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Change and
opportunity
As chair of the editorial board of 
Australian Physics I would like to express
appreciation of the achievements of 
departing editor Peter Robertson and
assistant editor Akin Budi, who during
their terms improved production stan-
dards and regained a reliable schedule
while maintaining varied, interesting and informative content.

As I see it, the role of Australian Physics is to inform members in
particular, but more generally the broad physics community, about
Physics activity in Australia and matters relevant to that community.
Articles should to an extent be tutorial in nature: those who know little
in detail about the topic should gain a better appreciation of the topic.

While articles of interest will cover a wide range of subjects, there
are two kinds of articles that I would like to see more of. One is an
account of career progression about a decade after the author has
completed formal study (undergraduate or postgraduate degree). Such
articles would serve as examples for current students, and can be
particularly informative when the career is not obviously physics, but
one where a training in physics has presumably been of some advantage.
I would welcome contact from members with ideas for such articles.

The other kind is by physics graduates working as physicists in
industry. We would all benefit from more exposure to the concerns of
such physicists, in a country where employment of physicists is pre-
dominantly in teaching, academia and government laboratories.

In the current issue we have two very different articles. Dr Barone-
Nugent and co-authors describe an innovative program, Growing Tall
Poppies, for increasing the number of females studying physics at high
school by establishing a collaboration between an ARC Centre of Ex-
cellence and a high school. They present the results of a longitudinal
study to show that significant results are being achieved. In the second
article, Dr Corr discusses the requirements for materials to withstand
the extreme environment of future fusion reactors where surfaces will
be subject to large energetic particle fluxes. He describes MAGPIE, a
new experimental facility at the ANU that will be used to simulate the
plasma–wall interactions in a fusion reactor in order to compare the
behaviour of different, including novel, materials.

Finally, I seek expressions of interest in the position of Editor. It is
an interesting time for members’ journals like Australian Physics. Like
many similar organisations the AIP has a regular monthly email
newsletter to provide timely information such as announcements and
branch activities. With this time-critical task removed from Australian
Physics, the time is ripe for reinvention, which will no doubt include
exploiting the internet.
Brian James
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Firstly I would like to welcome the
Australian Society of Rheology (ASR)
as a Cognate Society to the AIP.
Members of ASR may join the AIP
at whatever membership level they
qualify for with a 10% discount and
may attend AIP conferences and
workshops at AIP member rates. In
return the ASR is offering AIP mem-
bers a 20% discount on membership
and a 10% discount on registration
fees on all the conferences they or-
ganise. The cognate society structure
that the AIP established many years
ago offers members similar benefits
with our other cognate societies and
is a way of enhancing cooperation
and collaboration between allied dis-
ciplines.

Our other cognate societies are:
Astronomical Society of Australia;
Australasian College of Physicists
and Engineers in Medicine; Aus-
tralasian Radiation Protection Soci-
ety; Australian Acoustical Society;
Australian Optical Society; Australian
Society for General Relativity and
Gravitation; and Royal Australian
Chemical Institute. If members know
of other societies that the AIP should
be establishing similar links to then
please send me contact details.

Internationally the AIP has recip-
rocal membership arrangements with
the following national physics soci-
eties: the American Institute of
Physics, the Canadian Association
of Physics, the European Physical
Society, the Institute of Physics (Sin-
gapore), the Institute of Physics (UK),
the Physical Society of Japan, the
New Zealand Institute of Physics
and the South African Institute of
Physics. Members should remember
that they can take advantage of these
arrangements when they are over-
seas.

The AIP is also a founding member
of the Association of Asia Pacific Phys-
ical Societies (AAPPS) and holds a
position on its Council. The AAPPS
aims to bring together physicists from
across the region and to interact as a
linking body to similar European and
North American bodies, namely the
European Physical Society (EPS) and
the American Physical Society. To this
end AAPPS runs a triennial physics
conference (the Asia Pacific Physics
Conference) with the most recent
one, APPC 11, held in November
2010 in Shanghai and APPC 12
planned for July next year in Chiba,
Japan (see www.jps.or.jp/APPC12/ if
you are interested in attending).

The AAPPS is also working hard
to develop relations with Europe
through the EPS. It has been recog-
nised that physics in the Asia Pacific
region has reasonable linkages with
North America but far less well de-
veloped linkages to Europe. Two
Asia–Europe Physics Summits have
already been held, in Tsukuba, Japan
in March 2010 and in Warsaw, Poland
in October 2011. At these meetings
highlights in physics of each region
were presented and the prospects for
collaboration discussed. The next
such summit will be held in associa-
tion with APPC 12. The AAPPS
also produces a regular magazine,
the AAPPS Bulletin. Three issues
have appeared this year highlighting
interesting experiments and research
developments across the region and
each issue also presents articles on a
few research institutions from a mem-
ber country. The latest issue included
short articles on the ANU and Mel-
bourne University physics depart-
ments. The AAPPS also works on
other issues including physics in de-
veloping countries and improving

the status of women in physics. Our
former President, Cathy Foley, has
been involved in some of these ac-
tivities. AIP members should visit
the AAPPS web site www.aapps.org
to find out more about this regional
organisation and its activities.

Some members may be aware that
in the last few months of 1962 the
AIP was formed. It grew from the
Australian Branch of the Institute
of Physics, UK. The specific date is
uncertain as there were several stages
to the changeover, any one of which
might lay claim to the starting date
of the AIP. But the last few months
of this year clearly mark our 50th

birthday. Some activities and initia-
tives are being planned for 2013 as a
semi-centenary celebratory year. The
year and some of the events will be
launched at the Congress. I hope
that all members will take some time
to think about the legacy that the
AIP has given to Australian physics
in its first 50 years and how it and
they might contribute to the next
50 years. Please take part in the cele-
brations and help us all recognise
our special field of science and our
wonderful organisation that supports
it.
Marc Duldig

PRESIDENT’S COLUMN
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Murchison Widefield Array to pioneer SKA 
The recent announcement that Australia and New Zealand
will co-host the Square Kilometre Array with southern
Africa has set the scene for Australian astronomy for the
next two decades. There are two radio telescopes under
construction which will be test-bed precursors to the SKA
and both are hosted at the Murchison Radio Observatory,
about 350 km north–east of Geraldton in WA. One is the
Australian SKA Pathfinder (ASKAP) telescope and the
other is the low-frequency Murchison Widefield Array.

The MWA is an international collaboration among in-
stitutions from the US, Australia, New Zealand and India,
with the International Centre for Radio Astronomy Research
(ICRAR) at Curtin University the lead institution. Professor
Rachel Webster, head of the Astrophysics Group at Mel-
bourne’s School of Physics, has been a driving force behind
the planning of the MWA. “Australia is the perfect location
for radio telescopes as there are many remote and quiet
areas of the desert – important criteria for building such
sensitive technology”, she said.

Professor Stuart Wyithe (U. Melbourne) is also a member
of the team planning to detect signals from the earliest
galaxies using the low frequency array. “We know what
happened at the beginning of the Universe but we have
never been able to observe it. This has been beyond the
reach of the Hubble and other telescopes. Radio telescopes
may provide us with those answers of our earliest begin-
nings.”

Wyithe and his team have provided theoretical models
and predictions of what type of signals the array will need
to search for. “We have predicted what the radio signals
should look like and hence the telescope has been specifically

designed to make those detections,” Wyithe said. “The
radio waves will tell us when the first galaxies appeared,
how big they were and how many stars there were. We
know this about nearby galaxies, but we don’t know when
the first galaxies appeared.”

The team has been involved in developing real-time
software aimed at capturing the data so that it can be sent
elsewhere for analysis. Webster says that their research is
not just astronomy but will have other applications. “We
are learning how to transport large amounts of data and
analyse them for key information. This will have definite
applications in other fields such as medicine.”

The Murchison Widefield Array is expected be fully
operational by mid-2013. “We really need to test the tech-
nology, but as soon as this stage is finalised we will be
making measurements as fast as we can. Whatever we find
is going to be very exciting”, Webster said.
[An earlier version of this item by Rebecca Scott appeared in the
July issue of Melbourne University’s Voice, a supplement of The Age
newspaper]

Byrne to head Australian Research Council

Professor Aidan Byrne, dean of the ANU College of
Physical and Mathematical Sciences, has been appointed
chief executive officer of the Australian Research Council.
Byrne took up the position in July, replacing Professor
Margaret Sheil who completed a five-year term. Sheil is
now provost at the University of Melbourne.

ANU vice-chancellor Professor Ian Young congratulated
Byrne on his new position and thanked him for his
dedicated work. “Aidan has been part of the fabric of
physics, and science more broadly at ANU, for more than
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One of the ‘tiles’ in the Murchison Widefield Array under construction in Western Australia. The array will consist of 128 tiles
spread over a large area. [credit: ICRAR]



two decades. He started his PhD here in 1981, and returned
as a research fellow in 1989. He was also head of the De-
partment of Physics from 2003 to 2007. He has been a
leader who has displayed great passion for teaching as well
as research.”

The ARC manages Australia’s annual investment of
$879 million in research, as well as the Excellence in
Research for Australia (ERA) research evaluation exercise. 

According to ANU Professor Jim Williams, “In his
nuclear physics research, Aidan has been a vital contributor
to our world-class research team in nuclear structure. He
also pioneered the novel application of nuclear physics
techniques in materials science, an area that has grown to
be a major research effort in the Research School of Physics
and Engineering. His outstanding leadership in both
research and education, as well as in university administration,
will be sorely missed.”

Professor Andrew Roberts has been appointed as Byrne’s
replacement as dean of the ANU College of Physical and
Mathematical Sciences. Roberts joined the ANU in 2010
and previously was at the University of Southhampton
and associate director of the UK National Oceanography
Centre.

PASA goes to Cambridge

Cambridge University Press has announced that it will be-
come the new home of Publications of the Astronomical
Society of Australia (PASA). The journal publishes new
and significant research in astronomy and astrophysics and
covers a wide range of topics, including multi-wavelength
observations, theoretical modelling, computational astronomy
and visualisation. PASA also maintains its heritage of pub-
lishing results on southern hemisphere astronomy and on
astronomy with Australian facilities.

PASA has been published by CSIRO Publishing since
1994. In 1997 it was one of the first Australian journals to

go online and, in 2002, the hard copy ceased and it became
electronic-only. Its impact factor has been steadily increasing
and at one stage it had the highest impact factor of any sci-
entific research journal published from Australia. The
recent announcement that Australia will co-host the Square
Kilometre Array is expected to give PASA a further boost.

