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Applications

•	 Materials	Analysis
•	 Corrosion
•	 Energy	Storage
•	 General	and	Research	Electrochemistry
•	 Surface	Imaging	and	Scanning

Princeton Applied Research (PAR) and Solartron 
Analytical are	the	global	leaders	in	the	design,	
manufacture,	and	support	of	instrumentation	for	
research	in	electrochemistry	and	materials	analy-
sis.	Over	a	combined	110	years	of	development	
knowledge	are	in	our	instruments	and	accesso-
ries,	advancing	the	research	into	the	physical	and	
electrochemical	properties	of	batteries,	fuel	cells,	
capacitors,	corrosion	inhibitors,	organic	coatings	
and	sensors,	as	well	as	the	characterization	of	
materials	for	dielectrics	and	solar	cells.

Industrial	Microwave	Systems	&	Components	Manufacturer
SAIREM	SAS	is	among	the	international	leaders	specialized	in	microwave	and	RF	laboratory	and	microwave	
technology	for	food	processing,	science	and	medicine.	The	key	differentiator	of	Sairem’s	knowledge	is	the	ability	
to	develop	applications	that	cover	the	entire	spectrum	of	electromagnetic	energy	and	to	scale	up	standard	or	
custom	made	processes	from	laboratory	up	to	industrial	at	power	levels	starting	from	a	few	watts	up	to	several	
hundred	watts…

Products

•	 Microwave	generators	&	components
•	 Microwave	plasma
•	 Microwave	chemistry,	technology	and	equipment
•	 Microwave	heating	technology	in	food	processing
•	 Microwave	Heating	Dryer,	technology	and	component
•	 Other	industrial	Microwave	applications

sales@lastek.com.au | www.lastek.com.au
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Challenge us.
What are your requirements for periodic signal detection?
Our mission: providing instrumentation, software, and advice 
to get you the best results with minimal time and effort.

Zurich
Instruments www.zhinst.com

Find out more today

Australian Sales Partner    Warsash Scientific    www.warsash.com.au    sales@warsash.com.au

MFLI 500 kHz 
Lock-in Amplifier 
starting at

CHF 6 210.–



AUSTRALIAN PHYSICS 10956(5)  |    SEP- OCT 2019

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

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

AIP website: www.aip.org.au

AIP Executive
President Prof Jodie Bradby
 jodie.bradby@anu.edu.au
Vice President Prof Sven Rogge
 s.rogge@unsw.edu.au
Secretary Dr Kirrily Rule
 Kirrily.Rule@ansto.gov.au
Treasurer Dr Judith Pollard
 judith.pollard@adelaide.edu.au
Registrar Prof Stephen Collins
 stephen.collins@vu.edu.au
Immediate Past President Prof Andrew Peele
 andrew.peele@ansto.gov.au
Special Projects Officers
Dr Olivia Samardzic
 olivia.samardzic@dsto.defence.gov.au
Dr Gerd Schröder-Turk
 g.schroeder-turk@murdoch.edu.au

AIP ACT Branch
Chair Dr Michael Hush
 m.hush@adfa.edu.au
Secretary Dr Wayne Hutchison
 w.hutchison@adfa.edu.au

AIP NSW Branch
Chair Dr Frederick Osman
 fred_osman@exemail.com.au
Secretary Dr Matthew Arnold
 Matthew.Arnold-1@uts.edu.au
AIP QLD Branch
Chair Dr Till Weinhold 
 t.weinhold@uq.edu.au
Secretary Dr. Joanna Turner
 Joanna.Turner@usq.edu.au
AIP SA Branch
Chair A/Prof Sarah Harmer-Bassell 
 aip_branchchair_sa@aip.org.au
Secretary Dr Laurence Campbell
 laurence.campbell@flinders.edu.au

AIP TAS Branch
Chair Dr Stanislav Shabala
 aip_branchchair_tas@aip.org.au
Secretary Prof Simon Ellingsen
 aip_branchsecretary_tas@aip.org.au

AIP VIC Branch
Chair Dr Gail Iles
 aip_branchchair_vic@aip.org.au
Secretary Dr Matthew Lay
 aip_branchsecretary_vic@aip.org.au 

AIP WA Branch
Chair Dr Gerd Schröder-Turk
 G.Schroeder-Turk@murdoch.edu.au
Secretary Andrea F. Biondo
 andrea.b@galacticscientific.com

CONTENTS

AUSTRALIAN PHYSICS 109

110 Editorial 

111 From The Executive

112 Perspectives

115 Pursuing physics   
 around the globe,   
 but I still call Australia  
 home  
 Kirrily Rule  

118  X-ray Sudoku   
 Harry Quiney

123 Ionising radiation   
 measurement   
 standards 
 Duncan Butler

131 Young Physicists' Page

133 Samplings 

135 Product News 
 New Products from Lastek,   
 Coherent Scientific, Warsash & IOP  
 Publishing

Sudoku reformulated as a board 
game; an interactive training tool for 
the solution of mathematical inverse 
problems.

Challenge us.
What are your requirements for periodic signal detection?
Our mission: providing instrumentation, software, and advice 
to get you the best results with minimal time and effort.

Zurich
Instruments www.zhinst.com

Find out more today

Australian Sales Partner    Warsash Scientific    www.warsash.com.au    sales@warsash.com.au

MFLI 500 kHz 
Lock-in Amplifier 
starting at

CHF 6 210.–



110 AUSTRALIAN PHYSICS 56(5)  |    SEP- OCT 2019

 

A Publication of the Australian Institute of Physics

EDITORS
Dr Peter Kappen and
Dr David Hoxley
aip_editor@aip.org.au

EDITORIAL TEAMS
Perspectives
Dr Angela Samuel
Dr Victoria Coleman
Dr John Holdsworth
Prof Hans Bachor

Young Physicists
Prof Christian Langton
Dr Frederick Osman
Dr Chris Hall
Dr Diana Tomazos

Samplings
Vacant

Book Reviews
Dr Elziabeth Angstmann

GUIDELINES TO CONTRIBUTE
Articles or other items for submission to Australian Physics should be  
sent by email to the Editors. Only MS Word files will be accepted; a  
template with further guidelines is available online at the AIP websites 
(www.aip.org.au).The Editors reserve the right to edit articles based  
on space requirements and editorial content.

ADVERTISING
Enquiries should be sent to the Editors.

Published six times a year.
© 2018 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

110 AUSTRALIAN PHYSICS

Peter Kappen and David Hoxley

EDITORIAL
It’s just a few  
numbers… isn’t it? 
Many of us would have played 
Sudoku, the numbers puzzle that 
can be significantly challenging 
to solve. Some will get a lot of 
entertainment value out of Su-
doku, while for others it does not 
resonate so well. What probably 
unites most of us it that we would 
normally not associate Sudoku 
with X-ray physics. That is where 
Harry Quiney’s article in this is-
sue of Australian Physics comes 
handy: Harry explains how Su-
doku can be used to illustrate 
the process of phase retrieval. So, 
here also is potential to capture young people’s imagination 
through a puzzle game. The Young Physicists Page is thus a 
natural fit to explore Sudoku a bit more (with spoiler alerts). 

Duncan Butler writes of his work with ARPANSA and 
ionising radiation standards. His article illustrates why it 
is important to pay attention to the detail of what exactly 
we are measuring. 

In this issue we also hear from Kirrily Rule, one of the peo-
ple volunteering their time for the AIP, about her journey in 
physics. We like such stories very much, because they con-
nect science with people and they make physics tangible. 
Australian Physics is a magazine that helps us (the physics 
community) talk to many people and not just ourselves. 
Telling your stories and why you love what you do is im-
portant for the magazine. Please feel invited to contribute 
your story, too! – On volunteering, you will notice that the 
Samplings section is looking for helping hands. Please let 
us know if you like to contribute. Our thanks go to Brian 
James for having kept this wheel turning for a while now.

Last but not least, we invite you to consider what 
physics stories you can tell. Share them with us at  
aip_editor@aip.org.au.

All the best, 
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FROM THE EXECUTIVE
Hidden physicists
Those of you who follow the AIP Bulletin would have 
noticed the recently commenced series “Hidden Physi-
cists”, featuring each month one of the many different 
careers and places where a PhD in physics can take you. 
Given that the PhD graduations have outnumbered 
available academic jobs ever since the mid-90s , those 
places are no longer just the research labs and lecture 
theatres of our universities. 

The Australian Institute of Physics has always considered 
itself an association for all physicists – those in academ-
ia, in industry, in our schools, in the public service and 
elsewhere in society. Being relevant to physicists of all 
walks of life surely is crucial to ensure our association’s 
relevance into the future. And, this is probably an area 
where we as the AIP can do better; the “Hidden Physi-
cists” series is an indication of our commitment to do so.
Yet, beyond the question which opportunities the real 
world offers for us physicists, there is the perhaps more 
profound question what contribution we can make to 
the real world.

There is a lot there: the problem-solving skills, and the 
quantitative skills, and the experimental and technology 
skills, the ability to abstract messy questions to their bare-
bone essence, the modelling skills … all those attributes 
that make physics graduates employable in a broad range 
of fields and industries. In brief, physicists know how 
to get to the bottom of things, in a quantitative way.

Then, there are the soft-skills, embodied in the Venn dia-
grams that describe how the combination of intelligence 
and obsession makes the proverbial ‘geek’. Obsession, or 
more positively, the willingness to spend large amounts of 
time trying to understand what many others would con-
siderdetails, is a hallmark of many successful PhD projects 
and a useful trait when tackling real-world challenges.

But then, there is something more that an education in 
physics science (and more generally science, of course) 
can offer that is much needed in society: an ultimate 

commitment to facts and 
truth. Call it research in-
tegrity, or best practices 
in research. The ARC, 
the NHMRC and Uni-
versities Australia, in 
their Australian Code 
for Responsible Con-
duct of Research , list as 
the first three principles 
as honesty, rigour and 
transparency.  These are 
our foundation values.

The methods of conduct-
ing scientific research and the way we publish it in the 
physics community is based on these principles . And 
each time when, in the long and arduous process of 
completing a PhD or a physics degree, a student inhales 
and adopts these values, those values get strengthened 
within our community. 

When our graduates make their way out into the 
world, they take these core values with them. They 
bring a high level of honesty, rigour and transpar-
ency with them to whatever data they generate and 
whatever reports they write. In these times of fake 
news and opinions, training students to uphold the 
core scientific principles is surely one of our great 
contributions to society – and one that we can right-
ly be proud of as the physics and science community. 

