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IS ANYBODY 
OUT THERE?

ET hasn’t called home yet, but scientists are searching for cosmic 
company and Earth-like planets, writes Jude Dineley
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THE Hairs wErE standing up 
on the back of my neck,” says 
American astronomer Geoff Marcy 
of the moment he realised he had 
discovered one of the first planets 

outside our Solar System. 
Marcy and his postdoctoral fellow Paul Butler 

were analysing data at the University of California 
at Berkeley during the Christmas holiday of 
1995 when evidence of 70 Virginis B jumped 
off the computer screen. They had discovered 
a giant gas planet more than six times the mass 
of Jupiter orbiting a Sun-like star 72 light-years 
away. Months earlier, researchers in Geneva had 
found the first planet orbiting a Sun-like star 
outside of the Solar System, 51 Pegasi B, 50 
light-years – 9.5 trillion kilometres – from Earth. 

It was a giant leap forward in the hunt for 
planets beyond our Solar System – known as 
exoplanets – and a small step forward in the 
search for extra-terrestrial life.

Since then, many teams have joined the 
search, confirming the existence of more than 
890 exoplanets, a tally that climbs on an almost 
weekly basis. It’s an incredible transformation 
of the field that 20 years ago was viewed by 
many astronomers as a kooky quest.

The discoveries have overturned conventional 
thinking of what other planetary systems look 
like. Until the 1990s, astronomers assumed that 
all systems were like our Solar System. In fact, 
a diverse range of planet sizes and orbits has 
been revealed, some of them orbiting more 
than one star.

“It turns out that almost no other Solar 
System is like ours,” says Chris Tinney, an 
exoplanet specialist at the University of New 
South Wales.

Hunting planets
Planets like our own are of particular interest 
to astronomers – since the only life we know is 
found here on Earth, rocky planets with similar 
environments are thought to be our best bet in 
the search for extra-terrestrial life.

But finding rocky Earth-like planets is 
tricky. It’s near impossible to spot these planets 
directly with telescopes, as the stars they orbit 
are dramatically bigger and brighter than 
them. Instead, they are detected indirectly by 
measuring the effects they have on their host 
star. Two approaches are responsible for more 
than 90 per cent of the discoveries to date: one 
technique detects the gravitational ‘wobble’ of 
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(Above) Johannes Kepler, the 17th century astronomer whose laws of 
planetary motion are part of the foundation of modern astronomy.

(Left) An artist’s impression of the Kepler-16 system,  
which has two suns, pictured behind planet Kepler-16b.
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a star produced as a planet orbits around it, 
pulling it back and forth; the other, so-called 
transit approach measures the ‘dimming’ 
planets cause in their parent star as they pass 
in front of them, orbit after orbit.

Among several sites using the ‘wobble’ 
technique worldwide, Australia has its own 
planet hunter at Siding Spring Observatory 
in northern New South Wales. In a search 
led by Tinney since 2000, the 3.9-metre  
Anglo-Australian Telescope (AAT) has 
discovered more than 40 planets. 

The AAT is also following up transit 
measurements made by a network of southern 
hemisphere telescopes called HAT-South 
that include one at Siding Spring. While 
transits indicate the size of a planet, ‘wobble’ 
measurements provide an estimate of mass.

“The combination of those two [techniques] 
is incredibly powerful because it gives you the 
density of the planet and that then tells you 
whether it is a rocky planet, like Earth, or gas 
giant planet, like Jupiter,” says Tinney. He and 
his group have found mostly gas giants this way, 
but as telescope precision improves, they hope 
to find smaller and smaller planets.

Nevertheless, for telescopes on the ground 

using the transit approach the odds are against 
finding Earth-sized planets, which dim a star by 
only 0.01 of a per cent. The Earth’s atmosphere 
reduces and distorts the light reaching the 
telescopes, making detection even trickier. 

Enter Kepler, NASA’s game-changing 
telescope that was launched into orbit in 2009, 
where the light it detects is not distorted by 
the Earth’s atmosphere. Trailing the Earth 
around the Sun, the telescope has detected 
3200 (and counting) planet candidates in one 
small patch of the northern sky. Marcy, a  
co-investigator on the mission, says the tally 
includes hundreds of Earth-sized planets. 

“Kepler has completely changed our 
perspective about how common Earth-sized 
planets are,” he says. “We had no idea of this 
three years ago.”

While mechanical failures recently ended 
Kepler’s original mission, two new space-borne 
telescopes, including NASA’s Transiting 
Exoplanet Survey Satellite (TESS), are 
scheduled for launch in 2017. 

Unlike Kepler, TESS will scan the entire 
sky, investigating the nearest and brightest 
stars. This is exciting news for astronomers 
in Australia, enabling them to probe the 
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Kepler, NASA’s  
game-changing 

telescope that was 
launched into orbit 

in 2009, has detected 
3200 (and counting) 
planet candidates in 

one small patch of the 
northern sky.
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southern sky in more detail. “There’s a whole 
range of follow-up observations that become 
much more doable when the stars are 1000 
times brighter than the stars Kepler is looking 
at,” explains Tinney.

Places like home
Finding rocky Earth-sized planets is no 
guarantee that life will also be found. After 
all, close neighbour Venus is also a terrestrial 
planet and close in size to Earth, but is 
positively hostile to life. High carbon dioxide 
levels result in an extreme greenhouse effect 
that generates scorching temperatures of 
400°C at its surface. The high temperatures 
mean that the surface of Venus is missing 

one important ingredient – liquid water. 
The only life we know, that here on Earth, 

is dependent on liquid water and conventional 
thinking is that extra-terrestrial life needs liquid 
water too. For water to be present, a minimum 
requirement is that a planet must sit in a 
‘habitable’ or so-called ‘Goldilocks’ zone, not 
so close to its star that the star’s heat boils any 
water away, but not so far away that it freezes. 

The habitable-zone concept isn’t bulletproof 
by any means. Recent research has shown that 
Venus does in fact sit in the Sun’s habitable 
zone, yet it has no liquid water. Neither does 
Mars, which also sits at the ‘just right’ distance 
from the Sun. Its mass is only 11 per cent 
of that of Earth and the resulting lack of 
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The Anglo-Australian Telescope at the Siding Spring Observatory 
in New South Wales has been undertaking an astronomical survey 
since 1998 and has found more than 40 planets.
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gravitational pull means it has lost any protective 
atmosphere that it once had, plunging its surface 
to temperatures at which liquid water cannot exist.

Nevertheless, the habitable zone is still a guiding 
principle that astronomers can use to narrow 
down the hunt for potentially life-friendly planets.

The smallest planets yet found in a habitable 
zone were confirmed this year orbiting the star 
Kepler-62. The super-Earths – planets between 
two and 10 times the mass of Earth – Kepler-62e 
and Kepler-62f are 60 per cent and 40 per cent 
bigger than the Earth and initial data suggests 
that Kepler-62f is a rocky planet, like Earth. 

In the first estimates of their kind, Kepler 
researchers, including Marcy, have proposed that 
the Milky Way has tens of billions of potentially 

life-friendly Earth-like planets and that some 
of them are likely to be close by, in galactic terms.

“Imagine the whole galaxy shrunk down to 
the size of Australia,” says Marcy. “The distance 
from us to the nearest habitable planet would 
be the distance from central Sydney to the 
Opera House.”

Finding liFe
With the proposed tens of billions of habitable 
zone planets in our galaxy alone, it would seem 
the chances for life in our galaxy are good. 

“If you buy 10 billion lottery tickets not 
all of them are going to be losers,” says 
Seth Shostak, an astronomer at the Search 
for Extraterrestrial Intelligence (SETI) 

The MarTian ouTback
Seeing the Pilbara’s scorched red landscape 
in Western Australia, you could be forgiven for 
thinking it looks otherworldly. The region has close 
parallels with Mars. Three-and-a-half billion years 
ago, its climate and landscape had much in 
common with that of our Solar System neighbour. 

