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A picture of science in progress, showing 
a view down an optical microscope of 
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As summer moved on to become autumn, 
the Editorial team was inspired by diversity 
and inclusion, precision and control, and 
imagery and visuals. In this issue we are 
collating some of this to share with you. 

As summer moved on, we – the AIP 
community – also welcomed Jodie 
Bradby as our new President! To mark 
the occasion, we – the editors – took 
the opportunity to spend some time in 
conversation with Jodie and learn from 
her about her passion for physics and her 
ideas for the evolution of the AIP. And 
as you notice on the opposing page, we 
decided to present the President’s Column 
in a different format this time.

The same day that Jodie officially took over the AIP leadership 
at the annual general meeting was also the International Day of 
Women and Girls in Science. In the Perspectives section you will 
learn more about how the day was marked in different quarters 
around the country, and  about other insights on diversity and 
inclusion. In Physics, we need to continue our work on moving 
away from (not entirely) monoculture to true diversity.

Following previous threads in Australian Physics around precision 
and control, this issue showcases two examples of physics’ strengths 
in this space. One is around topological insulators and transistors; 
the other highlights how you could use plasmonic devices as 
sensors. Both stories draw on multi-institutional efforts that bring 
together critical mass of people, expertise, enthusiasm and drive to 
solve tricky problems.

As summer moves on, our evenings produce stunning imagery and 
visuals where light and colour come together to form a beautiful 
backdrop for technology. Further inside this magazine, you will 
find one such example. It was taken in 1969, and we admit it was 
summer on the northern hemisphere, but it was a significant time 
for physics in Australia. The image tells some tales that we will 
explore more in the May/June issue.

Last but not least, we also couple back to a previous story we ran on 
caustics and electron trajectories in the September/October issue 
last year. Now it is time for the young physicists out there to explore 
physics in teacups. Please share and let us know how you go.

All the best,
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US for just under a year on a US-Australia education 
fellowship funded by Murdoch University.

[DH] So you didn’t go straight from your honours into 
your PhD…

[JB] No, absolutely not…I worked in a high-school for 
a while as a lab technician.

[DH] And you didn’t stay in the university sector. Are 
both of those good things, do you think?

[JB] Good things... well, I think it’s important to 
highlight to people that your career trajectory is often 
not linear. For instance, if you talk to people about how 
they ended up where they ended up, it’s very rarely the 
direct career opportunities, such as going from honours 
to PhD and then ‘everything is fine’. That linear 
trajectory is not often the case. 

I took more than three years to complete my 
undergraduate degree; there were some subjects that 
I didn’t particularly gel with - things like third year 
electronics! I think it’s important to share such stories 
because it is quite important for young researchers to 
know that it might take you a little while to find where 
you are meant to be; it’s certainly not a race.

When I got to ANU, I was fortunate that I had a 
very supportive supervisor that gave me a lot of space 
really to do what I wanted. And, I joined ANU at a 
time where I was a bit older; I wasn't somebody who 
was coming straight out of honours. I was just a couple 

(continued on page 46)

In Conversation
Editors’ Note: Recently, we had the opportunity to talk to our 
new President, Jodie Bradby, about careers in physics, the 
AIP, industry, and identity. Here is how our conversation 
went. We hope you will enjoy reading it as much as we did 
having it, and we would like to thank Jodie (JB) for her 
time - All the best, Peter (PK) and David (DH).

Non-linear career paths
[DH] You did your physics undergrad at RMIT and 
later on went to Canberra for your PhD, with some 
interesting stops in the middle. Can you tell us a bit 
more? 

[JB] Sure. My undergraduate degree at RMIT was in 
applied physics, and then I started a masters; I was doing 
that at DST Group, which was down at Fisherman’s 
Bend and called DSTO at the time. Then that group 
closed down, they re-allocated facilities, and it was 
pretty much me left. It wasn’t going that great, and I saw 
(literally) an ad in the newspaper (it was a time when we 
still had newspapers) for this PhD opportunity at ANU. 
It was with a group that had close contact with the group 
that I was working with at RMIT. So I applied, went 
up there and had a chat to the people, including Jim 
Williams from the Department of Electronic Materials 
Engineering who had also done lots of work at RMIT 
in the past. He was happy to have someone from RMIT 
because he knew them very well; that was a win-win. 
So, I moved up there, and after my PhD I went to the 
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Inclusion & Diversity
On 11th February, the world celebrated the International 
Day of Women and Girls in Science. Proclaimed by 
the United Nations in December 2015, this day plays 
an important part in working towards gender equality 
in STEM (Science, Technology, Engineering, and 
Mathematics). 

