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Analyse graphene with the inVia 
confocal Raman microscope

Solutions for materials science - graphene

The ideal system for graphene research, device development and quality control

Raman image of a graphene flake showing the peak 
position of the G-band. Red regions correspond to 
compressive stress.                

Raman image indicating the number of graphene 
layers - single, orange; double, yellow. Data was 
acquired in under 3 minutes.

With so many unique properties, working with graphene can be challenging. 

Whether it is large films or small discrete flakes, Renishaw’s inVia confocal 

Raman microscope gives you reliable results, quickly and easily. 

The inVia is incredibly sensitive; its high spectral resolution and high spatial 

resolution make it ideal for measuring graphene.

• Distinguish graphene from other materials—including other forms  

of carbon—by identifying its distinct spectral features

• Determine the number of graphene layers

• Spot disorder and damage in graphene

• Detect and quantify strain

• Measure electrical properties, doping levels and thermal conductivity

The ultimate system for graphene analysis

Analyse at the nanometre-scale

Renishaw can combine the inVia with scanning probe microscopes (such as 

atomic force microscopes). This adds inVia’s chemical analysis capabilities to 

the high spatial resolution topography and property information acquired by 

SPMs/AFMs.

Rapidly analyse large areas, without damage

Whether you are interested in single point measurements or in mapping large 

areas, inVia’s high sensitivity and rapid mapping techniques—StreamLine™, 

StreamLineHR™, and Slalom™—make the analysis of large areas fast and 

easy. Its high optical efficiency allows the use of low laser powers, so you can 

analyse your graphene samples without damaging them.

Renishaw is a world leader in industrial metrology. Our Raman systems are 

designed to maximise research capabilities, improve manufacturing efficiency 

and raise product quality.

5 µm





AUSTRALIAN PHYSICS 14552(5)  |  SEP–OCT 2015

Australian Institute of Physics
Promoting the role of physics in research, education, industry and the community

AIP contact details:
PO Box 546, East Melbourne, Vic 3002
Phone: 03 9895 4477
Fax: 03 9898 0249
email: aip@aip.org.au

AIP website: www.aip.org.au

AIP Executive
President Prof Warrick Couch
 wcouch@aao.gov.au
Vice President Prof Andrew Peele
 andrew.peele@synchrotron.org.au
Secretary A/Prof Joseph Hope
 joseph.hope@anu.edu.au
Treasurer Dr Judith Pollard
 judith.pollard@adelaide.edu.au
Registrar Prof Ian McArthur
 ian.mcarthur@uwa.edu.au
Immediate Past President Dr Robert Robinson
 Robert.Robinson@ansto.gov.au
Special Projects Officers
Dr Olivia Samardzic
 olivia.samardzic@dsto.defence.gov.au
Prof Halina Rubinsztein-Dunlop
 halina@physics.uq.edu.au

AIP ACT Branch
Chair Dr Wayne Hutchison
 w.hutchison@adfa.edu.au
Secretary Dr Timothy Lam
 timothy.lam@anu.edu.au

AIP NSW Branch
Chair Dr Graeme Melville
  gmel@tpg.com.au
Secretary Dr Frederick Osman
 fred_osman@exemail.com.au

AIP QLD Branch
Chair Dr. Joanna Turner
 Joanna.Turner@usq.edu.au
Secretary Dr Till Weinhold 
 t.weinhold@uq.edu.au

AIP SA Branch
Chair Prof Gunther Andersson
 gunther.andersson@flinders.edu.au
Secretary Dr Laurence Campbell
 laurence.campbell@flinders.edu.au

AIP TAS Branch
Chair Dr Stanislav Shabala
 stanislav.shabala@utas.edu.au
Secretary Dr Stephen Newbery
 Stephen.Newbery@dhhs.tas.gov.au

AIP VIC Branch
Chair Dr Mark Boland
 mboland@unimelb.edu.au
Secretary Dr Grant van Riessen
 G.vanRiessen@latrobe.edu.au

AIP WA Branch
Chair John Chapman
 john@thediamondpages.com
Secretary Andrea F. Biondo
 andrea.b@galacticscientific.com

CONTENTS

AUSTRALIAN PHYSICS 145

146 Editorial 
 Typographical errors

147  President’s Column 
National Science Week and inspiring 
our young

148 News & Comment

150 Branch News

152  Celebrating Ten Years of 
Beam in the Australian 
Synchrotron Accelerators 
Mark Boland

157 Conferences

158  Whither “Wagga”? The 
History of our National 
Condensed Matter and 
Materials Conference 
 Trevor Finlayson & Glen Stewart

166  Anapoles: from Dark Matter to Photonics 
 Andrey Miroshnichenko

170  Book Review 
Yuri Litvinenko reviews A concise history of solar and stellar 
physics by Jean-Louis Tassoul and Monique Tassoul

171 Samplings 
 Physics news that caught the eye of the editor

176 Obituary: Harry Messel, 1922-2015

177 Product News 
  New products from Coherent Scientific, Lastek, and Warsash 

Scientific.

Cover
The 100 MeV to 3 GeV electron synchrotron 
accelerator at the Australian Synchrotron. 
In the centre are the 75 kW, 500 MHz, radio 
frequency copper accelerator cavities. The 
yellow magnets are combined function 
focussing dipole magnets that confine and 
steer the electron beam around the ring.
Photo Credit: Australian Synchrotron.

Acknowledgement 

The portrait of Dr Nevil Maskelyne in the article Dr Nevil Maskelyne 
FRS – 5th Astronomer Royal in the Jul-Aug 2015 issue of Australian 
Physics (Figure 1, p124) was published with the permission of the  
National Maritime Museum, Greenwich, London.

ANAPOLES: 
RADIATIONLESS 

DYNAMIC 
CHARGE 

DISTRIBUTIONS

10 YEARS OF BEAM 
IN THE AUSTRALIAN 
SYNCHROTRON

HISTORY OF THE 
‘WAGGA’ CONFERENCE

Volume 52, Number 5, Sep–Oct 2015



146 AUSTRALIAN PHYSICS 52(5)  |  SEP–OCT 2015

A Publication of the Australian Institute of Physics

EDITOR
A/Prof Brian James
aip_editor@aip.org.au
brian.james@sydney.edu.au

BOOK REVIEWS EDITOR (ACTING)
A/Prof Brian James
aip_editor@aip.org.au
brian.james@sydney.edu.au

EDITORIAL BOARD
A/Prof Brian James (Chair)
brian.james@sydney.edu.au
Dr M. A. Box
Dr J. Holdsworth
A/Prof R. J. Stening
Prof H. A. Bachor
Prof H. Rubinsztein-Dunlop
Prof S. Tingay

ASSOCIATE EDITORS
Dr Laurence Campbell laurence.campbell@flinders.edu.au
A/Prof Bruce Hartley B.Hartley@curtin.edu.au
Dr John Humble John.Humble@utas.edu.au
Prof Christian Langton christian.langton@qut.edu.au
Dr Frederick Osman fred_osman@exemail.com.au

SUBMISSION GUIDELINES
Articles for submission to Australian Physics should be sent by email to the 
Editor. The text should be sent as a Word file and authors are advised to 
consult a recent issue as a guide to style. Images should not be embedded 
in the document, but should be sent as high resolution attachments in JPG 
or PNG format. Authors should also send a short bio and a recent photo. The 
Editor reserves the right to edit articles based on space requirements and 
editorial content.

ADVERTISING
Enquiries should be sent to the Editor.

Published six times a year.
© 2014 Australian Institute of Physics Inc. Unless otherwise stated, all written 
content in Australian Physics magazine is subject to copyright of the AIP and 
must not be reproduced wholly or in part without written permission.

The statements made and the opinions expressed in Australian Physics do 
not necessarily reflect the views of the Australian Institute of Physics or its 
Council or Committees.

Print Post approved PP 224960 / 00008
ISSN 1837-5375

PRODUCTION & PRINTING
Pinnacle Print Group

1/87 Newlands Road, Reservoir VIC 3073

www.pinnacleprintgroup.com.au

Ph: 8480 3333   Fax: 8480 3344

146 AUSTRALIAN PHYSICS

EDITORIAL

Typographical errors
Typographical errors (typos) are 

the bugbear of authors and editors. 
In my experience eliminating typos is 
an asymptotic process; hence it hor-
rifies me, but does not surprise me, 
when I find undetected typos after 
the printing of an issue.

It was not necessary to have been 
particularly observant to see the egre-
gious typo on the cover of the last 
issue: ‘cubits’ where ‘qubits’ was in-
tended. It was repeated in the title of 
the article, and we got a little closer (perhaps?) in the Contents with 
‘quibits’. 

So with a sense of acute embarrassment I apologise to Jarryd Pla, 
the author of the article in question. I can finish this discussion on a 
positive note, however: the archival pdf copy of that issue has been 
corrected, so that when it becomes publically available in one year’s 
time, no evidence of the errors will remain. One of the advantages of 
the digital era: you can erase some mistakes after the event.

Before completely leaving this topic I should note that this epi-
sode resulted in the biggest reader response since I became editor: 2 
emails, a 100% increase on the previous record!

So, to this issue. Last year we published an article on the Aus-
tralian Synchrotron (AS) in recognition of the International Year of 
Crystallography, where the emphasis was on the use of the AS for 
crystallographic measurements in diverse scientific fields. In this is-
sue we have an article by Mark Boland to coincide with the 10th 
anniversary of the first beam, in this case the emphasis being on 
the principles of synchrotrons, and in particular the design and first 
operation of the AS.

The second article, by Trevor Finlayson and Glen Stewart is 
about one of the institutions of physics in Australia: the ‘Wagga’ 
conference, i.e. the annual National Condensed Matter and Materials 
Conference that will hold its 40th meeting next year. Trevor and Glen 
review the scientific and social history of the Wagga conference and 
consider future directions.

Finally, a third article by Andrey Miroshnichenko that describes 
the fascinating phenomenon of time varying charge distributions 
that do not emit radiation and their relevance to dark matter and 
photonics.

Brian James
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PRESIDENT’S COLUMN

National Science Week and inspiring our young
I write this in the midst of National 
Science Week, and it is already clear 
that this year will not disappoint in 
it being the usual extravaganza of 
events that caters for everyone – as 
the official website says “from stu-
dents, to scientists, to chefs and mu-
sicians”! It is also useful to remind 
ourselves of its purpose: to acknowl-
edge the contributions of Australian 
scientists to the world of knowledge, 
to encourage an interest in science 
pursuits among the general public, 
and to encourage younger people to 
become fascinated in the world we 
live in.

While engendering an interest 
and fascination in science amongst 
the public is very important, it is 
even more critical that this be taken 
a step further – that more of our 
younger generation are formally 
educated and trained in science, or 
more precisely the science, technol-
ogy, engineering and mathematics 
(STEM) areas.  This need has been 
most prominently highlighted by 
the Chief Scientist of Australia, Prof 
Ian Chubb, through his  position 
paper STEM in the National Inter-
est: A Strategic Approach published 
in 2013, that was followed a year 
later by STEM: Australia’s Future, in 
which he made 24 specific recom-
mendations to government on how 
best to address Australia’s vulnerabil-
ity in STEM, which threatens our 
ability to compete in international 
markets, our economic perfor-
mance, and our wellbeing. 

How best to attract young peo-
ple into STEM in a world where 
job prospects and financial reward 
carry a lot of weight in making ca-
reer choices, is a topic of much de-
bate. Added to this is the even big-
ger hurdle in attracting females into 
STEM. While major systemic initia-
tives have their place here, the effec-
tiveness of exemplary ‘role models’ 
should also not be underestimated. 
Many teachers fill this role, with 
stories of how someone’s path into 
science can be traced back to a very 
passionate and inspiring teacher be-
ing common. There also exist many 

researchers who are equally capable 
of inspiring people into science, hav-
ing that very special ability to cap-
ture peoples’ imagination through 
their passion and excitement for re-
search, their often remarkable career 
journeys in research, and the awe-
inspiring nature of the research they 
do and the facilities they use. How 
important it is that such role mod-
els have a high profile, particularly 
amongst our young. It is therefore 
very pleasing that as part of National 
Science Week, an exhibition called 
“The League of Remarkable Women 
in Australian Science” is being held 
at the CSIRO Discovery Centre in 
Canberra, which focuses on the ca-
reers of forty female scientists, with 
their interviews being published as 
an e-book that will be sent to all 
high schools and universities around 
Australia. 

As a prelude to National Sci-
ence Week, Science & Technol-
ogy Australia (STA) organised a 
“Parliamentary Friends of Science” 
event at Parliament House, which 
I attended.  Established in 2012 by 
Richard Marles and Karen Andrews 
(the current Parliamentary Secretary 
to the Minister for Industry and Sci-
ence), these events provide a non-
partisan forum that allows dialogue 
and engagement between scientists 
and parliamentarians. On this oc-
casion the topic of debate was “Are 
we alone in the universe?”, inspired 
by the US$135M project funded by 
Russian Yuri Milner to search for 
intelligent life in and beyond the 
Milky Way. The CSIRO’s 64m ra-
dio telescope at Parkes will play an 
important part in this project, with 
25% of its time over the next 5 years 
being purchased by the project to 
conduct part of the search – the ob-
servations for which will be taken by 
Prof Matthew Bailes and his team at 
Swinburne University. 

Another notable feature of this 
“Parliamentary Friends of Science” 
event was the formal launch (by 
Karen Andrews) of the new dec-
adal plan for Australian Astronomy 
“Australia in the era of global as-

tronomy”. This sets out the scientific 
aspirations and associated research 
infrastructure needs and priorities 
of the Australian astronomical com-
munity for the period 2016-2025. 
Having such a document which 
sets out a coherent scientific vision 
for the discipline with a clear prior-
itization of its future research infra-
structure needs has seen Australian 
astronomy be extremely successful 
in attracting significant amounts of 
research infrastructure funding from 
government. We need to keep work-
ing on using the same approach 
more effectively in Physics. 

Finally, I must make mention of 
the passing in early July of Harry 
Messel, who was a passionate and 
formidable champion of physics, 
and scientific research and educa-
tion. His contributions are best 
summarized by the quote I provided 
to the media on behalf of the AIP: 
“Harry Messel will be remembered 
as a colossus of Australian physics 
and science more broadly, particu-
larly for the way he so effectively 
and colourfully raised public aware-
ness of science and raised funding 
for physics education. His legacies 
to science and physics are numer-
ous, the two most notable being the 
Science Foundation for Physics and 
the International Science School at 
Sydney University, both of which he 
created more than 50 years ago and 
which continue to run successfully 
today.” 

Warrick Couch
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NEWS & COMMENT
Parkes to take part in new SETI search
CSIRO has signed a multi-million dollar agreement to 
use its 64 metre Parkes radio telescope to search for in-
telligent life elsewhere in the universe as part of Break-
through Listen, the Breakthrough Prize Foundation’s 
(BPF) US$100 million dollar search for extraterrestrial 
intelligence. The search will also use the Green Bank tel-
escope in West Virginia, operated by the US National 
Radio Astronomy Observatory, and a telescope at the 
University of California’s Lick Observatory.