At that time, both locations had hot, wet climates 
and landscapes that included oceans, lakes and 
rivers, an environment that on Earth at least 
supported diverse communities of microbial life. 
Fossilised remains of that life found in the region are some of the most ancient known to man.

“We can make a direct comparison between Earth and Mars and predict whether there might have 
been life on Mars at the same time,” says Malcolm Walter, a geologist and astrobiologist at the University 
of New South Wales.

The microbes on Earth formed multilayered rock sandwiches called stromatolites, where layers of the 
microbes are interleaved with sheets of sediment, trapped by mucus they secrete. Using photosynthesis, the 
microbes produced the first oxygen in the Earth’s atmosphere, allowing more complex organisms to flourish.

Today, fossilised remains are found at sites across the Pilbara and living microbial populations thrive in 
Hamelin Pool in Shark Bay – one of two locations that host the most diverse living stromatolite populations 
on Earth.

These living and fossilised microbial communities provide the ideal test bed for developing the science 
used to detect similar life on Mars. In fact, strategies used on board NASA explorers Spirit and Opportunity 
were tested in the Pilbara.

Research has included important development work that enables the stromatolites and microfossils 
to be correctly identified, as they can also resemble rock features formed by chemical reactions. 

Walter sees Mars as our best chance for finding extra-terrestrial life, given its close proximity and 
favourable environment: “There is a very good chance that there is, or at least was, microbial life on 
Mars at an early stage.”

Microbes similar to those that form 
stromatolites at Shark Bay in Western 

Australia today played a key role in 
oxygenating the Earth’s atmosphere.
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Institute in Mountain View, California.
Considering the unimaginably large scale of 

the universe, where our Sun is one of around 
200 billion stars in our own Milky Way, and 
the Milky Way is one of an estimated several 
hundred billion galaxies, the chances of life 
in the wider universe are higher still.

Of three main strategies for finding life 
on other planets, a search of Mars arguably 
offers the best chance of success (see: The 
Martian outback). 

A second line of investigation is a search 
for the chemical signatures of life in the 
atmospheres of distant planets. The detection 
of oxygen, for example, could indicate the 
presence of photosynthesising life forms. 
But according to Tinney, it could be decades 
before astronomers have technology that 
can convincingly do the job. On top of 
that, many biosignature chemicals can be 
produced without life, raising the risk of 

false positive discoveries.
A third strategy, and something of 

a wildcard in the hunt for life, is to use 
existing telescopes to look for more obvious 
signs associated with advanced civilisations. 

Signs fall into two main categories: 
communication signals and alien-engineered 
structures that could include giant space-borne 
solar panel networks called Dyson Spheres, 
imagined to be built to meet the high energy 
demands of an advanced life form.

In new work for SETI, Marcy is leading 
projects that will analyse Kepler transit 
data for unusual dimming patterns that 
cannot be explained by natural phenomena 
and search for laser transmissions from 
other civilisations.

According to Shostak, Kepler-62e 
and Kepler-62f, together, are a golden 
opportunity for a targeted search for 
transmissions. If life exists on both, they 
could be talking back and forth.

“If you look in that direction when the 
two planets are lined up with Earth you’re 
looking right down the communication 
pipeline between those two planets,” he says.

Marcy is pragmatic about whether 
aliens will be found on his watch but notes: 
“If you don’t look, you certainly won’t find 
them.” Recalling his hair-raising discoveries 
of 1995, he adds, “I’ve been lucky once, 
maybe I’ll be lucky again.”

FURTHER READING
NASA Exoplanet Archive, website, http://exoplanetarchive.ipac.caltech.edu/. 

Kepler mission homepage, website, http://kepler.nasa.gov/.

A virtual field trip to see the Shark Bay stromatolites, http://vft.asu.edu/.

The Great Exoplanet Debate, Astrobiology magazine, hosted during the 2012 Astrobiology Science Conference 
in Atlanta, Georgia, http://www.astrobio.net/debates/10/the-great-exoplanet-debate. 

DR JUDE DINELEY has 
a doctorate in medical physics 
and is a freelance science 
writer based in Sydney.
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An artist’s impression of Kepler-62f and its neighbour Kepler-62e, 
the planets closest in size to Earth found in a habitable zone. 
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COSMIC 
QUEST

IT’S ThE UlTIMaTE question: where 
did we come from? How did we get here? 
These are overwhelming questions that have 
probably been asked as long as there have 
been people. Today, scientists working in 

this field, known as cosmology – the study of the 
origin, structure and dynamics of the universe and 
its processes – are finally answering them. And 
Australians are at the forefront of both finding 
the answers and developing the astonishingly 
complex technology required to find them.

Only in the 20th century has cosmology 
improved on what the Ancient Greeks knew. 
Since Galileo’s time 400 years ago, people have 
known that some ‘stars’ – those that wandered 
the night sky – were actually planets, that they 
were much closer to us and, like our Earth, 
they orbited the Sun. 

A century later, Isaac Newton developed 
a powerful explanation for their movements based 
on how falling objects behave. These laws of 
motion and universal gravitation apply not only to 
falling apples, but to how planets move in the sky. 
The laws came to dominate our understanding 
of the physical universe for the next 300 years.

When the 20th century began, the Milky Way 
galaxy – the bright swathe of stars easily seen 
at night – was thought to be our entire universe. 
But as more powerful telescopes were built, 
astronomers were astounded to discover that 
the universe was more immense than anyone 
had imagined. 

It took until the late 1920s to accept fully 
that the Milky Way was just one of many 
‘island universes’, or galaxies. For thousands of 
years, scientists had believed the universe was 
static and unchanging. But suddenly, there 
was a lot more universe than anyone expected. 

And then it got really strange. 

the speed of light
In a scientific paper published in 1905, 
Albert Einstein proposed his theory of special 
relativity, the now famous E=mc2. In it, he 
expanded Newton’s laws of motion so that 
they applied to objects moving at high speed 
and explained why light was unaffected by 
these laws: why it was that, if a car travels at 
80 km/h, its headlight beams do not travel  
at the speed of light plus 80 km/h. 

scientists are revealing the origins and structure of the universe, 
black holes, dark energy and dark matter, writes Wilson da silva
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He postulated that the speed of light is the 
same for all observers, and set the speed of light 
in a vacuum – 299 792 458 metres per second – 
as a universal constant; the maximum speed at 
which all energy, matter and information in 
the universe can travel.

Later, in 1916, Einstein postulated the 
general theory of relativity, applying his earlier 
idea to larger bodies governed by Newton’s laws 
of universal gravitation. In Newton’s model, 
gravity is the result of an ‘unknown force’ 
produced by immense objects acting on the 
mass of other objects. 

Einstein suggested gravity arose as a property 
of space and time: the greater the mass of an 
object – such as a moon or a sun – the more 
it distorted, or bent, the fabric of space. And 
because relativity links mass with energy, 
and energy with momentum, the curvature 
of space-time – the gravitational effect – was 
directly related to the energy and momentum 
of whatever matter and radiation was present. 

It sounded bizarre, but neatly accounted for 
several strange effects unexplained by Newton’s 
law, such as anomalies in the orbits of Mercury 
and other planets. If true, it would also mean 

the universe is not static, something Einstein 
himself worried about. So much so, that he added 
a positive ‘cosmological constant’ to his equations 
to counteract the attractive effects of gravity on 
ordinary matter, which would otherwise cause 
the universe to either collapse or expand forever.

But he didn’t need to worry. American 
astronomer Edwin Hubble astounded the world 
in a 1929 paper showing conclusively that the 
further away astronomical objects are, the faster 
they appear to be travelling away from us. The 
only possible explanation was that the universe 
was expanding and, hence, changing – just as 
Einstein predicted.

In fact, Hubble’s data meant the universe 
itself had a beginning and an end – a seemingly 
fantastical prediction made by Belgian astronomer 
Georges Lemaître only two years earlier. This 
was the birth of what we know today as the 
Big Bang theory.

