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ITER: the Way for Australian 
Energy Research? 
Physics Alumnus talks up the Future of Fusion

continued page 3

“World Energy demand will 
double in the next 50 years 
– which is frightening,” 
s a i d  D r  B a r r y  G r e e n , 
School of Physics alumnus 
and  Resea rch  P rog ram 
Officer, Fusion Association 
Agreements, Directorate-
General for Research at the 
European Commisison in 
Brussels, at a recent School 
research seminar.

“The  ava i l ab i l i t y  o f 
cheap energy sources is a 
thing of the past, and we 
have to be concerned about 
the environmental impacts 

of energy production.”
Dr Green was speaking in Sydney during his 

nation-wide tour to promote ITER, the massive 
international research collaboration to build 
an experimental device to demonstrate the 
scientific and technological feasibility of nuclear  
fusion energy. 

The need for new energy sources is evident when 
you consider population growth trends, especially in 
developing countries (China and India account for 
almost half of the world’s population). “People in 
developing countries,” says Dr Green, “living below 
the developed world’s standard of living, want to use 
more energy to improve their standard of living. And 
at this time, 25% of the world’s population doesn’t 
even have access to electricity.”

Amongst the many different energy sources 
on our planet, Dr Green calls nuclear fusion the 
‘philosopher’s stone of energy’ – an energy source 
that could potentially do everything we want. 
Appropriate fuel is abundant, with the hydrogen 
isotope deuterium and the element lithium able to 
be derived primarily from seawater (as an indication, 
the deuterium in 45 litres water and the lithium 
in one laptop battery would supply the fuel for 
one person’s personal electricity use for 30 years). 
Fusion has ‘little environmental impact or safety 
concerns’: there are no greenhouse gas emissions, 
and unlike nuclear fission there are no runaway 
nuclear processes. The fusion reactions produce no 
radioactive ash waste, though a fusion energy plant’s 
structure would become radioactive – Dr Green 
reckoned that the material could be processed and 
recycled within around 100 years.

Despite all these benefits, a fusion-energy 
future is still a long way off. Fusion reactions require 
extreme conditions to turn on, temperatures in 
excess of 100 million degrees, where matter exists 
in the state known as plasma.

Artists’s impression of the ITER fusion reactor

Despite all these benefits,  
a fusion-energy future is still a long  
way off. Fusion reactions require 
extreme conditions to turn on, 
temperatures in excess of 100 million 
degrees, where matter exists in the 
state known as plasma.



3

November 2006

School of Physics

As exotic as it sounds, 99% of the universe is 
comprised of plasma, including stars, nebulae 
and the solar wind. It’s here on Earth that plasma 
becomes difficult to make, but physicists have been 
studying plasma for decades. Australia has a long 
history of plasma and fusion research, right back 
to the discovery of fusion by Sir Mark Oliphant 
and his colleagues in 1934. Yet after decades of 
very promising research, enormous scientific and 
engineering challenges still lie ahead.

ITER is a proposed experimental plasma 
fusion experiment developed by one of the largest 
international scientific collaborations, with 
representation from the European Union, Japan, 
the People’s Republic of China, India, the Republic 
of Korea, the Russian Federation and the USA.  
At a cost of many billions of dollars, it is also one of 
the most expensive science experiments in history.  

But Dr Green believes the investment will be 
worth it – and emphasises that the cost is tiny in 
comparison to the world’s energy consumption.

“Less than 0.1% of the energy costs in OECD 
countries like Australia is put back into energy 
R&D,” he says. “We should be investing much, 
much more.”

A site for ITER was decided in 2005, in 
Cadarache, France, and funding was agreed in May 
this year. Several researchers in the School of Physics 
are members of the Australian ITER Forum, run by 
Dr Matthew Hole at ANU. On 11-13 October 2006, 
the Forum will bring together international ITER 
team-members, Australian industry, the research 
community and government to discuss Australia’s 
role in this grand science experiment.