The 64-metre Parkes Radio telescope

Professor Matthew Bailes, ARC Laureate Fellow at 
the Centre for Astrophysics and Supercomputing at 
Swinburne University of Technology in Melbourne, will 
be the Australian lead of the SETI observing team using 
the Parkes telescope. 

Parkes also played a leading role in previous SETI 
searches. In 1995 the California-based SETI Institute 
used the telescope for six months for its Project Phoenix 
search, for which it provided critical capability to search 
the southern sky that could not be accessed using tel-
escopes in the northern hemisphere.

Since then, advances in computing technology make 
it possible for this new search to scan much more of the 
radio spectrum than has ever before been explored. It 
is now possible to search an entire region of the radio 
spectrum in a single observation. The dramatic increase 
in data processing capability means that telescope data 
can be analysed in new ways to search for many different 
types of artificial signals. 

IEEE Nanotech Award to Chennupati 
Jagadish
The IEEE Nanotechnology Council Awards Committee 
has awarded the IEEE Nanotechnology Pioneer Award 
to Professor Chennupati Jagadish, Distinguished Pro-

New Chair of CSIRO Board
Experienced Australian businessman David Thodey has 
been appointed Chair of the Board of CSIRO for the 
next five years, replacing outgoing chair Simon McK-
eon. Most recently he was CEO of Telstra and before 
that CEO of IBM Australia/New Zealand.

The Hon Ian Macfarlane MP and David Thodey (credit: 
csironewsblog.com).

In announcing the appointment, Minister for In-
dustry and Science Ian Macfarlane said “Mr Thodey is 
one of Australia’s most well-known and respected busi-
nessmen. He will bring a wealth of industry acumen to 
Australia’s peak science agency as it plays an increasingly 
central role in maximising our economic opportunities 
and industry growth.”

fessor and Head of the Semiconductor Optoelectronics 
and Nanotechnology Group at the ANU “for pioneer-
ing and sustained contributions to compound semicon-
ductor nanowire and quantum dot optoelectronics.”

Professor Jagadish has es-
tablished a world-class re-
search program on com-
pound semiconductor 
optoelectronics and nano-
technology. Key among his 
accomplishments are a 
number of major advances 
in compound semiconduc-
tor quantum dot and na-
nowire growth techniques 
and optoelectronics devic-

es. Professor Jagadish has received many awards for his 
work. In 2005 he was inducted as a Fellow of the Aus-
tralian Academy of Science, and received the AIP’s Boas 
Medal for 2013.

Prof Chennupati Jagadish
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Academy on climate targets
The Government’s new post-2020 emissions target of 
between 26 and 28 per cent on 2005 levels by 2030 are 
a step in the right direction but there is a need to plan for 
zero emissions by mid-century, according to the Austral-
ian Academy of Science. In a submission to government 
earlier this year the Academy recommended deeper cuts 
of 30 to 40 per cent below 2000 levels by 2030.

“Australia needs to be part of the global effort to min-
imise carbon dioxide emissions and prevent the worst ef-
fects of climate change,” said Professor Andrew Holmes, 
President of the Australian Academy of Science.

CSIRO Eureka Prize for Leadership in Science 
Awarded to Professor Michelle Simmons, Director of 
the ARC Centre of Excellence for Quantum Computa-
tion and Communication Technology Centre, based at 
the University of New South Wales. Under her leader-
ship, the COE has developed the world’s smallest tran-
sistor, built of one single atom; built the world’s smallest 
silicon wires, a thousand times narrower than a human 
hair, and independently controlled quantum compo-
nents only a few millionths of a millimetre apart. Professor Andrew Holmes, President of the Australian 

Academy of Science (credit: AAS).

“The science tells us that, in the medium term, if we 
don’t reduce our emissions we will see serious conse-
quences for our planet, our health and our society. That’s 
why this target needs to be a stepping stone, as part of 
global efforts, towards a target of zero emissions by mid-
century,” Professor Holmes said.

Dr Phillip Urquijo (Credit: Getty images)

Prof Michelle Simmons (Credit: Getty images)

ANSTO Eureka Prize for Innovative Use of Technology 
Awarded to Associate Professor Frank Bruno, Dr Martin 
Belusko and Dr Steven Tay of the University of South 
Australia, whose team has developed a new phase-
change system that provides energy storage at a tenth 
of the cost of batteries. By melting and solidifying an 
inexpensive liquid salt solution, energy can be stored 
and released quickly and cheaply.  As well as extending 

Eureka Prizes 2015
The Eureka Prizes for 2015 were awarded in Sydney on 
26 Augusts. The following are likely to be of particular 
interest to physicists.
3M Eureka Prize for Emerging Leader in Science 

Awarded to Dr Phillip Urquijo, University of Mel-
bourne for leadership on the Belle II project where he 
is physics coordinator, helping decide how much time 
each experiment will get. Belle II will run at the KEKB 
particle accelerator in Japan. KEKB consists of two rings 
of high-speed particles, just over 3 km in diameter, that 
crash positrons into electrons at 0.425 times the speed 
of light. The Belle II particle accelerator experiments 
are looking for answers to questions that the Standard 
Model of particle physics cannot answer:
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BRANCH NEWS
New South Wales
The NSW Branch has established the NSW Communi-
ty Outreach to Physics Award. This award will be made 
annually to acknowledge an individual with a clearly 
notable record of contributing to outreach and physics 
education who has demonstrated passion for the study 
of physics in New South Wales.

The Award is open to everyone in NSW and will 
consist of a $500 monetary award, and a certificate cit-
ing the achievements of the individual. Nominations, 
in a statement of up to 500 words, should demonstrate 
that the nominee has:
•    worked to engage the academic community with re-

spect to physics or academic pursuits.
•    effectively developed community events for the public 

or other activities that engage our physics community.
•    increased awareness, knowledge and experiential learn-

ing opportunities for students in relation to physics 
community development and grassroots work.
Nominations for this Award will close on 9th Oc-

tober 2015 and should be lodged by mail or email to: 
Dr Frederick Osman, NSW Branch Secretary, Austral-
ian Institute of Physics, PO Box 649, Moorebank NSW 
1875; fosman@trinity.nsw.edu.au.

team has created tiny crystals that can be implanted in 
the body to reveal infected or cancerous cells that may 
be hiding among millions of healthy cells. The Super 
Dots team is led by Professor Dayong Jin from the Uni-
versity of Technology Sydney and Macquarie University; 
Professor Tanya Monro from the University of South 
Australia and University of Adelaide and Professor Brad-
ley Walsh from Minomic International and Macquarie 
University. The work is being progressed by the ARC 
Centre of Excellence for Nanoscale BioPhotonics. 

Prof Bradley Walsh and Prof Dayong Jin (Credit: Getty images)

L to R: Dr Steven Tay, A/Prof Frank Bruno and Dr 
Martin Belusko (Credit: Getty images)

the potential reach of renewable energy, the system also 
allows Australian produce companies to reduce multi-
billion-dollar refrigeration electricity costs by ‘charging’ 
the system (freezing the solution) during inexpensive 
off-peak hours and ‘discharging’ (remelting) during ex-
pensive peak hours. 

Macquarie University Eureka Prize for Outstanding 
Early Career Researcher 
Awarded to Associate Professor Michael Biercuk of the 
University of Sydney for research that is bringing the day 
of quantum computers closer. His research has reduced 
information loss from quantum information systems 
and includes building a simulated quantum computer 
of 300 atoms, each storing one ‘quantum bit’ (qubit) of 
information, and smashing the 30–40 qubit threshold 
at which quantum simulators exceed the capabilities of 
current supercomputers. He has also set the record for 
the smallest force ever measured.

A/Prof Michael Biercuk (Credit: Getty images)

University of New South Wales Eureka Prize for Excel-
lence in Interdisciplinary Scientific Research 
Awarded to Professor Dayong Jin, Professor Tanya 
Monro and Professor Bradley Walsh whose Super Dots
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AIP Women in Physics Lecture Tour
C A L L  F O R  N O M I N A T I O N S  -  2 0 1 6

The Australian Institute of Physics Women in Physics Lecture Tour celebrates the contribution of women to 
advances in physics. Under this scheme, a woman who has made a significant contribution in a field of physics 
will be selected to present lectures in venues arranged by each participating branch of the AIP.  Nominations 
are currently sought for the AIP WIP Lecturer for 2016. We are seeking a woman working overseas who:

•  has made a significant contribution in a field of physics research
•  has demonstrated public speaking ability
•  is available in 2016 to visit Canberra and each of the six Australian State capital cities and surrounding regions.

Presentations will include school lectures, public lectures and research colloquia, subject to negotiation with the 
various AIP branches and their contacts. School and public lectures are expected to be of interest to non-specialist 
physics audiences, and to increase awareness among students and their families of the possibilities offered by 
continuing to study physics. University lectures will be presented at a level suitable for the individual audience 
(professional or graduate). Air/surface travel and accommodation will be provided.

Nominations should be sent via email to the AIP Special Projects Officer (see information below) using the nomination 
form available from the Women in Physics Lecturer page of the AIP website:

http://www.aip.org.au/info/?q=content/women-physics-lecturer  

Self-nomination is welcomed, as are nominations from branches or employers/colleagues.

NOMINATION REQUIREMENTS 

1.  Completed WIP Lecture Tour nomination form (accessible via the web site listed above) 

2.  Information requested on the nomination form includes the following:

•  nominee’s name and contact details

•  a detailed record of presentations to the general public, schools and media

•  a brief statement of the research area of interest to the nominee

•  an outline of the nominee’s significant contributions to physics

•  references to key publications in which these contributions were presented (via curriculum vitae) 

•   evidence of the nominee’s ability to give a lecture which will excite an enthusiastic response in senior secondary 
and undergraduate students. (NOTE: this requirement must be adequately addressed in order for the nominee 
to be considered for selection)

•   for self-nominations, include the names of two referees who can attest to the ability of the nominee to give 
lectures appropriate for the target audience. 

Closing Date: Monday 30th November 2015
Applications and nominations should be sent by email:
Email: olivia.samardzic@dsto.defence.gov.au 
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Celebrating Ten Years of Beam in the 
Australian Synchrotron Accelerators
Mark Boland
Australian Synchrotron, Clayton, VIC 3168, Australia and School of Physics, The University of Melbourne, 
VIC 3010, Australia.

The Australian Synchrotron is a national user facility for a broad range of photon science research – from 
materials to proteins and from Infrared to Hard X-Rays and everything in between. It hosts around 4,000 
researchers per year, mostly from Australian universities, and at the heart of it is an electron accelerator 
complex that produces 3 GeV electron beams that serve as the photon source. Located in the Melbourne 
suburb of Clayton, adjacent to Monash University, it was initially funded by the Victorian Government in 
2001, began User Operations in 2007 and data collected there by scientists have resulted in numerous 
publications with their number increasing each year. As the facility has moved into a new phase of 
operation under ANSTO, this article looks back over the past decade of achievements in accelerator 
physics and the future plans for the landmark facility.

Around midnight on Wednesday the 5th of October 
2005 the first pulse of accelerated electrons were pro-
duced at the Australian Synchrotron (Figure 1). The 
beam was a mere one billionth of a second in duration 
(Figure 2) and at a relatively low energy of 90 keV but it 
kicked off a decade of high quality research at Australia’s 
largest particle accelerator. This achievement marked the 
start of the accelerator commissioning with beam. It was 
preceded by decades of lobbying, manoeuvring through 
the complicated politics of government funding, more 
than four years of detailed design work and two years 
of civil construction. It would take another 18 months 
after “first beam” before the first users came through 
the door. However as will now be described, the process 
of going from 90 keV electrons to the production of a 
beam of photons a million times brighter than the Sun 
requires a large complex of high energy accelerators pre-
cisely arranged but filling the space of a football field.

A very short history of synchrotron 
accelerators
Mark Oliphant, having worked in the UK and US in the 
1940s and, incidentally, knighted by the Queen in 1959 
is credited with inventing the synchrotron accelerator 
concept in 1943 (a more detailed account of accelera-
tors specifically in the Australian context can be found 
elsewhere [1]). Other independent discoveries of the 
same idea are credited to  Veksler in the USSR in 1944 
and McMillan in the US in 1945 [2–4]. In the first in-
stance, synchrotrons were designed to accelerate protons 

Figure 1: Australian Synchrotron aerial photo showing (1) 
synchrotron accelerator building; (2) the NCSS –  National 
Centre for Synchrotron Science; (3) the Engineering 
building; (4) User Guest House; (5) Imaging and Medical 
Beamline building. Image: Australian Synchrotron.

Figure 2: First nanosecond pulse of electrons from the 
thermionic cathode at the Australian Synchrotron. Image: 
Australian Synchrotron.
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for nuclear and particle physics experiments. These days 
the most famous instance of a synchrotron accelerator is 
the 27 km circumference Large Hadron Collider (LHC) 
built at CERN near Geneva, Switzerland. The LHC 
accelerates two counter rotating beams of protons to a 
staggering energy of 7 TeV per beam in order to col-
lide them together to reproduce the conditions of the 
Universe shortly after the Big Bang. Though Oliphant 
never managed to build a synchrotron in Australia him-
self, there was an electron synchrotron in operation at 
The University of Melbourne in the 1950s and 1960s 
to produce Bremsstrahlung radiation for photonuclear 
experiments on fixed targets. Around 1960 the attempt 
to build a 10 GeV proton synchrotron in Canberra was 
abandoned and in the ensuing decades access to research 
accelerators by Australian scientists was primarily at 
overseas laboratories. A small number of accelerators 
where purchased from international companies and in-
stalled at local universities. 

In the 1990s there was big swell in the number, pur-
pose and membership of the user community seeking 
access to large accelerator facilities. Nuclear and parti-
cle physics gave way to the photon sciences as dedicated 
light sources were constructed around the world. Syn-
chrotron radiation started off as an annoying energy loss 
mechanism in the quest for higher and higher electron 
beam energies in circular colliders for particle physics re-
search – this radiation now became the sole purpose for 
building many large accelerators. The first generation ma-
chines operated photon beamlines parasitically during 
particle physics experiments – they were literally holes 
in the accelerator tunnel shielding walls through which 
the bright beams of broad spectrum electromagnetic ra-
diation was emitted from dipole bending magnets (see 
Fig. 3). 

Figure 3: Photon beam energy spectrum for a 1.3 T dipole 
bending magnet at the Australian Synchrotron for a 3 GeV 
electron beam with 200 mA of storage ring beam current.

