conceded.

That was also the year the Hubble space 
telescope launched clear of Earth’s atmosphere  
to deliver a bonanza of surprises. The high 
resolution, optical telescope, could take in a view 
of frequencies from ultraviolet to infrared and 
peer almost to the edge of the Universe. It revealed 
a breathtaking density of galaxies in what had 
hitherto been thought of as empty space. It told  

IN 1609 GALILEO TRAINED his newly improved 
telescope on the heavens and revolutionised our 
understanding of the universe. By grinding two 
glass lenses and positioning them according to 
his mathematical calculations, he had improved 
the telescope’s magnification twenty-fold.

EACH TIME 
TECHNOLOGY 
GIVES US A 
NEW WAY TO 
PEER AT THE 
UNIVERSE, 
OUR 
PERCEPTION 
OF IT 
CHANGES.
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us our Universe was 13.7 billion years old, and 
found evidence that it was not only expanding  
but accelerating! 

“Through optical telescopes the Universe  
looks serene; through radio and X-ray telescopes  
it looks tremendously violent. I think we will see 
even bigger surprises” with gravitational waves, 
says Thorne, one of the inventors of LIGO, but 
probably best known as the consultant on black 
holes for the movie Interstellar. He is hotly tipped 
to be one of those who will receive the Nobel for 
detecting gravitational waves. 

A GRAVITATIONAL WAVE  is not so different 
from other waves. Water waves ripple water, 
sound waves ripple air, light waves ripple an 
electromagnetic field. The weird thing about 
gravitational waves is they ripple empty space, 
“like an angel flapping his wings”, in the words of 
University of Pisa astrophysicist Federico Ferrini.

Since Einstein’s 1915 Theory of General 
Relativity, we’ve known that empty space is not 
nothing – it’s a four-dimensional fabric where  
space has been interwoven with time. Einstein 
showed that this fabric can be stretched and  
shaped by the matter in the Universe. The classic 
metaphor is a bowling ball dimpling a trampoline 
and causing objects in the vicinity to fall irresistibly 
towards it – the effect we experience as gravity. 

Just as dropping the bowling ball would ripple 
the trampoline, so fast-moving massive objects 
cause ripples in the fabric of space-time. And just 
like the trampoline, when a gravitational wave 
passes, the space-time fabric is stretched in one 
dimension and compressed in the other. If one 
travelled through the building you’re in at the 
moment, the room around you would become  
a little longer in, say, the north-south direction  
and slightly narrower in the east-west direction.  
A moment later, the room dimensions would 
oscillate the other way: shorter in the north-
south, longer in the east-west. But as waves go, 
gravitational ones are extremely weak, so weak 
Einstein thought they would be impossible  
to detect. 

Yet in the 1950s one brave American scientist 
set out to try. Joseph Weber at the University of 
Maryland suspended large cylinders of aluminium, 
about two metres in length and one metre in 
diameter in a vacuum chamber, to detect vibrations 
caused by a passing gravitational wave. He chose 
aluminium because, like a well-cast bell, it would 
vibrate cleanly when struck by the wave. These 
vibrations could be detected with piezoelectric 
sensors which are able to convert movement into 

electrical signals. If the signals were genuine, 
he reasoned, he would simultaneously detect 
vibrations in two cylinders 1,000 kilometres apart. 
By 1970 Weber claimed to have detected hundreds 
of coincident signals.  

Within two years, duplicates of the Weber 
“resonant bar” appeared in Moscow, Munich, Paris, 
Oxford, Glasgow, China and in the IBM and Bell 
labs in the US, recalls Blair. But none were able 
to snare a gravitational wave. Weber’s coincident 
results were probably just “coincidence”. 

“Though brave and ingenious, Weber suffered 
from a common problem,” says Blair. “He believed 
his data too strongly.” But he adds, “I expect he’ll 
come to be seen as more and more of a hero.” Weber 
not only rushed in where others feared to go, he laid 
down the basic principles by which gravitational 
waves might be found. One was simultaneous 
detection by distant instruments. The other was 
that the best chance of detecting one would be  
from the cosmic tsunami created when two black 
holes collide.

02

A sky-map of the southern hemisphere shows 
the approximate location of the source of 
gravitational waves detected in September 2015. 
With three detectors we can be more precise.

Blair was one of those inspired to join the hunt. 
During a stint at Louisiana State University in the 
1970s, he improved upon Weber’s resonant bar by 
using the metal niobium, which loses 100 times less 
energy than aluminium when it vibrates. And to 
detect the tiny signal, Blair used microwave sensors 
that were cryogenically cooled to quieten down the 
thermal noise. 
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CATCHING A 
GRAVITATIONAL WAVE

A  
CLOSER 

LOOK

THE LASER INTERFEROMETER GRAVITATIONAL-WAVE OBSERVATORY (LIGO)

LIGO Livingston, Louisiana

LIGO Hanford, Washington 

Mirror

Mirror

Light detector

Laser

Beam splitter

Mirror

Mirror

What’s happening Inside

Laser beams

Twin LIGOs form giant L-shapes in remote 
areas of Washington State and Louisiana, 3,000 
kilometres apart. Each arm of the “L” is a vacuum 
tunnel four kilometres long. Inside, a laser beam 
bounces back and forth between perfect mirrors 
280 times, giving the beam a total travel distance 
of 1,120 km. Along that length, LIGO can detect 
changes of one ten-thousandth the diameter  
of a proton – 10−19 metres.

4km long arms

Laser beams
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HOW GRAVITATIONAL WAVES WERE FOUND

10-19 metre shift

A laser beam splits between  
the two arms and bounces  
back and forth between  
mirrors, before rejoining into  
a single beam which is detected 
at the corner of the L. In the 
absence of gravitational waves, 
the two laser beams exactly 
cancel one another out, so 
there’s no signal.

Just before they collided, 
two massive black holes 
circled one another at half the 
speed of light. This shook the 
fabric of spacetime, emitting 
shockwaves that travelled 
across the Universe in the form 
of gravitational waves.

As a gravitational wave ripples 
by, one arm of LIGO shrinks 
while the other stretches.  
This changes the distance 
between the LIGO mirrors 
and the final length of the 
laser beam. The laser beams 
no longer cancel out at the 
detector, and a signal is 
registered. 

No signal

Signal
Light detector

Spacetime

Gravitational waves
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Back at the University of Western Australia, 
he built a three metre by 30 centimetre cylinder 
of niobium. Collaborators in Italy, the US and 
Switzerland, also built resonant aluminium 
bars with cryogenic detectors. Using Einstein’s 
equations, they calculated they had the sensitivity 
to detect gravitational waves from black holes 
colliding anywhere within our Milky Way galaxy –  
a total span of 100,000 lightyears. 

For a decade they waited, but no wave came. 
In 2000, the resonant bars were consigned to 

history. The conclusion? The Milky Way did not 
have any merging black holes. “We went out on  
a hunch even though there was no evidence for 
them,” explains Blair. 

The next hunt would have to be less of a wild 
goose chase. It needed a quarry that was actually 
known to exist. And it needed an instrument with 
the range to snare it. 

Binary neutron stars fit the bill. Circling each 
other like dancers, they are the densest objects in 
the Universe after black holes. A merger of these 
behemoths would also roil space-time enough 
to create detectable gravitational waves. But the 
instrument to capture the event would have to  
reach 64 million light years into space, about 1,000 
times further than the range of the resonant bars. 

Physicists were already developing such an 
instrument. Working in parallel to the resonant 
bar community, MIT physicist Rainer Weiss and 
Caltech’s Ron Drever and Thorne came up with  
the idea of using lasers to detect gravitational  
waves in the 1970s. The then newly invented  
laser was a beam of light waves whose normally 
choppy crests and troughs had been trained to 
oscillate in sync. Perhaps they could be used  
to measure the stretching of space-time? 

In the 1980s, the US National Science 
Foundation started funding the construction of 
two LIGOs, one in the swamps of Livingstone, 
Louisiana, the other 3,000 kilometres away in the 
high desert near Hanford in Washington State. 

LIGOs create giant L-shapes on these remote 
landscapes. Each arm of the “L” houses a four-
kilometre, vacuum tunnel with a mirror at each  
end. An incoming laser beam is split between the 
two arms. The polished mirrors reflect the light 
back so that the split beams are re-joined and  
picked up by a detector at the intersection of the 
two arms. 

Normally the beams are perfectly out of phase, 
the troughs of one are perfectly aligned with the 
peaks of the other, so they cancel each other out 
before hitting the detector. But a passing gravity 

wave will change the relative length of the arms, 
disrupt the perfect alignment of the peaks and 
troughs, and create a signal. LIGO was designed  
to detect a length change of 10-19 of a metre, 10,000 
times smaller than the nucleus of an atom. 

“For years, the thought of that made me 
think: why am I wasting my time?” admits David 
McClelland, whose team at Australian National 
University developed mirror suspension systems  
to steer LIGO’s laser light with extreme accuracy.

The original LIGOs ran from 2002 to 2010 and 
detected nothing. But Advanced LIGO was in the 
wings. An international team worked to finesse 
every component of the machine – the noise-
cancelling microphones, the ultra-reflective coating 
of the mirrors, the computer algorithms to pick out 
the signal from the noise – to increase sensitivity 
and triple the device’s reach into the cosmos to 190 
million light years. 

“It’s been like a military assault. We’ve 
relentlessly pushed back the limits of technology,” 
says Peter Veitch, whose contingent at the 
University of Adelaide contributed by correcting 
distortions in the LIGO mirrors due to the heat  
of the high-powered laser.

Advanced LIGO, developed at the cost  
of more than a billion dollars, is by far the most 
precise measuring device mankind has ever built.  
And on 14 September 2015, it was poised to detect 
the flapping of an angel’s wings. 

AT 5:51 THAT MORNING the instrument was still 
undergoing tests known as “engineering runs”. 
It had only been operating for an hour or so when 
something altered the position of the mirrors of the 
Louisiana instrument for a tenth of a second. Seven 
milliseconds later, the Washington instrument saw 
the same signal. An email was dispatched around 
the world with the subject: “Very interesting event 
on ER8”. 

Most of the recipients assumed it was a fake 
signal used to test the system. It wasn’t. 

“I looked at this thing and thought my God,  
this looks like it’s it,” says Thorne. 

Nevertheless 1,006 researchers around the 
world proceeded extremely cautiously, trying  
to keep a veil of secrecy over their finding.  
The hunt for gravitational waves had a long  
history of coming up with phoney findings.  
Only a year and a half before, a team from the 
Harvard Smithsonian Centre for Astrophysics 
claimed that their radio telescope at the South  
Pole had detected gravitational waves from the  
Big Bang in the form of swirls in the CMB.  

‘IT’S BEEN LIKE 
A MILITARY 
ASSAULT... WE 
HAVE PUSHED 
BACK THE 
LIMITS OF 
TECHNOLOGY’
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A study in perfection: LIGO’s 
mirrors are polished to nanometre 
smoothness and topped by advanced 
optical coatings. They absorb only 
one out of every 3.3 million photons.
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Not only was this the first discovery of Einstein’s 
century-old prediction of gravitational waves, 
it was the first direct evidence that black holes 
exist. Despite being popular in fiction, until now we 
couldn’t be certain that black holes were actually 
real. That’s because these perfectly black bodies 
can’t be seen, so we’ve relied on circumstantial 
evidence to infer their existence – such as the 
bursts of radiation from matter being sucked into 
them, or the motions of surrounding stars. But these 
gravitational waves came directly from the black 
holes themselves. 

The surprise for the scientists was that the 
discovery was made so soon after LIGO was switched 
on. Either they were incredibly lucky or these 
massive never-before-witnessed invisible explosions 
are relatively common. And LIGO is still only running 
at about one-third strength. It will be operating at 
full sensitivity in 18 months, and then it will be able 
to see three times further into the Universe than it 
currently can. That means by 2018, discoveries like 
this could be made on a weekly basis. That will allow 
us, for the first time, to estimate just how many black 
holes are out there.

— GRAHAM PHILLIPS

But those swirls turned out to be caused by dust in 
the Milky Way. With that fiasco haunting them, the 
physicists brutally interrogated their data for five 
months to see if it stood up.

AND SO IT WAS  that on 11 February 2016, David 
Reitze fronted a press conference in Washington, 
and with barely suppressed emotion announced, 
“Ladies and Gentlemen, we have detected 
gravitational waves. We did it!” 

The wave was detected first at Livingstone, 
Louisiana “above the ever present rumbling of the 
detectors”, said Gabriela Gonzalez, the Louisiana 
State University-based spokesperson for LIGO. 
“We know it’s real because seven milliseconds later 
we saw the same thing at the Hanford detector.” 

The signals had oscillations that grew faster  
and higher before settling down. It was exactly the  
pattern predicted for the merging of two black holes. 

The frequencies were also in the audible range. 
An electronically amplified playback makes a sound 
like a whistle that begins low pitched and steadily 
grows to higher and higher frequencies before 
abruptly ending. Physicists refer to it as a “chirp”. 

