
Volume 51, Number 5, Sep–Oct 2014

INTERNATIONAL 
CONFERENCE 

ON WOMEN IN 
PHYSICS

CRYSTALLOGRAPHY 
AT THE OPAL 
REACTOR

CRYSTALLOGRAPHY 
AT THE 
AUSTRALIAN 
SYNCHROTRON



Lastek (Quantum Composers) A4 Ad Print File.pdf   1   20/08/2014   10:04 am



Lastek (Quantum Composers) A4 Ad Print File.pdf   1   20/08/2014   10:04 am





AUSTRALIAN PHYSICS 141SEP–OCT 2014  |  51(5)

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

AIP contact details:
PO Box 193, Surrey Hills, Vic 3127
Phone: 03 9895 4477
Fax: 03 9898 0249
email: aip@aip.org.au

AIP website: www.aip.org.au

AIP Executive
President Dr Robert Robinson
 Robert.Robinson@ansto.gov.au
Vice President Prof Warrick Couch
 wcouch@aao.gov.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 Marc Duldig
 Marc.Duldig@utas.edu.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 Cormac Corr
 cormac.corr@anu.edu.au

AIP NSW Branch
Chair Dr Scott Martin Scott.Martin@csiro.au
Secretary Dr Frederick Osman
 fred_osman@exemail.com.au

AIP QLD Branch
Chair Prof Chris Langton
 christian.langton@qut.edu.au
Secretary Dr Till Weinhold 
 weinhold@physics.uq.edu.au

AIP SA Branch
Chair Dr Kristopher Rowland
 kristopher.rowland@adelaide.edu.au
Secretary Dr Laurence Campbell
 laurence.campbell@flinders.edu.au

AIP TAS Branch
Chair Dr Raymond Haynes
 rhaynes.Tas@gmail.com
Secretary Dr Stephen Newbury
 Stephen.Newbery@dhhs.tas.gov.au

AIP VIC Branch
Chair Dr Mark Boland
 mboland@unimelb.edu.au
Secretary Kent Wootton
 kent.wootton@synchrotron.org.au

AIP WA Branch
Chair Dr David Parlevliet
 D.Parlevliet@murdoch.edu.au
Secretary Dr Andrea Biondo
 andreaatuni@gmail.com

CONTENTS

AUSTRALIAN PHYSICS 141

142 Editorial
  Celebrating Crystallography; 

Women in Physics

143  President’s Column 
Your Executive Team

144 News & Comment

145 Branch News

147  Crystallography at 
ANSTO’s jewel, the 
OPAL reactor 
Helen E. Maynard-Casely and Garry 
J. McIntyre

154  The Australian Synchrotron in the International 
Year of Crystallography 
Michael James, Helen E.A. Brand and Santosh Panjikar

161 Conferences

162  Searching to increase the diversity in 
Australian Physics 
Helen E. Maynard-Casely, Margaret Wegener and Cathy Foley

166  Samplings 
Physics news that caught the eye of the editor

170  Obituary 
John Vincent Sullivan (1924-2013)

171  Book reviews
 Lee Weissel reviews Everyday Calculus by Oscar E. Fernandez

 Charles Jenkins reviews Nothing by Jeremy Webb

  Barry Green reviews A Piece of the Sun: The Quest for Fusion 
Energy by Daniel Clery

173  Product Reviews 
New products from Coherent Scientific, Lastek, and Warsash 
Scientific.

Cover
View over the 3 GeV electron accelerator 
of the Australian Synchrotron.  The facility 
hosts two infrared and eight X-ray beam-
lines, radiating tangentially from the 216 m 
circumference storage ring.  Three beamlines 
support advanced crystallographic methods. 
The foreground shows part of the 138 m 
long Imaging and Medical Beamline.

Volume 51, Number 5, Sep–Oct 2014

INTERNATIONAL 
CONFERENCE 

ON WOMEN IN 
PHYSICS

CRYSTALLOGRAPHY 
AT THE OPAL 
REACTOR

CRYSTALLOGRAPHY 
AT THE 
AUSTRALIAN 
SYNCHROTRON



142 AUSTRALIAN PHYSICS 51(5)  |  SEP–OCT 2014

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
Dr John Macfarlane
jcmacfarlane@netspace.net.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

142 AUSTRALIAN PHYSICS

EDITORIAL

Crystallography; 
Women in Physics
2014 is the International Year of 
Crystallography (IYCr2014). Ac-
cording to the official IYCr2014 
website, 2014 was chosen as it “com-
memorates not only the centennial 
of X-ray diffraction, which allowed 
the detailed study of crystalline ma-
terial, but also the 400th anniversary 
of Kepler’s observation in 1611 of 
the symmetrical form of ice crystals, 
which began the wider study of the role of symmetry in matter”. In 
this issue we publish two articles in recognition of the International 
Year of Crystallography.

Both articles highlight applications of crystallography using re-
cent major Australian scientific infrastructure: neutron diffraction 
at the OPAL reactor at ANSTO’s Lucas Heights establishment and 
X-ray diffraction at the Australian Synchrotron at Clayton, now op-
erated also by ANSTO.

The first article, Crystallography at ANSTO’s jewel, the OPAL reac-
tor, by Helen E. Maynard-Casely and Garry J. McIntyre describes 
the OPAL neutron diffraction capabilities and the achievements 
in the short period since the reactor began operation in 2006. The 
authors also highlight the fact that Australian scientists have made 
significant contributions to neutron diffraction since the early days 
of the first reactor at Lucas heights, HIFAR.

The second article, The Australian Synchrotron in the International 
Year of Crystallography, by Michael James, Helen E.A. Brand and 
Santosh Panjikar describes the various diffraction beamlines and the 
achievements since commencement of operation in 2007. This arti-
cle also outlines the history of X-ray diffraction in Australia.

To change topic, the third article, Searching to increase the di-
versity in Australian Physics, by Helen E. Maynard-Casely, Margaret 
Wegener and Cathy Foley is a report on the 5th IUPAP International 
Conference on Women in Physics at which the authors were the Aus-
tralian representatives. Much is positive in this report, but it also 
observes that there is still much to do in relation to participation of 
women in physics. 

My aim is to have at least two articles in each issue and occa-
sionally, as in this issue, there will be three. While most articles are 
solicited I welcome suggestions for articles – if accompanied by sug-
gestions of possible authors or even offers of authorship even better. 
I see it important to strive for diversity across fields and institutions. 
The latter is not, of course, limited to universities and government 
laboratories. Articles from teachers or physicists working in industry 
are most welcome. I look forward to a flood of suggestions and of-
fers.

Brian James
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PRESIDENT’S COLUMN

Your Executive Team
I have now served as President of the 
Australian Institute of Physics for 
18 months, and in February of next 
year I will step down, and become 
“immediate past president”.  So I 
thought that I might introduce the 
rest of the AIP’s Executive team, and 
also reflect on what comes next. 

Firstly, the Australian Institute of 
Physics is a fairly small organisation 
with around a thousand members, 
and the leadership team are all vol-
unteers.  That said, some of us have 
strong moral support, and some 
modest financial support, from our 
own organisations.  I recently met in 
London with the President (Frances 
Saunders) and CEO (Paul Hardak-
er) of the UK’s Institute of Phys-
ics, from which we were spun off 
in the early 1960s.  I did this while 
on holiday, so there was no cost to 
AIP, in case you are worrying that 
your membership dues are being 
squandered!  Anyway, the Institute 
of Physics is a much larger organi-
sation, with major revenues from its 
publishing operations.  It has an an-
nual turnover of around £75M, and 
is indeed a group of five companies.  
More than half of its membership 
comprises physicists working in in-
dustry.  Nevertheless, the IOP sees 
part of its mission as to advance 
physics in other countries, and help 
them develop their own sense of 
community, just as we have in Aus-
tralia.  Frances, who was previously 
CEO of the UK’s Defence Science 
and Technology Laboratories, will 
be attending our Congress in Can-
berra, in December, giving a talk in 
the Women-in-Physics portion of 
the program.  I would encourage 
you to come and hear her speak and 
to introduce yourself, if and when 
you get the chance.   

But back to our leadership team:  
Warrick Couch of the Australian 

Astronomical Observatory (Vice-
President); Joe Hope of the Austral-
ian National University (Secretary); 
Judith Pollard of University of Ad-
elaide (Treasurer); Ian McArthur 
of University of Western Australia 
(Registrar) and Olivia Samardzic 
of DSTO and Halina Rubinsztein-
Dunlop of University of Queens-
land (both Special Project Officers).  
In addition, immediate past Presi-
dent Marc Duldig formerly with 
the Australian Antarctic Division 
and University of Tasmania attends 
our Executive meetings, which take 
place every 2 months, and rotate 
around the country.  So far this year, 
we have been to University of Mel-
bourne, University of New South 
Wales, the new secretariat’s (PAMS) 
offices in Melbourne, University 
of Western Australia and we will 
meet at University of Adelaide on 
22 October.  In 2013, we went to 
RMIT, the Australian National Uni-
versity, the Australian Astronomical 
Observatory, Swinburne Univer-
sity of Technology and University of 
Queensland.  As the Institute is reg-
istered in Victoria, we always meet 
for 2 days in January of February in 
Melbourne, with one day compris-
ing a meeting of the whole Council 
consisting of representatives of all 
the State Branches, Cognate Socie-
ties and the eight Topical Groups.  
On these visits, we try to meet up 
with local physicists, whether or not 
they are members of the Institute, 
have a dialogue with locals about is-
sues that interest or concern them, 
meet with students and others who 
are potential new members, and 
tour the local physics facilities.

Of course, the State Branches 
each have a similar structure, with 
chair, vice-chair, secretary and treas-
urer, again all positions filled by 
volunteers.  If you are potentially 

interested in playing a role as such 
a volunteer, please let your local 
branch know.  And we are always 
also on the lookout for talented 
people at the Federal level,  espe-
cially those who have a track record 
of hard and successful work in the 
State branches, or elsewhere in Aus-
tralian physics.

Early next year, at the Annual 
General Meeting in Melbourne, we 
will need to elect a new president, 
a new vice-president, and fill the 
roles of secretary, treasurer and reg-
istrar.  In accordance with our con-
stitution, the current executive has 
nominated the following for these 
positions, but nominations can also 
be made from the general mem-
bership.  If you wish to nominate 
a person for any of these positions, 
please send the nomination from a 
nominator and two seconders (all of 
whom must be financial AIP mem-
bers or fellows) along with a letter of 
consent from the nominee to aip@
aip.org.au or by mail to AIP, P.O. 
Box 193, Surrey Hills, Vic 3127, by 
21st September 2014.  The current 
executive is nominating the follow-
ing slate:  Prof Warrick Couch (as 
President); Prof. Andrew Peele (as 
Vice-President); A/Prof. Joe Hope 
(as Secretary); Prof. Ian McArthur 
(as Registrar); Dr. Judith Pollard (as 
Treasurer).

Rob Robinson
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NEWS & COMMENT
2014 L’Oréal for Women in Science Fellow
Dr Cara Doherty, a materials scientist at CSIRO’s Man-
ufacturing Flagship in Clayton, is one of three 2014 
L’Oréal for Women in Science fellows.

Cara is an ARC Discovery Early Career Research 
Award (DECRA) Fellow and is working on metal–or-
ganic frameworks (MOFs), which she believes are the 
key to smarter, lighter water filters. MOFs are crystalline 
compounds in which clusters of metal atoms are linked 
by carbon-based groups. They are highly porous, and the 
huge expanse of surface area means that, as a filter, they 
have a greater chance of interacting with the pollutants 
in waste water.

Because the properties of MOFs can be changed by 
varying the types of 
metals or the groups 
between them, they 
can be carefully tai-
lored to their task. 
Cara is proposing to 
employ them as mo-
lecular traps to pull 
chemical and biologi-
cal pollutants out of 
non-potable water. But 
MOFs can also poten-

tially be useful for detecting or diagnosing disease, soak-
ing up greenhouse gases, or storing methane and other 
fuels. MOFs can also incorporate light-emitting mol-
ecules, such as quantum dots, that can indicate whether 
they are doing their job or when they need to be cleaned.

With the help of her L’Oréal For Women in Science 
Fellowship she will investigate how to take the next step: 
to develop the 3D structures that would be needed for 
a smart water filter. Cara has an Honours Physics de-
gree from Curtin University of Technology, and a PhD 
in Physical Cemistry from the University of Melbourne.

2014 Australian Laureate Fellows
The sixteen new Australian Laureate Fellows for 2014, 
announced in August, included two physicists.

Prof Jonathan (Joss) Bland-Hawthorn, University of 
Sydney, received his fellowship for the project: Hector: 
a revolutionary survey machine to discover how galaxies 
formed. The formation of the Milky Way, is one of the 
most important questions in cosmology today. One of 
the key unknowns is how the gas, which forms the stars, 
gets into dark matter halos to make galaxies and why 
these galaxies spin. His project aims to assemble a first-

rate instrument team to 
build Hector, the first auto-
mated hexabundle spectro-
graph; to assemble a large 
team to combine Hector’s 
spectral imaging of 100,000 
galaxies with new Austral-
ian radio observations; and 
to extend this technology 
for the Giant Magellan Tel-
escope. This will help to 
ensure Australia’s leadership 
in observational cosmology 

and instrumentation through this decade and into the 
era of extremely large telescopes.

