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Peter Kappen and David Hoxley

EDITORIAL
Summer has arrived…
… and who doesn’t like sea turtles? 
With holidays approaching, we bring 
you an issue with stories and reading 
that you could enjoy at the beach. A 
sign of success might be having to shake 
the sand out of the magazine at the end 
of the day, especially if the Young Phys-
icists pages sparked some discovery.

For the less direct involvement of 
this issue with experimentation, we 
highlight a story by Helen May-
nard-Casely, the 2019 AIP Women in 
Physics lecturer, showcasing how the 
applications of neutron-based probes 
can help solve pressing problems of energy, health and culture. 

In fundamental physics news, a local team describes their success in 
measuring the contact parameter which describes interactions relat-
ed to pairing of fermions in a Fermi gas. 

We also bring to you a new series, #PhysicsGotMeHere. It builds 
on the Hidden Physicists section in the AIP e-newsletter, and is a 
forum for physicists in our community (you) to tell us how physics 
got you to where you are now. Telling our stories is part of how  
we connect as a community of physicists. As you may have no-
ticed, our Editorials normally contain a call to action to contribute. 
So here it is for #PhysicsGotMeHere: please send your stories to  
aip_editor@aip.org.au.

A thank-you to Brian James, previous editor of this magazine, for 
uploading all past issues of Australian Physics to our server. Inside 
this issue, you will find a piece by Brian highlighting some of the 
evolution of the magazine over the years. Continuing that evolu-
tion, in 2020 we will begin adjusting some of the things around 
Australian Physics as part of refreshing the magazine’s brand. 
The AIP Executive has endorsed a plan to reduce the number of 
issues published per year, and next year we will release five issues 
with the first one spanning the January to March period. More 
information about the brand refresher will come before long.

In the meantime, we hope you will be having a good last few weeks 
in this year, and we wish you all a safe and happy holiday season.
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President's Column
Future-proofing the AIP 
The topic of this column – AIP organisation - is 
not very exciting and I apologise for this in ad-
vance. But it is one I and the national executive team 
have been spending time on over the past couple 
of months as we believe it is important in terms of 
the future of the collective ‘us’ as an organisation.

Before we get started a very important fact to know 
about the AIP is that unlike our counterparts in the 
USA, UK and Japan, the AIP does not have a stable of 
journals that provides us with a steady stream of income. 
Thus we cannot be compared to those organisations in 
terms of resources (or indeed members). The majority 
of our income comes directly via membership fees with 
the remainder from the work we do for accreditation. 

The AIP as an organisation has seen a decline in 
membership over the past few decades. The AIP is 
not alone in seeing a decline in its numbers; many  
other professional bodies have observed similar fates. 

The reasons behind this decrease in membership 
numbers are complex. I would do no justice to the is-
sue to discuss it here in any depth but no doubt the 
ability to form professional connections easily out-
side our geographical locations using the internet via 
email and platforms such as LinkedIn and Twitter as 
well the decline in the real cost of travel has seen the 
need for traditional professional networks to subside.

In terms of our operations, the AIP has for many years now 
contracted a professional secretariat to handle the mem-
bership database and the day-to-day operations of the or-
ganisation. However the cost of this service, especially in 
light of new cheaper online alternatives and lower mem-
bership numbers, is one we are no longer able to justify. 
Thus we have made the call from mid-Jan 2020 to tran-
sition to a new online membership management system.

As a member this should be all relatively seamless but 
you will notice a difference in the web-portal. I hope 
you find the new renewal system easy to use and you 

like the new site. Importantly 
I also hope that the process for 
new members to join will be 
a much smoother and faster. 

This all sounds unexciting (I 
did warn you) but the up-
side to this change is that we 
free up some funds to con-
tract a part-time AIP Op-
erations Manager. Once this position is set up and 
running in the new year we hope to have addition-
al recourses in terms of both time and organisational 
power (I think it is called ‘band-width’) to enhance the 
core ‘reason for being’ of the AIP – that is to main-
tain, promote, and grow the physics community in  
Australia. I am optimistic that we do have scope to grow 
and this new membership model can easily grow with 
us. Expect a big drive for new members once we have 
the new system up and running smoothly. The more 
members we have, the more we can do as an organisa-
tion and the ‘louder’ our voice in the community and 
in forums such as Science and Technology Australia.

Please bear with us as we make these changes and per-
haps adjust your expectations. We are not a big organ-
isation with a fancy office somewhere. At the moment 
we are a relatively small professional body with a dedi-
cated band of volunteers who are working hard to make 
the very most of every last dollar you pay us each year. 

Finally, just a quick word on the mid-term review 
of the Decadal Plan for Physics which is close to  
complete. As part of this document I would love to 
see the inclusion of a single strong recommendation 
that the whole Australian physics community can 
get behind. I think we as a discipline need a signifi-
cant injection of funds to champion physics educa-
tion and physical science based careers in this country.  
Something akin to the Australian Mathematical Sciences  
Institute (AMSI) model. We need more physics-trained 
graduates and I think we can all agree on that. 

Jodie Bradby
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PERSPECTIVES
(from AIP news) In October the AIP issued 
a statement in support of AIP member and  
Murdoch University physicist Dr Gerd Schröder-Turk. 
The AIP stands by its statement of support and urges the 
university to drop their legal action. 

“Statement of support for Dr Gerd Schröder-Turk 

The Australian Institute of Physics is the profession-
al body of Australian Physicists. As an organization 
we are dedicated to promoting the role of Physics in 
research, education, industry, and the community. 

An important aspect of our activities is maintain-
ing excellence in the education and training of physi-
cists in Australia. In order to maintain the highest ac-
ademic standards, it is essential that transparent and 
productive dialogue across all levels of the education 
sector continues to be part of the accepted pursuit of 
excellence. The AIP strongly defends the right of staff 
and students of academic institutions to respectful-
ly question their organizations in order to pursue 
excellence and maintain high academic standards.

In relation to recent media reports of court action 
between Murdoch University and Dr Gerd Schrod-
er-Turk, the AIP stands with Dr Gerd Schroder-Turk 
and urges Murdoch University to drop its legal action.

The AIP is proud to have Dr Gerd Schroder-Turk as a 
member of our organization.” 

https://aip.org.au/wp-content/uploads/2019/10/AIP_
Statement_Support.pdf

 

Up-cycling helps Australian become Young 
Innovator of the Year 2019

Congratulations to Rhys Pirie from the University of 
Queensland for winning the Young Innovator of the 
Year 2019 at Falling Walls in Berlin with his work on 
up-cycling glass!

Falling Walls is an annual festival of ideas in the Ger-
man capital designed to shape the future of society. 
With contributions from science, engineering and the 
humanities the event brings together the best ideas and 
solutions to overcome limitations and break down bar-
riers. One central component is a competition amongst 
young scientists, called Falling Walls Lab, which is held 
simultaneously in about 70 locations around the world. 

We reported on the Falling Walls Lab Austral-
ia in the last issue of Australian Physics. Follow-
ing state-level competitions in Brisbane and Mel-
bourne, three winners, Elena Schneider-Futschik, 
Kate Secombe and Rhys Pirie travelled to Berlin in 
November and pitched their ideas, amongst 100 fi-
nalists from 60 countries, to an international jury.

Some of the main topics were improved medical treat-
ments and ideas for a future circular economy. All three 
Australian talks were deeply passionate and polished. 
Rhys impressed the jury with his great ideas and solid 
work on converting low value recycled glass to a high 
value material used by industry in a variety of processes. 
In a fusion of chemistry, material science and chemical 
engineering, the process will enable up-cycling of other-
wise low value waste. This is a great example of one of 
the Australian innovations that will have global impact.

Read more at https://www.science.org.
au/news-and-events/news-and-me-
d i a - r e l e a s e s / au s t r a l i an - s c i en -
tist-claims-young-innovator-year-fall-
ing-walls-berlin.

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

Australian Academy of Science
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Research supported World Heritage Listing 
for Aboriginal site

(from ANSTO News)  Radiocarbon dating at ANSTO and 
the University of Waikato Radiocarbon Dating Laborato-
ry in New Zealand provided evidence of the antiquity of 
stone walled fish traps and aquaculture on the traditional 
country of the Gunditjmara people in southeastern Aus-
tralia that received World Heritage Listing in July this year.

In research that was led by Monash University in part-
nership with the Gunditjmara Aboriginal community 
more than a decade ago, radiocarbon dating of charcoal 
that was found in stratified sediment that filled in the 
channels at the site produced dates for several periods.

On the World Heritage List website, UNESCO de-
scribed The Budj Bim Cultural Landscape as contain-
ing the world’s most extensive and oldest aquaculture 
system. A complex system of channels, weirs and dams 
developed by the Gunditjmara in order to trap, store 
and harvest kooyang, short finned eel, provided an eco-
nomic base for Gunditjmara society for six millennia. 
The classification also recognised that the Budj Bim 
Cultural Landscape is also the result of a creational pro-
cess narrated by the Gunditjmara as a deep time story.