According to Professor Bryan Gaensler, chair of the
PASA Editorial Board, “Australia is a world-leader in as-
tronomy, and in Cambridge University Press we have found
a partner with a comparable reputation in scientific publi-
cation. Cambridge has a long and distinguished history in
astronomical publishing, but PASA now adds an important
new dimension to Cambridge’s capability in this area. The
Astronomical Society of Australia is excited to be partnering
with Cambridge, and looks forward to developing new
ways of sharing ideas and of promoting the latest astrophysical
research from around the world.”

Cambridge University Press publishes over 300 peer-
reviewed academic journals. The five-year contract with
the Astronomical Society of Australia begins in January
2013.

International award to WLAN technology

The CSIRO team that invented a faster system for wireless
local area networking – which later became the foundation
of Wi–Fi in its most popular form today – has won a Eu-
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The final print copy of PASA in 2001.

Professor Adrian Byrne [courtesy: ANU]
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ropean Inventor Award for 2012. Lead by Dr John 
O’Sullivan, the team from CSIRO Space Sciences and
Astronomy was named the winners of the ‘Non-European
countries’ category of the annual awards for the patented
WLAN technology at an awards ceremony in Copenhagen
in June.

The technology, which has given the freedom to work
wirelessly from home or the office, is now estimated to
be in more than three billion devices worldwide and is
expected to be in more than five billion devices by the
time the CSIRO patent expires at the end of 2013.

“We’re thrilled for the team to receive this international
recognition for an invention that has had such a significant
global impact”, said Nigel Poole from CSIRO Information
Sciences. “It’s a technology that has changed how we
work and how we live. The rapid expansion of indoor
wireless communications is in part possible because of
the WLAN technology invented at CSIRO.”

Launched in 2006, the European Inventor Award is
presented annually by the European Patent Office, in
co-operation with the European Commission and the
country which holds the EU Council Presidency at the
time of the award ceremony, which this year is Denmark.
This is the first time an Australian team has won the
award.

The EIA is presented in five categories: Industry, Re-
search, SMEs, Non-European countries and Lifetime
Achievement. Fifteen finalists were selected across all
categories from almost 200 inventors and teams who
were originally nominated by an international jury.

O’Sullivan has been recognised previously for the
WLAN with the Prime Minister’s Prize for Science in
2009.

The WLAN project team: John Deane (left), Terry Percival,
Graham Daniels, Diet Ostry and John O’Sullivan [courtesy:
CSIRO Information Sciences].

[© Australian Postal Corporation]

Bragg honoured by Australia Post
In the centenary year of the announcement of Braggs’ law,
Australia Post has issued a stamp in honour of Lawrence
Bragg (1890–1971), who was Australia’s first Nobel Laureate
and is still the youngest laureate in any field. He shared the
Nobel Prize for Physics with his father William in 1915
for their ‘services in the analysis of crystal structure by
means of X-rays’ [see AP 49, 75–9 (2012)]. The stamp
features a portrait of Bragg by Sir William Dargie.

The Bragg stamp is one of a series of five, with the other
four also featuring portraits of early Australian Laureates:
Howard Florey (1898–1968) who was awarded the prize
for physiology or medicine in 1945 ‘for the discovery of
penicillin and its curative effect in various infectious
diseases’; Frank Macfarlane Burnet (1899–1985) for phys-
iology or medicine in 1960 ‘for discovery of acquired im-
munological tolerance’; John Carew Eccles (1903–97) for
physiology or medicine in 1963 ‘for discoveries concerning
the ionic mechanisms involved in excitation and inhibition
in the peripheral and central portions of the nerve cell
membrane’; and Patrick White (1912–90) for literature
in 1973 ‘for an epic and psychological narrative art which
has introduced a new continent into literature’.

The five stamp series was issued in late August.



Dear Editor,

Professor Melia, if he is to overturn so much of modern
cosmology [see AP 49, 83–8 (2012)] has a lot of explaining
to do. Like all cosmological models, his a(t) ∝ t model
has to run the gauntlet of cosmological observations.
We contend that a simple analysis of the key observations
show that his model is an extremely poor representation
of our Universe. We have detailed other deficiencies in
his model within the literature, and we are left to conclude
that the Universe is not as simple as Melia hopes.

Melia uses the Friedmann equation, which relates the
evolution of the scale factor a(t) to the density of the
Universe ρ. Melia’s a(t) ∝ t, k = 0 model requires that
the energy density of the Universe scales with the
expansion as ρ∝ a–2, which implies an equation of state
of w = p/ρ= –⅓. As the article notes, neither matter nor
radiation fit the bill. We must postulate another form of
energy – component X, say – whose pressure pX depends
not only on its density ρX but on the density of matter
and radiation as

pX = –⅓(ρm + 2ρr + ρX).

Given this dependence on ρm and ρr, component X
must interact strongly with baryonic matter and radiation.
Needless to say, no known form of energy has these
properties.

Alternatively, Melia could maintain that the matter
and radiation do not affect the expansion of the Universe
in the way that the Friedmann equation indicates. This
implies that the coupling between matter/radiation and
spacetime is otherwise than is postulated in General
Relativity. Given that the Friedmann equation also results
from a Newtonian treatment of cosmology, this would
involve a major overhaul of our understanding of gravi-
tation. No details of this revolution have been forth-
coming.

Big Bang nucleosynthesis (BBN) presents a major
difficulty for the model. In the ΛCDM model, nucle-
osynthesis occurs when the Universe is ~1 minute old,
when T ~ 109 K and ρbaryon ~ 0.1 kg/m3. In Melia’s
model, the Universe takes 14 years to cool off to 109 K,
much longer than the lifetime of the neutron. It is thus
doubtful that Melia’s model will reproduce the successful
predictions of BBN in ΛCDM.

The Cosmic Microwave Background (CMB) also
poses problems. Melia quotes Spergel’s WMAP obser-
vations that indicate that the Universe is flat. However,
this result assumes that a(t) is as calculated in ΛCDM.

In particular, one must calculate the angular diameter
distance DA to the surface of last scattering zlast ≈ 1089.
In Melia’s model, DA(zlast) is about 2.25 times larger
than in the ΛCDM model. To fit the angular anisotropies
of the CMB, either component X must by some miracle
increase the sound horizon by almost exactly the same
factor, or else one must suitably fine-tune the primordial
spectrum of inhomogeneities. Given that Melia’s model
seeks to replace inflation as the mechanism for generating
such inhomogeneities, this represents another gaping
hole in the model.

Further, the model must account for observations of
distant supernovae, which constrain the relationship be-
tween the luminosity distance and redshift. Bilicki and
Seikel (2012, preprint: arxiv.org/abs/1206.5130) have
shown that Melia’s model fails this test: the data constrain
the deceleration parameter of the Universe today to be
q0 = –0.34±0.05, ruling out q0

Melia = 0 to more than 6-
sigma. The redshift dependence of q, and the Hubble
parameter, are further hurdles at which Melia’s model
falls.

Against such evidence, what does Melia’s model have
in its favour? Melia states that Weyl’s principle requires
that all proper distances have the form R = a(t)r (where
r is the unchanging co-moving distance), including the
gravitational radius Rh = c/H. Weyl’s principle states
nothing of the sort. It applies to the worldlines of particles
moving with the expansion of the Universe (ie. in the
Hubble flow). The principle does not apply to all proper
distances, and in particular does not apply to Rh.

The only piece of evidence in favour of the Melia
model is the fact that in the ΛCDM model, we happen
to live in the short time window in which t0 ≈ 1/H0,
where t0 is the age of the Universe, while for Melia’s
model this relation is exactly true at all times. Such argu-
ments have dubious pedigree: Dirac tried to argue that
the coincidence between the age of the Universe in
atomic units and the strength of electromagnetism
relative to gravity implies that the gravitational ‘constant’
G(t) changes linearly with time. Dicke, however, pointed
out that the coincidence could more easily be explained
by noting that observers in our Universe are made from
the products of stellar fusion, and thus could expect to
observe a Universe that is roughly the same age as main
sequence stars.

We should keep in mind that this is just a coincidence
– there is no conflict between theory and data. This
~1% level coincidence is interesting but hardly cries out
for the conclusion that, despite all evidence to the
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contrary, the energy content of the Universe has conspired
to have no effect whatsoever on its expansion rate for
the last 13.7 billion years.

We conclude that the a(t) ∝ t model has almost
nothing going for it, and a considerable body of cosmo-
logical observations convincingly against it.

Sincerely,

Dr Luke Barnes, Dr Krzysztof Bolejko and 
Professor Geraint Lewis
The Gravitational Astrophysics Group,
Sydney Institute for Astronomy, School of Physics,
The University of Sydney
29 June 2012

Dear Editor,

The claims by Professor Lewis and his colleagues reveal a
strong reluctance to view the latest observations objectively.
They correctly state that any cosmological model must
run the gauntlet of cosmological observations. So let us
see how the current model they are defending (known
as Lambda Cold Dark Matter, or ΛCDM) compares
with the Rh = ct Universe. (All of these points are based
on papers already published or posted to the electronic
preprint server arXiv.)
(1) ΛCDM requires a brief period of inflation following

the Big Bang in order to explain how opposite sides
of the sky can be in equilibrium. In the Rh = ct
Universe, all parts of the visible Universe have been
in equilibrium from the beginning. But the problems
with inflation appear to be insurmountable because
none of the hundreds of individuals who have spent
much of their career working on it have figured out
how to make it work. This observational issue therefore
falls strongly in favour of Rh = ct. 

(2) The fluctuations in the cosmic microwave background
(CMB) show no correlation at angles greater than
60°, in line with the predictions of Rh = ct. In contrast,
ΛCDM predicts correlations at all angles. Others
such as Copi et al. (2009) have proven that the prob-
ability of ΛCDM being the correct model to explain
these fluctuations is less than 0.03%. No one who se-
riously understands scientific principles would claim
that a theory with such an infinitesimally low prob-
ability is tenable. Yet this is the observational evidence
Professor Lewis and his colleagues use to defend
ΛCDM.

(3) The observed alignment of the quadrupole and
octople moments of the CMB fluctuations is a sta-
tistical anomaly for ΛCDM, but not in the context
of Rh = ct. 

(4) The distribution of matter in the Universe is observed
to be scale-free, exactly how Rh = ct predicts it to be.
Yet ΛCDM predicts different distributions on different
spatial scales, prompting Watson et al. (2011) to cat-
egorise this situation as yet another cosmic coincidence
for ΛCDM. 