In Australia, organisations around the country 
recognised the day with a variety of events, posts, and 
activities. For example, the Square Kilometre Array 
showcased on their websites female astronomers talking 
about their love for physics and what inspires them. 
Many of Australia’s female physicists also marked the 
day by adding their tweets to the Institute of Physics 
#Iamaphycisit campaign on Twitter, which saw users 
post selfies of themselves along with brief descriptions 
of their research. 

The AIP celebrated the day with the awarding of the 
Walter Boas Medal for excellence of research in physics 
in Australia to Prof Elisabetta Barberio from the 
University of Melbourne. Prof Barberio received the 
award for her outstanding work around the Higgs boson 
and her contributions to physics. She is the first woman 
to be recognised with this medal. 

As well as these events, there have been other significant 
recent initiatives to help the scientific community progress 
on the path towards greater diversity and inclusion. For 
example, in December 2018, fifteen universities and 
scientific organisations across the country received the 
inaugural Athena SWAN Bronze Institution Award. 
This award “recognises an institution’s commitment 
to advancing the careers of women, trans and gender 
diverse individuals in STEMM disciplines in higher 

education and research” [SAGE websites]. Australia is 
the third jurisdiction, following the United Kingdom 
and Ireland, to implement the Athena SWAN Charter 
program. The charter is based on 10 key principles, the 
first of which being: “We acknowledge that academia 
cannot reach its full potential unless it can benefit 
from the talents of all”. For more information, visit the 
websites of Science in Australia Gender Equity, SAGE; 
simply follow the QR code below.

Also in December, the 2019 cohort of “Superstars of 
STEM” were announced – showcasing 60 of “Australia’s 
most inspiring scientists, technologists and educators”. 
Superstars of STEM, an initiative run by Science and 
Technology Australia, “aims to smash society’s gender 
assumptions about scientists and increase the public 
visibility of women in STEM”.

Closer to home, a proposal is presently in discussion 
within the AIP to transform the Women in Physics 
group into the Diversity and Equity Group in Australian 
Physics – DEGAP. The aims of this group will be in 
setting out to improve the environment for equity with 
a broader aspect towards across diversity as a whole. 

It is widely recognised that diverse groups of people 
will make better decisions, develop better programs 
and policies and come up with more innovative 
and creative solutions. In STEM areas, the need for 
initiatives that foster and support equity of participation 
across the diversity spectrum is increasingly being 
recognised. We would love to hear about any 
activities in which you are involved and that 
you’d like our community to know more about.  

International Year of the Periodic Table
When considering “one of the most significant 
achievements in science, capturing the essence of not 
only chemistry, but also of physics and biology,” what 
invention springs to mind?

If your answer is the periodic table of chemical 
elements, your thoughts align with the United Nations 
Educational, Scientific and Cultural Organisation. 

PERSPECTIVES

Boas Medal winner Prof Elisabetta Barberio (centre) with 
Victorian Lead Scientist Dr Amanda Caples (right) and 
AIP VIC Branch Chair Dr Gail Iles (left); 11/02/19 – photo: 
Matthew Lay.

Superstars in 
STEM

Science in Australia 
Gender Equity, SAGE
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Marking 150 years from the publication of Dmitri 
Mendeleev’s first periodic table, 2019 has been 
proclaimed the International Year of the Periodic Table. 

The International Year of the Periodic Table gives 
scientists a chance to connect across disciplines to 
celebrate some of our shared history. Although primarily 
designated the domain of chemists, the periodic table 
would look much different without the contributions 
– past and present – of physicists. The discovery of 
the noble gases, for instance, was a shared endeavour 
between William Ramsay, a chemist, and Lord Rayleigh, 
a physicist, who each received a Nobel Prize in their 
respective fields for this scientific advance in 1904. More 
recent additions to the periodic table are the super-heavy 
elements synthesised in particle accelerators as a result 
of nuclear fusion, and primarily characterised by their 
radioactive decay chains; to claim physics has no hand 
in this research would be folly indeed.