Upper level sediment was associated with dates 
ranging over the last 800 years. Some samples pro-
duced dates between 1,370 and 5,800 years and an-
other small group of dates from 5,400-8,870 years. 

“This is an indirect method of dating, which pro-
duced reliable and reproducible ages,” said Dr Geral-
dine Jacobsen, Acting Leader, Centre for Accelerator 
Science, who supervised the accelerator mass spec-
troscopy dating at ANSTO. “Because there is no car-
bon in the stone used to construct the channels, you 
have to use another source,” she said. “ANSTO has 
considerable expertise and technology to carry out 
radiocarbon dating on the most minute samples.“

In a paper published in the Journal of Archaeological 
Science, the investigators reported that a 6,600 year 
old channel feature placed the site amongst the old-
est known fish traps in the world. The findings sug-
gested that the deposit of charcoal in the channels 
following the construction of channel walls reflect-
ed decreased water flow and increased local landscape 
fires associated with Aboriginal activity in the area. 

Financial support for the project was provided by 
Monash University, the Australian Institute of Nuclear 
Science and Engineering, Aboriginal Affairs Victoria, 
and the Gunditi Mirring Traditional owners Corpora-
tion in Victoria.

Future Fellows 2019
Congratulations to eleven physicists who are among 
the recipients of the recently announced Australian 
Research Council’s 100 Future Fellowships. The fel-
lowships provide four-year funding to support excel-
lent mid-career researchers undertaking high quality 
study in areas of national and international benefit. 
Our colleagues will tackle questions in a wide varie-
ty of sectors, including astrophysics, quantum phys-
ics, advanced materials, particle physics, and ad-
vanced microscopy and atomic-scale characterisation.

Read more about the successful Fu-
ture Fellows on the AIP website 
(https://aip.org.au/2019-nobel-
prize-in-physics-awarded-eleven-
physicists-among-2019-future-fel-
lowships-and-more-physics-in-
november/#more-4066) and the 
ARC website (https://rms.arc.gov.
au/RMS/Report/Download/Re-
port/1b0c8b2e-7bb0-4f2d-8f52-ad-
207cfbb41d/204)

Tyson Lovett-Murray, © Gunditj Mirring Traditional Owners; 
https://whc.unesco.org/en/documents/167826
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Women in Physics lectures 2019 – How 
neutrons can save the world
Helen Maynard-Casely
Senior Instrument Scientist, ANSTO Sydney – helen.maynard-casely@ansto.gov.au

“They are small, neutral and often in a spin, and so much more than ‘just’ part of the atom. Neutrons are 
the sub-atomic particles that are here to save the world. Whatever the challenge facing us, this trusty 
particle can be called on to discover the details that no other can fathom. From the shape of a virus and 
how a drug can disable it, to keeping electrons flowing in the next generation of batteries – neutrons 
are here to shed light and solve the grand challenges we face today.” That was the synopsis for my 2019 
Women in Physics lecture tour. Taking place in August 2019, stretching from Hobart to Townsville and 
Wollongong and Perth, I got to speak about neutrons to over 2,300 people across 40 different events. 

Connecting researchers with school students is challeng-
ing. It is a challenge for the researcher to find time and 
funds to allow them to travel and speak to schools, and 
increasingly demands in students' timetables means it is 
challenging to carve out time for extracurricular work. 
Add to this the challenge that your 25 million strong pop-
ulation is spread over an area the size of Europe then you 
can see the challenge that the Australian Institute of Phys-
ics took on in getting new faces of physics into schools. 

Increasing representation
There’s a real need for them to do this though. Nation-
ally about 20% of those studying Physics in Australia 
at university level identify as female. That’s an improve-
ment on numbers 20 years ago, but still something that 
sets Physics in Australia apart from other STEM (Sci-
ence, Technology, Engineering and Mathematics) sub-
jects. Part of the modest rise may be down to the suc-
cessful Women in Physics lectureship that the Australian 
Institute of Physics (AIP) has undertaken since 1997.

The motivation to start the lectureship started in South 
Australia where the local branch of the Australian In-
stitute of Physics wanted to honour the legacy of a col-
league, Claire Corani, who had died in tragic circum-
stances. Conversations between other state branches led 
to the Clarie Corani memorial lecture (as it is known 
in South Australia) extending to a national lecture tour. 
The lectureship awardee undertakes a tour of Austral-
ia, to every state as well as the Australian Capital Ter-
ritory. It’s awarded on the basis that the lecturer has 
made a significant contribution in a field of physics 
research and has demonstrated public speaking ability.
 
This year it was me! I found myself learning my trade of 
crystallography in a physics department during my PhD, 
and have continued to use these skills in my research to 
discover the crystal structures of materials formed all over 
the solar system. One of my current research projects is 
trying to find out the materials that make up Saturn’s 
moon Titan, which is something that I’m collaborating 
with NASA’s Jet Propulsion Laboratory on. We know 
quite a bit about the chemistry on the surface of Titan, 
from observations and models that look at how the nitro-
gen and methane in its thick atmosphere are changed by 
radiation. But we have little idea of the materials proper-
ties of what this chemistry results in; so far we’ve found 
ten new materials and we think there’ll be many more.

I’m based at a central neutron scattering facility, the 
Australian Centre for Neutron Scattering, one of the 
Australian Nuclear Science and Technology Organ-
isation (ANSTO) landmark science facilities, where 
I’m co-responsible for the high-intensity neutron dif-
fractometer that we call Wombat. Wombat, and the 
other 14 instruments at our institute, gets used by 
scientists from all over Australia and the world for a 
fantastic range of science outcomes and I wanted to 
highlight to the wide audience that how we do that. 

Helen Maynard-Casely with the busts of W.H. and W.L. 
Bragg (scientists who founded her field) in Elder Park, 
Adelaide (photo taken by Andy Casely).
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I started with a bold title ‘How neutrons will save the 
world’, and designed a talk that introduced the unique 
properties of the neutron and how we can use neu-
tron scattering to study a range of problems, both on 
and off world, with my research. Before I knew it, it 
was time to set off – on the afternoon of the 5th Au-
gust I flew to Devonport to start the tour in Tasma-
nia. Twelve flights, six states, one territory and forty 
events later I finished at the Victorian ‘Girls in Phys-
ics’ breakfast event held at Monash University. That 
three and half weeks the tour had stretched from 
Hobart to Townsville, to Wollongong and Perth.

From saving energy to preserving culture 
The first part of the talk introduced what a neutron is, 
from scaling the size of a nucleus to detailing the unique 
properties of this sub-atomic particle. Next, was how 
we produced them – or in fact isolate them from the 
rest of the atom. As most readers will know, in Australia 
our major neutron source is the OPAL reactor, locat-
ed at Lucas Heights to the south of  Sydney. There we 
use our neutrons to produce nuclear medicines, high-
grade semiconductor silicon and beams of neutrons 
for research. As mentioned, I work at one of the neu-
tron beam instruments and so the talk introduced our 
suite of 15 instruments (all named for Australian and  
international animals). 

One way I’ve found to describe what each instru-
ment can do has been to divide them into groups 
based on the length-scale they can investigate. Hence, 

I described four groups of instruments from ones 
dealing with small (less than a nanometre) interac-
tions, like our spectroscopy instrument, to our Din-
go neutron imaging instrument which can inves-
tigate the entirety of an object centimetres in size.
With the scene set, the next challenge in the talk was to 
explain how neutrons really could save the world. Luck-
ily for me is the fact that the Australian Centre for Neu-
tron Scattering is the home institution to fantastic group 
of researchers, who both run world-class instruments 
and put out world changing research. I discussed with 
each audience what they thought were the problems the 

world was currently facing (climate change was always 
the first response), and then set out four ways that my 
colleagues and I were working to solve these problems. 

The opening title slide for the talk; amazing graphics and PowerPoint put together by Karl Mutimer (ANSTO).

The tour gave Helen opportunity to highlight the work 
of others at the Australian Centre for Neutron Scatter-
ing, including Dr Kirrily Rule, AIP’s Honorary Secretary 
(photo supplied by ANSTO).
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One example discussed how we could communicate 
more efficiently. The internet uses around 8% of the 
world’s energy right now and by 2030 that could be 30% 
- if you watch just an hour of video on your phone every 
week that’s the same energy as running a fridge for a year! 
This energy is because information is carried by charged 
electrons (interpreted to be 0 or 1), that although very 
small, do have some mass. What if you could communi-
cate information without having to move any mass at all?

I was able to describe how Dr Kirrily Rule has been 
investigating one dimensional magnets, a way of de-
scribing magnetic materials where all the poles of the 
magnets are aligned in a chain. This can be thought of 
a little like a cable, and could be a way of transmitting 
information. Dr Rule specialises in using neutrons to 
investigate behaviour in natural minerals – and investi-
gates beautiful crystals of minerals such a linarite (which 
is a deep blue colour) and azurite (which is green). The 
hope is that understanding what nature has already 
done will inspire new materials and technologies [1].