Prof Peter A Robinson, 
University of Sydney, re-
ceived his fellowship for the 
project: The physical brain: 
emergent, multiscale, non-
linear, and critical dynamics. 
This project aims to trans-
form the understanding of 
the structure and function 
of the brain as a complex 
physical system. It aims to 

reveal and unify new aspects of information processing, 
transitions in conscious state, and nonlinear brain inter-
actions by translating and applying concepts and meth-
ods from physics and mathematics. It will treat brain 
structure and dynamics together to address emergent 
phenomena like waves and patterns on multiple scales, 
treating waves as equal participants alongside neurons. 
Innovative predictions of brain phenomena will aim to 
be verified against data and used to understand brain 
networks, dynamics, and the physical phenomena un-
derlying information processing and consciousness.

CSIRO Alumni Scholarship
CSIRO Alumni, a network of former staff who volun-
tarily support science in Australia, offers scholarships to 
support Australia’s future scientists.

In 2015, they will be awarding the CSIRO Alum-
ni Scholarship in Physics, which aims to connect the 
brightest young physicists or mathematicians to a lead-
ing research centre overseas or in Australia.

The scholarship has been established to honour the 
memory of Drs John Dunlop, Tony Farmer, Gerry 
Haddad and Don Price, with generous donations from 

Prof Peter RobinsonDr Cara Doherty

Prof Joss Bland-Hawthorn
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their families, friends and colleagues and the Alumni in 
conjunction with the Laboratories Credit Union.  The 
Alumni hope to offer a similar scholarship annually.

 The 2015 CSIRO Alumni Scholarship in Physics 
will be a post-graduate travel scholarship, which will 
fund an airfare up to $3,000 to visit and/or conduct 
research in an overseas or interstate institution such as 
a university or research establishment of international 
standing in the field. For more, see www.csiroalumni.
org.au/?page=Scholarships.

Student Olympiad Medallists
Australia’s International Physics Olympiad team re-
turned from 45th Physics Olympiad held in Kazakhstan 
with two silver medals, won by Alex Ritter and Allen Gu 
from Scotch College, Victoria, and Brisbane Grammar 
School, Queensland, respectively.

In addition, bronze medals went to Arthur Thiele, 
from Fort Street High School, NSW, and Edric Wang, 
from Sydney Boys High School. Turner Hancock from 
Cranbrook School, NSW, earned an honourable men-
tion.

The 46th International Physics Olympiad will be held 
in Mumbai, India, 5-12 July, 2015 (http://ipho2015.
hbcse.tifr.res.in).

STEM: Australia’s Future 
Chief scientist Professor 
Chubb released his rec-
ommendations for a stra-
tegic approach to science 
and its related fields on 
2 September. The docu-
ment, Science, Technology, 
Engineering and Math-
ematics: Australia’s Future 
outlines what we need 
to do to build a stronger, 
more competitive Aus-
tralia. The document can 
be download from the 

chief scientist website: www.chiefscientist.gov.au
“Science is infrastructure and it is critical to our future. 
We must align our scientific effort to the national inter-
est; focus on areas of particular importance or need; and 
do it on a scale that will make a difference to Australia 
and a changing world,” Professor Chubb said
STEM: Australia’s Future focuses on:
• Building competitiveness

• Supporting high quality education and training
• Maximising research potential
• Strengthening international engagement

“We are the only OECD country without a science 
or technology strategy. Other countries have realised that 
such an approach is essential to remaining competitive 
in a world reliant on science and science-trained people,” 
Professor Chubb said.

“I have drawn on the views of our science communi-
ty and Australian business in framing this set of recom-
mendations. I look forward to continuing working with 
government in securing a better future for Australia.”

BRANCH NEWS
ACT 
Frame Your Physics video competition.
Are you involved in a cool research project? Or maybe 
you are always looking for interesting questions: Why is 
the sky blue? How do stars form? How do lasers work? 
Can you explain them to your friends? Then explain it 
to everyone!

Following the previous two events organised by the 
ACT branch of the Australian Institute of Physics, this 
year we are proud to announce that the third “Frame 
Your Physics” video competition is going national! The 
2014 edition will coincide with the 21st biennial AIP 
Congress, which will be held in Canberra in the week 
December 7-11 in 2014 under the theme “The Art 
of Physics”. The FYP competition fits well within this 
theme and our event will be held in the weeks preceding 
the Congress. We’re hoping to make the 2014 edition a 
bigger and better event. 

Make a video of up to 3 minutes presenting any topic 
in physics in an entertaining and informative way and 
you could win awesome prizes for you and your school! 

The competition is open to students, or team of stu-
dents, enrolled in any school in Australia. Entries are 
now open and must be submitted before 31 October 
2014. So get filming, be creative and have some fun 
with it!

Find out more at www.aip.org.au/act/Frame_Your_
Physics, facebook.com/FrameYourPhysics, youtube.
com/Frameyourphysics

Prof Ian Chubb
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NSW 
Physics of the Mind industry day
The mind underpins all industries imaginable, which is 
why our NSW branch is making it the theme of this 
year’s Physics in Industry day.

Understanding how the mind works could boost 
knowledge-based industries via productivity gains or 
neural enhancements. And understanding thought and 
consciousness may lead to machines that excel in science 
and art the way that robots currently populate produc-
tion lines.

A wonderful mix of speakers will investigate the 
mind from their diverse standpoints, including: 
•  Buddhist monk Ajahn Brahmavamso
•  IBM researcher Jürg von Känel
•  complex systems and brain dynamics expert Peter 

Robinson
•  cognitive scientist Kirsty Kitto
•  Richard Watson, author of Future Minds

Join us on 6 November 2014 at CSIRO, Lindfield 
West, NSW. For more information to get your mind 
moving, see physics-industry.com.

VICTORIA 
Video and photo contests for schools
The AIP Victorian branch is running another contest for 
Victorian schools, in which students are asked to film a 
Q&A between two or more people on the science of cli-
mate change. You can find out more at www.vicphysics.
org/videocontest.html.

The Victorian branch is also holding a photo contest, 
for pictures depicting physics in everyday life, open to 
Victorian school students. Find out more at www.vic-
physics.org/photocontest.html.

The Victorian photo and video contests both close 
on the first day of term 4: 6 October 2014. 

Victorian Young Physicists’ Tournament
Registrations are now open for this team contest, in 
which students conduct experiments and then present 
and defend their findings—and challenge other teams.
The tournament, run by the AIP Victorian branch, in-
volves teams of three year 11 and 10 physics students 
conducting experiments throughout the year. They then 
meet for a final confrontation at Quantum Victorian in 
Macleod West on 2 and 3 December.
This year’s topics are: 
•  Conductivity of pencil lines—The lines, drawn by 

so-called ‘lead’ pencils, conduct electricity. Investigate 
the factors that determine the resistance of the line.

•  Bouncing ball—If you hold a Ping-Pong ball above 
the ground and release it, it bounces.  The nature of the 
collision changes if the ball contains liquid.  Investigate 
how the nature of the collision depends on the amount 
of liquid inside the ball and other relevant parameters.

•  Rubber motor—A twisted rubber band stores energy 
and can be used to power a model aircraft, for exam-
ple.  Investigate the properties of such an energy source 
and how its power output changes with time.

Entry is free, but teams must be registered by the first 
day of Term 4, i.e., 6 October 2014.

For more information and examples from previous 
tournaments, see www.vicphysics.org/vypt.html. 

For all information about the 
Australian Institute of Physics, visit:

 www.aip.org.au
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Introduction
The discipline of modern crystallography and the tech-
nique of X-ray diffraction were outlined by three of the 
great physicists of the early 20th century.  In 2014 we are 
celebrating the UNESCO International Year of Crystal-
lography [1] to mark the century that has passed since 
Max von Laue, William H. Bragg and William L. Bragg 
laid out the fundamentals of X-ray diffraction and its ap-
plication to determination of crystal structure.  In 1911, 
when von Laue first noted the diffraction spots from 
crystals the breadth and scope to which this technique 
would be applied could not have been imagined.  25 
Nobel Prizes later, and the keys to secrets of life revealed 
in the structure of DNA, crystallography is still as strong 
a subject as ever, moving into its second century.

Over the last hundred years Australia has played a key 
role in the development of crystallography, and is now 
seen as a world leader in a number of diverse fields in 
the discipline.  One of these fields is neutron diffraction, 
with focus at the OPAL1 reactor (Figure 1) at ANSTO2  
and the Bragg Institute, the ANSTO research division 
that is primarily responsible for developing and operat-
ing the neutron-scattering capability around OPAL. But 
we are jumping ahead of ourselves.  How did we get to 
this position? 

The formative years at HIFAR
As at many of the materials-testing reactors of the 1950s, 

a subsidiary programme of neutron scattering also soon 
developed at HIFAR3, Australia’s first research reactor 
(Figure 1), it too located on the Lucas Heights site. This 
programme was run by a small but dedicated team of 
scientists within the AAEC4  (later replaced by ANSTO) 
with the interface to university researchers supported by 
an equally small team within AINSE5. Initial interest 
focussed on studies of nuclear-fuel materials, BeO and 
actinides in particular, mostly by single-crystal diffrac-
tion, which was seen as the technique of the future in the 
1960s. The BeO work gave the first paper from HIFAR 
and was published in no less a journal than Nature [2].

Figure 1: Australia’s current research reactor, OPAL, in the 
background, with the first reactor, HIFAR, in inset.

The second publication from HIFAR data (again in 
Nature!) described the joint X-ray and neutron refine-

Crystallography at ANSTO’s jewel, 
the OPAL reactor
Helen E. Maynard-Casely and Garry J. McIntyre*

The Bragg Institute, Australian Nuclear Science and Technology Organisation, 
Lucas Heights NSW 2234, Australia 
* Corresponding author: garry.mcintyre@ansto.gov.au

Australian neutron scattering leapt into the 21st century with the start up of the OPAL reactor at ANSTO 
in 2006. The major part of the initial success has been in crystallography, carrying on the excellent 
tradition established since the late 1950s at the HIFAR reactor. The combination of state-of-the-art 
instrumentation, support facilities, expert scientific staff, and enthusiastic users of OPAL has yielded 
an impressive series of scientific results, as well as a fledgling industrial programme, and has trained 
numerous students who are now highly respected ambassadors for neutron scattering. Here we give an 
overview of highlights in crystallography that have come from the capabilities offered by and around 
OPAL, and hint at further developments in the field.

1 Open-Pool Australian Light-water reactor
2 Australian Nuclear Science and Technology Organisation

3 High-Flux Australian Reactor
4 Australian Atomic Energy Commission
5 Australian Institute of Nuclear Science and Engineering



148 AUSTRALIAN PHYSICS 51(5)  |  SEP–OCT 2014

ment of p-diphenylbenzene [3], remarkable in itself as 
presaging the X-N studies so prevalent a decade later, 
but also notable in that one of the authors was Hugo 
Rietveld, later famous as the developer of the Rietveld 
Method for refinement of powder diffraction patterns 
[4]. Rietveld was part-way through his PhD at the Uni-
versity of Western Australia, and would move on to Re-
actor Centrum Nederland at Petten in the Netherlands, 
where the materials of interest could only be prepared as 
powder samples, and the rest is history [5].

Powder diffraction did gradually develop in impor-
tance at HIFAR with application of the Rietveld Meth-
od and as the performance of the diffractometers im-
proved. The High-Resolution Powder Diffractometer, 
HRPD [6], and later the Medium-Resolution Powder 
Diffractometer, MRPD [7], flourished when the num-
bers of detectors were increased (finally to 24 and 32 
respectively), and were the most productive instruments 
by many measures when HIFAR shut down in 2007.

The long-wavelength polarised-neutron spectrom-
eter LONGPOL [8] gave Australia a niche capability in 
the study of magnetic diffuse scattering, depolarisation, 
and other specialised magnetic phenomena, particularly 
in spin glasses [9].

Diffraction and crystallography underpin the major-
ity of the ca. 750 neutron-scattering publications from 
HIFAR in its 50-year life. There were many forerunners 
of things to come amongst these publications and other 
events around HIFAR; we note in particular that the 
(first) one-day school in neutron diffraction organised 
by AINSE in 1970 attracted 81 attendees.

“...by the 1990s it was clear that a 
modern research reactor would 
be necessary to restore Australia’s 
regional leadership in neutron 
scattering”

The team and instruments at HIFAR could not cover 
all scientific areas though, which led in the later decades 
of the last century to an increase in ‘suitcase science’ for 
many Australian neutron scatterers who sought beam 
time at the now considerably-more-powerful overseas 
facilities. This approach worked well for a select few, but 
by the 1990s it was clear that a modern research reactor 
would be necessary to restore Australia’s regional leader-
ship in neutron scattering.

OPAL, ANSTO’s jewel
ANSTO was given the go ahead in 1997 to build a 

modern 20 MW research reactor, later named OPAL, 
to replace the 10 MW HIFAR. Like HIFAR, OPAL 
is a multipurpose reactor6, but with the requirements 
of neutron scattering considered already in the design 
stage, and with state-of-the-art neutron optics, the in-
crease in performance of the neutron-beam instruments 
over those at HIFAR is many times the simple factor of 
two in reactor power.

A series of workshops was held to choose the first 
suite of instruments, with the likely user bases closely 
consulted.  The first instruments are generally to con-
ventional designs using components proven elsewhere, 
but occasionally in unique assemblies. The budgets and 
schedules were tight, but all the instrument-construc-
tion projects have succeeded, and very well.

Figure 2: Schematic layout around OPAL of the principal 
neutron-beam instruments used for crystallography. 