For some years, since its launch in 1948, Australian 
chemists and physicists even shared the Australian 
Journal of Scientific Research; to deal with the large 
volume of articles, it split in 1953 into the Australian 
Journal of Chemistry and the Australian Journal 
of Physics. In recognition of our shared history 
and achievements, the Royal Australian Chemical 
Institute (RACI) cordially invites members of the 
Australian Institute of Physics to join in celebrating 
the International Year of the Periodic Table. 

At the RACI, we are planning a number of outreach 
events and initiatives in commemoration of the 
occasion. In the coming weeks, we will complete our 
Periodic Table on Show with artwork by talented 
printmakers for elements added to the table since the 
project was commissioned in 2011. A project combining 
science with art that was begun in recognition of the 
International Year of Chemistry will be completed – at 
least until the next round of elemental discoveries – for 
the International Year of the Periodic Table.

Throughout the year, we are sharing Stories from the 
Periodic Table: a collection of stories about the personal 
connections people have to the elements. Stories from the 
Periodic Table aims to make science more approachable 
by combining it with storytelling and human experience. 
Contributing is not exclusive to RACI members or even 
chemists. All Australian and New Zealand residents 
who submit stories have a chance to win prizes for the 
best story in a round of entries. In the following issue, 
we are delighted to have been invited 
to share some of these stories with you. 
Perhaps they will inspire you to pen 
your own. For more information on 
the project and how to contribute, visit 
raci.org.au. 

Anna Ahveninen, Communications Officer, Royal Australian 
Chemical Institute; communications@raci.org.au 
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of years older and that made  some difference. So, I 
was a bit more independent and managed to drive 
my project by myself. That was excellent training.

[PK] Yes, those trajectories seem to get us to interesting 
places. You went to the US. What motivated your choice 
to go to the United States?

[JB] Well, primarily opportunity. I applied for this 
fellowship and was successful in that, and so I had the 
opportunity to pick an area of research that I wanted 
to go into and work with somebody in the US. At that 
time, I was really into electron microscopy, and I thought 
that I might end up being a microscopist. So, I went 
and worked with the professor who was doing the most 
similar things to what I was doing in terms of looking at 
semiconductors and TEM of semiconductors. I worked 
with that group for a while, then came back to Australia. 
I didn’t end up a microscopist, 
but I’m still an active member 
of that community. I still 
really love a good electron 
microscope. Today, I don’t often 
get to play with them much 
anymore, but my students do.

Getting the grants
[DH] You have taken us 
right up to the point of being 
an early career researcher. 
Many ECRs struggle to 
secure their future career. In your career, you have 
been successful in research, which also means 
you have won grants. How do you get the grants? 

[JB] It’s all about grit, I think. And not giving up. A 
really interesting question also to ask is what grants 
people didn’t get. I have written a lot of grants that I 
didn’t get, and then I’ve gotten some grants at really 
important stages in my career. 

Ultimately, you’ve got to have the track record to begin 
with, so you have to be at the level where you have a 
good set of publications to get you through the door. 
You have to write a strong application, and you have to 
have a good, clear idea of what your grant application is 
about. I always say that one good idea is better than ten. 

The analogy is: when you don’t want to go out for a 
dinner or to a party and say you can’t go because 
my dog is sick, actually also the car’s not working 
very well…if you make four excuses it sounds really 
dodgy, but if you make one excuse it’s actually 

probably right. When you write a grant and you have 
one strong idea, you’ll probably do it, it’s probably 
good, but if you have six half ideas, it’s not as strong.

That’s my grant philosophy. One strong idea, and try to 
support it and push it.

[PK] You said you have to have a really good track 
record. What is your advice for early career researchers 
to build a track record?

[JB] I think that's an ever-changing beast. I think five 
years ago it was “publish, publish, publish” and it was 
primarily numbers. I think now it's more about impact. 
You want to publish impactful papers that people are 
wanting to read and cite. Publish in journals that are 
well recognised in your field. That doesn't necessarily 
mean that you only have to go for those Nature and 
Science publications but, of course, if you can, that's 

career making. Frankly, many of us 
will go through successful careers 
without getting Nature-like papers; 
maybe it's only one in 100 of us. So I 
think it's about making an impact in 
your field; understand where people 
publish and publish a good solid paper 
in that area. Yes, that's always easy to 
say, you know, but that's it. That's my 
advice to my students as well. I'm not 
somebody who will ask the students to 
publish five papers in the first two years 
I would much prefer they published 

two really strong papers and thus be better off in 
the long run. That said you do need to publish some.