When considering our discipline’s broader im-
pact – a question that is central to the AIP’s rai-
son d’etre – the importance of the culture that we 
have built in our community should be includ-
ed. This culture of honesty, rigour and transparen-
cy is very important to defend and nurture – for the 
sake of our science but also for the sake of our society. 

Best wishes,

Gerd Schröder-Turk,  
Special Project Officer, AIP Executive, 
g.schroeder-turk@murdoch.edu.au 

1.  According to information, not specific to physics, presented in 
“Advancing Australia’s Knowledge Economy: Who are the top 
PhD employers?” by Paul X. McCarthy and Dr Maaike Wienk, 
© 2019 The University of Melbourne on behalf of the Austra-
lian Mathematical Sciences Institute

2.  Australian Code for the Responsible Conduct of Research 
2018. National Health and Medical Research Council, Austra-
lian Research Council and Universities Australia. Common-
wealth of Australia, Canberra.

3.  This is not to deny the need to constantly ensure good incen-
tives, as was recently pointed out by Australia’s Chief Scientist 
Dr Allan Finkel in his Opening Keynote Address at the 6th 
World Conference on Research Integrity, “Actions to advance 
research integrity”, Sunday 2nd June 2019
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PERSPECTIVES
Introducing DEGAP: Diversity and Equity 
Group in Australian Physics
In March this year, the Women in Physics (WIP) group 
ran a survey of its members to gauge interest in broaden-
ing its scope to be more inclusive and encourage broader 
participation from across the AIP. 

The suggestion was to change from ‘Women in Physics’ 
to ‘Diversity and Equity Group in Australian Physics’ – 
DEGAP, reflecting a growing desire to shift from a focus 
purely on women in physics to enhancing equity and 
inclusion within AIP for all of us, inject energy and ideas 
into the group from a wider AIP co-hort and ultimately 
to enhance our physics community. The outcome was 
an overwhelmingly positive, with 84% of respondents 
agreeing to the proposal.

Now that we have this mandate, we need to act on it, 
noting that our proposal to change will need to be for-
mally voted on by the AIP Executive at their next coun-
cil meeting in Feb 2020. For now, the next steps are to 
draft a vision and new terms of reference for DEGAP. 
Following this, we then have a committee ‘spill and fill’ 
and put a call out to the whole of the AIP announcing 
the launch of DEGAP and calling for nominations for 
a new DEGAP steering committee. If you would like to 
contribute to the vision setting and drafting of the new 
terms of reference, please email our current WIP/DEG-
AP Chair at AIP aip_wip_chair@aip.org.au.  It would be 
wonderful to have external inputs from the wider AIP 
community to this process.

It’s interesting to know that many other organisations 
are already ahead of us on the DEGAP front, which also 
means there is a lot of inspiration and learnings already 
out there – The Australian Astronomical Society broad-
ened it’s Women in Astronomy Chapter to Inclusion, 
Diversity and Equity (IDEA(!)) Chapter in 2016, STA 
has recently launched a new equity, diversity and in-
clusion committee, and some of our newer Centres of 
Excellence (e.g. FLEET) have a commitment to Equity 
and Diversity within their strategic priorities. 

Finally, in broadening the scope of WIP to DEGAP, it’s 
important to keep in mind that we are not planning on 
losing any of the key initiatives that have and continue 
to be really important to our women in physics cohort. 
This includes the WIP lecture series and networking 
events and initiatives that have evolved over the long 

history of WIP (i.e. WIP events/meetings at conferences 
etc.). Inclusion is ultimately a benefit to all of us, and we 
hope this change inspires more people to get involved in 
future initiatives with DEGAP.

How neutrons will save the world
(aip news) Helen Maynard-Casely’s Women in Physics 
Lecture Tour, taking in 16 cities and towns around Aus-
tralia, has come to a close. 

The tour took Helen, a senior instrument scientist at 
ANSTO, to Devonport, Launceston, Hobart, Sydney, 
Illawarra, Wollongong, Canberra, Toowoomba, Ip-
swich, Townsville, Adelaide, Perth, Bendigo, Ballarat, 
Geelong, and Melbourne. More than 1,500 people at-
tended the events.

Her talks revealed that neutrons are much more than 
just dead weight inside atoms. From finding the shape 
of a virus and a drug to disable it, to keeping electrons 
flowing in next-gen batteries, neutrons can help solve 
some of the greatest challenges we face today.

We congratulate Helen on her fantastic tour around the 
country, and we asked her a few questions about the ex-
perience.

What was the highlight of the tour?

“One highlight was the large number of people I inter-
acted with. In daily life you can fall into patterns in who 
you interact with, and this tour really pushed my sphere 
of interactions! Another highlight was the visit to Oakey 
State High School in Queensland.  It was organised by 
physics teacher Mitch Holgate and Queensland AIP 
co-ordinator Joanna Turner. Not only were the students 
really engaged, but the head of science, Jelena Edhouse, 
had baked a whole periodic table of cupcakes!
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“A second event highlight was the visit to the School 
for Isolated and Distance Education in Perth, organised 
by Diana Tomazos. It was a totally difference experience 
presenting to a camera with students tuning in from 
thousands of kilometres away.”  […]
(read more at aip.org.au)

Falling Walls Lab – Removing barriers
Now in its fourth year, the Falling Walls Lab Australia 
concluded with the national finals in Canberra on the 
3rd September. Bringing together great ideas and bright 
minds from around the county in a contest of three-min-
ute pitches, the Lab invited all involved to think well be-
yond the horizon of their usual line of work. Whether it 
be using visual language and brokerage to communicate 
science, delivering real-time information on allergens in 
thunderstorm asthma events, improving mental health 
through building design, or stimulating business inno-
vation through improved management practices, every-
one involved would have learnt something new and tak-
en home new ideas.

Congratulations to the the winners of Falling Walls 
Lab Australia 2019, Elena Schneider (centre), Rhys 
Pirie and Kate Secombe. (photo courtesy Australian 
Academy of Science)

The three winners of this year’s finals will travel to com-
pete on the global stage at the Falling Walls Lab Finale in 
Berlin. Elena Schneider demonstrates a plasma assay to 
help with the treatment of cystic fibrosis, Kate Secombe 
shows how the human gut microbiome can help with 
cancer therapy, and Rhys Pirie showcases a way to make 
new products from small fragments of glass normally 
destined to landfill.

Falling Walls Lab Australia is part of a Berlin-based in-
ternational ideas competition. Marking the anniversary 

of the fall of the Berlin Wall in 1989, the Falling Walls 
Lab will bring together 100 contestants from around 
the globe to pitch their ideas and answer the question: 
Which walls will fall next?

The Australian Lab is organised by the Australian Acad-
emy of Science and the German Embassy in Canberra. 
Bring your new ideas to next year’s Falling Walls event! 

Research to unlock the mysteries of the 
universe 
Congratulations to Prof Elisabetta Barberio and team 
for securing funding for an ARC Centre of Excellence 
for Dark Matter Particle Physics. 

The centre will pursue the discovery and understanding 
of the nature of dark matter, the invisible substance that 
is believed to comprise 85% of the universe’s matter. 
Part of the centre’s activities will be to construct and op-
erate experiments to directly detect dark matter using 
the Stawell Underground Physics Laboratory in Victo-
ria and at the University of Western Australia, as well as 
working on new detection technologies with ANSTO 
and Defence Science and Technology Group.

Other partners in the centre include The University of 
Adelaide, Australian National University, Swinburne 
University of Technology, The University of Sydney and 
several international institutions.

For more information, see www.darkmatter.org.au

For all information about the Australian Institute of  
Physics, visit:  www.aip.org.au
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 MELBOURNE, AUSTRALIA 

The AIP summer meeting was established in 2017 as 
the biennial meeting of the physics community in 
Australia. The AIP summer meeting takes place in odd-
numbered years and focusses on the recent trends and 
developments of Australian physics research.  
 

 
Astronomy & Astrophysics | Biophysics | 

Condensed Matter | Medical Physics | Nuclear 
& Particle Physics | Optics & Photonics | 

Physics Education | Quantum Computing | 
Space Physics & Space Instrumentation  

 
 

www.aip-summer-meeting.com  

WHEN 
4th—6th December 2019 
 
School’s Day: 
Tuesday 3rd December 
2019 

WHERE 
RMIT, Swanston Street 
Melbourne,  Victoria 

ADMISSION 
AIP Members: 
Early –bird   $250 
ECR   $150 
Students  $100 
 
Non-members; 
Full   $450 
 

KEY DATES 
 
Abstract Submission 

18th September 2019 
 

Early-bird registration 
18th October 2019 

 
Registration closes 

6th November 2019 

AIP Summer Meeting 2019 
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Pursuing physics around the globe, but I 
still call Australia home
Kirrily Rule
Honorary Secretary, AIP
Senior Instrument Scientist and honorary Associate Professor
ANSTO, Lucas Heights and University of Wollongong – kirrilyr@gmail.com

Editors’ Note – Sharing people’s stories is one of the things we enjoy a lot. We feel it helps bringing physics 
to life and connects to the emotional part of science. In this story, Dr Kirrily Rule reflects on her journey 
into physics, her career path across the continents, and her love for working with people from around 
the globe.

Hi! I’m Kirrily Rule and am currently the National Hon-
orary Secretary of the AIP.

High School
When asked to write about my journey in Physics, I had 
to think all the way back to high school (over 20 years 
ago now) where my initial passion and motivation to 
understand Physics blossomed. It almost didn’t howev-
er, with poor grades in Physics in year 11. In fact, my 
year 11 Physics teacher pulled me aside and told me that 
with a D in Physics, I would be better off taking “some-
thing easier” in year 12 to better my chances of getting 
into university. This made me mad, as I was still curious 
about the physical world and how things worked, so I ig-
nored that teacher’s advice and went into year 12 Physics 
with a different teacher. My year 12 teacher, Ms Jill de 
Araugo, was a far better teacher – patient and encourag-
ing and helped me work through many of my miscon-
ceptions. With a supportive and enthusiastic teacher, I 
performed much better at Physics, bringing my year 12 
mark up to an A.