The HIFAR instruments mostly had technically spe-
cific names linked to the particular beam tubes, e.g. 4H1 
for the instrument on the horizontal beam 4 inches in 
diameter on the 1st port, or 2TanA for the first (A) of the 
two on the shared end of the tangential beam tube 2 cm 
in diameter. This was all very well for the inner circle of 
neutron specialists of the day, but too obtuse for a good 
part of the wider mix of users of a national facility.  In-
stead, the instruments on OPAL are named after (mostly) 
Australian fauna, usually with some physical relation to 
the capability of the instrument, and surprisingly memo-
rable to frequent and infrequent users alike (Figure 2).  
After all, what is not to like about a WOMBAT?
6 The principal activities at OPAL are:
• Production of medical and industrial isotopes
• Irradiation of silicon for the semiconductor industry
• Neutron activation analysis
• Neutron scattering
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As befits a national facility, the science is largely 
driven by the external user programme, through a peer-
review proposal system for access to the neutron-beam 
instruments. ANSTO’s scientists obtain beam time 
via the same process.  Certain scientific themes, where 
neutrons offer distinct advantages as a research tool, are 
showcased, principally via the Bragg Institute web pages 
[10]. These themes currently include energy materials, 
thermo-mechanical processes, magnetism, food science, 
biomolecules, and cultural heritage.

Instruments and facilities for 
crystallography at OPAL

Most of the neutron-beam instruments use diffrac-
tion to some degree, but the following concentrate on 
crystallography:
• ECHIDNA – high-resolution powder diffractometer
• KOALA – single-crystal Laue diffractometer
• KOWARI – strain scanner
• WOMBAT – high-intensity powder diffractometer

A number of other instruments occasionally conduct 
diffraction experiments, such as the small-angle scat-
tering instrument, QUOKKA, for the study of mag-
netic flux line lattices, and the three-axis spectrometer, 
TAIPAN, for characterisation of magnetic thin films or 
multilayers.  A test Laue diffractometer, JOEY, can be 
used for single-crystal alignment.

“researchers observed real-
time structural changes in the 
graphite anode and ... cathode 
of a commercial Li-ion battery 
..., the world’s first operando in 
situ diffraction experiment on 
batteries.”

ECHIDNA was the first instrument to enter user 
operation, just after OPAL went critical in August 
2006, and produced the first publication shortly there-
after [11]. This spearheaded a publication rate that puts 
ECHIDNA amongst the world’s best neutron powder 
diffractometers, and in record time!

The high penetration power of neutrons facilitates 
use of bulky sample environments that offer quite ex-
treme ranges of, e.g. temperature, magnetic field, and 
pressure, often in combination. The Bragg Institute 
sample-environment team works closely with the sci-
entists to satisfy all demands, or to adapt equipment 

brought by the users, wherever possible. In-house equip-
ment includes cryostats, furnaces, dilution inserts, mag-
nets, pressure cells, thermo-mechanical load frames, and 
gas-dosing devices. 

A world-leading synthetic laboratory in its own right, 
the National Deuteration Facility (NDF) which is also 
part of the Bragg Institute, plays a key role in providing 
deuterated powder samples, notably for the demanding 
gas-absorption studies [12].

Some modelling support for data analysis is offered, 
primarily to get users started on modelling where this 
is appropriate [13].  First-principles energy calculations 
for identification of starting models for structure refine-
ment, verification of crystal structures, choosing be-
tween different disordered models, and charge and spin 
densities are the main crystallographic applications.

The neutron diffraction techniques described below 
are also applicable to proprietary research on a fee-for-
service basis, an access method that is proving to be in-
creasingly attractive to several quite diverse companies 
and government research groups.

Science themes
The diversity of the community that uses neutron scat-
tering has resulted in a number of themes to the crystal-
lographic research undertaken at OPAL.   

Energy materials
The high-intensity powder diffractometer, WOMBAT, 
has forged a strong reputation for undertaking complex 
in situ experiments.  This is greatly facilitated by the 
large two-dimensional position-sensitive detector built 
by Brookhaven National Laboratory and one of only 
two of its kind in the world.  A particular application of 
this capability has been in the study of battery materials, 
and a sizeable internal group and strong research pro-
gramme has developed around this.   

For instance, using WOMBAT, researchers observed 
real-time structural changes in the graphite anode and 
LiFePO4 cathode of a commercial Li-ion battery man-
ufactured in Taiwan [14], the world’s first operando in 
situ diffraction experiment on batteries.  The researchers 
charted the position of the (002) reflection of the graph-
ite anode during charging and discharging cycles.  One 
observation of this study was that the reflection shifted 
to higher angles on discharge, indicating that the layers 
in the graphite were compressing.  This behaviour was 
interpreted to result from the extraction of lithium ions 
during the discharge process.  Understanding this behav-
iour and its impact on the anode and cathode materials 
is informing efforts to design more durable batteries.  
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Magnetism
As an experimental tool for the study of magnetism at 
the atomic level, neutron scattering is without equal. The 
magnetic moment of the neutron can interact with the 
electronic magnetic moments of a crystalline material 
by diffraction to probe the magnetic structure and give 
both the location and orientation of the atomic spins.

In some cases it is the on-site expertise elsewhere at 
ANSTO that facilitates the science.  This is particularly 
so for handling and collecting data from radioactive 
materials, a case in point being technetium oxides, for 
which little is known about the structure and proper-
ties due to the radioactivity and sparse abundance of 
all technetium isotopes. An experiment on CaTcO3 on 
ECHIDNA to follow the distortion of the known per-
ovskite structure over a wide temperature range gave the 
surprising observation that this material is magnetically 
ordered to nearly 1000 K [15].  The researchers com-
bined their results with ab initio modelling to find that 
the structure had a significantly more covalent type of 
bonding between the metal and oxygen atoms, which, it 
is believed, is what gives such a high magnetic-ordering 
temperature.  

Artificially modulated magnetic structures, such as 
thin-film multilayers, heterostructures, and superlattices 
have become an important field in scientific research 
with numerous applications in the field of spintronics.  
Diffraction from such structures grown epitaxially can 
often be investigated using the three-axis spectrometer 
TAIPAN, by taking advantage of the crystal analyzer 
to reduce the inelastic background.  Typically, the de-
sired physical properties of such structures, for example 
exchange bias, are obtained by chemical modulation 
of different materials, which inevitably affects the be-
haviour of the system due to incommensurate growth, 
strain, and interface roughness.  A new approach is to 
create a modulated antiferromagnetic (AFM)/ferromag-
netic (FM) structure by modulation of chemical order 
in the same material [16].  By controlling the degree of 
chemical order through temperature modulation dur-
ing growth, the authors could create a single-crystalline 
FePt3 film of homogeneous composition, but with alter-
nating chemically ordered antiferromagnetic and chemi-
cally disordered ferromagnetic layers that resulted in a 
large exchange-bias effect.  The nature of the antiferro-
magnetic ordering was found by diffraction on TAIPAN 
[16] (Figure 3).

Figure 3: Chemical order in FePt3 leads to 
antiferromagnetism (AFM), chemical disorder to 
ferromagnetism (FM). Interfacing AFM and FM layers gives 
unique magnetic self-exchange bias  [16].

Chemical crystallography
Despite having had a long and successful tradition of 
conventional single-detector four-circle instruments at 
HIFAR, ANSTO took the bold step to jump directly 
to the forefront of neutron single-crystal diffractometry 
with the dedicated Laue diffractometer, KOALA. The 
key component of modern neutron Laue instruments is 
a large solid-angle detector based on image plates, as on 
KOALA, or CCD detectors, as on JOEY.

Niche experiments for the neutron Laue technique 
include rapid crystallography to characterise phase tran-
sitions, crystal structures of very small samples typically 
0.1 mm3 in volume which has opened up neutron dif-
fraction to fields of chemical crystallography previously 
thought to be beyond reach, and volumetric surveys of 
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reciprocal space, particularly to identify or characterise 
new phases, aperiodic materials, and twinned crystals. 

Chemical crystallography, especially hydrogen in the 
presence of considerably heavier atoms, hydrides, hy-
drates, hydrogen migration in co-crystals, and hydrogen 
bonding in all classes of materials, dominates on KO-
ALA. A stunning example is the recent discovery and 
structural elucidation of an unprecedented 28-copper-
atom, 15-hydride core [17] (Figure 4), in a molecule that 
provides a further clue to practical hydrogen storage. 

WOMBAT with its large area electronic detector, 
may be better suited for some single-crystal experiments, 
especially those on larger crystals, with extreme sam-
ple environments, or when a monochromatic neutron 
beam is essential, such as for diffuse-scattering measure-
ments. The study of structural disorder in ferroelectric 
PbZn1/3Nb2/3O is a fine example of the last application 
[18].

Figure 4: The 28-copper-atom 15-hydride molecular core, 
surrounded by dithiocarbamate, elucidated by a single-
crystal study on KOALA [17].

Earth and planetary science
A novel, world-first technique was used on the strain 

scanner KOWARI to investigate the deformation of ice 
dynamically (in situ) using neutron diffraction to deter-
mine the preferred orientation and strain. Laboratory-
grown pure and ‘dirty’ samples of polycrystalline D2O 
were shortened in the range from 5 to 40 % at variable 
temperatures and at three different constant deforma-

tion rates [19]. These observations have significant im-
plications for our understanding of the flow properties 
of glaciers and ice sheets which commonly exhibit layers 
of ice mixtures. 

More recently experiments upon ECHIDNA have 
been taken, literally, out of this world.  Jupiter’s dra-
matic moon, Io, has volcanoes that eject ionized sulfur 
into space. These ionized particles become trapped in 
the magnetic field of Jupiter, and bombard the surfaces 
of Io’s sister ice moons, Europa, Ganymede, and Cal-
listo, where it reacts with the surface ice to form sulfuric 
acid hydrates.  Data collected in complement with X-
ray data from the Powder Diffraction beamline at the 
Australian Synchrotron revealed a new phase of sulfuric 
acid hydrate, the first discovered in over a century [20] 
(Figure 5). This new material, sulfuric acid hexahydrate, 
is possibly abundant on the surface of the sister moons 
which may influence the myriad of geological features 
seen there.

Figure 5: Complementary powder diffraction data for 
sulfuric acid hydrate from ECHIDNA (top pattern) and the 
Powder Diffraction beamline at the Australian Synchrotron 
(bottom pattern) [20].  Superimposed at right are the 
structures that can be refined from each pattern; the X-ray 
data yield very accurate sulfur and oxygen positions while 
the neutron data add the hydrogen (deuterium) positions. 

Engineering materials
To the casual viewer the measurement of residual stress 
by strain scanning, as practised on KOWARI, only con-
tains a light touch of crystallography in that the stresses 
are calculated from the changes in observed Bragg peak 
positions, giving effectively a lattice-level strain gauge.  
However the interpretation is underpinned by involved 
matrix relations between the choice of (reciprocal-space) 
scattering vectors and the real-space lattice, and by finely 
honed measurement precision.  

The engineering problems tackled by strain scanning 
do have a regional aspect, with an emphasis on steel such 
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as rail components and gas pipes in Australia, as opposed 
to the dominance of problems involving aluminium and 
titanium in Europe and the USA, reflecting the local in-
dustries. The majority of studies on KOWARI have been 
on welds [21], claddings, and rail components [22] thus 
far, but interest in additive layer manufacturing, also 
known as 3D printing, is growing rapidly.

“...strain scanning ... with an 
emphasis on steel such as rail 
components and gas pipes ... as 
opposed to the dominance of 
problems involving aluminium and 
titanium in Europe and the USA”

Because KOWARI has an unencumbered heavy-duty 
sample table and OPAL runs for ca. 300 days per year, 
users are prepared to travel halfway around the world to 
access the strain-scanning capabilities at the Bragg Insti-
tute.  This was the case for a recent examination by TWI 
Ltd (UK) of welds in a section of a large-diameter nat-
ural-gas pipeline, which at 630 kg is to our knowledge 
the largest sample yet studied by neutron strain scanning 
world-wide (Figure 6).

Figure 6: The section of a gas pipeline whose circumferential 
weld was examined on KOWARI. (Reproduced with 
permission of TWI Ltd (UK).)

Cultural heritage
A nascent research theme at the Bragg Institute is the 

application of neutron scattering to cultural heritage. 
This is likely to grow rapidly when our imaging instru-
ment, DINGO, comes into user operation, but here we 
will concentrate on the crystallographic aspects.

 Crystallography can play a key role in forensic in-
vestigations of materials that model those in the real 
artifacts, particularly under conditions that mimic in a 
controlled or accelerated fashion those endured by the 
artifacts.  The non-destructive nature of neutrons cou-
pled with the high penetration, often means that the 
artifact itself can be examined in its entirety. A topical 
example from HIFAR was the examination of the ar-
mour worn by bushranger Joe Byrne in the Kelly Gang’s 
final encounter with the police in the Glenrowan seige 
in 1880 [23]. X-ray and neutron diffraction phase analy-
sis and fluorescence elemental analysis led to the con-
clusion that the armour was manufactured after 1857 
from good-quality rolled steel (similar to plough shares), 
most likely over a camp fire by an unskilled worker. The 
armour was also marked by bullets, which the study 
showed were not from the Glenrowan siege, but from 
after World War I!

Carrara marble is often used to face large buildings, 
but bowing and other degradation has been observed, 
particularly in climates different to the Genoan coast 
of Italy.  Combined diffraction analysis on ECHIDNA 
and texture analysis and strain scanning on KOWARI 
showed that thermally induced stress resulting in micro-
cracking is the likely cause of weathering and deteriora-
tion of the marble [24].

Concluding remarks 
These examples are just a selection of the many crys-

tallographic highlights of the neutron-scattering pro-
gramme at OPAL.  A common element of the above 
is that it is the combination of state-of-the-art instru-
mentation, expert instrument scientists, and highly 
skilled support staff in sample environment, mechanics, 
electronics, and informatics that yields world-class out-
comes.  