That chirp was packed with information. As 
Gonzalez explains, it reveals the colliding black 
holes had initial masses equivalent to 36 and 29 
Suns. When they merged, they formed a body of 
62 solar masses – three Suns worth of energy was 
radiated in a tsunami of gravitational waves. It was 
the most energetic event we humans have ever 
witnessed. Yet being black holes, they emitted no 
light or other kind of electromagnetic radiation. 

The height of the waves also carried 
information. It told us these black holes collided 
1.3 billion years ago. For billions of years prior to 
that, they must have circled each other, spiralling 
ever closer and speeding up as they did. In the final 
second, before they consummated their union with 
that high pitched chirp, they were travelling at half 
the speed of light. 

And because the two LIGOs were spaced 3,000 
kilometres apart, physicists could roughly trace 
back the source of the cataclysm to somewhere in 
the direction of the Magellanic clouds. Once LIGO 
gets a third ear from the advanced Virgo detector 
near Pisa, Italy, due to start operations later this 
year, astronomers will be able to triangulate future 
signals to pinpoint their location. 

Many have noted the staggering series of 
coincidences that led to the detection. The tsunami 
gravitational wave began its journey 1.3 billion 
years ago when life on Earth was ruled by single-
celled life forms. Einstein predicted its existence 

BLACK HOLES 
REALLY EXIST! 

Two black holes 
circle each other 
like dancers before 
a final embrace. 
CREDIT: SXS
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LIGO. It is due to be launched in 2034, a date that 
might be on track given the success ESA had with 
its pilot craft. The “eLISA pathfinder”, launched in 
December 2015, showed it was possible to keep two 
masses inside a space ship floating in perfect free 
fall. This is essential for the detectors in the ships 
since they must be perfectly unperturbed if they are 
to measure ancient gravitational waves.

And eLISA is only the beginning of space-based 
gravitational wave telescopes. There are plans 
afoot for a majestic instrument called the Big Bang 
Observer, made up of four triangular set-ups, each 
like eLisa. The hope is this super-instrument will 
detect the gravitational waves from a trillionth of a 
trillionth of a trillionth of a second after the big bang. 

Besides these space telescopes, the BICEP 
astronomers at the South Pole are devising ever 
better methods to clear away the dust and to search 
for the signature of the longest gravitational waves 
of all, in the swirls of the CMB. These waves from 
the beginning of time are as long as the Universe – 
“more like a tide than a wave”, says Blair. 

And over at the Parkes radio telescope in New 
South Wales, a team which has spent the past 
decade timing pulsars to catch a gravitational 
wave, continues its search for the waves caused 
by mergers of supermassive black holes. Blair and 
Thorne have no doubt that they, too, will catch a 
gravitational wave in the next few years.

Our Universe is awash with gravitational waves 
– tiny ripples, shore waves, huge swells, tidal waves, 
and tides. “Until now, we’ve only seen warped 
space-time when it’s very calm, as if we’d only spied 
the glassy surface of the ocean on a calm day. Now 
we see it as a rolling storm,” says Thorne.

“In a short time, we are going to map the shape 
of the Universe in gravitational waves, ” says Blair. 
And, he adds, “it’s going to be very musical”.  

100 years ago; 40 years ago physicists set out 
to build a detector and, just in the nick of time, 
advanced LIGO came online last September to 
catch the passing wave! 

FOR THE MOMENT  the only cosmic event LIGO 
has spotted has come from this one pair of colliding 
black holes (although rumours abound of other 
sightings). But it is also designed to detect other 
dense, fast-moving galactic beasts that roil space-
time. So far we’ve known them only superficially. 
“Electromagnetic waves show us the surface 
of things but gravitational waves go through 
anything,” explains Blair. “We’re like the explorers 
who just discovered the coast of the Great South 
Land. Now we can explore what lies within.” 

Besides colliding neutron stars, LIGO should 
also detect single rotating neutron stars. Perfectly 
spherical spinning objects do not generate 
gravitational waves, but neutron stars about 10 
kilometres in diameter, are believed to carry 
millimetre-high “mountains”. Rather than a chirp, 
the whizzing neutron star would emit something 
more like a steady-pitched whistle.

Advanced LIGO should also detect the signature 
of supernovae. The final explosion of a large dying 
star should be detectable as a crackling explosion.

Gravitational waves also promise to show us the 
beginning of creation in the Big Bang.

So far we can only peer back to 380,000 years 
after the event. Before that time, the plasma 
that was our baby Universe was opaque and 
impenetrable to radiation. As it coalesced to form 
hydrogen atoms, the first light from the Universe 
emerged in the form of the CMB. But what of the 
first few fractions of a second after the Big Bang 
when the Universe suddenly inflated into existence? 

We should be able to tune into the spectrum 
of gravitational waves that were released at that 
moment. LIGO might detect some of the shorter 
waves. But most will have stretched during the 
expansion of space itself and are too long to be 
detected by LIGO’s four-kilometre arms. Detecting 
them would require arms too long for any Earth-
based observatory. 

The European Space Agency (ESA) already has 
a space-based telescope on the drawing board with 
arms a million kilometres long. Known as eLISA – 
evolved Laser Interferometer Space Antenna – it 
consists of three separate spacecraft that will orbit 
the Sun as if they were the three points of an equal-
sided triangle with sides a million kilometres long. 

Laser beams will shine back and forth between 
them providing the same kind of laser ruler used by 

‘ELECTRO-
MAGNETIC 
WAVES SHOW 
US THE 
SURFACE OF 
THINGS BUT 
GRAVITATION-
AL WAVES 
GO THROUGH 
ANYTHING.’
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THE END  
OF GENE  
PATENTS

An Australian lawyer’s 20-year 
quest to put an end to gene patents 
has been vindicated.  
ELIZABETH FINKEL  reports.
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ALL PAR FOR THE COURSE for the Sydney-based 
intellectual property and trademark lawyer. But 
in 1993, something landed on Palombi’s desk that 
made him scratch his head. It was a patent that 
claimed the genetic code for the hepatitis C virus. 

The claim, made by Californian company 
Chiron, wasn’t just odd, it was at odds with the 
principles of patent law. 

In 1790, when the first patent statutes were 
written in the United States, American courts  
had judged that “manifestations of ... nature [are] 
free to all men and reserved exclusively to none”. 

The founding fathers had codified what seems 
obvious. You wouldn’t expect Marie Curie to be 
granted a patent for radium, for instance. (That’s 
not to say her work had to go unrewarded: Curie 
could have claimed the medical use of X-rays.) 

Yet since the 1980s, when it came to bits  
of the DNA code, the Australian and US patent 
offices had apparently changed their thinking.  
The feisty young Palombi decided they were  
wrong – and took on an epic battle that would 
change the direction of his legal career and his life. 

More than two decades later, the highest  
courts of both countries vindicated him.  
On 7 October 2015, the High Court of Australia 
ruled genes could not be patented. “The 
information [contained in the genes] is not  
‘made’ by human action. It is discerned,” noted  
the majority of judges. The US Supreme Court 
reached a similar ruling the year before.

Palombi – the boy in the crowd who called  
out the naked King – had finally been heard.

While these elite courts specifically deliberated 
on a case concerning genes linked to a deadly form 
of breast cancer, their ruling applies to all genes. 

For those looking forward to the era of 
personalised medicine, that decision comes  
not a moment too soon. We may soon be able to 
have our own genome read for $100, but with 

patents claiming ownership of thousands of genes, 
it might cost 100 times as much to find out your 
risk for particular diseases and what drugs will 
work best for you. In other words, gene patents are 
“an impediment to personalised medicine”, says 
Francis Collins, director of the National Institutes 
of Health.

For now, Palombi is savouring his moment  
of victory. “I think gene patents are history.” But 
this war of words has raged for more than two 
decades, and it’s unlikely the struggles are entirely 
over yet. 

THE LOGIC OF AUSTRALIA’S High Court decision 
is clear and compelling. When it comes to the DNA 
sequence of a gene, “the information is not ‘made’ 
by human action”. It is therefore not an invention, 
and not patentable. So how was it that some of the 
world’s sharpest legal minds held such a different 
view for three decades? 

Part of the answer is that technological leaps 
tend to muddy the waters over whether something 
is a manifestation of nature or manmade. In 1873, 
for instance, Louis Pasteur was granted a patent 
not just for his method of purifying yeast to brew 
spoilage-resistant beer, but also for the yeast itself. 

So too, in 1922, Canadian scientists were not 
only awarded a patent for the method of purifying 
the life-saving hormone insulin, but for insulin. 

Is yeast a different product once it has been 
purified from the muck it naturally resides in?  
Is insulin different once plucked out of pig tissues  
and stripped away from other proteins and toxins? 
Or is that proposition just as ludicrous as claiming 
Marie Curie should have been granted a patent  
for radium after isolating it from pitchblende? 

“Deciding whether something is new is easy; 
deciding whether it is made by man, God or  
nature is not,” Palombi wrote in his 2009 book  
Gene Cartels. 

LUIGI PALOMBI’S DESK  was stacked high with thick 
manila folders and surrounded by a forest of them. 
Their contents might describe a new type of sea 
brake, an improved plastic extruding machine or 
graphic material from Hustler magazine.

“DECIDING 
WHETHER 
SOMETHING  
IS NEW 
IS EASY; 
DECIDING 
WHETHER  
IT IS MADE  
BY MAN, GOD 
OR NATURE  
IS NOT.”
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Luigi Palombi left a lucrative career 
as an IP lawyer to pursue his quest.
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Only a tiny fraction of gene patent claims have 
come under the spotlight of the highest courts. 
The breast cancer gene patents failed to stand up 
to scrutiny – and their collapse triggered a new 
chapter in patent law. But there was a prequel. 

IN 1991 AUSTRALIAN BLOOD BANKS  were  
in a panic. A new type of hepatitis virus  
threatened to contaminate the national blood 
supply. Kits were available to test donated blood 
for hepatitis A and hepatitis B. But the new type 
had long eluded testing. Finally, a Californian 
company called Chiron isolated the mystery virus 
which was dubbed hepatitis C. It was cause for 
celebration. The virus, estimated to cause at least 
520,000 hepatitis infections a year, could also cause 
liver cirrhosis and cancer. But celebration turned 
to chagrin when the company began enforcing the 
patent they’d been granted, including a warning 
letter to the custodian of Australia’s blood supplies, 
the Australian Red Cross. 

The Chiron patent was “the most breathtakingly 
broad patent I’d ever seen,” Palombi recalls. It laid 
claim to the DNA of the virus and to its messenger 
RNA copy (a recipe to manufacture the proteins 
that are the working parts of the virus), as well as 
to every conceivable use of the virus, including the 
right to develop a blood test or vaccine. Although 
the patent was still pending approval in the US, 
it had already been granted in the UK and in 
Australia. 

Here, the monopoly of the test was causing  
two problems for the blood banks. One was that  
the Chiron test (sold by Abbott Pharmaceuticals 
under exclusive licence) was 14 times the cost  
of the hepatitis B tests. The second was that the 
Chiron test did not pick up all six strains of the 
hepatitis C virus. In desperation, the Australian 
blood bank had turned to Canadian company, 
Murex. It not only tested for the other strains,  
but offered them at a cheaper price. 

The folders now forming a new mountain  
on Palombi’s desk were from Murex, which was 
facing a lawsuit from Chiron. Palombi accepted  
the curious case. Not only did it strike him as  
a righteous cause, it also seemed winnable.

With the help of scientific supporters including 
the late Nobel Prize-winning US cancer researcher 
Baruch Blumberg, Palombi became an overnight 
expert on biology’s “central dogma” – how genetic 
information is uploaded from DNA to RNA  
to proteins. Then he leapt into a decade of case 
law on gene patents. It went back to 1980 and the 
influential Diamond v Chakrabarty case.

Ananda Chakrabarty, employed by General 
Electric, had transferred a foreign gene into the 
Pseudomonas bacterium giving it the ability to 
gobble up crude oil spills. At first, the claim of an 
invention had been rejected by the US patent office 
on the basis one could not patent a life form. But five 
out of nine US Supreme Court judges disagreed, 
finding that “anything under the Sun made by man 
is patentable subject matter”. They ruled that the 
genetically engineered bacterium was an invention 
and hence patentable.

Palombi entirely agreed. But he also traces 
the point at which patent law was derailed to that 
ruling. “It was the misinterpretation of ‘anything 
under the Sun’ that opened the floodgates to the 
gene patenting era,” he says. In 1998 the European 
Parliament went so far as to pass the Biotech 
Directive. It held that “biological materials”, even 
those identical to the “natural elements” that are 
“isolated or produced by means of a technical 
process”, are presumed to be “inventions”. 

Swayed by the Chakrabarty argument, a UK 
judge had recently upheld the Chiron patent against 
Murex. “I formed a view the judge was wrong,” 
says Palombi. He put together a team to challenge 
Chiron’s Australian patent. Finally, in 1996, the 
case was heard in the Federal Court of Australia. 