Second generation machines were built for photon 
beamlines only with no colliding beams and were 100% 
dedicated to producing synchrotron radiation – or simply 
light as it euphemistically and cleverly became known. 
As nuclear physics in particular fell out of vogue with 
funding agencies and material and life sciences usage of 
photons as probes exploded, thus catching favourable at-
tention of these agencies, a new group of users flocked 
to accelerator physics facilities to conduct their science. 
The third generation machines – of which the Australian 
Synchrotron is an example – made a clever modification 
to the design of the storage rings to leave spaces between 
the magnets that keep the electron beam on its 360° or-
bit around the machine. The spaces or straight sections 
were then filled with tailor designed magnet arrays called 
insertion devices which sent the beam on deviations as 
they pass through, only to restore their trajectory just 
before entering the next section of storage ring magnets. 
Insertion devices broadly come in two flavours; wigglers 
and undulators. Wigglers are simply put blowtorch ver-
sions of dipole bending magnets and output tens of kilo-
watts of synchrotron radiation power, while undulators 
subtly add radiation fields coherently resulting in ultra 
bright peaks of radiation over a very narrow photon 
energy range. Both devices were conceived of to enable 
each beamline to individually tune the photons on their 
experiment, without interfering with the magnets that 
keep the electron beam circulating in the doughnut like 
magnetic trap that forms the storage ring. What proper-
ties of synchrotron radiation have made it such a useful 
tool for research?

Properties of Synchrotron Radiation
High energy electrons are very effective at radiating large 
amounts of power, first calculated by Liénard in 1898 
to be 
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where 𝑒𝑒 is the electron charge, 𝑐𝑐 is the speed of light, 𝜌𝜌 is the bending radius of the accelerator 
magnetic field, 𝛽𝛽 = 𝑣𝑣 𝑐𝑐 is the electron velocity relative that of light and 𝛾𝛾 is the Lorentz factor. For 
the Australian Synchrotron storage ring this turn out to be 190 kW of power radiated off as photons. 

In addition this power is radiated into a very small opening due to the Lorentz booster as observed in 
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which for the Australian Synchrotron amounts to a mere 0.2 milliradians or 0.05 degrees. Interested 
readers are referred to Ref. [2] for more details on radiation emitted by charged particles. So the 
reason for using high energy electrons to generate bright beams of photons is clear from the above 
relations, but how to create such high energy beams? 

The Australian Synchrotron Accelerator Complex 

Figure 4 shows a cartoon of the Australian Synchrotron with the green lines indicating the trajectory 
of the electrons. The electrons are first generated in a thermionic cathode at 90 keV, accelerated to 
100 MeV in a linear accelerator, boosted to 3 GeV in a synchrotron accelerator and stored for days at 
a time in the 3 GeV storage ring. The whole acceleration cycle up to 3 GeV takes less than a second 
and can be repeated at a 1 Hz repetition frequency. On every revolution of the storage ring the 
electrons radiate synchrotron light down each of the beamlines so experiments can be conducted 
simultaneously. Each of the accelerator components is described in more detail below. 
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−90 keV and has bias voltages and a grid to control the emission of electrons. A short single pulse can 
be applied to the gun to generate a single bunch of 1 ns duration to overcome the reverse bias voltage. 
To speed up the rate of beam generation, a train of bunches can also be generated by applying a 150 
ns long trigger pulse with a 500 MHz sinusoidal modulation superimposed. This serves to produce 75 
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which for the Australian Synchrotron amounts to a mere 
0.2 milliradians or 0.05 degrees. Interested readers are 
referred to Ref. [5] for more details on radiation emitted 
by charged particles. So the reason for using high energy 
electrons to generate bright beams of photons is clear 
from the above relations, but how to create such high 
energy beams?

The Australian Synchrotron Accelerator 
Complex
Figure 4 shows a cartoon of the Australian Synchrotron 
with the green lines indicating the trajectory of the elec-
trons. The electrons are first generated in a thermionic 
cathode at 90 keV, accelerated to 100 MeV in a linear 
accelerator, boosted to 3 GeV in a synchrotron accelera-
tor and stored for days at a time in the 3 GeV storage 
ring. The whole acceleration cycle up to 3 GeV takes 
less than a second and can be repeated at a 1 Hz repeti-
tion frequency. On every revolution of the storage ring 
the electrons radiate synchrotron light down each of the 
beamlines so experiments can be conducted simultane-
ously. Each of the accelerator components is described 
in more detail below.

Figure 4: Schematic of the Australian Synchrotron (1) 90 
keV cathode, (2) 100 MeV linac, (3) 0.1-3 GeV booster 
synchrotron, (4) 3 GeV electron storage ring, (5) photon 
beamline and (6) experimental hutch. Image: Australian 
Synchrotron.

E-GUN
The thermionic cathode is referred to as an electron gun 
or e-gun. It is a triode kept at a potential of −90 keV and 
has bias voltages and a grid to control the emission of 
electrons. A short single pulse can be applied to the gun 
to generate a single bunch of 1 ns duration to overcome 
the reverse bias voltage. To speed up the rate of beam 
generation, a train of bunches can also be generated by 
applying a 150 ns long trigger pulse with a 500 MHz 
sinusoidal modulation superimposed. This serves to pro-

duce 75 bunches spaced 2 ns apart and timed to fit into 
the accelerating phase of the 500 MHz Radio Frequency 
(RF) waves of the booster and storage ring, which are 
described below.

LINAC
The linear accelerator or linac consists of a series of cop-
per cups stacked together horizontally to form a ~15 m 
long tube. The radius and length of each cup is tuned 
to resonate at 3 GHz (a harmonic of the 500 MHz in 
the other accelerators) when excited with a pulse of RF 
power. Each cup has an iris in the bottom to allow the 
beam to pass through and to set up an accelerating po-
tential of 10 MV/m between each cup. After a series of 
short bunching and compressing structures, the electron 
beam is accelerated in two 5 m long structures to 100 
MeV. Since the electron mass is 0.511 MeV the beam is 
now relativistic with y ≈ 196. Using a series of bending 
and focussing magnets the beam is transported into the 
booster ring.

BOOSTER RING
The booster ring is the only true synchrotron at the facil-
ity, since it accelerates the beam from 100 MeV to 3 GeV. 
What is colloquially called “the synchrotron” is the stor-
age ring where the synchrotron radiation is produced. 
This is one of many terms that can cause confusion be-
tween the accelerator physicists and photon scientists, 
another for example is the term “beam” – for one group 
this simply means the electron beam, for the other it 
means the photon beam. When the 100 MeV electrons 
enter the booster ring, the magnetic field in the dipoles 
is set to bend the beam around 360° back where it was 
injected. On each revolution the beam passes through 
a 5 cell copper accelerating structure similar to the li-
nac cups but with a larger geometry so as to resonate at 
500 MHz. RF power is coupled into the structures and 
the fields impart a small amount of energy to the elec-
trons each time they pass, so a corresponding increase 
in magnetic field must be applied for the beam to again 
bend around 360° during the next revolution - this is 
essentially the acceleration principle that Sir Mark Oli-
phant came up with. This continues for over a million 
revolutions in about half a second until the beam reach-
es 3 GeV. It is then extracted with a number of pulsed 
magnets that server to kick the beam out of the booster 
ring and into a transfer line with dipole and quadrupole 
magnets to transport the beam to the storage ring. The 
beam now has a relativistic Lorentz factor of y ≈ 5871.



AUSTRALIAN PHYSICS 15552(5)  |  SEP–OCT 2015

STORAGE RING
The storage ring is effectively a synchrotron that keeps the 
beam at a set energy, which for the Australian Synchro-
tron is 3 GeV. The beam loses about 1 MeV in energy 
to synchrotron radiation emission per revolution, so to 
replenish this energy high power RF waves are coupled 
into copper accelerating structures tuned to 500 MHz. 
The magnetic lattice of the storage ring contains 28 di-
pole magnets and 154 multipole magnets that confine 
the beam envelope to around 100 μm in transverse size 
with a phase space emittance of around 10 nm rad. In 
physics terms it can be modelled as driven coupled har-
monic oscillators as the electrons orbit through the mag-
netic lattice. Using the precision electronics that moni-
tor the beam position to less than 0.1 μm, the models of 
the storage ring can be calibrated extremely well giving 
excellent control of the beam. This calibrated model al-
lows for new configurations of the beam to be explored 
as well as probing the performance and exact positioning 
of each magnet installation. This is particularly impor-
tant for controlling the coupling of the horizontal oscil-
lations of the beam into the vertical oscillations as will be 
explained in the research section below.

The storage ring was given the title Boomerang – 
which seems like an apt description of a storage ring –  
by its designer Prof. John Boldeman AO; however it was 
never adopted as the nickname for the accelerator. For 
seemingly personal and political reasons this name has 
been consigned to the pages of an academic journal [6]. 
Nevertheless Boldeman’s design worked and the ring 
stores the beam for the continuous production of syn-
chrotron radiation for use by the broad range of photon 
scientists – around 4,000 of whom conduct experiments 
at the Australian Synchrotron each year.

Key Milestones for the Accelerator Complex
As the commissioning of the accelerators progressed 
from the first electrons achieved in October 2005, a se-
ries of key milestones was achieved on the path to open-
ing up the facility to users. Some of them include:
• first 90 keV beam midnight 5 Oct 2005;
• first 50 MeV beam 3am 15 Dec 2005;
• first 100 MeV beam 3am 16 Dec 2005;
• first beam in the booster 11 Feb 2006;
• first turn in booster 1am 16 Feb 2006;
• first 3 GeV beam in booster 1am 2 Apr 2006;
•  first 3 GeV beam in storage ring tunnel midnight 1 

Jun 2006 ;
• first turn storage ring midnight 8 Jun 2006;
• first light 14 July 2006 (see Fig. 5).

The construction of the photon beamlines was slight-
ly behind the machine construction with the doors fi-
nally opening to the first users on some of the beamlines 
in April 2007. The beam is scheduled to run for around 
5000 hours per year and the accelerator is so reliably op-
erated that it has delivered over 98% of the promised 
beam time since commencing user runs.

Figure 5: First visible light from the optical diagnostic 
beamline. Photo credit: M. Boland.

Research Collaboration and Achievements
Once stable operation of the accelerator systems were 
achieved by the accelerator physics group, a crew of ac-
celerator operators were brought in to run the machine 
around the clock. This freed up time for research and de-
velopment of the accelerators. One of the first tasks was 
to bring the accelerators into a so called top-up mode 
of operation where fresh beam is continuously injected 
into the storage ring on a short time interval. Residual 
gas molecules in the vacuum system and intrabunch 
scattering of the electrons off each other cause the beam 
to be gradually lost from the storage ring. The 1/e life-
time of the beam is approximately one day, so initially 
new beam had to be periodically injected into the stor-
age every 8 hours. This beam current decay during the 
course of one experimental shift – corresponding to a 
change from 200 mA to about 140 mA –  changes the 
heat load on the photon beamlines and reduces both the 
stability and reproducibility in the respective beamlines. 
In 2009 an international Top-Up Workshop was held 
at The University of Melbourne to devise a plan based 
on the experiences of other laboratories to implement a 
top-up mode – or continuous injection mode. The plan 
came out sounding simple; inject beam every three min-
utes to keep the storage ring current between 199 and 
200 mA without substantially disrupting the photon 
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beamlines. In May 2012 this was finally achieved after a 
lot of design work, hardware investment, computer con-
trol programming and accelerator optimisation.

In order to bring the accelerator physics community 
in Australia closer together, the Australian Collaboration 
for Accelerator Science (ACAS) was established in 2010 
[7]. Its aim is to broaden and strengthen this area of re-
search by attracting students into the field and to im-
prove our international reputation. Up to 2014 ACAS 
has held four accelerator physics summer schools with 
internationally renowned professors delivering lecture 
courses and attracting the sought after attention from 
the global accelerator community [8]. Several graduates 
from these summer schools have gone on to complete 
their PhDs in accelerator physics at Melbourne based 
universities through advanced accelerator research col-
laborations established via ACAS. In August 2010 
ACAS signed up to the future linear collider project at 
CERN – the Compact LInear Collider (CLIC) Collabo-
ration [9]. The success and support of ACAS by CERN 
culminated in a VIP visit to the Australian Synchrotron 
in 2012 by the Director-General of CERN, Professor 
Rolf-Dieter Heuer (see Fig. 6), during the ICHEP con-
ference in Melbourne during which the discovery of the 
Higgs boson was confirmed to the scientific world at 
large and beamed directly to the  assembled physicists at 
this conference..

Figure 6: VIP visit to the Australian Synchrotron after the 
announcement of the Higgs boson discovery at ICHEP 2012 
in Melbourne, (left to right) Prof. Sergio Bertolucci, CERN 
Director for Research and Computing, Prof. Rolf-Dieter 
Heuer, CERN Director-General, and Ass. Prof. Mark Boland, 
Principal Accelerator Physicist, Australian Synchrotron. 
Photo credit: M. Wootton.

One of the first areas of common interest between 
CERN and the Australian Synchrotron was the cou-
pling control in the storage ring mentioned earlier. 
The design of the CLIC accelerator complex includes a 

damping ring that requires sub-picometre vertical emit-
tance in order to achieve the ultimate luminosity of the 
linear collider [10]. Research into coupling minimisa-
tion resulted in a world record low vertical coupling 
in the Australian Synchrotron storage ring [11] – or 
in other words the world’s flattest high energy electron 
beam. The measurement of this beam proved to be so 
challenging that it became the PhD project of an ACAS 
student who invented a new technique to make ultralow 
emittance measurements using an undulator in the Aus-
tralian Synchrotron storage ring [12]. The invention led 
to some ground breaking measurements [13]. Using an 
old technique from CERN on the LEP (Large Electron 
Positron) accelerator in the 1980s, the beam energy in 
the storage ring was measured to one part in a million, 
further improving and validating the calibrated model 
[14].

Future Plans
As mentioned above, synchrotron light sources have 
gone through three generations of development and 
the fourth generation is taking two distinct forms. In the 
evolution of synchrotron rings the concept of a Diffrac-
tion Limited Storage Ring (DLSR) [15] seems to offer 
the ultimate source of synchrotron light, where the elec-
tron beam is smaller than the wavelength of the photons 
emitted – even in the x-ray region – and therefore said 
to be diffraction limited. Another approach is to pro-
duce the ultimate brightness by squeezing photons into 
coherent bunches with a temporal structure on the order 
of femtoseconds using a linear accelerator to produce a 
Free Electron Laser [16]. Some of these ideas are also be-
ing used by ACAS researchers and CERN through the 
CLIC collaboration [17] to develop plans to upgrade the 
Australian Synchrotron to the latest light source technol-
ogy [18]. By providing these clear pathways for the next 
generation of accelerators, physicists can be assured of a 
bright future at Australia’s largest scientific user facility.

Figure 7: Concept drawing of a new Diffraction Limited 
Storage Ring and XFEL for the Australian Synchrotron.
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February, 2016 will mark the 40th Anniversary of the national Condensed Matter and Materials 
Conference (“Wagga”).  A small committee based at The Australian Synchrotron has the task of 
organizing this conference which will be held at the Charles Sturt University Conference Centre from 2 – 
5 February, 2016.  “Wagga” has been held almost annually since the initial conference in February, 1977.  
39 sequential years for the one conference is quite significant.  While some details of the “Wagga” format 
have been reviewed by organizing committees in the past, as summarized in this paper, it now seems a 
most appropriate time to look in some detail at the 39 years of “Wagga.”  The paper is based partly on 
the personal experiences of the authors but also on an analysis of the information contained in the 39 
conference handbooks containing the one-page abstracts of the invited talks, oral contributions and 
posters.  Based on this analysis some thoughts for the future prosperity of “Wagga” have been suggested 
in a concluding section.