(5) In ΛCDM there is no explanation for why matter
constitutes 27% of the overall energy density. But 
Rh = ct explains exactly that when one naively forces
the matter–energy density to be comprised of the
three specific components, matter, radiation, and a
cosmological constant (more on this below), the 
Rh = ct condition exactly forces the matter contribu-
tions to be 27%.

(6) In ΛCDM, we are so special that we live at exactly
the perfect – and unique – moment in history when
the early deceleration was exactly matched by the
later acceleration, in such a magical way that we now
see an overall expansion equal to what it would have
been if the Rh = ct condition had been maintained
all along. Let me stress that this condition could
never have been maintained over the Universe’s pre-
vious 13.7 billion-year history and, more importantly,
never in its entire, infinite future history either.
Again, this is the kind of straw Lewis et al. must
grasp in order to make their claims. 

(7) Lewis et al. are critical of the fact that Rh = ct cannot
yet explain what dark energy is. That is true, as this
is not yet a complete theory. So what does ΛCDM
do? It adopts the view that dark energy is a cosmo-
logical constant with a value 10120 smaller than that
predicted by Quantum Mechanics. This is not a
typo. Somehow, supporters of ΛCDM have convinced
themselves that this is acceptable.

(8) We are now discovering 109 solar-mass quasars at
redshifts beyond 7. In ΛCDM, the Universe was
only 400 million years old. Only magic could have
formed such gargantuan objects so quickly after the
Big Bang. Yet in Rh = ct that redshift corresponds to
an age of 1.7 billion years, and the first 10-solar-
mass black holes formed from supernovae at the end
of the dark ages could have easily grown to a billion
solar masses as a result of Eddington-limited accretion. 

(9) The details concerning Big Bang nucleosynthesis
(BBN) are too extensive to list here (but see e.g. the
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recent paper by Benoit-Levy and Chardin 2012).
Clearly, the nuclear network in the Rh = ct Universe
proceeds differently from that in ΛCDM, yet the
yield of helium is virtually the same. This is because
BBN with a constant expansion results from the on-
going creation of neutrons over many years. But
Lewis et al. fail to highlight the so-called ‘lithium
anomaly’ in ΛCDM – the fact that ΛCDM predicts
a 7Li yield differing by factors of 3 or 4 from that ac-
tually observed. Yet this anomaly virtually disappears
in the context of a constant expansion scenario. Con-
trary to what Lewis et al. claim, BBN in ΛCDM
therefore does not work as well as it does in Rh = ct. 

In fitting models to the supernovae observations, the
data cannot be determined independently of the assumed
cosmology. One must optimise the four parameters that
yield the SN distance moduli along with those of the
model itself. As such, different models can fit the data
with equal statistical significance. The profiles predicted
by ΛCDM and Rh = ct are virtually indistinguishable all
the way out to a redshift of 6 or more. The Type Ia SN

data do not by themselves support one model over the
other. 

Finally, Lewis et al. have not understood what Weyl’s
postulate is telling us. The radius R either is, or is not, a
proper distance. If it is a proper distance, then it must be
expressible in the form a(t)r, where a(t) is a universal
function of time and r is an unchanging co-moving
distance. But they claim that r itself can change in time.
Well, then R is not a proper distance. In other words,
you cannot have your cake and eat it too! Lewis et al.
want to believe that Rh must be defined as a proper
distance in the Hubble law, but then they also want to
claim that r is not constant. They cannot have it both
ways.

Sincerely,

Professor Fulvio Melia
The University of Arizona, Tucson
2 July 2012

AUSTRALIAN PHYSICS 140 49(5) |  SEPT–OCT 2012

Eureka Prize to UNSW–Swinburne team

The Eureka Prize for Scientific Research for 2012 has
been awarded to a team of astrophysicists consisting of
Dr Julian Berengut, Professor Victor Flambaum, Dr
Julian King, Professor John Webb (UNSW) and A/Pro-
fessor Michael Murphy (Swinburne). Their research
provides compelling evidence that the fine structure
constant, and thus electromagnetism, varies in strength
across the Universe – see the cover story by Murphy in
AP 49, 43–48 (2012). The annual prize worth $10,000,
announced in Sydney on 28 August, is one of several
awarded by the Australian Museum.

The pioneering research challenges the conventional
view that the Universe is homogeneous in any direction
without variation – at least in relation to the fundamental
laws of nature. “Beneath the mind-boggling complexity
of the cosmos there has always been a solid confidence
that the laws of nature are always and everywhere the
same. Thanks to the work of this team that cherished
notion might have to be discarded,” says Frank Howarth,
Director of the Australian Museum.

A breakthrough by Flambaum and Webb more than
a decade ago allowed them to improve the precision of
measuring physical laws elsewhere in the Universe by a

factor of 10. Recently, the team has used large optical
telescopes in Hawaii and Chile to observe the light
from extremely distant quasars as it passes through in-
tervening gas clouds. Their extraordinary discovery is
that the spectra of elements in the clouds differ slightly,
but significantly, from the same spectra measured in
the laboratory, indicating small variations in the strength
of the electromagnetic force.

A finalist in the Eureka Prize for Science or Mathe-
matics Teaching was Dr Eroia Barone-Nugent – see
the article next page.

Four of the team: Julian Berengut (left), John Webb,
Michael Murphy and Victor Flambaum [credit: Daniel
O’Doherty & Australian Museum Eureka Prizes].



Introduction
It is well-documented that the fraction of students
enrolled in physics and the absolute number of students
enrolled in physics have both been steadily declining for
several decades [1–3]. Biology, chemistry and physics
have shown decline since 1991 and, of these, the decline
in the study of physics is the most significant. The overall
declines are even more severe for enrolments of girls in
these subjects and again the drop is most dramatic for
physics [4–8].

The reasons for these reductions in numbers are not
clear, are no doubt complex and are mirrored across
many developed nations [9]. One may reasonably speculate

that the reasons include a perceived lack of relevance,
lack of career opportunity, scepticism about the value of
science and, in Australia at least, the removal of science
as a prerequisite for entry to many university courses.
Many of these perceptions have been underlined by
recent reports. For example, a Universities Australia
report released in 2012 [3] indicates that many students
regard science as uninspiring and that they struggle to
contextualise their learning into their broader life expe-
riences. The report reveals that enrolments in sciences
with an obvious human or social dimension (such as
psychology) have increased, while sciences such as physics
have decreased. The report also suggests that girls have
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Increasing numbers of girls studying
physics through partnerships

Eroia D. Barone-Nugent, Harry M. Quiney and Keith A. Nugent

The ARC Centre of Excellence for Coherent X-ray Science headquartered in the School
of Physics at the University of Melbourne, in collaboration with Santa Maria College,
Northcote, a Catholic girls school in suburban Melbourne, has developed a
partnership aimed at empowering girls to continue with their study of physics to Year
12. The program is called Growing Tall Poppies in Science: An authentic science experience
for secondary students. The program has succeeded in doubling the number of girls
studying physics at Santa Maria College. A longitudinal study identified the program’s
impact on students’ subject selection, particularly physics in years 11 and 12. The
results show a statistically significant increase in both students choosing year 11
physics and the retention of those students into year 12 physics.

Growing Tall Poppies



particularly moved away from the study of physics. 
As part of the outreach activities of the ARC Centre

of Excellence for Coherent X-ray Science (CXS) [10]
and the partnership activities of Santa Maria College,
Northcote (SMC) we have, since 2008, developed an in-
teractive and integrated program that engages secondary
students with current research questions that allows them
to contextualise the physical sciences. Our program is
called Growing Tall Poppies: An authentic science experience
for secondary students (GTP, for short) and it engages
students with research projects that are cross-disciplinary
in nature and highlights how the physical and biological
sciences work together to resolve complex questions [11]. 

A recent review of science education by the Australian
Academy of Science (AAS) [2] indicates the need for a
greater emphasis on a pedagogical model of student en-
gagement that promotes relevance and meaning to students,
rather than on the transmission model. This has been
supported by the AAS ‘Science by Doing’ program [2].
The AAS also reported the importance of demonstrating
and emphasising cross-disciplinary links in order to keep
students in science. Our program has independently de-
veloped and implemented teaching and learning strategies
that are entirely consistent with these reports and our
results confirm the value of such an approach. 

We undertook a longitudinal study to identify the
program’s impact on students’ subject selection, particularly
physics in years 11 and 12. The results show a statistically
significant increase in both students choosing year 11
physics and retention into year 12 physics. 

A partnership between CXS and SMC
The GTP program is particularly directed towards girls
in the physical sciences with the overarching aim of
demonstrating that physics is relevant to their own
interests. The program is a context-based curriculum pro-
viding an authentic science environment for students
aged 15–17 years. The program promotes enduring science

learning by focusing on how the scientific process builds
knowledge that improves the quality of life and how it
can address complex problems that are relevant to society,
community and individuals. The essential tenet is that if
girls can see the relevance of physics to society via, for ex-
ample, developments in the biological sciences and med-
icine, and if they can meet working physicists who are ex-
cited by what they do, then they will see why it is worth
continuing with its study to year 12 and possibly beyond.
The guiding principles of GTP are outlined in Box 1.

Students crave excitement in their learning environment
and they often make career choices based on a perception
that their contribution will be valued. Secondary school
students deserve the opportunity to see how science is
constructed, and how the advances being made right
now can effect change, can cure disease, can understand
climate change and improve ‘the lot’ of humanity [7,
11–13]. The key to the GTP program, then, is to link
science educators, students and scientists via current
research projects in which students are able to participate
and contribute. At the same time, the outcomes of the
program are aligned to key curriculum areas allowing the
research work to support and invigorate the classroom
experience. The projects are chosen to be engaging, and
to provide students with the autonomy to follow their
own lines of inquiry; curiosity and problem solving are
central parts of the experience. The students work with
young scientists who take on a collegial mentoring role
rather than a classical (didactic) teacher role. The scientists
help the students to formulate their own questions, follow
their own ideas, to construct investigations and collect
first-hand data [14]. This collegial environment includes
exposure to cutting edge technology and allows the
students to explore the sciences in the context of potential
career choices. The students are expected to articulate, in
their reflective assessment, attractive career directions
they may have identified. 