“ANSTO is well on the way to 
achieving its commitment to make 
OPAL one of the top three research 
reactors for neutron scattering in 
the world”

The range of crystallographic applications will inevi-
tably increase and diversify as both the in-house exper-
tise and the user base expand and develop.  The cur-
rent introduction of polarised-neutron capability via 
3He spin filters on many of the instruments will see a 
dramatic growth in magnetism research.  We are also 
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gauging local interest in protein crystallography, and 
membrane and fibre diffraction, which could lead to 
development of wide-angle diffraction capabilities using 
cold neutrons.  Niche applications, especially those that 
also exploit other capabilities within ANSTO, includ-
ing those at the Australian Synchrotron, will continue 
to appear, as evidenced by the technetium and planetary 
ice studies. 

ANSTO is well on the way to achieving its commit-
ment to make OPAL one of the top three research reac-
tors for neutron scattering in the world.
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The Australian Synchrotron in Melbourne (Figure 1) is 
one of Australia’s premier research facilities and, at over 
$250 million, represents one of the biggest single invest-
ments in scientific excellence in the nation’s history. Op-
erated by the Australian Nuclear Science and Technol-
ogy Organisation, the Australian Synchrotron produces 
intense beams of X-ray and infrared light at experimental 
end-stations, providing unique experimental capabilities.  
Since commencing user operations in 2007 the Austral-
ian Synchrotron has become an integral part of the Aus-
tralian and New Zealand research scene.  The facility has 
now supported over 2500 experiments and more than 
20,000 user visits resulting in scientific research that has 
already had significant and lasting impact.

Figure 1: The Australian Synchrotron and National Centre 
for Synchrotron Science (top left).

Research performed at the Australian Synchrotron 
has seen world-leading results in: medical and life sci-
ences, including key insights into diseases such as ma-
laria and diabetes; advanced materials and engineering, 
including drug delivery systems and new types of elec-
tronics; and earth and environmental sciences includ-

ing reduced CO2 emissions in cement manufacture and 
hydrogen storage materials.  Many of these results are 
underpinned by the use of crystallography and it is fair 
to say that the technique is a workhorse for synchro-
tron facilities around the world.  In this UN-declared 
international year of crystallography, it is a good time 
to showcase some of the outstanding science produced 
at the Australian Synchrotron and which was made pos-
sible by the work of “Australia’s” W. L. and W. H. Bragg 
just over 100 years ago.

“...the use of crystallography.... is a 
workhorse for synchrotron facilities 
around the world”

The history of crystallography in Australia is a rich 
one, many aspects of which are well documented. John 
Jenkin’s biography, for instance, of the Bragg’s, William 
Henry and William Lawrence, provides a wonderful 
tour of the scientific, the personal and the societal envi-
ronment surrounding the “Most Extraordinary Collab-
oration in Science”.  What may be less well appreciated 
are the extent and the connectedness of the crystallo-
graphic links in the Australian research story, particular-
ly from the 1950’s onwards.  Any attempt in a brief note 
such as this to definitively represent the pioneers and 
achievements of crystallography through that period to 
the current day is doomed to failure.  Instead, allow this 
random sampling to demonstrate the impact crystallog-
raphy has had and the connections it has spawned on 
the national research scene.

In the 1950’s A. D. Wadsley set up an X-ray lab in 
Melbourne with a series of high resolution Guinier cam-
eras, bits of which are still in use at CSIRO (thanks to 
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new pharmaceuticals, studies of disease and other fundamental biological processes.
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Ian Grey for this piece of social history).  He was also 
a pioneer in the use of electron microscopy in tandem 
with diffraction to solve structures in the very early era of 
electron diffraction.  Some of the initial attempts in this 
space were pursued, at Wadsley’s suggestion, by John 
Cowley and Alex Moodie also from CSIRO who were 
of course seminal researchers in that field.  Wadsley was 
asked to submit a case for the Nobel prize but unfortu-
nately died before it could be considered, but does have 
the honour of having the high pressure mineral, Wads-
leyite named for him.

In the 1960’s Ted Maslen, who had worked at Ox-
ford with Dorothy Hodgkin on molecular structures, 
came back to the University of Western Australia and 
set up a crystallography lab.  Among many others he 
supervised Hugo Rietveld, and it is the Rietveld method 
that is so critical to refinement of crystal structures from 
powder diffraction data.  Maslen was a driving force in 
getting diffraction up and running at the 10 MW HI-
FAR reactor at Lucas Heights, Sydney, establishing a 
long tradition of, what is now, the Australian Nuclear 
Science and Technology Organisation’s involvement in 
crystallographic methods.

“A synchrotron light source 
provides an increase in brightness 
of the X-ray light by more than a 
factor of a million compared to 
laboratory sources.”

The development of inorganic crystallography was 
soon followed by proteins.   Early developments of 
structural biology work through Hans Freeman at the 
University of Sydney and Ted Baker in New Zealand 
(who was also a past chair of the Scientific Advisory 
Committee of the Australian Synchrotron) included the 
solutions of plastocyanin and actinidain respectively in 
the 1970’s.  The structural biology field has generated 
many notable alumni since then (many of whom such 
as Peter Colman and Mitchell Guss have played impor-
tant roles in the development and direction of the Aus-
tralian Synchrotron serving respectively on the board of 
the operating company and as the chair of the Scientific 
Advisory Committee – more of these connections can 
be followed in other better-informed summaries such 
as Jenny Martin’s [1], herself a previous member of the 
Scientific Advisory Committee), and the growth of both 
inorganic and protein work continues at a rapid pace.

A huge increase in that pace came about with the 
advent of synchrotron light sources as user facilities. A 
process which began in the 1980’s but has accelerated in 
the 1990’s and, for Australian researchers, in 2007 when 
the Australian Synchrotron commenced operations. 
A synchrotron light source provides an increase in the 
brightness of the X-ray light by more than a factor of a 
million compared to laboratory sources.  To take advan-
tage of the signal-to-noise advantage and the tunability 
of the X-ray energy, synchrotron beamlines develop a 
sophisticated arsenal of sample handling and treatment 
options.  At the Australian Synchrotron for instance, 
the crystallography beamlines offer automatic sample 
changing, cryogenic puck mounting systems, UV laser 
for radiation damage induced phasing, xenon pressure 
chamber for isomorphous replacement phasing, tunabil-
ity for single or multiple anomalous diffraction meth-
ods, micro-collimation, in tray screening and the list 
goes on.  At the powder diffraction beamline high and 
low temperature stages, high pressure environments, gas 
flow environments and other in situ capabilities are com-
monly in use. All these are coupled with high data rate 
acquisition, analysis storage and remote access.  It is little 
wonder then that outputs from the facility have been 
rising steadily since 2007, with now more than 1600 
publications, many of which rely on crystallography.

But it is not just the raw numbers that are impressive.  
Access to the world-class facilities at the Australian Syn-
chrotron creates an opportunity for research that can’t 
be done any other way. As a result some of the best in 
research from Australia, New Zealand and beyond has 
been facilitated by access to the Australian Synchrotron.  
For instance, researchers have reported findings relating 
to understanding how insulin binds to its primary recep-
tor [2] – a result that could have profound implications 
for the design of more robust forms of synthetic insulin.  
Other results provide insight into the operations and 
triggers of the immune system [3].  In this the Interna-
tional Year of Crystallography, results such as these pub-
lished in leading journals such as Nature, Cell and Sci-
ence, are signposts in excellence for the innovation and 
translational research that often follows to the benefit of 
the economy and the health of society.

Powder Diffraction at the Australian 
Synchrotron
The Powder Diffraction (PD) beamline at the Austral-
ian synchrotron [4] provides the research community 
with a cutting edge crystallographic tool.  The high 
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flux of X-rays delivered to the beamline from a bend-
ing magnet source, combined with the high-resolution, 
and a position-sensitive Mythen II microstrip detector 
[5] enables the collection of an entire diffraction pat-
tern simultaneously.  This allows processes to be tracked 
in situ, with real-time crystallographic information col-
lected continuously, avoiding artefacts and loss of infor-
mation on sampling. The wide range of available sample 
environments, and the ability to design and construct 
bespoke environments, provides the crystallographic 
community of Australia with a unique capability to 
study the structure and function of crystalline materials.  
The popularity and success of the beamline is evident in 
the publication record which has continued to increase 
year-on-year; publishing more than 330 peer-reviewed 
journal publications since 2008.

In the near future the in situ capabilities of the Pow-
der Diffraction beamline will be extended further with 
robotic sample changers and remote access schemes de-
signed to optimise high throughput. In addition, a high-
er energy, Advanced Diffraction and Scattering (ADS) 
beamline based upon a superconducting wiggler X-ray 
source is planned as part of the next suite of beamlines 
to be built at the Australian Synchrotron.  The ADS 
beamline will have access to higher energy X-rays with 
a greater flux for more sample penetration, and will be 
focussed horizontally to minimise divergence.  This will 
open up a new exciting sector of science with opportuni-
ties for techniques such as rapid texture analysis and 2D 
materials mapping scanning diffraction tomography, 
energy dispersive diffraction studies and high resolution 
3D strain scanning of large volume materials from areas 
as diverse as high pressure mantle geology to studies of 
lead-free piezoelectrics.

Powder Diffraction Case studies
(i) Nucleation and crystallisation of minerals: Jarosite
Jarosite minerals are widespread in a number of indus-
trial and environmental settings; for example, jarosite is 
deliberately produced to remove iron from hydrometal-
lurgical circuits in zinc production facilities, [6] however 
in metal bioleaching systems the formation of jarosite 
inhibits the desired reaction [7]. Jarosites are also a ma-
jor component of acidic soils, and present in significant 
amounts in acid mine drainage environments [8].  Re-
searchers are developing sustainable solutions to jarosite 
stockpiles created as by-products of mineral and indus-
trial processes.  On Mars, jarosite may represent the key 
to unlocking the geological history and environmental 

context of water on the red planet. [9,10]  Understand-
ing jarosite formation, mineralogy and stability is es-
sential for streamlining industrial processes that involve 
jarosites, and understanding the geological evolution of 
the environments in which they abound.

“...in situ X-ray diffraction 
experiments, continuously 
collecting scattering data and 
observing jarosite formation in real 
time”

In a collaboration between the Australian Synchro-
tron, the Bragg Institute (ANSTO) and the CSIRO 
group that grew out of Arthur Wadsley’s original X-ray 
lab, we carried-out in situ X-ray diffraction experiments, 
continuously collecting scattering data and observing 
jarosite formation in real time (see Figure 2). Without 
the signal-to-noise capabilities of the Mythen II detector 
it would not be possible to observe the initial stages of 
jarosite formation, pushing to the limit the amount of 
crystalline material which can be detected.  In addition, 
thanks to the high resolution available, a new structural 
type of jarosite was discovered [11], with significant im-
plications for the study of frustrated antiferromagnetic 
materials.  Kinetic analysis of the in situ diffraction data 
showed that jarosite forms in a single nucleation event. 
This is a key finding for industrial jarosite applications: 
if this step can be promoted or suppressed, then jarosite 
formation can be controlled [12]. 

Figure 2:  3D diffraction pattern showing the formation of 
jarosite from solution versus time.
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(ii) Lithium- and sodium-ion batteries
Lithium- and sodium-ion batteries are used worldwide 
to power portable electronic devices. The technology 
has many benefits and considerable research is under-
way to further improve performance, with many re-
searchers focusing on optimising the electrodes. In situ 
X-ray powder diffraction provides an opportunity to 
examine the reactions at the active electrodes and gain a 
greater understanding of the mechanisms involved dur-
ing the charge and discharge cycles.  Researchers at the 
PD beamline typically use a modified coin cell [13-15]. 
Holes through the centre of the cell casing, sealed from 
the atmosphere with Kapton film, allow the synchrotron 
X-rays to scatter from the internal components of the 
cell during electrochemical discharge (see Figure 3).

Figure 3:  An example of a the contents of a battery cell 
used for in situ cycling

(iii) Hydrogen storage materials
Hydrogen is an attractive alternative to petrochemicals 
as source of clean energy. A key area for further exploi-
tation of hydrogen fuel cell technology is the need for 
safe and highly-efficient hydrogen storage materials. A 
great deal of research into compounds with high hydro-
gen content and excellent performance is carried out at 
the beamline. Researchers are interested in the amount 
of hydrogen which can be stored in a material as well 
as the stability of the compounds created and the abil-
ity of the materials to release hydrogen as desired. Using 
X-ray powder diffraction at the Australian Synchrotron 
(see Figure 4), researchers investigate the structure of the 
new compounds formed on hydrogen uptake [16] and 
have demonstrated high gravimetric hydrogen densities 
and favourable dehydrogenation targets in a number of 
metal hydride systems [17,18].

Macromolecular Single Crystal Diffraction at 
the Australian Synchrotron
Macromolecular crystallography has a wide range of ap-
plications to chemical, technological, geological, biolog-
ical, medical and pharmaceutical sciences.  The Austral-
ian Synchrotron currently hosts two Macromolecular 
Crystallography (MX) beamlines: the high-throughput 
MX1 beamline and the micro-focus MX2 beamline.

  

Figure 4:  Gas flow through cell at the Powder Diffraction 
beamline for determination of the structures of hydrogen 
storage materials.