After the initial expansion, about 13.7 billion 
years ago, the universe cooled sufficiently to 
allow the superheated energy to condense into 
various subatomic particles, eventually forming 
protons, neutrons and electrons. From this 
morass came the simple elements of hydrogen, 

The Voyager program’s spacecrafts, launched in 1977, gave us an unprecedented look at 
Jupiter, portrayed here with four of its satellites – Io, Europa, Ganymede and Callisto.
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helium and lithium. Gigantic clouds of 
these elements coalesced as gravity took hold, 
forming stars which ignited with heat and 
light, eventually forming galaxies as the stars 
clumped toward each other. 

Inside stars, clouds of gas – compressed by 
the titanic crush of gas columns above them 
– created all the heavier elements: carbon, iron, 
silicon, lead and so on. Some stars eventually 
died in cataclysmic explosions known as 
supernovae, expelling heavier elements into 
space where gravity again brought them 
together, forming planets and moons. Even the 
“echo of the Big Bang” was discovered in 1965 
– a cosmic background radiation permeating 
all space, created by the raging oceans of  
white-hot energy at the dawn of time.  

a shift in thinking
From the 1960s on, astronomers tried to answer 
the question: would the universe expand forever 
or collapse in a Big Crunch? 

They didn’t get far. Observations suggested 
there wasn’t enough visible matter in the universe 
to account for gravitational forces they observed 
acting within and between galaxies. Among the 

first to recognise this was Australian 
astrophysicist Ken Freeman, whose 1970 paper 
on how spiral galaxies rotate started the shift 
that came to be known as ‘dark matter’:

“There must be in these galaxies additional 
matter which is undetected … its mass must 
be at least as large as the mass of the detected 
galaxies, and its distribution must be quite 
different from the exponential distribution 
which holds for the optical galaxy.”

The paper is now one of the most cited 
single-author papers in astrophysics.

Suddenly, a big portion of the stuff making up 
the universe was understood as a strange kind 
of matter that doesn’t emit light or interact with 
normal matter in any way except via gravity. 
Evidence for dark matter has since been observed 
countless times: in the lumpiness of large sections 
of space – the way thousands of galaxies tend to 

Wifi fROM sPaCE
Another surprising repercussion of Einstein’s 
theories was that a stellar object might grow so 
massive that even the speed of light was not fast 
enough to escape its gravitational pull – theoretical 
objects dubbed ‘black holes’. But they would be 
devilishly difficult to find. In 1974, physicist 
Stephen Hawking suggested that under certain 
circumstances, small black holes might ‘evaporate’ 
and leak radio signals as they vanished. These 
signals would be weak, buried in background 
cosmic noise and probably ‘smeared’. In 1983, 
hoping to be the first to detect an evaporating black 
hole, CSIRO physicist and engineer John O’Sullivan 
and his colleagues came up with a mathematical 
tool to detect the tiny, smeared signals against 
a background of intergalactic distortion. 

They didn’t find them. But the technique 
they developed, he realised, could allow data 
sent wirelessly over many different frequencies 
to be recombined at the receiver. And so, 
WiFi was born.
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clump together, which suggests something 
invisible is drawing them closer; or the velocity 
dispersion of galaxy clusters (how fast stars 
move relative to each other), which give clues 
about their mass – and that mass is greater 
than the mass of visible entities. 

dark matter and dark energy
So what is dark matter? Physicists have proposed 
a number of new particles to account for it. One 
group is known collectively as weakly interacting 
massive particles (or WIMPs), another is a new 
light neutral particle, the axion. Several projects 
to detect them directly are underway – mostly 
in deep underground laboratories that reduce 
the background effect from cosmic rays – in 
places like old iron and nickel mines in the US 
and Canada and in a mountainside in Italy.

As if that wasn’t enough, astronomers were 
stunned in 1998 when two international teams 
– one led by Australian Nobel Prize-winning 
astrophysicist Brian Schmidt – announced that 
the expansion of the universe was accelerating, 
rather than slowing as had been expected. This 
was a surprise as gravity slows moving objects over 
time: hence, the Universe’s expansion should be 
slowing in the billions of years since the Big Bang.

Einstein’s general theory of relativity allows 
gravity to push as well as pull, but most physicists 
had thought this purely theoretical. Not any more. 

How gravity does this and what does it, is 
a complete mystery. One explanation is that 
‘dark energy’ is a property of space that possesses 
energy. Because this energy is a property of space 
itself, it wouldn’t be diluted as space expands. 
As more space is created by the expansion of 
the universe, more dark energy is created, 

causing the universe to expand faster and faster. 
What cosmologists now know is that 

68 per cent of the universe consists of dark 
energy, and 27 per cent is dark matter. The rest 
is ‘normal’ matter: everything we can see and 
touch, and everything visible beyond Earth 
– and it makes up less than 5 per cent.

It’s amazing to think how far cosmology 
has come in a century and how much more 
is known today than in 99 per cent of human 
history. Understanding just 5 per cent of the 
physical universe over the past four centuries 
has already brought astonishing advances in 
technology and living standards. Whatever the 
explanation for the puzzling 95 per cent that 
remains, it will surely lead to important new 
insights equally as beneficial.

FURTHER READING
Weinberg, S. 2008, Cosmology, Oxford University Press, Oxford.

Krauss, L.M. 2012, A Universe from Nothing: Why there is something rather than nothing, Free Press, New York.

Sagan, C. 1980, Cosmos, Random House, New York.

WILSON da SILVA is a science 
journalist in Sydney, and  
the co-founder and former  
editor-in-chief of the science 
magazine Cosmos.

Einstein suggested 
that gravity arose as 
a property of space 
and time: the greater 
the mass of an object, the 
more it distorted, or bent, 
the fabric of space.

F 
S

c
h

m
u

t
ze

r

Understanding just 5 per cent of the 
physical universe has already brought 
astonishing advances in technology.
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MIND AND 
MATTER

The human brain is nature’s most complex operating system, but 
scientists are teasing out its secrets, writes Charles Watson

w
ik

i



1 2 4  T H E  C U R I O U S  C O U N T R Y  

CHapTER 7: CURIOSITY

What do human 
brains and insect brains 
have in common? Quite 
a lot! A busy cockroach 
can find food, escape from 

danger, and produce offspring with a brain the 
size of a pinhead.

Insect brains have structures surprisingly 
similar to the basic motor control systems of 
the mammalian forebrain and the nerve cord of 
insects develops under the control of the same 
genes that make our brain stem and spinal cord. 
It looks as if the basic components of a brain 
were developed in very early living animals, 
and that the major elements have been retained 
ever since then. Researchers at the Queensland 
Brain Institute have learned a great deal 
from the brains of bees and fruit flies.

This isn’t really surprising. Insect and 
mammal brains like ours have the same 
fundamental purpose, survival: of the 
individual and the species. Brains code 
information from the outside world and 
from internal sensors into millions of signals 
that can be processed and interpreted by 
networks of cells called neurons. 

The aim is to choose the best possible 
responses by the body’s muscles and glands when 
challenged. The brain ensures that the individual 
survives by getting it to eat and drink when it 
senses hunger or thirst, and to defend itself 
from attack by other animals when it perceives 
an approaching threat. In vertebrates, the brain 
ensures that the species survives by encouraging 
sexual reproduction and care of the offspring. In 
humans, these survival functions are coordinated 
by the hypothalamus, a very small region only 
about 1 cubic centimetre in volume. 

On the input side, the hypothalamus is 
informed by messages from all of the senses 
and memories of important past events. 
This part of the brain can initiate movements 
and control hormone systems. The movement 
control systems are organised very economically. 
Important movement sequences such as running, 
grasping, licking, and chewing are encoded in 
parts of the brain in much the same way as 
computers use subroutines, enabling each 
movement to be ordered with a single command. 