A critical factor allowing students to benefit from this
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Box 1. Attributes of GTP
(1) GTP takes students out of the classroom and immerses them in world leading science laboratories with world-class scientists and

cutting edge technology 
(2) GTP provides context-based projects to relate science content to a broader contextual meaning
(3) GTP allows an inside look at science
(4) GTP expects students to gather results that contribute to scientific knowledge     
(5) GTP expects students to present their work to the scientific community and publish their work online, and to reflect on the meaning

and importance of science
(6) GTP develops student expertise and knowledge that is shared with their school community and friends and family      
(7) GTP participants are encouraged to develop a mutually supportive community
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partnership is that CXS is an interdisciplinary centre
working at the intersection of physics, biology and chem-
istry. The fundamental science research goals of CXS
address questions that are directly relevant to society,
such as alternatives to existing antibiotics and new cures
for malaria. Of course CXS is not alone in having an in-
terdisciplinary research program. The School of Earth
Sciences at the University of Melbourne has also participated
in GTP via a project that investigates questions regarding
global warming in an interdisciplinary manner. As part
of their GTP experience, students searched through
archived historical documents for reports on weather
data to analyse if there has been a discernible change of
Australian climate since colonisation; this project linked
physics, earth sciences and Australian history. (For a dis-
cussion and some idea on such approaches to learning
see [15, 16].) 

A sample project
The GTP program has run projects over a broad range of
topic areas [10, 11, 14] and we invite interested readers
to visit our website for details of many of them [see
www.coecxs.org/growingtallpoppies]. In this section, we
describe in detail a project highlighting how an abstract
theoretical aspect of physics can be articulated to Year 10
students.

A central scientific aim of CXS is to develop new
forms of X-ray structural analysis applicable to single
bio-molecules using data obtained by scattering extremely
high-intensity coherent X-ray laser pulses from single
bio-molecules. Increasingly the bio-molecules of interest,
such as membrane proteins, do not form crystals. This
new approach to structure determination does not require
crystallisation of bio-molecules. We need to put aside,
therefore, the well-established methods of crystallography
that have been developed in the 100 years since Australia’s
first physics Nobel laureates published the Bragg equa-
tion.

There is a fundamental difference between deducing
the molecular structure from a periodic (crystalline)
diffraction pattern, and the use of the continuous diffraction
pattern that would be produced by a single molecule (a
non-crystalline structure). Fortunately, while the single
molecule experiment is very much harder than an exper-
iment with a crystal, the data analysis, while still challenging,
is rather easier. 

The key to solving the structure that will produce a
continuous diffraction pattern is to recognise that the
structure that produces it is subject to a considerable

number of constraints. For example, we know that the
molecule has finite extent, we probably know a lot about
its atomic constituents by independent methods of
chemical analysis, and we know that its electron density
is numerically positive and real. It is now well-established
that iterative processes that systematically guess that
answer and impose constraints such as these can get you
to the solution reliably and, with modern computer re-
sources, rapidly.

Interestingly, the method of recovering the phase for a
continuous diffraction shares some deep connections to
the solution of a Sudoku puzzle and to other problems in

Box 2. X-Ray Sudoku
Efficient computational algorithms exist for the
determination of structures from experimental X-ray
diffraction data. While the concepts of optical phase, the
Fourier transformation of complex amplitudes and iterative
computational algorithms are unlikely to be familiar to
secondary-level students. Elser has pointed out (see
seedmagazine.com/content/article/microscopy_and_the_
art_of_sudoku/) that the general strategy involved in the
phase retrieval of X-ray diffraction data is common to a wide
range of problems, including the solution of the
mathematical puzzle Sudoku. Large numbers of people may
be daily observed performing “constrained searches on
iterated maps” as they commute home on the train. In
Sudoku, one requires that the integers 1 to 9 appear exactly
once in each row, each column and each 3×3 sub-block of a
9×9 grid, subject to the fixed ‘clues’ that distinguish one
puzzle from another. The solution of problems in coherent
phase recovery and Sudoku puzzles may be cast within a
common framework. 

Elser described a general computational search algorithm
for Sudoku in which two constraints on arrangements of the
integers are applied in turn until a solution is obtained. This
algorithm is able to solve Sudoku puzzles in between 10 and
100 steps. We have devised a simplified version of this
algorithm, also involving the satisfaction of two constraints.
The rules are simple and have been used to formulate a board
game that we ask the students to make and then play.

“Our program … engages
students with research
projects that are cross-
disciplinary in nature and
highlights how the physical
and biological sciences
work together to resolve
complex questions.”



code breaking. The details of the connection to diffraction
are outlined in Box 2, but of course these require a level
of knowledge that is well beyond even the most optimistic
expectations of a Year 10 student. These students are,
however, familiar with Sudoku puzzles and are usually
able to solve them guided mostly by intuition; the
approach adopted in the GTP project may most simply
be regarded as a formal articulation of that intuitive
solution process. One of us (HMQ) has developed an
iterative scheme that enables all but the most fiendish of
Sudokus to be solved via a new form of board game. This
employs an iterative approach that works by repeatedly
imposing the constraint on a Sudoku – that each row
and column contains all digits from 1 to 9. Thus the
GTP program involves ‘playing’ diffraction, explaining
how it relates to biology and drug-design, how CXS is
trying to take the field to a new level using the latest sci-
entific facilities and then relating it to the familiar. As a
bonus they take home a new board game that’s a lot of
fun for everyone (Fig. 1). The students understand the
analogy between Sudoku and X-ray imaging and explain
it in their presentations at the conclusion of the program. 

The Sudoku project is perhaps the most ambitious in
the GTP program, but there are numerous other interesting
and exciting projects in which students work in biology
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Box 3. Reflections of Student
Participants in the Growing Tall
Poppies Program
“Before the Growing Tall Poppies program, I thought that
Physics, Biology and Chemistry were separate from each
other.” 

“The Growing Tall Poppies program revealed the importance
of science in today’s society and has inspired me to continue
to study science.” 

“My experience helped me see the importance of science and
relevant applications of the things you study at school. You
can also see the links with the different areas of study.”

“Not only do you realise science is awesome but also that the
different branches of science such as biology, physics and
chemistry are all joined together. I really feel I can do this type
of study as a career.”

“Before the program my definition of a scientist was a man
in white lab coat and now I see that scientists are all sorts of
people with a wide range of interests and really creative
minds.”

“The program has helped me see science-in-action and what
scientists really do. It has helped me stay interested in the
science we learn at school.”

“The best part was learning how the three sciences (physics,
chemistry and biology) complement each other.”

Fig. 1. The board of the GTP Sudoku game. White tiles are
the fixed clues. The constraint to be applied iteratively is
that each row and each column must contain all digits from
1 to 9. Keeping the movable squares of a particular colour
in the 3×3 regions ensures that the second Sudoku
constraint is obeyed automatically. Fig. 2. GTP conference delegates in 2010 explore the display

put on by the School of Physics at the University of
Melbourne for the event.



labs attempting crystal formation, perform experiments
at the Australian Synchrotron or in femtosecond laser
labs, or perform 3-D X-ray tomography using laboratory
sources [14].

The reception by the students and by the scientists
they work with has been fantastic and some sample com-
ments are outlined in Box 3. The community of GTP
alumnae continues to communicate though a website.
In 2010, a student conference was organised at which
Professor Margaret Murnane, a leading laser physicist
from Colorado, agreed to speak on her experiences as a
young female scientist (see Figs 2 and 3). The next con-
ference in the series will be held in 2012.

Does it work? 
It is universally accepted that outreach activities and the
promotion of science are worthy activities but the success
of such initiatives is often merely anecdotal. With GTP
we have adopted the principle that we would apply the
same standards to our outreach as we do to our science.
This necessitates the formulation of well-articulated goals
and the measurement of outcomes.

The goal of GTP is quite simply to increase the number
of girls studying physics to year 12 and, in particular, to
ensure that once the student embarks on their final year

of physics study, they persevere to the end of their
secondary schooling. Year 12 enrolments in physics at
Santa Maria College are now approximately twice the
highest pre-GTP enrolment over the last decade. A
second feature of GTP is the confidence that it provides
the students to persist with the study of physics. By this
measure, GTP has been a fantastic success, as shown in
Fig. 4 where we plot the retention rate of students from
Unit 2 physics (second semester in Year 11) to Unit 3
physics (first semester in Year 12). This plot also shows
the state-wide figures for girls obtained from the Victorian
Curriculum and Assessment Authority website
(www.vcaa.vic.edu.au). It can be seen that the retention
rate at SMC has increased very significantly from a rate
below the state average to one that is well above after the
introduction of the GTP program in 2008. The historical
retention rate of around 40% has increased to over 90%,
indicating both higher participation and higher retention.
The enrolments, though small, have increased from a
2002–08 average of six students in Unit 3 (year 12)
physics to a 2009–12 average of 9.25 students. This year
13 students are enrolled, the highest number ever at
SMC.

The small numbers dictate that we must ensure that
the numbers are statistically significant. Analysis via
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Fig. 3. Professor Margaret Murnane from the University of
Colorado describes the science she pursues to the 2010 GTP
student conference.

Fig. 4. Retention rate from Unit 2 (Year 11) to Unit 3 (Year 12)
physics. The diamonds show overall numbers for girls in
Victoria. The squares show the corresponding rate for Santa
Maria College. The increase in retention rate for SMC after
the commencement of GTP in 2008 is apparent and
statistically significant (p < 0.001).

“The goal of GTP is quite
simply to increase the
number of girls studying
physics to year 12 …”



Fisher’s test for association has shown that the probability
that the impact seen in Fig. 4 is due to chance is negligibly
small (p < 0.001); the impact of GTP is a real effect and
the impact does live on with the students. We believe
that our data allow us to conclusively claim that our ap-
proach does change student outcomes.

Conclusions and future
Growing Tall Poppies is an active research project in
outreach that is having positive effects in changing per-
ceptions and subject choices of students. The students
benefit from the intensive mentorship they receive during
the week of participation in an environment that is new
and exciting. The hosting research group integrates the
group of students with little disruption and the young

scientists who mentor them develop skills in communi-
cating their research goals in an understandable way.
Several PhD students have expressed an interest in a
teaching career after their GTP experience, because they
have enjoyed the process of facilitating students’ learning;
it can be life changing from both sides! 

As many research groups are involved in CXS, it is
possible to deliver this immersion program to a large
number of students. We see no fundamental obstacle to
scaling the program up to a significantly larger scale if
access to more laboratories were possible, for example
via a university- or laboratory-wide program. In our case,
about three hundred students have been involved in the
four years of its operation, helping to encourage and
develop scientifically-inclined students to continue with
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Fig. 5. Eroia Barone-Nugent with student Yvonne Liu.



the study of science and especially physics. There is no
sign of any diminution of the importance of physics to
scientific advancement and through this program we are
contributing to the future generations’ tall poppies. We
are obliged to do all we can to ensure the continued
study of physics.
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In 2003, Professor Richard Smalley, a Nobel Prize winner
in chemistry, posed the question: “What will be the top
problems facing the world in the not too distant future –
50 years?”. The top ten challenges in ranked order were
determined to be: (1) energy, (2) water, (3) food, (4) en-
vironment, (5) poverty, (6) terrorism & war, (7) disease,
(8) education, (9) democracy, and (10) population. The
reason that energy and water are number (1) and (2) re-
spectively is that an abundant amount of clean energy
and water would make the other challenges easier to
solve. With an abundant amount of clean energy, clean
water can be provided – for this reason energy is ranked
number one.