Undergraduate
I finished high school and did not know what I wanted 
to be when I “grew up” so I tried to keep my options 
open when choosing a Uni degree. I enrolled in a Bach-
elor of Science/Bachelor of Arts double degree and stud-
ied an eclectic mix of subjects including theatre studies, 
psychology, maths and of course, physics. However, my 
passion still remained with physics and I chose to do a 
year of Honours in physics, with my supervisor Dr John 
Cashion, because I still didn’t know what I wanted to 
be when I grew up. It was in the physics labs of Monash 
Uni that I developed a real love for experimental physics 
– performing experiments where the “answer” was un-
known by anyone else. This was a giant leap from third 
year physics labs where I was always checking my results 
against the “correct answers”. My project was based on 
exchange bias of thin film magnets, where I grew mul-
tilayers of soft and hard magnetic materials. My main 
characterisation techniques were Mössbauer spectrosco-
py and magnetisation measurements using a Supercon-

ducting QUantum Interference Device (SQUID). After 
receiving first class honours and the IMEA (Institute of 
Materials Engineering Australasia) award for the best 
fourth year materials-based project in Victoria (1999), 
I knew I was hooked.

Doctorate
I went straight into a PhD supervised by Dr Trevor 
Hicks at Monash Uni and it was during this time that 
I discovered my love for neutron scattering. I was lucky 
enough to receive an AINSE postgraduate award which 
helped me attend experiments at the HIFAR reactor at 
ANSTO. Here my project involved understanding the 
magnetic structure and dynamics in the layered antifer-
romagnet FePS3 using both elastic and inelastic neutron 
scattering techniques [1,2]. I was also lucky enough to 
travel to the UK and France for neutron scattering meas-
urements using the Access to Major research Faculties 
funds that were available then. Interestingly, layered ma-
terials like FePS3 are now experiencing a resurgence in 
popularity amongst researchers. FePS3 may provide in-
sight into the manipulation of magnetic spin structures 
for spintronic devices, by isolating monolayers which 
may be useful in future technologies [3].

Me, Jonathan Morris and Bastian Klemke working on 
the Monopole project at the E2 flat-cone diffractome-
ter at Helmholtz Zentrum Berlin, Germany, 2009 (photo 
credit: HZB / A. Rouvière)
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Post-doctoral fellowships
After completing my PhD, I moved directly to Ham-
ilton, Canada to take up a post-doctoral position with 
Prof Bruce Gaulin, working in the field of frustrated and 
novel magnetic materials. It was here that I had the op-
portunity to see how neutrons in North America flew 
– with experiments at the Chalk River Labs in Canada 
as well as at NIST in Maryland, USA.
 
Ongoing Research appointment
After two years in Canada, I moved to Berlin, Germany 
to take up a facility position as an instrument scientist at 
Helmoltz Zentrum Berlin (formerly Hahn-Meitner In-
stitute). My two-year postdoc turned into a permanent 
position operating the user program on the cold-neutron 
triple axis spectrometer, FLEX. I think that the thing I 
liked most about an instrument scientist position is that 
I had two different roles to play – I had the opportunity 
to pursue my own scientific interested into low dimen-
sional and exotic quantum magnets and at the same time 
I was able to work with lots of brilliant scientists who 
would come to perform their scientific measurements 
on my instrument. This opened up a whole new avenue 
to scientific collaborations and has helped me keep my 
finger on the pulse of current trends in Physics (from a 
neutron scattering perspective). 

Research Interests
Some highlights of my research in Canada and Germany 
include the study of the frustrated pyrochlore materials 
Tb2Ti2O7 [4] and Tb2Sn2O7[5], and the investigation 

of magnetic monopoles as emergent quasi-particles in 
the spin-ice material Dy2Ti2O7 [6]. More recently I have 
been investigating low-dimensional, Spin ½, copper ox-
ide materials – in particular, the natural minerals azurite 
and linarite [7-9].

I think what I find most interesting about these frustrat-
ed magnets is the energy within them. Since the mag-
netic spins have no mass their orientation and motion 
is constrained by a delicate balance of competing inter-
actions. And these systems can get more complicated as 
additional restrictions are placed upon them, such as in-
cluding single-ion anisotropy or Dzyaloshinskii-Moriya 
interactions to the spin Hamiltonian. What is particu-
larly fascinating is that with inelastic neutron scattering 
we can directly measure these intricate interactions and 
we can use mathematical modelling to replicate these 
patterns – which are often very beautiful (see Fig 1). For 
instance, Linarite is a good example of a 1-dimensional 
frustrated spin-chain with competing nearest (J1) and 
next nearest (J2) neighbour coupling and a significant 
interchain coupling Jic: 

Coming Home
Eventually the call to return home to Australia became 
too strong to ignore. Part of my reasoning here was that 
I was pregnant with my son. My husband and I had no 
relatives in Berlin, and our command of the German 
language was still not proficient! We agreed that bring-
ing up our son closer to grandparents and cousins would 
be better for him – and it would be easier for us to navi-
gate the challenges of raising a child in our own mother 
tongue. It was still a difficult decision to make since we 
were very much in love with our life in Berlin. There was 
also a degree of chance involved as well; the position I 
took had been advertised 6-12 months earlier with no 
successful candidates, so when the second call went out, 
I knew I was in with a chance. We wouldn’t have left 
Berlin if this position was not available – although our 
choice to leave when we did was very lucky indeed. It 
was not long after I had accepted the position in Austral-
ia that the German government announced the closure 
of the BER-II reactor at HZB – which will happen at 
the end of 2019. A neutron scatterer without neutrons 
is a very sad prospect indeed. 

So after eight years living abroad I moved to Sydney to 
take up an instrument scientist position on the triple-ax-
is spectrometers at ANSTO. A big thanks to former AIP 
president Dr Rob Robinson for helping to make this 
happen! Since I have been back home, I have also joined 
the University of Wollongong as an adjunct Associate 
Professor which allows me to give lectures, supervise stu-
dents and collaborate with the physics staff there.

Fig 1. Measured (left) and calculated (LSWT,right) 
spin wave excitations of linarite at 0.5K The exchange  
interactions are exchange interactions of J1 = −114K (FM),  
J2 = 37K (AFM), and Jic = 4K (AFM) [9].
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The Present
So now I consider myself as a research physicist working 
in the field of hard condensed matter physics using neu-
tron scattering to understand the structure and dynamics 
of new materials. My main focus of research is looking 
at unusual and exotic magnetic materials to understand 
the interplay of interactions within them. Whilst I don’t 
always engage in “applied physics” experiments, the ul-
timate goal of my research is to develop new materials 
for spintronics technologies – a new way of manipulat-
ing magnetic spins to transport information through 
materials. This mechanism is analogous to charged elec-
trons carrying current in electronic circuits, but with far 
less resistance and heat production and at much faster 
speeds. Spintronics is one way to envisage low cost, low 
energy and high efficiency devices for the future. In fact, 
this aligns well with my recent appointment as a Partner 
Investigator at FLEET, an ARC Centre of Excellence 
researching Future Low-Energy Electronic Technologies 
[10]. As a partner investigator, I hope to help facilitate 
neutron scattering experiments for FLEET researchers 
as a valuable tool for investigating their materials.

One part of my job that I particularly enjoy is collab-
orating with other scientists from around the world, 
coming from diverse backgrounds. It is great to be part 

of a research team that spans the globe, as often the best 
ideas evolve from combining different points of view; 
and with collaborators in different time zones, the work 
can sometimes get done while I am sleeping! My time as 
an instrument scientist has allowed me to meet so many 
fantastic scientists from many different places – in par-
ticular those with skill that I don’t necessarily have. I am 
proud to have collaborators that I can call on when I 
have a problem to solve, and similarly I believe strong-
ly in reciprocating when I can contribute to a project. 
There have been numerous occasions when, say, a Brit-
ish colleague might point out a parameter that I need 
to include in my data analysis, or a Taiwanese colleague 
might suggest a more robust method for collecting the 
data or my German student might ask a question from 
a perspective that I had never considered before. And 
all of this can be so humbling – I have quickly realised 
that no matter how much I think I know about a topic, 
there is just so much more that I don’t know – yet! These 
collaborations certainly lead to a richer understanding 
of a topic that I would not have developed alone – and I 
thank all of my collaborators for continuing to challenge 
my understanding from different perspectives.

Since 2017 I have taken on the role of Honorary Secre-
tary of the AIP – and my inbox is flooded! I do try to get 
back to as many member requests as possible – but if I 
don’t reply just give me a nudge! What I love about this 
role is that I have met so many brilliant physicists from 
all over Australia – and I have learnt about so many areas 
of physics that are quite different from my own!
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X-ray Sudoku
Harry Quiney
Professor of Physics, ARC Centre of Excellence for Advanced Molecular Imaging, School of Physics
The University of Melbourne, Victoria 3010, quiney@unimelb.edu.au

The solution of the mathematical puzzle Sudoku involves the application of constraints to determine 
missing information. These constraints take the form of rules; the solution must contain one instance 
of each of the numbers 1-9 in each row, each column and each of the nine 3x3 sub-blocks that form the 
9x9 Sudoku grid. In X-ray coherent diffraction imaging, one encounters a similar problem, in which 
phase information about the diffracted X-ray wave is lost when a diffraction pattern is measured; the 
phase problem. The phase may be retrieved, however, by the application of a priori information about 
the diffracting object and the physical rules of Fresnel diffraction. Here, we discuss the algorithmic 
similarities between the solution of Sudoku puzzles and the phase retrieval of X-ray scattering data by 
formulating the solution of Sudoku puzzles as a board game.  

The opening of the Australian Synchrotron more than 
a decade ago made it possible for Australian structural 
biologists to perform X-ray crystallography experiments 
on our own doorstep. From these experiments are de-
rived the new molecular structures that drive structural 
biology, advances in understanding of immunological 
processes and the rational design of new pharmaceuti-
cals. Self-evidently, however, crystallography requires 
the availability of high-quality crystals; obtaining these 
samples often proves to be the greatest obstacle in the 
crystallographic method. 

The prospect of determining molecular structures from 
many diffraction measurements of single molecules in 
solution has recently driven the development of new 
technologies. Cryo-electron microscopy can now, un-
der some conditions, determine molecular structures to 
atomic resolution using laboratory-scale instruments. 
X-ray free-electron lasers, which are major international 
facilities, produce X-ray pulses of femtosecond duration. 
They offer the prospect that we might one day capture the 
dynamics of biomolecular reactions; molecular movies of 
chemical processes with atomic spatial resolution and time 
resolution short enough to follow the nuclear motion. 