IT PROMISED TO BE A BATTLE  of scientific titans. 
On Chiron’s side was Sir Gustav Nossal, the face of 
Australian science and the director of Melbourne’s 
Walter and Eliza Hall Institute. Nossal believed 
the hepatitis C patent would serve as the incentive 
to develop drugs or a vaccine. There was also John 
Shine, the director of Sydney’s Garvan Institute 
and a superstar of genetic engineering who’d been 
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NOT ONLY 
DID IT STRIKE 
HIM AS A 
RIGHTEOUS 
CAUSE, IT 
ALSO SEEMED 
WINNABLE.

part of the US team that isolated the human insulin 
and growth hormone genes. Shine’s support for 
the patent was based on the extreme difficulty of 
isolating the virus and the inventive steps involved. 

Opposing them, the Palombi team boasted 
Blumberg and Peter Colman, developer of the 
anti-flu drug Relenza. They argued the patent was 
harming basic research into the hepatitis virus. 
As Blumberg stated in an affidavit: “If I were a 
research director for anti-virals and had the option 
of working on several viruses, the existence of 
this patent would weigh against my deciding to 
undertake [hepatitis C virus] research.” Indeed to 
this day, while there is a vaccine for hepatitis A and 
B, no hepatitis C vaccine has yet been developed. 

Palombi recalls the scientists’ arguments as 
“powerful and bitter”. To some extent they centred 
on how best to serve the public good: patents were 
the necessary incentive to bring medicines to the 
market but clearly they could also impede basic 
research and the availability of the tests. 

“This is an area where people of good will 
disagree,” Nossal reflected. 

But public good was an aside to the key legal 
question: did the act of isolation and purification 
transform the virus into something other than what 
it was in nature?

The media were out in force. The storyline was 
clear: how can you patent what you cannot invent, 
like a virus? 

But the crowd was deprived of the spectacle  
of a courtroom finale. After just nine weeks  
of jousting, Chiron capitulated out of court and 
offered Murex a worldwide licence for Hepatitis C 
blood testing. “Though it was a fantastic result  
for my client and the Australian blood supply,  
at a personal level it was a great disappointment,” 
Palombi recalls. He felt robbed of the judicial  
ruling that would burn away the fog that had 
descended upon the collective legal mind. 

IT SEEMS REMARKABLE that from the 1980s, 
the issue of gene patenting sat largely below the 
radar of the highest courts. This was probably 
because the biggest challenges occurred between 
pharmaceutical companies, and while they had 
their squabbles, no one wanted to put an end to the 
lucrative game. And so the issue faded from view, 
despite the fact gene patents were being granted  
at a stunning rate. By 2013, 40% of the 22,000 
known human genes were under patent. 

The case of Murex v Chiron turned out to be  
a victory of sorts. Palombi acquired a reputation  
as the one who had “successfully slayed the dragon”, 

and found himself in global demand. “I don’t know 
why I just happened to be the guy; 99% of people 
took the opposite position. I was going to spend the 
next 15 years of my life fighting for this.”

In legal arenas across the world, Palombi 
became a firebrand and increasingly ostracised by 
colleagues in the intellectual property community. 
A YouTube clip from 2012 shows him in full flight: 
a broad-chested 50-something, clad in a polo 
shirt with close-shorn thinning hair and chunky 
spectacles, goading an audience at the University  
of Sydney into indignation. “For 11 years, I’ve  
had to fight armies of lawyers with no scruples …  
I am classified as a dangerous person, someone  
who is trying to destroy the progress of science … 
But at the end of the day, there is a line and you 
either have an invention or you do not ...  
The majority of [gene] patents are about getting 
 a monopoly under false pretences.” 

After the Chiron case, six years passed before 
gene patents once again lit up the public radar.  
In this case the combustible mix was a gene test  
for a deadly form of breast cancer, and two 
exceptionally aggressive companies on either side 
of the Pacific – Myriad genetics in Utah, US, and 
Genetic Technologies in Melbourne, Australia.

THERE’S NO DOUBT  that developing gene tests  
for breast cancer was a monumental feat. Back  
in the 1970s most cancer researchers doubted 
breast cancer could be inherited – notwithstanding 
the evidence of families like that of Angelina Jolie, 
where women are at high risk of developing an 
aggressive, early-onset form of breast and ovarian 
cancer. To Mary-Claire King, a geneticist at the 
University of California, Berkeley, that was a sure 
sign of a faulty family gene. It took her two decades 
to track it down to chromosome 17 in 1990. She 
dubbed it BRCA1 (breast cancer one) suspecting 
there would be another. 

Four years later, Michael Stratton and Richard 
Wooster at the UK’s Institute of Cancer Research 
tracked down BRCA2 to chromosome 13. Between 
them these two genes accounted for about a quarter 
of families afflicted by early onset breast cancer.  
A woman with the BRCA1 mutation has a 55-65% 
chance of developing breast cancer, while a woman 
with BRCA2 has a 45% chance of developing the 
disease up to age 70 (compared to a 12% chance for 
women in the general population). For a woman in 
these families, finding out whether she has inherited 
the gene is crucial. 

But identifying the genes was not enough to 
develop a gene test. Researchers had to pluck the 
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“IT’S A GREAT 
FEELING  
TO BE WRONG, 
WRONG, 
WRONG AND 
THEN TO BE 
TOLD YOU’RE 
RIGHT.”

DNA out of the chromosomes and read its code to 
pinpoint the exact error. Geneticist Mark Skolnick 
at the University of Utah was the first to claim the 
prize. He had an advantage – Mormon families. 
They were large, they kept impeccable family 
records, and they were willing to offer their DNA. 

In 1991 Skolnick founded a company, Myriad 
Genetics. As he reflected in an online interview:  
“I came up with the idea of using an industrial 
answer to the question, believing that we then  
as a company could serve a great social purpose.”

To be sure, high quality tests for the breast 
cancer genes became a commercial reality thanks 
to Myriad’s efforts. “They broke open widespread 
gene testing. They put in an enormous education 
effort to bring tests to mainstream medicine. 
They’d argue that was not possible without  
the patent,” notes Robert Nussbaum, former 
director of genomic medicine at the University  
of California, San Francisco and now Chief Medical 
Officer at Invitae, a California-based company 
that offers genetic tests for thousands of inherited 
conditions. 

But somewhere along the line Myriad’s “great 
social purpose” seems to have gone off track. 
While thousands of gene patents had been granted, 
Myriad distinguished itself by its “industrial” style. 
Most owners of gene patents freely offered licences 
to pathology labs. Myriad, on the other hand, issued 
legal threats even to university-based researchers 
who were traditionally free of such constraints – 
unless they tried to commercialise the work.  
Even BRCA1 discoverer, Mary-Claire King, 
received a threatening letter. 

Myriad’s approach harmed the public  
in three ways. 

For starters, at $3,500, the cost of the Myriad 
test was prohibitive for some women. By contrast, 
the test for the cystic fibrosis gene is around $230. 

Besides the cost, the company prevented 
pathology labs from offering the test, so depriving 
women of a second opinion to confirm their result. 

Third, the company obstructed basic research. 
Nussbaum’s lab was among those who received  
a threatening letter. His lab was trying to decipher 
the consequences of the numerous mutations  
that can arise in breast cancer genes. 

The BRCA1 gene, for instance, is 126,000 
letters long and “misspellings” can occur anywhere. 
Ten to 15% of the time, a geneticist cannot tell 
 a woman whether the particular misspelling  
she carries is deadly or not, leaving her to agonise 
over its possible significance. The way to find out 
is to collect a database of these misspellings and 

track what happens to the women who carry them. 
But Myriad, which held the largest database, was 
not sharing its data and was preventing others from 
doing so. 

In May 2009, the disaffected parties – patients, 
pathologists and researchers – banded together  
as the Association for Molecular Pathology  
to challenge Myriad’s US patent. They were  
legally supported by the American Civil Liberties  
Union (ACLU). 

MEANWHILE, DOWN UNDER, an identical battle  
was shaping up. The wily Australian company 
Genetic Technologies (GT) had a licence to sell the 
Myriad breast cancer gene test in Australia. As with 
Myriad, it aggressively enforced the patent, and  
as in the US there was a public backlash in 2002.
 As an aside, GT acquired the licence 
through patent trading. They’d been granted an 
international patent on “junk” DNA that does not 
encode proteins, but represents 98% of human 
DNA. Since all genes carry snippets of junk DNA, 
that allowed the company to demand licences from 
any company with a gene patent. They even went 
after US giants such as Monsanto. Remarkably, 
the strategy worked with Myriad. In return for the 
rights to use junk DNA in its gene tests, Myriad 
issued GT with a licence to sell the breast cancer 
gene test. 

The tumult brought gene patents back under  
the Australian legal microscope. The Australian 
Law Reform Commission appointed an advisory 
board to examine the issue. Its 2004 report 
recommended that the government do nothing. 
In Palombi’s view, the board was heavily swayed 
towards a pro-patenting position. “According  
to them the horse had bolted and it was too late  
to stop it.”

To martial heftier forces, Palombi embarked  
on a PhD at the University of New South Wales.  
In a friendlier form his thesis became the 2009  
book Gene Cartels. 

While Palombi was buried in academic papers, 
the temperature of the debate died down as GT had 
ceased enforcing the patents. But it was a temporary 
state of affairs. In July 2008, it resumed its threats 
against Australian laboratories and this time the 
Australian Senate launched an inquiry. In 2010 the 
Senate concluded that it should do nothing. 

Palombi on the other hand was firing up. 
He’d started a dialogue with the American  

Civil Liberties Union and travelled to the US.  
He gave away copies of his book and spoke to 
packed halls in New York. 
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The civil liberties union case had an initial 
success. In 2010, the Federal Circuit District  
Court in New York found the Myriad patent  
invalid, ruling the breast cancer genes were  
a product of nature. Myriad appealed to the  
Court of Appeals for the Federal Circuit, which  
was set up in 1982 to hear patent appeals, which  
it typically did in  
a sympathetic light, says Palombi. 

Returning home, Palombi helped hammer  
a volunteer legal team into shape to challenge 
Myriad in Australia. 

But it upheld that a man-made copy, so-called 
complementary DNA (cDNA), was patentable. 
This protected Myriad’s monopoly on its particular 
method of testing for the breast cancer genes, which 
relied on cDNA. But it freed other companies to 
develop breast cancer gene tests that did not rely  
on cDNA. 

In Australia the bell tolled two years later, in 
October 2015. Australia’s High Court judges went 
further than the US Supreme Court. They found 
that even cDNA was not patentable material. 
For the purposes of genetic testing, the relevant 
aspect of the gene was the information it carried – 
regardless of the manmade manipulations to which 
it may have been subjected.

It was the final vindication of Palombi’s crusade. 
“It’s a great feeling to be wrong, wrong, wrong and 
then to be told you’re right.”

Thousands of gene sequences that were once 
covered by patent monopolies are now freely 
available for use by clinicians and scientists.  
“The prize,” says Palombi, “will be the best  
and the cheapest gene test or vaccine.” 

That’s already happening in the US, says 
Nussbaum. “Gene patents are a dead issue.  
It’s opened competition – the playing field has  
been levelled.”

 
AFTER THE HIGH COURT’S RULING, IP Australia, 
the government agency responsible for examining 
and granting Australian patents, issued a statement 
that the High Court’s decision was limited to genes 
that code for proteins. They maintained that junk 
DNA and isolated proteins remained patentable 
material. Palombi and others went on the offensive 
and in December 2015, IP Australia modified its 
position, agreeing junk DNA is not patentable 
subject matter but keeping the door open to  
isolated proteins.

“So there’s an ambiguity – and that’s what 
lawyers exploit,” a bristling Palombi told me. 

It seems unlikely Palombi will be laying down 
his sword just yet.  

By this stage Palombi was no longer a practising 
lawyer, but served as the team’s expert adviser.  
He had the backing of law firm Maurice Blackburn. 
The plaintiffs were Cancer Voices Australia and 
Yvonne D’Arcy, a breast cancer survivor. With 
Palombi as the bridge, the US and Australian teams 
started talking to each other. 

THE AUSTRALIAN CASE LAGGED  behind the  
US, yet followed a remarkably parallel path. In the 
US, Myriad won at the Court of Appeals for the 
Federal Circuit, once in 2011 and again in 2012. 
The US team appealed to the US Supreme Court. 
In Australia, Myriad won at the Federal Court of 
Australia in 2013, and then again at the Full Federal 
Court in 2014. The Australian team appealed to  
the High Court of Australia. 

Finally, in the US, in June 2013, nine judges 
of the Supreme Court handed down a unanimous 
decision. “A naturally occurring DNA segment is 
a product of nature and not patent-eligible merely 
because it has been isolated,” the court ruled. 
The decision invalidated all of Myriad’s claims 
to the DNA of the BRCA1 and BRCA2 genes. 
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SHAPE  
SHIFTERS

RICHARD CONNIFF looks at how 
animals around the world are 
adapting to a warmer climate.

AFTER MILLIONS of years of co-evolution,  
the relationship between the clownfish and  
the green sea anemone may be coming to end.
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BUT IS CLIMATE CHANGE  also affecting the size 
and shape of animals’ bodies, or the way animals 
function?

I first started wondering about this when I read 
a 2013 study on ocean acidification published in 
the Proceedings of the Royal Society B. It’s a subject 
I had scrupulously avoided until then because the 
words “ocean acidification” are, let’s face it, sleep-
inducing. But stay with me a moment. Each year 
the oceans soak up about a quarter of all the carbon 
dioxide put into the atmosphere, with the result 
that marine creatures now live in water that is 30% 
more acidic than in pre-industrial times. 