The bending-magnet MX1 beamline delivers hard X-
rays in the energy range from 6 to 18 keV, and is used 
for standard macromolecular crystallography and most 
chemical crystallography measurements. The beamline 
is equipped with a Stanford Automated Mounting system 
(SAM)-type robot [19], and a Quantum 210r CCD 
(charge coupled device) detector (Area Detector Systems 
Corporation) mounted to allow variable sample to detec-
tor distances between 76 and 800 mm.  A motor actu-
ated CryoJet 5 (Oxford Instruments) maintains a sample 
temperature of 100 K during measurement to prevent 
radiation damage.  A sensitive silicon-drift fluorescence 
detector (Vortex 90EX, Hitachi) is installed so as to ac-
tuate to a position a few millimetres from the sample to 
enable excitation scans of metal absorption edges during 
Multiple wavelength Anomalous Diffraction (MAD) 
experiments.

“Macromolecular crystallography 
has a wide range of applications 
to chemical, technological, 
geological, biological, medical and 
pharmaceutical sciences”

The micro-focus MX2 beamline is the prime mac-
romolecular crystallography beamline at the Australian 
Synchrotron.  Powered by a small-gap in-vacuum un-
dulator, it is designed for challenging projects such as 
small crystals, weakly diffracting crystals and crystals 
with large cell dimensions.  Wavelength selection at the 
beamline is achieved using a cryo-cooled double-crystal 
monochromator (DCM) which is currently equipped 
with a Si-111 crystal set.  The DCM is designed to select 
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energies in the range 6 keV to 20 keV, while maintaining 
a fixed exit beam geometry.  The sample positioning and 
detection systems are essentially the same as the MX1 
beamline.  Further equipment for crystal alignment with 
respect to the X-ray beam is achieved with a high-reso-
lution sample video microscope and its video stream is 
embedded in the Blu-Ice control system [20].

Both MX beamlines feature automated indexing and 
data processing, with a suite of programs being triggered 
by the collection of a diffraction image.  Statistical de-
scriptors of the data are harvested from the processed 
data and displayed by a web client at the beamlines in 
close to real-time, allowing data collection to be assessed 
on-the-fly.  The system is useful in helping strategic ex-
perimental decisions to be made by users of the beam-
line.  An automated structure determination software 
pipeline system (called Auto-Rickshaw) [21,22] has been 
installed on MASSIVE (a high-performance computing 
cluster) [23].  The system is triggered from the beamline 
computers when the auto-processed X-ray data indicates 
an anomalous signal.  Apart from the automatic system, 
Auto-Rickshaw can be triggered for structure solutions 
using various phasing methods over a web-based user 
interface by selecting appropriate parameters and the 
processed datasets.

The macromolecular crystallography beamlines are 
supported by a PC2 certified biochemistry laboratory 
with fume hoods, pH meters, centrifuges, balances and 
other common laboratory equipment.  A range of heavy 
atom and halide salts is available for derivatisation of 
protein crystals.  A pressure chamber (Hampton Re-
search) is located in the sample preparation laboratory 
and can be used to produce Xenon derivatives of macro-
molecular crystals [24,25] for mapping solvent channels 
or location of molecular oxygen within protein crystals, 
or for experimental phasing [26,27].  A UV laser has 
been installed on MX1 beamline for radiation-damage-
induced phasing of disulphide containing proteins [28] 
or selenomet protein crystals [29], and for generating 
additional phase information [30].

MX1 and MX2 began hosting experiments in 2007 
and 2008 respectively and have run a fully subscribed 
user-program to the present day.  In 2013 the mode 
of access to the macromolecular crystallography beam-
lines changed from three proposal rounds per year, to 
an annual Collaborative Access Program (CAP).  Under 
the CAP system, users from different universities and 
research groups send crystals, students and staff on each 
experimental visit to collect over an intensive 24 hour 

period.  Depositions of protein structures determined 
using Australian Synchrotron data in the worldwide 
Protein Databank (PDB) have been steadily increasing 
year-on-year and recently exceeded 750; while peer-re-
viewed publications from the two beamlines currently 
exceed 600 (Figure 5).

Figure 5: Protein structures determined using Australian 
Synchrotron MX beamlines and deposited in the PDB and 
peer-reviewed publications.

More broadly, the impact of the Australian Syn-
chrotron on the field of protein crystallography can be 
seen by comparing all structures deposited in the World 
Wide Protein Data Bank by researchers from Australia 
and New Zealand - that comparison shows that in 2013, 
more than 60% of all structures from the region are de-
rived from the Australian Synchrotron.

Macromolecular Crystallography Case 
Studies 
The Australian structural biology community regularly 
produces internationally-significant research outcomes 
using data from the MX1 and MX2 beamlines.  Recent 
highlights include insights into the regulation of blood 
clotting [31], diabetes [2], understanding the body’s im-
mune response [3,32] and the immune defence mecha-
nisms of plants [33], as well as discoveries that could 
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lead to more-effective treatments for some cancers [34], 
leukaemia [35] and neurodegenerative diseases [36].  In 
addition, the chemical crystallography community gen-
erates a range of outcomes in relation to new catalysts 
[37], organic light-emitting materials [38], and metal 
organic frameworks [39,40].

Figure 6: Crystal structure of the YenB/YenC2NTR complex 
(Busby et al., Nature 2013). The β-propeller domain of YenB 
is shown in red, the conserved SpvB sequence in purple, and 
the rest of YenB in green. YenC2NTR is coloured blue and the 
conserved RHS-associated core domain is coloured cyan

(i) Structures of Protein Complexes
The ABC toxin complexes, composed of three core 
subunits (A, B and C), are best characterised from in-
sect pathogens such as Yersinia entomophaga (the related 
Yersinia pestis is associated with the cause of the black 
plague). The toxins produced by such bacteria are of 
interest owing to their potent insecticidal activity and 
potential role in human disease. The three-dimensional 
structure of the complex formed between the B and C 
proteins determined to 2.5 Å (Figure 6) was published 
in the journal Nature, and helped to elucidate the role 
of the B protein in the mechanism of toxicity [41], 
and helped to elucidate the role of the B protein in the 

mechanism of toxicity. The high-resolution native data-
set was collected at the MX2 beamline while X-ray data 
for phasing were collected at the MX1 beamline. The 
experimental phasing was performed with the use Auto-
Rickshaw and via combination of four selenium single-
wavelength anomalous diffraction (SAD) datasets and a 
tantalum bromide derivative. 

(ii) Towards a vaccine for Celiac Disease
Crystal structures solved using Australian Synchrotron 
X-rays have revealed the molecular face of celiac disease, 
paving the way for potential treatments and diagnostics.  
Research published in Nature Structural and Molecular 
Biology described the interaction between T-cells of the 
immune system and the peptide (gliadin) that is present 
in gluten, and was found to be a trigger for celiac disease 
[42].  The study examined how different T-cells bound 
to gliadin, with the aim of developing a therapeutic that 
could turn off the immune response.  This study was 
carried out by an international team of researchers from 
the ARC Centre of Advanced Molecular Imaging based 
at Monash University, Leiden University (The Nether-
lands), and the US biotech company (ImmusanT) that is 
involved in developing a peptide-based vaccine for celiac 
disease (Nexvax2®).  The study showed that the majority 
(~95%) of coeliac sufferers carry one of two genes for a 
protein linked to susceptibility for the disease (HLA–
DG2).  In 2012, the research team found a similar trig-
ger for the other 5% who have the other susceptibility 
gene (HLA–DQ8) [43].

“...the Australian Synchrotron is a 
participant in the new Australian 
Research Council Centre of 
Excellence for Advanced Molecular 
Imaging...”

Conclusion and the Future
In a nice bookend to the role that physics has played in 
crystallography over more than 100 years it is fascinat-
ing to note that Australians again have a lead role in the 
next stage in understanding the structure and function 
of proteins. The use of X-ray Free Electron Lasers to de-
termine structure from nano-crystals and, perhaps, even 
single molecules is an exciting development. It is also 
one where Australian physicists, such as Henry Chap-
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man [44-49], John Spence [45-49] and (former Austral-
ian Synchrotron director) Keith Nugent [50,51] have 
made key discoveries.  The Australian Synchrotron is also 
playing a role in developing new methodologies that will 
link existing synchrotron-based approaches with XFEL 
capability. In this endeavour the Australian Synchrotron 
is a participant in the new Australian Research Council 
Centre of Excellence for Advanced Molecular Imaging [52], 
which integrates physics, chemistry and biology (which 
is one of the great strengths of synchrotron facilities) to 
unravel the complex molecular interactions that define 
immunity.

Crystallography in Australia has been underpinned 
by a rich history of innovators in the field striving to 
use and develop cutting edge scientific tools to answer 
real-world questions. The infrastructure developed, and 
upgrades planned, at the Australian Synchrotron will al-
low future pioneers to continue to be at the forefront of 
scientific discovery.
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OSA Optics and Photonics Congress on Light, Energy and the 
Environment (LEE) ANU, Canberra 
www.osa.org/energyOPC

7-11 December 2014 
21st Australian Institute of Physics Congress. ANU, Canberra, ACT 
www.aip2014.org.au

3-6 February 2015 
Annual Condensed Matter and Materials Meeting (“Wagga 2015”) 
Wagga Wagga campus of the Charles Sturt University, NSW 
pems.unsw.adfa.edu.au/cmm/2015/

8-12 February 2015 
AMN7 Advanced materials & Nanotechnology. Nelson, New Zealand 
www.amn-7.com

18-23 July 2015 
2nd Asia-Oceania Conference on Neutron Scattering Saturday, 
Manly, NSW 
www.aocns-2015.com/

5-9 October 2014 
7th Vacuum and Surface Sciences Conference of Asia and Australia 
(VASSCAA-7) Hsinchu, Taiwan 
vasscaa-7.tcfst.org.tw/index_4.html

19 November 2014 
 User Symposium: Synchrotron, Accelerator and Neutron techniques 
2014 
Australian Synchrotron, Clayton, Vic 
www.synchrotron.org.au/news/events/australian-events/

20-21 November 2014 
Australian Synchrotron User Meeting 2014 
Australian Synchrotron, Clayton, Vic 
www.synchrotron.org.au/news/events/australian-events/event/

9-12 February 2015 
The Most Massive Galaxies and their Precursors 
Sydney, NSW 
www.aao.gov.au/conference/massive-galaxies-2015

20 February 2015 
Physics Teachers Conference 
Monash University, Clayton, Vic. 
www.sciencevictoria.com.au/confVCE.html
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At the opening reception, as the crowd gathered, we saw 
a range in age and country of origin; mostly homogene-
ous in gender (handful of the opposite sex). Then the 
conference chair, Prof Shohini Ghose, stepped up to 
speak and  exclaimed “so that’s what it feels like to be 
a man!” 

It was the strangest feeling, being in a plenary physics 
lecture hearing about the discovery of new subatomic 
particles by Melissa Franklin, Mallinckrodt Professor 
and Chair of Physics, Harvard University, and realising 
that the audience was about 95% female.  This was be-
cause we attended the 5th IUPAP International Con-
ference on Women in Physics, on 5-8 August 2014, 
at  the Wilfrid Laurier University, Waterloo, Canada as 
the Australian delegation.  This was the fifth time that 
IUPAP sponsored this unique conference that brought 
together delegates from 50 countries around the world 
to showcase and celebrate scientific work in all areas of 
physics, develop resolutions to address gender issues and 
promote the participation of women in physics and pro-
vide networking opportunities to build a strong, diverse 
and inclusive worldwide physics community.  Some of 
the countries are only just introducing physics into their 
universities. For some of the women, this is the only 
conference they can attend as their culture forbids them 
to engage with men.

“... the ‘leaky pipeline’ of women 
being under-represented in senior 
positions throughout science 
is common throughout the 
developed world...”

Several workshops were held on Gender Studies, 
Physics Education, Improving the Workplace, Profes-
sional Development and Leadership and Cultural Per-
ception and Bias/Science Practice and Ethics. Cathy 

Foley was a speaker and reporter for the Professional De-
velopment and Leadership workshop.

There were also presentations of country posters on 
the Status of Women in Physics and scientific posters on 
research in many areas of physics or physics education.

The conference was a fantastic opportunity for us all 
to gather lots of knowledge on the issues of Women in 
Physics (and science at large) and make a large range of 
very diverse contacts.  The format of the conference was 
very interactive, and this reflected the friendly and open 
atmosphere overall.  Keynote lectures in the morning 
were followed by workshops in the afternoon. 

From our impressions, two patterns emerged over 
the whole conference: the first that women in the phys-
ics communities of the developing world are very much 
in need of support; the second is the ‘leaky pipeline’ of 
women being under-represented in senior positions in 
all areas of science is common throughout the developed 
world and not much has changed since the first ICWIP! 

Probably the only radical activity is happening in the 
UK. The Athena Swan Charter (http://www.ecu.ac.uk/
equality-charter-marks/athena-swan/)  is being used as 
a requirement for research organisations to meet a cer-
tain standard of gender equality before they can apply 
for medical research funds. In July 2011, the UK Chief 

Searching to increase the diversity in 
Australian Physics
A report and reflections on the International Conference on Women in Physics

Helen Maynard-Casely1, Margaret Wegener2 and Cathy Foley3

1.  The Bragg Institute, ANSTO, Lucas Heights, NSW 2234 
2. School of Mathematics and Physics, The University of Queensland, Qld 4072 
3. Science Director of the CSIRO Manufacturing Flagship, Lindfield, NSW 2070

ICWIP2014 conference chair Prof Shohini Ghose
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Medical Officer, Prof Dame Sally Davies, demanded 
that academic departments demonstrate that they are 
actively engaged in improving gender equality by mak-
ing it a condition to obtain future funding. Whilst this 
is controversial, it has created an unprecedented increase 
in activity due to adoption of the Athena Swan Char-
ter and is providing much debate within other national 
funding bodies as to whether they should follow.

