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A layer of boron-doped superconducting 
diamond is grown on a suitable single 
crystal substrate using Microwave 
Plasma Enhanced Chemical Vapour 
Deposition. The substrate glows red hot, 
and the purplish plasma can be seem 
forming an egg-shaped ‘ball’ above the 
substrate crystal, contained by carefully 
tuned microwaves.

(Image courtesy of ANFF)
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You never know what will happen when you 
leave your comfort zone and do something 
new. We all have that feeling sometime and 
taking on the Editorship of Australian Physics 
was no exception. But we had help: our 
thanks go to Brian James, not only for being 
a custodian of this magazine and delivering 
high quality content for years, but also for 
showing us the ropes of editing Australian 
Physics. So here we are, presenting what we 
found on our maiden voyage.

Before we get to this issue’s content, you might 
be asking, why are there two editors now, 
and how do they see Australian Physics? We 
recognise the journal has a strong foundation 
and tradition which we will keep building 
on. Australian Physics is a communications 
platform: it is here to inform you about what 
is current in and around physics across the 
continent. It is also here to help you discover 
what may lie beyond the horizon, whether 
this simply be interesting physics, trends in 
education, research facilities and resources, 
or emerging issues for the physics community. Looking beyond the 
horizon also means talking about things that may not be core physics, 
but that relate to the field and the people working in it. 

In a nutshell, Australian Physics has to be topical, and to us, the key 
to this is community. At the nano scale, we are a community of two 
editors, sharing ideas, approaches, networks and interests. We are also 
forming teams that will play a pivotal role in generating content across 
the journal’s main elements, such as news, samplings, book reviews, and 
new content we plan to introduce (thank you again to Brian for staying 
on to assist a little longer). 

With new people come new ideas. We would like to place additional 
emphasis on young and early career scientists, and on general professional 
topics. For example, you will find in this issue an article on mental 
health among physicists. We would like to invite you to reflect on our 
mental and physical wellbeing in science, and the role the Australian 
Physics community can play. This has to be a positive and inclusive 
conversation, without stigma, and with a focus on wellness. We welcome 
your thoughts on the topic.

Feeling part of your community and sharing your stories is an important 
factor for Australian Physics. Your articles are a centrepiece of the journal. 
We encourage all readers to contact us about any item or article you 
could contribute, and we will support you en-route to the final version.

To wrap up, here is what we brought back from our maiden voyage to 
physics destinations: a gem on superconducting diamond that promptly 
made the front cover; an article on what is new with fusion; insights into 
physics education; and a story about mental health and wellbeing.

All the best
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PRESIDENT’S COLUMN

One of the activities supported by the Australian 
Institute of Physics is the annual Women in Physics 
lecture tour. The lectureship goes to a woman who has 
made a significant contribution in a field of physics and 
has demonstrated public speaking ability. Presentations 
include school lectures, public lectures and research 
colloquia. Since 1997, when the scheme began, some of 
Australia’s leading physicists, including Australian of the 
Year Michelle Simmons, have given lectures across a vast 
array of topics. A key part of the quid pro quo for the 
lectureship is that the Women in Physics lecturer is able 
to strengthen their networks and connections enabled 
through the tour and the many organisations visited. 
This benefit might be seen as particularly relevant for 
Australian-based lecturers. However, it is very pleasing 
to see that in recent years there have been an increasing 
number of lecturers coming from overseas – a testament 
to the strength of the Australian physics research 
community.

The Women in Physics lecturer for this year is again 
based at an overseas organisation, the Central Laser 
Facility at Rutherford Appleton Laboratory, UK. Dr 
Ceri Brenner has a terrific track record as a high-power 
laser plasma physicist working with industry to develop 
applications such as advanced imaging and inspection 
for the aerospace, nuclear and advanced manufacturing 
sectors. Her use of some of the world’s most powerful 
lasers and her ability to communicate and inspire will 
attract audiences around the country. For details of 
where and when Ceri will be speaking, keep an eye on 
upcoming events section on the AIP web page.

For those that also keep an eye on the AIP Bulletin, 
you will have seen details regarding the International 
Physics Olympiad and the Asian Physics Olympiad that 
is coming to Australia for the first time in 2019. The 
Australian Institute of Physics is proud to be supporting 
the efforts of the Asian Physics Olympiad Academic 
Committee. They are hoping to find volunteers that 
can assist the Committee and with the program for the 
event. In particular, people with a desire to help with 
the setting and vetting of questions and experimental 
apparatus are needed. If you are interested then please 
contact matt.verdon@asi.edu.au.

On behalf of the AIP, and representing the physical 
sciences cluster within Science Technology Australia 
(STA), I attended, in May, a forum of the CEOs and 
presidents of the STA member associations. An outcome 

of the meeting was the 
issue of a communiqué 
exhorting decision makers 
and candidates to make 
science a priority platform 
in campaigns in the next 
federal election. There 
were four areas of focus we 
called on decision-makers 
and candidates to address 
when Australians are 
called to vote at the next 
election:

• A whole-of-government plan for science and 
technology

• A strategy to equip the future Australian workforce 
with STEM skills

• Strong investment in both basic and applied 
research

• Creating policy informed by the best available 
evidence

These calls may look straightforward and going for what 
might be termed “common-sensical” actions is a wise 
strategy. First, it allows for a bi-partisan approach to be 
taken; second, considering the status and perception in 
the broader community of the (in)ability of science to 
deliver beneficial impact, non-objectionable targets will 
appeal to a larger number of voters; third, setting some 
targets that can be met will create a sense of achievement 
if and when some traction is obtained – a walk before 
we run approach; and fourth, we saw some backlash 
when the Turnbull government led with innovation 
and science with the National Science and Innovation 
Agenda, so a lowest common denominator approach 
may have more traction. 

As I said, a wise strategy. But, wouldn’t it be great if we 
lived in a society where the parties strive to outbid each 
other with specific and significant science initiatives? It 
doesn’t have to be all about the physics but just a little bit 
more would be good.

How do we make things a bit more about the physics? 
Every little bit helps – try going to the Women in Physics 
lecture tour for starters or volunteering to help with the 
Asian Physics Olympiad in Adelaide. 

It’s all about the physics

Andrew Peele
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What to do with the plastic wrappers?

Dear Editors,
Plastic contamination and recycling issues have 
become even more topical and important recently 
with the change in China’s policy on acceptance (or 
not) of recycled waste. The latest AP was delivered 
this morning, wrapped in plastic as usual - plastic that 
cannot be put into our recycle bin, so goes to landfill. 
Has the AIP considered its policy on waste, and could 
the AP [Australian Physics] be wrapped in paper rather 
than plastic - more expensive, no doubt, but paper 
wrappers are recyclable - and can be produced with a 
high percentage of recycled paper waste.

Sincerely, Peter Turner, MAIP.

Dear Peter (and dear Readers),
Thank you very much for your message! We share the 
sentiment that submitting plastic to landfill is not a great 
position. The good news is, our AP mailout contractor 
advised that the plastic wrappers are biodegradable. 

Thus, it is worth trying to put them through the compost 
cycle.

Of course, the hierarchy of “Avoid, Reduce, Reuse, 
Recycle” still holds, so avoiding wrappers in the first 
place would be nice, but we would also like to make sure 
that the AP arrives dry and in one piece in your mailbox. 
This leaves us at the “Reuse” stage. Does anyone have 
good suggestions for other forms of “Reuse”?

On the note of recycling: while some municipalities 
are set up to recycle plastic bags, others are not, and so 
the landfill problem continues. In our view, Australia 
needs to lift its game in this space: Plastics of all types 
are potentially valuable resources that we should harvest 
and use to make products from. There is opportunity 
for Australia to add value to one of its resources and for 
a local manufacturing industry to form and grow. Of 
course, this requires us consumers to accept, and even 
demand, products made from recycled materials rather 
than defaulting back to the (imported) product made 
from fresh resources. An underlying question is: what 
does that demand for recycled products look like? Is 
there a stigma associated with things recycled?

Best wishes, Peter Kappen and David Hoxley, Editors.

LETTERS TO THE 
EDITOR

Women in Physics lecture tour
(AIP) Dr Ceri Brenner will visit Tasmania, Perth, 
Sydney, Adelaide, Canberra, Queensland and Victoria 
as the 2018 AIP Women in Physics lecturer.

Dr Brenner has a knack for guiding the audience through 
the physics of her next generation technology and 
providing inspiration through the stories of innovation 
that will change our world.

In her talks she introduces high power lasers and the 
plasma fourth state of matter, and then guides the 
audience through to the application of the physics as a 
next generation technology. She introduces her topic in 
terms of physics concepts that everyone learns at school, 
making it accessible to all.

She often mentions her career journey and communicates 
the personal benefits (global travel, intellectual 
stimulation, feeling of contributing to society) of a career 
in physics to inspire the next generation of physicists. 

NEWS & COMMENT
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One of the reasons Ceri feels so strongly about effective 
public outreach is due to her own experiences as a 
student.

“I was never quite sure what I wanted to aim for in terms 
of a specific career and that was one of the main reasons 
why I stuck with physics, as it kept so many career 
options open to me.

“One thing for sure, though, was that I never imagined I 
would become a physicist and didn’t even really think of 
it as a profession until getting to university.

“This is one of the reasons why I think it’s really valuable 
to portray to young people the various types of careers 
available in science, technology and innovation as I really 
didn’t come across it in my schooling but it’s a career 
that delivers a whole heap of benefits that I would have 
strived for, had I known.”

(from AIP Newsletter)

Professor Halina Rubinsztein-Dunlop 
awarded AO 
Professor Halina Rubinsztein-Dunlop has been 
recognised in the Queen’s Birthday 2018 honours list. 
She is a recipient of the Officer (AO) in the General 
Division of the Order of Australia, for 'distinguished 
service to laser physics and nano-optics as a researcher, 
mentor and academic, to the promotion of educational 
programs, and to women in science'. 

Alongside her distinguished and internationally 
recognised work in physics, Halina initiated the science 
outreach programs “BrisScience” and “Physics Demo 
Troupe” to bring science to the people.

Halina has long been volunteering time for the AIP. She 
was the Women in Physics Lecturer in 2003, served as 
Co-Chair of the AIP Congress in 2016, and has been 
on the Editorial Board of Australian Physics since 2009.

Congratulations to Halina for this well-deserved accolade!

Professor Jai Singh awarded AM 
Professor Jai Singh was also recognised in the Queen’s 
Birthday 2018 honours list. He was appointed Member 
in the General Division (AM) of the Order of Australia 
‘for significant service to education, particularly in the 
field of physics, as an academic and researcher, and 
to professional scientific organisations’. Dr Singh is a 
professor in Physics at Charles Darwin University and 
drives research on solar cells, both inorganic and organic. 
He was a foundation staff member of the then University 
College of the Northern Territory, a precursor to today’s 
Charles Darwin University, and he is the president of 
the Northern Territory branch of the Australian Solar 
Council.

Congratulations to Jai for this well-deserved accolade!

(Photo courtesy: Charles Darwin University)

ANFF to receive $36.2m additional funding
The Minister for Education and Training, Simon 
Birmingham, announced on 15 May 2018 that an 
additional $36.2 million will be invested in the 
Australian National Fabrication Facility (ANFF) to 
maintain the ANFF network’s position at the forefront 
of scientific exploration.

As the Research Infrastructure Investment Plan released 
by Minister Birmingham outlines, “investments in new (photo provided by Prof Rubinsztein-Dunlop)
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instruments at the ANFF will enable Australia to not only 
undertake world-class R&D but also rapid prototyping 
of next generation equipment and application of the 
technology for industry and commercialisation.”

ANFF was founded in 2007 as one of the nine original 
research infrastructure facilities established under the 
National Collaborative Research Infrastructure Strategy 
(NCRIS). ANFF comprises a network of 8 university-
based nodes spread across 20 locations, each providing 
researchers and industry with open access to state-of-
the-art micro- and nano-fabrication facilities.

This allocation of funding follows the Budget 
announcement made on 8 May 2018 by the Australian 
Government, which allocated $1.9 billion over 12 years 
into research infrastructure in response to the 2016 
National Research Infrastructure Roadmap.