My next example was looking at how we can capture 
CO2, the main greenhouse gas that is contributing to cli-
mate change. Because the CO2 molecule can absorb heat 
from the sun this has led to warming in our atmosphere 
and we are seeing now how that affects our climate. We 
need to find ways of locking CO2 back up. One way ge-
oscientists are investigating is turning it back into rock – 
but this is hard because it is slow and takes a lot of ener-
gy. I highlighted work by my colleague Dr Josie Auckett, 
who is investigating framework materials that can cap-
ture CO2, but this is challenging as the molecule is quite 
small and slippery. The great thing about using neutron 
diffraction is that Dr Auckett can see how CO2 mole-
cules can stick to framework materials. She adds packets 
of CO2 molecules and can see the difference this makes 
to the material as they find places in the material pores. 

Dr Auckett has also discovered that the amount of 
CO2 captured in a framework material can change its 
properties. Many of these materials actually shrink as 
you heat them, the strange property of negative ther-
mal expansion. She found that if you put enough 
CO2 in to the pores, then it will stop the contraction 
with temperature and the material will positively ex-
pand [2]. Understanding this will help us works out 
where we can use frameworks like this to trap CO2.

So that is two examples impacting technology and how 
we live, but can neutron scattering research impact our 
health care too? A century ago, average life expectan-
cy was much lower – one thing that has made a major  
different to this has been the widespread use of an-
tibiotics. Infections that used to be life-threaten-
ing are now routinely treated. But we are over-us-
ing current antibiotics, and according to the World 
Health Organisation antibacterial resistance is one of  
the greatest threats to our way of life. Many cur-
rent antibiotics work by restricting the growth 
of bacteria – but bacteria can adapt to resist this.

One new method could be to investigate targeting 
the membrane of the bacteria – pop that and the mi-
cro-organism cannot survive. But we need to make 
sure we can target the ‘right’ membrane – that we don’t 
use drugs that damage the membrane of other cells. 
That’s what my colleague Dr Anton Le Brun is doing. 
Membranes are really hard to investigate, but neutron 
reflectometry is ideal for looking at thin layers (which 
are around 10 to100 nanometers thick). Dr Le Brun 
works with groups that are investigating how drugs tar-
get these membranes and potentially disrupt them [3]. 

What is the point of saving humans if we don’t also 
preserve the thing that makes us human – our culture? 
There are numerous examples of how cultural artefacts 
can be destroyed, either by accident or on purpose. We 
also can use artefacts to discover much about a way of 
life that is now lost. One difficulty, though, though is 
that many cultural artefacts are rare – mass production 
wasn’t a thing in the 5th Century BC – and so the ob-
jects are very precious, which limits what ways science 
can find out about them. Metal objects are particularly 
a problem as x-rays cannot penetrate through them all 
that well. This is where neutron imaging really comes 
into its own, able to non-destructively image through 
the most precious of objects. Dr Floriana Salvemini 
uses our Dingo instrument to investigate a wide range 
of cultural heritage objects [4], with a particular focus 
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on metal objects. Her work has uncovered many hidden 
stories inside objects, such as fake coins revealing much 
about the cultural dynamics of ancient civilisations. 

Lots of different skills are needed
I wrapped up the talk by talking about the wide range 
of people and skills that it takes to bring the science 
outcomes of the Australian Centre for Neutron Scat-
tering. Not just scientists, but technical, engineering, 
computing, administrative and even managerial staff 
too. I hoped to show, especially to the more impres-
sionable audience members, that even if they didn’t 
see themselves as scientists, they still could contrib-
ute very much to Australian scientific endeavours. 

Highlights of the tour
A general highlight of the tour was the large number 
of people that I got to interact with. I suppose in daily 
life you can fall into patterns in who you interact with- 
the tour really pushed my sphere of interactions! I also 
discovered on the tour are the fact that recruiting and 
retaining specialist physics teachers here is a real chal-
lenge, both in regional (non-urban) and urban areas. 

In terms of particular events, two stand out for me - firstly 
was the visit to Oakey high school, in regional Queens-

Helen speaking at St. Patricks school, Townsville. (Photo 
supplied by the school)

land. It was organised by the physics teacher there Mitch 
Holgate and Queensland AIP co-ordinator Joanna 
Turner. Not only were the students there really engaged, 
definitely some of the best questions came from that ses-
sion - but the head of science Jelena Edhouse had baked 
a whole periodic table of cupcakes. A second event high-
light was the visit to SIDES, School for Isolated and Dis-
tance Education in Perth, organised by teacher and West-
ern Australia AIP co-ordinator Diana Tomazos. It was a 
totally different experience presenting to a camera, with 
students tuning in from thousands of kilometres away. 
They let me sign the door on the studio (which is usually 
reserved for famous people, like Nobel Prize winners!)
 
The tour took me to nearly every physics department 
in the country, an unrivalled opportunity to get a great 
picture of the research that is undertaken in Australian 
physics. My skills in talking to a range of audiences have 
improved dramatically. A great feature of the tour is the 
range of events that are included - from talking to local 
radio, to morning teas with physics students, public lec-
tures and all the way to seminars in physics departments 
around the country. It was a fantastic experience, one 
that will have a lasting impact on me. I look forward 
to seeing who our next, international, lecturer will be. 
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Abrupt onset of pairing points to  
best theories for describing ultra-cold 
Fermi gases
Paul Dyke, Sascha Hoinka, Carlos Kuhn, Ivan Herrera, Chris Vale
ARC Centre of Excellence – FLEET
Centre for Quantum and Optical Sciences, Swinburne University of Technology, cvale@swin.edu.au

A recent experimental study of the high-energy excitations in unitary Fermi gases, conducted at 
Swinburne University of Technology, resolves a long-standing debate about what happens at the 
microscopic level when matter transitions into a superfluid state. Correlations between pairs of atoms in 
the ultra-cold gas were found to grow suddenly as the system was cooled below the superfluid transition 
temperature, rather than appear gradually at higher temperatures, as some theories have predicted.

The unitary Fermi gas represents a key paradigm in 
many-body physics. It consists of a dilute gaseous mix-
ture of fermionic atoms in two different spin states that 
can interact via elastic collisions. At unitarity, these in-
teractions are tuned to be as strong as allowed by quan-
tum mechanics for a short-range potential and atoms 
have a collision cross-section set simply by the square of 
the thermal de Broglie wavelength. Despite its apparent 
simplicity, the frequent elastic collisions lead to strong 
correlations between the constituents, making the uni-
tary Fermi gas a major challenge to describe theoreti-
cally. Exact treatments fail for more than a handful of 
particles, and approximate methods must be employed. 
A well-known feature of this system is that it undergoes 
a phase transition to a superfluid at a remarkably high 
temperature of around 20% of the Fermi energy, making 
this a fascinating system to explore the mechanisms by 
which fermions pair up and flow with zero dissipation.

Interacting collections of fermions are found in a 
variety of settings, including the conduction elec-
trons in a metal and the protons and neutrons 
within a nucleus. Other, more exotic examples in-
clude Cooper pairs of electrons in a superconduc-
tor or a superfluid of neutrons inside a neutron star.

A new study [1] unlocks one of the key parameters used 
to describe a Fermi gas, known as the universal contact 
parameter (C), which quantifies the likelihood of find-
ing two atoms in very close proximity to each other. One 
of the open questions about strongly interacting Fer-
mi-gas systems centred around the onset of pairing, and 
the contact parameter provides insight into the nature of 
the pairs. More specifically, this study demonstrates that 
when a gas is cooled below the superfluid transition tem-

perature, short range pair-correlations increase abruptly, 
rather than gradually as has been predicted by some.

This finding has implications for understandings of 
other fermionic superfluids and may preclude the 
use of certain approaches in other applications, such 
as calculating the transport properties in materials.

The experiment
Using focused beam Bragg spectroscopy the team 
was able to probe atoms locally, in the central vol-
ume of a harmonically trapped cloud where the den-
sity is nearly uniform, enabling measurements of the 
dynamic structure factor in a region with well-de-
fined temperature and Fermi energy, both below and 
above the superfluid transition. This provides the ba-
sis for extracting the parameter C. Unsurprisingly, 
contact is strongly enhanced when atoms form pairs.

Experiments were carried out in Swinburne Universi-
ty of Technology’s Ultra-cold Atomic Gas laboratory,  
using gases of 6Li atoms cooled to temperatures be-
low 100 nK. The resulting unitary Fermi gas was then 
probed by measuring the momentum imparted to the 
atoms by a pair of crossed laser beams, which perturb 
the gas in a well-defined manner. From this data, the 
contact parameter could be determined, which dis-
played a rapid increase of around 15% as the tempera-
ture was lowered below the superfluid transition point. 
Furthermore, a recently derived theoretical result for the 
kinetic (second-moment) sum rule yields the internal 
energy of gases at unitarity which was also measured. 