Other highlights of the conference were:
•  Mellissa Franklin’s (former head of Harvard physics) 

Keynote lecture.  She pointed out some common 
behaviour that women are more likely to ‘hide’. She 
encouraged us all to walk into a room with our arms 
outstretched! This will help women to feel empowered.

•  Learning about the UK’s IOP ‘opening doors’ pro-
gram.  They have done some simple analysis of num-
bers of girls taking high-school physics, which indi-
cates if a school is active in increasing the proportion 
or not.  This showed that it is only the increase in a few 
schools which contributes to the increased proportion 
of girls overall – hence a concerted effort is still needed.  
It would be fantastic to be able to determine these sta-
tistics for Australian high-schools.  

•  Workshops on career development and the report on 
experiences of a number of schemes.  One in particular 
for leadership skills in the UK, targeted specifically at 
women, seemed really very interesting.  

On reflection on the conference, Australian physics 
needs to step up its efforts to engage  and retain women 
in physics. It is not just an equity issue. The research 
by Sharon Bell (http://scienceandtechnologyaustralia.
org.au/wp-content/uploads/2011/06/2009report_wise.
pdf) has identified that it is also a productivity issue. 
There is much research that says that the best results 
are achieved by teams with sufficient diversity. The AIP 
needs to reinvigorate its women in physics group. We 
need to restart the collection of statistics which stopped 
after John De Laeter’s passing a few years ago. We need 
to reach out to our region that is struggling as the Asia 
Pacific has very few women in physics. We also need 
to mobilize ourselves and turn around the decrease in 
students who choose to do physics and mathematics in 
the final years at high school. The number of students 
is reaching subcritical levels and is going largely unno-
ticed. Women in Physics initiatives need to be seen as 
important enough to be a funded. The AIP needs to 
copy the Pleiades Awards of the Australian Astronomi-
cal Society. These awards recognise organizations in Aus-
tralian astronomy that take active steps to advance the 

careers of women through focused programs and strive 
for sustained improvement in providing opportunities 
for women to achieve positions of seniority, influence 
and recognition (see http://asawomeninastronomy.org/
the-pleiades-awards/).

Finally we want to acknowledge Rob Robinson, AIP 
President, and Bruce McKellar, President elect of IU-
PAP. Without their support we would not have had our 
delegation at the conference. It was a truly life changing 
experience. We hope we can use our experience to assist 
in creating change in Australian physics to enable more 
women to participate and use the full human potential!

Professional Development and Leadership
One of the workshops was on professional development 
and leadership. Each workshop had several presentations 
over the three days with the aim to develop recommen-
dations that were to be taken to the IUPAP general as-
sembly. The recommendations from this workshop were:

1. We ask IUPAP to support the professional devel-
opment for women in physics at all educational and ca-
reer stages by enforcing all member societies to hold/
facilitate a coherent program for each   school, university 
and professional level and share information on meth-
ods of best practice. 

•  International sharing of professional development 
workshops  using best practice and adapting for 
cultural appropriateness

•  Find funding to enable best practice sharing (e.g., 
crowd funding and donation of honorariums or 
prize money)

•  Opportunities for students to develop publications 
or posters. Linked to make it clear how it relates 
to everyday experience, and how this can “help the 
world”

2. We ask IUPAP to facilitate a campaign to reduce un-

Cathy Foley talking to Youngah Park in front of the 
Australian poster.
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conscious bias (gender, cultural, socioeconomic) and its 
consequences.

•  Cultural differences, sensitive to the local culture, 
and success stories relevant to the local culture.

•  Public perception of physicists, using multimedia 
to promote success stories. 

3. We ask IUPAP to insist that member societies set 
targets and a road map for achieving gender equity on 
committees, executives, awards and editorial boards and 
report them to IUPAP who will provide an annual re-
port to the membership and publish on an open access 
website.

ICWIP 2014 featured a public lecture by Jill Tarter, 
Bernard M. Oliver Chair, SETI Institute: SETI: Past, 
Present, and Future (Finding Aliens and Finding Our-
selves) and over the three days plenary talks by distin-
guished speakers from around the world were presented 
by:
•  Melissa Franklin, Mallinckrodt Professor and Chair 

of Physics, Harvard University
•  Silvia Torres-Peimbert, Professor Emeritus, Institute 

of Astronomy, Mexico City University, and President 
Elect of the Executive Committee, International As-
tronomical Union

•  Claudia Felser, Professor, Johannes Gutenberg Uni-
versity Mainz, Director, Max Planck Institute for 
Chemical Physics of Solids, Dresden

•  Sabine Stanley, Associate Professor and Canada Re-
search Chair in Planetary Physics, University of To-
ronto

•  Patience Mthunzi, Senior Scientist Researcher, Na-
tional Laser Centre - Biophotoncs, Council for Scien-
tific and Industrial Research, South Africa

•  Tsai-Chien Chiang, Science columnist, lecturer at 
Taiwan University and author of “Madam Wu Chien-
Shiung: The First Lady of Physics Research”

The plenary speakers talked about their science (par-
ticle physics, planetary science, laser manipulation of 
living cells) and their lives in science – career steps, per-
sonal situations, how they felt. It was enriching both 
scientifically and personally.
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Group photograph of ICWIP2014 delegates.

Australian submission 
Gains not sustained, fragile support, the importance 
of culture and good things on the horizon
Culture: There has been little progress in increasing the 
number of women in physics in Australia since 2010. 
In the last four years, Australia has had vastly chang-
ing political and cultural impacts on women in general. 
From having our first women Prime Minister and many 
women in the most senior roles including in science, this 
has fallen away quickly. This suggests that early gains that 
had been won were based on a fragile level of support.  
When the support is removed, the number of women in 
leadership roles and in science reduces. It appears that 
the main support that causes this is the loss of the male 
champion. 

Issues at the school stage: There is also a concern-
ing number of young girls who do not choose to study 
science and maths in the final years of high school. Fur-
thermore the number of girls who study two sciences 
(a strong indicator of transition to studying post school 
STEM courses) in their final years has dropped signifi-
cantly to alarming levels. This has been recognised by the 
Prime Ministers Science, Innovation and Engineering 
Council and reported in a STEM Country Comparison 
study undertaken by the Australian Council of Learned 
Academies at the request of the Australian Chief Scien-
tist [1]. The number of women in physics in Australian 
universities has remained about the same. However due 
to budget cuts post the GFC, collection of statistics has 
stopped and so the information is anecdotal. “Women in 
Astronomy Group” is strong but in other areas women 
in physics has been piecemeal. 

Need to rebuild the AIP Women in Physics Group: 
The current Australian Institute of Physics executive is 
very supportive of Women in Physics group and efforts 
are underway to rebuild the group with the allocation of 
a budget to run workshops and meetings. 

Some great initiatives: It should be noted that there 
are some excellent initiatives undertaken by individual 
research organisations (usually not in physics depart-
ments) and these are being highlighted as best practice. 

However these initiatives require funds to support them. 
A new research report on women in science will be re-
leased soon. This will include a tool kit to assist organisa-
tions to address retaining of women in the science sector. 

Career paths and unconscious bias:  There has also 
been the realisation the women and men have different 
career paths and this needs to be understood and man-
aged. There is also the issue that early career women do 
not in general experience problems and often do not en-
gage is women’s only networks and other activities. It is 
usually in their mid to late careers that issues of gender 
difference emerge with women experiencing disadvan-
tage. This is because at this stage, their track records are 
often not as competitive as their male colleagues (usually 
due to career breaks), the competition for positions is 
high and unintended levels of bias contribute to women 
not progressing into higher level or permanent roles. See 
the article by Helen Maynard- Casely on unconscious 
bias [2].

Schooling Concerns in Australia
•  The participation of girls in a least one mathematics 

and one science subject after year 10 has been dwin-
dling since 2001 [3].

•  The proportion of girls who elect to study no math-
ematics whatsoever after year 10 has tripled from 7.5% 
in 2001 to 21.5% in 2011. 

•  The corresponding proportion of boys also tripled but 
from a much lower base level, from 3.1% to 9.8%. 

•  Australia is introducing a new national science curricu-
lum. Efforts have been made to address gender appro-
priateness in the new curriculum. The consequence of 
the new curriculum is still be to determined. Research 
is needed to determine why there are reducing num-
bers. For example: is it universities only requiring as-
sumed knowledge, or are league tables between schools 
leading to the encouragement for students to choose 
“easier” subjects?
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SAMPLINGS
CERN accelerators come alive for LHC restart
CERN’s 27-km Large Hadron Collider (LHC) is gradu-
ally restarting after being shut down for 16 months fol-
lowing a major maintenance and upgrade programme. 
CERN scientists hope that the upgrade – costing €124M 
– will now boost the energy of the collider to the full de-
sign energy of 13 TeV. 

The LHC is at one end of a chain of proton accelera-
tors that support a large number of diverse experiments. 
Some of these experiments have also undergone signifi-
cant upgrades. Others are new and have goals ranging 
from finding physics beyond the Standard Model to 
developing electronic components that are resistant to 
radiation damage. 

The LHC has been out of action since February 2013 
when it was turned off following a successful three-year 
run operating at 7 TeV. Although the collider was not 
running at its full design energy of 13 TeV, this was 
enough in July 2012 to enable scientists to announce 
the detection of the elusive Higgs boson particle, which 
had first been theorized in 1964 and led to François En-
glert and Peter Higgs sharing the 2013 Nobel Prize for 
Physics. 

Having upgraded the LHC, which involved con-
solidating 10,000 superconducting magnet intercon-
nections, CERN is now methodically restarting the ac-
celerator chain step by step and conducting tests before 
the planned resumption of full operations next year. 
The first stage in a proton’s journey to the LHC is the 
Proton Synchrotron (PS), which was fired up in mid-
June. Several experiments that use protons from the PS 
are already taking data, including AIDA, which is a test 
bed for new particle-detector technologies. The long-
running ISOLDE radioactive ion-beam facility on the 
PS is expected to resume operations by the end of July. 
Meanwhile, two new irradiation facilities – IRRAD and 
the CHARM – are nearing completion and should be 
ready in September. 

Protons from the PS are also fired into a block of 
metal to create high-energy antiprotons, which are then 
slowed by the Antiproton Decelerator (AD). The AD is 
now in the process of being powered up and should be 
fully operational by 19 August. The AD supplies anti-
protons to five experiments. One of these, BASE, is a 
new experiment that aims to measure the magnetic mo-
ment of the antiproton and should start gathering data 
in early September. 

In early June, CERN also began to power up the Su-
per Proton Synchrotron (SPS), which accelerates pro-

tons from the PS and feeds them to the LHC. The phys-
ics programme at the SPS will begin again in October 
and will include the new NA62 experiment. NA62 is 
looking for new physics beyond the Standard Model of 
particle physics by trying to make an extremely precise 
measurement of the probability that a positively charged 
kaon will decay to a positively charged pion plus a neu-
trino/antineutrino pair. 

From early 2015 the beam will be back at the LHC, 
and in spring 2015 the physics programme will restart at 
the LHC’s four experiments. 
Extracted with permission from an item by Ned Stafford 
and Hamish Johnston at physicsworld.com.

CERN’s Antiproton Decelerator is powering up

Dark-matter searches get US government 
approval
Two key US federal funding agencies – the Depart-
ment of Energy’s Office of High Energy Physics and the 
National Science Foundation’s Physics Division – have 
revealed the three “second generation” direct-detection 
dark-matter experiments that they will support. The 
agencies’ programme will include the Super Cryogenic 
Dark Matter Search-SNOLAB (SuperCDMS), the 
LUX-ZEPLIN (LZ) experiment and the next iteration 
of the Axion Dark Matter eXperiment (ADMX-Gen2). 

“We are pleased to announce that the joint DOE/
NSF second-generation programme will include the LZ 
and SuperCDMS-SNOLAB experiments with their col-
lective sensitivity to both low- and high-mass WIMPS, 
and ADMX-Gen2 to search for axions. It will also in-
clude a programme of R&D to test and develop tech-
nologies for future experiments, consistent with the re-
cent P5 recommendations,” says a joint statement from 
the two agencies. The P5 recommendations refer to the 
Particle Physics Project Prioritization Panel’s (P5) 2014 
report, which was released in May this year. The P5 ad-
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visory panel considered what high-energy particle-phys-
ics experiments and collaborations the US government 
should fund across the next five years, in the light of 
declining spending on particle physics in the US. 

Second-generation dark-matter experiments are ex-
periments that will reach sensitivities that are at least 10 
times better than current detectors can achieve. The AD-
MX-Gen2 will hunt for a dark-matter candidate particle 
known as an axion. 

Both the LZ and the SuperCDMS will look for a 
type of dark-matter particle called WIMPs – weakly 
interacting massive particles – across a range of masses. 
SuperCDMS, which will be underground at SNOLAB 
in Ontario, Canada, will be particularly good at looking 
for light WIMPs with masses lower than 10 GeV. 

The LZ is the union of the UK-based ZEPLIN pro-
gramme, which has run three experiments at the Boul-
by mine during the past decade, and the current most 
sensitive dark-matter detector – the US-based LUX ex-
periment. Like most of today’s dark-matter experiments, 
LUX is currently nestled deep in a subterranean cavern 
at the Sanford Underground Research Facility in South 
Dakota in the US, to shield it from any background 
sources – if all goes to plan, LZ will occupy the same 
space in a few years. 