[DH] So, we have established that you are a successful 
scientist. Why did you choose to do physics? Do you 
have a role model, was it something else?

[JB]  I think fundamentally it's because I'm lazy! I 
found physics... well... if you understood the rules you 
could work it out kind of on the fly. I enjoyed that aspect 
of it. I found memorising things really boring.  I actually 
wanted to understand things, and that's what physics 
was. You could understand it, and you could apply it in 
the exam. You didn't have to memorise the answers to all 
the questions or all the quotes for the essays and things 
like that. And as I went through, I really enjoyed the 
research early on in the degree at RMIT. I've got fantastic 
memories of being let loose in a lab with a Rutherford 
Backscattering Spectrometry instrument in second or 
first year, looking at air filters and doing experiments. 
I was running these big bits of equipment early on and 
I just thought that was super cool. And then running 

“Bringing together the physics 
community is exactly what the 
AIP does.

I think that's a real challenge for 
the AIP; to bring people in and 
give them the empowerment to 
be out there loud and proud as a 
physicist.”

('In Conversation', continued from page 43)
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SEMs in honours… it was just exciting and fun, and it 
never stops being fun. You know, I still get it. I do a lot of 
synchrotron beamtime and high pressure work as well.
And, honestly, I love beamtime; going into beamtime 
where you've got 48 hours to get your experiments done, 
and you've got a team, everyone has to pull together, 
and you have to manage personalities. People are tired. 
Someone doesn't like pizza. You've got to manage all of 
that plus get your results done and be organised, and 
then they put you in charge of this massive big beamline 
and you've got ten computer screens up there and you're 
squashing diamonds against each other and they might 
break… You know, it’s high stakes, lots of money 
and time have been spent, and you've really got to 
concentrate to get the job done and it's very stimulating.

The role of the AIP
[DH] We have learnt a fair bit about you. Let's shift 
our focus. What is the role of the Australian Institute 
of Physics? 

[JB] One of the things I've been doing this Congress is 
walking around asking people that question. I've had 
the overwhelming response: “Oh, we have to have the 
AIP.” And then I say: “Well, why? What would happen 
if we didn't have it?” And the word community is used 
and people did this [draws a big circle with both hands 
in the air] a lot. I think what captures this a little bit is 
the word Congress. I always ask people, why do we call it 
a Congress not a conference? I've always found it to be 
odd. One of them said: "I think Congress is a collection 
of communities or a collection of conferences that have 
come together." That really triggered something in 
me, because bringing together the physics community 
is exactly what the AIP does. And we're the only 

group that attempts to do that in Australia. Physics, 
as you know, has lots of different disciplines, but the 
AIP is really that opportunity for us to have a broad 
identity. And to own that tag of being a physicist. If 
you work in a university in a physics department you 
easily ‘own’ that tag, but once you leave that sector 
there's a lot of reluctance to be identified as a physicist 
somehow. So, I think that's a real challenge for the AIP; 
to bring people in and give them the empowerment 
to be out there loud and proud as a physicist. 

There are a number of practical things that the 
Australian Institute of Physics does as well that people 
perhaps don't notice because it is the background of the 
physics community in Australia. We do accreditation, 
for instance, of the physics degrees in Australia, which 
is an extremely important process. We contribute to 
the decadal physics plan; this is run by the Australian 
Academy of Science, but the AIP has a community-
leading role in that as well. There’s the Congress where we 
come together every two years. And of course there's the 
recognition of achievements and the awards and medals 
that we give to people to celebrate their achievements.

On a local level, the branches do a lot of community 
outreach activities, like public lectures and industry days 
that they put on to get people involved with physics. And 
we run the women in physics lecture which has been 
going for over 20 years now, where a woman has toured 
around the country talking physics. Not talking about 
being a woman but just talking physics, going to maybe 
20 schools giving 10 public lectures  and lots of university 
lectures. Just in terms of Being; it’s that whole thing you 
can't be what you don't see. That is something we should 
be really proud of as a community because we did that 
before the whole women in STEM thing really became 
a thing. So I think there's been a lot of effort in that. 

Identity and grassroots
[PK] It's clear that the AIP lives through its members. 
So, the membership base is something that is key 
to the Australian Institute of Physics. There is the 
obvious challenge in growing our community and our 
membership base. The problem is how we can approach 
that challenge. What would be your views in that space?