For ANFF, this investment means the network 
can continue enabling researchers from academia 
and industry to create next-generation technologies 
by providing access to cutting-edge micro and 
nanofabrication capabilities, training and expertise. As 
this is in addition to ANFF’s operational budget, the 
$36m will allow the network to build on its offering that 
helped almost 3,000 clients from industry and academia 
in 2017 alone.

“This funding means that ANFF can continue to provide 
researchers with a means to perfect next- generation 
medical technologies, to invent and refine new ways 
to harness energy, to devise better methods to enhance 
crop yields,” said ANFF CEO, Rosie Hicks. “It enables 
the developers of future technologies to continue to cross 
the 'valley of death' as fundamental research transitions 
into tangible products.”

(Extract from ANFF media release provided by Tom 
Eddershaw, ANFF. )

Aussie Citizen Scientists land Guinness world 
record
Astronomy and the night sky are arguably easy areas of 
physics for the wider community to engage with. And 
so, on the 23rd of May, Citizen Scientists and many 
others took to the lawns, parks and open spaces around 
Australia to break – no, smash – the Guinness World 
Record for the most people stargazing at multiple venues. 
Organised through the ABC Stargazing Live broadcast 
and in partnership with the Australian National 
University, more than 40,000 people simultaneously 
observed the moon for more than ten minutes using 
telescopes. The previous record was set in 2015 by the 
ANU with more than 7,900 people gazing into the skies.

A quick web-search now shows that the event has drawn 
attention across the country and information platforms, 
clearly helped by the prominence of the ABC broadcast 
and presenter team Brian Cox and Julia Zemiro. Further, 
this year’s stargazing drew four times more web-based 
peak interest than the event in 2015 (according to 
Google Trends). To top it off, supernova SN2018bwq 
was discovered in the process by Citizen Scientists 
attending the ANU Siding Spring Observatory.

As a community of physicists we can be happy with 
the positive publicity science has been drawing, and 
quoting from the ANU’s news sites it is worth adding: 
“ ‘Events like the world-record attempt and asking for help 
with searching for new exploding stars just goes to show 
that science is really for everyone,’ said Dr Tucker from 
the ANU Research School of Astronomy and Astrophysics.” 
Comments like this can inspire us to keep engaging with 
those who ultimately allow us to be scientists, the public.

Government responds to National Research 
Infrastructure Roadmap and 2030 Innovation 
Plan 
In May, the Australian Federal Government released 
their responses to two important roadmaps which affect 
Physics in Australia. One is Innovation and Science 
Australia’s Australia 2030: Prosperity through Innovation, 
which made 30 recommendations aimed at positioning 
Australia as a top-tier innovation nation by 2030. The 
other is the 2016 National Research Infrastructure 
Roadmap developed by an Expert Working Group 
led by Australia’s Chief Scientist, Dr Alan Finkel AO. 
The working group outlined the national research 
infrastructure required over the coming decade to 
improve productivity, create jobs, lift economic growth 
and support a healthy environment. The responses are 

 Image courtesy ANFF.
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too detailed to summarise here, but are worth reading 
for insight into where the Federal Government will be 
investing in the future. The corresponding documents 
can be found on online at the Department of Education 
(Infrastructure Roadmap) and at Innovation and 
Science Australia / Department of Industry, Innovation 
and Science (2030 Plan).

Radiochemist receives national conference 
award
Dr Nigel Lengkeek, a Radiometals Specialist in the 
Radiotracers & Radioisotopes group at ANSTO, 
has received the Shimadzu Award for his work on 
the development and delivery of the innovative 
cancer diagnostic agent, [67Ga]MILGa. This 
radiopharmaceutical is currently being assessed as part 
of a Phase 1 clinical trials; using SPECT/CT imaging 
at Macquarie University Hospital for the detection and 
diagnosis of metastatic prostate, bladder and pancreatic 
cancers.

The Shimadzu Award recognises and encourages 
innovative and progressive work in the field of 
Radiopharmaceutical Science (RPS). It is presented to a 
Radiopharmaceutical Scientist Member of the Australian 
and New Zealand Society of Nuclear Medicine 
(ANZSNM) at their Annual Scientific Meeting.
Nigel was the principal scientist in a large team at ANSTO 
which developed the radiochemistry and routine 
production procedures for the radiopharmaceutical. The 
development took place in partnership with Sydney-based 
immuno-oncology company Minomic International, 

and the Australian pharmaceutical manufacturer 
Auspep. Nigel hopes to develop opportunities with 
leading inorganic and bioinorganic chemists, translating 
their innovations into the next generation of radiometal-
based radiopharmaceuticals.

(ANSTO News)

Australia’s first superconducting diamond
In an Australian first, a Victorian team of researchers has 
created superconducting diamond.

Diamond is already nature’s super material. It is the 
hardest naturally occurring substance, a fantastic 
thermal conductor, and it does not corrode. Adding 
superconductivity to this list of characteristics is an 
exciting prospect for a new class of highly robust devices. 
This also presents a step towards a material that may 
besuperconducting at room temperature – a key goal 
for materials science. According to Professor Marvin 
Cohen, an award-winning theorist from the University 
of California at Berkeley, diamond could be the 
material that makes this possible. However, producing 
superconductivity in diamond at any temperature has 
proven extremely challenging, and there is only a select 
group of international labs capable of fabricating these 
materials.

Now a team from the University of Melbourne has 
joined the fold, thanks to research conducted by Masters 
student Yi Jiang, led by ANFF-VIC Technology Fellow 
Ambassador Dr Alastair Stacey and supported by 
the ARC and the USA Air Force Office of Scientific 
Research (AFOSR). The team demonstrated that 
doping diamond with high concentrations of boron 
(~1%) causes the material to show superconducting 
properties at temperatures around 2 K. To do this, the 
team used diamond chemical vapour deposition at the 
the Melbourne Centre for Nanofabrication to produce 
the boron-doped diamond films. Even at the low 
temperatures quoted, superconductors are highly useful 
for applications including range finding and monitoring 
low-intensity light sources. The team’s boron-doped 
diamond will now be used as the base material for a 
range of new sensors including SQUIDS (for magnetic 
field sensing) and single photon detectors, as well as in 
integrated diamond quantum photonic devices.

(Story provided by Tom Eddershaw, ANFF)

Dr Nigel Lengkeek receives national conference award.
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There are many things that academics, scientists and 
students love to talk about, but that list rarely includes 
mental health. As in the broader community, the topic 
of mental health can bear a stigma, and to a certain 
degree understandably so. After all, in a knowledge-
based industry mental illness affects our most important 
tool, the mind.

Recently this attitude has started to change, with articles 
about mental health and the emotional and mental 
battles that students and staff in the higher education 
system face becoming more and more prevalent [1, 2]. 
This issue is one that 
is close to my heart, as 
I recently lost a friend 
to their battle with 
mental illness. I also 
suffer from mental 
illness myself and have 
at times supported 
my wife, friends and 
colleagues through 
their own battles. I 
never knew that this 
particular friend had 
been fighting their 
own fight with mental 
illness, and in talking 
to their family after the 
funeral I discovered a 
difficult truth. This friend rarely spoke with academic 
colleagues about their depression due to their fears that 
they would destroy their career opportunities. This was 
a fear that I knew only too well. Mood disorders such as 
depression and anxiety are common and disabling; they 
cut to the heart of who we are and impact all aspects 
of our lives. In academia, it’s a double blow, as the tool 
that gives us purpose and allows us to do our jobs turns 
against us.

The cognitive symptoms of depression are described by 
Kandel et al. as “difficulty concentrating, slow thinking 
and poor memory” and are compounded by low mood 
and thoughts including: “hopelessness, thoughts of 
worthlessness and of guilt, suicidal thoughts and urges” 

[3]. This combination results in a feedback loop on 
which the individual can quickly spiral down as the 
cognitive symptoms feed the feelings of inadequacy and 
hopelessness. I have experienced this, and for a long 
time I have been afraid to speak out about it. However I 
would rather speak now than have to get up at another 
friend's funeral to say my part; too long have we all stood 
silent. In the weeks and months since their passing I have 
spoken to anyone who will listen about my personal 
experiences of mental wellbeing and I was shocked to 
learn that every single academic, scientist, student and 
researcher I spoke with about this issue has either faced 

similar challenges 
themselves or had a 
close friend that has 
been through it.

In Australia, we are 
at a critical point, and 
we may not have fully 
realised that. In the 
general population 
approximately one 
in four adults will 
experience mental 
illness at some point 
in their lives. In 
academia this statistic 
approaches three 
in four and is likely 

under-reported. The 2016 National Tertiary Student 
Wellbeing Survey, undertaken by the National Union 
of students and Headspace in collaboration with the 
University of Canberra, interviewed 3303 staff and 
students across 40 universities and 30 TAFEs [4]. In this 
study they found that 65% and 53% of young adults and 
mature aged participants, respectively, reported high or 
very high psychological distress. Even further, more than 
96% of participants reported that symptoms of mental 
illness had affected their academic work at some point in 
the past year [4].

The origin of this mental health challenge is complex; 
certainly the types of people that aspire to higher 
education are prone to introspection and are often 

Mental health – a dark cloud over science?
An opinion piece by Alfred Wollstone

Editors’ note: The author chose to publish this article under a pseudonym. Should you wish to correspond 
with the author, please email us so we can facilitate contact and/or discussion (aip_editor@aip.org.au).
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exploring topics that can be difficult to face on a day-
to-day basis (cancer, genocide, racism, the origins of 
the universe, human history and politics). However it 
is neither the intellectual content nor the individuals 
that are responsible for the challenge. Instead, academic 
competition and lack of career certainty are critical 
factors. Individuals dedicate years of their lives to the 
scientific endeavour and place themselves in financial 
debt through student loans and opportunity costs 
to work on projects that may not provide them with 
employment into the future.

The impact of poor mental health on academic work 
manifests as a loss of productivity and creativity, student 
dropouts, expertise leaving the field as people search for 
more stable employment, and in the worst cases the loss 
of lives. Our systems are not built to deal with this issue; 
often the fears of discrimination against those with 
mental health challenges are borne out when they do 
speak out, and institutions may say all the right things 
and do all the wrong things. This needs to change, and 
it is important that we have a productive conversation 
about it. We need to realise that our mental health can 
become a serious and long-term health issue, requiring 
appropriate care. Yet, despite of health problems, it is still 
possible to be a productive researcher. I hope that in the 
long term we can work to reform our academic system; 
we need to shift the emphasis from funding short term 
projects to long term funding of individuals.

One possible model, which could benefit researchers and 
universities alike, would be to hire postdocs on long term 
contracts and then loan them out for projects at different 

institutions. That way there is a continuity of equipment 
and expertise in the home institution, the postdoc can 
gain expertise at other institutions and has a position 
to bring that expertise back to. Providing stability and 
certainty to these early career researchers will remove 
one of the major causes of stress and anxiety in academia 
and enable them to plan their family lives in synch 
with their careers. Importantly, it will also empower 
employers to truly discover which young academics can 
thrive in research.

Yes, I have a mental illness and I have my good days 
and my bad. Yet I am still a productive member of a 
team, and with their support, friendship and guidance 
we are doing some great science. Share your stories and 
struggles with your colleagues and I suspect you will be 
surprised that most of us just look like we have it all 
together. Behind our facades we are all human. When 
we recognise this and care for one another, it is amazing 
what we can achieve.
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Introduction
Since the birth of the Australian Institute of Physics 
(1963), its journal (now called “Australian Physics” 
(previously the “Australian Physicist”), has regularly 
included articles on the study of many different types 
of plasmas. Articles on the research and development 
(R&D) of fusion power have appeared less often. In 
the 1960s, the study of plasmas with the aim of pro-
ducing those of interest for power production (1) was 
carried out in many Australian Universities. With time, 
the international R&D program grew considerably and 
many countries became involved. The main attraction 
of fusion energy is that the fuel reserves are enormous, 
the fuel is geographically widespread, and relatively in-
expensive to extract, thus making this energy source 
“sustainable”. In addition, the fuel is extremely energy 
dense. Because the products of the fusion reactions are 
non-radioactive, the fusion energy process is relatively 
environmentally-friendly.