A related study, by the group of Martin Zwierlein at 
the Massachusetts Institute of Technology, published 
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back-to-back with the Swinburne work, found near 
identical results, using an entirely different method 
based on radio-frequency spectroscopy [2]. The two 
experiments together represent a key breakthrough 
in the understandings of pairing in Fermi superflu-
id systems with strong interactions between particles. 
Of the myriad theoretical approaches used to describe 
the unitary Fermi gas, the Swinburne and MIT ex-
periments give the strongest support to the Lutting-
er-Ward theory, which predicts that pairing turns on 
abruptly as the gas crosses the superfluid transition tem-
perature [3]. Other theories that include a pseudogap 
and “preformed pairs” yield predictions that disagree 
markedly with the data near the supefluid transition.
  

As well as providing constraints for theories, these re-
sults also shed light on thermodynamic properties of the 
unitary Fermi gas, which also depend on the contact. 
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The Australian X-ray Analytical Association (AXAA) cordially invites you 
to attend the 2020 Conference and Exhibition (AXAA-2020), to be held 
29 April to 1 May 2020, at Bond University, Gold Coast, Australia.

The Gold Coast is one of Australia’s major tourist destinations with its 
sunny subtropical climate, white sandy beaches, hotels, restaurants and 
bars, theme parks, and rainforest hinterland. 

AXAA-2020 will be an essential event for those in industry and academia 
who are users of, and researching and driving developments in, the fields 
of X-ray (laboratory and synchrotron) and neutron scattering techniques. 

Newcomers to the field – undergraduate and postgraduate students, and 
those working in X-ray analysis for the first time – are strongly encouraged 
to attend as they will learn from, and interact with, leaders in the field, as 
well as be exposed to cutting edge X-ray technology. Several bursaries will 
be available for students, covering flights, accommodation and registration.

To register your interest and for more information about important 
dates and sponsorship opportunities visit www.axaa.org/axaa-2020
Tel: +61 2 8880 7608     Email: axaa@pco.com.au

TOPICS INCLUDE:

KEY DATES 
Abstracts open            Mon 29th July 2019
Registration opens       Mon 28th Oct 2019
Abstract deadline         Fri 29th Nov 2019
Earlybird registration closes   Fri 31th Jan 2020

CONFERENCE
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Bond University
Gold Coast, QLD, 
Australia



AUSTRALIAN PHYSICS 15756(6)  |   NOV-DEC 2019

Energy
Environment
Mining, mineral processing 
On-line analysis
Geology, mineralogy and geochemistry
Cultural heritage and archaeology
Advanced and functional materials 
(incl. metals, nanoparticles and thin films)
Health and biomaterials
Manufacturing
Recent developments in X-ray science 
and technology 

AXAA 2020
29 APRIL – 1 MAY 2020
AUSTRALIAN X-RAY ANALYTICAL ASSOCIATION

AXAA2020

@AXAA_ORG | #AXAA2020

The Australian X-ray Analytical Association (AXAA) cordially invites you 
to attend the 2020 Conference and Exhibition (AXAA-2020), to be held 
29 April to 1 May 2020, at Bond University, Gold Coast, Australia.

The Gold Coast is one of Australia’s major tourist destinations with its 
sunny subtropical climate, white sandy beaches, hotels, restaurants and 
bars, theme parks, and rainforest hinterland. 

AXAA-2020 will be an essential event for those in industry and academia 
who are users of, and researching and driving developments in, the fields 
of X-ray (laboratory and synchrotron) and neutron scattering techniques. 

Newcomers to the field – undergraduate and postgraduate students, and 
those working in X-ray analysis for the first time – are strongly encouraged 
to attend as they will learn from, and interact with, leaders in the field, as 
well as be exposed to cutting edge X-ray technology. Several bursaries will 
be available for students, covering flights, accommodation and registration.

To register your interest and for more information about important 
dates and sponsorship opportunities visit www.axaa.org/axaa-2020
Tel: +61 2 8880 7608     Email: axaa@pco.com.au

TOPICS INCLUDE:

KEY DATES 
Abstracts open            Mon 29th July 2019
Registration opens       Mon 28th Oct 2019
Abstract deadline         Fri 29th Nov 2019
Earlybird registration closes   Fri 31th Jan 2020

CONFERENCE
& EXHIBITION 

Bond University
Gold Coast, QLD, 
Australia

#PhysicsGotMeHere
Editors’ Note: This is the first in a series of articles highlighting the diverse career pathways taken by 
physics graduates. It accompanies the AIP’s monthly bulletin which is also featured on our webpages and 
pushed via our social media accounts. The format is quite flexible. Thank-you very much for sharing your 
career story – we hope it will help our students and early career members find a career that suits them!

My name is Matthew Lay, and I am a Registered Patent 
Attorney and Associate at FB Rice. 

I completed my PhD from the University of Melbourne 
researching materials science aspects of silicon quantum 
computing. After a short experimental research stint at 
the ANU, I went on to do a postdoc at UNSW in com-
putational modelling of biological systems for immu-
nology and virology, and then a postdoc at the CSIRO 
in materials analysis of aluminium alloys. I obtained 
valuable experience in chemistry, biology, electronics, 
computing, and mechanical devices from the work I did 
with sample preparation, various experimental measure-
ments and data analysis. Importantly, this enables me 
to work on patents over a broad range of technologies.

Towards the end of my last postdoc, I simply applied for 
a job advertised for a trainee patent attorney with experi-
ence in physics, engineering and computing. From there 
I was sponsored to study a Masters in IP law part-time and 
registered as a patent attorney in Australia and New Zea-
land about 3.5 years later. The majority of the training was 
and is on the job, through supervision by senior attorneys.

My work includes drafting patent applications covering 
scientific instrumentation, electronic devices such as 
medical devices, and mechanical devices such as mining 
tools. I also prepare responses to exam reports to obtain 
granted patents from IP Australia and other patent offices 
(mainly the US, Europe, NZ, Japan, and China). Clients 
range from local inventors or companies, universities and 
research institutes, or foreign patent attorneys represent-
ing foreign companies wanting to patent in Australia. 

However, most of my work involves preparing argu-
ments on how claimed inventions can be distinguished 
from what was previously known. A good patent attor-
ney therefore needs to have the ability to understand 
the invention and the known information technical-
ly, as well as have a solid understanding of patent law. 

My research background plays an important role in my 
work, as it can assist in understanding what research-

ers and inventors are attempting to explain. I can help 
provide insight into how a particular invention works, 
or help realise what alternatives embodiments of the in-
vention may be. Patent attorneys need to be able to ex-
plain in the patent specification how an invention works 
(interestingly, not necessarily why) to fully describe the 
invention to enable another skilled person to reproduce 
the invention. This is a legal requirement, and part of 
the contribution to public knowledge in return for the 
limited monopoly provided from a granted patent. Ob-
viously, my research background is more useful if the 
invention I’m working on is a physics based invention, 
e.g. a spectroscope, photonic device, or ultrasonic/IR 
based medical diagnostic device. This is probably the 
best part of the job, because I think this is one of the few 
corporate roles for a physicist that actually requires use 
of our technical background (compared to say a man-
agement consultant, financial analyst, or data analyst).

I work in a corporate environment and as such am re-
quired to manage deadlines and working hours to max-
imise profits. Typically, I work on up to about eight  
different patent applications on any given day  
for varying lengths of time. It could mean just a few min-
utes to deal with an administrative task such as checking 
a reminder about a deadline, or it could take an entire day 
to work on drafting a part of a patent application. Most 
of my day is therefore usually spent at the desk and strong 
written communication skills are paramount for this job.
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The Young Physicist at the Seaside
It may be that you find yourself at the beach over summer; if so, congratulations! There is a wealth of 
interesting physics to be seen, heard and felt.

The scientific method can be described as a process of 
forming a hypothesis, designing and performing exper-
iment to test it, and analysing and sharing the results. 
The very first step is often an observation; something 
seen or felt with other senses. Free time at the seaside 
is a sensory feast, and a great opportunity to use your 
physics knowledge to get a deeper experience. Here 
we highlight a few aspects you may find interesting. 

Tides
The sea level rises and falls as it is pulled by the forces 
of gravity between the earth, moon and sun. These are 
predicted in tide charts available online from, for exam-
ple, the Australian Bureau of Meteorology [1]. Gravity 
works by attracting any two masses together, and this 
force of attraction gets stronger the more massive and/or 
closer together the masses are. This leads to a ‘bulge’ in 
the sea on the side closer to the moon. The same thing 
happens due to the sun. Although the mass of the sun is 
much larger, it’s much further away. The moon accounts 
for about two-thirds of the tidal forces; the sun the oth-
er third, and many other smaller factors affecting the 
timing (one is bathymetry, the shape of the sea floor).

Schematic diagram showing effect of moon orbit and 
earth rotation on tides. Figure credit: Howard Morland 
(CC 4.0) [2]

As the moon rotates around the earth, the highest part of 
the oceans ‘follows’ it. 
 