Introduction
What is now called our national Condensed Matter and 
Materials Meeting (or colloquially, “Wagga”) began in 
1977 as “The Australian Institute of Physics (AIP) Solid 
State Physics Meeting,” a residential conference at the 
Riverina College of Advanced Education (Riverina 
CAE), Wagga Wagga, NSW.  The initial motivations for 
the conference were to:
•  provide an opportunity for members of the Austral-

ian Solid State Physics community - both research 
scientists and post-graduate students - to come to-
gether for a few concentrated days each year, to make 
contact, to get to know one another, to find out what 
research others were doing and to encourage collabo-
ration.  Prior to 1977, no such regular opportunity 
existed within the Australian conference scene.

•  achieve this in a residential location, at minimal cost 
and in an informal atmosphere.

•  involve a significant number of post-graduate stu-
dents with organizers encouraging them to report on 
their research whether this be a finished work, a work 
in progress or a “call for help” [1].
Credit for finding the conference venue in Wagga 

Wagga which, geographically, could be described as “the 
centre of gravity” for Solid State Physics research in Aus-
tralia, is attributed to Drs Rod Day and John Dunlop of 
the National Measurement Laboratory (NML), CSIRO, 
Sydney.  Together with Drs John Collins (NML), Gra-
ham Bowden (University of New South Wales), Neil 
Manson (Australian National University), Geoff Smith 
(NSW Institute of Technology (now University of Tech-
nology, Sydney)) and Prof. Fred Smith (Monash Uni-
versity), they formed the initial organizing committee.  
Oral and poster sessions took place in Joyes Hall where 
“air conditioning” meant opening the Hall doors.  Simi-
lar climate control applied for the accommodation in 
the student dormitories.

A total of 97 registrants attended this initial confer-
ence, comprising 96 Australians and one New Zealand-
er, Dr Glynn Jones (University of Canterbury).  The 65 
papers included four invited talks, 33 oral contributions 
and 28 posters.

The atmosphere for the conference changed quite 
dramatically in the 1990s when, as a result of the signifi-
cant changes to Australian Tertiary Education, Charles 
Sturt University (CSU) evolved from the Riverina CAE 
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and a quite splendid residential Conference Centre con-
sisting of air-conditioned accommodation units and a 
lecture centre, was developed on the Wagga Wagga cam-
pus.  It is said that the early conference management staff 
at CSU used the established “Wagga” conference model 
for the organization of other conferences for which the 
new Centre became the venue.

The summary presented here is based on an analysis 
of the information (participants, conference programmes 
and abstracts) recorded in each of the 39 “Wagga” con-
ference handbooks.  As will be outlined, and for very 
good reasons, the conference has also been hosted in 
New Zealand.  On two occasions, 1988 and 2005, it 
was incorporated into the AIP National Congress.

Evolution of the Conference Name
The conference name initially incorporated the AIP and 
this was reflected by its initial logo, (Figure 1(a)).  Later 
(1980), when the conference was first hosted by New 
Zealand colleagues, the New Zealand Institute of Phys-
ics (NZIP) was also incorporated.  (See Figure 2.)  How-
ever, from the beginning, it is true to say that the confer-
ence itself has run independently of the “managements” 
of either institute.  The one exception to this was a small 
financial loan to underwrite initial costs for the early or-
ganizing committees.  For the remaining years “Wagga” 
has been entirely self-sufficient and has remained a rela-
tively inexpensive conference, by comparison with many 
others on the calendar.

Figure 1: (a)  The original “Wagga” logo. (b) The “Wagga” 
logo since 2002 – based on the spectroscopy-inspired 
millennium “Wagga 2000” logo designed by the University 
of Wollongong-based organising committee.

The evolution of the conference name (Table 1) makes 
an interesting study and reflects the gradual changes 
in the discipline of solid state physics globally, in order 
to encompass the broader field of materials research 
comprising crystalline and amorphous solids and “soft” 
matter. The conference logo has also changed. For the 
millennium “Wagga 2000”, the original conference 
logo, based on the AIP infinity symbol (Figure 1(a)), was 
replaced by a spectroscopy-inspired version of  “WW” (= 
WaggaWagga) reflected to give “MM” (= 2000 in roman 
numerals). Since 2002, its upper component (Figure 1(b)) 
has been retained as the logo for all meetings apart from 
Wagga 2005 which was included in the AIP Congress.

Figure 2: Centres for organizing committees of “Wagga” 
Conferences.
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Conference Organization
From the beginning, the “Wagga” organizing commit-
tees have been groups of volunteers from the major 
participating research institutions.  A summary of the 
sources of these organizing committees is given in Figure 
2 where a cyclic trend amongst the major centres of con-
densed matter and materials research can be observed.

Each successive organizing committee has “inherit-
ed” the “practical knowledge” of the previous committee 
and the 39 years of efficient organization are evidence of 
the success of this process.  The guidelines for organizing 
“Wagga” are now clearly set out on the Australian Con-
densed Matter and Materials website [2] under a menu 
item entitled ‘Hints on running “Wagga”’.  It is to be 
hoped that such an “ad-hoc” organizational process, in-
dependent of “Professional Conference Organizations”, 
will continue for the future.

Figure 3: Conference attendances, indicating the various 
types of attendees.

The involvement of colleagues from New Zealand 
(NZ) (Figure 3) gave rise to an invitation in 1980 for a 
NZ committee to host the first “NZ-Wagga” held on Pa-
katoa Island, a small, privately owned island in Hauraki 
Gulf off Auckland.  As is shown in Figure 2, subsequent 
NZ-hosted conferences have been held at Pakatoa Island 
(1984, 1987, 1997), Hanmer Springs near Christchurch 
(1992), Portage in Marlborough Sound (2001), and 
Waiheke Island, a resort island in Waitemata Harbour, 
Auckland (2010, 2014).

Figure 4: Sketch which appeared in the 1984 conference 
handbook (by Dr Mike Staines).

In the 1984 conference handbook for the second “NZ-
Wagga” located on Pakatoa Island, there appeared an in-
triguing sketch (Figure 4) created and signed by Dr Mike 
Staines.  At the time, Mike was a researcher at the Phys-
ics and Engineering Laboratory of the DSIR in Lower 
Hutt.  One is left to speculate just what the “condensed 
matter” is that holds such interest for the kangaroo and 
the somewhat inquisitive (and “whiskered”) kiwi.  The 
artist insists that it is an aerial view of Pakatoa Island [3].

“Wagga” Attendance
Figure 3 shows the overall trends in attendance across the 
various groups represented.  The attendance data for the 
two years when “Wagga” was incorporated into the AIP 
National Congress, 1988 and 2005, are averages of the 
1987 and 1989 and 2004 and 2006 data, respectively.  
As would be expected, Australian registrants have nor-
mally been the largest group.  However, a swing towards 
New Zealand registrants is observed for those “Waggas” 
hosted in New Zealand.  There has always been an en-
couraging participation by “international” visitors who 
have been the sources of excellent invited plenary pa-
pers.  The reports from such visitors on the “Wagga for-
mat and location” have always been very positive.  Some 
of these international visitors have likened “Wagga” to 
the well-known Gordon Conference held in New Eng-
land in the United States, on account of its residential 
nature and the fact that one has no distraction from the 
congenial discussion of condensed matter physics over 
the two and one half days.

Figure 5: Distribution of registrants from the Australian 
universities.  The entry under “Others” is explained in the 
text.

Not surprisingly, the majority group is from uni-
versities and in Figure 5 the distribution of Australian 
registrants amongst the major university centres with 
research interests in condensed matter and materials, is 
presented.  The Australian National University (ANU), 
the University of New South Wales (UNSW) and 
Monash University (Monash) have been the universi-
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ties with the largest numbers of registrants although it is 
evident that the representation from Monash University 
has significantly decreased in the last few years.

In Figure 5, the small numbers of registrants from 
many tertiary institutions are represented by the “Oth-
ers” category and it is of interest to note that the data for 
“Others” over the years comprise representatives from 
the following:  University of Western Australia, James 
Cook University, University of Newcastle, University of 
New England, Armidale, Sydney University, University 
of South Australia, Queensland University of Technol-
ogy, Ballarat CAE (now Federation University), Charles 
Sturt University, Griffith University, University of Ad-
elaide, Central Queensland University, Canberra CAE 
(now University of Canberra), Swinburne University of 
Technology, Flinders University, Murdoch University, 
University of Queensland, University of Western Syd-
ney, Deakin University and Curtin University.  Clearly, 
the discipline has a broad representation across Austral-
ian tertiary institutions.

Presented Papers
Figure 6 provides an overview of the nature of the pres-
entations.  From the very beginning, the two-and-one-
half-day programme has consisted of “Invited” talks, 
“Oral” contributions and “Poster” presentations.  In-
vited talks have often been delivered by international 
visitors, many of whom have arranged for visits at Aus-
tralian or New Zealand research laboratories to coincide 
with “Wagga”.  The advantage of this casual approach 
is that the cost of attending “Wagga” can be kept to a 
minimum, particularly for students.

Figure 6: “Wagga” papers presented, showing the “Invited” 
talks, “Oral” contributions” and “Poster” presentations.

Initially, the “Oral” contribution was preferred.  
“Poster” presentations were “paste–ups” of various pages 
(e.g., Figure 7).  The first poster boards were construct-
ed in the workshops of the CSIRO, Lindfield and the 
Department of Physics, Monash University.  They con-

sisted of canite pin-boards fixed to wooden frames and 
stands and they remained stored at the Riverina CAE.  
But as the “Poster” format became more accepted and 
the value of unrestrained discussion was appreciated, the 
“Poster” format became the preference for the major-
ity.  Of course, with the advent of “Power Point”, the 
production of posters has become an artistic endeavour 
with some amazing results on display (e.g., Figure 8).  
In 2009, when the original canite boards had become 
“riddled” with drawing pin marks, “Wagga” funds were 
used to replace them with a complete set of A0-format-
friendly, Velcro-based boards that were manufactured by 
a local Wagga Wagga supplier.

Figure 8: Post-graduate student, Sara Marzban, presenting 
her impressive “Power Point” poster during “Wagga 2012”.  
Image courtesy of Glen Stewart from the CMM website [2]. 

Throughout the 39 years of “Wagga”, each organiz-
ing committee has made an effort to engage post-grad-
uate students by allocating them a number of “Oral” 
contributions and by awarding prizes for the best stu-
dent “Oral” contributions and “Poster” presentations.  

Figure 7: Post-graduate student, Malcolm Clark (left), 
discusses the details of his research on transition metal 
superconductors with Bill Boundy (“Wagga 1978”).  Image 
courtesy of John Collins and now available on the CMM 
website [2].
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Indeed, particularly during the 1990s when the total 
“Wagga” attendance peaked at 287 with corresponding 
peaks in the total number of papers at 253 and posters at 
229 (see Figure 6) the judging of student “Poster” pres-
entations became quite a challenge for those appointed 
to this task.

The prizes for student presentations have tradition-
ally been bottles of Riverina CAE (now Charles Sturt 
University) wines, this being one of the earliest tertiary 
institutions in Australia to establish a viticulture course.  
In the early “Wagga” years, a visit to the “College Win-
ery” or an evening barbecue coupled with wine sam-
pling, was a regular highlight.  It is true to say that the 
wine quality has improved markedly over the 39 years 
of the “Wagga” conference.  We can only assume that 
the valuable comments proffered by many “Wagga-ite” 
wine connoisseurs have been gratefully acted upon by 
the viticulture staff!

Figure 9: “Wagga” papers classified as either “Experimental” 
of “Theoretical” and plotted as percentages of the total 
number for the particular year in Figure 6. 

Fields of Research
Condensed matter and materials researchers often di-
vide themselves into “Experimentalists” and “Theorists”.  
As an initial study, papers have therefore been classified 
into these two types and presented in Figure 9 as per-
centages of the total number of papers in the particular 
year.  Since many papers combine both theory and ex-
periment, the data for one year may not sum to 100%.  
Others, such as those reporting the design of a new piece 
of equipment or a new facility, such as the Australian 
synchrotron, are not reporting experimental results.  Ac-
cepting these caveats, Figure 9 shows that, on average, 
the numbers of papers based on experimental results 
have exceeded those based on theory by about 20%.

Figure 10 gives a summary based on the type of ma-
terial (metals, ceramics or polymers) being researched.  
In the earlier years, metals research was of most impor-
tance but exciting developments, notably the discovery 

of “high-Tc” superconductivity (1986) and the signifi-
cant interest internationally in various oxide phases for 
electronic applications, have led to a shift towards re-
search on ceramic materials.

 

Figure 10.  Types of materials which have formed the basis 
for “Wagga” papers, plotted as percentages of the total 
number for the particular year in Figure 6.

A further summary of presented papers based on the 
material property of interest to the research (semicon-
ducting, magnetic, superconducting, ferro/piezoelec-
tric) is shown in Figure 11.  The significant growth in 
superconductivity research that followed the “high-Tc” 
discovery is apparent.  Note that overlap occurs in con-
densed matter and materials research, (e.g., through 
magnetic semiconducting materials or, in recent years, 
multi-ferroic materials) so that the specific numbers for 
any one year in Figs. 10 and 11 do not necessarily sum 
to 100%.

Figure 11:  Material property (or properties) represented in 
“Wagga” papers, again plotted as percentages of the total 
number for the particular year.

Another analysis of “Wagga” papers is based on the 
technique that is employed in the research presented 
(Figure 12).  Here again there can be significant overlap 
with multiple techniques used for the data presented in 
any one paper, but it is of interest to note the growth in 
research utilizing neutron and X-ray techniques.  With-
in this particular presentation, the category “electron” 
includes both experimental papers involving electron 
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diffraction techniques and theoretical papers based on 
electron scattering theory and electron band theory.

Figure 12: Experimental techniques forming the basis of 
research for “Wagga” papers.

Surveys of “Wagga”
Surveys of the organizational details of the conference 
have been conducted on several occasions.  The first of 
these was initiated by a discussion session during “Wagga 
1994” with a questionnaire subsequently distributed to 
all attendees.  The questionnaire raised issues such as the 
length of the meeting, the proportions of invited to con-
tributed talks, specialist workshops, publication of pro-
ceedings/abstracts, opportunities for post-graduate stu-
dent speakers, the CMP directory, etc. [4].  76 responses 
to the questionnaire were received from 183 recipients.  
The detailed summary of the results can be viewed in 
the “Wagga 1995” handbook.  However, in general, it 
appeared that the organizational details in place since 
1977 were still favoured by the majority of respondents.  
57% requested more emphasis on oral contributions by 
post-graduate students.  There was strong support for 
assistance to post-graduate students and overseas invited 
speakers but no support for fully-funded overseas speak-
ers.