To generate fusion energy, the least difficult path is to 
create a hydrogen plasma consisting of the isotopes deu-
terium and tritium, with a temperature at which signif-
icant nuclear fusion reactions take place (greater than 
100 million degrees, or 10 keV equivalent energy tem-
perature), and to confine this fusioning plasma for suffi-
ciently long times so that more energy is extracted than 
is used in the establishment/maintenance process. 

The approach to release fusion energy, which has been 
most successful to date, uses magnetic fields to confine 
the plasma (made up of positively-charged ions and neg-
atively-charged electrons). The focus is on two toroidal 

(doughnut-shaped) devices; the tokamak, and the stel-
larator. Tokamak research started in the Soviet Union 
(in the late 1950s), but the first tokamak in the Western 
world was built (1963) and operated at the Australi-
an National University (ANU) (2).  Subsequently, the 
ANU has continued its magnetic confinement research 
on stellarators, most recently, the national plasma re-
search facility, H-1 (2). The international program has 
evolved, so that the latest development is that ITER 
(Latin for “the way”), is a tokamak being built by its 
7 partners (China, the European Union, India, Japan, 
South Korea, Russia and the USA), at St.-Paul-lez-Du-
rance in the South of France (https://www.iter.org).

Since the last review of fusion energy R&D in Australi-
an Physics (2) significant changes have occurred. There 
has been an extraordinary growth in the number of pri-
vate firms, which have entered the field (3), all of which 
claim to be able to develop a fusion reactor more quickly 
than the mainstream approach of ITER. In addition, the 
ITER Organisation signed the first agreement of tech-
nical cooperation with a non-partner country with the 
Australian Nuclear Science and Technology Organisa-
tion (ANSTO) on 30/9/16. 

In addition to the theoretical work, which forms the 
basis for understanding toroidal plasma magnetic con-
finement, increased attention is being given to the study 
and development of materials for a fusion reactor. This 
has led to the establishment at ANU of the MAGPIE fa-
cilities to do materials work led by Dr. C. Corr (4). The 
Australian fusion reactor materials research community 
is growing and ANSTO (with a major interest in nuclear 
fission) is a significant contributor.

The status of ITER – the fusion reactor 
development project
Barry J. Green 
Australian ITER Forum 
barryjohngreen@yahoo.com.au

Fusion, as a large, sustainable and relatively environmentally-friendly energy source, promises to make 
a significant contribution to the world’s energy supply and thus assist in meeting growing demand. The 
international ITER Project is the world’s largest fusion energy research and development project, which 
is at present under construction in the south of France. ITER heralds a new era in this research.  The exper-
iment will study the uncharted physics of “burning” plasmas (plasma is the state of matter of the fusion 
fuel). To develop a reactor, there are still significant plasma physics problems, which remain to be solved, 
in addition to those of technology (e.g. to identify and qualify materials which can deal with the high 
neutron fluxes and thermal loads).
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ITER Project History
The international collaboration in the field of fusion en-
ergy R&D has been very good since 1958, when the 
Atoms for Peace Conference in Geneva revealed to the 
world the work going on in the various countries in-
volved at that stage. Since then there have been several 
international fusion R&D projects culminating in the 
European project JET (Joint European Torus), which 
started operation in 1983 (as a collaboration of the then 
15 countries of the European Community, and Switzer-
land). JET (still being operated) is the world’s most pow-
erful tokamak, and the only one capable of deuterium/
tritium (DT) operation. In the 1980s/1990s there were 
two other high performance tokamaks; The Tokamak 
Fusion Test Reactor TFTR (USA), and the Japanese To-
kamak (JT-60) which, with JET, pushed plasma param-
eters very close to those required in a fusion reactor. As a 
result, the international research community embarked 
on the ITER Project, which involved the construction 
of a large tokamak, the operation of which should pro-
vide the information necessary to design and construct 
a demonstration/prototype fusion reactor (DEMO/
PROTO). Unfortunately, for increased performance of 
a tokamak, its size must increase, so that ITER is larg-
er than JET. However, it is hoped that the knowledge 
gained with ITER will allow the size of DEMO to not 
be significantly larger than ITER, and hopefully smaller!

There were two distinct phases of the ITER design; 1. 
The Conceptual Design Activity (CDA) (1998-90), 
and 2. The Engineering Design Activity (EDA) (1992-
2001) which was extended so that a site could be agreed 
(28/6/05), the ITER Agreement prepared and initialed 
(24/5/06), then signed (21/11/06), and ratified by the 
governments of the seven partners. This agreement runs 
to 24/10/42.

The ITER Organisation (central team) and the domestic 
agencies of the individual partners were then established 
(the last domestic agency in 10/08). Following the lead 
of the Large Hadron Collider (LHC) project at CERN 
(https://home.cern/topics/large-hadron-collider), con-
tributions from the partners are to be mainly “in kind” 
(i.e. different items of the experimental equipment are 
to be provided in an agreed manner). The central team 
has the responsibility for ensuring that all these items 
can be properly integrated so that the machine and its 
subsystems will function as designed. Because ITER will 
be a nuclear installation it requires licensing in France, 
and the conditions of the licence require that the man-
ufacture of components important for safety is carefully 

controlled, as will the subsequent operation of the de-
vice. ITER is the first fusion device to request, and be 
granted, a nuclear licence.

ITER Physics
While the understanding of the physics of a toroidal, 
magnetically-confined plasma, as in a tokamak, has 
progressed enormously over the past decades, it is in-
complete. There is a large number of plasma instabilities 
which can occur, some of which can be avoided by ap-
propriate mode of operation (control of density, tem-
perature, magnetic field etc, and of their radial profiles), 
some of which saturate and cause little degradation of 
the energy and particle confinement, and some which 
can be detected, and by means of feedback control their 
effects can be limited. There are some that are poten-
tially very dangerous, and results from other tokamaks 
during the initial construction period caused changes 
to be made to the ITER design e.g. the introduction 
of internal coils close to the plasma. These coils will be 
driven to produce magnetic fields to stabilise so-called 
edge-localised modes (ELMs). The coils will also assist 
in the stabilisation of the vertical position of the verti-
cally-elongated plasma (Figure 1). These coils are clearly 
not reactor-relevant, and it is to be hoped that experience 
will show how to avoid their use in the future. Some 
plasma instabilities are potentially so severe that miti-
gation methods are required. When the tokamak’s large 
toroidal current disappears in a short interval of time 
the ensuing “disruption” can cause significant mechani-
cal damage to the steel vessel containing the plasma (the 
vacuum vessel), and so methods are being established 
(on other tokamaks) to deal with this situation, which is 
normally avoided by choosing appropriate operation pa-
rameters. The effect of low-level turbulence established 
by the saturation of plasma instabilities is thought to be 
responsible for the rates of loss of energy and particles 
(determining the corresponding energy and particle 
containment times), which are faster than expected from 
the simple theory of magnetic confinement. 

The plasma is not a static fluid and there are flows within 
it. Calculations of these flows and their effects on the 
plasma equilibrium, transport and stability is an impor-
tant, ongoing area of theoretical and experimental re-
search (5). This is an area of expertise of several ANU 
experts, including A/Prof. M. Hole, Em/Prof. Dewar 
and Em/Prof. Boyd Blackwell. In addition, at the edge 
of the plasma where the plasma is scraped off and moves 
to the divertor region, which is essential for the exhaust 
of fusion products (helium) and non-hydrogenic impu-
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rities (coming from the walls) in the hydrogen plasma 
(Figure 1), there are flows, which before now have not 
been measurable. The coherence imaging plasma meas-
urement device, a so-called diagnostic (see http://iter.
anu.edu.au and references therein) developed by Em/
Prof. J. Howard at ANU will measure ion flows (and 
temperatures) in the ITER divertor region. 

The biggest change will be that, the ITER plasma, unlike 
tokamak plasmas studied until now, will be one where 
the internal heating of the plasma by the alpha particles 
(helium nuclei produced from the fusion of deuterium 
and tritium) most of which will be confined in the plas-
ma* while they give up their energy to it, will exceed the 
heating contribution of external sources (radiofrequency 
heating or neutral beam heating). This physics situation 
is referred to as a “burning plasma” (6). As a result, the 
detailed establishment of the radial profiles of plasma 
density and temperature is no longer independently 
controllable by external heating means. This reactor-like 
condition promises to be the “big unknown” and is why 

ITER is essential for its study, as none of the existing 
tokamaks can enter this regime. One example of the un-
known physics is that the presence of the high-energy 
alpha particles may induce instabilities leading to a loss 
of alphas and also of plasma. Burning plasma physics 
is a new and most important area of study, both theo-
retically and experimentally. Maximising our theoretical 
understanding is important to optimize operational sce-
narios (with reduced energy losses), and develop plasma 
instability mitigation strategies.  It is also required to im-
prove (make simpler and cheaper) the design of future 
reactors.

ITER Design Evolution
ITER’s overall goal is to demonstrate the safety and en-
vironmental acceptability of fusion energy generation. 
ITER will be the first experimental machine to produce 
net power. A technical goal is to achieve extended burn 
of a DT plasma with dominant alpha-particle heating at 
a power amplification factor Q (the fusion power pro-
duced divided by the input power) greater than or equal 
to 10 for a pulse duration of about 500 s. The ultimate 
aim is to achieve steady-state fusion power production 
at a Q value greater than 1. ITER operation should also 
demonstrate the availability and integration of reactor 
technologies including heating, control, diagnostics 
(measurement systems) and remote maintenance, and 
test components of a future reactor e.g. power and parti-
cle exhaust, and tritium breeding.

One example of the results of computer simulations of 
ITER performance is given in Figure 2. This shows a 15 
MA ITER plasma with additional heating of 50 MW 
producing a fusion power output of 500 MW, which is 
equivalent to a Q of 10 (7).

Although the ITER design is formally based on the 
EDA design report 2001, it has been subjected to con-
tinual scrutiny and change. Some of this comes from a 
desire for simplification, to reduce costs, to reduce man-
ufacture/assembly time, to satisfy safety concerns of the 
regulator, or from design reviews as management has 
changed (3 different directors of the ITER Organisation 
since 2007). Some is dictated by the ongoing experi-
mental and theoretical programme, which continues in 
parallel with the ITER work. One major change, which 
was decided in 11/13 was that of the divertor material. 
This component includes the surfaces in contact with 

Figure 1: Poloidal cross section of the toroidal ITER plasma 
showing its elongation and the divertor region. The red 
magnetic field lines at the edge of the main plasma and 
those outside pass into the divertor region at the bottom of 
the vessel containing the plasma, eventually terminating 
at the divertor itself (blue).

1Of course, the neutrons produced by the fusion reactions will not be confined and escape the plasma to be trapped 
in a surrounding blanket where they give up their energy. In ITER this energy will be dissipated as heat and not used.
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the edge plasma, which must be able to take large heat 
fluxes. Initially, the “hot spots” were going to be con-
structed of graphite integrated in a tungsten structure, 
but eventually tungsten has been chosen for the entire 
structure, because it is more resistant to sputtering and 
less reactive with hydrogen. Graphite is very reactive, 
and its use would lead to the retention of tritium, there-
by making difficult the control of the amount of triti-

um in the vessel (constrained by safety considerations). 
However tungsten, has a much larger atomic number 
than graphite, and so the amount of sputtered tungsten 
flowing back to the very high-temperature plasma core 
must be strongly limited, otherwise large radiation losses 
will occur and drastically cool the plasma.

While the design of most components has been final-
ised, there have been some systems, which have required 
considerable research and development e.g. negative ion 
neutral beam heating systems, and the development 
of gyrotrons, the power sources for electron resonance 
heating. The handling of large amounts of data and also 
computer control systems have been developed (archive 
capability up to 2200 TB/day). In addition, the leak 
finding and repair procedures for vacuum leaks in the 
vacuum vessel have required considerable study.