There remain many problems to be solved in order to reach 
this goal, but the computational solution of the phase 
problem that is central to the success of diffraction imag-
ing has received close attention over the past twenty years. 
These solution strategies involve some advanced mathe-
matical concepts, but the essence of the solution strategy 
can be understood by reformulating solution procedures 
for Sudoku puzzles in the context of a simple board game.       

The phase problem
In a remarkably concise article, Sayre analysed the neces-
sary conditions to obtain structure from scattering data 
in X-ray crystallography on the basis of information the-
ory [1]. A measurement of X-ray diffraction may be used 
to determine the amplitude of the electromagnetic wave 
that produced it, but the phase of the electromagnetic 
wave that forms, for example, the Bragg peaks in crystal-
lography is lost. 

The diffraction from a finite molecular sample, such as 
a single molecule or small cluster, can provide sufficient 
information to obtain its structure directly by applying 
mild constraints on the presumed size of the scattering 
target. The most rudimentary of these constraints is the 
knowledge that the target can fit inside an aperture of a 
given size; the target is then said to be of finite support 
that can be specified precisely by the aperture in which 
it may be placed.  

Assuming that the object is illuminated by a plane wave, 
a measurement of the intensity uniquely determines the 
amplitude of the diffracted wavefield at the detector; this 
information is known as the amplitude constraint. In 
the absence of any other information, we simply guess 
the phase at each measured point on the detector. The 
propagation of light is a well-understood application 
of Maxwell’s equations. Under the usual experimental 
conditions, the wavefield may be propagated between 
the target and the detector computationally by using the 
paraxial form of the Fresnel radiation theory. In prac-
tice, this is achieved using the Fast Fourier Transform 
algorithm, the details of which are unimportant here; it’s 
just a rule that allows us to propagate a two-dimensional 
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wave between two fixed planes. When the guessed wave 
is returned to the plane of the target, we apply the sup-
port constraint; the wavefield is set to zero everywhere in 
the target plane, except for the region within the finite 
aperture, forming a new guess for the wavefield. 

The solution proceeds iteratively, propagating to the de-
tector plane and imposing the amplitude constraint, then 
propagating back to the target plane to apply the sup-
port constraint. The iteration proceeds until a solution is 
obtained in which the input of one iteration is the same 
as the output of the next. This strategy does not always 
converge, but there are well-developed schemes to resolve 
any stagnation that develops. Schemes with improved 
convergence characteristics are straightforward variations 
of the simple “input-output” procedure described above.  

The Sudoku problem
At first glance, X-ray imaging and Sudoku puzzles may 
appear to have nothing in common. From a mathemati-
cal point of view, however, they may both be categorized 
as inverse problems: missing information is obtained by 
applying constraints or a priori information derived 
from available information. In the case of Sudoku, the 
available information corresponds to the given grid val-
ues, or clues, that define a particular puzzle and the rules 
of Sudoku are the constraints.

Of course, there are limits on how much information 
can be retrieved in this way. The X-ray problem requires 
that the diffraction data be sampled at spatial frequency 
that is greater than a certain value that is determined 
by the maximum spatial extent of the support region. 
Similarly, there is a minimum number of clues that must 
be available in order for a Sudoku puzzle to possess a 
unique solution.  This number is approximately fifteen 
for difficult puzzles and, obviously, a trivial Sudoku puz-
zle contains eighty clues.

Until recently, one could watch commuters on public 
transport in Melbourne solving Sudoku puzzles in the 
free newspaper on their journeys home from work. The 
solution strategy invariably resembled that for a cross-
word; numbers were added sequentially to the blank 
squares until either the problem was solved or the player 
was overcome with frustration and turned to the hor-
oscope page instead. Most Sudoku puzzles cannot be 
solved in a sequential manner, so a trial-and-error strat-
egy is usually adopted when using pencil and paper. A 
systematic way of tackling complicated Sudoku puzzles 
is to have all of the numbers in play at all times and 

to adapt the input-output strategy that we have already 
considered for X-ray imaging.

The solution of a Sudoku problem requires that the in-
tegers 1-9 appear once in each of the nine 3x3 grids that 
make up the complete 9x9 matrix.  We can easily imple-
ment this constraint in a board game version of Sudoku 
by making nine distinct sets of square tiles. Each tile in 
a given set is white on one side and a distinctive colour 
on the other; each of the nine tiles receives its unique 
number in the range 1-9 on both sides. 

To initialize the board-game we take one of the nine sets; 
for the sake of clarity, we start with the red set. We place 
tiles with their white sides upwards in the 3x3 block at the 
positions of the given clue values in, say, the top left block 
of the Sudoku grid (white tiles 1,4,7 and 9 in Figure 1). 
We then place the remaining tiles with their red faces up-
wards in randomly chosen vacant positions in the block 
(red tiles 2,3,5,6, and 8). This process is then repeated for 
the eight remaining 3x3 blocks in the Sudoku grid, each 
block being initialized using tiles from sets that are white 
on one side, a distinct colour on the other side and each 
labelled uniquely with the numbers 1-9 on both sides.  

We now have a complete grid that satisfies, by con-
struction, the requirement that the integers 1-9 ap-
pear once in each 3x3 block of the board. Almost 
certainly, however, the board does not satisfy either 
of the constraints that the integers 1-9 appear once 
in each row and each column of the board; the row 
constraints and the column constraints, respectively.  

Figure 1: the original Sudoku set made for the Growing 
Tall Poppies program, which has been used for eight 
years. The board has been initialized to play a simple 
Sudoku game. The backing board is an “optional extra”; 
the game can be played just as well on a plain tabletop. 
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If we knew the solution, we could rearrange each of the 
nine 3x3 blocks from the random starting configuration 
into the correct solution by a sequence of swaps involv-
ing a pair of coloured tiles: the white tiles must not be 
touched.  Swapping tiles of the same colour is the only 
valid move in the game, but there certainly exists at least 
one sequence of valid tile-swaps that generates the cor-
rect solution. A valid tile swap preserves the constraint 
on any 3x3 block and may move the array either closer 
to or farther from the solution. The X-ray solution algo-
rithm described previously suggests an iterative strategy 
for the solution of Sudoku puzzles.

Rather than attempt to satisfy the row and column con-
straints simultaneously, we instead resolve them itera-
tively and alternately. It is quite simple to satisfy, for ex-
ample, three of the row constraints by performing valid 
tile swaps on three horizontally contiguous 3x3 grids. 
The complete set of row constraints can be satisfied by 
applying this rule three times. The same strategy is then 
applied to satisfying the column constraints. The itera-
tion between satisfying the row and column constraints 
is analogous to the procedure in X-ray imaging in which 
one alternates between applying the support constraint 
and the amplitude constraint. The rule that one may 
only swap tiles of the same colour (and leave the white 
tiles unmoved) is analogous to the mathematical ma-
chinery of the paraxial Fresnel propagator that maps the 
wavefield in the target plane onto the wavefield in the 
detector plane, or from detector back to target. 

Just like the case of X-ray imaging, this simple iterative 
strategy may stagnate, cycling repeatedly through incor-
rect configurations. It is simple to cure this in the case 
of the Sudoku board game, by applying the constraints 
in a different order or incompletely for one iteration, 
which generally drives the procedure in a new direction. 
For most Sudoku problems this simple solution strate-
gy converges in less than ten complete iterations. In the 
case of more stubborn problems, a general approach de-
veloped by Elser may be implemented as a computation-
al algorithm to avoid the problem of stagnation [2] and 
the manual labour of shifting tiles. Elser was the first to 
draw attention to the mathematical similarities between 
X-ray imaging and Sudoku problems and he also showed 
that similar ideas can be applied to map-colouring and 
cryptography problems.  The formulation of the Sudoku 
problem as a board game is a very elementary example 
of these more general treatments of inverse problems, 
including the solution of the X-ray phase problem.  

X-ray Sudoku as a teaching tool
The X-ray Sudoku board game was developed primar-
ily as a teaching tool within the Growing Tall Poppies 
outreach program, which is directed by Dr Eroia Bar-
one-Nugent [3]. The development of methods to deter-
mine biomolecular structures using X-ray free-electron 
laser sources may lead to significant advances in struc-
tural biology and pharmacology, but the determination 
of structures from experimental X-ray scattering data is 
difficult to communicate directly without resorting to 
mathematical techniques that are usually encountered late 
in an undergraduate degree in mathematics or physics. 

The close similarity between the strategies involved in 
X-ray imaging and the Sudoku board game facilitate an 
accurate explanation of these cutting-edge developments 
in X-ray imaging using almost no formal mathematics 
or detailed computation. The explanation of working al-
gorithms is typically supplemented in the Growing Tall 

Figure 2: X-ray Sudoku: some assembly required. You 
need 81 square tiles (the ones here are made from foam-
board) and paper faces for the tiles printed on coloured 
paper, with white paper used for the “clues”.
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Poppies experience by a demonstration of working com-
puter codes, an excursion to the Australian Synchrotron 
and examples of the experimental scattering data that 
is produced in diffraction imaging.  The use of physical 
tiles could be replaced by an interactive computer ani-
mation, but the arts-and-craft experience of making the 
coloured tiles and the board using coloured paper and 
glue has proven to be popular with students undertaking 
the program. The experience produces a board game that 
can be played simply by downloading a Sudoku puzzle 
and laying out the coloured set of tiles according to rules. 

Conclusion
Sudoku aficionados have suggested to me that the board 
game is, in some sense, “cheating” or taking the fun and 
challenge out of solving Sudoku puzzles. If you enjoy 
Sudoku, then please carry on. On the other hand, if you 
find solving Sudoku puzzles in newspapers so frustrating 
that you find yourself instinctively turning to the hor-
oscope or, worse, the obituary page of your newspaper, 
some coloured paper, a stick of glue and some simple 
tiles made from foam-board may provide welcome relief. 

About the author
Harry Quiney is a Professor of Physics at the Universi-
ty of Melbourne. He studied Mathematics and Chem-
istry at Monash University and was awarded a D.Phil. 
in Theoretical Chemistry from St Catherine’s College, 
Oxford. He is not, despite any impression that you may 
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Ionising radiation measurement standards
Duncan Butler
Director, Primary Standards Dosimetry Laboratory, Australian Radiation Protection and Nuclear Safety Agency – ARPANSA, 
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(presently seconded as Beamline Scientist to Australian Synchrotron, ANSTO)

This is an overview of radiation measurements in Australia, with a focus on the dosimetry standards 
which support them. I have attempted to cover as much as I can while sticking to topics that are 
important and interesting. Of course this is a very subjective approach, which I hope the reader will bear 
in mind. I am thankful for many corrections and additions from Peter Thomas (ARPANSA) and Freda van 
Wyngaardt (ANSTO) – Thank You!