In the absence of bathymetry, spring tides are at the 
full and new moons and neap tides are exactly at the 
one-quarter and three-quarter moon. Every six hours 
the water also lowers or heightens creating four tides. 
Due to bathymetry, neap and spring tides reach their 
maximum force two days later. Image and caption cred-
it: Richard Vooren and Paul Van den Keybus (CC 4.0) [3]

The rhythm of tides is very predictable; there are usu-
ally two high and two low tides each 24 hours. The 
height of the tides can vary a lot. There is an extra big 
tide (‘spring tide’) which occurs when the sun, moon 
and earth all line up. Here’s a question to ponder: What 
would happen if we had two moons? Perhaps you can 
discuss this with any physicists you meet at the sea-
side. Perhaps you have one (or more) in your family!
The earth itself and our atmosphere also have tides, but 
they are hard for us to see. The rock and dirt of the earth 
moves a few centimetres, and the tides caused by the 
sun’s heating cause huge winds in the outer atmosphere. 

Why the sky is blue
The bright blue colour of the sky on a sunny day is easy 
to take for granted in Australia, but why should it be 
coloured? And why are sunsets so often a spectacular 
red? The answer is related to how different colours of 
light are ‘scattered’ by the atmosphere. The light from 
the sun makes a spectrum of colours from deep red 
to violet all mixed together. The colours closer to blue 
bounce off ‘particles’ [4] in the atmosphere at a great-
er angle. Hence, when we look at the sky away from 
the sun, we see light that has been scattered to get to 
our eyes, and it is mostly the blue light that scatters 
that makes it. We never(!) look directly at the sun dur-
ing the day, but at sunset the sun sometimes appears 
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in a dramatic red colour. This is because the blue light 
has been removed by scattering; if you subtract blue 
light from white light, you end up with red-ish light.

Simple schematic showing how increased scattering of 
blue light makes the sky look blue to an observer. [5]

In the water
When swimming under the water on a still day, turn 
over and look up. You might see that the surface of the 
water viewed from below looks like a mirror. This also 
works at a swimming pool. If it’s really still, you may 
see that when you look straight up, there is no reflec-

tion; the effect is like a mirror with a large hole in it. 
This is because when light crosses the boundary from a 
dense region (water) to a less dense medium (air), it can 
be reflected if the angle it hits is big enough. A related 
question is: What do fish see from inside a fish tank?

As you are underwater, have a look at your skin – it will 
likely appear in a blue colour. It may be because you are 
freezing cold (if so, get out!), but in general, things un-
derwater look blue because red light is absorbed more 
strongly by the water than blue light. This also explains 
why the ocean is often such a glorious blue colour.

Swimming in salt water is often easier because we float 
better than in fresh water. This increased buoyancy is 
due to the increased density from the dissolved salt in 
the water. Buoyancy also explains how the metal ships 
you see on the horizon float. If the average density (the 
total mass divided by the total volume) is less than the 
density of the water, floating happens. Lumps of sol-
id metal would sink because they have more mass per 
volume than water; but by having a cavity full of air 
(like a ship), the average density is reduced enough so 
the ship can float. If the cavity fills with water, the ship 
will sink. You can see this in driftwood, where the tiny 
cavities of air that help wood float have become filled 
with water, and so the driftwood barely floats at all.

Green sea turtle Chelonia mydas and his total internal reflection. Photo credit: Brocken Inaglory (CC 4.0) [6]
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Past issues Australian Physics now online
Brian James
School of Physics, The University of Sydney, NSW 2006 Australia – brian.james@sydney.edu.au

Earlier this year I completed scanning past issues of Australian Physics, a task I set myself a year or 
so ago while editor of this journal. All issues are now available on the AIP website (http://aip.org.
au/australian-physics/).

The title of the publication has changed several times 
since the first issue appeared under the title “The Aus-
tralian Physicist” in April 1964. Publication contin-
ued under this title until the final issue of volume 27, 
1990. From the first issue of volume 28, 1991 the title 
became “The Australian and New Zealand Physicist”, 
and so remained up to the last issue of volume 35, 
1998. This change in title was the result of an agree-
ment with the New Zealand Institute of Physics (NZIP) 
that this publication serve as a joint ‘house journal’ for 
both institutes. After eight years NZIP decided to dis-
continue this arrangement as teacher members (who 
constitute a much bigger fraction of the membership 
of the NZIP than is the case for the AIP) did not feel 
that the publication was sufficiently useful from their 
point of view. As a result, beginning with the first is-
sue of volume 36, 1999 the title changed to “The Phys-
icist” and remained so up to the first issue of volume 
42, 2005. With the second issue of volume 42, 2005 
the title become “Australian Physics” and remains so.

The quality of the scanned issues varies, depending on the 
original copies I had access to: some from libraries, some 
from personal copies I was able to obtain. Since Australi-
an Physics 45(3) May-Jun 2008, copies in have been pro-
vided by the printer and they are in searchable pdf format. 
Copies of issues prior to this are images, and as a conse-

quence not searchable. However most of them are of suf-
ficient quality to be amenable to character recognition. 

Many contributed to the success of this project. Mem-
bers Marc Duldig, John Humble and Robert Delbougo 
and former member Pru Holland provided past issues 
– very helpful as I was able to pull them apart these for 
easy scanning. Staff at the Fisher Library, University of 
Sydney gave me access to bound copies of early issues 
held in storage. Also access to early issues held at the Na-
tional Measurement Institute (Lindfield) was facilitat-
ed by Cathy Foley (CSIRO) and by Bruce Warrington 
(NMI). Paula Godoy (CSIRO) did some of the scan-
ning of early issues. Luis Gambra (NMI) provided access 
for me to photocopying facilities at the Lindfield library.

About the author
Brian James is an experimental 
plasma physicist and is currently an 
Honorary Associate Professor in the 
School of Physics at The Universi-
ty of Sydney. He was head of the 
School 2003-6, and President of 
the AIP 2009-11. He was editor of 
Australian Physics 2014-2018 and 

is presently a member of the editorial board of the Bul-
letin of the Association of Asia Pacific Physical Societies.

Over to you
Now you can head to the beach armed with ad-
ditional appreciation for the things you will find 
there. Send us your pictures! We’d love to see them.
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Covers of the first issues of The Australian Physicist: 1(1) Apr 1964 and of The Australian & New Zealand Physicist: 
28(1-2) Jan-Feb 1991.

The cover of The Physicist, 36(1) Jan-Feb 1999 and of the first issue of Australian Physics: 42(2) May-Jun 2005. 
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Eric Raymond Vance, known as Lou to almost all of his 
friends and colleagues, was born in Ararat, but during his 
childhood the family moved to Stawell where his father, 
Albert Louis Vance, established a pharmacy business. 
From his commencement at Stawell High School, it was 
very soon apparent that Lou was a person of exception-
al abilities. He had a remarkable capacity for scholastic 
achievement, exhibiting from the early years sharp in-
sight, industry and unusual inventiveness. He scored 
outstanding results at all levels through these years, 
culminating in FirstClass Honours in all subjects and 
four General Exhibitions in his Matriculation in 1959. 

Lou was also a most competitive sportsman, excelling 
in football, cricket, tennis and golf in his youth but 
settling for the latter two in his later years. His golf-
ing friends from his young days remember him being 
equally skilled on a golf course, either right-handed or 
left-handed, depending on the availability of either 
his sister’s clubs (right-handed) or his father’s clubs 
(left-handed) remaining left-handed for his person-
al clubs. Lou was also a very keen bridge player, and 
he and his wife Jan spent a lot of time playing bridge 
during the winters while they were living in Canada.

Following a B.Sc. from The University of Melbourne, 
Lou graduated with a Ph.D. in Physics from Monash 
University in 1968, for which he researched the an-
tiferromagnetism in manganese alloys, under the su-
pervision of the late Associate Professor Jack Smith. 
He then held research positions around the world:

• 1968-1969 AAEC, (now ANSTO), Sydney
• 1969-1972 University College, London
• 1972-1977 Research School of Physical Sciences,  
 Australian National University, Canberra
• 1977-1978 University College, London
• 1978-1979 Georgia State University, 
 Atlanta, Georgia
• 1979-1982 Pennsylvania State University,
 State College, Pennsylvania
• 1982-1987 Atomic Energy of Canada, 
 Pinawa, Manitoba, Canada
• 1987-2019 ANSTO, Sydney

In 2007, Lou received a Leverhulme Fellowship which 
enabled him to work with Professor Ian Farnon in 
Earth Sciences at Cambridge University in 2008. 
Lou was later made a Life Member of Clare Hall.

Lou’s research embraced many different areas of the 
physics of materials, and included studies of mag-
netism in metallic alloys, neutron irradiation effects in 
diamonds and other minerals, properties of glass ce-
ramics and geopolymers.  Lou’s recruitment to ANS-
TO followed the invention of Synroc, in the 1970s, 
by the late Professor Ted Greenwood of the Australian 
National University. Synroc, an artificial mineral for 
safely locking away various radioactive elements, sub-
sequently occupied much of the research effort for Lou 
and his ANSTO colleagues for the remainder of his life.