The reality is that fossil fuels are becoming depleted
and we are in great need of large-scale new energy sources.
This realisation was not lost on the great French science
fiction writer, Jules Verne. In his 1874 book, The Mysterious
Island (chapter 33), Jules Verne writes of a group of five
Americans on an unchartered island in the South Pacific,
who often talked of their country and the industrial

movement, and the question is raised as to what will
happen when the American and Australian mines run
out of coal in about 250 or 300 years. Cyrus Harding,
an engineer, replies: “I believe that water will one day be
employed as fuel, that hydrogen and oxygen which constitute
it, used singly or together, will furnish an inexhaustible
source of heat and light, of an intensity of which coal is 
not capable.” Indeed, one such energy source that can
use hydrogen isotopes from water as its fuel is nuclear
fusion.

Nuclear fusion
It is possible to create a large amount of energy from the
nucleus in two ways: (i) by splitting the nuclei into
smaller nuclei (fission) or (ii) by joining small nuclei
into larger ones (fusion). Fission is a well-developed
technology while fusion still has much to prove as an
energy source. Nuclear fusion is one of few options for
large-scale environmentally friendly power generation.
The fusion of light nuclei yields heavier nuclei and
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Atthe Edge
Plasma–Surface Science for 
Future Fusion Reactors
Cormac Corr

Concerns over energy security and climate change are driving the development of
novel sustainable energy sources. Fusion, the process that powers the Sun, has great
potential to provide clean industrial-scale baseload electrical power, with negligible
CO2 emissions and produce little long-term waste. Results from the 500 MW
international magnetic confinement experiment ITER will determine the future of
fusion energy as a viable alternative source of clean energy. The science and
technology of materials under extreme heat loads, and in particular plasma–surface
interactions, are critical to the success of plasma fusion sources such as ITER [1] and
the ultimate viability of generating fusion power under steady state conditions. 



converts mass to kinetic energy. Due to the Coulomb
repulsion of the nuclei, fusion reactions occur only at
temperatures that are six orders of magnitude higher
than regular chemical reactions. The lowest threshold
reaction is between deuterium and tritium:

2D+ + 3T+ → n + 4He++ + 17.6 MeV,
which is the reaction of choice for ITER (meaning ‘the
way’ in Latin), the 500 MW international magnetic con-
finement experiment being built in the south of France,
to demonstrate the feasibility of controlled magnetic
fusion as an energy source for the future. ITER brings
together a significant international consortium, with
confirmed project capitalisation of more than €16b and
represents an unprecedented leap in fusion power, energy
density, pulse length, and tritium fuel throughput for
fusion experiments. 

While the decision to construct the experimental test
reactor ITER is a significant step forward, several
important challenges remain. Controlling the plasma–
wall interaction region, which couples high edge tem-
peratures (106 K) to low temperature (103 K) wall com-
ponents, is critical for ITER’s successful operation. In-
vestigations of the fundamental science at the plasma–
material interface are in the early stages. Emphasis has
been on operational aspects, such as the flux and type of
impurities, and empirical studies rather than the physics
details such as the space charge effects (sheath), particle
transport and details of chemical erosion and
physical sputtering mechanisms.

Plasma: The fusion fuel
Plasma, the fourth state of matter, is an
ionised gas that consists of a ‘soup’ of pos-
itively and negatively charged particles
along with neutral particles. It plays a
critical role in modern technologies such
as micro-electronics, display technologies,
mobile phones, solar-cells, nano-chip fab-
rication, aerospace applications, high-effi-
ciency lighting, biomedicine, and even
cancer treatment. Such technologies ex-
ploit the complex plasma–surface inter-
actions in which the low-temperature
plasma (<100,000 K or 10 eV) is
used to modify surface properties
of materials. An example of this
is shown in Fig. 1 where a chlorine
plasma is used to modify a silicon
surface. In such a process, a syn-

ergistic effect between chlorine radicals and chlorine
ions is used to remove silicon atoms from the surface.
Processes such as this have been driving technological
innovation for many decades. Modern society would be
significantly less advanced in the absence of plasma tech-
nologies. 

Plasma is also the fuel of magnetically confined fusion
energy. A key challenge for fusion power is controlling
transport between the hot fusion core and the low tem-
perature wall [2–6]. While plasma–surface interactions
have been widely studied for low-temperature applications,
very little is known about interactions at the edge of hot
magnetised fusion plasma. With the establishment of
the superconducting ITER plasma fusion project we are
at the threshold of realising burning fusion plasma, in
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Fig. 1. Plasma–material modification using a chlorine
plasma.

Fig. 2. The burning fusion plasma ITER [courtesy: ANU ScienceWise magazine].



which the plasma is dominantly self-heated by fusion re-
actions. Harnessing the burning plasma (Fig. 2) to
produce a sustainable clean energy source requires un-
derstanding and controlling the complex interactions
between the plasma edge and the wall.

Materials in extreme environments: 
A real challenge
The importance of plasma–surface interaction is recognised
in the international fusion program, particularly in the
European Union, which will host the ITER burning
plasma experiment. However, it is important to realise
that plasma–surface interaction science and technology
must advance far past solving the issues for ITER to
realise fusion power. Perhaps the most daunting research
challenge facing fusion is dealing with plasma–surface
interactions in the subsequent jump to a steady-state
fusion reactor (DEMO, ie. DEMOnstration powerr
plant), with high neutron and energy flux to all surfaces.
The demands on materials for a fully steady-state fusion
device will be extreme. Some materials might erode or
degrade quickly, requiring frequent replacement; others
might eject excessive material into the plasma, contami-
nating it leading to cooling of the burning plasma. The
interaction between a plasma and the surface is complex
and is demonstrated in Fig. 3. Without greatly improved
material components critical to minimising plasma im-
purities, fusion power will be unviable.

Current materials for ITER
Wall materials are of critical importance because they
might be released in some form into the core plasma,

where they would be ionised
and thus cool the plasma [5].
Heat and particles are trans-
ported through the edge plas-
ma to the surrounding cham-
ber walls or special high-heat-
flux surfaces via various colli-
sional, intermittent and tur-
bulent processes. The power
level absorbed by the material
surfaces for ITER is close to
the limit materials can stand
without rapid erosion. Al-
though the plasma is relatively
‘cooler’ at the edge of the fu-
sion reactor, the plasma facing
components still receive high

particle (1024 ions m-2 s-1) and heat fluxes (10 MW m-2). 
Materials for ITER have been chosen from ‘traditional’

materials for which we have accumulated a knowledge
base through trial and error over the last few decades.
Different plasma-facing materials have been selected for
different components in ITER. Plasma–surface interaction
issues, such as materials erosion, plasma contamination
and tritium retention, drove the material selection. The
initial materials for plasma-facing components are: beryl-
lium for the first wall [due to its low Z and its ability to
remove oxygen (gettering)]; graphite carbon-fibre-com-
posites for the divertor target [as carbon is a good radiator
and it has excellent thermal and mechanical properties];
and tungsten for other areas of the divertor exhaust
region [due to low erosion and long lifetime]. However,
each of these materials has significant shortcomings and
the mixture of three plasma-facing materials could become
a critical issue after sustained operation. While beryllium
is highly toxic, carbon has a significant drawback due to
the complex erosion/deposition phenomena occurring
through plasma–surface interaction, and tungsten has
high Z so can contribute to larger radiative cooling
through ionisation. 

The high particle fluxes lead to physical sputtering of
carbon due to ion bombardment and chemical sputtering
of carbon by atomic hydrogen. This leads to deposition
of carbon or co-deposition of carbon and hydrogen at
various locations in the reactor. Significant trapping of
such deposits and tritium is unacceptable for safety
reasons in the case of ITER. Trapping can also occur by
implantation and diffusion. Implantation occurs over
the first few nanometres of the wall and rapidly saturates.
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Fig. 3. Plasma–material interactions
[reproduced from www.psisc.org].



In comparison, deposition creates a ‘new’ wall material
with hydrogenated deposits. To control transport at the
plasma boundary, it is important to have a clear under-
standing of the elementary mechanisms intervening in
the plasma–wall region, from erosion to the creation of
negative ions. 

International progress in plasma–surface
interaction research
Understanding and controlling plasma–surface interaction
has always been very important for the optimisation of
fusion plasma performance in present day devices. In
the past, most plasma–surface interaction research has
concentrated on plasma performance and optimal con-
finement, aiming at maximum flexibility with respect to
different plasma scenarios. Plasma–surface interaction
issues were approached with performance in mind,
typically in the large tokamaks, rather than surface
science. However, plasma–surface interaction studies in
these devices have usually been limited to spectroscopy
and embedded Langmuir probes providing details about
fluxes to first walls, as well as information on erosion
yields. 

Recently there has been a concerted effort
to tackle the plasma science and materials
science issues in an integrated manner. This
has led to the development of several new
linear devices, which have a major advantage
with respect to tokamaks. In these devices
the plasma production is separated from
the region where the plasma–surface inter-
action is studied. This allows tailoring of
the plasma source region without unwanted
feedback from the surface region. Also, di-
agnostics on linear machines are not so re-
stricted by access, and research can focus
on non-invasive techniques that could di-
rectly translate to the more restrictive toroidal
device environment.

ANU fusion material program
To answer fundamental questions about
the science of plasma–surface interactions
at the complex fusion boundary a new pur-
pose-built linear plasma device, the prototype
MAGnetised Plasma Interaction Experiment
(MAGPIE) [7] has been constructed in

the Plasma Research Laboratory of the Australian National
University (ANU) to develop novel diagnostics and test
materials under aggressive plasma conditions. The device
is part of the Super Science upgrade to the Australian
Plasma Fusion Research Facility, which includes the 
H-1 Heliac. Facility director Boyd Blackwell based the
conceptual design on work by collaborators at the Oak
Ridge National Laboratories.

The linear plasma device employs a unique combination
of a high-power laboratory radio-frequency plasma, a
target chamber and a set of advanced diagnostics for
plasma and material analysis to correlate the plasma pa-
rameters with surface processes. MAGPIE provides a
controlled environment, creating key experimental con-
figurations and plasma conditions to investigate the
coupled issues of plasma performance, erosion, redeposition
and impurity control. 