I began working in measurement standards in 1996 
at the National Measurement Institute, then part of 
CSIRO, in Lindfield. The team I joined was responsible 
for optical standards (e.g. laser power), and photomet-
ric quantities. In 2000 I made a change of wavelength, 
joining the Ionising Radiation Standards Section at 
ARPANSA in Yallambie, expecting a relatively simple 
transition: surely this was just a case of changing energy, 
from optical to ionising photons! Alas, ionising radia-
tion has a huge set of complicating factors:

• Different particles can be ionising (photons,   
 electrons, alpha particles…ask CERN for a full list) 

• Each particle comes in a wide range of energies,  
 with correspondingly different physics required  
 to describe its interaction with matter.

• There are different measurement quantities   
 depending on whether we are interested in the   
 radioactivity of a material, the flux or energy   
 distribution of particles, the effect the radiation   
 has on a material, or the effect on a human.

• There is a wide range of radiation levels that people  
 are interested in, from the natural background to  
 beams so intense they can set fire to your   
 experiment (ask the Clayton fire brigade).

Not to say that optical measurements are straightfor-
ward, but being able to stop most beams of light with a 
business card can be an advantage. 

Units of Dose
The most common units of radiation dose are the gray 
(Gy) and sievert (Sv).  The gray is the energy deposited 
by radiation, in joules per kilogram of material, in the 
limit that the volume tends to zero (i.e. at a point). The 
sievert modifies the gray by including the level of harm 
to humans. Radioactivity is measured in becquerel (Bq) 
(disintegrations per second), often as radioactivity con-
centration (Bq/kg).
• Background doses in Australia are of order 0.1  
 μSv/h, so you get about 1 mSv every year.
• A gray is a big dose. If 10 people got 6 Gy to the  
 whole body about half of them would die of the  
 resulting injuries in a matter of weeks.
• CT scans are usually 1 to 10 mSv
• In radiotherapy, typically a patient will receive a  
 daily dose of about 2 Gy (to the tumour). 

Overview
In discussing measurement standards, I will first attempt 
to group measurement applications by dose rate, cover-
ing most of the applications where ionising radiation is 
used in Australia. 

Environmental measurements are generaly conducted 
near the natural background rate, of order 0.1 μSv/h. 
Important in mining, looking for radon, assessing con-
tamination after a radiation accident, for example. In 

Fig. 1: Professor Jeffrey Crosbie from RMIT measuring 
radiation dose in a water tank using an ionisation cham-
ber at the Australian Synchrotron.
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these situations dose accuracy is not as important as the 
ability to identify what is causing the radiation (which 
indicates how long it will stay around). Hence, these de-
tectors usually have sensitive spectrometers on board.

Area monitoring and surveys are performed for occu-
pational health reasons, seeking to answer the question: 
‘Is it safe for people to work here?’ Area monitors are 
kept in fixed positions. Elevated readings may indicate 
problems with equipment, or that radioactive con-
tamination has transferred from active to non-active 
areas. Contamination monitors (both hand-held and 
fixed) are sensitive detectors used to check for contam-
ination on the outside of vials, gloves and equipment, 
during handling of sources and solutions. Radiation 
surveys with hand held detectors are conducted regu-
larly around radiation sources to make sure that shield-
ing is adequate and the source is doing what it should. 
High accuracy is not important. Since there is a slow 
transition between “dangerous” and “safe” levels of ra-
diation (with considerable uncertainty about what is 
what) being able to know the dose rate to less than say 
1% is pointless. It is far more important that detec-
tors respond to the type of radiation they are expected 
to encounter, and do not fail when given a large dose.

Personal monitors are worn by workers who might 
encounter ionising radiation. Alas, despite the expec-
tations of some, they do not stop radiation exposure. 
They do however measure the cumulative dose: active 
monitors have a readout and alarm, and passive mon-
itors give the dose upon read-out after the wearing pe-
riod has elapsed. It is usual to report the dose received 
above background (known as the “occupational dose”), 
a concept which can lead to confusion for wearers 
if they forget to consider the background dose over 
three months, and its variation. While measurement 

traceability is important, the accuracy of dose meas-
urements does not have to be that high. However it is 
critical that the monitors work in a range of conditions 
– for small and large doses, and for different energies.

While medical imaging doses are not usually large (of 
order µGy to mGy) the huge number of procedures per-
formed in Australia every year is enough to warrant a 
program of dose-minimisation. An example of this is the 
National Diagnostic Reference Levels published by AR-
PANSA, with assistance and advice from imaging pro-
fessionals from the Royal Australian and New Zealand 
College of Radiologists (RANZCR), the Australasian 
College of Physical Scientists and Engineers in Medicine 
(ACPSEM), and the Australian Society of Medical Im-
aging and Radiation Therapy (ASMIRT). These bench-
marks are used by imaging facilities to monitor the dose 
delivered by their CT scans and flag cases where scan dose 
could be reduced (without reducing diagnostic power). 
RANZCR, as part of the Choosing Wisely initiative, 
has also released recommendations aimed at discourag-
ing unnecessary imaging (difficult to define, but in one 
definition imaging performed which does not affect the 
choice of treatment may be considered unnecessary).

In practice, x-ray output is usually reported by the im-
aging device. Physicists check that these indications are 
correct using calibrated detectors as part of commission-
ing and routine checks.

Nuclear medicine (usually the injection of radioactive im-
aging agents) also involves relatively small doses of radia-
tion, but because these agents are being injected into peo-
ple, reliable measurements of the activity are important. 

The majority of radiotherapy doses are delivered using 
a medical linear accelerator (“linac”) (Fig. 3). Dose rates 
are of the order 6 Gy/min and regular doses of 2 Gy per 
treatment session are given, combining to a total of about 
80 Gy, to affect tumour growth. Unlike most other ap-
plications, high accuracy dosimetry is critical. The doses 
of radiation involved are high enough to quickly damage 
human tissues and not all the radiation can be delivered 
to cancerous cells – some normal tissue is always affect-
ed, despite the use of advanced irradiation techniques.

Although less common, radiotherapy is also performed 
using radiopharmaceuticals and by the insertion of ra-
dioactive sources directly inside tumours. Dosimetry is 
crucial in these cases, as it is for linacs.
 

Fig. 2: Example of a personal monitor worn by radiation 
workers.
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Ionising radiation is used in Industrial Imaging, for ex-
ample, in non-destructive testing (in situ x-rays of ma-
chine parts); thickness monitoring (for production lines) 
and security (airport scanners). This is a growing field, 
covering a large range of energies and dose rates. 

Radiation processing is used for the sterilisation of cer-
tain food items and instruments. It is especially useful 
where items are sensitive to temperature, as the sterili-
sation is “cold”. Dosimetry may be performed with a 
high-dose passive dosemeter such as alanine.

Radiation is used for research in chemistry, imaging 
and radiobiology, including radiotherapy. The Australi-
an Synchrotron has nine beamlines running year round 
for the purposes of materials research, amongst other 
things. The dose rates and energies vary. On the Imag-
ing and Medical Beamline the beam may be filtered by 
a monochromator for phase-contast and differential en-
ergy x-ray imaging. The tuneable monochromatic beam 
may also be used to measure the energy-response of ra-
diation detectors (Fig. 4). 

Internationally, nuclear technology is used for electri-
cal power generation, radionuclide production, research 
and weapons. In Australia, there is only one nuclear in-
stallation – a research reactor operated by ANSTO at 
Lucas Heights. Radiation measurements for these tech-
nologies are outside my experience.

Radiation standards in Australia
The National Measurement Institute (NMI) is respon-
sible for measurement capability in Australia under the 
Measurement Act 1960. They keep standards of most 
physical quantities, and make sure they are equivalent to 
overseas standards through the Metre Convention, an in-
ternational treaty which supports a governing body and 
international standards laboratory (the Bureau Interna-
tional des Poids et Mesures, BIPM). These organisations 
carry out and record the results of official comparisons. 
They also define the SI units, and are in the news this 
year for the redfinition of the standard kilogram. 
NMI currently authorises ANSTO to maintain radio-
activity standards and ARPANSA to maintain dosime-
try standards. At several times in the past the standards 
have been shared differently. One of the precursors to 
ARPANSA, the  Commonwealth Radium Laboratory, 
received “Standard XII”, 20 milligram of radium certi-
fied by Marie Curie as the (activity) standard for radium 
in Australia. A certificate from Marie Curie for a hospital 
standard is shown in Fig 5. 

The Australian Atomic Energy Commission (which be-
came ANSTO in 1987) set up the Radiation Standards 
Group in 1962 to provide for their standards require-
ments. This group also developed the first standard of 
absorbed dose for 60Co [1]. ANSTO relinquished re-
sponsibility for maintaining the dosimetry standards to 
the Australian Radiation Laboratory (ARL), the precur-
sor to ARPANSA, in the late 1980’s. 

The radioactivity standards maintained by ANSTO have 
to cover a wide range of radionuclides. The method of 

Fig. 3: Linac at ARPANSA of the type used to deliver ex-
ternal-beam radiotherapy using MV photons and elec-
trons. In a hospital, the patient would lie on the bed 
while the gantry rotates around the patient to deliver 
intersecting beams. A kilovoltage x-ray tube and imag-
ing panel at 90 degrees to the treatment beam is used to 
position the patient. 

Fig. 4: The author placing two alanine dosimeters (sup-
plied by NPL, UK) for irradiation in the monochromatic 
synchrotron beam, as a part of research to determine the 
monoenergetic response.
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choice for primary standardisation of a radionuclide ap-
plies the detection of two simultaneous decay emissions 
(e.g., electrons and gamma-rays) using two different de-
tectors, and analysis of the data for coincidences between 
the two channels, to determine the detection efficiency 
of a source [2]. The Australian Secondary Standard Ion-
isation Chamber is used to maintain primary standards 
as radionuclide- and geometry-specific calibration fac-
tors. This instrument was originally implemented in 
1965 and has been in use ever since [3]. 