ITER schedule
For reasons discussed below, the schedule for the com-
pletion of construction and assembly has had to be sig-
nificantly altered.

In late 2015 a new schedule was approved consisting of 
various stages, which is regarded as the best technically 
achievable and one satisfying the resource and budgetary 
constraints of the partners. In 2016 and 7 all the mile-
stones established to maintain this schedule, were met.

Figure 2: Simulation of a 15 MA ITER plasma pulse with 
53 MW additional power (Paux = 20 MW of electron cyclotron 
resonance heating and 33 MW of neutral beam heating) 
producing 500 MW of fusion power Pfus for more than 500 s.
The panels show the time evolution of the plasma current 
(Ip), Paux, Pfus and ratio of the fusion power to the power of 
auxiliary heating (Q=Pfus/Paux).

Figure 3: “Who manufactures what?”  The main components of the ITER device are shown together with the flags of the 
ITER partners involved in their manufacture.



AUSTRALIAN PHYSICS 13555(4)  |   JULY-AUG 2018

The Assembly Phase I has already begun (the main as-
sembly contract was signed in 6/17) with many items 
delivered to site, and some already installed. 

1. Following the completion of the assembly of the de-
vice for first plasma operation (scheduled to take 
place at the end of 2025), Integrated Commission-
ing will take place.

2. After an Assembly Phase II and Integrated Commis-
sioning II, Pre-Fusion Power Operation I will take 
place (scheduled to start near the end of 2028). This 
will involve hydrogen and helium operation.

3. After this, there is the Assembly Phase III and the 
Integrated Commissioning III followed by Pre-Fu-
sion Power Operation II (scheduled to start mid-
2032), which will involve hydrogen and helium 
plasmas, and the introduction of the heating and 
current-drive systems.

4. Then the tritium plant will be completed and com-
missioning with tritium will take place. There will 
be an Assembly Phase IV and an Integrated Com-
missioning IV followed by the last phase, Fusion 
Power Operation (scheduled to start at the end of 
2036). This is divided into a Deuterium Phase (D 
plasmas only) followed by a T Phase (with DT plas-
mas). Full-power operation should commence in 
2037.

Organisation
The ITER Agreement calls for each of the partners to 
“contribute in kind” which means that the compo-
nents of the machine and its subsystems are subdivided 
among the partners so that in terms of a common cur-
rency (the ITER Unit of Account, which is dated money 
with agreed inflation), the host, the European Union, 
contributes 45.4% the total cost, while the remaining 
six partners contribute 9.1% each. About 90% the to-
tal project cost is of this type, and the corresponding 
subsystems/components were the subject of about 139 
procurement arrangements which, when agreed, were 
issued by the central team to the appropriate partner(s) 
for them to make call(s) for tender to their national in-
dustries. Over 90% of these procurement arrangements 
have been issued, the design of the first plasma compo-
nents is more than 95% complete, and the manufac-
ture of these items is more than 50% complete. Many 
of these procurements are shared between parties (see 
Figure 3). For example, the superconductor for the mag-

net field coils was produced by six of the seven parties 
(only India did not produce any). The D-shaped coils 
which produce the toroidal field (the toroidal field coils) 
are being prepared as follows; 9 by Japan and 10 by the 
European Union (of which one is a spare). 

 The ITER site lies north-east of Marseilles, the port to 
which components are being shipped by the partners. 
From there a barge transfers loads to road transport for 
the 106-km journey to the site. Some loads are “excep-
tional” (very large and/or very heavy). Since late 2014, 
several such loads have successfully been transported. 
The 180-hectare site was prepared by ITER France (the 
domestic organisation in France dealing with ITER 
matters such as this), starting on 29/1/07. Work on the 
42-hectare platform on which the main project build-
ings are located, was completed 4/09. The excavation 
of the tokamak pit started 6/8/10. The tokamak will sit 
half above ground, and half below ground (Figure 4). 
The construction of the site buildings is now well ad-
vanced (Figure 5).

Project Difficulties
Given that this is the first-of-a-kind device, it is hard-
ly surprising that there were considerable design and 
technological challenges to be overcome. Some of these 
proved more intractable than others, and caused delay.

Figure 4: ITER in cryostat. The toroidal vacuum vessel 
contains the plasma. On the inner walls of this vessel are 
shielding/blanket modules and inside at the bottom is 
the divertor (red). Outside the vessel and encircling it 
poloidally are 18 toroidal field coils (blue) placed around 
the torus. The cross sections of the 6 poloidal field coils 
(purple) are shown. These lie outside the vacuum vessel at 
various poloidal locations and are toroidal. Up the central 
hole of the toroidal vacuum vessel is the (gray) central 
solenoid, a coil made up of 6 cylindrical modules stacked 
one on the other. This is required to induce current in the 
toroidal plasma.
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The decision to have partners’ contributions in kind, 
as opposed to having a central team place all contracts 
on the basis of the least expensive, technically accept-
able tender (as was done in the JET Project (8)), was a 
political compromise agreed by the ITER parties, and 
has undoubtedly created challenges, and may have led 
to significant time and cost penalties. The advantag-
es of such a scheme (the avoidance of the variations in 
contributions due to changing exchange rates, and the 
avoidance of the difficulties in comparing industrial of-
fers with different national industrial practices) are to be 
offset by the complication of project control, and the 
duplication of industrial R&D, tests, quality assurance 
etc., involved in the manufacture of components of the 
same system. Future large, international scientific and 
technological projects will have to revisit this issue.

The management structure of the Project did not ini-
tially define clearly the division of responsibilities of the 
various partners. Optimisation of the co-operation of 
the ITER Organisation and the partners has been an 
ongoing necessity. In other words, ITER is also an ex-
periment in the implementation of an extremely chal-

lenging, international scientific and technological pro-
ject. Lack of continuity of personnel and information 
between the design and “construction” phase, and the 
change of top management has caused delays because of 
the design reviews this necessitated.

Improvements in the procurement processes and ration-
alising cost-sharing arrangements among partners, have 
caused delays, but was done to avoid even greater delays.

There have been delays due to changes in the design and 
review of the manufacture of critical components, some 
due to a reassessment of performance or safety, and some 
due to natural disasters (Japan earthquake 3/11 which 
closed factories for a period of time).

The management task of unifying the partners’ diverse 
project management and safety procedures, was under-
estimated.

Finally, this international project is not immune to the 
geopolitical situation, which has provided some “hic-
cups” along the way.

18 January 2018  Tokamak Bdg. 

Assembly Hall 
Radiofrequency Heating 

Cryostat Workshop PF  Coil  Winding Facility 

Diagnostics Bdg. 

Cryoplant 

400 kV Switchyard 

Tritium Bdg. 

Magnet Power Conversions Bdgs. 
Bioshield 

~ Machine axis 

Service Bdg. 

Cooling System 

Figure 5: View of the ITER site showing the building layout.
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Australian Involvement
The first laboratory demonstration of fusion reactions in 
deuterium was conducted by Sir Mark Oliphant (Aus-
tralian) and co-workers in 1932-4 (9). Subsequently, 
it was realised that fusion is the fundamental process, 
which built the universe and is the source of power for 
all stars. Work on controlling fusion for the production 
of useful energy began in Australia in the early ‘60s. This 
domestic effort has continued with the achievement of 
many important contributions to the global R&D pro-
gram. Graduates of Australian universities have made, 
and continue to make, significant contributions to the 
international program overseas. In 2004/5, A/Prof. M. 
Hole of the ANU was instrumental in establishing the 
Australian ITER Forum (http://fusion.ainse.edu.au). This 
is a group of scientists and engineers, as well as organ-
isations, which aims to ensure that Australia is part of 
the international fusion energy development program. 
The Forum held a major workshop in 2006, developed 
a strategic plan in 2007, led major outreach initiatives, 
and has made dozens of policy and parliamentary sub-
missions over the last decade. The associated website is 
hosted by the Australian Institute of Nuclear Science 
and Engineering (AINSE). Good contacts with ITER 
have been maintained and indeed A/Prof. Hole has 
been nominated as the first ITER Science Fellow from 

a non-partner country. He also represents Australia in 
the International Fusion Research Council of the In-
ternational Atomic Energy Agency (IAEA). Australia is 
also well represented in the Fusion Power Coordinating 
Committee (and groups) of the International Energy 
Agency (IEA). 

The Australian ITER Forum, the ANU and ANSTO 
released a five-year fusion science strategic plan in 2014 
that helped pave the way for the technical cooperation 
agreement between ANSTO and the ITER organisation 
mentioned above. This agreement recognizes the high 
quality of fusion-related research work being undertaken 
in Australia. It allows Australian researchers in the field 
to participate in this international project in a number 
of ways. Firstly, a number of Australian scientists now 
routinely contribute to the ITER physics basis through 
the ITER Tokamak Physics Activity (ITPA) coordinated 
by the ITER Organisation.  In addition, formal Imple-
menting Agreements between the ITER Organisation 
and ANSTO concerning Australian experimental con-
tributions in the areas of advanced materials and diag-
nostic systems have been signed.  

In particular, the diagnostic agreement enables the pro-
vision of Australian technology to the ITER project in 

Figure 6: Comparison of the performances of different developing technologies fusion plasmas, high-energy particle 
accelerators, and micro-processors.



138 AUSTRALIAN PHYSICS 55(4)  |   JULY-AUG 2018

the form of an optical coherence imaging system devel-
oped by Em. Prof. J. Howard (now also an ITER Science 
Fellow) at the ANU.  These systems are now installed 
on many frontline fusion devices around the world, and 
following initial ITER funding for a system feasibility 
study, a team from ANU and ANSTO led by Em./Prof. 
J. Howard is preparing a conceptual design for formal 
review at ITER at the end of 2018.  The team is seeking 
“modest” government funding over a ten-year period for 
the system to be developed and ultimately installed on 
ITER to underpin a major, future Australian program 
on the world’s first burning plasma experiment, the fore-
runner (hopefully) of a prototype reactor.

Conclusions
In spite of the difficulties faced by this most ambitious 
scientific and technological project, progress is quite 
good.  The progress made in fusion energy R&D is often 
the butt of the joke (“always 30 years away!”). However, 
the reality is that the design of such a complex device 
takes at least 5-10 years, then its construction and assem-
bly takes about 10-15 years, so that each step on the path 
to the development of a fusion reactor is at least 15 – 25 
years long. A comparison (Figure 6) of performance with 
the evolutionary development of high-energy particle ac-
celerators and micro-processors shows that fusion devel-
opment is quicker than either (before 2000), in spite of 
the length of each step.

The Agreement between the ITER organisation and 
ANSTO provides an opportunity for Australian sci-
entists to participate directly with ITER. Through this 
mechanism, opportunity exists for Australian students to 
participate with ITER research activity. Interested Aus-
tralian students should contact scientists working in the 
field (see for instance links at http://fusion.ainse.edu.au/
events_-and-_support/support_for_students).

Australia needs to better support its R&D efforts in this 
field, both in the plasma physics (theoretical and experi-
mental) and materials communities, and through this to 
ensure an ongoing supply of young scientists and tech-
nologists to maintain its contribution.
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Figure 1:  Presentation of AIP Education Medal, 2016

As the aim of physics is to make sense of our universe, 
the aim of physics educators is to makes sense of physics 
for our students. For this to be most effective, I contend 
that physics learning experiences should be consciously 
designed, making use of good teaching practices that are 
evidenced, theory-supported and, increasingly, backed 
by cognitive science. Design should be done at a range 
of scales – whole degree program, individual course, and 
activities within a course. 

Design for Active Learning 
The personal experience that many of us can recount - 
deeply learning something when we really had to grapple 
with it - is backed up by education research. The principle 
of active learning tells us that the more involved we are 
in learning, the more deeply we learn. If we engage with 

provided material, put in mental effort, and construct 
knowledge logically from what we experience, we learn 
deeply; educators can provide the framework for that 
process to happen. There is a widespread movement in 
university physics education towards active learning. 