In this system a helicon plasma discharge will provide
an opportunity to reach very high densities in a linear elec-
trodeless discharge (Fig. 4). The high-density (~1019 m-3)
plasma production region is separated from the region
where plasma–surface interactions are studied. This
allows adequate tailoring of the core plasma properties
without unwanted impurities from the target chamber.
The plasma production region is connected to the surface
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Fig. 4. Schematic of the MAGPIE device and a photo of the
plasma interacting with a target.



region by a long transport section, which allows the
plasma to be diagnosed at multiple points. It is possible
to vary the different parameters over a broad range, ie.
up to values relevant for tokamak conditions (pressure
from a few Pa to hundreds of Pa, power up to several
kW, ion flux up to 1020 m-2 s-1, ion energy between a few
eV to several hundred eV). As can be seen in Fig. 4, a
magnetically focussed plasma is created in the target
region of MAGPIE.

The research program investigates the physics of the
plasma boundary region and plasma–surface interactions
for fusion using advanced diagnostic techniques including
laser induced fluorescence, coherence imaging and elec-
trostatic probes. A large variety of processes are involved
in the plasma–wall region, which are determined by the
properties of the wall material, plasma parameters (e.g.
density, temperature), heat and particle transport within
a given magnetic field topology and the properties of
the various plasma species (hydrogen and impurities).
As displayed in Fig. 3, the phenomena associated with
plasma–surface interactions involve an interdisciplinary
mix of plasma physics, ion–solid collision physics, surface
physics, materials science, and material engineering.

The formation of a formal collaborative project between
the ANU and the Australian Nuclear Science and Tech-
nology Organisation (ANSTO) is enabling the two in-
stitutions to collaborate across research fields that underpin
future energy sources. This collaboration brings together
key capabilities – innovations in the design, manufacture
and characterisation of advanced materials, and the basic
science of the interaction of plasma with such materials.
In collaboration with Daniel Riley (leader of the Extreme
Materials for Fusion project at ANSTO), initial results
are shown in Fig. 5 where a helium plasma has irradiated
samples of pure tungsten (above) and tungsten-alloy (be-
low). Samples were exposed to a total dose of 1019 ions
cm-2 at a flux rate of 1017 ions cm-2 s-1, with ion energies
up to 250 eV. It can be clearly seen that the pure tungsten
sample has only been affected slightly by the plasma
while that of the tungsten-alloy displays blistering on
the surface possibly due to the accumulation of helium
under the surface. Similar observations were made in
large toroidal devices. Interestingly, no such observations
were made when the material was bombarded with hy-
drogen and argon plasma. 

It is important to decouple the synergistic effect of
plasma and ion bombardment at the plasma–wall interface,
which leads to functionalisation of the surface and en-
hanced chemical sputtering and fuel retention. Comparison

with beam–surface experiments would give understanding
of the full extent of the plasma-induced synergy of
particles, energies, and angles.

The collection of plasma diagnostics mentioned above
can measure a broad range of plasma parameters including
plasma species (atomic, molecular and ionic), impurities
(C, W), velocity and flows, negative ions, ion velocity
distribution functions, electric fields, electron density
and gas temperature. Initially our aim is to benchmark
well-known reactor materials such as carbon, silicon
carbide and tungsten before progressing to more advanced
materials. These materials are being developed at ANSTO
and provided to the ANU under the on-going collaboration
supported by a memorandum of understanding. Indeed,
MAGPIE is not just limited to fusion material research
and can be applied to other research themes such as
material processing for advanced technologies or developing
better radiation resistant materials for aerospace appli-
cations. Users outside of the ANU are welcome to avail
of the MAGPIE device.

Finally, the advent of tera-scale computing combined
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Fig. 5. Sample of irradiated pure tungsten (above) and a
sample of irradiated tungsten-alloy (below).



with recent advances in atomistic modelling has delivered
an essential new tool for identifying and understanding
the key processes. For example, new simulations have
demonstrated that functionalisation of surfaces by plasma
neutral fluxes in the presence of fast ion bombardment
produces much higher interaction rates than either flux
alone. Our collaborator in the US, Predrag Krstic [8],
has shown that the plasma environment can either
enhance or suppress sputtering, and has predicted [9]
pronounced differences in the behaviour of hydrogen
isotopes (H, D) in the low-energy components of reactor
edge plasma fluxes. In combining our novel plasma–
surface interaction experiments under controlled conditions
with tera-scale simulations, we aim to validate predictive
numerical models across multiple length scales. This will
lead to predictive plasma–surface science capabilities for
future fusion reactors.

Conclusions
The wall of a magnetically confined fusion reactor rep-
resents one of the most extreme materials environments
of any power production method; actively cooled com-
ponents must be capable of withstanding energetic
particle erosion, chemical sputtering and elevated operating
temperatures in excess of 1000 K. To date, traditional

solutions have centred on refractory metals due to
implicitly high melting temperatures, moderate resistance
to radiation damage and availability. However, programs
such as ITER and eventually the steady-state fusion
reactor DEMO will operate at significantly higher power
levels. We need to bridge the gap between research on
atom and ion interactions with perfect surfaces, and re-
search conducted on large fusion facilities, involving
complex plasma–wall interaction phenomena.

For more information contact cormac.corr@anu.edu.au
and visit prl.anu.edu.au.
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Alexander (‘Sandy’) McLeod Mathieson was the father
of Australian X-ray crystallography. In the years immediately
following WWII, he pioneered the field in Australia and
he continued to make major contributions over a 64-year
time span. He was widely recognised for his seminal
work in crystallographic methods, molecular structure
determination and related instrument development. While
Sandy’s background was primarily in Chemistry, his in-
clinations in seeking to understand the physical nature of
the interaction between X-rays and crystals and his
abiding interest in the development of new instruments
often led him more towards Physics than Chemistry.

Born in Aberdeen, Scotland, on 17 July 1920, Sandy
contracted poliomyelitis at the age of two. He recovered
sufficiently to walk with the aid of sticks and thrived at
school. His tertiary education continued at the Universities
of Aberdeen (BSc Hons 1942) and Glasgow (PhD 1948).
His PhD research was carried out in structural crystal-
lography under Prof. J. M. Robertson. In 1947 Sandy ac-
cepted a position in CSIR (to become CSIRO in 1949)
and came to Australia to work in the Chemical Physics
section within the Division of Industrial Chemistry.
Sandy rapidly established an X-ray single-crystal diffraction
laboratory that became a mecca for local budding crystal-
lographers. 

Sandy was an early exponent of crystal-structure de-
termination by direct methods. His work provided valuable
examples demonstrating that, with suitable crystalline
derivatives, such organic structures could be determined
ab initio. Sandy also used the ‘heavy-atom’ method to
considerable advantage and made important contributions
to the determination of absolute structures. Sandy made
significant contributions to the development of instrumental
techniques including the design of a linear diffractometer,
liquid N2 cooling stages and a high-power generator. He
also studied the separation of sample and instrumental
effects in the intensity distribution of Bragg reflections,

and the elimination of extinction from structure-factor
measurements. 

Sandy was appointed a Member (1960–72) (Chair
from 1963) of the IUCr Commission on Crystallographic
Apparatus and also a Member of the Commission on
Structure Reports (1961–72). He served on the IUCr
Executive (1969–75), and was elected a Fellow of the
Australian Academy of Science in 1967, and a member
of the Academy Council (1975–78). 

From 1965 to 1985, Sandy was a CSIRO Chief
Research Scientist and leader of the X-ray Diffraction
Section (Acting Chief of Division 1978–80). His awards
include the David Syme Medal (University of Melbourne
1954), the Smith Medal (Royal Australian Chemical In-
stitute 1963), a DSc (University of Melbourne 1956), an
Hon DSc (University of St Andrews 1989), and a Cen-
tenary Medal (2003). 

On his retirement from CSIRO in 1985, Sandy was
appointed Hon Prof of Chemistry at La Trobe University,
where he continued to make valuable contributions for
almost 20 years. He also continued his close CSIRO as-
sociation, usually visiting one day each week.

In honour of his seminal contributions to X-ray crys-
tallography in Australia and his profound influence in
shaping the field, the Society of Crystallographers in
Australia and New Zealand decided to name its biennial
award for outstanding scientific achievement by a young
scientist (Australia or New Zealand) ‘The Sandy Mathieson
Medal’. The first award will be made in Adelaide in De-
cember 2012.

Sandy died peacefully in Melbourne on 30 August
2011 and is survived by his wife Lois (née Hulme) of 58
years, daughters Fiona and Sheena and their families. 
Andrew Stevenson and Stephen Wilkins are at CSIRO Materials
Science & Engineering and Jacqui Gulbis is at the Walter & Eliza Hall
Institute. This obituary has been adapted from a longer version
published in J. Appl. Cryst. 45, 371–2 (2012).

Sandy Mathieson, FAA 
(1920 – 2011)
Andrew Stevenson, Stephen Wilkins and Jacqui Gulbis



Dr Gurtrud (Trudi) Helene Thompson was born in
Berlin on 16 February 1924 to Ernst and Leonore Gold-
schmidt. Trudi and her brother Rudolf were educated in
the Goldschmidt Schule, a school founded by her mother
in 1935 to cater for Jewish students and teachers who
had been expelled en masse from the state schools of
Nazi Germany. In 1939 at the age of 15, Trudi fled to
England with her brother, being joined later by her
parents. With the help of a loving, staunch Anglican
British family, Trudi prospered in England, graduating
from Lydney Grammar School with top A level results.
Then, with complete disregard for female stereotypes of
the era, she headed to Birmingham University to follow
her passion for Physics. 

At the age of 24 and armed with a PhD in crystallog-
raphy, Trudi left for Canada to work at the Chalk River
Nuclear Research Station in northern Ontario, where
she met Canadian Bill Thompson, who she married in
1953 in England. Two children, Kathleen (Suky) and
Graham were the result of that union. Trudi chose to
leave her professional career for full-time motherhood,
determined to spend more time with her children. After
the sad breakdown of her marriage, Trudi studied Applied
Science, Medical Technology at Grossmont College in
California. In 1975 she moved to faraway Western
Australia where she took up a position as a medical
physicist at Sir Charles Gairdner Hospital. 

Trudi relished having her own career again and the
wonderful friends she made through it. On a trip to
England Trudi learnt of the innovative Magnetic Resonance
Imaging technology. As a direct result of Trudi’s determined
lobbying, in 1988 Western Australia’s first MRI machine
was installed in Sir Charles Gairdner Hospital.