For more information on ITER:  
www.ansto.gov.au/ainse/fusion/index.html

ITER: the Way for Australian Energy Research?
 continued from page 1

Medical Physics comes of age

Prof. Clive Baldock, Director of 
the  Institute for Medical Physics

Dr Barry Green holds a PhD in theoretical plasma 
physics from the School of Physics. In 1973 Barry 
worked on the design, construction and operation 
of the European fusion experiment, JET – he was the 
JET Engineer in Charge on November 1991 when 
JET produced the first significant amount of fusion 
power ever in a man-made device. From 1993-
2003 he was a member of the ITER international 
design team at its Joint Work Site in Japan.  
This international team prepared the design of the 
device, the construction of which has been now 

been formally agreed by the representatives of the 
governments of the 7 parties involved: China, 
Europe, Korea, India, Japan, Russia and the USA.

Since March 2003 he has worked in the 
Directorate General Research of the European 
Commission in Brussels, Belgium, in the Directorate 
of Energy and is specifically involved with the 
European fusion research and development 
programme. The Directorate of Energy directs 
all the European Commission-supported energy 
research programs.

Medical physics is one of the fastest-growing areas 
in the School – the Masters of Medical Physics 
program has grown from six students when it started 
in 2004, to eighteen students this year. The Institute 
also has eighteen research students enrolled in 
MSc or PhD degrees. This year, state funding was 
secured for a professorial appointment in Medical 
Physics within the School, and the Institute’s head,  
Clive Baldock, filled the position. 

The School is now advertising for a new lecturer 
or senior-lecturer in the medical physics field, and 
four more adjunct appointments have been made, 
strengthening ties between the School and local and 
interstate hospitals, the Australian Nuclear Science 

and Technology Organisation and Australian 
Institute of Nuclear Science and Engineering.

On 1 December 2006, the Institute will host 
MedPhys 06, a conference for medical physics 
students and researchers across NSW. The meeting 
is being supported by the Science Foundation 
for Physics and the NSW/ACT Branch of the 
Australasian College of Physical Scientists and 
Engineers in Medicine. 

Since medical physics is an option in the  
NSW HSC phys ics  sy l l abus ,  h igh-school 
physics teachers are invited to attend the event 
– contact c.stewart@physics.usyd.edu.au for  
more information.
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Greenhouse gases from burning fossil fuels are pushing the globe to the brink of catastrophic climate change. 
What we desperately need are new energy sources; one first-year physics student looked to Nature for 
inspiration, and created electricity from sunlight and blueberry juice.

Blueberry Power! 
Inspired by Nature, TSP student’s solar-cell research bears fruit

One of the most obvious alternative sources of energy 
is sunlight; vast quantities of energy shine down on 
our upturned faces every day. Whether it’s solar hot 
water for our bathtubs or electricity produced by 
photovoltaic cells, pollution-free solar energy seems 
an easy choice in our sun-drenched country.

Life is rarely that simple. Conventional solid-
state photovoltaics are expensive – to convert 
as much solar energy to electricity as possible, 
the semiconductors must be very pure, and the 
manufacturing processes are costly and polluting. 
While solar panels are becoming more common 
for household use, photovoltaics are not yet a 
viable alternative for widespread, large-scale energy 
generation. Researchers are working on ways to 
produce cheaper, cleaner solar cells that don’t depend 
on such high purity materials.

Helen Smith is not your typical solar energy 
researcher. While most of her colleagues are 
academic and industry scientists with postgraduate 
degrees and years of experience, Helen has only 
just started her undergraduate degree at the 
University of Sydney. She is, however, a member  
of the Faculty of Science Talented Students Program 
(TSP), which allows the very best students to tailor 
their degree by choosing subjects or combinations of 
subjects not normally available. TSP students can also 
gain credit for independent research projects from the 
very beginning of their university career.

Helen chose a project with Dr Nicholas Ekins-
Daukes – ‘Ned’ – in the School’s Applied Physics 
group. Ned introduced Helen to a very different kind 
of solar cell, one that mimics Nature’s own preferred 
system of solar power conversion: photosynthesis.

In plants, a chemical dye called chlorophyll 
absorbs sunlight and, through a cycle of losing and 
gaining electrons, the energy is converted to more 
useful forms. In the process, the chlorophyll is 
regenerated, ready for another cycle. Helen and Ned 
took inspiration from this chemical cycle in creating 
a DYSC – Dye Sensitised Solar Cell – in which the 
role of the chlorophyll is played by an organic dye 
coating on a layer of titanium dioxide. While plants 
store the sun’s energy as chemical energy in starch, 
DYSCs convert it directly to electrical current. 
During her project, Helen tried out several kinds of 
dye before settling on a tasty and colourful choice: 
blueberry juice!