One aspect of this is inquiry-based lab experiences. In 
educating scientists, whose entire career approach will 
be inquiry, we are even more justified in using this 
strategy. Embedding learning in the process of doing 
an experiment can offer students an authentic scientist 
experience and/or real-world complexity. Science 
education research recommends learning through the 
research process, and as early as possible in undergraduate 
study, via authentic tasks that reflect the true nature of 
the activities of a professional scientist. 

An example of using this approach comes from the 
University of Queensland first-year laboratories where 
fundamental lab skills in data-taking and analysis are 
introduced. I wanted the core physics students to not treat 
the targeted techniques as rote-learned procedures, but to 
understand them as well-justified methods that help you 
to do science well. Therefore I embedded their treatment 
in the process of students doing an experiment (set up as 
a challenge to determine gravitational acceleration), with 

Designing physics: Making meaning 
Senior Lecturer  
School of Mathematics and Physics 
The University of Queensland; wegener@physics.uq.edu.au

This article is developed from a presentation given at the awarding of the Australian Institute of Physics 
Education Medal at the last AIP Congress. Margaret Wegener was awarded the medal “For her significant 
contributions across diverse areas of physics education in Australia and support to the wider community, 
as demonstrated by service over many years.”

Figure 2: Measuring oscillations of a rolling pendulum to 
determine gravitational acceleration – part of an activity to 
learn fundamental lab skills
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an emphasis on asking students “why” and “how” they 
were doing certain experimental tasks. The experiment 
itself - a rolling pendulum - was sufficiently unfamiliar 
that students could not simply rely on something 
they’d learned previously [1]. Another example where 
collaborators and I have used the educational approach 
of inquiry is in a simulated experiment, where the real 
experience (here, travelling at relativistic speeds!) is 
impractical [2].

Active-learning lectures contrast with the ‘traditional’ 
model of lectures where students passively receive 
knowledge that the lecturer is delivering. Effective use of 
active learning techniques requires students to prepare 
for class, as they need to be ready to think about and 
discuss issues related to the topic. Students can do this 
priming at their own pace, but they have to prioritise 
and dedicate time to do it. Our efforts to introduce 
active-learning lectures were hindered by students not 
doing the specific preparation we asked and encouraged 
them to do. For service course students, who tend not to 
be intrinsically motivated by the physics, the reality of 
responses to “I read the recommended textbook reading” 
is shown in Fig. 3. Recognising that assessment drives 
student actions, we introduced bonus assessment based 
on the preparation material. This improved textbook-
reading habits; the distribution flattened, with roughly 
20% of students claiming each frequency option.

However, consider contemporary students’ normality; 
their ubiquitous source of information is the internet, 
accessed via smartphones and tablets, as well as 
computers. We adopted an approach consistent with 
student use of technology and developed ‘5-Minute 
Physics’ (5MP) online material for class preparation. It is 
designed to be usable on a range of devices, with almost 
any web browser, and is available for free [3]. 

Each module introduces the fundamentals which are 
to be explored in a lecture. The module is structured in 
5-minute chunks. It includes concise text and diagrams 
and images. It also features interactive simulations, 
video/animation (often of problem-solving), and a quiz 
with instant feedback. These technology-enabled aspects 
empower students to relate to course material in a 
different way than with a textbook. 

Dramatic improvement in pre-class preparation resulted 
from implementation of 5MP. Results for Semester 2, 
2015 are shown in Fig. 4 below. This pattern has been 
maintained; the distribution for Semester 1, 2018 is very 
similar. 

5MP, consistently over multiple semesters, garners 
positive responses from students. Representative 
comments from course evaluations: “I love the idea of 5 
minute physics because it really helped me understand 
the concepts better before going into lectures”; “the best 
study tool both before and after lectures. It provided 
enough information to ensure basic understanding 
which allowed for you to build on”. These quotes show 
that the 5MP modules succeed in their role of providing 
the foundation for further learning in lectures. 

From access data, we know that our students use 5MP 
throughout the semester. (This usage data is consistent 
with data from surveys where we ask students to tell us 
how often they are using the resources, adding confidence 
to the reliability of survey-based evaluations.) We also 
know from usage analytics that 5MP is being used by 
thousands of users across Australia and internationally, 
who have discovered this resource on the internet. 

Figure 3: Distribution of students’ habits of preparing for 
class in The Physical Basis of Biological Systems, Semester 
2, 2009.

Figure 4: Distribution of students’ habits of preparing for 
class in The Physical Basis of Biological Systems, Semester 
2, 2015, after full implementation of 5-Minute Physics.
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Aspects of 5MP that our students particularly value 
are that it is convenient, concise, and interactive [4]. 
More recently, we have explored interactive simulations 
further, and found that a key aspect to learning via them 
is that they provide a means of visualisation [5].

Design for Student Cohort 
Part of the motivation for developing 5MP was the 
scarcity of appropriate learning resources for health/life 
sciences students who take introductory-level physics 
courses. Such service cohorts, along with Engineering, 
make up a considerable proportion of all students doing 
physics at Australian universities. As physics educators, 
we need to recognise that student cohorts can differ 
significantly in their prior knowledge and career/study 
aspirations. Analysis of students’ starting points and 
their motivations can help us to design appropriate paths 
for their learning. 

I’ve been involved in developing the semester-long course 
‘The Physical Basis of Biological Systems’ since 2000. 
Over that time, student judgements of the course have 
improved significantly with regard to perceptions of the 
intellectual stimulation of the course, the amount they 
learned, and the value of learning materials [6]. These 
correspond to concerted efforts in course re-design. A 
major strategy has been to make course materials and 
activities (such as experiments and problem-solving) 
relate physics to biological systems. Contextualisation 
of physics has been shown to significantly assist student 
engagement, learning of physics concepts, and critical 
thinking [7, 8] 

We used what we had learned from that fairly broad 
service course to address the highly-specialised audience 
in the course ‘Physics for Physiotherapy’. Physics 
understanding assists physiotherapists to design and 
implement treatments, to interpret medical imaging 
diagnostics, and to critically review new techniques. 
Here, the educational situation was that students were 
often physics novices, and habitual high-achievers; there 
was no single set of suitable learning resources; there was 
also a need acknowledged in the physiotherapy profession 
for knowledge to be communicated in ‘meaningful and 
manageable chunks’ [9]. To address this, we developed 
novel learning resources that integrate physics and 
physiotherapy. We packaged core content in ‘manuals’ 
(5 pages long) for each of a range of physiotherapy 
treatment modalities: Transcutaneous Electrical Nerve 
Stimulation (TENS), InterFerential Treatment (IFT), 
hot pack, ice pack, laser, and ultrasound [10]. 

Several successful, transferable strategies were used 
in creating these learning resources: 

Integration of physics and service discipline 
This was achieved for each treatment type by side-by-
side and succinct presentation (on the front page of the 
manual) of why the physiotherapy technique is used and 
the fundamental physics of how it works. Users praised 
this as “a really good way of delivering the main physics 
underpinning the modality”. Helping students to see the 
point of the physics can be motivating. 

Emphasising conceptual framework 
Guidance given for use of each treatment technique 
connects physics concepts and clinical application. 
A section on safety not only lists do’s and don’ts but 
points out the reasons for recommended procedures. 
Understanding ‘why’ is empowering. 

Visualisation of abstract 
This was done by including photos of treatments in use, 
overlaid with schematics that illustrate the mental model 
being applied. For example, TENS with a representation 
of its electrical circuit (shown in Fig. 5 below), or hot pack 
with an arrow showing heat flow. These schematics make 
apparent something that is akin to augmented reality – 
what a person who is physics-trained “sees” when he/
she looks at the situation. Students and tutors who were 
asked to evaluate the resources were in consensus that 
the images add meaning. The images were considered 
“very helpful to understand the concepts”. 

In formal evaluations, both students and tutors agreed 
that the materials help students to better understand 
the physics of the techniques. These course materials 
improved student perceptions of the relevance of 

Figure 5: TENS treatment in use: photo overlaid with 
schematic of electrical circuit that involves the patient – part 
of a learning resource created for Physics for Physiotherapy.
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physics in the practice of physiotherapy, and their 
understanding of the physics in physiotherapy. Again, 
students appreciated resources for being “concise and 
easy to understand”. Focus group students told us that 
they envisage using these resources at multiple stages 
of their learning: when first dealing with concepts and 
techniques; in practical sessions when they are learning 
hands-on; when revising; and as a reference during their 
workplace practice. An additional use they invisaged is 
to help explain treatments to patients (i.e. teaching their 
patients about the treatment they are going to experience). 
The fact of students considering these materials useful 
beyond their original intent is a judgement of quality, a 
measure of success in addition to the quantitative results 
of surveys. These various types of evidence contribute 
to answering the question of whether an educational 
intervention is worthwhile.

The Design Process 
Collaborators and I have developed multiple novel 
learning resources and activities. The development 
process involves iterative design cycles, incorporating 
evaluation at every stage. The schematic shown in Fig. 6 
illustrates the design process. 

The initial idea of what we’d like the students to learn, and 
how we’d like to do that, are constrained by feasibilities. 
Design of learning experiences must deal with physical 
practicalities enforced by the laws of the universe, for 
example, the range of observables for experiment and 
simulation. There are practical considerations for the 
teaching organisation, such as robustness of equipment 
and cost. Researchers create a prototype (apparatus, text 
or software), and test it against these criteria, as well as 
against the desired pedagogical framework. The product 
is piloted with a group of students. This has been, 
variously, paid recruits from the target group, outreach 

activity participants, advanced students experiencing 
research, and the smaller of two groups enrolled in a year. 
At this stage, bugs (in equipment, writing or software), 
and the level of student appeal, as well as pedagogical 
issues such as guidance towards learning aims and 
cognitive load, become more apparent. Feedback from 
the viewpoints of the test students and the academics 
and tutors involved in teaching are useful. Analysing 
feedback and modifying the product accordingly 
enables us to go to full implementation with confidence. 
More ambitious extensions are only attempted after the 
product has been proved in the teaching situation. Later 
stages of evaluation use qualitative and quantitative data-
gathering, and analysis of student responses to set tasks.

Design for Learning Purpose 
Articulating what we want students to learn, and why, 
is fairly straightforward for any particular physics topic. 
What about the bigger picture? What should physics 
graduates have learned by the end of their degree? 

The area for improvement most-requested in 
science graduates by Australian employers is skill 
in communication, especially to non-scientists. An 
authentic opportunity to address this arose in the 
International Year of Light, 2015. About-to-graduate 
students were tasked with explaining, to an art gallery 
audience, the physics of artworks in the exhibition 
“Light Play: Ideas, Optics, Atmosphere”. The best 
student explanations were displayed on the gallery wall 
alongside the curator’s information about the art. 

Thinking about our purpose in physics education can 
help define the big-picture aims of a physics degree. The 
Physics Threshold Learning Outcomes specify what 
a bachelor degree graduate in physics should know 
and be able to do [11]. Producing this physics-specific 
statement of academic standards, with input from each 
Australian university that offers physics, is a project that 
I led while head of the Physics Education Group of the 
AIP. By specifying the end goal, such a statement can 
be used as a tool for design of curricula, and also their 
evaluation, noting that AIP accreditation of physics 
degrees requires mapping of curriculum components 
against competencies of a graduate physicist [12]. 

Conclusions
The original learning activities and resources discussed 
here have been shown to positively impact on students’ 
learning behaviours and attitudes. They have been 
developed through a conscious process. The design 
process is a combination of creativity and rigour.

Figure 6: Schematic of the process of designing learning 
activities.



AUSTRALIAN PHYSICS 14355(4)  |   JULY-AUG 2018

Making meaning depends on context. We should 
consider who, and why, we are teaching physics, when 
we are planning what we do with students. 

From the work discussed in this paper, it is clear that 
students value:  

• relevant, authentic experiences; 

• making the abstract “real”; 

• interactivity;

• conciseness; and

• convenience.

These priorities can guide design of learning 
experiences.

I feel honoured to have been awarded the AIP Education 
Medal. This award is important because it acknowledges 
the significance of physics education - it provided our 
beginnings as physicists, it is essential to the supply of 
physics-literate professionals, and it empowers citizens. 