Think of it this way: if you jump into a 
swimming pool where the pH has slipped a little 
outside the accepted range (say, from 7.0 to 6.5, 
meaning it is more acidic), you may notice that your 
eyes sting and your skin starts to itch. You can jump 
out and run to the shower. But sea creatures can’t. 

For the 2013 study, Sue-Ann Watson at 
James Cook University in Townsville, Australia, 
led a collaboration of Australian and European 
researchers. They looked at how rising acidity 
might affect an Indo-Pacific conch snail living on 
coral reefs. (The snail has a pretty white shell with 
some brown stripes, but it goes by the unlovely 
name Gibberulus gibbosus, or the “humpbacked 
conch”.) The good news: spending a week in an 
aquarium tank with the acidity tweaked to near-
future levels had no effect on the conch’s ability 
to right itself after being turned upside down, 
or, according to a follow-up 2015 study, on its 
respiration. The bad news: it rapidly lost its ability 
to jump.

Right. I know. You never imagined that  
a snail could jump in the first place. But to escape 

predators these conches can jump the equivalent 
of their own body length. They may leap five times 
in a row, and with good reason. Their predators 
are cone snails which use a lance to inject a deadly 
toxin into the soft muscle at the foot of the shell. 
Not jumping would be a fatal mistake. But the team 
found that increasing acidity altered the function of 
a key neurotransmitter, slowing down or stopping 
the escape response in many individuals. If some 
individual conches are more tolerant of higher 
acidity and warmer seas, and if this difference 
is based on individual genetic variation, those 
individuals “may be favoured by natural selection”, 
Watson and her co-authors write in their latest 
study. Those animals would become “the winners  
in a warmer acidified future”. 

In another experiment in Watson’s lab, two-
toned squid, a tiny Indo-Pacific species, also 
changed its behaviour in ways that could arguably 
prove either beneficial or fatal. Squids normally 
assume a defensive posture in response to a threat, 
but elevated CO2 and temperature triggered a 
more extreme response. They were twice as likely 
to emit a cloud of ink, or to jet-propel themselves 
out of the picture. That might appear to make them 
safer – but it comes at a higher energy cost and the 
likelihood of more predator chases. 

Other predicted changes seem to portend a 
rapid and unambiguous sorting out of winners 
and losers. Acidification may prove to be a huge 
ecological boon for seagrass, for instance. It seems 
to thrive in the highly acidic waters around sea 
vents. This is not because it’s partial to acidified 
water as such, says Catherine Collier, also of 
James Cook University. Rather, seagrass tolerates 
acidified seawater and that allows it to take 

THERE’S PLENTY OF EVIDENCE that species are 
already relocating in response to climate change. 
In Queensland rainforests, ring-tailed possums 
have moved up mountainsides to find the cooler 
climate they prefer. And in the oceans of southern 
Tasmania, striped marlin have begun to turn up, 
away from their usual, more northerly habitat. 

IT TOOK ONLY 
18 YEARS OF 
WARMING 
TO PRODUCE 
SIGNIFICANT 
CHANGES 
IN ARCTIC 
BUTTERFLIES.

54 — FEATURE Issue 68



advantage of the extra dissolved CO2 “which  
means the seagrass photosynthesises quicker”.  
But for other species, the likely changes are 
downright alarming.

You may remember clownfish being adorable 
in the movie Finding Nemo. (Or maybe you found 
them annoying after your kid insisted on seeing 
the video for the 30th time.) Clownfish live in 
coral reefs and enjoy protection from coral reef 
anemones. These anemones may look like flowers 
but their tentacles are armed with harpoon-like 
stinging barbs that are deadly to the many larger 
fish, eels and sharks that might prey on clownfish. 
But the clownfish are safe thanks to a thick mucous 
shield covering their skin. So they hide out among 
the tentacles and in return for this protection, they 
dart out to drive off butterfly fish and peck at the 
anemone with their pointy mouth. 

It is a beautiful friendship – and a reason 
clownfish live for up to 30 years, six times the 
expected lifespan for a fish that size. But after 
millions of years of co-evolution, that relationship 
may be coming to end. When Philip Munday at 
James Cook University and his co-authors tested 
how clownfish would adapt to the ocean conditions 
they will encounter later in this century, they found 
that more acidic waters cause the clownfish to hang 
out in the wrong neighbourhoods. The acid seems 
to affect their ability to sniff out the reefs containing 
the coral reef anemone. Not only do they become 
attracted to unfavourable habitats – they also 
swim directly toward the scent of their predators. 
Clearly, that’s bad for the clownfish, but what about 

the anemones? No one has tested yet how the sea 
anemones will respond to acidified oceans but an 
anemone abandoned by its clownfish is usually 
eaten by butterfly fish.

“The point is,” says Watson, “behaviours are 
changing as we increase CO2 and acidity levels 
in the oceans. Some of the changes may be good, 
some bad. If we understand [only] a small part of 
the interactions, we don’t know what the knock-on 
effects might be.” Her ambition is to study a few 
model species and use them to discern broader 
trends – snail conches perhaps standing in for 
other mollusks, sea grasses for some marine plants, 
clownfish for certain fish species.

But it is unlikely that laboratory predictions 
will keep up with the rapid pace of change. In some 
cases the shifting climate is already altering how 
some species look. Once again the changes are 
unpredictable and defy conventional scientific 
thinking. German researchers, for instance, 
recently compared specimens of 11 European bird 
species over a period of 120 years, from 1889 to 
2010, to see if the steadily warming climate had 
caused them to shrink a little. 

A theory, known as Bergmann’s Rule, says 
species should be bigger in cold climates, and 
smaller in warm climates. Introduced species 
have tended to obey the rule. Australian brush-
tail possums introduced to New Zealand in 1837, 
for instance, needed less than 50 years – 30 or 35 
generations – to evolve larger skulls in colder parts 
of their new habitat. Moreover, they grew larger 
even though they occur at far higher densities in 
New Zealand forests where there are no predators.

But when the German researchers, who 
published their finding in PLOS ONE in 2014, 
added up their bird data, they found no change 
over 120 years, or at least nothing consistent with 
climate change. 

On the other hand, Arctic butterfly species 
in northwestern Greenland do appear to obey 
Bergmann’s rule. It took only 18 years of warming 
conditions to produce significant changes. 
Scientists at the Zackenberg Research Station 
measured 4,500 specimens of two butterfly species 
facing “extremely high climate change risk”. They 
reported in the journal Biology Letters that the 
butterflies’ wings had become shorter as the climate 
warmed between 1996 and 2013. 

But Bergmann’s rule can be trumped by Allen’s 
rule. Yes, there do seem to be a lot of rules for such 
an unruly topic as wildlife. According to Allen’s 
rule, animals tend to have bigger limbs in warmer 
areas – it is a way of shedding body heat.

02

The beak size of this gang-gang  
parrot increased.

FEATURE — 55COSMOS



03 
Australian brush-tail possums 
introduced to New Zealand grew 
larger in the cooler climate.
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“EVOLUTION 
IS HELPING 
WILD BEES 
KEEP PACE 
WITH CLIMATE 
CHANGE.”

RICHARD CONNIFF, is an award-winning science 
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And Australian parrots, it seems, prefer  
Allen’s rule. A 2015 study published in the  
Journal of Biogeography from Matthew Symond’s 
group at Deakin University in Melbourne looked  
at four parrot species in Australia from 1871 to 
2008. It found that the surface area of the parrots’ 
bills had increased by as much as 10%, apparently  
in response to the warming climate.

CAN WE REALLY BE SURE  these changes have 
anything to do with climate? Animal populations 
commonly get larger or smaller on account of 
resource availability, competition and other  
factors. But for conservationists, one of the great 
hopes in the face of climate change is that many 
threatened species will be able to shift their range, 
finding new homes when their old ones become  
less habitable. That’s already happening, of course, 
but even highly mobile species such as birds  
exhibit what’s come to be known as “migration 
lag”. In Sweden, for instance, suitable habitat for 
certain bird species has already extended by almost 
300 kilometres toward the Arctic. So far, though, 
the birds have moved only slightly more than 100 
kilometres northward, according to a 2012 study 
published in Ecography by Åke Lindström and 
colleagues at Lund University, Sweden. 

Lag becomes a bigger problem the smaller  
you are. The authors of the Artic butterfly study,  
for instance, were concerned about the ability  
of the shrinking species to fly far enough to reach 
more favourable habitats. 

The most startling physical modification 
produced by climate change has to do with  
tongue size. I’m not sure what the rules are  
here, but tongue size makes a huge difference  
for birds and insects, and the plants they  
pollinate. Tongue length and flower size often 
evolve in lockstep. In one well-known story,  
Charles Darwin received samples of an astonishing 
orchid from Madagascar in which the nectar was 
located at the bottom of a 36-centimetre-long tube 
called the nectary. “Good Heavens what insect 
can suck it?” he wondered to a friend. Darwin 
conjectured there must be a moth with a proboscis 
long enough to reach the nectar. When just such 
a moth was discovered 41 years later, biologists 
named it praedicta (“predicted”) in Darwin’s 
honour.

Darwin might find it less straightforward 
to predict what is happening today. In a study 
published in Science in September 2015, Nicole 
Miller-Struttmann of SUNY College in New York 
and colleagues looked at plants and bumblebees 

that have co-evolved at high elevation in the Rocky 
Mountains west of Denver, Colorado. Comparing 
current specimens with historical specimens in 
museums, they found that the tongues in some 
bumblebee species had lost a quarter of their length 
over the past 40 to 50 years, a rate of 0.5% per year. 
Yet their overall body size had not changed.  
The explanation? Warmer summers had reduced 
the abundance of flowers with deep nectary tubes – 
the bees’ co-evolutionary partners. The bumblebees 
are becoming generalists out of necessity, visiting 
almost any flowers still available. This is good news 
in a way. “Evolution is helping wild bees keep pace 
with climate change,” the authors concluded.

04

Tongue lengths in some bumblebee  
species are shrinking.

But a large part of the wonder and variety of the 
natural world has to do with its quirky specialists: 
its clownfish, its praedicta moths. To survive, 
one possibility is that those specialists must now 
relocate or become generalists. If that happens, 
wildlife in one place could increasingly become like 
wildlife in another, all around the world. 

It promises to be a far more boring world, if it 
were not also so damned scary.  
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SOLVING  
THE MYSTERY 
OF LAUGHING 

DISEASE

A hike in the New Guinea highlands 
helps solve a medical mystery, protect 
Britons from mad cow disease, and 
reveal an uncomfortable truth about the 
past. JO CHANDLER  follows the trail.

MICHAEL ALPERS was drawn by a sense  
of adventure and the opportunity to work  
deep in New Guinea’s heartland.
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IT HAD NEARLY WIPED OUT  the Fore people of  
the Purosa Valley in the remote highlands of what 
was then the Australian colony of New Guinea.  
The Fore believed it was a curse, and blamed 
sorcery for the condition, which they called “kuru”. 
Intrigued, medical scientists postulated a genetic 
cause, or maybe an environmental factor. 

When medical student Michael Alpers came 
across a report of this mysterious disease in the 
Adelaide Advertiser in 1957, he was drawn by a sense 
of adventure and the opportunity to “do health 
in a different kind of way”. So, after graduating in 
1961, he secured a post as a medical officer for the 
Australian administration, and soon found himself 
deep in New Guinea’s kuru heartland. 

Alpers, now the Professor of International 
Health at Curtin University in Western Australia, 
now sits in his kitchen in Fremantle and tells me the 
story of what he found as a young doctor visiting the 
New Guinea highlands more than 50 years ago. 

When he first arrived, he spent “a couple of 
months walking around, talking to people”.  
A particularly warm welcome was extended by  
a village called Waisa, a solid hour’s trek from the 
nearest road but smack in the heart of the epidemic. 
“People said ‘come, you’re very welcome,’ and  
I settled.” 

The Fore people, who lived in the village,  
built Alpers a hut, replacing it in time with a house 
supplied with water and a generator. It would 
become his home — and later that of his young 
family — for long months over many years.

While kuru was the young medical officer’s 
focus, Alpers was soon aware of the community’s 
other urgent medical needs. “We set up a medical 
clinic. People came from valleys miles away. 
Everyone at that time had tropical ulcers … 
fortunately they respond excellently to penicillin. 
Word got around.”

Over the decades that saw New Guinea become 
part of independent Papua New Guinea or PNG, 
that spirit of collaboration was to pay off. The Fore 

people themselves became critical to solving the 
kuru mystery, says Alpers. They acted as translators 
and cultural advisors, nurses and autopsy assistants, 
data collectors, cooks, security guards, drivers and 
custodians of precious brain tissue destined for 
research laboratories overseas.

“We had to climb mountains and cross fast-
flowing rivers,” one of the original assistants, Taka 
Gomea, recalled at a Royal Society gathering on 
kuru in London in 2008. “When we approached 
some villages they tried to chase us away, 
threatening us with their bows and arrows.  
We would placate them by giving them salt and 
other small presents.” 