One issue that remained unresolved was the mat-
ter of published proceedings although there was strong 
support for the registration of the conference handbook 
via an ISBN.  At the time, this was the requirement for 
a “Wagga” abstract to be “counted” within the Univer-
sity funding models employed by the Australian Federal 
Government.  However, this situation changed in about 
2001 and at the 2002 conference, the incoming organ-
izing committee for “Wagga 2003” was given the task 
of running a second survey, specifically on the issue of 
“Published Proceedings.”  Perhaps not surprisingly, the 
result of this survey was a majority vote for there to be an 
opportunity to submit a manuscript for “peer-review” 
and publication (electronically) on the AIP website [5].  

This practice has occurred from “Wagga 2003” until the 
present time, with each respective organizing committee 
being responsible for managing the peer-review process.  
The numerical data for these published papers are plot-
ted in Figure 13 both as absolute numbers and as a per-
centage of the total number of presentations (oral and 
poster) for the particular year.  Somewhat surprisingly, 
despite the majority vote, particularly from the univer-
sity attendees, the number of publications has declined 
during the recent years.

One further item of interest was a paper presented at 
“Wagga 1998” [6].  While the details of this paper are 
not available in print, the abstract indicates that from a 
survey of “Wagga” handbooks up to that time, it could 
be concluded that the “Wagga” meeting had had a posi-
tive effect on collaborative research in the field, with col-
laborative research papers now (i.e., at that time) involv-
ing researchers from more than one university, as well as 
from CSIRO, ANSTO, other government laboratories 
and private industry, far exceeding the number of such 
collaborative papers during the earlier years of the “Wag-
ga” conference.

Figure 13: “Wagga” peer-reviewed manuscripts published 
on-line on the AIP website.

More recently, as an after-dinner presentation at 
“Wagga 2011”, Dr John Collins was invited to speak 
about the conference under the title, “Wagga” Why? 
What? Where? & When? A Retrospective View.  In 1976, 
John had provided strong support for the efforts of Drs 
Day, Dunlop and others to set up the current “Wagga” 
series of conferences.  In his talk, he reached the conclu-
sion that initial motivations (set out in the Introduction) 
had most definitely been achieved [1].

Social Aspects of “Wagga”
A major objective of any residential conference is social 
interaction with colleagues, leading to the exchange of 
ideas and future collaborations.  Following his partici-
pation in “Wagga 1990,” an international visitor from 
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the Office of Naval Research Far East published an in-
teresting paper in which he emphasized this aspect of 
his experience [7].  Specific mention was made of the 
interactions he enjoyed during meals, at the bar, while 
playing Trivial Pursuits or while relaxing from the 40°C 
heat, around the swimming pool.  

Such interactions also follow from Poster discus-
sions.  Poster sessions have always taken priority on the 
“Wagga” programme and the scheduling of sessions in 
parallel with the Poster sessions is deliberately avoided in 
order to support this philosophy.  In recent years, con-
ference organizers have emphasized the poster sessions 
even more so, by offering poster presenters a “one-slide” 
oral time-slot to “advertise” their posters.

Figure 14: A typical “Wagga Trivia” team enjoying their 
evening at “Wagga 2013.”  Image courtesy of Glen Stewart 
from the CMM website [2].

Social activities have comprised sports (tennis, squash 
and the pool), barbecues, campus winery visits, and the 
“Wagga Trivia” night.  A typical “Wagga Trivia” team 
is pictured in Figure 14.  Since 2003, trivia teams have 
competed for the coveted “Lindsay Davis Cup”, named 
after a former passionate “Wagga-ite,” Dr Lindsay Davis.  
Following his untimely death in 1995, a special forum 
paying tribute to his work as a research scientist for the 
Australian Institute of Nuclear Science and Engineering 
(AINSE), was held as part of ”Wagga 1996” [8].

The now traditional “Wagga Trivia” commenced in 
the early years of the conference with a Trivia Quiz or-
ganized by one of the Riverina CAE students.  However, 
his unavailability after a number of years, forced respec-
tive organizing committees to take responsibility for this 
social event from within the conference itself, which 
remains the current practice.  Interestingly, a “Wagga” 
paper in which results from “Wagga Trivia” were ana-
lyzed [9], revealed that one topic on which Australian 
and New Zealand Condensed Matter and Materials re-
searchers did not perform all that well, happened to be 
“Condensed Matter Trivia.”

Acknowledgements for Support of “Wagga”
For the first six “Waggas” there was no sponsorship sup-
port for the conference other than the initial underwrit-
ing by the AIP, occasional AIP State Branch support for 
post-graduate students, and the generous support afford-
ed by each of the institutions/laboratories at which the 
respective organizing committees were based.  However, 
in 1983 an organizing group for which the Executive 
Committee (Chairman, Secretary and Treasurer) were 
based at the Royal Military College, Duntroon (now 
UNSW Canberra), took the initiative to invite compa-
nies with interests in the equipment and/or materials for 
Solid State Physics research, to advertise (for a small fee) 
in the conference handbook.  This set a pattern for all 
future organizing committees.  Also, from 1986 some 
of these companies accepted the opportunity to exhibit 
aspects of their research equipment throughout the con-
ference.  All such sponsorship has been acknowledged 
in the respective conference handbook.  The number of 
exhibitors for any particular “Wagga” has never been as 
large as that for conferences held in major cities.  How-
ever, amongst those exhibitors who have been regular 
attendees at “Wagga” are some who admit that they have 
enjoyed and benefitted from the relaxed and friendly at-
mosphere created with the “Wagga” format.

Whither “Wagga”?  – Concluding Remarks
As we approach the 40th anniversary of “Wagga” in Feb-
ruary, 2016, there is no doubt that the original aims for 
such a conference have been achieved.  But will this nec-
essarily convey the conference into the future?

The strength of the “Wagga” meeting is that it pro-
vides a casual and inexpensive residential environment in 
which research students and early career researchers can 
gain knowledge of and interact with researchers from a 
wide range of condensed matter and materials research 
institutions.  If this holistic aspect of the conference se-
ries is to be maintained, it is important that the scope of 
the invited talks, oral contributions and poster presenta-
tions extends across all areas of current condensed mat-
ter and materials research.

However, there are areas of Australian and New Zea-
land materials research that are absent or, at most, poorly 
represented and these need to be addressed by future 
organizing committees.  Some examples include poly-
mer materials (largely absent despite their significance 
to future industrial applications), minerals and mineral 
processing and aspects of “nanotechnology.”
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Years Conference Name Logo

1977-1979 “AIP Solid State Physics Meeting” Figure 1 with year

1980 “AIP and NZIP Solid State Physics Meeting” Figure 1 without year

1981-1983 “AIP Solid State Physics Meeting” Figure 1 with year

1984 “NZIP & AIP Condensed Matter Physics Meeting” Figure 1 without year

1985-1986 “AIP Condensed Matter Physics Meeting” Figure 1 with year

1987 NZ & AIP Condensed Matter Physics Meeting 2D Lattice Wave

1988 “Condensed Matter Physics” in AIP Congress None

1989-1991 “AIP Condensed Matter Physics Meeting” Figure 1 with year

1992 “NZ & AIP Condensed Matter Physics Meeting” Cover Picture of Whale

1993 “A&NZIP Condensed Matter Physics Meeting” Unit cell of YBa2Cu3O7-δ

1994 “A&NZIP Condensed Matter Physics Meeting” f-band Fermi surface of SmS

1995-1996 “A&NZIP Condensed Matter Physics Meeting” Figure 1 with year

1997 “A&NZIP Condensed Matter Physics Meeting” 2D Lattice Wave and Figure 1 
without year

1998 “A&NZIP Condensed Matter Physics Meeting” NdFeB crystal structure

1999 “A&NZIP Condensed Matter Physics Meeting” Variation of Figure 1 with year

2000 “A&NZIP Condensed Matter Physics Meeting”  Coloured “W2” over reflected 
“M2”= “2000”

2001 “Condensed Matter Meeting” Variation of “W2”

2002 “A&NZIP Condensed Matter Meeting” Variation of “W2”

2003-2004 “A&NZIP Condensed Matter and Materials 
Meeting”

Images and coloured “W2”

2005 “Condensed Matter and Materials, and Surface 
Physics” in AIP Congress 

None

2006 “A&NZIP Condensed Matter and Materials 
Meeting”

Images and coloured “W2”

2007 “A&NZIP & RACI Condensed Matter and Materials 
Meeting”

Image and coloured “W2”

2008 “AIP & RACI Condensed Matter and Materials 
Meeting”

Image and coloured “W2”

2009 “A&NZIP & RACI Condensed Matter and Materials 
Meeting”

Images and coloured “W2”

2010 “AIP Condensed Matter and Materials Meeting” Image and coloured “W2”

2011-2015 “A&NZIP Condensed Matter and Materials 
Meeting”

Images and coloured “W2”

Table I.  Evolution of the “Wagga” name and logo

On occasions (as indicated in Table I) efforts have 
been made to link with condensed matter and materials 
research through the RACI.  To what extent this effort 
has been successful has not been analyzed here but given 
the amount of such research being supported through-
out Australia and New Zealand, it is an area worth pur-
suing.

One cause for concern is the steady decline in re-

cent years in the “Non-University” attendance (Figure 
3).  While the number in this group was never in the 
majority, the disappearance from the Australian research 
scene of laboratories such as Telecom Research, BHP 
and Comalco and the decreasing representation at re-
cent “Wagga” conferences of research from the CSIRO, 
explain this decreasing trend.  The Department of De-
fence Laboratories have only ever been poorly represent-
ed despite a strong focus on research within this sector, 
as evidenced by the creation of the Defence Materials 
Technology Centre in recent years.  So this is a possible 
source of interesting research for future “Wagga” pro-
grammes and it should be encouraged through invited 
talks.

It is significant that the organization committee for 
“Wagga 2016” will be based at The Australian Synchro-
tron where a very large representation of Australian and 
New Zealand researchers regularly attend to conduct 
their experiments.  Perhaps an Australian Synchrotron 
Users Meeting, timed around “Wagga 2016” will result 
in some exciting new fields of research being represented 
on the “Wagga” agenda.
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It is a common understanding that accelerating charged 
particles radiate electromagnetic waves. However, from 
the early days of electromagnetic theory one of the most 
intriguing questions was the possibility of existence of 
non-radiating sources. It has puzzled physicists in connec-
tion with models of dynamically stable atoms and elec-
tron configurations. Ehrenfest was probably the first to 
explicitly recognise that radiationless motions of extend-
ed charge distributions are possible [1]. Later, in 1933, 
Schott [2] demonstrated the radiationless properties of a 
rigid charged spherical shell moving along a periodic or-
bit. In 1948 Bohm and Weinstein [3] extended Schott’s 
treatment to other spherically symmetric charge distri-
butions, and Goedecke [4] in 1964 demonstrated that 
there exists at least one asymmetric, spinning, extended 
charge distribution that does not radiate. Such models 
were suggested, for example, for a classical description of 
stable elementary particles, including, neutrons, muons 
and some atomic nuclei.

In quantum field theory, based on the observed 
mirror symmetry violation in muon and nuclear beta 
decays, Zeldovich [5] proposed that weak interactions 
would modify the electromagnetic couplings to elemen-
tary particles allowing them to have new parity-violating 
moments, called anapole moments (or simply, anapoles, 
which can be literary translated from Greek as ‘without 
poles’). An anapole moment exhibits a number of pe-
culiar properties. For example, it vanishes when probed 
by real photons, and thus can be tested only in pro-
cesses involving virtual photons. Interest in the nuclear 
anapole moment is mostly due to the fact that it gives 
a dominating contribution to effects of atomic parity 
non-conservation, which depend on nuclear spin.  It has 

been observed in the magnetic structure of the nuclei of 
cesium-133 and ytterbium-174 atoms in 1997 by Wood 
et al [6].

Furthermore, such non-radiating electromagnetic 
configurations were recently proposed to classically de-
scribe the origin of dark matter [7]. According to this 
theory most of the matter in the Universe may be made 
of a basic particle [called the Majorana fermion] that 
possess an unusual, donut-shaped electromagnetic field 
similar to that of an anapole configuration. Due to its 
unique electromagnetic field profile, the elusive Majorna 
fermion would not act like a common atom. The lack 
of electromagnetic radiation of an anapole explains why 
they are so difficult to detect.

Classically, the concept of an anapole is closely related 
to so-called toroidal moments. The simplest model of a 
toroidal dipole moment is a conventional solenoid bent 
into a torus and having only a poloidal current [8,9]. The 
toroidal dipole points outward along the symmetry axis 
of the torus. Such a static poloidal current configuration 
does not produce any external electromagnetic fields, 
but still generates non-zero potentials, which might lead 
to Aharonov-Bohm like phenomena. In an ideal situa-
tion, the static magnetic field produced by a toroid is 
entirely contained within the coil in the form of circu-
lating magnetic flux. Such toroidal fields are an essential 
component of the tokamak magnetic configuration for 
the confinement of fusion plasmas. When the dimen-
sions of this configuration tend to zero, it becomes an 
‘elementary toroidal source’. Such a current distribution 
can be excited on the surface of a metallic ring, for exam-
ple. Recently, there was a number of theoretical and ex-
perimental studies trying to excite ‘pure’ toroidal dipole 

Anapoles - from Dark Matter to Photonics
Andrey Miroshnichenko
Nonlinear Physics Centre, The Australian National University, Canberra, ACT, 2601

The possibility of the existence of non-radiating sources has attracted the attention of physicists for 
many years in different branches of science. One the of the intriguing examples is the so-called anapole 
moment proposed by Zel’dovich in connection with the radiationless properties of a toroid solenoid. 
Furthermore, such electromagnetic configurations were recently suggested to classically describe the 
nature of dark matter. Recently, we demonstrated that one of the simplest systems allowing for direct 
observation of anapole mode in the visible is high-refractive index sub-wavelength nanoparticles. They 
provide new ways for excitation and investigation of the electromagnetic properties of such nontrivial 
excitations.
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moments in various metallic structures [10,11].
Interest in time-dependent currents flowing in toroi-

dal coils is owed to the remark by James Clerk Maxwell 
in his memoir ‘On Physical Lines of Force’ about no 
magnetic effect produced at any external point. Later, 
however, it was demonstrated that the initial Maxwell’s 
assertion was not correct, and that oscillating poloidal 
currents, associated with dynamical toroidal moments, 
do produce, in general, non-zero electromagnetic radia-
tion. Surprisingly, the polarisation and angular distribu-
tion of the radiation of an oscillating toroidal moment 
has the same characteristics as the radiation of an oscil-
lating electric dipole, which differs just by a factor of 
ω2, where ω is the frequency of oscillation. A particular 
superposition of electric and toroidal dipole moments 
forms a classical analog of radiationless anapole excita-
tion, due to the complete destructive interference of 
their far-field radiation.