DYSCs have been around for a few years now, 
says Helen, “and are becoming a serious competitor 
to solid-state devices” such as traditional solar cells. 
“They’re a commercially realistic option for using 
solar energy.” The dyes are cheap to produce and 
can be chosen for specific applications, and there 
is less need for high-purity semiconductors, which 
depend on expensive, environmentally-damaging 
manufacturing processes. 

There is much work to be done, however. 
State-of-the-art DYSCs can reach efficiencies of 
around 10%. That’s not far from the theoretical 
limit for natural photosynthesis of about 13% (while 
rainforest plants capture only about 1% of the 
sun’s rays). By comparison, conventional solar cell 
efficiencies are typically 15-20%, and have reached 
as high as 30% in the lab.

Ned and Helen’s blueberr y DYSCs can 
transform about 2% of solar energy to electricity, 
putting them at the lower end of the efficiency 
spectrum. “They will become more competitive 
with a bit more research,”concludes Helen. That’s 
perhaps a little modest, though – if this is what a 
TSP student can achieve in her first year of university 
physics, you have to be optimistic about the future 
of alternative energy research.

TSP student Helen Smith and 
her blueberry-flavoured solar 
cell

 Helen is not your typical solar 
energy researcher — she has only just 
started her undergrad degree. 
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The ultimate goal of every material scientist is to
control a specific substance at the level of individual
atoms – to arrange atoms as accurately as a
bricklayer positioning bricks in a wall. However,
unlike bricks, atoms won’t let you put them where
you want them. They are particular about how
many other atoms they will bond with and the
angles they make with each other. So how do you
custom-make materials without violating any laws
of physics?

Dr Nigel Marks is investigating this very
question. Sitting on his office desk is a microscope
and a time-machine all rolled into one – a very fast
computer.  By programming all the basic laws of
quantum physics into his simulations he can
explain and predict the material properties of atoms
coated onto a surface. The simulated motion and
behaviour of atoms is slowed down to a speed
where a phenomenon that usually takes a billionth
of a second in the lab is observed over several
seconds. This research belongs to the growing
discipline of computational materials science,
which has developed over the past decade into a
genuine alternative to straightforward experiment
and theor y. This is virtual science, in which
experiments are performed computationally.

One material of particular interest to Nigel is
diamond-like carbon, known as DLC, which has
many of the properties of diamond – extremely low
friction, high hardness, chemical inertness – but is
much less expensive. For many friction and wear
applications, DLC is considered superior to
diamond because very smooth coatings can be
deposited, and the material to be coated only needs
to be at room temperature. This is in sharp contrast
to the high temperatures required to make diamond.

A Microscope-Time-Machine

The Science Foundation has supported many new research and teaching initiatives
in the School of Physics for the last 50 years. One of the most recent of these is
in Computational Physics, where the Foundation is contributing half the costs
of Dr Nigel Marks’ lectureship in the School of Physics for three years.

The uses of DLC include applications such as
medical implants that are in direct and continuous
contact with blood. Blood clots on the implant’s
surface can lead to patients suffering strokes and
other coronary ailments. Coating medical implants
with DLC can prevent blood clot formation. For
this reason, determining the properties of these
coatings and the ways of improving them has
gained Nigel’s attention.

Finally, they come to rest in bonding arrangements
similar to diamond but with an almost random
arrangement of atoms. With this approach Nigel
has been able to explain the origins of the build-up
of stress and suggest ways of reducing or
eliminating it in these coatings.

Recently, his simulations have been concerned
with methods of producing a futuristic computer
known as a quantum computer. In this device a
row of phosphorus atoms can be made to interact
or ignore each other to form the processor of a
quantum computer. The attraction is a computer
that can be much faster than the fastest computer
today and uses only a cluster of atoms that
will literally fit on a pinhead. At the moment it
sounds lik e science fiction, but the interplay
between simulation and lab experiments will
deliver the verdict.

On the screen of his computer
monitor you can see slowly moving
carbon atoms collide with surface
atoms, sending ripples across the
surface layer.