The International Reference System (SIR) was estab-
lished by the BIPM in 1976 to compare standards of 
gamma-emitting radionuclides submitted by nation-
al laboratories and to evaluate their equivalence [4]. 
This is done by comparing the current produced by 
the sample in a stable ionisation chamber with the 
current obtained upon substitution of a radium refer-
ence standard. Due to its location in France, the SIR 

is inaccessible to many countries for short-lived radio-
nuclides and a Transfer Instrument (SIRTI) was devel-
oped by the BIPM in 2013 to compare such standards. 
Australia had its first opportunity to host the SIRTI 
(a very well-characterised NaI(Tl) well detector, sta-
bility check source and data acquisition system) and 
participate in this comparison during 2017 (Fig. 6)

Dosimetry standards for air kerma and absorbed 
dose to water are now all maintained at ARPANSA, 
where they are used to support the radiation protec-
tion focus of the agency, particularly in medicine. 
ARPANSA maintains four primary standards which 
cover low energy x-rays (10 – 100 keV), medium en-
ergy x-rays (50 – 300 keV) and megavoltage photons 
(1 – 25 MeV). The standard for absorbed dose for 
megavoltage photons is particularly important, for it 
is to this standard that the majority of radiotherapy 
treatments (more than 50,000 per year) are traceable. 

The standard, a graphite calorimeter, is shown in Fig. 7. 
From the outside it looks like a solid block of graphite, 

Fig. 6. Carine Michotte and Manuel Nonis (BIPM) with 
Siobhan Tobin, Tim Jackson, Freda van Wyngaardt and 
Michael Smith (ANSTO) with the SIRTI detector used to 
compare Australia’s standards for 18F, 99mTc and 64Cu 
with the SIR.

Fig. 5: Certificate from the Radium Institute in Paris, 
signed by Marie Curie, which accompanied one of the 1 
mg radium standards delivered to an Australian hospital 
in 1926. The certificate resides at ARPANSA.
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but internally it is segmented with very small vacuum 
gaps, the purpose of which is to insulate the different 
bodies. Under radiation heating, the core (a graph-
ite disk the size of a 20 cent piece) heats up by a few 
millikelvin. By causing the same temperature rise with 
electrical heating, we are able to equate the radiant and 
electrical power – the principle of electrical substitution, 
which is used in many types of calorimeters. The trick 
here is to make sure that heat transfer between the bod-
ies is not causing a difference between the radiation cycle 
and the electrical cycle. This is done by using multiple 
thermistors, and testing the response at different dose 
rates and in different substitution modes. 
 

Once the dose to graphite has been determined, a cal-
culation is used to get the dose to water, which is then 
used to provide a calibration service for radiotherapy de-
tectors. A key role of the Primary Standards Dosimetry 
Laboratory at ARPANSA is to make sure this standard 
agrees with international counterparts [5].

Synchrotron dosimetry
The Australian Synchrotron can produce beams for ra-
diotherapy research up to 1000 Gy per second. When 

I first heard this figure I assumed there had been some 
mistake, but no, this is indeed possible with a (now) 4 
tesla super-conducting wiggler which produces a photon 
beam from the 3 GeV electron storage ring.
 
The dosimetry of this radiation requires new techniques. 
In 2015, Jessica Lye (ARPANSA) suggested that prima-
ry standard methods (calorimetry and free-air chambers) 
could be applied to the synchrotron x-ray beam. A co-
laboration between ARPANSA and the beamline scien-
tists (Fig. 8) obtianed good results [6].

New challenges
Some questions, new and old,  are facing scrutiny right 
now; for example, the definition of dose in radiotherapy. 
Radiation dose is defined at a point, but in many prac-
tical applications requires interpretation. In radiother-
apy,  patient doses are calculated on CT scans, which 
consist of finite voxels, not points. In such cases, are we 
interested in the dose to the “average medium” inside 
the voxel, or to the most common material inside the 
voxel, or something else (dose to DNA perhaps)?  The 
industry has responded with a range of options, but a 
consensus is needed to make sure patients continue to 
get the same dose as techniques become more sophis-
ticated, and these definitions become more important.

There has always been considerable uncertainty in the 
health impact of low radiation doses (< 100 mGy). 
Separating any effects has been incredibly difficult due 
to uncertainty in dosimetry and dose rates, on top of 
all the usual confounding factors in health analysis, to 

Fig. 7: Primary standard for absorbed dose in megavolt-
age photons, a graphite calorimeter at ARPANSA. Near-
ly all radiotherapy patients in Australia receive doses 
which are traceable to this standard.

Fig. 8: ARPANSA staff Ganesan Ramanathan, Andrew 
Stevenson (Australian Synchrotron/ANSTO), Peter Harty 
and Jessica Lye assemble thermal insulation around a 
graphite calorimeter to measure the (very high!) dose 
rate at the Imaging and Medical Beam Line.
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the point that there are still arguments about whether 
low doses may be beneficial, rather than detrimental. A 
recent Australian study indicated an increase in cancer 
rates correlated with childhood CT [7]. These authors 
used the statistical power of millions of health records 
from the Medicare system, a trend that will continue as 
more electronic records inevitably become available.

Recent research has shown that the effect of radiation 
on animals is even more complicated than previous-
ly thought. While it has long been known that tissues 
are able to repair radiation damage (an effect exploit-
ed by fractionation in radiotherapy treatment), it has 
recently been shown that cells which are not irradiat-
ed may show effects related to an exposure of nearby 
cells – the “bystander” effect. Small doses of radiation 
prior to a larger dose may also produce a different re-
sult. In related experiments, researchers may have 
shown that the same radiation dose delivered in a 
fraction of a second has a different biological response 
when it is delivered over many seconds – a differ-
ence they appropriately call the FLASH effect [8]. 

Very small beams of high-dose radiation have an unu-
sual effect on tissue: while all the cells exposed are killed, 
the tissue itself can tolerate the exposure quite well. The 
explanation is thought to lie with the bystander and 
FLASH effects discussed above, although this is the sub-
ject of current research.

Researchers have sought to exploit this fact to develop a 
novel cancer treatment [9,10]. It turns out that certain 
tumours are more sensitive to microbeams (Fig. 9) than 
the surrounding tissue - presumably because tumour 
vasculature and cell communication is weaker than in 
healthy tissue. Experiments using mice and rats confirm 
a therapeutic effect, but researchers are struggling to 
reach a point where it is safe to test on humans.
 

Proton therapy and MRI-linacs are two new modal-
ities that will be available shortly in Australia. While 
dosimetry for both techniques has been established 

overseas, there will be an initial challenge to implement 
measurement standards here.  

Radiation transport can be modelled by Monte Carlo 
techniques that track individual photons and use the 
cross-sections for interactions with matter to predict 
where they go and where they deposit energy. Using de-
tailed geometry and some serious computational power, 
Monte Carlo modelling can predict the response of de-
tectors in great detail. Such detectors have been in use 
for decades, but we are only now able to see what makes 
them respond in the way that they do. In practice, this will 
lead to the development of new detectors with less ener-
gy dependence, and therefore more accurate dosimetry. 
My own small contribution to this field has been to meas-
ure the spatial response of detectors using synchrotron 
radiation, collimated to a 0.1 mm diameter beam [11]. 
In the example shown in Fig 10, the spatial response for 
a small volume ionisation chamber is shown in the inset, 
against a radiograph. When the beam strikes the central 
electrode, the signal from the chamber is much higher 
than when the beam merely passes through the air cavity. 

Fig. 10: “Pinpoint” ionisation chamber (volume 0.015 
cm3) and a response scan of the active volume. At 95 
keV the steel electrode in this chamber responds much 
more strongly than the surrounding cavity, resulting in 
the bright central line.

Fig. 9: Image of the radiotherapy microbeams (50 µm 
wide, separation 400 µm).
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Conclusions
Radiation measurements are important in a wide range 
of applications; in industry, medicine and research. 
Standards are maintained in Australia to support these 
measurements where they are most critical.
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Young Physicists
Like Harry, I’m not much of a Sudoku lover, but I 
have worked in the area of X-ray phase retrieval and 
found the process of reconstruction both bewilder-
ing and fascinating. Below, I've described my at-
tempts to solve the example Harry gives in his article.

Making the pieces
I didn't have rubber tiles and coloured paper, so I used 
what was to hand; three coloured pens, photocopy pa-
per, and a pair of scissors. I worked out a scheme where 
blue letters with lines around the edge were equivalent 
to the white side of the tiles. The other sides were differ-
ent coloured pen. With only three colours, I 'invented' 
more colors by drawing circles around and putting lines 
through the numbers. This got me into a pickle later, 
as you will see. Little squares of paper were surprising-
ly fiddly to move around, and I found sliding them on 
the table worked better than trying to pick them up.
 
The first row I tried to solve seemed impossible. After 
checking, I realised that I'd confused some of the pale 
tiles in the top right-hand square of Harry’s photo for 
white tiles. (It has been argued that the mark of a good 
Physicist is how quickly they can determine that a prob-
lem can't be solved. I'm not sure how well I scored 
here). The initial (corrected) setup is shown in Figure 1.

 

Solving the rows
The approach I took was to look at the row and identi-
fy the missing numbers, remembering that each of the 
numbers 1-9 is supposed to appear at least once, but only 
once. In this case, the number 1 is missing. Then, I looked 

for duplicates in the row, reasoning that swapping out a 
number that appears only once is simply swapping one 
problem for another. Having found duplicates (in this 
case, the number 8), I looked within that square for miss-
ing numbers. If the number was 'free', (i.e. not a fixed tile 
which is not allowed to be moved), then I swapped it with 
the duplicate. Here, the 8 on the left-hand side can't be 
swapped with a 1 because the 1 is a white tile. That leaves 
the grid on the right-hand side. Okay, first row done.
In the second row, there are duplicate 8's and 5's, 
and missing 4's and 6's. Swap the 5 and the 4 in 
the centre grid, and the 8 and the 6 in the right-
hand grid. Row done. Now the third row is correct 
(which is just as well, or else I'd be in strife- there is 
no way to swap without disturbing the rows above).

Now to the centre blocks. The top row has duplicate 
1's, 4's, and 5's; it is missing 3, 6 and 8. Note how the 
number of missing numbers equals the number of du-
plicates. I found that writing down the missings/dupli-
cates helped. Do a 3/1 swap on the left hand grid and 
a 4/6 swap on the RH grid. No 5/8 swap is available- 
but a two-step process might work. Try a 5/7 swap on 
centrefollowed by a  7/8 swap on the RH side. Done. 

As you can see, a native notation quickly developed. It 
reminds me a little of the description of chess games. The 
next row has duplicate 6's, missing 5, fix with 6/5 swap on 
LHS. Check that bottom row is good. Yes! Happy Days. 