Depending on the need, different combinations 
of movement modules are enlisted. For example, 
hunger in a rat will trigger looking for food, 



 T H E  C U R I O U S  C O U N T R Y  1 2 5

running to find it, grasping, licking, chewing 
and swallowing it. Using its control of endocrine 
glands and internal organs, the hypothalamus is 
able to maintain a stable internal environment 
(such as a constant temperature) in the face of 
external challenges. This function is called 
homeostasis. The Herzog group at the Garvan 
Institute are unravelling the homeostatic 
control of appetite and obesity.

The human brain has the same survival 
systems as other mammals and a great deal 
of what we do every day uses these simple 
systems. The difference between simple brains 
and the human brain is that we have a huge 
cerebral cortex sitting on top of the hypothalamus, 
giving us a much wider range of choices 
about the way we live our daily lives.

Researchers have learned much about 
the human brain by looking at our recent 
evolutionary history. Humans evolved from the 
same distant ancestor as monkeys and apes and 
with them we form a group known as primates. 
Among the special features of the primate brain 
are elaborate systems for accurate vision and 
precise control of hand movement. We inherited 
these features and have developed a very 

powerful capacity to take advantage of them 
– the power of complex communication. 

All animals communicate at a basic level, 
mostly through vocalisation and body language. 
But over the past three million years the human 
brain has developed a system of communication 
with almost infinite potential that uses not only 
vocalisation and body language, but also written 
and electronic forms of communication. This 
has led to an explosion in knowledge transfer.

Three million years ago early humans walked 
upright, lived and hunted in groups, and used 
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Human and insect brains have quite a lot in 
common. The nerve cord of insects develops 
under the control of the same genes that 
make our brain stem and spinal cord.

Brains code information from the outside world and from internal 
sensors into millions of signals that can be processed and interpreted 
by networks of cells called neurons.
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primitive stone tools. The development of 
communication through speech was highly 
advantageous because it assisted the group 
in hunting and defence and ensured that any 
invention was shared between all members.

Complex communication led to the 
formation of groups with strong social bonds 
and an ability to share duties of food gathering, 
defence, and child rearing. In evolutionary 
terms, the advantages of sophisticated 
communication skills were so great that every 
step in brain expansion was exploited to the 
benefit of each human society. The result was 
continuous expansion in the number of 
neurons in the cerebral cortex, from 30 billion 
in our earliest ancestors to around 86 billion 
in modern humans.

Counting neurons isn’t easy. The number 
of neurons in the human brain has been the 
subject of debate for decades. Fortunately, 
Brazilian neuroscientist Associate Professor 
Suzana Herculano-Houzel, with the Federal 
University in Rio de Janeiro, developed a simple 
way of accurately counting neurons in 2005. 
She puts a brain in a blender with detergent to 

release the nuclei from all the brain’s cells. The 
intact nuclei of neuronal cells and non-neuronal 
glial cells (glial cells are the supporting cells of 
the nervous system – they help to keep neurons 
alive) can be distinguished with special 
staining, and the counting can be done 
quickly and accurately with a standard 
red blood cell counting system. 

There’s an interesting culinary twist in the 
story of human brain expansion. While early 
humans were skilled food gatherers, using 
stone tools to strip carcasses and break bones 
to get marrow, their brains would probably 
have stayed at about the 40 billion neuron 
mark if it weren’t for the invention of fire. 
Fire was crucially important because cooked 
food is about four to five times more 
nutritious than raw food.

Gorillas and chimpanzees, with a brain the 
same size as our early ancestors, need to spend 
six to eight hours a day gathering food. The 
brain is a very greedy organ. Although it is 
only 2 per cent of body weight, it uses more 
than 20 per cent of the energy from food. 
Without fire and cooking, brain evolution 

Machine brains
The film 2001: A Space Odyssey, with the very human-like fictional computer named HAL, kick-started 
a fascination with the prospect of Artificial Intelligence, with computers so complex they could operate 
like a human brain. While computer simulation of human brains is in question, there’s no doubt that 
computers are enormously powerful in their own way, and can outperform humans in very complex tasks. 
IBM’s ‘Watson’ computer proved that it could beat humans in quiz contests, and is now being used to 
assist cancer diagnosis and treatment.

The IBM-sponsored Blue Brain project in Switzerland has attempted to build a computer model of 
a basic element of rat cerebral cortex, a small cylinder of cortex consisting of 10 000 neurons. The project’s 
successor, the one-billion euro Human Brain Project, aims to create thousands of computer replicas of this 
cortical cylinder and link them together. The project was announced in January 2013 and will be directed 
by the Swiss Federal Institutes of Technology in Zurich. It seeks to reveal how the human brain works by 
building a silicon version in a supercomputer.

The BRAIN Initiative, launched in April 2013 by President Barack Obama, will not focus primarily on 
computer modelling of the brain, but will attempt to develop technologies for mapping the activity of 
tens of thousands of neurons simultaneously. This is still very ambitious.

Despite advances in simulating human thought processes, the operating system of the human brain 
is fundamentally different from the way computers work. Until we understand that operating system of 
the human brain, computer simulation may be shooting in the dark.
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would have stalled because there weren’t 
enough hours in the day to collect more food 
to feed a bigger brain.

Apart from its sheer size, the human cerebral 
cortex has many more specialised areas than 
most other mammals. Rats, for instance, 
have about 20 centres that receive sensory 
information, give commands for movement 
and store memories, but which don’t do much 
else. In contrast, the human cerebral cortex 
evolved roughly 200 distinct areas, most of 
which are engaged in analysis, understanding 
and communication, rather than simple 
sensory reception and control of movement.

Go back to that cockroach brain. There’s 
no doubt our elaborate brain beats the insect 
brain hands, or neurons, down. Scientists have 
used their own big brains to learn much about 
brain structure and function. Still, there’s 
a long way to go. The main limitation is a poor 
understanding of the operating principles of 
the Homo sapiens cerebral cortex. 

Meanwhile, Australian neuroscientists at 
the Florey Institute, University of Melbourne, 
and the Brain Mind Institute at the University 
of Sydney are focusing on identifying the 
underlying mechanisms of degenerative brain 
conditions such as Parkinson’s and Alzheimer’s 
diseases. The goal is early treatment of these 
debilitating disorders. 

This isn’t the same as understanding how the 
whole brain works, but progress here promises 
enormous impact worldwide. At a basic science 
level, the researchers at Neuroscience Research 
Australia at the University of New South Wales 

are the world leaders in brain mapping, 
which is essential for clinical studies. 

Where to next? Intense research in 
Australia on early treatments for Alzheimer’s, 
Parkinson’s, and multiple sclerosis will deliver 
results over the next five to 10 years. The 
prospect of gene therapy for brain conditions 
is now just starting to open up.
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Homo habilis was the earliest of our ancestors to show 
a significant increase in brain size.
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STEM CELLS:  
HYPE OR HOPE
Australian scientists are on the front line of the global quest for treatments 
based on the body’s most remarkable cells, writes Elizabeth Finkel

In 1998 SCIEnTISTS in America  
and Australia captured the world’s 
imagination when they created the first 
stem cells from human embryos. 

Like the five-day-old human embryos 
they came from, these cells, called human 
embryonic stem (ES) cells, have the potential  
to make human flesh and blood. For millions  
of people with degenerative illnesses they 
offered the promise of spare parts and in 
unlimited quantities – embryonic stem cells  
can multiply indefinitely.

But standing in the path of that promise  
lay major obstacles. For starters, ethical 
concerns from some groups have led to 
opposition to the use of these cells because 
obtaining them requires the destruction of 
human embryos, even though these embryos 
were invariably surplus embryos that were 
destined to be discarded. In the US this led  
to tight restrictions on the use of federal 
funding for the research, while Italy, France  
and Germany banned the derivation of 
embryonic stem cells from embryos. 