As an active member of the Australian Institute of
Physics, in 1978 Trudi won first prize for an essay she
wrote for The Australian Physicist entitled ‘The Nuclear
Debate’. From 1986–87 Trudi served as editor of the

same journal (the forerunner of Australian Physics). She
very much enjoyed this time and derived great satisfaction
in developing a new revitalised look for the publication.
In 2004 she was made an Honorary Fellow of the AIP.
She wrote numerous articles for scientific publications
on a wide range of topics, from chemical crystallography
to polarised gamma rays and implanted cardiac pacemakers.
Her honorary appointments also included Treasurer of
the WA Society for Magnetic Resonance in Medicine
1985–88, and member of The Radiological Council,
WA 1986–88.

For five years after she retired in 1988 Trudi travelled
the world. She had many adventures especially in the
USSR as it was, including having lunch in the Kremlin.
Of her visit to the Hermitage Museum in Leningrad she
said “only idiots go in the front door”. If there was a way
around officialdom she invariably found it. She gave
speaking engagements on her adventures and published
a travel guide How to Travel Cheaply. 

Trudi’s inquiring mind and her strength of character
were forged in the hell pit of Nazi Germany. She was a
miracle of her time: a woman, a scientist, a humanist,
and a champion of the underdog. Being passionate in all
she did, she was a lifetime advocate of ‘a fair go’ and
gained the love and admiration of a worldwide network
of friends. In December last year, her final engagement
was enlivening the WA Branch post AGM dinner with
her wit and wicked sense of humour. She died on 19
March 2012. Trudi was a unique character and will be
greatly missed. 
Lance Taylor is Head of the Science Department, Willetton Senior
High School, Perth.
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Cracking the Einstein
Code: Relativity and
the Birth of Black Hole
Physics
By Fulvio Melio, afterword by Roy Kerr
University of Chicago Press, Chicago, 2009,
150 pp. (hardback)
ISBN 978-0-22-651951-7

Reviewed by David Wiltshire, University of
Canterbury, Christchurch 

Next year will mark the 50th anniversary of the discovery
by New Zealand mathematician Roy Kerr of the exact
solution of Einstein’s field equations of general relativity
(GR) that describes some of the most enigmatic and as-
trophysically important objects in the Universe: rotating
black holes. Although black holes have become part of
popular culture, the story of their discovery is little
known. Fulvio Melia’s book ‘Cracking the Einstein Code’
is unique in combining the science with a historical
account of the events leading up to Kerr’s discovery and
the ‘golden age of GR’ that ensued in the following
decade.

Book reviewers are usually independent of their
subjects. On this occasion though I have to declare an
interest; as a former student and colleague of Roy Kerr I
organised a conference in 2004 at Canterbury on the
occasion of his 70th birthday. Although spinning black
holes were becoming of increasing interest to astronomers,
Kerr himself was largely unknown to many of his peers.
At least one of the invited speakers declared his surprise
to learn that Kerr was still alive! Melia’s book is one of
the lasting consequences of the 2004 ‘Kerrfest’, and tells
a remarkable story of scientific discovery that would
otherwise remain untold.

The book is a slim volume but it is fast-paced, accessibly
written and full of colourful anecdotes which make it
difficult to put down. Courtesy of a delayed flight, I
read it at Christchurch airport in a single sitting. Melia
begins by giving a lucid account of the development of
the key concepts in Einstein’s theory of gravitation, de-
scribing the early historical development of GR and key
contributions of Hilbert and Noether. Another chapter
is devoted to observational tests of GR, starting with
Arthur Eddington’s 1919 expedition to observe the
bending of light during a total solar eclipse, moving
through the observation of gravitational redshift by
Pound and Rebka in 1960, to the precision tests provided
by the 1974 discovery of the Hulse–Taylor binary pulsar,
and present efforts in gravitational wave detection.

It is the rest of the book, which combines a biography
of Roy Kerr with a history of GR in the 1960s and
1970s, that makes it completely unique. After rapid early
development, progress in GR was slow and interest in it
was dwarfed by developments in quantum mechanics
and particle physics. The mathematical complexity of
GR was simply too daunting. However, by the late 1950s
researchers began to take up the challenges posed by
GR, and a conference in Warsaw in 1962 brought a sig-
nificant number of scientists together to discuss the
issues for the first time.

One key problem was to find a solution of Einstein’s
equations that describe the exterior of a rotating body.
In 1916 Karl Schwarzschild had produced the solution
that describes a non-rotating star or black hole. But the
black hole properties, which were only really understood
decades later, were thought to possibly be a mathematical
artefact, since real physical stars were all known to ro-
tate.

Within a year of attending the Warsaw conference
Roy Kerr solved the problem that had defeated others
for decades, showing that black holes were a physical in-
evitability. Furthermore, once the solution was known
its properties, which include many bizarre physical effects
only possible in the strong field regime, were quickly un-
covered. In the past few decades we have come to under-
stand that spinning supermassive black holes are the
engines that power quasars and other active galactic
nuclei, and that black holes are central to many processes
in the evolution of galaxies. The angular momentum of
supermassive black holes has been measured directly and
in many cases they are rotating close to the maximum
rate allowed by the Kerr solution. 

It was the historical account and anecdotes from the
intense decade of GR following Kerr’s discovery that for
me was the most fascinating part of Melia’s book. As a
professional general relativist who trained in the 1980s,
I of course know many of the characters as friends and
colleagues. But not being around in the 1960s, I still
learned a great deal from the book.

This story is written in such a lively, personal and en-
gaging fashion that I am sure it will also captivate anyone
with an interest in the human face of the progress of
science. 



LASTEK

Toptica FemtoFiber
Pro NIR System:
Near-infrared
Femtosecond Fiber
Laser
• Ultrafast pulses (<100 fs) 
• High output power (>140 mW at

780 nm) 
• Simple switching between fundamental 1560 nm and SHG

780 nm output.
The FemtoFiber pro NIR from Toptica is a saturable absorbing

mirror (SAM) mode-locked oscillator and fiber amplifier system,
capable of outputting >350 mW at the fundamental wavelength
of 1560 nm and also >140 mW at the second-harmonic of 780
nm. The standard repetition rate of the system is 80 MHz,
although a 40 MHz repetition rate can be provided upon re-
quest.

The system uses all polarisation maintaining components and
is >95% polarised (horizontal). Users can simply swap between
the fundamental and SHG output wavelengths without realignment
by a switch activated mirror that redirects the fundamental beam
into the SHG resonator. 

Furthermore, an in-built motorised prism compressor allows
users to optimise the pulse characteristics to their needs at both
1560 and 780 nm. The system also allows for the integration of
multiple amplifiers via oscillator outputs, which then seed the
amplifiers to produce multiple beams with the same specifications
as the master system. Laser control is available via PC interface
with USB, Ethernet and RS232. Users can also control the laser
via a web interface, as opposed to the GUI provided.

Hybrid Photomultiplier
Detector Assembly
from Picoquant
The PMA Hybrid is a compact single
photon sensitive detector based on a
fast GaAs Hybrid Photomultiplier
Tube with peltier cooler to reduce the
dark count rate. The PMA Hybrid features a very high photon de-
tection efficiency up to 45% at 500 nm and is sensitive in
the wavelength range between 300 and 700 nm. Featuring timing
resolution  down to 120 ps (FWHM) and virtually free of
afterpulses, the PMA hybrid is especially suited to fluorescence
correlation spectroscopy.

Featuring:
• Detection efficiency up to 45% at 500 nm
• Instrument response <120 ps (FWHM)
• Negligible afterpulsing
• Internal HV power supply and pre-amplifier
• Active temperature stabilisation
• Shutter overload protection
• Active sensor area: 3 mm. 

QE65 Pro Scientific-grade Spectrometer
from Ocean Optics

The QE65 Pro offers high sensitivity and low stray light performance
that make it ideal for a wide range of low light level applications
such as fluorescence, DNA sequencing and Raman analysis.

The enhanced QE65 Pro has an athermal design that promotes
excellent spectrometer wavelength stability, triggering functions
for providing accurate timing and synchronisation between the
spectrometer and other devices and a replaceable slit design for
added convenience. An extensive range of gratings offers flexibility
in optimising applications.

The QE65 Pro features:
• Back-thinned detector. At the heart of the QE65 Pro is a

Hamamatsu FFT-CCD  detector distinguished by its high
quantum efficiency (90% maximum) and low etalon charac-
teristics. Unlike linear CCDs, the 2D area detector in the
QE65 Pro allows  binning (or summing) a vertical row of
pixels, which offers significant improvement in the signal-to-
noise ratio (>1000:1) and signal processing speed of the de-
tector

• TE-cooled (down to -15°C) detector offers low noise and
low dark signal, which enables low-light-level detection and
long integration times – from 8 ms to 15 min, with virtually
no spectral distortion

• Availability of new gratings, selected for their optimal wavelength
range and stray light performance characteristics

• New optical bench components that more efficiently manipulate
light for greater throughput and higher sensitivity

• SMA 905 connector assembly with replaceable slit design for
added convenience and excellent repeatability

• Changes to the optical bench and its components that promote
excellent spectrometer wavelength thermal stability.

QE65 Pro is ideal for Raman!
QE65 Pro is a great choice for fluorescence and low light level

applications and is particularly well suited for modular Raman
spectroscopy. For Raman, we offer a 900 mm-1 grating (#H36)
that is blazed at 500 nm and has good response at the 532 and
785 nm laser illumination wavelengths typical of Raman.

For more information please contact Lastek at
sales@lastek.com.au
Lastek Pty Ltd
10 Reid St, Thebarton, SA 5031
Toll free: Australia 1800 882 215; NZ 0800 441 005
Tel: +61 8 8443 8668; Fax: +61 8 8443 8427; 
Web: www.lastek.com.au
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WARSASH SCIENTIFIC

Sintering with
Adjustable Pulse Width
Capability
Warsash Scientific delivers even
greater flexibility for sintering con-
ductive Cu and Ag metallic inks, curing thin-film substrates and
for solar and surface modifications with the Sinteron 2010 from
Xenon Corporation. The new Sinteron 2010 now allows for
digitally programmable pulse widths, making it extremely flexible
and valuable to process development.

A number of attractive features are designed into this 19 inch
rack-based stand-alone system. The pulse width is adjustable in
increments of 5 µs in the range 100 to 2000 µs. With total
control of the pulse amplitude and pulse width, the optical
energy delivered by the system can be precisely controlled. As
the pulse profile is very linear at maximum amplitude, a relationship
of 1000 J/ms can be assumed. The Sinteron 2010 allows connection
for either Spiral or Linear Lamp housings. These can provide
optical footprints of 19×305 mm or 127 mm diameter areas.