A similar approach worked well for the bottom 
blocks. Now all the rows are done (see Figure 3).

Solving the columns

Figure 1: The initial Sudoku layout, with scraps of paper 
and a homebrew colouring system.

Figure 2: The Sudoku puzzle with the centre rows com-
pleted for the first pass.
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I started with the LH column and applied the same ap-
proach as for the rows. At this stage, I was writing down 
all the duplicates and missings into a table (see Figure 
4) and feeling pretty pleased with myself, until I found 
a missing 1 in the RH column of the LH blocks. This 
should not happen if I did the first two columns correctly. 
After a scary moment where I thought I had set up 

the puzzle incorrectly, I checked that all the 3x3 grids 
had only the numbers 1-9; and found that the 5 and 
1 had been bumped, and had moved from adjacent 
blocks. I swapped them back with much relief, and all 
was well. This is a nice example of inbuilt error-check-
ing. The rest of the rows proceeded without drama. 

Revisiting the rows, then the columns
Now back to the rows, and hoping that there would 
be signs that the solution was converging, i.e. that 
there were fewer swaps required for each block. The 
first row was still okay; all the others needed tweak-
ing. Similarly for the columns, although it was much 
quicker than the first time. Then came a series of row/
column passes (about 6) where it seemed like noth-

ing was improving. I began to get a bit worried that 
the puzzle wasnt going to converge. I also noticed that 
some swaps seemed more common than others- par-
ticularly the 7/4 swap. Then, suddenly, it was fixed.  

Luck and robustness

Those of you who are observant will have noticed 
that early on I accidently moved the white 6 tile in 
the top RH grid to a different position, which is not 
allowed. This effectively makes a different puzzle- and 
may have made it impossible to solve. I felt very lucky 
that the new puzzle created also had a solution. Inter-
estingly, the mathematics of Sudoku may have helped 
me- there are many possible solvable puzzles. I think 
it would have helped to have the proper coloured tiles 
rather than my scraps of paper. After some practice, 
recognising the patterns of missing and repeating num-
bers became much more comfortable and accurate, 
so I hope that it’s not a mistake I’d make next time. 

After a while, it seemed that the process could be 
automated. Part of the motivation for looking for 
a system to describe swaps was to see if there was 
a way to write a program that could do it auto-
matically. I might have a go at doing this over the 
school holidays, with help from my in-house12-
year-old Young Physicist, who is learning Python. 

Over to you
Each Young Physicists column carries an implicit chal-
lenge- can you do it? We would love to see your attempts, 
in whatever form you like (photos, videos, interpretive 
dance, puppet show, etc). Send them to the editors.

Figure 3: All the rows completed for the first pass

Figure 4: My notes on missing and duplicate numbers. 
This came in very handy as I got tired after multiple pass-
es. Note the mixup where an final column that was not 
complete indicated that some fixed tiles had been (ille-
gally) swapped by accident. Error correction in action.

Figure 5: The completed puzzle. Note the accidental 
movement of the white 2 tile in the top right-hand grid 
in comparison with the original puzzle.
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SAMPLINGS

What really weakens lithium battery 
efficiency?
Powering devices as small as smartphones to those as 
large as electric vehicles, the rechargeable battery is a 
familiar technology to consumers. Work in the field of 
battery research continues, however, as researchers strug-
gle to improve the efficiency and longevity of recharge-
able batteries. State-of-the art Li-ion batteries offer fast 
charging but suffer from low power density. Research 
has therefore focused on optimization of battery anodes, 
cathodes, electrolytes, and even on replacement of lithi-
um itself with other metals like sodium.

Of these alternatives, lithium metal batteries, have been 
studied since the 1960s and 1970s. Lithium metal bat-
teries intrinsically offer higher energy density than Li-ion 
batteries, but according to Shirley Meng, a professor at 
UC San Diego Jacobs School of Engineering, a lot of tech-
nical challenges have prevented its commercialization.

One challenge is the presence of inactive lithium at the 
solid electrolyte interface (SEI) that forms each time a 
lithium metal battery discharges. Over several cycles, the 
battery forms such a significant amount of inactive lithi-
um that it loses the ability to recharge. For years, research-
ers have thought that both lithium metal blocked from 
the conductive pathways by the SEI and lithium ion com-
pounds formed in the SEI contributed to inactive lithium.

Chengcheng Fang, a recent graduate from Meng’s group, 
has shown that the real culprit is the metallic lithium. To 
do so, Fang developed a tool based on gas chromatogra-
phy that, for the first time, allows researchers to measure 
just how much inactive lithium metal forms versus the 
formation of lithium ion compounds.  The researchers 
found a linear relationship between the amount of me-

tallic lithium present and loss of Coloumbic efficiency.
“Prior to [our work], the entire field had no idea [of ] the 
quantitative contribution of capacity loss from SEI. The 
claims in literature were hypothesis only,” Fang said. “Since 
SEI has high surface area and is easy to detect, research-
ers turned to blame the capacity loss on SEI formation.”

Their findings, however, dispute this hypothesis, and 
show that metallic lithium is the main component of 
inactive lithium.

Identifying the right culprit

The researchers’ novel tool combines titration and gas 
chromatography to study battery systems. They lever-
aged the fact that the main difference between SEI lithi-
um-ion compounds and metallic lithium is their chem-
ical reactivity. Knowing that only metallic lithium reacts 
with water to generate hydrogen gas, they added H2O to 
a sample to measure the generation of hydrogen via gas 
chromatography. Across tests on various electrolyte sys-
tems, they found much more lithium metal is present than 
other components containing lithium ions. “This is a reli-
able method to quantify the two components of inactive 
lithium with ultrahigh accuracy, which no other charac-
terization tool has been capable of doing,” Fang said in a 
press release from the University of California San Diego.

The researchers replicated the relationship between me-
tallic lithium and efficiency loss across different systems. 
The type of electrolyte used, however, did affect the value 
of the Coulombic efficiency they measured, as it influ-
enced the morphology of the inactive lithium.

With their findings, the authors have begun ex-
ploring alternative electrolytes and other new ave-
nues that would mitigate the issues raised by inac-
tive lithium. They aim to use these improvements 
to allow for the safe use of lithium metal batter-
ies for longer lifetimes than currently attainable.

(extracted with permission from an item at Physics World by 
Ingrid Paredes)

Event Horizon Telescope researchers win 
2020 Breakthrough Prize in Fundamental 
Physics
The 2020 Breakthrough Prize in Fundamental Phys-
ics has been given to members of the Event Horizon 
Telescope (EHT) collaboration for obtaining “the first 
image of a supermassive black hole, taken by means 
of an Earth-sized alliance of telescopes”. The $3m 
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prize will be shared equally by all 347 authors of six 
papers that announced the image on 10 April 2019.
The image is a close-up of the region surrounding a 
supermassive black hole that lies at the centre of the 
Messier 87 galaxy, which is about 55 million light-years 
away. Although black holes are inherently invisible, the 
EHT team obtained the image near the point where 
matter and energy can no longer escape – the so-called 
event horizon. A key feature of the image is a ring-like 
structure of radiation from the object’s accretion disc. 
The dark region at the centre of the disc is consistent 
with expectations for the shadow of a Kerr black hole 
– one that is uncharged and rotates about a central axis 
– as predicted by Einstein’s general theory of relativity.

The prize will be accepted by collaboration direc-
tor Shep Doeleman at a ceremony on 3 November 
at the NASA Ames Research Center in California.
Winners of three 2020 New Horizons in Physics Prize – 
each worth $100,000 – have also been announced. Xie 
Chen of the California Institute of Technology, Lukasz 
Fidkowski of the University of Washington, Michael Lev-
in of the University of Chicago and Max Metlitski of the 
Massachusetts Institute of Technology share one prize “for 
incisive contributions to the understanding of topologi-
cal states of matter and the relationships between them”.

The second prize goes to Jo Dunkley of Princeton Uni-
versity, Samaya Nissanke of the University of Amster-
dam, and Kendrick Smith of the Perimeter Institute 
“for the development of novel techniques to extract 
fundamental physics from astronomical data”. The 
third prize is given to Simon Caron-Huot of McGill 

University and Pedro Vieira of the Perimeter Institute 
and the South American Institute for Fundamental Re-
search “for work in arithmetic algebraic geometry in-
cluding applications to the theory of Shimura varieties 
and the Riemann-Hilbert problem for p-adic varieties”.
The Breakthrough prizes were founded in 2012 by the bil-
lionaire physicist Yuri Milner and are awarded annually.

(with permission from an item by Hamish Johnston at phys-
icsworld.com)

Brain waves detected in mini-brains grown 
from stem cells
Scientists at the University of  California, San Diego, have 
used stem cells to create miniature brains that developed 
functional neural networks. These tiny lab-grown brains 
are the first observed to produce brain waves that resem-
ble those of preterm babies, and could help shed light 
on the role of network activity in the developing human 
cortex (Cell Stem Cell 10.1016/j.stem.2019.08.002).

“The level of neural activity we are seeing is unprecedent-
ed in vitro,” says lead author Alysson Muotri. “We are 
one step closer to having a model that can actually gener-
ate these early stages of a sophisticated neural network.”

The team created cerebral organoids – a scaled-down 
model of the human brain, about the size of a pea – 
from human pluripotent stem cells. By growing them in 
culture medium that mimics the environment of brain 
development, the stem cells differentiate into different 
types of brain cells and self-organize into a 3D structure 
that resembles the developing human brain.

While researchers have successfully grown organoids 
with cellular structures similar to those of human brains, 
none of the previous models developed human-like 
functional neural networks. Such networks appear when 
neurons are mature and become interconnected, and are 
essential for most brain activities.

Muotri and colleagues designed an improved growth 
procedure, which included optimizing the culture me-
dium formula. This allowed their organoids to become 
more mature than previous models. They grew hun-
dreds of organoids for 10 months, using multi-electrode 
arrays to monitor their spontaneous electrical activity 
each week. At about two months, the team began to de-
tect bursts of activity from the organoids. The signals 
were sparse and had the same frequency, a pattern seen 
in highly immature human brains.

Main event: the image of the black hole at the centre of 
the Messier 87 galaxy shows the effect of the accretion 
disc as well as the black hole's shadow in the centre. 
(Courtesy: Akiyama et al. and ApJL)
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PRODUCT NEWS
Coherent

Superior Intelligent Spectrograph
The new Kymera 328i imaging spectrograph from Andor 
Technology is a highly modular spectrograph featuring 
patented Adaptive Focus, quadruple on-axis grating turret 
and TruResTM technology delivering superb spectral reso-
lution performance. 