Figure 1: Scattering cross-section and time-averaged 
energy density of the electric dipole excited inside a 
dielectric spherical particle of radius R = 100nm and 
refractive index n = 4. The energy is normalized to the case 

of a transparent particle,  The shaded 
area corresponds to the Rayleigh approximation, where the 
scattering increases with the fourth power of the frequency 
ω4.

The possibility of such excitation in photonics can 
be demonstrated with the help of Mie theory describing 
the light scattering by spherical particles. In the Rayleigh 
approximation, any subwavelength particle effectively 
scatters light as an electric dipole and exhibits the well-
known ω4 dependence on the frequency of light, which is 
partially responsible, for example, for the blue colour of 
the sky. It implies that electric dipole scattering is always 
present and increases with frequency. In the context of 

Mie theory, plane wave scattering is treated in terms of 
vector spherical harmonics, which form a full basis set, 
implying that any vector field can be uniquely expanded 
in terms of vector spherical harmonics. Due to the or-
thogonality of vector spherical harmonics, scattering by 
each partial wave is independent from the other partial 
waves. It allows us to consider a hypothetical situation 
corresponding to scattering by the incoming lowest or-
der transverse electric spherical wave, which has electric 
dipole angular symmetry. As a result, the scattered field 
will correspond to pure electric dipole radiation.

Let us now consider scattering by a dielectric spheri-
cal particle with the refractive index n. In Figure 1 the 
scattering cross-section of the electric dipole partial wave 
is shown together with the time-averaged electromag-
netic energy inside the particle, as a function of light 
frequency. This figure exhibits the Rayleigh approxima-
tion behavior for low frequencies, when the scattering 
cross-section growth as a fourth power of the frequency. 
One can also notice a peculiar situation when the scat-
tering cross-section completely vanishes. At the same 
time the electromagnetic energy inside the particle is not 
zero, implying that there is some non-trivial excitation 
which does not radiation to the far-field. An interesting 
question arises – how is it possible that electric dipole scat-
tering completely vanishes for non-zero excitation inside the 
particle?

To resolve this puzzle, we need to analyse what is ex-
cited inside the spherical particle at the zero scattering 
condition. In general, the scattering of light by a particle 
can effectively be seen as a process, where the incident 
light excites in the particle polarization and conduction 
currents that radiate. These currents can be effectively 
decomposed into Cartesian multipoles based on a source 
current inside the spherical particle J = -iω(n2 - 1) Esph, 
where Esph is the total electric field inside the particle. 
The first electric dipole moment inside the particle can 
be obtained via averaging the induced current J over the 
whole volume.

The contribution of this electric dipole moment to the 
scattering field can be written as

where n is the radiation emission direction. In Figure 
2 we compare the contribution to the scattering cross-



168 AUSTRALIAN PHYSICS 52(5)  |  SEP–OCT 2015

section, using calculations based on vector spherical har-
monics and Cartesian multipoles. One can see that in 
the low frequency region, corresponding to the Rayleigh 
approximation, both methods produce similar results. 
The situation changes for optically large particles when 
the wavelength inside becomes comparable with their 
geometrical sizes. In this case, the induced field distribu-
tion inside the particle is strongly inhomogeneous, and, 
thus, higher order terms in the Cartesian multipole ex-
pansion should be taken into account. Among all possi-
ble contributions, we are interested in those whose con-
tribution to the far-field scattering exhibit electric dipole 
symmetry only. It can be shown that the next higher or-
der term contributing to the electric dipole scattering is 
the toroidal dipole moment, which is calculated in terms 
of the induced current as [8-10,12]

It is interesting to note, that the toroidal dipole origi-
nates from a certain combination of the third order 
Cartesian multipoles, which are usually neglected. The 
most peculiar property of this toroidal moment is that 
it has electric dipole radiation pattern in the far-field. 
Thus, the total contribution to the far-field scattering 
with the electric dipole symmetry can now be written 
as

From this expression it is easy to see that the far-field 
radiation vanishes, |E P+T

sca| = 0, when the contributions 
of the Cartesian electric and toroidal dipoles to the 
scattered field are out of phase.
i.e.

and, thus, interfere destructively with each other. This 
is the exactly the condition for excitation of the radia-
tionless anapole mode.

In the above discussion we consider a hypotheti-
cal situation of single partial spherical wave excitation. 
Such excitation is quite difficult to realize in practice. 
The most common type of excitation is by a plane wave, 
which consists of an infinite number of various partial 
spherical waves. For spherical geometry, in the vicinity 
of the anapole mode excitation higher-order multipoles 
will be excited in a spherical particle with stronger con-
tributions to the total scattering cross-section, mak-ing 

it hard to detect the presence of the anapole mode. Thus, 
the question arises about other pos-sible geometries, 
which would allow experimental observation of the ex-
citation of the anapole mode.

Figure 2: Calculated spherical electric dipole (black), 
Cartesian electric (red) and toroidal (green) dipole moment 
contributions to the scattering for a dielectric particle of 
refractive index n=4 and wavelength 550 nm. These figures 
demonstrate that for small particles both contributions of 
the spherical and Cartesian electric dipoles are identical 
and the toroidal moment is negligible. For larger sizes, the 
contribution of the toroidal dipole moments to the total 
scattered field has to be taken into account. The anapole 
excitation is associated with the vanishing of the spherical 
electric dipole, when the Cartesian electric and toroidal 
dipoles cancel each other.

We found that by changing the aspect ratio of a sili-
con nanodisk it is possible to detune all higher order 
multipoles away from the anapole excitation condition, 
so that the lowest partial wave produces the leading con-
tribution to the total scattering. Thus, for the optimized 
aspect ratio there is a strong suppression of the far-field 
scattering spectrum, accompanied by a near-field en-
hancement inside and around the disk [see Figure 3], 
indicating the presence of the superposition of the elec-
tric and toroidal dipoles which results in the anapole 
mode configuration. Opposite circular displacement 
currents in the left and right hand sides of the disk gen-
erate a circular magnetic moment distribution that is 
perpendicular to the disk surface.  This provides a strong 
toroidal moment oriented parallel to the disk surface. 
Excitation of this toroidal dipole and its destructive in-
terference with the electric dipole is further confirmed 
through current Cartesian multipole decompositions. 
Experimentally, anapole excitation was observed in sili-
con nanodisks, with a height of 50 nm and diameter 
310 nm, that were fabricated on a quartz substrate using 
standard nanofabrication techniques [13]. Both, near- 
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and far-field measurements confirm the anapole mode 
excitation in the visible [see Figure 3].

Figure 3: (a) Cartesian multipole decompositions of the 
scattering spectra for a silicon disk of diameter 310 nm. 
This figure shows two leading contributions from electric 
P and toroidal T dipoles , which are out of phase and, thus, 
compensate each other in the far-field. The inset shows the 
electric near-field distribution at the anapole wavelength 
corresponding to the mimimum of the far-field scattering. 
(b) Experimental dark field scattering spectra of silicon 
nanodisks with a height of 50 nm and a diameter 310 nm. 
The inset shows experimental near-field scanning optical 
microscope measurements of the near-field enhancement 
around the silicon nanodisk. White dashed lines in the 
experimental images indicate the disk position.

The anapole achieved in the silicon nanodisk is sim-
ply based on interference. Being the simplest structure 
supporting an analpole mode, it provides new ways for 
investigating the electromagnetic properties of such 
non-trivial excitations. Its radiationless feature can make 
the nanodisk almost invisible in the far-field at the ana-
pole’s excitation wavelength. The general description 
presented above allows us to conclude that such a mode 
is not limited only to disk geometries, but should also be 
observed for spheres or other dielectric nanostructures 
where the electric dipole contribution vanishes due to 
excitation of other modes with electric dipole symmetry 
in the far-field. 

For many years the anapole remained a theoretical 
curiosity only. One of the first experimental results ob-
tained was due to the investigation of parity non-con-

servation in atoms. Recently, the anapole concept was 
extended to other branches of physics providing, for 
example, an explanation of the physical nature of dark 
matter using the concepts of classical physics. Further-
more, we have demonstrated that this concept can now 
be accessed and explored in nanophotonics, by using 
conventional dielectric materials. The anapole mode is 
known to exhibit a number of non-trivial topological 
properties, which can be constructed by manipulating 
electromagnetic waves, and would have important im-
plications in our modern life.
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BOOK REVIEWS
A concise history 
of solar and stellar 
physics 
by Jean-Louis Tassoul and 
Monique Tassoul 
Princeton University Press (2014) 
Paperback, 304 pages  
ISBN: 9780691165929

Reviewed by Yuri Litvinenko, 
Department of Mathematics, 
University of Waikato

This is a paperback edi-
tion of the book, origi-
nally published in 2004. 

It introduces the key theoretical ideas of solar and stellar 
physics in their historical context, from the ancient Chi-
nese and Babylonian myths until the end of the twen-
tieth century. About half of the book covers the period 
until 1940. Later chapters describe the progress achieved 
during what the authors believe to be the golden age of 
stellar astrophysics (1940-1970), as well as more recent 
theoretical work. The historical element is strong in the 
first half of the book, where the presentation is largely 
chronological. Perhaps inevitably, towards the end the 
book resembles an annotated list of recent publications 
in various subfields of solar and stellar physics. Appendi-
ces outline mathematical development of models for the 
equilibrium and pulsation of self-gravitating polytropic 
gas spheres and very briefly present Bohr’s model of the 
atom, Einstein’s mass-energy relation, and important 
nuclear reactions.

The authors emphasize a theoretical point of view 
throughout the book. Observations are discussed only 
very briefly, which is appropriate in a concise presenta-
tion. The presentation of the necessary basic astronom-
ical and physical concepts is very terse but remarkably 
clear, although the Tassouls’ writing style is rather heavy. 
The presented mathematical developments range from 
using astronomical observations to deduce the distanc-
es of Sun and Moon from Earth to the Lane-Emden 
polytropic model of stellar structure. At the same time, 
the authors do not duplicate standard textbooks. For in-
stance, the book does not contain a formal derivation of 
the Chandrasekhar limit. Instead, the authors discuss the 
physics of the maximum mass of a white dwarf, give a 
brief account of the events leading to its discovery, from 
Edmund Stoner’s work to the confrontation between 
Chandrasekhar and Eddington, and present a formula 
for the Chandrasekhar limit in terms of the solar mass 

and the mean molecular weight of a white dwarf star.
Although it is clear from the amount and level of 

mathematics used that the book is not intended for a 
general audience, it presents a well-written historical 
account, complete with portraits and short biographies 
of many astronomers, clear line drawings, and informa-
tive footnotes. Even non-specialists should enjoy read-
ing about the role played by the Scottish physicist John 
Waterston in the development of what is now known as 
the Kelvin-Helmholtz gravitational contraction theory 
of solar energy. Other examples include the contribu-
tions made by the German engineer Augustus Ritter to 
the equilibrium and stability theory of self-gravitating 
gas spheres, the discovery of the conservation of energy 
by the German physician Julius Robert Mayer, and the 
reasons why the Hertzsprung-Russel diagram was called 
the Russel diagram until the 1930s.

“A concise history of solar and stellar physics” com-
plements introductory astrophysics textbooks and 
provides a valuable guide to specialised research publi-
cations. The book contains a large amount of reliable 
information, and readers can learn more about a partic-
ular topic by using numerous references to key pioneer-
ing publications and reviews. The book can help begin-
ning researchers and graduate students (and maybe even 
some undergraduates who are curious about astrophys-
ics) to expand their astrophysical knowledge, provided 
the readers are already familiar with the material covered 
in such standard textbooks as “The physics of stars” by 
A.C. Phillips or “Advanced stellar astrophysics” by W.K. 
Rose. 

Copies of AIP Congress 
proceedings for 1984?

Copies of proceedings for the 6th 
Congress (Brisbane, August 1984) are 
needed to complete a national library 

collection of AIP Congress proceedings.

If you have a copy please contact 
Prof Stephen Collins:  

Stephen.Collins@vu.edu.au.
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SAMPLINGS
US survey reveals high value of physicists to 
industry
A survey by the American Institute of Physics (AIP) has 
found that US physicists with PhDs who go on to work 
in industry do not suffer a loss of earnings or intellectual 
satisfaction. Those who find jobs in the private sector, 
the survey finds, typically have careers that are rewarding 
both professionally and financially, even though they do 
not necessarily use the specific training they acquired in 
their doctoral and – for some – postdoctoral training. 

The survey – Common Careers of Physicists in the 
Private Sector – focuses on 503 US-based physicists em-
ployed in the US private sector who were awarded their 
PhDs in 1996, 1997, 2000 or 2001. Those years were 
chosen because they were either side of the 2000 “dot-
com” bubble, to provide a balance to the survey because 
Internet firms often hire physicists. 

Carried out by Roman Czujko, recently retired head 
of the AIP’s Statistical Research Center, together with 
his colleague Garrett Anderson, the survey identifies 
eight main career paths outside academic and govern-
ment work for physicists with PhDs. These are identified 
as self-employment; finance; government contracting; 
engineering; computer science; physics; other science, 
technology, engineering and mathematics (STEM) 
fields; and non-STEM fields. 

Caption: Weighing up the options

In nearly all cases, those with PhDs were working 
in areas that require the frequent use of scientific and 
technical knowledge, with many finding their jobs “in-
tellectually stimulating and challenging”. Czujko, who 
claims that the survey is the “first systematic study of 
what physicists do in the private sector”, adds that even 
physics PhD graduates who do not work in science or 
engineering “are making significant amounts of money 

and seem quite happy”. 
Indeed, the survey found that more than 75% of 

physicists in the private sector in 2011 reported annu-
al salaries of more than $100,000 – higher than many 
academic positions. Around 85% of respondents were 
working in STEM fields, even if not specifically in phys-
ics. Czujko and Anderson also discovered that physicists 
who were self-employed did not fit the stereotype of a 
solitary worker. Rather, they often ran their own busi-
nesses. 

Michael Idelchik, vice-president for advanced tech-
nologies at GE Global Research, says that the survey’s 
findings agree with his own observations. “When you 
study physics, you learn how to deal with complexities, 
noise and uncertainties,” he says. “It really positions you 
to enter private companies and the corporate world. A 
degree in physics makes you very broad and very adapt-
able.” 

Extracted with permission from an item by Peter 
Gwynne at physicsworld.com. 

US cosmic-ray observatory set for expansion
The Telescope Array observatory in Utah, US, is set for 
a $6.4M upgrade that will see some 400 detectors added 
to the facility. This will quadruple its collecting area from 
730 km2 to 2500 km2. Increasing the size of the north-
ern hemisphere’s largest ultra-high-energy cosmic-ray 
detector will allow astronomers to learn more about the 
origins of the most energetic particles in the universe.

When a cosmic ray hits the Earth’s atmosphere, it 
produces a cascade of secondary particles. The Telescope 
Array currently has 507 scintillation detectors, which 
generate light in response to incident radiation. By de-
tecting the cascade of particles, astronomers can then 
obtain information on the direction and energy of the 
original ray. 