Dr Nigel Marks is researching
diamond-like coatings

in My Office

The formation of diamond-like
amorphous carbon on top of diamond.
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Brain Research

An example of the excellent
agreement between a
measured EEG spectrum
and the model’s prediction.

Of all the organs in the human body, the brain is
surely the most intriguing. Part supercomputer,
part blancmange, the brain is one and a half kilos
of spongy, grey matter, composed of billions of
interconnected neurons all busily exchanging tiny
electrical signals that – somehow – translate into
the phenomena we know as thoughts and
feelings, memories and moods.

Biological studies of the brain are often concerned
with its fundamental physiology, the anatomy of
neurons and the physical connections between them.
Taking a much broader view, psychologists study
thoughts, feelings, behaviour and attitudes – the end
products of brain function.

To a physicist, however, the brain looks
like a highly complex electrical circuit. Each of
the minute interactions between neurons, each
tiny electrical potential, combines to produce
macroscopic electrical signals that can be
measured and analysed.

Professor Peter Robinson is a theoretical
physicist and Director of the School’s Centre for
Wave Physics. He is also as Deputy Director of
the Brain Dynamics Centre, a large inter-
disciplinary collaboration of researchers from the
University of Sydney and Westmead Hospital
with the common aim of developing new ways
to model the way the brain functions – and, just
as importantly, the way it dysfunctions.

Professor Robinson, Dr Chris Rennie, Dr
Michael Breakspear and graduate students Suzie
O’Connor and Donald Rowe are applying the
physicist’s perspective to the difficult problem
of deciphering the brain’s characteristic electrical
signals. They have constructed a mathematical
model that accurately reproduces these signals
and, even better, predicts the way they vary in
response to changes in the brain’s state of arousal.

The model uses data taken from electro-
encephalograms (EEGs), the records of the
electrical signals measured by a net of electrodes
taped onto a patient’s scalp. The EEG provides a
map of the brainwaves originating in the brain’s
outer layer, the cortex. This map changes over
time as different parts of the brain get used, for
example when we open or close our eyes, when
we fall asleep or wake up, or when we process
sensory information from a stimulus, say a sound
or an image.

In addition to looking at the brainwaves as a
function of time, Professor Robinson’s team is
examining the frequency characteristics of EEGs.
The electrical signals produced by the brain are
particularly strong at characteristic frequencies –
there is a strong peak at 10 Hz, for example,

corresponding to a resonance in the interaction
between the outer cortex and the thalamus,
located deeper within the brain. If the brain’s
functioning changes, the frequency spectrum of
the brainwaves changes also.

The research team has constructed a model
for EEG frequency spectra based on parameters
that describe the physiology of the brain, such
as the distribution of different types of neurons
in the cortex, the typical number of connections
between neurons, and the interactions between
the cortex and the thalamus. From a small but
comprehensive set of these physiologically
measurable parameters, their model accurately
reproduces the characteristic frequency peaks of
EEG spectra – no mean feat, considering the
complexity of the organ they are modelling. This
result is a world’s first for a mathematical
simulation of EEGs.

Mimicking a single state of brain function is
one thing; predicting the effects of changes in
this state is quite another. Using EEGs obtained
from patients during different states of mental
alertness, the research team attained another
world’s first by showing that their model
reproduces the variation in the frequency spectra.
Crucially, the corresponding changes in the
model’s parameters are consistent with the
current understanding of the brain’s physiological
processes and functions. The predictions from
the model make sense, biologically speaking.

The research program is expanding: from
their first-principles approach the team has
already simulated, again for the first time, EEG
characteristics of epileptic ‘petit mal’ seizures.
Spurred on by these successes, Professor
Robinson and his research team are feeding the
model a wide variety of EEGs, representing
different states of brain activity, to broaden their
understanding of the behaviour of the model’s
parameters. The researchers hope that, in the
future, the model may constitute a valuable
medical diagnostic tool, by characterising the
brainwave patterns associated with pathological
disorders such as attention-deficit disorder and
schizophrenia. Since it is based on established
physiological parameters, the data supplied by
the model may also provide essential information
to chemists and medical researchers in the search
for treatments for these disorders.
The Web site of the Brain Dynamics Centre is
http://www.brain-dynamics.net/ Following the
links to Research and then the Brain Modelling
Unit will provide more information on the work
of this group.
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