The intelligent, motorised Adaptive Focus of the Kymera 
allows automated access to the best optical performance 
for any grating, camera or wavelength range configura-
tion. The TruResTM option delivers unmatched spectral 
resolution for the third-metre focal length spectrograph.
The Kymera 328i sets a new standard when it comes to 
configurability, being the only imaging spectrograph on 
the market to offer dual output ports, dual input ports and 
indexed quadruple grating turret. This provides a unique 
range of light coupling and spectral performance options 
to best match current and future setup requirements.

Next Generation NeoScope Benchtop SEM
The new NeoScope JCM-7000 from Jeol produces high 
magnification up to 100,000x with large depth of field. It fea-
tures a large sample chamber, high and low vacuum modes, 
secondary and backscatter electron detectors, real-time 3D 
imaging, highly advanced auto functions and the option to 
add a fully-embedded EDS with real time “Live” Analysis.

The new JCM-7000 introduces the “Zeromag” function, 
enabling seamless transition from the colour optical image 
to an SEM image. This allows users to quickly focus on areas 
of interest, acquiring high resolution images instantly, along 
with live elemental analysis (EDS required). Such a func-
tion has previously only been available on full-sized SEM’s.

As the organoids continued to grow, they produced 
brain waves at different frequencies and the signals ap-
peared more regularly. This transition suggests that the 
organoids had further developed their neural networks, 
with more functional synapses and increased connec-
tions between the neurons. The interactions between 
neurons contribute to signals at various frequencies.

To compare the patterns of brain waves seen from the 
organoids with those of human brains early in develop-
ment, the team trained a machine learning algorithm 
with brain waves recorded from 39 premature babies 
between six and nine-and-a-half months old. The algo-
rithm was able to predict how many weeks the organoids 
had developed in culture, suggesting that the organoids 
and human brain share a similar growth trajectory. The 
approach provides the opportunity to investigate the 
emergence of network-level neurodynamics in humans. 
However, the researchers note that it’s unlikely these or-
ganoids have mental activities, such as consciousness. 
“The organoid is still a very rudimentary model – we 
don’t have other brain parts and structures. So these 
brain waves might not have anything to do with activi-
ties in real brains,” Muotri explains. 

Looking forward, the team aims to further improve the 
organoids and use them to understand diseases associat-
ed with neural network malfunctioning, such as autism, 
epilepsy and schizophrenia.

(extracted with permission from an item by Tami Freeman at 
physicsworld.com)

Cross-section of a brain organoid, showing the initial 
formation of a cortical plate. Each colour marks a dif-
ferent type of brain cell. (Courtesy: Muotri Lab/UCTV)
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ments.  Included is the MiniJewel software which users 
can utilise to control energy, firing mode, and frequency.

Laser Features
• Energy Max: 8mJ @1064nm
• Rep Rate: 1 to 30Hz* Rep Rate
• Wavelengths: 1064nm, 532, 355 & 266
• Power supply, 36-50VDC
• Efficient, reliable diode pump
• Remote Interlock, Input Trigger
• Beam Divergence (mrad) ≤ 6.0
• Beam Diameter (mm) 1.5 ± 0.5mm
• Pulsewidth:  6.0 ± 2.0 ns

2. Toptica FemtoFiber ultra 920 – Powerful Femtosec-
ond Fiber Laser

920 nm High-power Ultrafast Erbium Fiber Laser System
The FemtoFiber ultra 920 is a new member of TOPTICA's 
third generation of ultrafast fiber lasers. The system deliv-
ers laser pulses of less than 100 fs in duration at a central 
wavelength of 920nm. The system provides more than 1 
W average output power. It is a compact femtosecond laser 
system with turnkey operation and cost-effective design.

• Ultrafast fiber laser @ 920 nm
• Unique approach: < 100 fs with > 1.5 W power
• SAM mode locking, PM fiber based MOPA system
• Robust, reliable, compact, cost-effective, push-button
• Air cooled system, < 150 W power consumption

3. Ocean Optics new LSM Series LED Light Sources 
available from Lastek
• UV, Visible, NIR and broadband wavelengths
• Passive cooling design
• Smart controller with color LCD touch screen
• Multiple mounting options (DIN rail, optical   
 bench, rack)
• External trigger option (function generator or   
 trigger signal)

LED light sources are ideal for fluorescence excitation and 

New Precision Current Voltage Source
The MeasureReady 155 precision current and voltage source 
from Lake Shore Cryotronics combines premium perfor-
mance with unprecedented simplicity for materials scientists 
and engineers requiring a precise source of voltage and current.
With extensive experience in low-noise instrumentation 
for research, Lake Shore has leveraged the latest electron-
ic technologies to reduce in-band and out-of-band noise 
floors for the MeasureReady 155 source to levels previously 
only possible using add-on filters. The result is a combina-
tion AC/DC current and voltage source that is well-suited 
to the challenges of characterising sensitive materials and 
devices, where lower excitation signals are needed and min-
imum injection of noise into the measurement is required.

Contact Christian Gow
Coherent Scientific Pty Ltd
christian.gow@coherent.com.au
sales@coherent.com.au
www.coherent.com.au

Lastek
1. New MiniJewel Laser from Quantum Composers

The new MiniJewel is a compact, conductively cooled, 
laser with a fundamental output of 1064nm. The rugged 
resonator design allows for less misalignment than oth-
er lasers. This multi-mode laser weighs 1.4kg and with a 
165mm x 97mm x 36mm footprint, it is perfect for port-
able applications or customers with limited space require-
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other measurements requiring narrowband illumination. 
The innovative optical design of the Ocean Optics LSM 
LED family provides highly efficient coupling into an op-
tical fiber, ensuring high power for fluorescence excitation 
where every photon counts.

Warsash Scientific
P-725 objective scanner
Physik Instrumente, a global leader in the design and 
manufacture of high precision motion control systems has 
launched the P-725.1Cx PIFOC objective scanner.

The P-725.1Cx is the latest generation in the PIFOC ob-
jective scanner series with increased stiffness for faster set-
tling times and increased lifetime.

Key features include:
• Fine positioning of objectives with sub-nm 
 resolution
• Significantly faster response and higher lifetime than  
 motorized positioners
• Zero-play, high precision flexure guide system for  
 better stability
• Compatible with MetaMorph imaging software

Key application areas include:
• Super-resolution microscopy
• Confocal microscopy

• 3D imaging
• Interferometry
• Semiconductor testing

Ultra-efficient ns and ps solid stage lasers
Photonics Industries’ (PI), the pioneer of intracavity sol-
id-state harmonic lasers, has introduced its new DX Series, 
the highest wall plug efficiency nanosecond (ns) laser:
• ~17% for green
• ~10% for UV

and the most compact, most efficient air-cooled laser with 
the highest wall plug efficiency:
• ~10% for green
• ~6% for UV

Concurrently, Photonics Industries has introduced its new 
RX Series, the Highest Pulse Energy pico second (ps) la-
ser in the market ~1mJ in IR, over 400uJ in Green and 
~200uJ in UV:
• High Power (up to 100W in IR)
• Short pulse (~10ps)
• High repetition rates up to 8MHz
• The most compact rugged All-in-One ps laser
• The highest efficiency ps laser with the lowest power  
 consumption <600 W typical. 

Such high pulse energies allow for process efficiency op-
timization by spatial scaling as the beam can be split 
numerous times to simultaneously feed multiple work 
stations yielding the lowest Cost of Ownership. Com-
bined with increases in wall plug efficiencies, industri-
al micromachining customers can manufacture their 
products at a much quicker, more efficient rate, expe-
diting their manufacturing processes thus reducing the 
cost and increasing availability of next gen technolo-
gies to a greater cross section of the world’s population. 

For more information, contact Warsash Scientific on 
+61 2 9319 0122 or sales@warsash.com.au.
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IOP Publishing
Substantial journal Impact Factor growth
The 2018 Journal Impact Factors, published by Clarivate Analytics, show significant growth for journals published 
by IOP Publishing and its partners, with 83 per cent seeing an increase.
 

Particularly notable performances for individual journals include (in alphabetical order): 
•  2D Materials with an Impact Factor of 7.343 
•  The Astrophysical Journal Letters with an increase to 8.374
•  Biofabrication increased to 7.236
•  Chinese Physics C with its Impact Factor increase by 78 per cent to 5.861
•  Environmental Research Letters increased its Impact Factor to 6.192
•  Quantum Science and Technology received its first Impact Factor of 3.022
•  Plasma Sources Science and Technology increased to 4.128
•  Smart Materials and Structures achieved its highest ever Impact Factor of 3.543
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New launched journals

IOP Publishing has introduced new journals as additions to its portfolio.

Machine Learning: Science and Technology – a new fully open access, multidisciplinary journal devoted to the ap-
plication and development of machine learning for the sciences, will open for submissions in 2019. 

Engineering Research Express, designed to represent engineering scientists worldwide with a subject coverage that 
reflects how engineering today interfaces with communities, is now open for submissions and will be free to read 
throughout 2019 and 2020 to maximise the visibility of the first content and published authors. 

Journal of Physics: Complexity, a new multidisciplinary, open access journal focusing on the science of complex 
systems and networks, is now open for submissions.

Dedicated subject collections
IOP Publishing's dedicated subject collections provide you with direct access to recent research, notable highlights 
and featured content published in your subject area. 

Each collection brings together content from across our portfolio of journals, digital books, conference proceedings 
and expert science journalism. You can find all below collections at iopscience.org/page/subjects:
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Read more in the Product News section inside

Ultra-sensitive CCD and EMCCD detectors

ICCD detectors for time-resolved studies

InGaAs detectors with 1.7µm and 2.2µm response

Full range of spectrographs

Accessories for coupling to fibres, microscopes, 
Thorlabs cage systems

CCD, EMCCD, ICCD, InGaAs, Spectrographs
Modular Spectroscopy

Raman

Absorbance

Plasma

Microspectroscopy

Hyperspectral imaging

CARS

Photoluminescence

Nanoparticles

Single Molecule

Fluorescence

LIBS

Combustion

Kymera 328i Intelligent 
and Highly Modular Spectrograph
Adaptive focus technology
TruRes – Improved spectral resolution
Quad-grating turret with eXpressID
Dual inputs and outputs for maximum flexibility
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