Many astrophysicists believe that ultra-high-energy 
cosmic rays are just protons, although some argue that 
they may include helium and nitrogen nuclei. Possible 
sources for the highest energy rays include active galactic 
nuclei, supernova remnants and colliding galaxies. The 
Telescope Array, which started collecting data in 2008, 
is able to observe cosmic rays with energies greater than 
1 × 1018 eV. 

The observatory involves institutions from Belgium, 
Japan, Russia, South Korea and the US. Japan has an-
nounced it will provide ¥450M ($4.6M) to fund the 
majority of the expansion, with researchers seeking to 
find the remaining $1.8M to complete the upgrade. One 
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possible source could be the National Science Founda-
tion in the US. The new detectors will be built over the 
next three years.

Caption: The Telescope Array
“These experiments are very large because the flux of 

cosmic rays at the highest energies is very low, about two 
per square kilometre per century,” says Gordon Thom-
son, co-principal investigator for the Telescope Array 
and an astrophysicist at the University of Utah.

The Telescope Array has previously identified a pos-
sible “hotspot” of ultra-high-energy cosmic rays centred 
on the constellation Ursa Major. The observatory detects 
around 15 events per year, with a quarter in the hot-
spot – although this could be a statistical fluctuation. “If 
cosmic rays were [uniform], we would expect 0.9 events 
per year in the hotspot area of the sky, whereas we see 
about 3.5 events per year on average,” says Thomson. To 
confirm and study the hotspot, researchers need to col-
lect more data. “With the fourfold increase in data rate 
from a four-times-larger detector, we expect to answer 
interesting questions about the origin of cosmic rays,” 
he adds. 

The expansion, when complete, will make the Tel-
escope Array similar in size to the Pierre Auger Observa-
tory in Argentina, which is currently the world’s largest 
cosmic-ray detector with a 3000 km2 collecting area. 
“Having observatories of a similar size in both the north-
ern and southern hemispheres will enable full-sky sur-
veys of ultra-high-energy cosmic rays,” says Karl-Heinz 
Kampert, a particle physicist at the University of Wup-
pertal in Germany who is co-spokesperson for the Pierre 
Auger Observatory. “The Telescope Array suffers a lot 
from the relatively low rate of events set by the present 
area, so expanding the detector array is a natural step – 
this should strengthen indications of a hotspot seen in 
the northern sky.”

Extracted with permission from an item by Michael 
Allen at physicsworld.com.

Bringing the human eye into focus
A new computer algorithm, to correct optical aberra-
tions that appear while imaging the back of the eye, has 
been demonstrated by researchers in the US. The team’s 
method should allow the benefits of adaptive optics, 
more commonly used in astronomy, to be brought more 
readily into clinics. It does not need expensive optical 
hardware and, according to the researchers, could help 
diagnose degenerative eye and neurological diseases ear-
lier, making their treatment more successful. 

Caption: Looking at the individual rods and cones at the 
back of the eye

Optical coherence tomography is an interferometry-
based medical imaging technique analogous to ultra-
sound imaging, but using light instead of sound. It is 
the standard of care for diagnosing and monitoring a 
number of medical conditions such as age-related mac-
ular degeneration, in which the tissue underneath the 
retina begins to thicken, leading to nutrient starvation 
and eventual death of photoreceptors.

However, light used to image the retina has to pass 
through a patient’s eye, and imperfections specific to 
each patient create aberrations in the image, thereby 
reducing the resolution until it is impossible to image 
individual receptors and researchers have to infer the mi-
croscopic progress of a disease from macroscopic details. 
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In adaptive optics – first developed for removing the 
distortions introduced into astronomical images by the 
atmosphere – the distortion of the reflected wavefronts 
is measured by a wavefront sensor, and a mirror is con-
stantly deformed to correct for these. 

These corrections can improve the image resolution 
dramatically, but the sophisticated optical hardware re-
quired slows down the imaging speed and adds consid-
erably to the cost, nearly doubling it. Also, tiny involun-
tary eye movements can alter the phase of the incoming 
waves and blur interferometric images, making it diffi-
cult to identify optical aberrations for correction. 

Stephen Boppart and colleagues at the University of 
Illinois at Urbana-Champaign, as well as competing re-
searchers, have in recent years produced several papers 
on so-called “computational adaptive optics”, in which 
these corrections are applied by image-processing soft-
ware rather than optical hardware. In their new research, 
they unveil a multi-stage algorithm for enhancing retinal 
images that can be run on the graphics card of a high-
end desktop computer, and use it to probe the retina 
with unprecedented detail for images made without 
adaptive optics. 

First, they correct the phase, allowing them to clearly 
identify the optical aberrations. Second, an electronic 
technique to identify and correct large bulk aberrations 
reveals a few obvious photoreceptors, which appear 
blurred. Finally, the algorithm calculates the detailed 
corrections needed to display these correctly and applies 
these to the image. In astronomical adaptive optics, stars 
are sometimes used to guide these corrections. 

The researchers imaged the eye of a volunteer, look-
ing at an area near the centre of the retina called the fo-
vea. They produced extremely detailed images showing, 
for example, the decreasing density of photoreceptors as 
the distance from the fovea becomes greater. “We agree 
that, given the images we’ve seen from the hardware 
[adaptive optics] systems, our computational approach-
es are equivalent to those,” says Boppart, “In addition, 
we think we could do better by correcting the finer aber-
rations and by being able to manipulate the data post-
acquisition, which gives us a lot more flexibility.” 
[Nathan D. Shemonski et al., Nature Photonics, 
doi:10.1038/NPhoton.2015.102 (2015)]

Extracted with permission from an item by Tim 
Wogan at physicsworld.com.

Graphene light bulb shines bright
The first on-chip, visible-light source that uses “wonder 

material” graphene as a filament has been created by an 
international team of researchers. The team found that 
small strips of freely suspended graphene, attached to 
metal electrodes, can reach temperatures of up to 2800 K, 
allowing it to emit visible light. The research, while pre-
liminary, opens up intriguing scientific questions, and 
possible applications of atomically thin, transparent, 
flexible displays and optical interconnects with electron-
ic circuits. 

Illustration of light emitted from graphene

Generating light on the surface of a chip is key to 
developing fully integrated photonic circuits that would, 
in theory, use light to carry information. In many ways, 
the new light source functions much like an incandes-
cent light bulb, which glows as its wire filament is heated 
to a high temperature via an electrical current. Among 
its other remarkable properties, graphene is known for 
its very high thermal conductivity, but this makes it hard 
to heat it to extreme temperatures. Indeed, if it retained 
its really high thermal conductivity, it would not be pos-
sible to heat the graphene until it glowed in the visible 
spectrum, because the heat would flow away continu-
ously. 

Luckily, graphene’s thermal conductivity drops dra-
matically at high temperatures because of a process 
called “Umklapp scattering”, in which phonons scatter 
off one another. While graphene is normally mounted 
on a substrate, which acts as a heat sink to stop it from 
reaching such high temperatures, research done in 2006 
by Andrea Ferrari of the University of Cambridge and 
colleagues produced the first freely suspended graphene. 
In the new work, the researchers attached reliable elec-
trical contacts to suspended graphene, something Fer-
rari, who was not involved, describes as “much more 
challenging”. 
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The researchers were investigating suspended gra-
phene’s potential for producing nano-mechanical oscil-
lators. Led by Young Duck Kim then of Seoul National 
University, who is now at Columbia University in New 
York City, the team was investigating how the oscilla-
tion frequency of graphene changes with temperature 
by applying a variable voltage bias to heat it when Kim 
noticed something unusual. “During the measurement, 
I could see something blinking,” he says. “I realized that 
the blinking was light emission from the graphene.” 
Based on theoretical models and analysis of the emission 
spectra, the researchers estimate that the temperature of 
the graphene at the centre of the suspended sheets was 
up to 2800 K. 
[Young Duck Kim et al., Nature Nanotechnology, doi: 
10.1038/NNANO.2015.118 (2015)]

Extracted with permission from an item by Tim 
Wogan at physicsworld.com.

Metal foams could make promising 
radiation shields
Lightweight composite metal foams are effective at 
blocking harmful radiation, according to a new study 
carried out by researchers in the US. Indeed, the foams 
can efficiently block X-rays, gamma rays and neutron ra-
diation, and could also absorb the energy of high-impact 
collisions. The research may pave the way to metal foams 
being used in medical imaging, nuclear safety, space ex-
ploration and other shielding applications. 

With their unusual mechanical and thermal prop-
erties, composite metal foams are attracting increas-
ing levels of interest. Afsaneh Rabiei and colleagues at 
North Carolina State University first began investigating 
the potential for metal foams to be used in military and 
transport applications such as for blast protection and as 
armour, before turning their attention to possible uses 
in space exploration or nuclear shielding. The team was 
keen to see if such metal foams could actually block vari-
ous types of radiation, provide structural support and 
protect against high-energy impacts. 

Composite metal foams consist of pre-fabricated me-
tallic hollow spheres that are embedded within a metal-
lic matrix. In the latest work, different varieties of the 
composite foams were made using three main materials 
– aluminium–steel, steel–steel and tungsten- and vana-
dium-enriched “high-Z steel–steel” – and in different 
sphere sizes of 2, 4 and 5.2 mm in diameter. 

To test their effectiveness, Rabiei’s team measured the 
attenuation of different types of radiation – specifically, 

X-rays, gamma rays and neutron radiation. The results 
of the foam tests were compared with those from bulk 
samples of an aluminium alloy (A365), lead and steel – 
three materials that are commonly used in shielding ap-
plications. To make the best comparison, the researchers 
prepared each sample with the same areal density, with 
the test materials varying in volume but having the same 
weight. 

One of the composite metal foams

The foams were seen to perform well, with the most 
effective shielding material overall being the “high-Z” 
steel–steel foam. This foam was the best material against 
neutron radiation and low-energy gamma rays, and was 
comparable with the alternatives at blocking high-ener-
gy gamma rays. For X-ray applications, the high-Z foam 
was also effective, being bested only by pure lead. The ef-
fectiveness of the foam was seen to be largely independ-
ent of the size of the sphere used to form the material’s 
cavities.

“This work means there’s an opportunity to use com-
posite metal foams to develop safer systems for trans-
porting nuclear waste, more efficient designs for space-
craft and nuclear structures, and new shielding for use in 
CT scanners,” says Rabiei. In addition, she notes, “[The] 
foams have the advantage of being non-toxic, which 
means that they are easier to manufacture and recycle.” 
[Shuo Chen et al., Radiation Physics & Chemistry, 117 
12-22 (2015)]

Extracted with permission from an item by Ian Ran-
dall at physicsworld.com.

New sunspot analysis shows rising global 
temperatures not linked to solar activity
A recalibration of data describing the number of sunspots 
and groups of sunspots on the surface of the Sun shows 
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that there is no significant long-term upward trend in 
solar activity since 1700, contrary to what was previous-
ly thought. Indeed, the corrected numbers now point 
towards a consistent history of solar activity over the past 
few centuries, according to an international team of re-
searchers. Its results suggest that rising global tempera-
tures since the industrial revolution cannot be attributed 
to increased solar activity. The analysis, its results and its 
implications for climate research were discussed today at 
a press briefing at the IAU XXIX General Assembly held 
in Honolulu, Hawaii in August 2015.

Measuring the sunspot number – or Wolf number 
– is one of the longest running scientific experiments 
in the world today, and provides crucial information to 
those studying the solar dynamo, space weather and cli-
mate change. Scientists have been observing and docu-
menting sunspots – cool, dark regions of strong mag-
netism on the solar surface – for more than 400 years, 
ever since Galileo first pointed his telescope at the Sun in 
1610. Scientists have also known about the solar cycle – 
an approximately 11-year period during which the Sun’s 
magnetic activity oscillates from low to high strength, 
and then back again – since the mid-18th century, and 
they have been able to reconstruct solar cycles back to 
the beginning of the 17th century based on historic ob-
servations of sunspot numbers. 

Sunspots imaged in Sept 2011 Credit: NASA/SDO/HMI.

Although solar activity has oscillated consistently, 
the timings and characteristics of individual cycles can 
vary significantly. Between 1645 and 1715, for exam-
ple, solar activity did not pick up, and the Sun remained 
in an extended period of calm known as the Maunder 
minimum. Historically, this period coincided with the 
“Little Ice Age”, during which parts of the world includ-
ing Europe and North America experienced colder win-
ters and increased glaciation than today. These suggested 
that there exists a strong link between solar activity and 
climate change. 

Until now, the general consensus was that since the 
end of the Maunder minimum, solar activity has been 
trending upwards over the past 300 years, peaking in the 
late 20th century – an event referred to as the modern 
grand maximum. The trend has also led some to con-
clude that the Sun may play a significant role in modern 
climate change. However, a long-running and conten-
tious discrepancy between two parallel series of sunspot 
number counts has made this role difficult to pin down. 

The two methods of counting the sunspot number 
– the Wolf sunspot number (WSN) and the group sun-
spot number – deliver significantly different levels of 
solar activity before about 1885 and also around 1945. 
The WSN was established by Rudolf Wolf in 1856, and 
is based on both the number of groups of sunspots and 
the total number of spots within all of the groups. In 
1994 the question began to arise as to whether the WSN 
was good enough to construct an accurate historical 
sunspot record. Because of the limitations of telescopes 
in those days, the smaller spots could have easily been 
missed, some have argued. A new index – the group sun-
spot number (GSN) – was established in 1998, which is 
easier to measure and has been backdated to measure-
ments since Galileo’s time. This index was based solely 
on the number of sunspot groups. Unfortunately, the 
two series disagreed significantly before about 1885, and 
the GSN has not been maintained since the 1998 pub-
lication of the series. 