Drawing on his knowledge of waste-form technology from 
his research in Canada, and enthusiastically applying this 
to the Synroc programme, Lou progressed within ANS-
TO, being promoted to Senior Research Scientist in 1987 
and to Chief Research Scientist in 2001. He was author or 
co-author to almost 400 articles in international journals 
or conference proceedings. He was a Fellow of the Aus-
tralian Institute of Physics, the American Ceramic Socie-
ty, the Australian Academy of Technological Sciences and 
Engineering and the Australian Ceramic Society. Lou was 
also an Academician of the World Academy of Ceramics, 
a long-time member of the Materials Research Society 
and a member of the Australian Nuclear Association. He 
held editorial and/or advisory board roles for the Journal 
of the Australian Ceramic Society, the Journal of Nuclear 
Materials, the Journal of the American Ceramic Socie-
ty and the Journal of Nuclear Science and Technology. 

In 2018, Lou was awarded the prestigious ANSTO CEO 
Award, jointly with the late Dr. Mark Reinhard, for his 
sustained research contribution. It is a measure of his sci-
entific leadership and achievements within the Synroc 
programme that a commercial scale Synroc processing 
plant is currently under construction on the ANSTO site.

Lou leaves behind a legacy in terms of his science but 
also his attitude and approach to life. His knowledge and 
his discoveries will be taken forward by his ANSTO and 
international colleagues who will forever remember his 
warmth, his generosity, his humour, and his humility.

In addition, Stawell Secondary School has established the 
“Dr Eric ‘Lou’ Vance Memorial Award” to honour some-
one whom the current college authorities acknowledge as 
one of their most outstanding past students. This will be 
an ongoing annual award to the brightest science student 
in the final year. Anyone who would like to donate to 
the investment fund which has been set up for the future 
of this award, may do so either by sending a cheque to:

The Principal,
Stawell Secondary School,
P.O Box 202,
Stawell, 
Victoria. 3380

or via direct deposit to:
Dr. Eric “Lou” Vance Memorial Award
BSB:  063528
ACC:  10009073

Lou is survived by his wife, Jan, of almost 50 
years, his children, Julia and Michael, and his four 
grandchildren, Ben and Anna, Lucy and Sophie.

Acknowledgement to Jan Vance and Lou’s friends 
from Stawell, Graeme Lewis and Brian Edwards.

Trevor Finlayson (University of Melbourne)  
and Dan Gregg (ANSTO)

Vale Eric Raymond (Lou) Vance (1942 – 2019)
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Lou in front of the ANSTO Synroc Demonstration Plant (Image courtesy of Gerry Triani, ANSTO.)
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Book Review
General 
relativity: an 
introduction 
to Black holes, 
Gravitational 
waves, and 
cosmology
By Michael J.W. Hall, 
IOP/Morgan and Claypool 
publishing (2018), 138 
pages; Print ISBN: 978-
1-6817-4882-5, doi.
org/10.1088/978-1-6817-
4885-6

Reviewed by David Hoxley, Senior Lecturer, La Trobe 
University Department of Chemistry and Physics, 
d.hoxley@latrobe.edu.au

This slim but powerful volume is based on an Honours 
level (fourth year undergraduate) course the author 
taught at Griffith University. 

The book begins with an excellent series of chapters 
which set the scene. The first chapter lucidly states 
the concepts of Galilean relativity and inertial frames 
before introducing the Lorentz transformation. This 
chapter stands on its own as a compact and accessible 
introduction to Special Relativity. Like all the chapters 
in this book, it ends with problems, classified accord-
ing to challenge, and a short list of relevant references 
with a preference for research papers. This first chapter 
is currently available for inspection at the DOI above.
 
The second chapter describes and justifies the use of 
tensors in General Relativity, and straightforwardly 
describes methods required to manipulate them. Like 
other chapters, there are boxed asides illustrating aspects 
of mathematical physics which help the reader appreci-
ate general principles underpinning the topic at hand. 
Here, on the relationship between Euclidian geometry 
and topology, and the primacy of momentum in New-
ton’s laws of motion. The following chapter succinctly 
addresses the arguably surprising equivalence of inertial 
and gravitational mass, and introduces the concepts of 
local inertial frames and the curvature of spacetime.

Chapter four is where most undergraduates would meet 
completely new material. The geodesic equation and 
the metric tensor are introduced, and an illustrative ex-
ercise recovers the Newtonian limit. Chapter five mo-
tivates and defines the Schwartzschild metric, showing 
two ways to calculate geodesics. It is a strength of this 

book that illustrative examples often show two compli-
mentary approaches in sufficient detail that the reader 
can reproduce the calculation to their own satisfaction.  
The Schwartzschild metric is explored as a way of un-
derstanding black holes, and the associated unusual fea-
tures (the event horizon, the singularity) which readers 
will be aware of from contemporary popular science. As 
elsewhere, the development of General Relativity does 
not lose sight of Newtonian mechanics as a special case.

Chapter six introduces the covariant derivative as 
a way of handling the requirement for a deriva-
tive operator which preserves tensor nature in or-
der to express electromagnetic and other field 
equations. The Riemann tensor follows naturally.

The stage is now set for the entrance in Chapter sev-
en of Einstein’s field equations, the energy-momentum 
tensor and the cosmological constant. Applications in 
dust models and perfect fluids are described. Chapter 
eight describes vacuum solutions to these field equa-
tions, and immediately applies them to the study of 
gravitational waves. This chapter explicitly links to 
experimental observations at LIGO, and may be the 
source of some excitement to the early career research-
ers who are the principal audience for the volume.

The final chapter applies the field equations to cosmolo-
gy, both the cosmological principle that ‘On sufficient-
ly large scales the universe is spatially homogenous and 
isotropic”, and the specific observations of the cosmic 
microwave background and the accelerating universe. 

The final paragraph of the book succinctly states the 
current challenge of understanding dark energy and 
dark matter, and ends with an acknowledgement of the 
winners of the 2011 Nobel Prize for work in this area.

The entire volume is an elegant attempt to balance the 
terseness of a short graduate course for aspiring profes-
sional physicists with the requirement to motivate in the 
context of general physics. It possesses two minor weak-
nesses. Firstly, many of the illustrations are extremely ba-
sic, in some cases hand drawn stick-figures. While these 
have a definite charm (with perhaps a hat-tip to Randall 
Monroe at xkcd.com), more developed visualisations 
might help some readers. Secondly, the reader is assumed 
to possess a mastery of undergraduate mathematics typ-
ical of an Australian bachelor’s degree course in mathe-
matics and physics. It is unclear to this reviewer, a product 
of such a course, whether international readers would be 
as comfortable with the assumed knowledge and style.

Such quibbles aside, this is an excellent book, and one 
which any person wanting to teach or absorb an Hon-
ours level course in General relativity can invest time in 
with confidence.
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SAMPLINGS
New optical timekeeper is 10 times more 
reliable than caesium atomic clocks
A new timekeeper based on trapped strontium at-
oms accumulates an error of just 48 ps over 34 days 
of operation – making it 10 times more reliable than 
current caesium time standards. This new record for 
performance has been set by physicists in the US and 
Germany, who used a silicon cavity and a diode laser 
to back-up the time signal generated by the atoms.

The current international time standard is Coordinated 
Universal Time (UTC), which combines the signals of 
hundreds of caesium atomic clocks worldwide. These 
clocks operate in the microwave region of the electromag-
netic spectrum (at 9 GHz) and this relatively low frequen-
cy means that they are less accurate than atomic clocks 
that operate at optical frequencies of around 500 THz.

Optical clocks have not been more widely adopted 
because they tend to have “dead times” when a time 
signal cannot be obtained. This dead time degrades 
the long-term stability of the clock signal, making 
it impractical for use as a time standard. This can be 
overcome by converting the optical signal to a mi-
crowave signal, which is used to set the frequency of 
a hydrogen maser. The maser then delivers a steady 
time signal during clock dead times. This is not ideal, 
however, because the maser’s microwave signal is in-
herently less accurate than the original optical signal.

A better solution would be to use an optical laser instead 
of a maser. But until now, the challenge has been to build 
a laser that remains stable for long enough to stand-in 
for the optical clock. In 2012 researchers at NIST and 
the University of Colorado – both in Boulder – and the 
PTB standards lab in Braunschweig stabilized the fre-
quency of a diode laser for about 100 s by locking it to 
a silicon optical cavity that is cooled to a chilly 120 K.

This was not quite good enough, but now the team has 
made several improvements to the system that extend 
the laser’s stability. These improvements include us-
ing super-polished optical lenses, active control of the 
laser power and better thermal control of the system.

The team used the stable laser in conjunction with 
an optical clock comprising a 1D lattice of trapped 
strontium-87 atoms. They created a timekeeper with 

an accumulated error of just 48 ps in 34 days, which 
is about ten-times better than the best caesium clocks 
used at metrology centres worldwide. What is more, 
the team is not finished improving the system and 
could achieve another factor-of-ten improvement.

  

Reliable ticker: physicists have created an all-optical 
atomic timekeeper. (Courtesy: iStock/Altayb)

(extracted with permission from an item by Hamish John-
ston at physicsworld.com)

China’s next big thing: a new fourth-
generation synchrotron facility in Beijing
Work has just begun on China’s first fourth-generation 
synchrotron-radiation source. Robert P Crease gets a 
sneak preview of what’s in store

At the entrance to the Institute of High Energy Phys-
ics (IHEP) in Beijing stands a shiny metal sculpture 
on a plinth. From a distance, it looks like a face with 
two spirally eyes – one black, one white – framed by 
strands of hair shooting off in two directions. It’s 
almost like something Picasso might have creat-
ed, had he only curved plastic pipes to work with.