Sinteron 2010 is welcome news for those involved in photonic
sintering of conductive inks for printed electronics in areas such
as displays, smart cards, RFID and solar applications. The non-
contact, low thermal characteristics for this process make it
suitable for web-based printing techniques such as inkjet, flexog-
raphy, gravure, and screen print.

In addition to offering sintering systems for the printed elec-
tronics industry (making it possible to print, at room temperature,
on substrates such as paper and PET), Warsash Scientific offers
high performance pulsed UV systems for decontamination, UV
curing and food enhancement.

Fast Piezo
Focusing
Systems for
Microscopy
Warsash Scientific offers
a more affordable series of fast piezo focusing devices with the
new PIFOC system packages from PI. These packages are designed
to improve results in fast focussing and lens positioning, as well
as in deconvolution/3D imaging, and reduce costs at the same
time.

System packages consist of closed-loop, piezo-mechanic
objective positioners and custom-tuned, compact digital servo
controller/driver units. This combination provides higher per-
formance at reduced costs. The integrated, frictionless and high-
stiffness piezo flexure drive ensures fast response and short settling
times, as well as exceptional guiding accuracy. The settling time
of less than 10 ms increases throughput and allows for rapid Z-
stack acquisition.

The digital controller provides several advantages compared
with the conventional analogue controllers of the fast focussing
systems currently available. Higher linearity, improved settling
performance, quick adaptation to changing motion requirements
and access to advanced automation are all benefits.

The included software facilitates system setup and allows swift
switching between different sets of parameters. For the user this
means extracting the maximum performance from the piezo
focusing mechanism all the time, no matter what size objective is
used or whether aggressive long-travel stepping or smooth
nanometre size dithering motion is needed. Since jumpers and
trim pots no longer have to be accessed to make changes, system
integration becomes much more straightforward.

Key features:
• Complete and affordable system with fast digital controller

and software
• Choice of travel ranges: 100, 250 or 400 µm
• Ideal for fast autofocus applications
• Sub-nm resolution
• Choice of position feedback sensors: piezoresistive or capaci-

tive
• Improved performance and easy system integration.

M-660: Low Profile
Rotation Stage
One of the lowest profile rotary ta-
bles on the market, the M-660, avail-
able from Warsash Scientific, is now
complemented by a higher perform-
ing model providing more than
eight times the position resolution of the existing version.

The compact design with minimised mass and inertia provides
high precision, bidirectional speed and position control, as well
as high speed motion contouring. The M-660 is based on the
new U-164 Piezo Motor and outperforms the stability, acceleration
and settling speed of traditional servo motor direct drives and
gear-driven mechanisms. The innovative motor drive can provide
significantly higher speeds, shorter positioning times and a very
high positioning accuracy when moving the measuring optics.

The stage can accelerate to velocities of 720 degrees/sec and
resolves positions down to 4 µrad (8 arcsec). Its self-clamping
ceramic drive provides very high stability, with no energy con-
sumption at rest and no heat generation. A directly coupled
precision optical encoder provides phase lag-free, backlash-free
feedback to the servo controller.

The newly designed piezo motor controller is available to take
advantage of the specific motion characteristics of ultrasonic
ceramic motors. USB interfacing and a solid software and driver
package for seamless integration are included.

For datasheets and more information on all three products,
please contact Warsash Scientific at sales@warsash.com.au
Warsash Scientific Pty Ltd
Tel: +61 2 9319 0122; Fax: +61 2 9318 2192; 
Web: www.warsash.com.au
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COHERENT SCIENTIFIC

Fibre Laser
for Atom
Cooling
Quantel has released
the EYLSA 780 fi-
bre laser designed
specifically for ru-
bidium atom cooling.

EYLSA is a single-frequency laser delivering 1 W at 780 nm
with linewidth less than 2.5 MHz (200 kHz option is also
available). The wavelength is tunable over a 100 GHz range
covering both the Rb-85 and Rb-87 D2 lines. A wavelength
locking control loop is included and may be connected to a com-
mercially available PID device.

The EYLSA laser comes in a compact package with 19-inch
rackmount and touchscreen control.

Fully Automated,
Ultrashort Pulse
Ti:Sapphire Laser
Coherent’s Vitara is the first
widely tunable, ultrafast laser
to deliver pulsewidths shorter
than 12 fs, while also offering
true hands-free and fully au-
tomated operation. This includes automated wavelength tuning
from 755 to 860 nm and push-button bandwidth adjustment
from 30 to 125 nm.

The Vitara family has recently been expanded with the addition
of Vitara-S, a cost-effective model designed specifically for seeding
Coherent’s range of Legend Elite ultrafast amplifiers. Vitara-S
delivers bandwidth of over 70 nm at a fixed wavelength of 800
nm.

The Vitara-T and Vitara-T-HP are available for applications
requiring higher power.

Verdi G Series Lasers
Now Available with 18
W Output
Coherent’s Verdi G series is a family
of optically pumped semiconductor
lasers, where the traditional rod-
based gain material is replaced with
a semiconductor chip. The result is
a compact, robust and economical product with noise specifications
identical to the original Verdi V. The Verdi G series is ideal for
Ti:Sapphire pumping and other applications that do not require
single longitudinal mode output.

Verdi G series is now available with new high-power options
of 12, 15 and 18 W. All Verdi G lasers come with a two-year
comprehensive warranty and trade-ins are available for existing
solid-state lasers or ion lasers (dead or alive!).

Fianium Introduce
Compact, Low-
cost
Supercontinuum
Laser
Fianium has released its newly designed, WhiteLase micro™ su-
percontinuum source at the recent Photonics West exhibit.
WhiteLase micro is a quasi-CW laser producing total power of
more than 200 mW over the wavelength range 450 to 2000 nm.
The beam may be easily collimated and focused to a diffraction-
limited spot for use in a variety of applications. The unit is simple
to operate and may be used with Fianium’s SuperChrome and
AOTF filters for programmable wavelength selection. 

For applications requiring higher power Fianium’s existing
range of supercontinuum lasers produces total power up to 8 W
and visible power greater than 1200 mW.

Fluorescence
Lifetime
Edinburgh Photonics has ap-
pointed Coherent Scientific
as its distributor for Australia
and New Zealand.

Edinburgh designs and
manufactures steady-state fluorescence spectrometers, dedicated
fluorescence lifetime spectrometers and laser flash photolysis
spectrometers, covering the vacuum UV to the near infrared
with outstanding sensitivity. They have pioneered the technique
of Time Correlated Single Photon Counting (TCSPC), permitting
lifetime measurements down to 5 ps to be made quickly and
easily. Edinburgh’s spectrometers are highly modular, allowing
systems to be configured for a wide variety of applications or to
be upgraded as research priorities change.

Edinburgh’s products are used across a wide range of applications
including photophysics, photochemistry, semiconductor physics
and biophysics.

For further information please contact Paul Wardill or Dale Otten
on sales@coherent.com.au
Coherent Scientific
116 Sir Donald Bradman Drive, Hilton, SA 5033
Tel: +61 8 8150 5200; Fax: +61 8 8352 2020; 
Web: www.coherent.com.au
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AGILENT TECHNOLOGIES

High Resolution Wide Bandwidth Arbitrary
Waveform Generator

Agilent Technologies has added a high-resolution, wide-bandwidth,
8- or 12-GSa/s modular instrument to its portfolio of arbitrary
waveform generators. The new M8190A arbitrary waveform gen-
erator is able to deliver simultaneous high resolution and wide
bandwidth along with spurious-free dynamic range and very low
harmonic distortion. 

This functionality allows radar, satellite and electronic warfare
device designers to make reliable, repeatable measurements and
create highly realistic signal scenarios to test their products.

The M8190A helps engineers:
• build a strong foundation for highly reliable satellite commu-

nications
• generate multilevel signals with programmable ISI and jitter

up to 3 Gb/s.
The M8190A offers:

• 14 bits of resolution and up to 5 GHz of analog bandwidth
per channel simultaneously 

• the ability to build realistic scenarios with 2 GSa of waveform
memory 

• reduced system size, weight and footprint with compact
modular AXIe AWG capability. 
The high performance of the M8190A arbitrary waveform

generator is made possible by a proprietary digital-to-analog con-
verter (DAC) designed by the Agilent Measurement Research
Lab. Fabricated with an advanced silicon–germanium BiCMOS
process, the DAC operates at 8 GSa/s with 14-bit resolution and
at 12 GSa/s with 12-bit resolution. At 8 GSa/s, the Agilent
DAC delivers up to 80c-dB SFDR.

More information is available at www.agilent.com.au/find/M8190.

Agilent PCIe High-
Speed Digitiser
Agilent U1084A is a dual-
channel, 8-bit PCIe digitiser
with up to 4 GS/s sampling
rates, 1.5 GHz bandwidth and
incorporates a 15 ps trigger
time interpolator for accurate
timing measurement.

The U1084A’s digitiser
technology combines fast ana-
log-to-digital converters with
on-board field programmable
gate array technology allowing original equipment manufacturers
to easily design-in high-speed signal acquisition and analysis.

More information is available at www.agilent.com.au/find/u1084a.

One Box EMI Receiver
that Enhances
Compliance Testing 
Agilent Technologies has announced the introduction of the
N9038A MXE EMI receiver, which is designed for laboratories
that perform compliance testing of electrical and electronic
products. The MXE enhances electromagnetic interference (EMI)
measurement accuracy and repeatability with a displayed average
noise level of -163 dBm at 1 GHz. This represents excellent
input sensitivity, an essential receiver attribute that reduces the
effects of electrical noise.

The MXE is fully compliant with CISPR 16-1-1 2010, the
International Electrotechnical Commission recommendation
that covers measurement receivers used to test conducted and
radiated electromagnetic compatibility of electrical and electronic
devices. With outstanding measurement accuracy of ±0.78 dB,
the MXE exceeds CISPR 16-1-1 2010 requirements.

The built-in suite of diagnostic tools, including meters, signal
and measurement lists, markers, span zoom, zone span and spec-
trogram displays, makes it easy to monitor and investigate problem
signals. The MXE is also an X-Series signal analyser capable of
running a variety of measurement applications such as phase
noise. By enhancing the analysis of noncompliant emissions,
these capabilities enable EMI test engineers and consultants to
evaluate signal details and deliver new insights about the products
they test.

More information is available at www.agilent.com.au/find/MXE.
For further details, contact tm_ap@agilent.com.
Agilent Technologies Australia Pty Ltd
Tel: 1800 629 485
Web: www.agilent.com.au/find/promotion
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