CHapTER 7: CURIOSITY
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Australia found a balance that allowed 
researchers to derive embryonic stem cells  
from surplus embryos if they had obtained 
informed consent from the embryo donors  
and the research project had been approved 
both by an institutional ethics committee  
and a government licensing committee. 

But there were issues beyond the policy  
obstacles. The cells were extremely difficult to 
control. It was hard to direct them to produce 
a particular type of tissue and they had an 
alarming tendency to produce cancers when 
grafted into lab mice.

Despite these problems, 15 years since their 
discovery, embryonic stem cells are realising 
their promise. Even a reserved and measured 
scientist such as Professor Martin Pera, program 
leader of Stem Cells Australia, has commented 
that “the future is now”. 

The main reason for Pera’s claim is that 
therapies derived from embryonic stem cells 
are at last in clinical trials. The first trial was 
for spinal cord injury by US company Geron. 
In 2010, four patients had their spinal cords 

injected with cells called oligodendrocytes,  
which are capable of re-insulating damaged 
spinal cords. Within a year the trial was halted, 
but not because of safety concerns. Rather,  
the prospect of a long and costly clinical trial 
had dampened the investors’ enthusiasm  
and they placed their bets on developing  
a cancer therapy instead. 

The next two stem cell therapy candidates 
to run the gauntlet of clinical trials focused on 
blindness and diabetes. 

The first has taken aim at age-related  
macular degeneration, the leading cause of 
blindness in affluent countries. Twelve per cent 
of Australians over the age of 50 are affected, 
and for the so-called dry form there is no 
current treatment. The primary cause of the  
disease is the degeneration of a specific layer of 
nurturing cells that lie just outside the retina  
of the eye called retinal pigmented epithelial 
cells. The good news is embryonic stem cells 
readily make this cell type. Replacing them  
is a relatively simple surgical procedure and 
foreign cells are tolerated by the eye. 
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Researchers have now 
successfully cultured stem 

cells from both embryos and 
adult sources. Embryonic stem 
cells can generate any tissue. 
Adult stem cells form a limited 

number of cell types.
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Several groups are developing ES cell 
treatments for macular degeneration, with  
US company Advanced Cell Technologies the 
front runner. One early stage trial confirmed 
the procedure is safe, and one patient’s vision 
improved dramatically from 20/400 to 20/40.

Stem cell research also offers hope for people 
with type 1 diabetes, a disease which strikes 
somewhere between childhood and early 
adulthood. It destroys the pancreatic beta cells 
which produce insulin, a hormone that manages 
the body’s sugar levels. Diabetic patients must 
inject themselves with a dose of insulin but it’s a 
tough balancing act. Too much insulin and blood 
sugar levels plummet, potentially triggering 
a blackout; too little insulin and blood sugar 
levels rise too high, poisoning blood vessels and 
leading to blindness and kidney failure. 

Grafts of pancreatic beta cells derived from 
embryonic stem cells may do a better job. 
Following success in animal trials, US-based 
firm ViaCyte Inc. has developed a credit card-
sized graft for insertion beneath the skin of  
a patient’s back. A membrane protects the graft 
from being attacked by immune cells but allows 
nutrients to pass through, providing a source 
of insulin to the body as it is required. Trials of 
this treatment in human patients are expected 
to start in the US in early 2014. 

Types of sTem cells
Embryonic stem cells: derived from five-day-
old embryos, divide indefinitely, can generate 
any tissue. They are said to be pluripotent. 

Adult stem cells: present in most mature 
organs, have a limited ability to divide; can  
form a limited number of cell types. They are 
said to be multipotent.

Embryonic stem cells derived via therapeutic 
cloning (also known as somatic cell nuclear 
transfer): the nucleus (which carries the DNA) 
of a skin cell is slipped into an egg whose 
own nucleus has been removed. The egg now 
develops into an embryo from which embryonic 
stem cells are harvested. When it comes to 
potential tissue grafts, these stem cells offer  
a perfect genetic match to the skin cell donor. 

Induced pluripotent stem cells (iPS cells): 
starting from a skin cell or some other mature 
cell, four genes are introduced. These reprogram 
the mature cell to a state very similar to but not 
identical to an embryonic stem cell. iPS cells 
can make any tissue type and are therefore 
described as pluripotent.

By manipulating human embryonic stem cells, Dr Lachlan Thompson 
at Melbourne’s Florey Institute of Neuroscience and Mental Health 
generated neurons that produce dopamine. He grafted these into the 
brain of a rat suffering from the equivalent of Parkinson’s disease and 
found the symptoms were partly alleviated. Experiments like this offer 
new hope to human sufferers of the disease.
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Adult stem cells power on
The major clinical progress with adult stem 
cells lies with mesenchymal stem cells (MSC) 
which are found in the bone marrow. These 
cells can regenerate connective tissue such 
as cartilage and bone. But they have also 
been found to have three other remarkable 
properties: they release factors that help repair 
diverse organs including the heart, kidney and 
pancreas; they tone down an overactive immune 
system, and if grafted into a foreign host, they 
do not seem to be rejected. 

One of the world’s most successful 
mesenchymal stem cell companies is Mesoblast, 
founded in Melbourne in 2004 by its CEO 
Professor Silviu Itescu. By 2011, a clinical trial 
suggested its stem cell product was safe and 
effective for treating congestive heart failure. 
In 45 patients who received a direct cardiac 
infusion of the MSCs, their hearts pumped more 
strongly than patients who received a standard 
treatment. Of the 15 who received the highest 
dose, none died or were hospitalised with heart 
failure in the following three years, while a third 
of those who received standard treatment did.

Mesoblast is waiting for clearance from  
the US authorities to start a trial later this  
year to conclusively establish the effectiveness 
of the treatment. 

Trials for degenerative disc diseases are 
promising, too. Then there are a suite of 
encouraging patient trials that test the ability  
of MSC to temper the immune system and 
rescue degenerating tissue. They include early 
and advanced rheumatoid arthritis, type 2 
diabetes and end stage diabetic kidney disease.

Meanwhile back in the lab, Australian 
researchers are backfilling the research pipeline 
with tomorrow’s therapies.

It’s not surprising to imagine that the 
breast would have a stem cell – something 
must be powering the massive proliferation of 
breast tissue during pregnancy. And in mice 
it’s possible to take cells from breast tissue, 
transplant them into the fat pad of another 
mouse, and watch them form a breast duct. 
In 2006, in a world-first report published in 
Nature magazine, Professor Jane Visvader and 
colleagues from Melbourne’s Walter and Eliza 
Hall Institute isolated that breast stem cell.

therApeutic cloning

In May 2013, the world was shaken by the announcement that researchers at Oregon Health & Science 
University had succeeded in deriving stem cells from a cloned human embryo – a process referred to 
as therapeutic cloning. Such cells could provide the starting point for a perfectly matched tissue graft. 
Or when derived from a person carrying a disease, scientists could study the cloned cells to learn more 
about the disease and search for drugs that modify it. 

Therapeutic cloning involves reprogramming a person’s DNA by injecting a skin or white blood cell 
nucleus into a human egg whose own DNA has been removed. But though this process was achieved 
in mice in 2000, and in monkeys in 2007 (by the same group), the scarcity of available human eggs 
had seen researchers virtually give up on humans. Especially since in 2006, the Nobel Prize-winning 
Japanese scientist Professor Shinya Yamanaka learned how to do it without eggs at all using iPS cells 
(see box: Types of stem cells on opposite page). A skin cell could be turned into a pluripotent stem 
cell merely by the insertion of four genes. Pluripotent stem cells made this way are termed induced 
pluripotent stem cells or iPS cells. They have revolutionised the ability to make cell models of human 
diseases, but researchers are more cautious about using iPS cells as tissue grafts since these cells 
carry a cancer-causing gene. 