Dong Yuhui, a scientist and administrator at the in-
stitute, set me straight when I visited IHEP in June 
this year. “What you see is the yin and yang sym-
bol representing the inseparable opposites that com-
pose all things,” he explained. So what I thought were 
eyes were, in fact, the beginnings of each symbol nes-
tled together, and the strands of hair were the tails.

It’s an image, Dong added, that nicely fits the Bei-
jing Electron Positron Collider (BEPC), which has 
been running at IHEP since 1988. “You bring yin 
and yang together and you make lots of things – elec-
trons and positrons, other bits of matter,” he told me. 
The sculpture, he continued, was based on a con-
cept by Tsung Dao Lee, the Chinese-born theorist 



166 AUSTRALIAN PHYSICS 56(6)  |   NOV-DEC 2019

who shared the 1957 Nobel Prize for Physics with 
Chen Ning Yang for their work on parity violation.  

Yin and yang: This sculpture outside the Institute for 
High Energy Physics in Beijing alludes to its accelerator 
bringing opposites – electrons and positrons – together. 
(Courtesy: Institute of High-Energy Physics)

A lively man who punctuates his conversation with jokes 
and laughter, Dong is currently the director of IHEP’s 
Multidisciplinary Research Center. But he has also tak-
en on a new job as vice-manager of China’s newest syn-
chrotron – the High Energy Photon Source (HEPS). 
The facility is the fourth synchrotron to be built in 
China, and its groundbreaking took place on 29 June.

Round and round
Synchrotron radiation has nothing intrinsically to do 
with synchrotrons. It’s a consequence of well-understood 
laws of classical electrodynamics, according to which 
any charged particle radiates energy as it accelerates, just 
as electrons do as they travel round a circular acceler-
ator. The name comes from the fact that the magnetic 
field that bends the particles around increases with time, 
being “synchronized” to their increasing kinetic energy.

The phenomenon was first observed in the late 1940s by 
scientists at the General Electric (GE) Research Labora-
tory in Schenectady, New York, which then had a world-
class programme of accelerator and solid-state research. 
A small GE synchrotron there happened to be built with 
a glass vacuum chamber, allowing the scientists to see the 
radiated light, and the connection with synchrotron de-
vices became cemented into the name of the light itself.

Synchrotron radiation was initially regarded as a nuisance. 
That’s because, beyond a certain point, any additional 
energy put into the electrons would be promptly radiat-
ed away. It seemed that synchrotron light would limit the 
size – and hence power – of electron accelerators. But over 
the next decade, physicists realized it could potentially be 
used as a source of intense and finely tunable X-rays for 
diffraction, spectroscopy, imaging and other purposes.

Experimentalists at the Stanford Linear Accelera-
tor Center (SLAC) in California and elsewhere be-
gan to use electron-storage rings that had been aban-
doned by high-energy physicists – or borrowed them 
when not in use. “The experimenters were parasites 
on the high-energy physicists,” says Dong, who is 
equally at home talking about the history of syn-
chrotrons as about the BEPC itself. You could say 
it was a case of a “bug” being turned into a tool.

New generation
Machines like those at SLAC were the first generation 
of light sources. But synchrotron-light users wanted 
their own dedicated machines, ideally with beams that 
are slimmer in size than those available from high-en-
ergy machines built by high-energy physicists. Narrow, 
more focused electron beams could produce brighter 
X-ray beams, with “brightness” being a key parameter 
linked to the intensity of the beam and how it diverged.

In the 1970s two accelerator physicists at Brookhav-
en National Laboratory – Renate Chasman and Ken 
Green – devised a magnet array specifically to maxi-
mize brightness. The first accelerators built with the 
resulting Chasman–Green lattice were the second gen-
eration of synchrotron-light sources. These included 
Brookhaven’s own National Synchrotron Light Source 
(NSLSI), which fired up in the 1980s, as well as the 
Synchrotron Radiation Facility in Daresbury, UK.

But as China emerged on the global scientific stage, it too 
was keen to get in on the act. It therefore built the Beijing 
Synchrotron Radiation Facility (BSRF) – the country’s 
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first such light source when it opened in 1991. The BSRF 
uses a modified Chasman–Green lattice, but gets its elec-
trons from the BEPC. “It’s a first-generation machine 
with second-generation beam parameters,” said Dong, 
laughing at the unusual hybrid nature of the facility.

Still operating, the BSRF is limited compared to oth-
er synchrotrons, of which there are now more than 50 
around the world. In particular, it has only 14 beam lines. 
That’s far fewer than, say, the European Synchrotron 
Radiation Facility in Grenoble, France, which has more 
than 40 beamlines, or the NSLS I, which had nearly 80. 
Still, the BSRF is actively used. Dong himself received his 
PhD in condensed-matter physics based on work he did 
there in 1995 – one of the first experiments at the facility.

Fourth and final?
By the mid-1990s, a third generation of synchrotron light 
sources had arrived, built with long straight sections to 
accommodate instruments called “wigglers” and “undu-
lators”. These devices, which had been developed from 
the 1960s onwards, improved brightness by using a series 
of magnets in a straight section of the accelerator to oscil-
late the electron beam, making it give off even more light.

After the BSRF, two more synchrotron sources were 
built in China. There was a “proper” second-generation 
facility in Hefei, followed by a third-generation lab in 
Shanghai. The HEPS will, however, be the country’s 
first fourth-generation synchrotron source – and one 
of only a handful of such facilities around the world. 
It will have even brighter beams using a still more ad-
vanced magnet array called a multi-bend achromat.

But the new technology wasn’t the only challenge. 
Finding a site for the HEPS was hard too, Dong told 
me. Planners wanted a location that would be near 
Beijing so that experimentalists didn’t have far to trav-
el. However, the device also had to be built on rela-
tively uninhabited land with a stable rock base. It took 
four years before a location was found in Beijing’s 
northeast region, next to the Jingmi diversion canal, 
which brings drinking water from Miyun to the city.

The HEPS will be 1.3 km in circumference, have 60 – 
70 beam lines with more than 90 experimental stations, 
and is expected to be completed by the end of 2025. “I 
am in charge of all the beamlines,” Dong says. “I have 
to decide what kinds of beamlines need to be built, 
what experiments go where for every station, and get 
everything in under budget – all in six-and-a-half years!”

From plants to proteins
Once the new machine is complete, the BSRF will 
probably be shut down. But for now, it is still highly 
active, and Dong took me round to show off the kind 
of research it supports. When I was there, the BEPC 
was operating in its high-energy physics mode, as it 
does for about 75% of the time. Some BSRF beam-
lines work during the high-energy physics mode, 
but the strong shielding let us walk freely around.

As we entered the BSRF building, a loud, piercing siren 
went off to signal that the BEPC was being filled with 
electrons, meaning that there were restrictions on access 
to the injection area. Dong, who had become accustomed 
to such painful noises over almost three decades, didn’t 
flinch. Mercifully, the alarm ceased after about a minute.

The BSRF is 240 m in circumference, and its experi-
mental stations are all located near ports in a sector 
outside the ring. Though there are only 14 stations, 
the facility supports 1800 to 2000 users a year, near-
ly all from China. There were pipes and equipment 
draped in aluminum foil, and hutches with post-
ers displaying descriptions of the station’s research.

“This one is XFAS,” Dong said as we walked around, “that 
one diffraction, and over there is X-ray fluorescence.” As at 
other synchrotrons, the user profile has changed over the 
years. At first, he said, most users were condensed-mat-
ter physicists. Then, protein crystallographers took 
an interest as they realized how valuable synchrotron 
X-rays were for solving protein structures – provided 
they had big enough samples to put in the beam, that is.

Protein crystallography and a few other uses in the life 
sciences led to an upsurge in biological scientists at 
light sources. A few years ago, however, solving protein 
structures began to be taken over by cryogenic elec-
tron microscopy (cryo-EM), which uses standalone 
instruments that do the job better than synchrotrons. 
You don’t need as much sample to solve a protein struc-
ture with a cryo-EM, which slowed the expansion of 
protein crystallographers among synchrotron users.

Dong and I then stopped at the X-ray fluorescence 
station, where a poster showed pictures of three differ-
ent kinds of plants studied at the station. “At this port 
they are studying environmental pollution,” Dong 
explained, indicating research into chromium up-
take in one of the plants. “This plant is from an area 
in the south of China heavily polluted by chromi-
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um, and the experimenters are trying to see if certain 
fungi can be used to draw chromium from the soil.”

A rice plant was also depicted on the poster. “This is 
from the Guizhou province, where there were mercury 
mines in the Han Dynasty about 3000 years ago,” Dong 
explained. “We know this because we can image it in the 
rice!” The mining ceased long ago, but the pollution is still 
present in dangerous amounts. The researchers had used 
the BSRF to find ways to reduce the toxicity of the mer-
cury in rice, in particular exploring the use of selenium.