[JB] I think it's about building an identity and a 
community. People talk about the value proposition 
“Well what's in it for me if I join the AIP?”, and that's a 
pretty tricky question to answer, because essentially the 
AIP creates a community that if you are a physicist you 
get to enjoy, whether you contribute to the AIP or not. 
Often you get the benefit of the membership where you 
may not be aware of those things like the Congress and 
all the other things I mentioned. 
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But the reality of the situation is that if people say 
“Well, the AIP should do that”. The thing is that we 
are the AIP. The AIP is not a government funded 
body somewhere remote. It is us. It's a volunteer 
professional organisation where we have to contribute 
in order to reinforce and to create networks that can 
promote our discipline. And it's super important.  
I mean physics is one of the most important and enabling 
disciplines. It underpins so much of our economy. 
But it's also a very real discipline in terms of useful 
people that we churn out at the end, and we need to 
communicate that much better with people so they can 
say "Oh. OK. So I want physics in Australia to be strong. 
I will join the AIP", because that's how we build that 
community. The thing people perhaps don't understand 
with the AIP is that, unlike the American Society or the 
IOP in the UK, we don't have a publishing arm like a 
whole stable of journals that generate income; we don't 
have this ability to throw lots of money at problems. 
What we're doing is putting all the membership fees 
back into the community into grassroots connections 
and into creating that support for the discipline. 
It's a difficult thing to explain... but I think we need 
to. We need to appeal to people's community spirit.

Let’s call it ‘companies’
[PK] Alongside community, the other word that I 
picked up was ‘grassroots’. As we are using our resources 
to fund stuff that happens at the grassroots level, I 
suspect, one of the challenges is to capture what comes 
out of that and bring that back up, communicate that 
back. Have you got any good ideas how we do this best?

[JB] Well one of the things I'd like to focus on in the 
next two years are the PhD students and the early career 
researchers, and try to create support structures around 
networking opportunities for them. This is to get them 
in contact with people, get them into networks, because 
that's where they're going to get their positions from. 

But I also want talk to them about career pathways and 
try to make that leap between what we think is a physicist 
in the university sector and industry. I think that's one 
area where Australian physics in general doesn't do well. 
We talk about 'industry engagement' and an 'industry' 
you could go into. What is this industry that you speak 
of in the field? You know, we don't have a Samsung 
here that would just swallow up all our physicists; it's 
not that easy. But we still do have many physicists that 
go into working for companies. They might be working 
in geophysical companies, they might be working on 
data mining, they might be working in instrument 
manufacturing, they might be working on laser systems. 
We have a surprising amount of high-tech industry in 
Australia. I would really like to start illustrating those 
pathways for people, creating more of those connections 

so people can see that they have a choice as a physicist and 
that they can go out and get a job with a company. And 
I think perhaps if we stop calling it ‘industry’ and start 
calling it ‘companies’; that might get a bit more traction. 
I mean, it's not just one thing that you can engage 
with. So, I would like to talk to a lot of people about 
how we engage better with industry, with companies.

The AIP Tree and cognate branches
[PK] An interesting question in all of this is what might 
be the role of the cognate societies within the AIP. 

[JB] It's like a branch and tree structure, isn't it? The AIP 
is the big tree and then the branches are all the cognates 
and the state branches as well, and they've already got 
quite close connections between each other. A lot of the 
cognates work quite closely together. So for the AIP it is 
about creating, again, that overarching network theme 
to bring people in and give them an opportunity to 
communicate with other cognates and other areas as 
well. It's exploiting those close connections and trying 
to broaden them. 

And I really think the AIP is the only thing we've 
got in this country in order to do that, and it’s really 
important on a number of levels; for example, in terms 
of STA, Science and Technology Australia. They're 
the organisation that helps the professional societies to 
network with government and to lobby. They look after 
a lot of that  higher-level policy work that is coordinated 
through the professional bodies, and at the moment 
I think it's a lot of people in that physical science 
space. Creating a network at that level as well is really 
important, making sure the cognates can talk to each 
other as part of the AIP. Then there are all the Centres 
of Excellence, which is a whole other branch of people. 

I just think there's so much opportunity to just get people 
talking to each other to share some type of identity.

Diversity
[PK] Then, one of the key roles of the cognate societies 
within the AIP is to capture the discipline diversity 
within. Discipline diversity aside, how can the AIP 
increase diversity, as such, within physics?

[JB] When you're talking diversity, are you talking 
about gender diversity?

[PK] It could be gender, cultural, ethnic, or age diversity, 
all sorts of diversity, really.