The new correction of the sunspot number, called 
the sunspot number version 2.0, led by Frédéric Clette, 
director of the World Data Centre for Sunspot Index 
and Long-term Solar Observations (WDC–SILSO) and 
based at the Royal Observatory of Belgium, Ed Cliver 
of the National Solar Observatory in the US and Leif 
Svalgaard of Stanford University in the US, nullifies the 
claim that there has been a modern grand maximum. 
Indeed, the researchers say in their abstract that their 
study is “the first end-to-end revision of the sunspot 
number since the creation of this reference index of solar 
activity by Rudolf Wolf in 1849 and the simultaneous 
recalibration of the group number”, and that their re-
sults mean that there is no longer any substantial differ-
ence between the two historical records. 
[http://www.sidc.be/silso/home]

Extracted with permission from an item by Tushna 
Commissariat at physicsworld.com



176 AUSTRALIAN PHYSICS 52(5)  |  SEP–OCT 2015

Harry Messel was born on 3 March 
1922 in Manitoba Canada to im-
migrant parents from Ukraine.  Af-
ter graduating from the (Canadian) 
Royal Military College with the 
College’s top award, the Governor-
General’s Silver Medal, he served as 
an officer in World War II.  He then 
completed his PhD degree at The In-
stitute for Advanced Studies in Dub-
lin under the supervision of Erwin 
Schrödinger, and took up a position 
as Senior Lecturer at the University 
of Adelaide in 1951.  In September 
1952, at the age of 30, he became the 
youngest Professor of Physics at the 
University of Sydney.
Harry inherited a depleted and 
moribund physics department.  At 
that time there were no competi-
tive research grant schemes for State 
universities.  He established the Nu-
clear Research Foundation (now the 
Physics Foundation) in 1954, the 
first foundation in the British Com-
monwealth, in order to raise funds 
to develop and support research in 
the re-envigorated School of Physics.  
During his 35-year term as Head of 
School he raised more than A$130 
million for the Foundation from 
individual donors, business and gov-
ernments throughout the world and 
was able to set up several research 
groups of international standing 
within the School.
He also played a leading role in the 
introduction of computers to Aus-
tralia. During the period from 1954 
to 1956 he raised the funds for and 
supervised the construction of SIL-
LIAC in the School of Physics.  This 
computer, the second in Australia, 
was a clone of ILLIAC at the Uni-
versity of Illinois.  SILLIAC was used 
to perform many scientific, engineer-
ing and commercial calculations, to 
demonstrate the utility of computers 
to state and federal governments and 
the business community, and to train 
a generation of computing academics 
and professionals.  This led to a rapid 
uptake of this important technology 
throughout Australia.

Soon after his arrival in Sydney he 
went public with his concerns about 
the poor quality of science education 
in Australian high schools and during 
the next decade he was responsible 
for two major initiatives. First 
he began an annual science 
school for physics teach-
ers in 1958 to acquaint 
them with many of the 
exciting developments 
in their discipline.  Four 
years later he replaced 
this school with an an-
nual school for senior 
secondary students.  He 
passed away on 8 July this 
year during the 38th Profes-
sor Harry Messel International Sci-
ence School where 130 students 
from Australia, China, India, Japan, 
New Zealand, Singapore, Thailand, 
UK and USA attended two weeks of 
lectures given by eminent scientists 
from around the world and engaged 
in a wide program of science-related 
activities.
Until the early 1960s the four ba-
sic science disciplines were taught 
separately in Australian high schools.  
Very few girls were able to study 
physics and very few boys were able 
to study biology; hardly any students 
were able to study geology.  Profes-
sor Messel campaigned successfully 
to require all NSW high school stu-
dents to study an integrated science 
syllabus in their first four years.  He 
and the Foundation produced the 
first textbooks for the new syllabus 
and helped to provide resource ma-
terials for teachers.  The integrated 
model was introduced in NSW 
schools in 1963 and subsequently 
in all Australian states and in many 
other countries, including New Zea-
land and the UK.
In the early 1970s Professor Messel 
became heavily involved in conserva-
tion work.  In 1972 he established 
and led a very large project to study 
the ecology of the saltwater crocodile, 
Crocodylus Porosus, which had been 
hunted almost to extinction in Aus-
tralia but is now a protected species.  

This project lasted for over a decade 
during which he carried out radio-
telemetric monitoring of crocodiles 
throughout northern Australia.  He 
produced the first detailed charts of 
all river systems and obtained basic 
ecological data, including vegetation 
and salinity profiles.  At the end of 
the project he served for many years 
as Senior Vice-Chairman of the Spe-
cies Survival Commission (SSC) of 
the International Union for Conser-
vation of Nature (IUCN), as a mem-
ber of the SSC Steering Committee 
and as Chairman of the Crocodile 
Specialist Group of the SSC.
In 1992 Professor Messel accepted 
an invitation to become Chancellor 
of the struggling Bond University, 
the first private university in Austral-
ia.  Soon thereafter he took on the 
additional position of Vice-Chancel-
lor and completely restructured the 
academic programs and finances to 
make it a viable institution.
Professor Messel was a larger than 
life figure who made an enormous 
contribution to Australian society, 
particularly in education at both 
secondary and tertiary levels and in 
scientific policy and research.  Many 
things would be quite different to-
day without his vision, enthusiasm, 
determination and seemingly unlim-
ited capacity for work. His efforts 
have been recognised by his appoint-
ment as a Companion in the Order 
of Australia in 2006.

Emeritus Professor Harry Messel AC CBE
3  M a r c h  1 9 2 2  –  8  J u l y  2 0 1 5

A/Prof Robert G Hewitt, University of Sydney
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COHERENT SCIENTIFIC
Highest Power Supercontinuum Laser
Fianium now offers the WhiteLase™ SC400-20, the 
world’s most powerful blue-enhanced supercontinuum 
laser with over 20 W of total power. This new laser pro-
duces over 3 W of visible (400-750 nm) and 4 W of 
extended visible (400-850 nm) power and a continuous 
output spectrum from <400nm to 2400 nm.
 

Like all Fianium Supercontinuum Lasers, the WL-
SC-400-20 operates at MHz repetition rate making it 
ideal for steady-state or time-resolved measurements and 
a perfect alternative to multiple discrete CW or pulsed 
lasers. With the addition of a tunable filter, users can ex-
pect >50 mW output power at 405 nm, and even higher 
powers at any other visible wavelength.

The laser is fully integrated with touch-screen con-
trol, requires no user maintenance and is compatible 
with all WhiteLase tuneable filters and accessories.

New Ultrafast Laser Delivers Femtosecond 
Pulses at 40W Average Power
Coherent has released Monaco, a diode-pumped ultra-
fast laser delivering 40 µJ pulses at 1035 nm, with repeti-
tion rate variable from single shot to 1 MHz. Standard 
pulsewidth is <400 fs and an option is available for vari-
able pulsewidth from <400 fs to 10 ps.

Monaco has outstanding beam quality (M2 < 1.2) 
making it ideal for demanding micromachining appli-
cations in research and industrial environments. Ho-
mogenous materials such as glass and metals as well as 
complex layered structures are readily addressed with 
Monaco’s sub-400 fs pulsewidth.

Finally, Monaco’s reliability is assured through the 

HALT (Highly Accelerated Life Test) and HASS (High-
ly Accelerated Stress Screen) protocols employed during 
development and throughout production. Commonly 
used in the consumer electronics and automotive indus-
tries, Coherent has introduced HALT/HASS to the la-
ser industry to bring an unrivalled standard of reliability 
and quality to laser-based manufacturing.

New – Coherent Fidelity HP Ultrafast Fibre 
Oscillator <140 fs Pulsewidth, up to 18 W 
Average Power
The Fidelity HP is the latest addition in Coherent’s Fi-
delity turn-key oscillator packages.  The Fidelity HP is 
an ideal source for nonlinear microscopy applications 
including optogenetics and functional brain scanning, 
nonlinear optics, and commercial two photon polymeri-
sation applications.  Improving the performance charac-
teristics of the Fidelity 2, the Fidelity HP platform can 
deliver:
• 10 W or 18 W average power
• 1040 nm horizontally polarized output
• 140 fs pulse durations
• Adjustable negative GVD correction to 30,000 fs2

• Compact, turn key platform

As with the Monaco micromachining laser, and al-
most all next-generation Coherent advanced laser sys-
tems, reliability is assured through the HALT (Highly 
Accelerated Life Test) and HASS (Highly Accelerated 
Stress Screen) protocols employed during development 
and throughout production.  Thanks to these integrated 
engineering principles Coherent provides new lasers sys-
tems with both a lower cost- and time-to-data through-
out its new product lines.

For further information please contact Coherent Scientific 
at sales@coherent.com.au

Coherent Scientific 
116 Sir Donald Bradman Drive,Hilton SA 5033 
Ph: (08) 8150 5200      Fax: (08) 8352 2020 
www.coherent.com.

PRODUCT NEWS
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LASTEK

ALIO Industries, leaders in True Nano™ 
positioning 
ALIO, (which is Latin for “A better way”) is an innova-
tor in nano technology motion systems. ALIO’s designs 
exceed current standards of precision product designs 
for automation technology. Holding two patents for the 
Parallel 6 Axis Hexapod and the Parallel 3 Axis Tripod 
as well as several patent pending for nano Z stages and 
planar air bearing systems, ALIO is setting the pace for 
nano-precision design and systems.

ALIO’s linear and rotary stage products have been 
designed and manufactured to have no equal in the 
world for performance and reliability. ALIO’s mechani-
cal bearing stages can perform at a level of precision that 
the competition struggles to match with their air bearing 
stages.  These robust True Nano™ air bearing stages, for 
nano-precision applications, offer the same 5-nanometer 
resolution capabilities as their standard products, with 
high stiffness and speeds from 1 micron/sec to over 1 
m/sec depending on application needs. The air-bearing 
stages are well suited when smooth, precise motion is 
required for advanced FPD, Photovoltaic and Semicon-
ductor metrology, process and repair.

Lastek are pleased to announce our new 
partnership with one of the most innovative 
camera manufactures in the market, Raptor 
Photonics 

Known for their low noise and impressive stability, Rap-
tor Photonics’ range of CCD, EMCCD, CMOS and 
sCMOS cameras can offer a solution to your imaging 
application. The compact, stabilized Kingfisher CCD is 

ideal for fluorescence applications and is available in 2.8- 
or 6-MP resolution and in both mono or RGB.  The sys-
tem includes active TEC stabilisation allowing the King-
fisher to achieve a low dark current and optimisation of 
the electronics provides an impressive readout noise of < 
7 e–s.  With a 16-bit camera link, acquisition speeds up 
to 20 fps and ruggedisation allowing operation between 
–20 to 55 °C, the Kingfisher is a great choice for your 
laboratory microscope or field kit.

TOPTICA expands their portfolio of ultrafast 
fiber-based laser systems 
TOPTICA’s new FemtoFiber pro SCYb provides laser 
pulses with a centre wavelength of 1030 nm and dura-
tion below 100 fs. The turnkey system delivers typically 
700 mW average output power making it the perfect 
solution for applications in nonlinear microscopy, like 
effective two-photon excitation of fluorescent proteins 
and SHG based contrast mechanisms. In addition, the 
FemtoFiber pro SCYb is ideally suited for the generation 
of pulsed THz radiation.

The new, all-fiber high-power laser system is based on a 
very stable, SAM mode-locked Er-doped oscillator op-
erating at 1560 nm. The oscillator output is frequency-
shifted towards 1030 nm using a nonlinear fibre. Yb-
doped fiber amplifiers level up the power to typically 
700 mW at the laser output. The system also includes a 
small grating compressor unit to achieve transform-lim-
ited output pulses of typically 90-100 fs, with more than 
70 % of the total power in the main peak. It operates at a 
repetition rate of 80 MHz and provides a TEM00-beam 
shape with M2<1.2 and a beam diameter of 2 mm.

For more information please contact Lastek at sales@
lastek.com.au

Lastek Pty Ld 
10 Reid St, Thebarton, SA 5031 
Toll Free: Australia 1800 882 215 ; NZ 0800 441 005 
T: +61 8 8443 8668 ; F: +61 8 8443 8427 
web: www.lastek.com.au
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WARSASH SCIENTIFIC
Renishaw’s latest advance in high-speed 
Raman imaging 
Warsash Scientific are pleased to announce the release of 
StreamLineHR™ Rapide, Renishaw’s latest high-speed, 
high resolution (250 nm) Raman imaging capability. 
StreamLineHR™ Rapide enables users of its inVia Ra-
man microscope to rapidly collect large amounts of Ra-
man data. With this capability, and inVia’s high sensitiv-
ity, users can generate high definition chemical images 
quickly.

Tight integration 
between Renishaw’s 
detector and motor-
ised sample stage 
enables very rapid 
imaging (detector 
spectrum readout rate 

over 1000 s-1). Coupled with large file handling this 
means it is easy to produce highly detailed Raman 
images with extreme speed. 

With enhanced signal-to-noise ratios, accurate meas-
urements are achieved even where extremely low signal 
levels are present. Users can export high definition (meg-
apixel) Raman images to see data in all its detail and be-
cause there is no inherent file size limit, it is also possible 
to record tens of millions of spectra in a single file.

Imaging even the most challenging samples at very 
high resolution (250 nm) becomes routine with Stream-
LineHR Rapide and all without the need for a piezo-
electric stage!

ILT5000 Research Radiometer
International Light Technologies (ILT), a leading de-
signer and manufacturer of light measurement and 
detection systems, is pleased to announce the introduc-
tion of the all new ILT5000 Research Radiometer & 
Picoammeter.

The ILT5000 is “The 
ILT1700 for the 21st 
Century” improving on 
the industry standard 
with rapid measure-
ments (up to 100 Hz), a 
broader dynamic range 
(100 fA to 1 mA), ex-

tensive supporting software apps, wireless communica-
tion, internal data storage, and a 4-20 mA output. 

The broad linear dynamic range of the ILT5000 and 
the SMA input connector allow the meter to also serve 

as a highly sensitive and accurate picoammeter. 
The ILT5000 supports numerous light measurement 

applications including, but not limited to; Radiometry, 
Photometry, Research, UVGI-Sterilization, Solar, Pho-
toresist, Optical Radiation Hazard, Phototherapy, Pho-
to-degradation, Plant Growth and more. The ILT5000 
also doubles as a highly accurate picoammeter and has 
a SMA connector to allow connection of any current 
generating source including non-ILT photodiodes and 
sensors. 

TeraCard
NeTHIS, a key member of the French competitiveness 
cluster “ALPhA Route des Lasers” which specializes in 
innovative solutions for multispectral vision, is pleased 
to announce the TeraCard – a universal broadband laser 
viewing card.  

Based on a proprietary optical-to-thermal conversion 
technology, the TeraCard absorbs electromagnetic fields 
from an extremely wide and continuous spectral range 
(100 nm to 3 mm) and re-emits infrared signal (8-12 
µm) to be viewed with an affordable thermal camera. 
The sensor material has a uniform spectral responsiv-
ity and a stable long lifespan. The minimum detectable 
power density is 100 µW/cm² and the damage threshold 
is 1 W/cm². 

The key benefit of the TeraCard is its broad spectral 
versatility which makes it the one-stop solution for de-
tecting, visualising and aligning coherent/incoherent 
electromagnetic beams from a wide variety of sources, 
including but not limited to: Gas lasers; Dye lasers; 
Solid-states lasers; Fibre lasers; QCL; THz sources; Free 
electron lasers; Black-body radiation. There are three dif-
ferent sizes to choose from.

For more information contact Warsash Scientific at 
sales@warsash.com.au 
 
Warsash Scientific 
PO Box 1685, Strawberry Hills NSW 2012 
T: +61 2 9319 0122    F: +61 2 9318 2192 
www.warsash.com.au
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Highest available output 
power >20W

Fixed or variable
repetition rate

Blue or UV enhanced 
spectrum on all systems

Ultimate visible brightness 
(350-750nm)

Touchscreen control with 
intuitive operation

Ultrafast
Fibre
Lasers
WhiteLase
Hylase
SuperChrome

20W blue enhanced
supercontinuum fibre laser 
THE WORLD’S MOST POWERFUL!