It was in the field, in early 1962, Alpers first  
met American scientist Carleton Gajdusek, who  
had by then been studying kuru for several years.  
A dynamic but controversial figure, Gajdusek, later 
won the Nobel Prize for his kuru-related work. 
Later still he was convicted and jailed for child 
molestation. Alpers did not share the Nobel Prize. 
Some considered this unjust, but Alpers has said 
that he did not mind at all.

Gajdusek wanted to test the idea that kuru 
was a transmissible disease, rather than caused by 
environmental or genetic factors, “and I did too” 
says Alpers. Together they planned an experiment: 
to collect autopsy samples from kuru victims, 
injected them into chimpanzees and monitor them 
for 10 years. 

Collecting the tissue from afflicted brains was 
the first challenge. The local kiap, the powerful 
Australian field officer, vetoed autopsies, telling 
Alpers “absolutely not, people are fed up”. But 
Alpers determined that much of the local people’s 
distress was due to the bodies being examined in 
hospitals and not promptly returned.

His solution was to conduct limited autopsies 
in the villages, assisted by local people, and by the 
families of the dead. This assuaged some of the local 
anxiety about the process, and secured fresh tissue 
soon after death. 

THE AFFLICTED  had contorted, anguished faces 
and tremors. As their illness progressed, they 
lost the ability to speak or move, but would laugh 
uncontrollably. Their devastating disease became 
known as “the laughing death”.  
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HER END WAS 
LINGERING 
AND AWFUL. 
HER FATHER 
DESPAIRED 
AND RAN 
AWAY UNTIL  
IT WAS OVER.

“So, having established the fact I had permission 
to do an autopsy I then would go to the kiap and he 
would provide a coroner’s certificate – in advance 
– authorising it,” says Alpers. As death approached, 
Alpers would move into the patient’s village,  
and wait.

“You couldn’t do anything else but hang  
around, a bit like a ghoul. And it normally took  
a long time even after the patient was moribund, 
[almost] paralysed, but subsisting on sips of sugar 
water,” Alpers says. He would prepare a hut and his 
instruments for the autopsy, setting out sterile vials 
for the tissue.

In his Fremantle kitchen, Alpers picks up an 
old photo of a little girl leaning on a stick in front 
of some village huts, looking shyly into the camera. 
“That’s Kigea,” he says. “She was from my own 
village, Waisa. A wonderful little 11-year-old girl.” 

Her end was lingering and awful. Her father 
despaired and ran away until it was over; her mother 
had already been claimed by kuru.

a bone handsaw. It would take maybe 20 minutes 
… like cutting an avocado. I would go to particular 
parts of the brain … take out small cubes … 

“Then I’d take the whole brain out and put  
it in a bucket full of formalin and cotton wool so  
it wouldn’t be deformed. All our samples would go 
into an insulated box. Then I put the skull cap back 
on, and sewed up. Then we said goodbye … gave 
everyone a hug, and took off. I did this five times.  
It was enough.”

The next morning a chartered aircraft would 
fly the insulated box to Lae. From there, the box 
was flown first to Melbourne, and then on to a 
primate facility at the National Institutes of Health 
in Bethesda near Washington DC, where Gajdusek 
had assembled some chimpanzees.

In early 1964, Alpers followed the samples to 
Washington. There, he and Gajdusek would spend 
the next four years exploring the pattern of how 
kuru spread through the New Guinea population. 

By now the tissue Alpers had taken from Kigea 

02

Five women with advanced kuru who require sticks for walking or standing  
and three girls (seated) with kuru, in 1957.

“The extraordinary thing was that I could  
still make contact. I remember asking Kigea the  
day before she died to put her tongue out. She was 
in this locked-in state, but she wasn’t paralysed,  
and she understood me. It was a terrible situation 
for everybody.” 

After each death, he says, “I would go and talk 
to the family again, and say, ‘OK?’ They had cut 
up bodies in the past, so that was not an unusual 
activity for them … 

“The father, or a close relative, would hold the 
head, and I would take the top of the skull off with 

and another sample from a boy called Eiru had 
been inoculated into a pair of chimps – Daisey and 
Georgette. Alpers would visit them twice a week, 
growing fond of the animals and their personality 
quirks. “Chimps are so close to humans it made 
them difficult to use in lots of ways, but we felt we 
had to do it.”

Two years into the experiment, Daisey and 
Georgette started behaving strangely. Their 
gait changed, they had difficulty walking and 
lost co-ordination. When they couldn’t pick up 
pieces of apple and put them to their mouths they 
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“BY EATING 
THEIR DEAD, 
THEY WERE 
ABLE TO SHOW 
THEIR LOVE 
AND EXPRESS 
THEIR GRIEF.”

improvised, using their lips to scoop the apple from 
the ground. Alpers had seen it all before.

“It was just striking. The tremors, the gait …” 
By this time Gajdusek was back in PNG. Alpers 
alerted him by telegram. By the time he arrived  
a week later, “Daisey was falling all over the place  
… it was awful. But at the same time there was  
this elation that our experiment was going to  
be successful.”

Final proof came several months later, when 
samples taken from the dead Georgette’s brain  
were examined by a neuropathologist in London.  
A telegram arrived in Washington advising that the 
chimp’s brain pathology was “indistinguishable” 
from human kuru.

“We wrote our paper in a day,” says Alpers.

UNUSUALLY, THE PAPER IDENTIFIED  the victims 
Kigea and Eiru – as well as Daisey and Georgette 
– by name. Scientific convention generally scrubs 
documents clean of personal elements such as 
identity. But in this case the scientists in their haste 
gave credit where it was painfully due.

Two weeks later, the paper appeared in the 
journal Nature. It identified kuru as a new category 
of infectious disease that caused degeneration of 
the brain and nervous system, and was capable of 
crossing the species barrier. 

The transmissible agent would later be 
identified as an infectious, self-propagating protein. 
It broke all previously assumed rules, because it 
lacked its own genes. The protein was called a prion. 
It was the first new pathogen identified in more than 
a century.

THE 1966 BREAKTHROUGH  was momentous, 
but the mechanism that caused kuru to spread 
remained elusive.

By then Alpers had spent several years 
reviewing the epidemiology of the disease, trawling 
through data collected by patrol officers, scientists 
and missionaries. Their work had been ably assisted 
by the Fore’s formidable collective memory — 
“cause of death is always known, even going back 
three generations”, says Alpers.

He combined the charts with work done by 
anthropologists in the field, including husband-
and-wife team, Robert and Shirley Glasse (who 
later became Shirley Lindenbaum). They had been 
looking for clues to kuru in cultural practices and 
diet, including the Fore’s tradition of mortuary 
feasting, which the kiaps had outlawed by the time 
Alpers arrived in 1961. 

According to the Fore’s complex belief system, 
each individual has five souls. After death they 
travel the country on a farewell tour and ultimately 
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Too many men: in the 1950s and 1960s, the kuru epidemic killed approximately 25%  
of the women of South Fore. In some villages, there were few female survivors.
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– assuming various rituals are honoured – they 
are reunited in the land of the ancestors. The most 
efficient path to the hereafter is for the body to  
be eaten.

As Alpers, with Jerome Whitfield and other 
colleagues wrote in a 2008 paper in Philosophical 
Transactions of the Royal Society B: “If the body 
was buried it was eaten by worms; if it was placed 
on a platform it was eaten by maggots; the Fore 
believed it was much better that the body was eaten 
by people who loved the deceased. By eating their 
dead, they were able to show their love and express 
their grief.”

It was the women’s responsibility to eat the 
dead, grinding the bones and cooking the flesh, 
feeding their children the tastiest bits. Although 
small boys joined in, they were generally excluded 
after about age 10.

By 1964, Alpers had solid figures on kuru deaths 
over seven years. “I compared the data for 1957, 
’58 and ’59 with ’61, ’62 and ’63,” he says. “If you 
looked at the young kids, the disease had essentially 
disappeared – even in that short time.” 

“The argument for cannibalism – and I don’t 
use that term any more, but it was used then – was 
compelling. Everything fitted,” says Alpers. 

“Why did women and children get the disease? 
Because they were the ones that carried out the 
practice – the men didn’t. It explained why it was 
dying out in young children – because the kiaps had 
proscribed cannibalism. You could also conclude 
that the disease was not being transmitted vertically 
from mother to child.”

Unhappy with the language used to discuss 
his finding – “you don’t like to call your friends 
cannibals” – Alpers invented a new term for the 
Fore ritual: “transumption”. It borrowed from the 
Catholic lexicon concerning the transubstantiation 
of bread and wine into the body and blood of Christ. 

He defined the Fore custom as “incorporation of 
the body of the dead person into the bodies of living 
relatives, thus helping to free the spirit of the dead”. 
It was a final act of love. Yes, as anthropologists 
insisted, there was a gastronomic element: people 
testified that humans were delicious, especially 
their brains. 

With the means of transmission identified, 
the next task was to work out how the outbreak 
began. According to oral testimonies of the Fore, 
kuru appeared in the 1910s. In a 1970 paper 
Alpers proposed kuru had spread from a single 
spontaneous case of Creutzfeldt-Jakob Disease 
(CJD) – a rare but well-documented occurrence in 
any human population. 

Spontaneous CJD shares the hallmarks of kuru, 
but ordinarily the disease is not transmissible. 

However, if the brain of the afflicted person was 
eaten, that single episode could multiply over a 
generation or two, and start an epidemic. 

However some people were less susceptible to 
the effects of kuru than others.

A gene providing elderly survivors of Fore 
mortuary feasts resistance to kuru was also found 
to occur across thousands of people from other 
cultures. This suggested that eating human flesh – 
and outbreaks of a kuru-like disease – had occurred 
widely in the human past, Alpers proposed in 
2003, in a sensational paper in the journal Science. 
Cannibalism, it appeared, was one of humanity’s 
darker secrets.

04

The youngest case of kuru seen in 1967:  
a girl aged 10 years from a remote village.

WITH  KURU HAVING ALL BUT VANISHED, and the 
mechanism for its spread eradicated, the episode 
might have disappeared into the annals of curiosity. 
But then, in the mid-1980s, came “mad cow” 
disease.

More correctly known as bovine spongiform 
encephalopathy, or BSE, mad cow disease was  
a consequence of cows eating meal derived from 
the recycled offal of other cows. Britons feared that 
eating diseased beef would see BSE spread  
to humans.

That fear was realised in 1996when the infection 
turned up in people as variant Creutzfeldt-Jakob 
Disease (vCJD). With 177 deaths confirmed to 
date in the UK, and another 52 elsewhere, it has 
thankfully not reached the epidemic proportions 
anticipated – partly because its similarities to kuru 
were recognised early. 

“I spoke to Michael before vCJD appeared, 
on the basis that we thought it might transmit to 
humans,” says John Collinge, director of the UK 
Medical Research Council Prion Unit in London.  
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findings from a survey of appendix tissue removed 
routinely from Britons: it identified abnormal vCJD 
prions in 16 of 32,441 cases.

“That is quite a worrying figure,” Collinge said 
at the time, “suggesting that one in 2,000 people 
in the UK population are infected. Now these 
individuals are healthy. Will they ever develop 
CJD? Are they individuals with very long incubation 
periods like we see in kuru? Some of them, possibly. 
But I suspect a majority of them will be genuine 
carriers – infected, but they will never develop the 
disease themselves. They do, though, represent 
a risk to others if they are blood donors or donate 
organs. This is an ongoing public health issue in the 
UK … and kuru still has things to say about that.”

The most recent insights to be drawn from the 
PNG kuru archive were published by Collinge and 
his team in Nature in June 2015, identifying another 
variation in the prion resistance gene that in mice, 
rather than simply delay the onset of kuru, provides 
total protection against it and other forms of CJD. 

IT’S BEEN SIX YEARS since the kuru pathogen last 
claimed a victim in PNG, a 61-year-old woman from 
a far-flung hamlet. She could have been only a tiny 
girl when she ate the morsel that would eventually 
kill her.

The decades-long surveillance program Alpers 
set up was finally closed down in 2012.

Kuru may be gone, but it is not forgotten. 
Although Alpers retired from his long-held post 
as chief of the PNG Institute of Medical Research 
in 2000, he trekked into the highlands after being 
summoned to a rumoured kuru case that turned out 
to be Parkinson’s disease only about five years ago.

“Kuru is still the first thing people think of if 
anyone gets a bit shaky,” he says. “It’s an extremely 
powerful disease, horrible to live with, and horrible 
to see someone die of. People are still very much 
afraid of it.”   

KURU MAY BE 
GONE, BUT 
IT IS NOT 
FORGOTTEN.

JO CHANDLER  is an award-winning freelance 
journalist and author. 
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“It seemed to me that kuru was the major 
experience we had of one of these diseases. And we 
had better get to know as much about it as we can.”

When Collinge landed in PNG, his first question 
was whether prion disease could really incubate 
in a human for more than 50 years. Cases from the 
kuru archive showed that it could. “This was quite 
extraordinary,” he says.

“We also wanted to see what strain or strains  
of prions caused kuru,” he says. 
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The brain tissue of a person with kuru looks 
spongy because of holes left by dead cells

“But we couldn’t turn up as westerners and say 
‘we’re only interested in kuru — you’re dying of 
malaria, but that is not our interest’. It was ethically 
essential that we work with the community, 
contribute … tend to patients with common 
infectious diseases that might be lethal without 
treatment, in the same way they were helping us 
with our medical problem.”