The next recipient of the Education Medal is planned to 
be announced at AIP Congress in December this year.
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Dr Guy Kendal White AM 31 May 1925 - 22 May 2018

Guy Kendall White was born in Sydney in 1925 but 
spent his early years in country New South Wales. In 
1935 he moved to Rose Bay, Sydney where he attended 
Scots College. After high school, Dr White completed 
a BSc (Hons 1) (1942-45) and an MSc (1946-47), both 
from the University of Sydney. During his university 
holidays, he worked at CSIRO’s National Standards 
Laboratory on wartime projects. In 1947 he took 
up a CSIR Overseas Studentship to attend Oxford, 
graduating with a PhD in 1950. 

Dr White returned to Australia as a research officer at 
the CSIRO Division of Physics (1950-53). He moved 
continents again in 1953, this time to the National 
Research Council, Ottawa. Here he worked as a post-
doctoral fellow (1953-54) and then associate research 
officer (1955-58). The warm weather lured him back to 
the CSIRO Division of Physics where he worked as a 
Principal Research Scientist (1958-62), Senior Principal 
Research Scientist (1962-69) and Chief Research 

Scientist (1969-90). In 1970, Dr White was elected to the 
Australian Academy of Science and was distinguished 
for his experimental contributions to knowledge of the 
transport properties, thermal capacities and thermal 
expansions of solids. His studies of electrical and 
thermal conduction of metals, alloys, semi-conductors 
and solidified inert gases revealed the contributors of 
lattice and electrons and the roles of defects and mutual 
interaction of lattice waves. 

While at CSIRO, Dr White visited the prestigious Bell 
Laboratories in New Jersey as invited visiting scientist 
(1965-66) and the Universities of Oxford and Leeds 
as a senior visiting scientist (1976). The latter enabled 
him to update a new edition of his widely used text on 
Experimental Techniques in Low-Temperature Physics. 

In recognition of his contributions, Dr White received 
many prestigious prizes and awards including the 
Yeram Touloukian Award from the American Society 
of Mechanical Engineers and the David Syme Research 
Prize from the University of Melbourne. He was a Fellow 
of the Institute of Physics (UK) and a Foundation Fellow 
of the Australian Institute of Physics. Upon his official 
retirement in 1990 as Chief Research Scientist, CSIRO 
Division of Applied Physics, Dr White was made an 
Honorary Fellow of the CSIRO Division of Materials 
Science and Engineering. He received an Honorary 
Doctorate from the University of Wollongong in 1994, 
and was a Visiting Fellow at the ANU’s Research 
School of Physical Sciences and Engineering from 2000 
to 2001. In 2000, he was appointed to the Order of 
Australia in the General Division (AM) for services to 
low temperature physics.

(Source: Australian Academy of Science. See also https://www.
science.org.au/learning/general-audience/history/interviews-
australian-scientists/dr-guy-white-1925-2018-physicist)
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BOOK REVIEWS 

The Last Man Who Knew Everything;  
The life and times of Enrico Fermi, Father  
of the Nuclear Age
by David N. Schwartz, Basic Books (2017), 448 pages, Hardcover ISBN 
9780465072927, eBook ISBN 9780465093120

Reviewed by Dr Anna Binnie  
a.binnie@binnie.id.au

This was an extremely enjoyable read! It is the type of 
book that can be read and enjoyed at bed time, on a long 
haul flight or simply on the train coming into work. It 
can be enjoyed by physicists as well as those who have 
only ever heard of Enrico Fermi and have no idea who 
he was. The language is accessible to high school aged 
children who are interested in scientists.

So what is the book about? Well, Enrico Fermi; whose 
aptitude for mathematics was recognised as a child, 
whose natural abilities were nurtured and allowed to 
develop through high school and university. We follow 
the young Enrico as he develops his passion for physics, 
outdoor activities and his passion to always win. We 
see him wooing and marrying Laura who at times was 

effectively a single parent as Fermi pursued his passion 
for physics. Fermi was not a hands on father and seems 
to have spent little time with his two children, to their 
detriment. 

The book describes his early years in Rome where he 
developed a somewhat backward physics department 
into one that not only attracted bright students but 
became one of the leading European experimental 
physics departments. We see Fermi’s transition to 
a scientist on the world stage from his Nobel prize 
through the Manhattan project until his early death due 
to stomach cancer. 

The book introduces us to a man who while an 
exceptional physicist was also flawed. His early aptitude 
for mathematics and problem solving which he 
continued to develop during his life, meant that he had 
not learnt to work on problems that may be difficult for 
him. He had the philosophy that he should not put more 
effort into an activity than one needs, often being the 
bare minimum. Fortunately for the world of physics this 
bare minimum was more than most can achieve in a 
lifetime. His approach to problem solving was to break 
everything down to the simplest issue and solve this. 
His approach to teaching, which incidentally he loved, 
was to solve a problem slowly and methodically without 
skipping the easy steps but not slowing down for the 
more difficult sections. He was a sought after mentor 
who would assist not only his own students but all who 
asked for his help. In his later years he would ensure that 
all his students found acceptable post doctoral positions 
and maintained contact with many of them. One of his 
approaches at work was to walk down the corridor of the 
physics department at Chicago and ask people what they 
were working on. He would then discuss their work and 
often found a way forward for them both theoretically 
and experimentally. Hence he had a broad and deep 
understanding of a large breadth of physics, and hence 
the subtitle of the book.

The Fermi household was at times a social hub, notably 
because Laura enjoyed entertaining. Colleagues who 
had become friends and students were regular guests, 
especially in Chicago. At these events there would be 
party games which Enrico simply had to win. When 
Enrico went walking or swimming with his friends 
he had to always be out in front, and he always won 
every social tennis game he played. He even ventured 
opinions at Laura’s book club meeting even if he had 
never read the book in discussion. He was not interested 
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in literature, music or other cultural activities. Nor was 
he at all spiritual in his view of the world. His love of the 
outdoors was more of a physical response than enjoying 
the beauty of the moment.

The book is well researched and despite written by a 
non physicist, Schwartz’s family physics background 
has given him an ability to explain complex physics 
concepts in a manner that would be found acceptable 
by a physicist and a lay person would find accessible. 
There are no equations in this book! Schwartz includes 
commentary on the significance of each of Fermi’s 
contributions to the world of physics at the time and 
Fermi’s lasting legacy. The book is well referenced with a 
bibliography containing some of the classics of modern 
history of physics as well as references to private papers 
and other archival material. Unfortunately the review 
copy failed to have the endnotes printed in the body of 
the text and one was forced to guess where the reference 
would be (yes, you need 2 bookmarks).

Bose-Einstein Condensation and 
Superfluidity
by Lev Pitaevskii and Sandro Stringari, Oxford University Press (2016), 553 
pages, ISBN 9780198758884

Reviewed by Prof Mukunda Das, Department of 
Theoretical Physics, RSPE, Australian National 
University.

Satyendranath Bose in 1924 published Planck’s law 
for blackbody radiation by considering light quanta 
as identical, indistinguishable particles by a rigorous 
method. A year later Bose’s treatment was generalised by 
Albert Einstein to an ideal gas of identical bosonic atoms 
by additionally considering that the number of atoms 
must be conserved. A new state was predicted, with 
macroscopic occupation in the ground state when the 
temperature is extremely low. This state is usually known 
as Bose-Einstein condensation. Bosonic fluids also have a 
special dynamical property below a critical temperature: 
they then exhibit superfluidity. As a result, viscocity is 
completely lost. Among many related phenomena, the 
relationship between BEC and superfluidity forms a 
crucial issue covered in this book.

About the authors: Lev Pitaevskii is a distinguished 
researcher in the field of Bose-Einstein Condensation and 
Superfluidity; Sandro Stringari also is an internationally 
well-known expert in this field. The book under review 
by these two authors (the second edition) is an excellent 
text in the field of ultracold atomic physics.

After a short introduction the authors have divided the 
book into four parts.  Part I has eight chapters beginning 
with off-diagonal long range order, an important aspect 
of BEC physics. Chapter 3 recapitulates the most text-
book version of quantum statistical mechanics of the 
ideal Bose gas, where a phase transition is shown to 
occur. In the next chapter the Bogoliubov theory of a 
weakly pair-wise interacting Bose gas is discussed. This 
model describes both the formation of the BEC state and 
the particular propagation of sound waves in it. Chapter 
5 presents the theory of the inhomogeneous interacting 
Bose gas, and what is now known as the order-parameter 
theory independently developed by Gross and Pitaevskii.   
In Chapter 6 the physics of superfluids is discussed, 
outlining the Landau criterion for the strongly interacting 
4He fluid (taken further in chapter 8, including the 
physics of quantised vortices). Chapter 7 covers the 
microscopic description of linear response theory. In the 
last chapter of Part I, the roles of collisions and of optical 
and magnetic trapping are presented; topics that have 
developed over the past two decades.

Following Chapter 9 of Part I,  Part II is devoted to the 
BEC confined in traps. After discussing the behaviour 
of the ideal Bose gas in the traps, the role of two-body 
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interactions is explicitly shown for the inhomogeneous 
case. Results are obtained for both equilibrium (Chapter 
11) and dynamical (Chapter 12) situations. The physics 
of quantised vortices in the trapped BEC is addressed in 
Chapter 14, while Chapter 15 highlights some coherence 
properties including interference and a Josephson-like 
effect.

As distinct from the Bose gas, the subject of Part III is the 
interacting Fermi gas. As with superconductivity for, say, 
electrons, neutral dilute Fermi atoms at low temperature 
seem collectively to exhibit superfluidity. Chapter 16 
deals with discussions on BCS-BEC crossover, a topic 
borrowed from the heavily discussed physics of high-Tc 

oxide superconductors. Other chapters in this Part deal 
particularly with the harmonically trapped Fermi gas 
(Chapter 17), thermodynamical relations (Chapter 18), 
dynamical and Fermionic superfluid properties (Chapter 
19) and spin polarised Fermi liquids (Chapter 20).

Part IV has five chapters beginning with quantum 
mixtures of Bose and Fermi atoms (Chapter 21), 
quantum gases in optical lattices (Chapter 22), low-
dimensional realizations (Chapters  23, 24) and dipolar 
gases (Chapter 25). There is a long list of references to 
help the interested reader to access a proper background.

Finally, over the past two decades there have been 
considerable breakthroughs on the experimental front 
for cold-atom physics in addition to theoretical activities. 
Many ideas well known in condensed-matter physics 
have been, and likely will be, rediscovered in cold-atom 
physics. I note particularly that the well-established 
Bose-Hubbard model, developed in 1963 in the context 
of granular superconductors and, later in 1980’s, in 
the context of the superfluid-insulator transition, is 
often used in the case of bosonic optical lattices. Such 
items are carefully reviewed in this book. Although the 
authors have mentioned the quantum statistical effects 
operating below the Bose condensation temperature 
in the noninteracting gas, it is not obvious how it has 
crept in the formulation. It is further argued later that 
repulsive interactions play against BEC fragmentation. 
This has been a crucial lesson from the work on pair-
Hamiltonian models by Marshall Luban (1962) and 
Dirk ter Haar (1977), which are not mentioned in the 
book. 

Despite such omissions I am happy to recommend this 
book for beginners as well as specialists to have a copy 
in their library.
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SAMPLINGS
China launches ‘Queqiao’ lunar satellite
China has successfully launched a satellite to the Moon 
that will perform radio astronomy as well as communicate 
between Earth and a separate lunar lander, which is 
set for launch later this this year. Dubbed Queqiao, or 
Magpie Bridge from an ancient Chinese folklore tale, it 
took-off from the Xichang Satellite Launch Center on 
21 May. It will now be put at Langrange Point 2 “L2” – a 
gravitational-balance point about 65000 km behind the 
Moon – where it will stay visible both to ground stations 
on Earth and the future lander.

Due to tidal locking between the Earth and the Moon, 
only one side of the Moon is visible to Earth. This 'far 
side' remains of enormous interest to scientists as studies 
have indicated that there is a very different world on the 
far side, being geologically more ancient and dominated 
by highlands, unlike the planar landscape that prevails 
on the near side.