“Selenium combines with mercury and deposits it on the 
surface of the grain,” Dong explained. “Machines can 
then polish the surface to remove the grains. At this sta-
tion they are locating exactly where the mercury and se-
lenium combine.” Although the grain product is not for 
human or animal consumption, it can be used to produce 
industrial alcohol. “In highly populated areas,” Dong 
said, “you have to make the best use of all arable land.”

Like other light sources, the BSRF serves academic and 
industrial users, the latter being allowed to use the facil-
ity without a charge as long as they publish their results; 
if they don’t, they have to pay the full fee. But the work 
of pharmaceutical firms at the facility revealed certain 
differences between Western and Chinese light sources.

In the West, firms such as Novartis, Merck and Pfizer are 
big, powerful and rich enough to develop a drug from 
beginning to end. “These companies build beamlines at 
synchrotron radiation facilities and have experience in 
cooperating with the machine operators,” Dong said, 
with the most expensive parts of drug development being 
the clinical trials. “In China we don’t have such wealthy 
companies. Ours can only afford to do the ‘cheap’ stage 
of solving a structure and verifying how it functions with 
other molecules. They want to keep that testing a se-
cret – sometimes they won’t even tell us what protein 
they are testing. This makes it harder to work together.”

The critical point
At the BSRF, Dong said, he was beginning to tire of 
the routine: “Users come, users go, research grows more 
complicated, researchers don’t know the details of the 
machine, and the operators have to help them. You have 
to pay less attention to the machine and more to the 
users’ needs.” He is also dismayed by the lack of devel-
opments in synchrotron radiation source technology. 
“There have been no new innovations in this century.”

For Dong, synchrotrons appear to be approaching 
a limit on possible brightness imposed by the optics 
– limits on the size of the beam spot and focusing. A 
few years ago, he said, fourth-generation synchrotron 
sources were even being called “ultimate storage rings”. 
But at the HEPS, special research centres will be built 
to connect research teams and the machine’s opera-
tors, improving the interactions. Dong also mentioned 
new ideas for the facilities, such as an energy recov-
ery linac proposed by researchers at Cornell Univer-
sity. Hopefully, such innovations will secure a strong 
future for synchrotron sources in the decades ahead.

(extracted with permission from an item by Robert P Crease 
at physicsworld.com)

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

The new JCM-7000 introduces the “Zeromag” func-
tion, enabling seamless transition from the colour opti-
cal image to an SEM image. This allows users to quickly 
focus on areas of interest, acquiring high resolution im-
ages instantly, along with live elemental analysis (EDS 
required). Such a function has previously only been 
available on full-sized SEM’s.
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New Femtosecond Amplifier 
The new Monaco HE from Coherent is an ultrafast am-
plifier that delivers higher pulse energy over a wider op-
erating range. Specifically, it delivers pulse energies of up 
to 2mJ at repetition rates as high as 10kHz (at 1030nm) 
and provides up to 25W of average power at repetition 
rates as high as 250kHz – with independent adjustment 
of both the pulse repetition rates and the pulse energy.

By combining Ti:S and Yt-based amplifier technologies 
the all new Monaco HE delivers both high pulse energy 
and high pulse repetition rates, and thus provides access 
to the performance gap that previously existed between 
these two technologies. Just as important, the Monaco 
HE was designed and manufactured from inception us-
ing rigorous HALT/HASS protocols.

New Narrow Linewidth Lasers

Coherent are pleased to announce the release of two 
additional high power lasers to the range of single fre-
quency (SF) Sapphire lasers. Introducing the Sapphire 
488 SF with 150mW output power (fibre pigtailed up 
to 100mW) and Sapphire 532SF up to 200mW (fibre 
pigtailed up to 150mW).

Sapphire lasers feature outstanding performance and 
reliability. Sapphire SF lasers are the right choice for ap-
plications that need narrow and ultra-narrow linewidth 
light like Raman spectroscopy, interferometry, hologra-
phy, metrology and inspection.

Coherent Scientific Pty Ltd
jeshua.graham@coherent.com.au
sales@coherent.com.au
www.coherent.com.au

Lastek
1. AA OPTO-ELECTRONIC & QUANTA TECH  
available through Lastek
Your Acousto-optic and RF drivers supplier

• Large aperture 1 axis and 2 axis Deflectors 
 (400-1600nm)
• FIBER AOM pulse picker 10 ns with PLM 10µm  
 fibers (1030-1080nm)
• Miniature Visible AOM for DPSS and Diode Lasers
• FREQUENCY SOURCE (DDS) locked on 
 External clock Reference
• MULTI OUTPUTS (up to 8) variable frequency  
 sources locked in phase
• New power amplifiers 1,2,4 Watts - 10-900MHz

2. Raptor Photonics X-Ray Camera Solutions: High 
Energy Cameras for both Imaging and Spectroscopy 
applications
Raptor Photonics has developed a series of camera plat-
forms for use in the X-Ray detection market, offering ei-
ther direct or indirect detection. A range of sensors can be 
incorporated into these platforms to address both imaging 
and spectroscopy applications, enabling photon detec-
tion from VUV (<5eV) through to hard X-Ray (>50keV).

Using existing CCD, EMCCD and CMOS core en-
gines, Raptor can now manufacture detection solutions 
with multiple interfaces to the sampling environment, 
including:
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• Feedthrough options for In Vacuum cameras 
 including power, CameraLink, Water and Trigger.
• Various entrance windows / ambient light barriers,  
 such as Beryllium or Aluminium.
• Vacuum or Non-vacuum mounting flanges.
• Fibre-optic coupled configurations to interface to 
 additional components with a fibre-optic output,  
 such as scintillator plates, streak tubes or MCPs.

One of Raptor's biggest strengths is their ability to deliv-
er custom solutions – they have decades of experience in 
manufacturing VUV / X-Ray detecting cameras.
Please contact Lastek to discuss your application and 
specific requirements.

3. TOPTICA's OPO laser system won the Prism 
Awards 2019 for scientific lasers at Photonics West! 
IR spectroscopy has never been easier. The powerful 
TOPO from Toptica delivers wide tunability, narrow 
linewidth, and convenient hands-free digital control. 
There are no modules to exchange and no adjustments to 
be made by hand. Ease of use and reliable performance 
make this CW OPO the right choice for challenging ap-
plications in IR spectroscopy and quantum optics.

The revolutionary TOPO by TOPTICA stands alone as 
the only fully automated, continuous-wave, singly-res-
onant optical parametric oscillator laser source on the 
market. High resolution spectroscopy across 1.45 – 4.0 
µm (2500 – 6900 cm-1) has never been easier.
• 1.45 - 4.0 µm (2500 - 6900 cm-1)
• 300 GHz (10 cm-1) mode-hop-free tuning range
• Narrow linewidth: 2 MHz (1·10-5 cm-1)
• Hands-free motorized tuning
• Easy all-digital DLC pro control

Warsash
Ultra-compact pulsed lasers for LIBS and pho-
toacoustics
Cobolt AB, a part of HÜBNER Photonics, is proud 
to introduce the Cobolt Tor™ XS, a high performance 
Q-switched laser at 1064 nm and 532 nm, with 100 μJ/
pulse and 50 μJ/pulse respectively. The Cobolt Tor™ XS 
is intended for photoacoustic microscopy applications 
as well as integration into hand-held or portable instru-
ments for laser induced breakdown spectroscopy (LIBS).
                                                                                             

Using the same sophisticated laser cavity design as its 
big brother, Cobolt Tor™, the Cobolt Tor™ XS provides 
a unique combination for its size of kHz repetition rates, 
short pulse lengths (<3 ns) and exceptional pulse-to-
pulse stability. In addition, the emission is generated in a 
TEM00 beam and can be externally triggered from single 
pulse up to 1 kHz whilst all control electronics are fully 
integrated. The compact footprint of the complete sys-
tem measures only 50 x 29 x 21.4 mm and weighs <100 g.

All Cobolt lasers are manufactured using proprietary 
HTCure™ technology and the resulting compact her-
metically 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 labora-
tory and industrial environments and are offered with 
market leading warranty terms.

For more information, contact Warsash Scientific on 
+61 2 9319 0122 or sales@warsash.com.au.
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Seamless Transition
from Optical to SEM imaging
Real time display of elemental composition 
during image observation

Advanced auto functions provide clean images 
from low to high magnification

Low vacuum (LV) mode for imaging 
non-conductive specimens, without pre-treatment

High vacuum (HV) mode enables 
observation of detailed morphology

3D reconstruction (Live 3D) during image observation

SMILE VIEW Lab links optical and SEM images, 
EDS data and locations  for data review and reporting

NEXT GENERATION
BENCHTOP SEM

GRANULES ROCK SALT HOLLY OLIVE LEAF

Ph: (08) 8150 5254 / Mob: (0488) 177 540
jeshua.graham@coherent.com.au
www.coherent.com.au