The result was an enduring funding and  
co-operation agreement between London and  
PNG – and a slew of critical clinical data gathered 
from the Fore.

For instance, inheritance patterns of the genes 
that shape the body’s defences against kuru and 
vCJD — and hence survival times— are similar, 
enabling scientists to predict that further delayed 
cases of vCJD will emerge in the UK in the next  
few decades. 

Another alarm raised by kuru, says Collinge,  
is how the use of human tissue in the UK — albeit in 
medical, not cultural, practice — might contribute 
to the spread of prion disease. 

vCJD prions cross the gut wall after infected 
meat is eaten, replicating in lymphoid tissue in 
the gut, before spreading to the brain and other 
lymphoid tissue such as the appendix. In July 
2012, the UK Health Protection Agency published 
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Putting the  
science in fiction

Cosmologist Paul Davies contributes to Project Hieroglyph,  
which aims to inspire real science with sci-fi. DREW TURNEY  
talked to him about his quest. 
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Putting the  
science in fiction

 Science and science fiction have always inspired each 
other but never more than today when initiatives to 
formalise the cross-pollination are growing.

Science fiction authors and film directors are – almost 
by necessity – science and technology geeks, with many 
of them taking great pains to adhere to scientific accuracy. 
Look at James Cameron, who has pushed movie science  
so far he has actually done important scientific work in  
the process.

By the same token, many people in the science 
technology, engineering and maths (STEM) industries 
have made careers out of their formative years’ 
fascination with futuristic gadgets, vehicles, concepts and 
worlds depicted in pop culture.

The handheld communicators from the original 
series of Star Trek are said to have directly inspired the 
invention of the mobile phone in the early 1970s. 

Back in 1989 Back to the Future II promised us that 
by 2015 we would have flying cars and the hoverboard. 
There is no sign of the former but aversion of the latter 
actually made it to the lab, if not becoming a regular sight 
on the streets.

Plenty of institutions and even companies have 
invested heavily in the idea of bringing thinkers together 
to see what emerges. 

A couple of years back Intel held a forum series called 
The Tomorrow Project that bought authors, engineers, 
artists and scientists together for workshops, papers and 
presentations. Intel said at the time that it was trying to 
help figure out what sort of future we want to live in and 
what kind we want to avoid.

The fact that big multinational companies are paying 
very smart people to do such things seems to be tacit 
agreement that science fiction is one of our most reliable 
barometers for the future – that sci-fi begets science.

When Hollywood captures our imagination (often 
fuelled by the collaborative power of the online world), we 
will often do our collective best to bring the screen world 
to life. And we should never underestimate the power of 
the general public to take action when they’re interested 
in an idea.

We all remember early 2013 when the Obama White 
House – forced by law to respond to a outlined popular 
petition – (with tongue slightly in cheek) why it couldn’t 
build a Death Star. 

No one represents the cross-fertilisation of science 
and science fiction better than Paul Davies. A wide-eyed 
kids who loved comics, sci-fi novels and cliffhanger 
movie serials in the 50s and 60s, he is now a renowned 
cosmologist and a leading figure at Arizona State 
University’s Beyond Centre for Fundamental Concepts  
in Science.

But Davies is a contributor to another ASU initiative, 
called Project Hieroglyph, that aims to inspire real-world 
scientific innovation using science fiction.

Paul Davies loved comics as a kid and now science 
fiction will inspire real-world scientific innovation.

02

ZEITGEIST

“A GREAT SOCIAL UPHEAVAL IS 
ALSO A TIME OF GREAT CREATIVE 
GENIUS, WHEN YOU GET SCIENTIFIC 
AND TECHNOLOGICAL ADVANCES.”

Davies says the dialogue between science and fiction 
goes back for at least 150 years. “We only need to think of 
HG Wells or Jules Verne in the 19th century making these 
sweeping projections,” he says. 

The enthusiasm and talent that crated the space age 
was a direct result of the impact of Flash Gordon and his 
swashbuckling contemporaries on the young minds of the 
day, he believes.

Project Hieroglyph is also something of a response 
to science fiction’s tendency to assume the future is 
going to be a terrible time because of any number of alien 
invasions, fascist governments, unsustainable population 
explosions or ecological collapses.

“The idea that we should recapture an upbeat 
visionary future for mankind that is driven by hope,  
I think is a wonderful one,” says Davies.

The project grew out of conversations between 
academics and they sci-fi authors they accused of being 
too dystopian. “Most futuristic science-fiction  
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A poster for Frederick Stephani’s 1936 action film ‘Flash Gordon’ starring  
Buster Crabbe, Jean Rogers, and Charles Middleton.

03

is dystopian,” Davies says. “Just think of the Hunger 
Games. The challenge was ‘let’s restore the balance and 
return to a utopian vision’. 

“When we look back over the past 1,800 years, who 
would deny science has made life better for just about 
everybody on the planet?”

But critically praised author Neal Stephenson, the 
instigator of Project Hieroglyph, believes sci-fi is already 
prompting scientists to be more creative.

“A kind of creativity is essential to doing important 
science work,” he says. Project Hieroglyph is designed  
to test the proposition that, if an engineering organisation 
has an clear vision of a product, which members agree  
on, it will work more efficiently toward getting it built.

But he agrees the times may make that more difficult 
to pull off. 

“The idea of collective action for basically non-
economic reasons is a hard sell these days,” he says. 

“We went into space because of the presumption that 
we have to compete with these people as if we were in  
a war. That’s a set of historical circumstances that came 
about at a particular time.”

The way to combat that is to go beyond the armies  
of kids glued to TVs and comics to inspire the people 

DREW TURNEY  is a freelance journalist based  
in Los Angeles.
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making the investments.
“Decisions are made by the people who have the 

capital now,” he says. “There seems to be a reluctance  
to take big risks to do things that might not work out.”

To Paul Davies, there’s another reason why it feels like 
the age of scientific adventurism is behind us. 

“A great social upheaval is also a time of great 
creative genius, when you get scientific and technological 
advances,” he says. 

“A few years ago the banking system had collapsed and 
it was the time I would expect some clever people to come 
up with an alternative to money. We’ve had this concept 
for thousands of years, wasn’t it a good time for somebody 
to come up with a clever alternative? Sure enough, along 
came Bitcoins.”  
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Ebola’s beauty  
is in the eye  

of the beholder

AS FAR AS VIRUSES GO, you wouldn’t call Ebola 
beautiful. But don’t tell that to David Goodsell,  
a molecular biologist from the Scripps Institute in  
La Jolla, California. 

Certainly his impression of the virus, captured 
here in water colour and ink, is quite lovely. It’s also 
entirely accurate. 

We see the membrane (pink/purple) which was 
stolen from the cell the virus infected. It is rooted 
with virus proteins that resemble trees (turquoise).  
An inner layer of proteins (blue) supports the 
membrane. And in the inner sanctum, a cylinder 
made of proteins (green) protects the viruses genetic 
blueprint, RNA (yellow). 

This work won Goodsell first place in the 2016 
Wellcome Image Awards. 

 Check out a gallery of all the finalist of the 2016 
Wellcome Image Awards here: bit.ly/Wellcome2016

IMAGE 
David S. Goodsell / RCSB Protein Data Bank

SNAPSHOT
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TO JO MARCHANT, the links between 
mind and body are self-evident. 

“Have you ever felt a surge of 
adrenaline after being narrowly missed 
by a car?” she writes in the introduction 
to Cure. “Felt turned on just from hearing 
your lover’s voice? Retched at the sight 
of maggots in the trash?” All these things 
dramatically establish how the workings  
of the mind can have an effect on the 
physical body.

And yet, as Marchant points out, 
how this relates to health is still largely 
unknown territory. While it has long been 
known that negative mental states such as 
stress or anxiety can damage our health, 
there is still a limited understanding of 
how and why this happens.

And even less understanding of the 
positive side of the equation – how might  
a positive mental state improve our long-
term health?

Marchant blames it all on 17th century 
French philosopher René Descartes – he 
of the “cogito ergo sum” (I think, therefore 
I am) dualism that tried to establish the 
mind as separate from the body. 

As Marchant points out, modern 
neuroscience has mostly abandoned that 
mind-body dualism and now understands 
every brain state as associated with a 
physical configuration of neurons – unable 
to be separated.

But while the neuroscientists may  
get it, too many medical practitioners  
and their patients just don’t – and the 
business of this book is to close that gap  
in understanding.

Not that she is here to justify 
quackery. Her scientific credentials 
(a PhD in genetics and microbiology) 
are impeccable. But just because some 
alternative therapies are bogus, not 
all fail the test of rigorous scientific 
experimentation. The mission here is to 
show the state-of-the-art thinking about 
the health of both mind and body and how 
the two intersect and interrelate.

The search takes her in the first part of 
the book around the world to find the very 
latest research, exploring the neurological, 
hormonal and physical process that 
connect our brain to our well-being. And 
how we can harness those connections  

NON-FICTION
Cure: A journey into the science  
of mind over body
by JO MARCHANT

Text Publishing (2016)
RRP $32.99

to treat a variety of conditions that we 
would traditionally turn to drugs for.

In many cases, we really can use the 
placebo effect to “kiss it better”, as we 
would a child’s grazed knee, but we can 
also train our immune system to function 
better, indeed rewire our whole brain if 
necessary, and meditate to protect us from 
dementia and depression. 

As she is often dealing with the very 
edge of experimentation, some of her 
claims can be contentious, such as her 
slightly new age concepts of “mindfulness” 
in medicine.

This is true of a good deal of the second 
part of the book, which looks at how our 
state of mind shapes health risk and the 
most effective treatments and alternative 
therapies to harness the mind’s power.

But in the end her strong scientific 
grounding and her attractive writing style 
save the day.

As she tells us, she does not advocate 
relying solely on the mind to heal us – but 
nor should we deny its power completely.

“My hope, then, is that this book might 
help to overcome some of the prejudice 
against mind-body approaches, and to 
raise awareness that taking account of 
the mind in health is actually a more 
scientific and evidence-based approach 
than relying ever more heavily on physical 
interventions and drugs.”

Instead, she says, she is seeking to 
outline a potentially happy medium.

“Perhaps one day this realisation 
might help lead towards a system of 
medicine that combines the best of both 
worlds: one that uses life-saving drugs 
and technologies when they are needed, 
but also supports us to reduce our risk of 
disease and to manage our own symptoms 
when we are ill; and when there is no  
cure, cares for us and allows us to die  
with dignity.”

— BILL CONDIE

SHE DOES NOT ADVOCATE 
RELYING SOLELY ON THE MIND TO 
HEAL US – BUT NOR SHOULD WE 
DENY ITS POWER COMPLETELY.

Mind over
matter

72 — SPECTRUM Issue 68



NON-FICTION 
This Idea Must Die: 
Scientific Theories That 
Are Blocking Progress 
edited by JOHN 
BROCKMAN

Harpecollins (2015) 
RRP $24.99

‘‘ANY MAN CAN MAKE MISTAKES, but only an 
idiot persists in his error,” said the Roman scholar 
Cicero, who would have approved of this lively and 
argumentative volume. The book is a compendium 
of answers to the question John Brockton poses 
annually on edge.org, his online science salon: 
“What scientific idea is ready for retirement?”

There is no shortage of candidates from 
the 175 writers and thinkers – not all of them 
scientists –  who contribute, with passion and 
sometimes venom. Cognitive scientist (and Cosmos 
contributor) Steven Pinker, physicist Lawrence 
Krauss, actor and author Alan Alda, and writer Ian 
McEwan all have a bête noire. 

For the record, Pinker wants an end to the idea 
that human behaviour can be determined by a 
simple equation of genes plus environment; Krauss 
says the laws of physics are not predetermined and 
we should dump the idea. In a similar vein, Alda 
says not everything is true or false; McEwan, on 
the other hand, says nothing should be retired, no 
matter how wrong, “we need to remember how we 
got where we are, and we’d like the future not to 
retire us”.

Richard Dawkins wants to see an end to 
existentialism, Nassim Nicholas Taleb takes issue 
with standard deviation and Alan Guth, who gave 
us the concept of inflation following the Big Bang,  
wants to rethink the origins of the Universe, a large 
undertaking given that he has done much of the 
heavy lifting in the thinking about it so far.

Each essay is a bite-sized two to three pages, 
forcing the writer to get down to business and 
dispatch their outdated concept quickly and cleanly. 
Most rise to the occasion, either a testament to the 
writing skills of the contributors, or, more likely, an 
editor with a real knack with the blue pencil.

This structure naturally make a book that is 
ideally suited to dipping in and pulling out another 
little gem of querulous opinion dedicated to the 
proposal that “to stay at the cutting edge has as 
much to do with shedding outdated notions as 
adopting new ones”.

“Ideas change,” writes Brockman. “And the 
times we live in change. Few truly new ideas are 
developed without abandoning the old ones first.”