Artist’s impression of the Queqiao lunar craft

The far side is also of interest for the radio-astronomy 
community. While almost all celestial radio wave 
frequencies can be received on Earth, those that are 
below 30 MHz are blocked by the atmosphere. Yet such 
frequencies contain important information about the 
early universe and can only be measured from a special 
vantage point like the back of the moon, which is free 
from atmospheric and man-made interference. This 
means the far side is one of the best places to measure 
the 21 cm hydrogen emission line that can be used to 
study the mass and dynamics of galaxies and will allow 
scientists to peer into the “cosmological dark ages” – a 
period between the Big Bang and the birth of the first 
stars.

Queqiao will include a Dutch-built antenna – the 
Netherlands-China Low-Frequency Explorer (NCLE) – 

that is designed to measure radio waves between 1-80 
MHz. “A radio antenna behind the moon will open 
up a new window on the universe,” says NCLE project 
leader Marc Klein Wolt, who is managing director of the 
Radboud Radio Lab at Radboud University. According 
to Albert-Jan Boonstra from the Netherlands Institute 
for Radio Astronomy in Dwingeloo, the Dutch antenna 
is especially designed to receive low-frequency radio 
waves over a larger range. “We have found ways to avoid 
the electromagnetic interference of the satellite itself and 
successfully developed a broadband receiver,” he says.

Also riding on Queqiao is a pair of microsatellites that 
will be released into an elliptical lunar orbit for similar 
radio astronomy experiments as the Dutch antenna. The 
twin microsatellites, developed by Chinese scientists, 
will carry out interferometry tests to demonstrate the 
feasibility of a future microsatellite array, which would 
be more sensitive than a single probe in detecting faint-
radio signals from afar. However, due to the size of the 
microsatellites, their observation times will be limited to 
10 minutes from the far side and 20 minutes of data 
transmission from the near side every orbit. 

As well as performing radio astronomy, another key aim 
of the Queqiao mission is to enable the transmission of 
commands and data from Earth to the Chang’e-4 lander 
that will launch later this year. Chang’e-4, which will 
land in the South Pole-Aitken Basin area, will be the 
first mission to land on the far side of the Moon and it 
will also have a low-frequency radio-spectrum analyzer, 
which has been developed by scientists from the Institute 
of Electronics, Chinese Academy of Science in Beijing.

Extracted with permission from an item by Ling Xin at 
physicsworld.com.

Italy picks Frascati for fusion test facility
A site near Rome has beaten eight other locations in 
Italy to host the €500m Divertor Tokamak Test Facility 
(DTT). ENEA, Italy’s energy and technology agency, 
announced yesterday that its research centre in Frascati 
will host the facility with construction set to start in 
November. The DTT will take seven years to complete.

A fusion tokamak contains a plasma of hydrogen 
isotopes heated to hundreds of millions of degrees and 
made to fuse, generating energy. The isotopes are held in 
place by magnetic fields, but if they drifted to the walls 
of the reactor they would damage it. The magnetic fields 
in a reactor are therefore shaped in such a way that the 
plasma leaks are channelled to a divertor at the foot of a 
reactor chamber that dissipates the heat.
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The divertor (coloured red) in a fusion reactor (Courtesy: 
Eurofusion)

The divertor at the €20bn ITER fusion reactor, which 
is currently being built in Cadarache, France, is made 
from tungsten tiles. However, this material is unlikely 
to be adequate for an actual demonstration fusion 
power plant that would feed electricity to the grid 
continuously. The DTT, being 10 m high and with a 5 
m radius, will therefore investigate alternatives types of 
divertor that could suit a future reactor. The machine 
will use superconducting magnets to contain a plasma 
and would have space around the edges of its plasma 
chamber to incorporate divertors of different shapes to 
spread the heat load over a larger area. It could also test 
divertors made of more resistant materials, such as liquid 
lithium.

The nine sites around Italy, which also included Brindisi 
and Pescara, were evaluated based on their economic, 
environmental and technical benefits, with Frascati 
coming out on top. “Today it is Italy that wins,” says 
ENEA president Federico Testa. “Because it invests in 
knowledge and sustainable energy with a project that 
guarantees positive scientific and employment prospects 
for everyone and, in particular, for young people.”

The ENEA notes that around 1500 people will be 
involved in building the DTT. The project is funded 
by €60m from Eurofusion, a consortium of European 
research organisations, while another €80m will come 
from the Italian government. The Lazio regional 
government will supply €25m while China will provide 
€30m and ENEA partners another €50m. The remaining 
€250m will come from the European Investment Bank 
via a loan.

(Extracted with permission from an item by Michael 
Banks at physicsworld.com.)

Green light for new SuperCDMS dark-matter 
detector
Construction of a new Super Cryogenic Dark Matter 

Search (SuperCDMS) dark-matter detector can begin 
now that the next round of funding for the experiment 
has been has been approved by the US Department of 
Energy (DOE). The detector should start taking data 
in the early 2020s and will be located 2 km below the 
Earth’s surface at SNOLAB in Sudbury, Canada. The 
experiment will be at least 50 times more sensitive than 
the previous SuperCDMS experiment, which ran in 
2012-13 in the Soudan Underground Laboratory in 
Minnesota.

One of six crystal packs that will comprise a SuperCDMS 
detector tower (Courtesy: Matt Cherry/SuperCDMS 
collaboration/SLAC National Accelerator Laboratory) 

The DOE will contribute $19m towards building the 
detector, while the US National Science Foundation will 
pay $12m and the Canadian Foundation for Innovation 
will fork out $3m. The SuperCDMS collaboration 
involves 111 physicists at 26 institutions in the US, 
Canada, France and the UK.

The detector will look for weakly interacting massive 
particles (WIMPs), which are hypothetical dark-matter 
particles that could account for 85% of the matter in 
the universe. While indirect evidence for dark matter 
abounds in astronomical observations, physicists have 
yet to make a direct detection of the mysterious stuff. 
Doing so would be a major leap forward in astrophysics 
and could also point to new physics beyond the Standard 
Model of particle physics.

WIMPs are a family of hypothetical dark-matter 
particles that interact very weakly with ordinary matter. 
This means that if physicists want to detect WIMPs, 
they must use an extremely sensitive detector – ideally 
located deep underground, where it is shielded from 
cosmic rays and other background radiation.

According to Richard Partridge, head of the 
SuperCDMS group at the Kavli Institute for Particle 
Astrophysics and Cosmology at Stanford University, the 
new experiment will be “the world’s most sensitive for 
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relatively light WIMPs – in a mass range from a fraction 
of the proton mass to about 10 proton masses”. He calls 
this sensitivity “unparalleled” and says it will “create 
exciting opportunities to explore new territory in dark-
matter research”.

The SNOLAB experiment will look for WIMPs using 
silicon and germanium crystals that will be cooled to 
about 10 mK and surrounded by superconducting 
aluminium. The hope is that WIMPs will interact with 
an atomic nucleus in a crystal, creating tiny vibrations 
(or phonons) that propagate to the edge of the crystal 
and enter the aluminium. Once in the aluminium, 
the phonons transfer their energy to superconducting 
Cooper pairs, causing pairs to break and leading to a 
large increase in electrical resistance, which can be 
detected. WIMP-nucleus interactions should also 
produces electrons and holes in the crystal, which will 
be detected electronically.

(Extracted with permission from an item by Hamish 
Johnston at physicsworld.com.)

Physicists propose measure of scientific 
‘broadness’
Plasma physicists who publish on the arXiv preprint 
server have the widest range of research interests. That is 
according to a new analysis carried out by theorist Sabine 
Hossenfelder at the Frankfurt Institute for Advanced 
Studies (FIAS) in Germany and Tom Price, who have 
introduced a new way to quantify a scientist’s “scientific 
broadness”. The authors of the paper, which is published 
on arXiv, say that determining broadness could be used 
alongside other metrics to measure a researcher’s output.

Scientists have long determined their output by using 
quantities such as the h-index – a measure of the quality 
of an individual’s research output based on the number 
of published papers and their citation rates. Yet scientists 
are also keen to put a figure on woollier concepts such 
as the broadness of their research. “I began to wonder if 
there isn’t a way to quantify just what we mean by ‘broad 
interests’,” explains Hossenfelder.

To quantify broadness, Price and Hossenfelder identified 
40,000 key words in the title and abstract of more 
than 1.3 million papers on arXiv. They then assigned 
keywords to the papers and their authors, leaving each 
author with a list of associated keywords. The more 
similar an author’s keywords were to the distribution of 
the keywords of all authors in the arXiv database the 

greater their scientific broadness. “The concept that we 
try to capture is how widely distributed the topics a 
researcher has worked on are over all existing topics,” 
Hossenfelder told Physics World.

When they looked at authors that had more than 20 
papers on arXiv, the researchers found that those 
primarily associated with the categories plasma physics, 
numerical analysis and statistical mechanics had the 
highest author broadness, on average. Authors associated 
with astrophysics of galaxies, representation theory 
and algebraic geometry, meanwhile, had the lowest 
broadness.

According to Hossenfelder, broadness is neither good or 
bad. “I think science needs both, specialised and broad 
researchers,” she explains. “Each have their place, but 
each fulfil different needs. Sometimes digging deep into 
a problem is the way through, and sometimes you find 
new inspiration while learning what goes on in other 
disciplines.” The study also looked at looked at where the 
authors did the work to establish a “country broadness”. 
They found that researchers based in Israel, Austria and 
China carried out the broadest research, with Japan, 
Iran and South Korea languishing at the bottom.

Lutz Bornmann, a sociologist of science at the Max 
Planck Society in Munich, Germany, who was not 
involved in the research, told Physics World that crossing 
disciplinary boundaries is important, particularly when 
addressing complex problems such as global warming. 
He adds that broadness could be useful for evaluating 
individual researchers, explaining that some methods 
select researchers based on the number of highly-cited 
papers within certain disciplines, possibly disadvantaging 
those that work across fields. “The new broadness metric 
could be used to empirically study that and to reveal this 
supposed weakness,” he adds.

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

Evidence for sterile neutrinos claimed by 
Fermilab experiment
Physicists working on the Mini Booster Neutrino 
Experiment (MiniBooNE) at Fermilab in the US have 
released new results that, they argue, provide strong 
evidence for the existence of a new type of particle 
known as a sterile neutrino. The researchers say that 
their data are fully consistent with a previous hint of 
sterile neutrinos that emerged more than 20 years ago 
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from the Liquid Scintillator Neutrino Detector (LSND) 
at the Los Alamos National Laboratory in New Mexico, 
although other groups have failed to reproduce the 
findings.

Sterile neutrinos, if they exist, would be even more elusive 
than standard neutrinos, which themselves are chargeless 
and nearly massless. The Standard Model of particle 
physics tells us that neutrinos come in three flavours – 
electron, muon and tau – and that they “oscillate” from 
one flavour to another as they travel through space. But 
some extensions of the Standard Model predict that 
these known neutrinos can also oscillate into and out 
of sterile neutrinos, which might not interact at all with 
any other ordinary matter.

MiniBooNE monitors the tiny flashes of light that are 
produced occasionally when electron neutrinos interact 
with atomic nuclei in about 800 tonnes of pure mineral 
oil contained in a spherical tank located underground 
on the Fermilab site near Chicago. Those neutrinos are 
generated after protons from the lab’s Booster accelerator 
are fired into a beryllium target to create muon 
neutrinos, which then oscillate to electron neutrinos as 

they travel several hundred metres through the Earth to 
the detector. 

In a preprint uploaded recently to the arXiv server, the 
MiniBooNE collaboration reports having detected far 
more electron neutrinos than would be expected from 
purely Standard Model oscillations after collecting 
data for 15 years. According to collaboration member 
William Louis of Los Alamos, the measurement suggests 
that some of the muon neutrinos oscillate into sterile 
neutrinos that in turn transform into electron neutrinos. 
That interpretation, he says, is bolstered by the fact that 
the variation of electron-neutrino excess with neutrino 
energy – a parameter of neutrino oscillations – seen 
in MiniBooNE matches that recorded at LSND. He 
and his colleagues conclude that the combined excess 
from the two experiments has a statistical significance 
of 6.1σ, which is well above the 5σ that is normally 
considered a discovery in particle physics. [MiniBooNE 
Collaboration, arxiv.org/abs/1805.12028]

(Extracted with permission from an item by Edwin 
Cartlidge at physicsworld.com.)