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

Physics goldmine: LUX-ZEPLIN will be located deep 
underground

New proton detectors could lead to better 
cancer treatment
A new detector that could improve the effectiveness of 
proton-beam cancer therapies has been developed by re-
searchers in the UK and South Africa. The system tracks 
protons that have travelled through the body and gives 
medical physicists a detailed picture of how a therapeu-

tic proton beam will interact with the treatment area. 
Protons are ideal for some cancer treatments because 

when fired into living tissue, a beam of protons deposits 
most of its energy at a very specific depth that depends 
on its initial energy. As a result, protons can be used to 
destroy tumours while leaving surrounding healthy tis-
sue relatively unharmed. 

 

 Model of PRaVDA’s proton CT telescope

Researchers at the Proton Radiotherapy Verifica-
tion and Dosimetry Applications (PRaVDA) consor-
tium – funded by the Wellcome Trust – are designing 
and building the first proton transmission CT scanner 
based on silicon-based CMOS active pixel sensor (APS) 
technology. Such scanners work by exposing the treat-
ment area to a beam of protons and then detecting the 
protons that have passed through the body. This infor-
mation is used to build up a 3D image of the region to 
be treated, which provides an accurate measure of the 
stopping power. The benefit of using these APS detec-
tors over existing calorimeter detectors is that they can 
track more than one proton at a time, which reduces the 
amount of time needed to perform a scan. 

In their latest work, the researchers have shown that 
their DynAMITe sensor can resolve individual protons 
passing through it. Developed by PRaVDA researchers 
in a previous project, the radiation-hard pixellated sen-
sor has a 12.8 × 12.8 cm area and two wafer diode layers, 
one with 100 µm pixels and another with 50 µm pixels. 
The pixelated design allows proton-sensor interactions 
to be localized within the sensor area. 

In the planned proton CT scanner, a stack of the 
CMOS sensors – essentially a “telescope” – will deter-
mine proton energy loss in the patient. Combined with 
other detectors that were not a subject of this study, data 
from the telescope will also determine the direction of 
protons exiting the patient. With this information, the 
path of the proton in the patient – that is a result of mul-
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tiple coulomb scattering events – can be reconstructed, 
generating images with superior spatial resolution to 
those achievable by detectors that assume an unscat-
tered, linear trajectory. 

Investigations into the effects of telescope geometry 
on performance and the radiation hardness of the sen-
sor are also in progress. The consortium plans to build 
a device and perform the first scans by the end of 2015, 
and then commercialize the technology with an indus-
trial partner. 
[G Poludniowski et al 2014 Phys. Med. Biol. 59 2569. 
doi:10.1088/0031-9155/59/11/2569]

Extracted with permission from an item by Jude 
Dineley and Hamish Johnston at physicsworld.com.

Electrons in magnetic field reveal surprises
The best glimpse yet of electrons moving in a magnet-

ic field has revealed that the particles’ behaviour differs 
strongly from what is predicted by classical physics but 
is consistent with quantum-mechanical theory. Instead 
of rotating uniformly at a particular frequency, an inter-
national team of researchers has found that electrons in 
a magnetic field are capable of rotating at three different 
frequencies, depending on their quantum properties. 

Little is known about the behaviour of electrons in a 
magnetic field and scientists are keen to improve our un-
derstanding of the physical processes that are involved. 
Free-electron Landau states are a form of quantized state 
adopted by electrons moving through a magnetic field. 
All charged particles interact with electromagnetic fields 
via the Lorentz force. This interaction causes electrons in 
a magnetic field to move in a corkscrew pattern. “Lan-
dau states can be envisaged as vortices occurring natural-
ly in the presence of magnetic fields. The magnetic field 
plays the same role for electrons as the Earth’s rotation 
plays for the creation of cyclones, but on a much small-
er scale,” says Peter Schattschneider of the Institute of 
Solid State Physics at the Vienna University of Technol-
ogy, who is part of an international team that includes 
researchers from France, Japan and the US that has now 
devised a way to reconstruct these states. 

According to classical physics, electrons should ro-
tate about the magnetic-field direction with a single fre-
quency, called the “cyclotron frequency”. But in their ex-
periments, the researchers found that, contrary to what 
was predicted, they were able to induce a multitude of 
rotation frequencies in their moving electrons, namely 
the cyclotron frequency, zero frequency and the Larmor 
frequency (which is half the cyclotron frequency). 

The team did not observe the electrons’ Landau states 
directly. Rather, the researchers used a transmission 
electron microscope to create so-called electron vortex 
beams, which can be shaped so that their rotational be-
haviours closely resemble Landau states. “In an electron 
vortex beam, electrons are swirling around a common 
centre similar to air molecules in a tornado. Typically, 
this bunch of whirling electrons is also moving along 
its axis of rotation, thereby moving along a spiral path,” 
says Schattschneider. 

The team used the microscope’s focusing lenses 
to reconfigure the electron vortex beams so that these 
matched the size of the Landau states. Schattschneider 
compares the task of determining the rotation of the 
electrons to figuring out how many times a thin wire 
is wound around a rod. “When looking at the wire di-
rectly, it is extremely difficult to count the number of 
windings. But when it is stretched along the direction of 
the rod, the wire takes the form of a well-spaced spiral, 
for which it is easy to count the revolutions,” he says. 
“This is precisely what we did with the Landau states: 
we ‘elongated’ them to vortex beams. That way we could 
measure [their frequencies] with very high accuracy.” 

“We hope that this will lead to new insights and a 
better understanding of the delicate interaction between 
magnetic fields and matter, which might one day give 
rise to new and better technologies such as sensors and 
memory devices,” Schattschneider says. 
[P. Schattschneider et al, Nature Communications 5 arti-
cle number: 4586 doi:10.1038/ncomms5586]

Extracted with permission from an item by Ker Than 
at physicsworld.com.

Beam out: elongated “Landau” states
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Registration now open 
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Members of the Victorian Branch of 
the AIP and fellow scientists from 
the CSIRO Division of Chemical 
Physics gathered to farewell John 
(always known to his colleagues as 
Jack) Sullivan at a Requiem Mass on 
13 August 2013, preceding burial at 
Springvale Memorial Park.

Jack served as Honorary Secretary of 
the Victorian Branch of the AIP in 
the early 1970s, retiring from that 
position at the end of 1975. One of 
us (DLS) was Honorary Treasurer of 
the Branch at the same time. The an-
nual wine and cheese evenings on the 
occasion of the incoming President’s 
address were never to be missed.

Jack was born in Rockhampton, 
graduated with an MSc in physics 
from the University of Queensland 
in 1949, and in 1950 joined the 
CSIRO Division of Chemical Phys-
ics, retiring in 1984. His initial work 
was in vacuum ultraviolet spectrosco-
py, which led to his secondment for 
several years to the Chemistry De-
partment of the University of West-
ern Australia, where he met his future 
wife, Sheila. They were married after 
Jack’s return to Melbourne.

In Melbourne, however, he soon 
gave up vacuum ultraviolet spec-
troscopy in order to take part in the 
work on atomic absorption spectros-
copy initiated by the leader of the 
Spectroscopy Section, Alan (later Sir 
Alan) Walsh. Jack was instrumental 

in the development of sealed hollow-
cathode lamps, which are an essential 
source of atomic line spectra used in 
the technique of chemical analysis 
by atomic absorption spectroscopy 
(AAS). In a further development in 
1965 he and Walsh published their 
key paper on ‘boosted-output’ hol-
low-cathode lamps. In these lamps, 
the free atoms of cathode material 
generated by the hollow-cathode dis-
charge are excited by an additional 
pair of ‘booster’ electrodes, which 
greatly increase the excitation of 
spectral lines of the cathode mate-
rial. The resonance lines (i.e. those 
corresponding to transitions from 
an upper energy level to the ground 
state) are intensified by the booster 
discharge, sometimes by as much 
as 50- or 100-fold, while non-reso-
nance lines are frequently reduced in 
intensity.

Sullivan and Walsh also developed 
the technique of ‘selective modula-
tion’, and used it to construct ‘reso-
nance detectors’, which enabled 
atomic absorption analyses to be 
carried out without the need for a 
monochromator.

The boosted-output lamps were pat-
ented and their manufacture was 
licensed to the Perkin-Elmer Cor-
poration in the USA. They were also 
produced in Melbourne by a small 
firm, Ransley Glass Instruments, 
which in 1965 amalgamated with 
Techtron Pty Ltd, the Melbourne 
company which manufactured 
atomic absorption spectrometers. In 
1967 Techtron was acquired by Var-
ian Associates, which in 2010 sold 
its Melbourne operation to Agilent 
Technologies. Another Melbourne-
based company, Photron Pty Ltd, 
has also manufactured the lamps for 
many years.

Jack spent much of his later time at 

CSIRO in assisting these companies 
with their lamp problems, and after 
his retirement from CSIRO in 1984 
became a consultant to Varian Aus-
tralia. He also collaborated with Dr 
Trevor Finlayson at Monash Uni-
versity in the study of novel cathode 
materials for use in hollow-cathode 
lamps, finally retiring from scientific 
work in 2007.

His work on spectroscopy and his 
contributions to the application of 
physics to industry were recognized 
by the award by the University of 
Melbourne of the David Syme Re-
search Prize for 1968, which he 
shared with Dr (later Sir) Robert 
May, Reader in Physics at the Uni-
versity of Sydney, and Dr Thomas 
O’Donnell, Reader in Chemistry at 
the University of Melbourne.

Thus Jack Sullivan combined an 
inventive scientific role in CSIRO 
with technical assistance for world-
famous scientific instrument manu-
facturers. He often remarked that he 
had worked in the halcyon years of 
science and viewed the future with 
some apprehension for current stu-
dents and scientific workers.

Jack was a keen golfer and an avid 
follower of Test cricket, always with a 
pet theory on selections for the next 
Australian team. 

He is survived by his wife Sheila, a 
daughter and two sons.

We should like to thank Peter Han-
naford, Martin Lowe and Jack’s fami-
ly for providing some of the informa-
tion given here. Details of his work at 
CSIRO are to be found in an article 
by one of us (JBW), ‘Spectroscopic 
research in the CSIRO Division of 
Chemical Physics, 1944-1986’, His-
torical Records of Australian Science, 
8 (3).

John Vincent Sullivan
1 9 2 4 - 2 0 1 3

D.L. Swingler, J.B. Willis
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BOOK REVIEWS
Everyday Calculus
by Oscar.E. Fernandez.  
Princeton University Press (2014) 
168 pages 
ISBN 9780691157559

Reviewed by Lee Weissel, Trinity College, 
Thurgoona NSW 2640

I have often thought that it is 
strange that the mathematics of 
calculus which enhances our un-

derstanding of the world around us as a descriptor and a 
predictor should be such a barrier for many. Oscar Fer-
nandez, assistant professor of mathematics at Wellesley 
College, has provided a work which will seek to redress 
this problem. Taking a day in his life, he demonstrates 
how mathematics, particularly how calculus applies to 
the seeming everyday mundaneness in all that we do.

One warning must be stated before attempting the 
reading of this book. That warning is that Fernandez 
shows us his world, and his everyday activities and how 
they are transformed from the mundane into mathe-
matical problems that demand to be solved. His view of 
the world is highly contagious and after reading you will 
find it difficult to see anything as simply mundane once 
again. From getting to work in the rain, to being stuck 
in traffic, to waiting for coffee, to even working out the 
best seats to take in a theatre, everything in his jour-
ney shows that mathematics is active and can be used to 
solve realistic problems.

Fernandez actively encourages engagement across so 
many areas of life that it can be almost dizzying. The 
book is divided into seven chapters complete with ap-
pendices which build up both the understanding and 
the process of how to use calculus successfully. Fernan-
dez argues effectively that ‘mathematizing’ a problem is 
not merely a novelty of the few, but often helps us un-
derstand it better.

Particularly intriguing is his work in chapter 5, enti-
tled ‘Take a Derivative and you’ll feel better’. Fernandez 
argues that by using the mathematics of optimization, it 
can be shown how calculus can make everyday life even 
better. This book also converses well with other academ-
ic disciplines, through the author referencing the work 
of specialists in seemingly unrelated fields. The conver-
sation developed fills in much needed background into 
the ‘why’ of an operation, often lacking in general math-
ematical texts.

The tone of the work is light, and is very entertaining 
from beginning to end. The use of the appendices means 

that the meatier proofs and mathematical derivations are 
filed to be accessed when time allows, and not impede 
the flow of the text. The book can easily be read in a day 
and will add insight for any reader. 

The book is designed to assist the reader in a greater 
appreciation of this subject. For the novice, it will take 
some time to follow the mathematical arguments, but 
anyone familiar with trigonometry should find it in-
sightful and illuminating. This book should be recom-
mended reading for high school mathematics teachers 
who constantly face the question of ‘when are we going 
to use this in the real world?’ Fernandez exposes the ig-
norance of this question and does not let up until even 
the most ardent of sceptics has a new appreciation. Well 
worth the read!

Nothing
Edited by Jeremy Webb 
Profile Books (2013) 
236 pages 
ISBN 9781846685187

Reviewed by Charles Jenkins, 
CSIRO Pye Laboratory, Canberra.

If you enjoy New Scientist, you 
will enjoy this little book.  It is 
a collection of 25 short essays, 
usually 10 pages long, on a wide 

variety of scientific topics that are loosely linked by the 
concept of “nothing”.  Physicists are catered for by es-
says on the big bang, absolute zero, the Casimir effect, 
and semiconductors (because of the holes).  The touch is 
light but the material is not insubstantial: I learned a few 
things about noble gases I did not know before  – they 
make it into the list because they do “nothing” chemi-
cally. Of course essays like this are not really the place 
to look for the very latest scientific news, and the one 
about the Big Bang made for a wry smile when read in 
the week of the announcement of the B-modes in the 
microwave background.