That’s why the Oregon scientists persisted with human therapeutic cloning, building on their success 
with monkeys. Small tweaks to standard techniques eventually paid off. Researchers now have the 
option to compare the performance of iPS cells and cloned human embryonic stem cells. 
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Visvader stresses that her work is not aimed 
at growing human breast tissue. Rather the 
focus here is treatments for breast cancer. Her 
research has strongly implicated the stem cell 
in breast cancer, particularly the hereditary 
form caused by inheriting a faulty gene called 
BRCA1. That finding has opened up a new 
treatment strategy: scientists are now looking 
for drugs that directly target the stem cell 
responsible for this cancer. 

One remarkable tale of success against the 
odds comes from kidney researcher Professor 
Melissa Little at the University of Queensland. 
In the lab, it is one thing to cultivate embryonic 
stem cells to produce a single type of cell, 
like insulin-producing pancreatic beta cells, 
but the kidney is a complex filtering machine 
composed of many cell types. ‘Everything 
comes from understanding how kidneys form,’ 
Little explains. Unfortunately the mature 
kidney does not possess a stem cell able to 
make all cells of the kidney, which is part of  
the reason this organ is so vulnerable to failure. 
But embryonic kidneys certainly do. 

Little’s lab has been trying to reproduce 
this embryonic kidney stem cell starting from 
sources at opposite ends of the cell’s life history. 
One starts with embryonic stem cells and 
painstakingly matures them towards becoming 
kidney cells. The other starts with adult kidney 
cells and shifts them back to a more immature 
state by treating them with ‘reprograming 
factors’. Either way she has produced cells that 
resemble embryonic kidney stem cells: when 
she injects them into an embryonic mouse 
kidney – they integrate seamlessly in a way that 
mature kidney cells don’t. 

Her work is about to be published in the 
Journal of the American Society of Nephrology. 
Little can’t imagine that these cells could develop 
into any part of a kidney of their own accord. 
But they might be used to populate a kidney-
shaped scaffold in a step toward building an 
artificial kidney. Or even sooner, they could 
be used to test drugs to see if they are toxic to 
kidney cells. “This was a risky field to go into 
but we are thrilled by our progress,” she says. 

With stem cell products in clinical trials and 
a research pipeline brimming with tomorrow’s 
therapies, that’s a fitting coda for ‘Act One’ in 
the great performance of stem cell research. 

FURTHER READING
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Finkel, E. 2005, Stem Cells: Controversy at the Frontiers of Science, ABC Books, Sydney.

National Health and Medical Research Council, ‘Stem cells, cloning and related issues’, http://www.nhmrc.gov.au/health-
ethics/human-embryos-and-cloning/stem-cells-cloning-and-related-issues. 
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Further stem cell 
research may eventually 
allow scientists to create 
an artificial kidney.
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DANA McCAffrey wAs  
11 days old when she developed a 
runny nose. Less than three weeks 
later the little girl from northern 
New South Wales was dead.

“We cry ourselves to sleep with memories of 
our daughter coughing until she couldn’t breathe,” 
write her parents, Toni and David McCaffrey.

Dana died of whooping cough in 2009. 
Unable to be fully vaccinated against the disease 
until she was six months old, Dana’s only 
protection was the vaccine-induced immunity 
of those around her. By stopping the spread of 
Bordetella pertussis – the bacterium that causes 
whooping cough – babies and others who cannot 
be vaccinated are protected by ‘herd immunity’.

Nobody knows exactly where Dana 
contracted the bacterium, but in some parts of 
Australia vaccination rates are now so low – 

due in part to a mistaken belief that vaccination 
causes autism – that outbreaks of diseases such 
as whooping cough are a serious concern.

For a parent to decide to vaccinate their child, 
to urge politicians to take action on climate 
change, or to trust an oncologist over a miracle 
healer, they must be able to separate science 
from what’s sometimes called pseudoscience. 
And when faced with potentially convincing 
claims from pseudoscience, they must be able  
to trust that science itself is reliable. 

‘Trust’: it seems a funny word to associate 
with science, a discipline grounded in evidence 
and the antithesis to faith. But today we’re 
asked to trust science perhaps more than any 
other time in history. And for good reason. 
The challenges of climate change, superbugs 
and food security demand the use of science 
to anticipate, manage and mitigate these risks. 

TrUsT Me –  
I’M A sCIeNTIsT

Far from being a philosophical time-waster, knowing what science is – and isn’t 
– is vital for the health of our species, writes Michael Slezak 
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Moreover, if we trust and invest in science, the 
riches are likely to be enormous.

TrusT in science
‘Trusting’ science sounds, well, unscientific. At 
the heart of the so-called scientific method is 
scepticism and doubt. This supposed conflict is  
something with which evolutionary biologist 
Richard Dawkins, in his war against religious 
faith, is regularly challenged.

“To some, [my belief in evolution] may 
superficially look like faith,” responds Dawkins. 
“But the evidence that makes me believe in 
evolution is not only overwhelmingly strong; 
it is freely available to anyone who takes the 
trouble to read up on it. Anyone can study the 
same evidence that I have and presumably come 
to the same conclusion.”

Dawkins is a great defender of science, but the 
hard – and critical – question is why everyone 
else should believe in evolution, the Big Bang, 
anthropogenic climate change, or vaccines? 

Dawkins’ answer that anyone can study the 
same evidence and come to the same conclusion 
is a high bar to set. It requires knowledge and 
time to weigh up all the evidence for every 
theory. It’s simply not possible for anyone – not 
even Dawkins – to gain that level of expertise  
in every scientific area. 

We all must trust science. But this isn’t the 
same as faith. While it’s not possible to be an 
expert in every area, it is possible to appreciate 
what science is and why it’s the best basis for 
understanding the physical and natural world.

We may not understand the evidence for a 
Higgs boson but we can understand why the 
scientific enterprise is such that we ought to 
believe it exists. In other words, rather than 
faith, we can have good reason to trust science. 

WhaT science is and isn’T
“Kids’ lives are at risk as science is ignored,” read 
the Sydney Morning Herald headline. The item 
revealed shockingly low immunisation rates in 
some Sydney suburbs. But what is it, exactly, 
that is being ignored?

People who spread doubt about the value 
of vaccination often couch their doubt in 
the language of science. “I’m not saying that 
vaccines have played no role. I’m saying, let’s 
see some evidence,” demands anti-vaccination 
campaigner Meryl Dorey. Unfortunately, 
opponents like Dorey deliberately ignore 
decades of evidence that vaccination is one 
of the most effective developments in public 
health ever achieved. 

Clearly, understanding the importance of 
vaccination, or any other hot-button issue, is 
more than just paying attention to information 
about diseases and immunisation. It’s being able 
to separate reliable from unreliable information. 
Ask most scientists how to do this and they 
will reply that science deals with facts, evidence, 
tests and observations.

“Science is about understanding and 
ultimately predicting how the world works,” 
says Professor Brian Schmidt, an Australian 
National University astronomer who won the 

“[There are] decades of evidence 
that vaccination is one of the most 
effective developments in public 
health ever achieved.”
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Nobel Prize for Physics in 2011. Schmidt 
was awarded the prestigious prize for doing 
precisely this. His ground-breaking work with 
supernovae led to deeper understanding of dark 
energy: a force that permeates the cosmos. That 
understanding led to perhaps the ultimate of 
all predictions: the fate of the universe. Rather 
than the universe eventually collapsing in  
a fiery implosion, dark energy will forever  
push us apart, into a Big Freeze.

Many philosophers agree with Schmidt. 
“Science is an attempt to answer questions 
about the world by bringing those questions 
into contact with observation,” explains 
Professor Peter Godfrey-Smith, a philosopher 
of science at the City University of New York 
Graduate Center. He adds that it’s difficult 
to spell out exactly what that means, but it 
captures the basic picture of what science is. 
Science also moves forward. “Science is… a 
mixture of competition and cooperation that 
enables work to be cumulative. Each person 
takes a small step and it progresses,” he says.