Photomultiplier tubes on the inside of the MiniBooNE tank. (Courtesy: Reidar Hahn/Fermilab)
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1. New Finder Insight Portable Raman Spectrometers 
from Zolix! 

The new product Finder Insight, multifunction Portable 
Raman Spectrometers, based on new designed attaining 
superior user friendliness and sensitivity, can meet the 
requirements of on-site rapid diversification detection

Advantages: 
• Fast response - Can be carried on the inspection cars 

for constants, trace analysis of criminal investigation, 
security, emergency disposal.

• Microscope functionality - The most cost-effective 
and flexible microspectrometer solution, it can meet 
the demand of users microscopic analysis.

• Adaptable - Built-in rechargeable lithium battery 
for easy portability, can work more than four hours 
continuously, it provides research grade Raman 
capabilities wherever needed.

• High sensitivity - With the application of deep 
cooling detector, the system offers greatly improved 
sensitivity.

• Versatile sample chamber: Special light tight sample 
chamber allows measurement of a wide range of 
samples of different shapes and sizes. 

2. Zolix release OmniFluo-900 Steady-State 
& Time-Resolved Fluorescence Spectrometer 
Zolix offers a range of accessories for different 
applications, allowing the OmniFluo system to be 
configured for PL, Raman, transmission, reflection, 
absorption and detector calibration measurement. The 
possible configurations are endless.

The Zolix OmniFluo Fluorescence Systems employ 
the high performance Omni-λ monochromator/
spectrograph, high sensitivity single or multi-channel 

detector, and single photon counting/lock-in amplifier 
technique. The standard for sensitivity is the signal-to-
noise ratio calculated from a water Raman spectrum. 
Using this standardized test, our signal-to-noise ratio is 
12000:1.

OmniFluo Fluorescence Systems can combine the PL 
and PLE in the same architecture. There are many 
configurations to fit your specific measurement, 
such as fluorescence spectroscopy, excitation 
spectroscopy, normal and low temperature testing. 
 
Highlights:
• Modular design, different function perfect 

combination to fit your specific needs 
• Extended wavelength range with triple grating 

monochromators, 200 nm-2500 nm*
• High output power, 75W Xenon light source
• Different Laser wavelength option*, 375 nm/405 

nm/442 nm/532 nm/785 nm/1064 nm.
• Versatile: Can be reconfigured for IR, Quantum 

Yield, Polarization fluorescence, μs-s Fluorescence 
lifetime studies. 

* Confirm the configurations according to the actual need

3.  TeraSpeed, Superfast Terahertz Screening 
Platform from Toptica
• Extremely fast measurements of terahertz pulse 

intensities (patent pending)
• Photoconductive terahertz emitter + high-bandwidth 

Schottky receiver

PRODUCT NEWS
Lastek
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• Digital output: Data rates up to 500 kS/s, “snapshot” 
and “continuous” measurement modes

• Analog output: Detection of individual terahertz 
pulses @ 100 MHz repetition rate

• Robust setup without any delay stages or mechanically 
sensitive components

The TeraSpeed serves applications in quality control and 
process monitoring that require no spectral information, 
but call for terahertz intensity measurements at “extreme” 
speeds: the system is capable of detecting individual 
terahertz pulses at repetition rates as high as 100 MHz. 
An integrated data-processing unit converts the detected 
pulses to RMS values, enabling data streams at sampling 
rates up to 500 kHz – orders of magnitude faster than 
conventional terahertz systems. Bringing together 
several cutting-edge technologies, the TeraSpeed takes 
advantage of mature fibre laser technology, powerful 
photoconductive emitters and fast yet sensitive Schottky 
receivers.

Lastek Pty Ltd; Tel: 08 8443 8668
sales@lastek.com.au 
www.lastek.com.au

Coherent
OPOTEK Inc., founded in 1993, introduced the first 
US broadband visible optical parametric oscillator 
(OPO) as a commercial product. Since then they 
have delivered a wide range of OPO laser systems to 
hundreds of customers worldwide.

The Opolette series of tunable laser systems utilises 
patented optical parametric oscillator (OPO) technology 
to generate wavelengths over a broad range in the 
ultraviolet, visible and near-infrared regions. Designed 
for portability, the entire laser heads fits into a 180 

x 300 mm footprint with quick connect cables for 
easy relocation. Access is provided to the residual 
355/532/1064 nm pump beams for experimental use. 
The harmonics are hermetically sealed, temperature 
controlled and phase matching is motorised. The 355 
nm pump version provides wavelength tuning over the 
range 410 – 2400 nm with >9 mJ peak pulse energy; the 
532 nm pump version gives wavelength tuning over the 
680 – 2400 nm with 13 mJ peak pulse energy.

The Radiant series of tunable laser systems are similar 
to the Opolette lasers with many common features, 
including portability, access to residual pump beams, 
motorised harmonics and real-time wavelength 
monitoring, but with the added benefit of considerably 
higher pulse energy. The 355 and 532 nm pump 
versions of the Radiant offers similar tuning range to 
the Opolette, however peak pulse energy is >70 mJ and 
>120 mJ, respectively.

For further information please contact:  
Jeshua Graham 
Coherent Scientific Pty Ltd 
jeshua.graham@coherent.com.au 
www.coherent.com.au

Warsash Scientific
V-508 PIMag linear stage
Physik Instrumente, a global leader in the design and 
manufacture of high precision motion control systems 
has launched V-508 PIMag magnetic drive compact 
linear stage. 

The PIMag magnetic direct drive does not use mechanical 
components in the drivetrain, with it’s 3-phase magnetic 
drive transmitting the drive force directly to the motion 
platform without friction.  The V-508 has the following 



154 AUSTRALIAN PHYSICS 55(4)  |   JULY-AUG 2018

key features:

• Travel range: 80, 170 and 250mm

• Resolution: 78nm

• Incremental or absolute encoders

• Minimum incremental motion: 0.5nm

• Velocity: 1 m/s

• Bidirectional repeatability: ±50nm

• Load capacity: 100N

• Highly compact form factor

V-738 PIMag high precision XY stage
Physik Instrumente, a global leader in the design and 
manufacture of high precision motion control systems 
has launched V-738 PIMag magnetic drive high 
precision XY stage. 

The PIMag magnetic direct drive does not use mechanical 
components in the drivetrain, with it’s 3-phase magnetic 
drive transmitting the drive force directly to the motion 
platform without friction.  Key application areas include: 
laser cutting, metrology, scanning and microscopy.  The 
V-738 has the following key features:

• Travel range: 102 x 102mm

• Resolution: 1nm

• Incremental linear encoders

• Minimum incremental motion: 20nm

• Velocity: 0.5 m/s

• Bidirectional repeatability: ±25nm

• Load capacity: 100N

• 150 x 150mm aperture

For more information, contact Warsash Scientific on 
+61 2 9319 0122 or sales@warsash.com.au.

New laser wavelengths for Raman
Cobolt AB, a part of HÜBNER Photonics, introduces 
new wavelengths on the 08-01 Series of 457 nm, 473 
nm, 515 nm, 660 nm and 1064 nm, complementing 
already available wavelengths of 405 nm, 532 nm, 561 
nm and 785 nm. The 08-01 series of single frequency 
and narrow linewidth lasers are ideal for Raman 
spectroscopy applications.

The 08-01 Series consists of high performance, 
ultra-compact, single longitudinal mode (SLM) 
diode pumped lasers (08-DPL) up to 400 mW and 
narrow linewidth diode lasers (08-NLD) up to 500 
mW, all having exceptional wavelength stability and 
spectral purity. With totally integrated electronics, an 
integrated optional optical isolator and clean up filter, 
the lasers from the 08-01 Series are easily integrated 
into high end Raman based systems or other analytical 
instrumentation.

All Cobolt lasers are manufactured using proprietary 
HTCure™ technology and the resulting compact 
hermetically sealed package provides a very high level 
of immunity to varying environmental conditions along 
with exceptional reliability. With demonstrated lifetime 
capability of >60 000 hours and several thousand units 
installed in the field, Cobolt lasers have proven to 
deliver unmatched reliability and performance both in 
laboratory and industrial environments, and are offered 
with market leading warranty terms. 
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Zurich Instruments
Lock-in Amplifier based amplitude and 
Frequency Modulation and Demodulation. 
All Zurich Instruments lock-in amplifiers can be 
equipped with amplitude and frequency modulation 
capabilities with the new AM/FM Modulation Option. 
This option enables coherent generation and detection 
of signals with multiple frequency components, such 
as amplitude- and frequency-modulated signals. In 
contrast to conventional methods where two cascaded 
lock-ins are used for tandem demodulation, all Zurich 
Instruments Lock-in amplifiers can perform single-
stage demodulation using the multiple demodulators 
available in each instrument. This overcomes the 
bandwidth limitation of cascaded demodulation 
filters and leads to more accurate results. 

The graphical LabOne user interface facilitates signal 
generation and acquisition, allowing simple adjustment 
of each component parameter. The integrated toolset 
reduces experiment complexity with a scope, sweeper, 
spectrum analyzer, signal generator, spectrogram, 
plotter and more.

The AM/FM Modulation Option is used in a 
variety of applications such as MEMS, Fluorescence 
Spectroscopy or Kelvin Probe Force Microscopy 
(KPFM) where AM/FM modulation and 
demodulation improves the SNR.

For more information, contact Zurich Instruments AG
Dr. Jan Benhelm
Technoparkstrasse 1
CH-8005 Zurich
+41-44-515-04-10
info@zhinst.com

CONFERENCES, SCHOOLS & 

WORKSHOPS

10th AONSA Neutron School
12 - 16 Nov 2018, ANSTO, Lucas Heights
The AONSA Neutron Schools provide training 
for newcomers to neutron scattering across the 
fields of physics, chemistry, biology, materials 
science and more. As well as lectures, they include 
practical sessions with hands-on experiments and 
data analysis. All neutron techniques are generally 
covered, notably powder diffraction, single-crystal 
diffraction, strain scanning, small-angle scattering, 
reflectometry, inelastic and quasielastic scattering. 

Registration closes 30/July 2018. 
http://aonsa.org/aonsa-school/

IPAC 2019 — 10th International Particle 
Accelerator Conference

05 - 10 May 2019, Melbourne
IPAC is the main international event for the 
worldwide accelerator community and industry. 
Attendees will be presented with cutting-edge 
accelerator research and development results and 
gain the latest insights into accelerator facilities 
across the globe.

Call for abstracts opens 1/October 2018.
http://www.nir2019.com/

NIR-2019 — 19th biennial meeting of the 
International Council for NIR Spectroscopy 
(ICNIRS)

15 – 20 Sept 2019, Gold Coast
Near IR spectroscopy has moved from being used 
in a few laboratories for a few applications, to a 
technology that has application in sectors from 
agriculture to medicine, from environmental 
science to pharmaceuticals, from geoexploration 
to food technology. Furthermore, NIR has moved 
out of the laboratory and into the field with remote 
sensing and hyperspectral imaging going beyond 
1,000 nm into the short wavelength IR.

Call for abstracts opens 1/October 
2018.
http://www.nir2019.com/
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(08) 8150 5200
sales@coherent.com.au
www.coherent.com.au

Radiant Integrated OPO System

>70mJ energy available

Fully integrated with 
Quantel Q-smart pump laser

Flexible configurations 
for a wide range of 
applications

Unique, patented OPO 
cavity design

Opolette Compact 
Integrated OPO system

Small footprint, 
fully integrated OPO

>9mJ output energy

Broad UV-VIS-NIR 
tuning range

Built in Wavemeter™
monitors wavelength real-time

Tunable
Laser
Systems