Possibly physicists will be more entertained by the 
other essays, which cover the role of zero and the empty 
set in mathematics, what the brain is actually doing when 
it seems to be doing nothing, or whether sloths are really 
as idle as they are alleged in metaphor (actually, they are 
very busy digesting, much like koalas). And while I knew 
something about the extraordinary strength of the pla-
cebo effect, I was surprised to find that there is a strong 
mirror image, an anti-placebo if you like.  A curse really 
can kill you if you think it will.  Some (not all) of the 
essays are footnoted with references for further reading.
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Who needs this book? It is a great investment for 
a plane journey or, more seriously, might make good 
background reading in a “science for poets” course – it 
certainly has a broad and entertaining scope, and gives a 
good short tour of the broad sweep of scientific enquiry.

A Piece of the Sun: The 
Quest for Fusion Energy
By Daniel Clery 
Duckworth Overlook (2013) 
320 pages.  
ISBN: 9781468304930

Reviewed by Barry Green, University of 
Western Australia

Australia has an illustrious histo-
ry in the quest for fusion energy. 

The eminent Australian physicist, Marcus Oliphant, was 
lead author (his co-authors were Paul Hartek and Er-
nest Rutherford, “The fathers of fusion”, I dub them) of 
the paper (Proc. Roy. Soc. A 144 (1934) 692) describ-
ing the first fusion reactions carried out in a laboratory. 
Since the late 1950s considerable research related to the 
“quest” of exploiting fusion energy for peaceful purposes 
has been done in Australian universities and organiza-
tions. Thus, this book will be of considerable interest in 
Australia (and elsewhere). In it Daniel Clery (a journal-
ist, but with a theoretical physics degree from York Uni-
versity) describes the history of the endeavours to realize 
fusion energy on earth.

The book describes the fusion process, the state of 
matter in which it takes place (plasma), how it built 
the universe following the big bang, and how it pow-
ers the stars. Ironically, the complementary process of 
fission, although discovered after fusion, was first to be 
exploited commercially, and so today there are roughly 
435 operable fission reactors, with a significant number 
under construction, planned, and proposed. The author 
outlines the significant advantages which fusion prom-
ises over other energy sources. 

The author points out the huge challenges, both sci-
entific and technological, which have to be overcome to 
develop fusion power reactors. The realisation of a fu-
sion reactor is still decades away, hampered not only by 
the technical challenges, but also by the irregularity of  
“political” support.

The book covers both the “low-density” confinement 
approach (where the reactor plasma is confined by mag-

netic fields), and the high-density micro-explosion ap-
proach (where the confinement is determined only by 
the inertia of the “exploding” plasma) to fusion. The lat-
ter coverage has been restricted largely to the irradiation 
of fuel pellets by high-powered lasers although other 
energy-dense beams are being investigated. He also de-
scribes the (now, essentially discredited) cold fusion ap-
proach “discovered” in 1989. The development of fusion 
has also been affected (as it has for other energy sources) 
by the availability of “apparently” cheaper (fossil) fuels. 

The story covers mainly the research programs of 
Britain, the US and Russia, but of course many other 
countries have contributed, and it would have been 
interesting to have had their stories added to what has 
become increasingly a truly international research and 
development endeavour. The narrative includes many 
anecdotes, clearly obtained by interviews with some of 
the parties involved. Sometimes memories of specific 
events are faulty, and sometimes there is a personal at-
tempt to rewrite history, so the cross-checking of such 
material would seem to be a necessity, and it is unclear 
as to how much of this has gone on, as no specific refer-
ences are given. 

The book provides an interesting “cautionary tale” 
of international scientific and technological collabora-
tions (such as ITER). Given the reluctance of individual 
countries to fund large research projects by themselves, 
international collaborations will surely increase.  Clearly, 
they are fraught with considerable difficulties, as the his-
tory of ITER shows.

The final chapter of the book brings the story up-
to-date (as of late 2012) and asks the question “Will it 
ever work?” The leading contenders in magnetic fusion 
(the international project ITER), and in laser fusion (the 
National Ignition Facility, Livermore, US) are described, 
as are some other approaches, but the mainly private ini-
tiatives to develop medium-density approaches, are not.

This book is a timely popularization, which describes 
the science in an accessible way, and indicates the huge 
value of the fusion’s promise but also the enormity of the 
task to realize it. It provides some suggestions (rather in-
complete) for further reading. For anyone interested in 
the development of energy sources, large scientific pro-
jects, their scientific, technical and political aspects, this 
is a worthwhile (if somewhat rambling) read. 



AUSTRALIAN PHYSICS 173SEP–OCT 2014  |  51(5)

PRODUCT NEWS

COHERENT SCIENTIFIC
Aerotech and the 
Science of Motion 
Control
Coherent Scientific is now 
the Australian and New 
Zealand distributor for 
motion control products 
from Aerotech (USA)

Since 1970, Aerotech 
has designed and manufactured the highest performance 
motion control and positioning systems for customers in 
industry and in research institutions around the world. 
Aerotech’s products are used in demanding applications 
in areas such as photonics, laser processing, synchrotron 
science, semiconductor and flat panel manufacturing, 
data storage and aerospace.
Aerotech’s products include:
•  Linear stages with travel up to 1200 mm and resolu-

tion down to 1 nm
•  Rotary stages
•  Gimbals and optical mounts up to 600 mm diameter
•  Piezo nanopositioners with sub-nanometre resolution
•  Goniometers
•  Multi-axis systems
•  Motion controllers
•  Actuators

In addition to a wide range of standard products, Aero-
tech has over 40 years of experience developing and 
manufacturing custom-engineered motion control sys-
tems and welcomes the most challenging positioning 
enquiries.
Please contact Andrew Richardson or Dale Otten 
(sales@coherent.com.au) to discuss how Aerotech can 
help with your next motion control project.

Gooch & Housego 
Gooch & Housego has appointed Coherent Scientific as 
its distributor for Australia and New Zealand. G&H de-
signs and manufactures high-quality active and passive 
fibre optic components as well as optical modules and 
custom assemblies. Their capabilities include:

High Power DFB Lasers
DFB lasers are available in the C 
and L bands (1530-1605 nm) as 
well as 1310nm and 1064 nm. 
These lasers have low noise, high 
power (to 100 mW) and may be 
directly modulated at frequencies 

up to 2.5 GHz. Lasers are available in standard 14-pin 
butterfly packages or as OEM modules (see image) in 
which the laser is packaged with isolator, temperature 
controller and other electronics.
Fibre-coupled AOM’s
Most acousto-optic devices are capable of being fibre-
coupled. The most common fibre-coupled devices are 
modulators, fixed frequency shifters and tunable filters. 
Gooch & Housego offer an extensive range of products 
as standard, together with our full custom design and 
manufacture service. For further information please 
contact Dr Paul Wardill

For further information please visit the Gooch and 
Housego website or 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.

LASTEK
Horiba Scientific Syncerity CCD Camera, 
Back Illuminated - NIR 
The TE-cooled back-illuminated 2048 x 70 CCD Cam-
era combines affordability, performance and versatil-
ity for OEM applications. With peak Q.E. of 84% @ 
700 nm and 20% @ 1050 nm, Syncerity BI-NIR of-
fers a relatively broad response and addresses multiple 
applications. In the NIR, this detector is a much lower 
cost alternative to a deep depleted CCD, with ultra-low 
etaloning. Syncerity’s flexible design allows our OEM-
dedicated team to quickly adapt the camera for indus-
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trial requirements, ranging from alternate CCD chips to 
electronics customizations. 
Key features: 
• Ideal for RAMAN
•  Ultra-low etaloning & much lower cost than Deep 

Depletion for OEM applications
• TE-cooled to -50 oC (-60 oC on request)

Quantum Composers - 9250 Emerald Pulse 
Generator
The Emerald is the newest addition to the Quantum 
Composers portfolio of digital delay pulse generators. 
This unit comes with a 280 ppb TCXO oscillator, pro-
viding users with excellent performance at an economi-
cal price. The high performance of the Emerald Pulse 
Generator allows for fine adjustment of the pulse width, 
delay and period and it also has “virtual channels” that 
effectively double the number of channel timers the unit 
utilises. 

The Emerald has the following features as standard;
• 4 Independent Output Channels
• 25 MHz internal rate generator
• 5 ps resolution
• 15 ps jitter
• USB and Bluetooth connectivity with intuitive GUI
• 2 year, full service support warranty

PicoQuant goes beyond the diffraction limit 
with STED super-resolution microscopy 
upgrade 
PicoQuant has released a super-resolution upgrade to 
its confocal microscopy system MircoTime 200. The 
MicroTime 200 is a time-resolved confocal fluorescence 
microscope with unique single molecule sensitivity. The 
new Stimulated Emission Depletion (STED) upgrade 

to the MicroTime 200 will offer spatial resolution sev-
eral times lower than the diffraction limit.  Apart from 
the STED allowing the distinction of smaller structures 
by increased resolution, the STED can be used in spec-
troscopy which promises more accurate and versatile 2D 
FCS measurements.

STED microscopy reaches spatial resolutions well 
below 100 nm by de-exciting fluorophores in the outer 
region of the excitation focus. This is achieved by shap-
ing the de-exciting (STED) laser into a donut shape 
with the excitation laser in the centre. The shape and 
intensity of the STED laser define the resolution of the 
microscope.

Externally triggered lasers and confocal detection 
with time-correlated single photon counting (TCSPC) 
allow for various excitation schemes and detection mo-
dalities. This inherent flexibility makes it easy to modify 
experiments to address highly specific biological ques-
tions. 

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

WARSASH SCIENTIFIC
The Highest Power Intracavity UV 
Nanosecond Laser
Leveraging Photonics Industries’ strength as the pioneer of 
intracavity solid-state harmonic lasers, Photonics Industries 
has just released a UV ns laser, the DSH-355-25, that de-
livers up to 30 W of intracavity harmonic average power 
at 355 nm from a compact, rugged, monolithic laser head.

Photonics Industries’ patented intracavity UV Gen-
eration has the advantage of non-consumable THG 
crystals with no crystal indexing required. It allows for 



AUSTRALIAN PHYSICS 175SEP–OCT 2014  |  51(5)

a simpler optical resonator for better stability insensitive 
to ambient temperature changes. The more efficient har-
monic conversions realised from intracavity UV Gen-
eration enables lighter weight/smaller form factor laser 
heads that can be readily mounted on movable plat-
forms.

The growing mobile appliance market is demanding 
higher throughput industrial laser micromachining ap-
plication such as flexible PCB cutting and wafer scrib-
ing, which are readily served by Photonics Industries’ 
higher power intracavity UV lasers.

Photonics Industries is the pioneer in the develop-
ment of intracavity, solid-state harmonic lasers and since 
their first high power green harmonic laser was intro-
duced back in 1993, Photonics Industries has been cre-
ating the development history of harmonic solid-state 
lasers, especially Q-switched intracavity harmonic lasers.

Nanoscale AFM Raman

Investigate the chemical and structural properties of materi-
als and extend your understanding of the nanoscale.
The Renishaw inVia Raman microscope is Australia’s 
premier Raman spectrometer for research and industry, 
comprising a research-grade optical microscope coupled 
to a high-performance Raman spectrometer.  It can be 
coupled to AFMs on upright and inverted micrscopes, 
and to free-standing AFMs.  Standard integration pack-
ages are available for several units, including Bruker, Na-
nonics Imaging and Integra to name a few.
Key Features:
•  Proven power and flexibility

• High quality data
•  Direct optical coupling for optimum efficiency in all 

configurations
• TERS-ready solutions
• Efficient
•  Able to get both AFM and Raman measurements 

without moving the sample between instruments
•  Simple alignment – you can clearly see the AFM tip 

and Raman laser spot together

Combined AFM-Raman with TERS

Characterise at nm scales, beat the diffraction limit and get 
chemical information at the ultimate spatial resolution

Tip-enhanced Raman spectroscopy (TERS), from 
Renishaw, uses a sharp plasmonic tip to produce chemi-
cal information at the nanometre scale.

In the graphene example, the circle represents the size 
of the laser spot, from which a far field Raman spec-
trum was acquired (black). The smaller dot represents 
the contact area between a TERS tip and the graphene 
(~20 nm diameter), from which a TERS spectrum was 
derived (green).

The carbon 2D band of the far-field spectrum (black) 
exhibits features of single-, double-, and multilayer gra-
phene. The band in the TERS spectrum (green) is nar-
rower than that of the far-field spectrum, and represents 
solely single-layer graphene. This demonstrates the high 
spatial resolution of TERS.
Key Features:
• Proven reliable systems
• High quality data
• High resolution data

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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Linear Stages,  Rotary Stages,  
Vertical Lift & Z Stages,  Goniometers

Nanopositioners

Contact Andrew or Dale to discuss your requirements

ANT95-L 1nm step plot

ANT95-XY-ULTRA 2D accuracy plot

ANT95-R 0.01 arc-sec step plot

Aerotech linear 
nanopositioners offer:

• 1nm resolution

• <1nm in-position stability

• +/-75nm repeatability

• +/-250nm accuracy

• Up to 160mm travel

Aerotech rotary 
nanopositioners offer:

• 0.01 arc–second resolution

• 0.005 arc–second in–position stability

• 1.5 arc–second repeatability

• 3 arc–second accuracy

• 360° continuous or limited travel