But when a parent is told by a chiropractor 
that vaccinations don’t work, and that treating 
invisible ‘subluxations’ will allow the body to 

fight off infections successfully, how can they 
tell that it is bad science? 

“With science you should be able to rely 
on the fact that there’s data that is accurate 
and correct,” says Professor Barry Marshall, 
a clinical microbiologist with the University 
of Western Australia and winner of the 2005 
Nobel Prize in Physiology or Medicine.

The story of how he revolutionised the 
understanding of stomach ulcers illustrates 
precisely what some have suggested separates 
science from pseudoscience. It’s known as 
‘falsificationism,’ the idea that real science 
can be proved to be wrong, or ‘falsified’, while 
pseudoscience cannot.

When Marshall and his colleague Professor 
Robin Warren – a pathologist at Royal Perth 
Hospital – first argued ulcers are not caused by 
stress and stomach acid but by infection with 
the bacterium Helicobacter pylori, one of their 
harshest critics was US microbiologist Professor 
David Graham. “He said the great thing about 
the helicobacter theory of ulcers is it’s going to 
be so easy to disprove,” says Marshall. “It was a 
terrific concept because if it’s wrong we just have 
to do a few experiments and we can disprove it.”

Through observing distant supernovae, scientists 
discovered the accelerating expansion of the Universe. 
While not everyone can understand the theory behind 
this discovery, we have good reason to trust the science.
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Of course, in the end the theory wasn’t 
falsified and is now accepted as current 
scientific understanding. 

Austro-British philosopher Sir Karl Popper 
argued in the 1950s that the ability for a theory 
to be falsified was the key criterion for whether 
something was scientific. If it wasn’t possible to 
prove something wrong, it wasn’t scientific.

But Popper was wrong. Falsificationism 
captured something important about science but 
was too blunt, sometimes painting good science 
as pseudoscience and vice versa. Some say 
falsificationism shows astrology to be scientific 
because it’s easily falsified and indeed has been.

But worse, it seemed nothing in science 
could be completely falsified. In principle, 
any ‘falsifying’ evidence can be absorbed 
into a theory by fiddling with ‘auxiliary 
hypotheses’. For example, when physicists in 
Europe incorrectly claimed to have observed 
faster-than-light neutrinos, many theorists 
proposed ways of absorbing the observation 
into relativity. In such cases one way to save 
the theory is hypothesising the measuring 
instruments are faulty or don’t work as 
previously thought.

Since Popper, philosophers have proposed 
many ways of demarcating science from non-

science: only science progresses, only scientific 
theories are well-tested, only science makes 
surprising hypotheses that turn out to be true. 
While each has adherents, all have failed to 
gain serious traction. Each appears to mismatch 
known examples of science and pseudoscience.

In a famous paper on the topic, philosopher 
Professor Larry Laudan, now at the Institute 
for Philosophical Research at the National 
Autonomous University of Mexico, concludes 
science is such a diverse discipline that no single 
criterion could possibly draw a line between 
science and non-science. He said we “ought to 
drop terms like ‘pseudo-science’ and ‘unscientific’ 
from our vocabulary; they are just hollow 
phrases which do only emotive work for us.”

“Laudan gave up too quickly,” counters 
Professor Paul Thagard, a cognitive scientist 
and philosopher of science at the University of 
Waterloo, Ontario. Rather than trying to come 
up with a single criterion like falsifiability – or 
even a set of criteria – Thagard thinks a more 
subtle approach is needed.

Thagard struggled to come up with strict 
definitions of ‘science’. “What I realised later, 
when I got a more sophisticated view of concepts  
by doing cognitive science, was that concepts 
don’t generally have strict definitions,” he says, 

CHapTER 7: CURIOSITY

Science progresses to explain newly 
discovered facts. The discovery that 
Helicobacter pylori infection caused 
stomach ulcers was revolutionary.
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noting that even the simplest things don’t have 
strict definitions. ‘Restaurant’, for example, could 
be defined as a public eating place, yet plenty of 
places fit that definition but aren’t restaurants.

Thagard’s approach – and that of many 
cognitive scientists – is to define concepts via 
‘prototypes’. A prototype has a typical set of 
features, none of which are essential, but together 
they paint a rough picture of the concept. For 
instance, we might not have a strict definition of 
‘restaurant’ but our prototypical concept is more 
or less similar to real restaurants. 

Thagard says prototypical examples of 
science might be parts of physics, chemistry or 
neuroscience. Conversely, prototypical examples 
of pseudoscience are astrology and creationism. 
Using these, Thagard developed his five features 
of science and pseudoscience (see: Thagard’s 
profiles of science and psuedoscience).

When astrology is put through Thagard’s 
profiles, it ticks all the pseudoscience boxes. 
Nobody could explain how the location of the 
stars and planets at the time of birth could 
affect personality or life. It’s dogmatic, resistant 

to alternative theories and completely stagnant.
Anti-vaccination proponents might have 

mechanistic explanations for their beliefs,  
but they’re very implausible. They may rely  
on some statistical evidence but it’s  
cherry-picked. The proponents appear  
oblivious to alternative theories, dogmatically 
ignoring the overwhelming evidence that 
support them, and so on.

The debate about demarcating science  
from pseudoscience is far from over. Thagard’s 
approach relies on an embryonic scientific theory 
of concepts and it may well need to be discarded. 
Regardless, Thagard argues his account is 
useful. These five characteristics “make a good 
distinction between how science works and a lot 
of things that pretend to be scientific,” he says. 

Thagard’s Profiles of science and Pseudoscience
Science
•	 Explains using mechanisms

•	 Uses correlation thinking, which applies statistical 
methods	to	find	patterns	in	nature

•	 Practitioners evaluate theories in relation to 
alternative ones

•	 Uses simple theories that have broad explanatory 
power

•	 Progresses over time by developing new theories 
that explain newly discovered facts

Pseudoscience
•	 Lacks mechanistic explanations

•	 Uses dogmatic assertions, or resemblance 
thinking, which infers that things are causally 
related merely because they are similar

•	 Practitioners are oblivious to alternative theories

•	 Uses non-simple theories that require many extra 
hypotheses for particular explanations

•	 Stagnant in doctrine and application

MICHAEL SLEZAK is  
the Australasia reporter  
at New Scientist magazine  
and has a background in 
philosophy of science.
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GRAVITY 
WAVES 
MAKE 
YOUNG 
MINDS 
RIPPLE

CHapTER 7: CURIOSITY

Curved space and quantum weirdness make perfect sense 
when introduced early in school, writes David Blair
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HERE’S my pREdiction: When scientists at 
last discover the elusive gravity waves predicted 
by Einstein in 1915, the event will be a landmark 
in the history of science. It will stand out like 
Heinrich Hertz’s 1886 discovery of radio waves, 

a revelation that revolutionised the way we live and completely 
changed our conception of the universe.

In a nutshell, gravitational waves are ripples in the curvature  
of ‘spacetime’ that propagate outward from the source as a wave. 
I’ve spent almost 40 years trying to detect them. When I began 
there were just a few of us working away in university labs. Today, 
1000 physicists working with billion-dollar observatories are 
quietly confident that the waves are within our grasp.

The problem with discussing gravity waves is they can’t be 
described without explaining Einstein’s ideas of curved space 
and warped time. For years I struggled to explain my work 
to public audiences. I wrote a popular book about gravity 
waves, Ripples on a Cosmic Sea. Then with an amazing 
team of volunteers and benefactors I built the $10 million 
Gravity Discovery Centre near Perth, filling it with 
exhibits designed to get Einstein’s concepts across. 

But despite my efforts, whenever I started to explain 
gravity I got glazed eyes and baffled looks. 

One day I brought my son, then aged 10, to the Gravity 
Discovery Centre to be my assistant for a special school 

holiday program for top high school physics students from 
around Australia. The program introduced students to the 

concept of curved space underpinning Einstein’s 
theory of gravity, as well as quantum weirdness 
which arises from Einstein’s proof that light 
comes as photons, elementary particles of light 
and electromagnetic radiation. The 16 year olds 

were astonished by the strange ideas. But my son 
seemed quite relaxed. He wasn’t astonished at all. 