— BILL CONDIE

EVEN IN THE ABSENCE  of comprehensive  
scientific testing  – which author Chutkan,  
a clinical gastroenterologist, admits still has  
gaps – the argument in The Microbiome Solution  
is pretty compelling. 

Processed foods and the over-prescription of 
antibiotics to fight everything from acne to Crohn’s 
disease, it claims, has thrown the balance of the 
human microbiome – the colonies of bacteria that 
inhabit our digestive system – out of whack.

She believes a return to “dirty” food  –  
grown rather than manufactured – and letting 
our bodies be sick when they need, instead of 
fighting off every minor bug with pharmaceuticals, 
will combat a myriad of modern inflammatory 
syndromes such as colitis and rheumatoid arthritis. 
Even without Chutkan’s clinical stories, there’s  
no arguing that human health has changed 
drastically over the past century, with formerly 
unknown conditions such as autism spectrum 
disorder and food allergies now more rife than  
ever before.

The Microbiome Solution not only makes a 
good case that increasingly “mechanised” food 
production is one of the causes. It goes further, 
suggesting that we clean and disinfect ourselves too 
obsessively on the outside as well.

Chutkan says a medical term called dysbiosis, 

which describes a microbial imbalance, lies at the 
heart of our upset microbiomes. She is not the 
only doctor suggesting it might be behind a host 
of inflammatory bowel diseases, chronic fatigue 
syndrome, obesity and even cancer.

The book starts with a chapter that introduces 
us to the concept of a delicately balanced garden 
that is set down through gestation and birth,  
and maintained (or not) by our diet and exposure  
to toxins.

Each chapter opens with a story from Chutkan’s 
practice, usually a desperate patient at the end  
of their tether after endless courses of drugs that  
do little long-term good. 

Chutkan claims just one course of antibiotics 
can throw the microbiome out for months. In some 
cases it takes a radical diet detox and up to several 
years to repair more entrenched imbalances, 
but often a change in diet and stopping all the 
medication can cause a life-changing shift.

There’s a whole chapter containing everything 
you ever wanted to know about fecal microbiota 
transplants (and plenty you didn’t, including the 
fact that you can do it yourself at home if you so 
desire), and a section on recipes and lifestyle to help 
you – as Chutkan puts it – live dirty and eat clean.

— DREW TURNEY

NON-FICTION 
The Microbiome  
Solution: a radical new 
way to heal your body 
from the inside out  
by ROBYNNE CHUTKAN

Scribe Publications (2016)
RRP $29.99
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CAPTURING THE beauty of 
the Universe through the 
(colour enhanced) eyes of the 
astronomers, this book shows 
how they have woven art from 
the images they capture in 
their telescopes. 

Hundreds of spectacular 
colourful pictures have 
become the way most people 
know the cosmos. But does it 
really look like this?

Maybe not but, as this 
book explains, scientists have 
brought the un-seeable radio 
waves, infrared light, X-rays, 
and gamma rays to life in a 
way our own eyes could not.

A fascinating and 
breathtaking collection of the 
pictures from deep space and 
an insider’s guide to those 
who make them.  

— BILL CONDIE

NON-FICTION 
Coloring the Universe: 
An Insider’s Look at 
Making Spectacular 
Images of Space 
by TRAVIS A. RECTOR, 
KIMBERLY KOWAL 
ARCAND and MEGAN 
WATZKE

University of Alaska Press 
(2015)
RRP $50.00

2 

 The iconic Horsehead Nebula is part of a dense cloud of gas in front of an active star-forming region known 
as IC 434. Credit: T. A. Rector (NOAO/AURA/NSF) and the Hubble Heritage Team (STScI/AURA/NASA).

Chapter 1

HUMAN VERSUS TELESCOPE
Comparing Telescopic Vision with Human Vision

SEEING IS BELIEVING

Images of space can inspire awe and wonder. But in many urban and suburban 
spaces, the light from stars is mostly drowned out by the artificial glow (called 
light pollution) that humans have created. This is one reason that the pictures 
taken by telescopes on the highest mountaintops and remote deserts on Earth, as 
well as the armada of observatories in space, are so important. They are dramatic 
windows into our Universe.

The popularity of cosmic images is easy to spot. We see space pictures on com-
puter screens and tablets, splashed on billboards, album covers, clothing, and 
everywhere in between. Despite our attraction and connection with space images, 
many people are not sure that what these images show is real. When one of our 
images was recently featured on a blog, several commenters were skeptical. 
“Really? Not Photoshopped? Amazing.” Another person commented in Spanish, 
“Me estas jodiendo, no puedo creer que no esté trucada.” (Rough translation: “Are 
you kidding me? I don’t believe this hasn’t been modified.”) Others express doubt 
that we can even see that far away.

coloringuniverse_FINAL4print_7.17.15.indd   2 7/17/15   4:49 PM

100  COLORING THE UNIVERSE

The term false color is often used when referring to an image that was made 
with two or more filters, but the colors assigned to the filters are not close to the 
intrinsic color of the filter (if it is a filter that is on a visible-light telescope). An 
example of this would be if you assigned a blue color to a filter that looks orange 
to your eyes. Astronomers sometimes do this to better show details in an object. 
As we’ll discuss in the next chapter, astronomers commonly do this with so-called 
narrowband filters. It is, in a sense, always used when making images with nonvis-
ible light. Since these are kinds of light that we cannot see with our unaided eye, 
the meaning of color can get complicated.

False color might seem to imply that what you’re seeing isn’t real, but that’s not 
the case. It’s a real object in space that we can see because it emits light that the 
telescope’s camera can detect. It isn’t from a graphic artist’s imagination—that’s 
something completely different, known as space art. The most important point 

 The image on the left shows Jupiter’s moon 
Io (pronounced “eye-oh”) in true color, where 
the colors have been balanced to best match 
what your eye might see if you were in a 
spacecraft nearby. The image on the right is 
in enhanced color, where the differences in 
color are amplified so that subtle details can 
be better seen. Credit: NASA/JPL/University 
of Arizona.
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 This false-color mosaic of the Earth’s Moon was con-
structed from images taken by the Galileo spacecraft 
as it flew over the northern region of the Moon. The 
colors don’t show the actual color of our Moon (which 
is a dark gray). Instead, the image shows variations in 
the composition of the Moon’s surface. Bright pinkish 
areas are highlands materials, such as those surround-
ing the oval lava-filled Crisium impact basin toward the 
bottom of the picture. Blue to orange shades indicate 
volcanic lava flows. To the left of Crisium, the dark blue 
Mare Tranquillitatis is richer in titanium than the green 
and orange maria above it. (Maria are large plains on the 
Moon created by ancient volcanic activity.) Thin miner-
al-rich soils associated with relatively recent impacts are 
represented by light blue colors; the youngest craters 
have prominent blue rays extending from them. Credit: 
NASA/JPL.
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COLORING THE UNIVERSE
A N  I N S I D E R ’ S  L O O K  AT  M A K I N G  S P E C TA C U L A R  I M A G E S  O F  S P A C E Dr. Travis A. Rector, Kimberly Arcand, and Megan Watzke

PR AISE FOR  COLORING THE UNIVERSE

� e Universe is heart-achingly beautiful, but 

the trip from space to Earth is only part of 

the journey; it takes skilled astronomers to 

weave that light into art. Rector, Arcand, and 

Watzke show you that process, and the results 

will saturate your eyes and your brain.

—Dr. Phil Plait, a.k.a � e Bad Astronomer

Savor these photographs of the universe, as 

seen with modern telescopes, displayed and 

explained with clarity and verve! � ey should 

appeal equally to fans of science and art.

—Dr. Andrew Fraknoi, Astronomy 
department chair, Foothill College

I’ve been observing at Kitt Peak for nearly four 

decades, and the book’s vivid, personal descriptions 

of nights on Kitt Peak truly capture the hard 

work that goes into these inspiring images.

—Dr. Catherine Pilachowski,  
Astronomy professor, Indiana University 
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NON-FICTION 
Following the Wild Bees:  
The Craft and Science of Bee Hunting
by THOMAS D. SEELEY

Princeton University Press (2016)
RRP $22.95

NON-FICTION 
From the Great Wall to the Great Collider: 
China and the Quest to Uncover the Inner 
Workings of the Universe
by STEVE NADIS and SHING-TUNG YAU.

International Press of Boston, Inc. (2015)
RRP $29.50 

FOLLOWING THE WILD BEES takes us  
into the largely lost pastime of bee 
hunting, by a leading bee-studying 
biologist – and passionate follower of –  
honey bees.

Seeley describes the history and 
science behind the craft of hunting the bee 
and explains how to find a patch of flowers 
humming with honey bees, and how to 
trace them in whatever direction, back to 
their secret hive. 

“The bee hunter’s reward is a thrilling 
encounter with nature that challenges 
mind and body while also giving new 
insights into the remarkable behaviour of 
honey bees living in the wild.”

While Seeley acknowledges the 
growing interest in bees among the 
hipsters of the inner city and back-to-
basics smallholders, he explains the 
difference between the beekeeper and the 
bee hunter.

Where a beekeeper is managing 
colonies in hives he has provided, the bee 
hunter gets back to basics in the wild. In 
that is an ancient art, probably practised 
by the earliest hunter-gatherers in search 
of honey for food and bees to domesticate.

While the importance of those ancient 
skills may have diminished, the delight in 
seeing them carried on has not, with this 
pastime that allows the hunter to slow 
down and enjoy the natural world through 
a different set of eyes.

EVEN BEFORE THE CHAMPAGNE 
bubbles had burst from the celebrations 
of the discovery of the Higgs boson in the 
Large Hadron Collider in 2012, Chinese 
scientists and engineers were planning 
a collider that would dwarf the one in 
Switzerland.

They saw the need for  a truly 
large accelerator – 100 kilometres in 
circumference – capable of smashing 
electrons and positrons, as well as protons 
and super protons, together.

This book, which traces the the history 
of theoretical physics to modern-day 
research and the discovery of the Higgs 
boson, cheers on those Chinese visionaries, 
saying how they believe the time has come 
for China to take its place at the forefront 
of scientific innovation.

Nadis, a seasoned science journalist, 
combines skills with Yau, a mathematics 
and physics professor at Harvard 
University and winner of the Fields 
Medal, to produce this book of vast scope 
that tantalises with its vision of the new 
physics that lies beyond the Higgs boson 
discovery.

But where the Great Wall was designed 
to keep outsiders at bay, the Great Collider  
hopes to lure them in. As to whether it will 
succeed, you will have to watch this space.

— BILL CONDIE

1

When Breath Becomes Air  
by PAUL KALANITHI

Random House (2016)
RRP $32.99

2

Being mortal: Illness, medicine  
and what matters in the end  
by ATUL GAWANDE

Profile Books (2014)
RRP $22.99

3

Always Hungry?: Conquer cravings,  
retrain your fat cells and lose weight 
permanently 
by DAVID LUDWIG

Orion (2016)
RRP $32.99

4

Quiet: The power of introverts  
in a world that can’t stop talking
by SUSAN CAIN

Penguin (2015)
RRP  $22.99

5

The Wright brothers  
by DAVID McCULLOUGH

Simon & Schuster (2015)
RRP $32.99

—  FROM THE NEW YORK TIMES 
SCIENCE BESTSELLER LIST

TOP 5

Bestsellers
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REVIEWSGADGET

NO, THIS IS NOT a stand-up comedy act. 
But the title certainly captures the light-
hearted spirit of this series.  

Where few TV shows are dedicated }
to breaking down how large-scale weather 
events form, this one does it with a hands-
on approach. Physics experiments, simple 
cartoon animations and a good dose  
of humour help unravel the mysteries  
of weather – all in easy-to-understand, 
bite-sized nuggets.

In the first episode, Anthony Carboni 
explains the Coriolis effect with a pair 
of spinning chairs. Travis Taylor creates 
an artificial tornado in a school gym for 
$1,200 and Tara Long calculates how 
much updraft is needed for a human  
body to defy gravity.

The hosts also delve into questions  
you may or may not have ever wondered 

A light-hearted look at science

DOCUMENTARY
3 Scientists Walk into a Bar
 
Discovery Science (2015)
The Australian television premiere  
of this eight-part series is broadcast  
on Foxtel’s Discovery Channel from  
2 March 2016 at 9:30pm 

about: did the special effects team of  
the 90s flick Twister get its tornado 
dynamics right? What is wind? And  
(a personal favourite): could a tornado 
sweep up and slingshot sharks, as depicted 
in the 2013 movie Sharknado?

The following episodes demystify other 
phenomena, some featured in this issue of 
Cosmos, such as what keeps clouds afloat 
and what produces the northern lights. 
The hosts also go on to recreate lightning, 
attempt to trigger an avalanche with sound 
and reveal how to build a solar-powered 
“death ray” using an old TV screen. 

Part of what makes the show  
so entertaining is the hosts’ up-for-
anything attitude. 

They admit being guinea pigs even  
for the more daring experiments is worth 
it: “I set my hand on fire. I stood in front 
of a giant fan and let it blow me backwards 
about 30 feet. I sink into sinkholes, jump 
off of towers, and get drunk and shoot 
lasers everywhere,” Carboni told the 
Mother Nature Network. 

“We want you to have fun and leave 
curious. That’s how we’ll know that we’re 
doing it right.”