Suddenly I had a hypothesis! For those young enough to have 
no preformed concepts of space there are no contradictions. 
Sixteen year olds are exhilarated to discover a major contradiction 
in their education. But for adults, the contradictions are 
bewildering. This was the inspiration that led to the Science 
Education Enrichment Project. 

The problem with physics education starts 2300 years ago  
with Euclid’s book of geometry called Elements. This is the most 
influential book in the history of science, having been in print  

http://en.wikipedia.org/wiki/Curvature
http://en.wikipedia.org/wiki/Wave
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for more than 2000 years and published in more 
than 1000 editions. It was a basic school text for 
Galileo, Newton, Einstein and every educated 
person up to the baby boomer generation. I still 
have the plain slim edition that I used when  
I was in Year 8. 

Yet today Einsteinian physics is part of our 
everyday reality, although most of us don’t 
know it. Every day we use smartphones that 
combine exquisite quantum physics with 
navigation technology that corrects for time 
warps. With a few clicks we can send photons 
down optical fibres to ask Google to direct us 
to space telescope images of curved space in 
the universe, or videos showing single photons 
arriving one at a time to make an image. 

So for people raised with Euclid, Einstein is 
truly weird. Some teachers claim that Einsteinian 
ideas are too difficult and too complex to be 
taught at school. Rubbish. The concepts are 
merely different. It is more difficult for the 

Gravity waves help probe 
the limits of spacetime 
Einstein’s theory of gravity says space is elastic 
and can sustain waves. Gravity waves are waves 
of geometry – waves in the shape of space itself 
– that distort the shape of all the objects they 
pass through. Gravity waves are unstoppable 
by matter. They can reveal hidden places in the 
universe, like the collapsing cores of exploding 
stars and the Big Bang itself. They can carry vast 
amounts of energy even when the size of the 
waves is minuscule.

There are thought to be 100 million black holes 
in our Milky Way galaxy. About 20 000 of them, 
along with 10 million stars, are predicted to be 
crammed into a tiny space only a few light years 
across – about the distance from here to the 
nearest star – around the giant black hole that 
lurks in the core of the Milky Way. 

When two black holes get close they can 
capture each other, emitting vast bursts of 
gravitational waves as they spiral closer and 
closer together. Eventually, they emit a vast 
scream in audio frequency gravitational waves, 
giving out more power in gravitational wave 
energy than all the light power given out by  
all of the stars in the visible universe. 

Finally, having radiated several times the 
mass of the Sun in pure gravitational energy, 
they merge into a single black hole that’s born 
shimmering and vibrating in gravitational waves. 
This signature allows scientists to reconstruct 
the nature, mass and spin of the newly formed 
hole and to test Einsteinian physics in a regime 
where the curvature of space is like a tornado 
compared to the gentle breeze it is on Earth.

Gravitational waves will allow scientists  
to explore this hidden dark side of the universe, 
find out if Einstein was really right and whether  
a single new theory is able to unify the theory  
of the quantum world with the theory of space, 
time and gravity. 
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teachers than for their students. Just as with 
spoken language it’s important to start early. 

Our team at the University of Western 
Australia and Curtin University have been 
conducting pilot studies with students aged 11, 
12 and 16. We have created curriculum material 
that includes hands-on learning activities to 
make all the ideas vivid. Many of them are 
based on analogies. For instance, we use Lycra 
sheets for the fabric of space, and Nerf guns to 
create streams of photons.

Using simple graphs and Einstein’s assertion 
that freely falling trajectories are the shortest 
paths in spacetime, children discover why time 
depends on height above the ground. They 
discover the quantum uncertainty principle in 
fun group activities. They learn to think about 
spacetime and appreciate that falling from 
a tower and floating in the space station are 
the same thing. They easily grasp the reality 
that the formulae of Euclidean geometry are 

approximations: really good approximations 
on Earth, wrong on closer inspection and 
completely wrong near a black hole. 

The pilot studies confirm that students are 
neither surprised nor bewildered. The large 
majority don’t think they are too young to 
learn Einsteinian ideas. We asked 16 year olds 
two questions: What was the most interesting 
concept? What was the most difficult? We 
found a strong correlation. The most interesting 
concepts were also the most difficult. This 
reveals that young people want to be challenged.

While today Einsteinian physics gives us 
our best understanding of the universe, physics 
still has enormous problems to solve. More 
than 95 per cent of the universe is mysterious 
dark matter and dark energy. Are black holes 
pathways to other universes? 

A whole new spectrum of gravitational waves 
is waiting to be explored. Like a new great south 
land – we know it is there but what will we 

Gravitational waves, predicted 
by Einstein, may set a ‘speed 
limit’ to rapidly spinning stars 

called pulsars. 
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discover? Who knows what will come out of it! 
When Hertz was asked about the use of his 

discovery he said: “It’s of no use whatsoever ... 
we just have these mysterious electromagnetic 
waves that we cannot see with the naked eye.
But they are there.”

We have thought through the implications and 
applications a bit better than Hertz. Yet I suspect 
that the best discoveries will be the surprises.

What is certain is that we will be better able 
to meet the challenges of the future if we allow 

students to begin their learning at the point 
of science’s current best understanding, rather 
than condemning them to learn the old stale 
approximations as if they were the truth. 

FURTHER READING
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The Science Show 2013, ‘Eleven year olds relate to Einstein’, radio broadcast, 4 May 2013, ABC Radio National.
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CATCH THE WAVE
If our ears were billions of times more sensitive than they really are, we could hear gravity waves  
created by stellar mass black holes – black holes as heavy as stars – and neutron stars which are stars 
just on the point of collapse to a black hole. Space should be full of sounds like drum beats from the 
vibrations of black holes, rising chirps from pairs of black holes spiralling together up to hundreds of 
times per second, and slowly falling whistles as spinning neutron stars slow down. 

The first detectors for these frequencies were huge metal bars cooled to near absolute zero 
(–273.15°C) which would experience the vibrations of the passing gravity waves. Five such detectors, 
including one in Australia, conducted searches without success. Around the year 2000, huge laser 
instruments that measure changes in distance between distant mirrors began to be constructed.

Gravity waves are produced at much lower frequencies if the black holes are much heavier.  
A tantalising prospect is to detect the gravity waves produced when galaxies merged in the early 
universe and the supermassive black holes in their cores themselves merged. These mergers are  
very slow processes because of the enormous masses involved so the frequencies are very low, like  
one cycle in three to 10 years. Such low-frequency signals can, in principle, be detected by replacing 
lasers and mirrors with radio beams arriving from very precisely spinning radio pulsars. Gravitational 
waves cause the distance between distant pulsars and the Earth to fluctuate so that the radio pulses  
come at different times. 

Radio astronomers using this technique have a good chance of detecting the statistical signature  
of many such events, but because of the slowness of the signals it takes years to accumulate the 
signals and their data. Teams of astronomers across the world are pursuing this pulsar timing technique, 
including a very strong effort in Australia.

Between these two extremes of frequency, physicists and space scientists are developing plans for  
gravitational wave detectors in space, optimised for waves at a frequency of about one cycle per hour  
– the frequency produced when a neutron star falls into an intermediate mass black hole. Such a detector  
would use three spacecraft in geostationary orbits many millions of kilometres apart and laser beams 
to measure tiny changes in distance between them. Australian physicists are also involved in planning 
these missions.

http://www.aigo.org.au/
https://theconversation.com/testing-the-theory-taking-einstein-to-primary-schools-9710
https://theconversation.com/testing-the-theory-taking-einstein-to-primary-schools-9710
http://www.gravitycentre.com.au/
http://www.abc.net.au/radionational/programs/scienceshow/eleven-year-olds-relate-to-einstein/4666136