— VIVIANE RICHTER

EVER BEEN caught out 
camping with a flat torch 
battery? Here is a unique 
emergency backup created 
by Tokyo-based company 
MatchBox Instruments.

The MatchBook contains 
eight tiny, match stick-sized 
torches, each powered by  
a small lithium battery for  
an eight-hour lifetime. 

Each torch is waterproof 
and and even submersible  
for underwater use.  
A neodymium magnet  
allows them to be mounted  
on a metallic surface for 
hands-free operation – 
perfect for finding that set  
of keys you’ve dropped 
outside your car.

A handy tool to keep 
stashed away in your 
backpack, this sleek gadget 
is sure to impress fellow 
campers. 

— VIVIANE RICHTER

 

 The Matchbook is available 
for pre-order through the 
company’s crowdfunding 
campaign here:  
bit.ly/MBImatchbook

MINIATURE TORCH
MBI MatchBook - Flashlight the 
size of a match
MATCHBOX INSTRUMENTS
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SHORT BACK  & 
SCIENCE
DR KARL’s

KNOWLEDGE IS POWER

DK SB&S COSMOS 1_2PG.indd   3 25/08/2015   8:21 pm

GOOGLE MAPS  may have left the modern atlas 
gathering dust, but this collection breathes new  
life into the maps that guided the way long before 
GPS. This National Library of Australia collection 
of more than 600,000 maps is both a testament  
to the resourcefulness of early explorers and  
a comprehensive transcript of how the world’s 
societies evolved.

There are many skilful hand-drawn works of 
cartographers on paper, others looking as though 
they should adorn art gallery walls. One example 
(right) is the rebbelib stick charts, which mark 
currents, waves or swells and were once used by the 
Marshallese to navigate the Pacific Ocean by canoe. 

Family historians may find Australian state  
and territory subdivision maps handy. Other maps 
shed light on land use such as mining, roads, and 
military use.

This comprehensive collection has an 
Australian focus, but spans all corners of the globe. 
Highlighted works include Norman B. Tindale’s 
1940 map of the Aboriginal tribes in Australia,  

the 1655 Martini Atlas of China and Japanese 
pictorial world war maps and the first Dutch 
chartings of land that became Australia.

— VIVIANE RICHTER

COLLECTION 
Maps 
NATIONAL LIBRARY  
OF AUSTRALIA

All online maps are freely 
available for download,  
in high resolution

 You can check out the digital maps here:  
bit.ly/NLAmaps
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WHY IS IT SO?

They weigh hundreds of tonnes,  
but even dark clouds remain aloft.  
KARL KRUSZELNICKI  explains why  

they seemingly defy gravity. 

01

WHY DO 
CLOUDS 
FLOAT? 
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CLOUDS MUST HAVE WEIGHT, because water has 
weight. A cloud is many, many tiny “clumps” of 
 water, either liquid or frozen. 

The liquid droplets are about 0.002 millimetres 
across (smaller than the thickness of a human hair, 
which is about 0.050 – 0.070 millimetres). Some of 
these tiny droplets are so small that it would take  
a billion of them to make a single raindrop.

Different clouds carry different amounts of  
water. After all, cloud shapes and sizes can range 
from thin, wispy cirrus, right up to monstrous 
cumulonimbus thunderclouds.

A typical cumulus cloud carries about 0.50 grams 
of water (the weight of a big garden pea) in each cubic 
metre. But the whole cloud might be one kilometre  
by one kilometre by one kilometre. So it could carry 
up to about 500 tonnes of water.

What holds this water up?
There are three main reasons. First, the heat  

of the Sun warms the ground, which then creates 
rising currents of air. Second, an advancing storm  
or weather front running close to the ground can  
push the air that it runs into upwards. Third, air 
carrying water vapour can run into a mountain and 
rise, adding buoyancy to the cloud above.

Air (when it is moving very fast) can easily hold 
up a 600-tonne jet plane. So a huge volume of slowly 
moving air can definitely hold up a 500-tonne cloud.

CLOUD TRIVIA
 — The name “cloud” comes from the 13th-century 
Old English word “clud” or “clod”, meaning a mass  
of rock, or a hill. A very dark cumulus cloud can look 
like a hill.
 — Other planets have clouds. On Venus they are 
made of sulfur dioxide, while the clouds on Mars carry 
water as ice. The clouds on Jupiter and Saturn are 
(from the top down) made of ammonia, ammonium 
hydrosulfide and near the bottom,  
water. The clouds on Uranus, Neptune and Titan  
(a moon of Saturn) are made of methane.
 — The first successful weather satellite was TIROS 
1, launched on 1 April 1960. It survived only 78 days, 
but proved that weather satellites could be useful.  

KARL KRUSZELNICKI  is an author and science 
commentator on Australian radio and television.

CREDIT: Edited extract from Short, Back and Science,  
Macmillan 2015 
 
IMAGE 
01  Image Source / Getty Images 
 
ILLUSTRATIONS  
Jeffrey Phillips
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Quiz
Q1.  How does the Zika virus spread? 

Q2.  What is the foetal abnormality 
diagnosed among 29% of 42 pregnant 
Rio de Janeiro women infected with 
the Zika virus. 

Q3.  What causes the swirling storms  
on Jupiter? 

Q4.  What did hot gas bubbles percolating 
in Jupiter get trapped beneath? 

Q5.  What is the component in sweat that 
could signal onset of a cramp?

Q6.  How fast is our galaxy hurtling 
through space? 

Q7.  What did a special receiver on the 
Parkes radio telescope filter out? 

Q8. How many stars does the average 
galaxy contain, approximately? 

Q9.  How does Octopus tetricus signal 
dominance? 

Q10.  How many board configurations does 
the game Go have? 

Q11.  What is the aim of the Chinese  
game Go? 

Q12.  How does the AlphaGo program 
simulate a human brain? 

Answers will be published in issue 69.

Deciphering 
Data Encoded  
in Cosmic Light

Australian astronomy have developed 
for both optical and radio telescopes.

The speakers will tackle some of the 
big questions, such as: how do galaxies 
form and evolve? What is dark energy 
and dark matter? And, how do we 
search for extra-terrestrial life? The 
audience will have the opportunity 
to ask their own questions about the 
Universe.

The speakers, hosted by Swinburne 
University’s Alan Duffy, are from 
the University of Sydney, Maquarie 
University, and the International 
Centre for Radio Astronomy Research.

The event is part of the VIVID Ideas 
series in Sydney. 

bit.ly/event68

EVENT

WHERE IN THE COSMOS?

MIND GAMES

Friday 29 May, 2016 at the Powerhouse 
Museum in Sydney, New South Wales.

 
SCIENTISTS HAVE pointed their 
telescopes at the Universe for decades. 
Ever wonder how they make sense of 
what they see? Here is an opportunity to 
find out. A panel of four astrophysicists 
will reveal how astronomers analyse and 
visualise the data they gather through 
telescopes, and what technologies 

COMPETITION

What’s the scientific name  
for the gang-gang cockatoo? 

Email competitions@cosmosmagazine.
com the answer with your name and 
address by 9 May. The first five correct 
entries will win a Cosmos prize pack.

Isabel Bliss’ husband Jim kindly gave her 
a Cosmos magazine for her birthday!

Isabel and Jim are Canadian cruisers 
who set out from Hawaii four years ago 
to sail through the South Pacific and are 
now enjoying Southern Hemisphere 
waters. In this photo, Isabel is enjoying 
her Cosmos in Ships Cove, Marlborough 
Sounds New Zealand /Aotearoa aboard 

their yacht Sonsie of Victoria BC  
(a Southern Cross 39). The monument to 
Captain James Cook can be seen on the 
shoreline. His ships often came to this 
beautiful bay to re-water and re-victual. 

Apart from the white monument, 
Ships Cove remains pretty much as it 
was in Cook’s day, as a tribute to his 
great voyaging.
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COMPETITION

WHERE IN THE COSMOS
Send a photo of yourself reading a copy of Cosmos 
Magazine in an interesting place anywhere in the  
Universe to competitions@cosmosmagazine.com. 

Tell us your name, the names of others in your picture, 
your address, what you’re doing and why you’re there. 
Each published entrant will receive a Cosmos prize pack. 

Cosmos crossword

Answers will be published in issue 69

DOWN 
1.  Number of spacecraft 

NASA has sent to peer 
at Jupiter since the 
1970s

2.  What is Go a game  
of? (7,11)

3.  NASA spacecraft  
due to reach Jupiter  
by mid-2016

5.  What our galaxy is 
hurtling towards,  
Great _ 

7.  Anti-mosquito larvae 
agent introduced in 
Brazil’s drinking water 

8.  What is the anti-
clockwise hurricane on 
Venus called? _ _ _ Spot 
(3,5,3).

9.  Part of the brain that 
makes new memories.

11.  Mosquito that transmits 
the Zika virus

12.  What does 10 across 
analyse?

ACROSS
4.  Name of AlphaGo 

machine-learning  
tree search (5,5)

6.  Species that likes to 
avoid trouble (7,8)

10.  The form of a new 
medical monitor 
prototype 

13.  Crystals that trap 
volcanic gas molecules

14.  Google lab in London 
that developed AlphaGo 

15.  Country where the  
game Go originated

WINNERS

COMPETITION: COSMOS 67
The instrument Abigail Allwood designed  
for the 2020 Mars Rover is the PIXL

Congratulations to our winners for answering correctly: Alberto 
Crescitelli, Fisher, ACT; Tom Marulli, Canterbury, Vic; Catherine 
Blair, Moruya Heads, NSW; Stephen Thyer, Lesmurdie, WA; and  
Emma Davidson, Dulwich Hill, NSW; who will each receive a Cosmos 
Magazine prize pack. 

QUIZ

1.  Glucose and galactose.
2.  True.
3.  It brings its head and tail 

closer together.
4.  1995.

5.  From mother to child, 
contact with infected 
blood and sexually.

6.  True.
7.  Gold, copper and zinc.
8.  Gallium arsenide.

9.  100 grams per second.
10.  The movement of its 

liquid iron outer core.
11.  20 million years.
12.  Solar heaters and 

military hardware. 

SOLUTIONS: COSMOS 67 
CROSSWORD

SPECTRUM — 81COSMOS



Aditya Chopra,
astrobiologist

PORTRAIT

IF ADITYA CHOPRA  had his way, his title 
wouldn’t be “astrobiologist” – it would 
be “astrobiochemicalgeophysicist”.  
At university he couldn’t choose a major.  
“I wanted to do it all,” he said – and  
still does.

He finished a PhD at the Australian 
National University last year that 
stretched across disciplines, asking the 
question: what is life? “We kind of know 
what life is like on Earth,” Chopra says. 
“But what about other planets?”

So he delved into volcanic vents,  
where extreme heat and extreme pH – 
conditions likely found on distant planets 
– allow only the hardiest organisms to 
survive. His work, he hopes, will allow 
astronomers to narrow down or rule  
out particular exoplanets in their search 
for life.

In looking for a distraction while 
writing his thesis, he fell in love with 
drones – especially their ability to provide 
stunning aerial photography. Later this 
year, he will visit the Pilbara and Shark 
Bay in Western Australia, and film some  
of the oldest rocks in his hunt for evidence 
of the earliest life on Earth. 

— BELINDA SMITH

IMAGE 
Rohan Thomson
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Boosting Australia’s economy through innovation
A conference designed to tackle the disconnect between research and 
industry head-on!

Australia produces world-class research but is lagging behind when 
it comes to the translation of that research into new products and 
services.  

Who will attend?

• Deputy Vice Chancellors
• Directors of Innovation 

& Commercialisation
• Directors of Research 
• Directors of Strategic 

Partnerships
• Deans and Heads of Faculty

Driving Research
Commercialisation

19th & 20th April 2016, Melbourne

Increasing research impact & innovation

Quote CC*COSMOS when registering to get $100 discount

To register call us on 
1300 316 882 or book online 
www.criterionconferences.com/event/ric/ Aq

ua
:3

99
7Media Partners

Endorser

Why you should attend?

 Learn how to develop & sustain long-term 
industry partnerships

 Hear from successful SMEs & start-ups

 Examine research translation best practice

 Hear from collaboration-ready industry players 

Speakers from
Australia Research Council
Johnson&Johnson
Innovation Australia
Monash University
Codon
Swinburne University of Technology
Rode Microphones
UniQuest
CSIRO
BioMelbourne Network
University of Wollongong 
MiniFab
Bluebox
University of Adelaide
University of Melbourne

“Publish or perish will be complemented, if not 
entirely replaced, by collaborate or crumble.” 
- Prime Minister Malcolm Turnbull, Dec 2015



FRI MAY 20 > PERTH  
 RIVERSIDE THEATRE, PCEC 

SAT MAY 21 > ADELAIDE   
ADELAIDE CONVENTION CENTRE  

SUN MAY 22 > MELBOURNE   
THE PLENARY, MCEC 

  

FRI MAY 27 > BRISBANE   
COURIER MAIL PIAZZA 
 
SAT MAY 28 > SYDNEY  
THE BIG TOP, LUNA PARK  

SUN MAY 29 > CANBERRA 
 LLEWELLYN HALL