[JB] The Australian Institute of Physics had the women 
in physics group for a number of years. I remember 
ticking a box to join that when I first joined the AIP 
when I was in honours. Just this year we've decided to 
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change the remit of that group and broaden it, and we 
are proposing to change the name from the Women In 
Physics group to DEGAP, Diversity and Equity Group 
in Australian Physics. We're hoping to focus on creating 
a more equitable environment, because that will benefit 
everybody. We're broadening that to LGBTI+ issues 
and, hopefully, to being more inclusive of Indigenous 
science. I'm really keen to find somebody who has 
close links with these things working with Indigenous 
communities because we are terribly underrepresented 
in that area. There's some brilliant work that we could 
do in that space and we've just not really done anything.

One thing in terms of gender that we're focusing on is 
providing training opportunities at the Congress now. 
The Women In Physics group ran an inclusion workshop 
this Congress and we want to provide professional 
training opportunities for women in physics, which I 
thought worked really well. But there is a lot of work 
to do in this space such as developing further our 
professional code of conduct. STA has been doing lots of 
work in this space and they're really happy to come and 
help professional organisations work out a professional 
code of conduct, so that is a starting point

[DH] It’s almost a manifesto, isn’t it?

[JB] Kind of. We of course have a constitution, and 
there are some guidelines in the Constitution, but I 
think it needs to be refreshed. I mean this is to say that 
these are the standards that we expect people to uphold 
if they're a member of the AIP and a core part of that has 
to be treating people in a respectful way.

The magazine
[DH] Let’s turn our attention to the Australian Physics 
magazine. What are your thoughts?

[JB] I've been asking people about Australian Physics as 
well. This is by no means representative and I've made 
no effort to be fully inclusive in terms of the views, but 
I've had a range of perspectives actually. I have had the 
"Oh my God I never open it" [reaction], and that's not 
uncommon. I've had “It's very important that we send 
a paper copy to people". I've had  "Oh my God stop 
sending paper copies, it should be just PDFs". And I 
spoke to a fairly senior person in our community who 
said that they read it from cover to cover, because they're 
on the lookout for opportunities to nominate people 
for awards and to keep an eye on the physics scene. I 
thought that was an interesting set of perspectives.

I would like to see it stay in the paper form; I would like 
it to be stop being wrapped in plastic. I also think we 
need to think about what we have as content and I'd 
like to be more general type of articles, so it could help 
reinforce people's identity as a physicist. For me, working 

in a physics department, I have access to physics talks 
every day, and I'm surrounded by physicists every day, 
and I go to physics conferences. I get enough physics. I 
don't think I'm your target audience. 

But it's the person who perhaps a high school teacher or 
somebody who's gone out into industry or a student just 
starting off who is trying to get a bit of a handle on the 
world of physics and the world of physics in Australia. 

[DH] I can think of one or two key [non-academic] 
people who do actually read AP, a patent attorney in 
Sydney for example. And, absolutely, the teachers. That's 
great. Final question: Is there anything else that you 
would like to say to our readers?

Be loud and proud as a physicist
[JB] I'd like to say we need to be loud and proud of 
being physicists. 

I think in Australia there's a cultural cringe: You don't 
want to appear clever. People ask “What do you do?”, 
and as physicist I might sometimes respond “Oh, I work 
in a university… and if we can just leave it at that.” But 
if pushed to say I am physicist, and I get that ‘oh you 
must be clever' line, I try to push back with: “Well, 
actually physics needs all types of skills and it's a super 
fun job. You know, I get to do all sorts of fun stuff. 
I'm constantly working with great people, especially my 
type of physics, experimental bench top physics. You're 
in the lab with people a lot.” 

I think we really need to be loud and proud about being 
physicists. Perhaps I will try and be honest with Uber 
drivers in the future!



50 AUSTRALIAN PHYSICS 56(2)  |   MAR-APR 2019

Succeeding Silicon: Topological Transistors 
Electric-field controlled topological phase transitions in Na3Bi
James L Collins, Michael S Fuhrer, Mark T Edmonds
School of Physics and Astronomy, Monash University, Clayton, Victoria, Australia 
james.collins@monash.edu

Ultra-low energy ‘topological electronics’ are a promising avenue to reduce the energy used in 
computing—now 8% of worldwide electricity consumption. In a topological transistor, an electric field 
would switch a material from topological insulator (“on”, with nearly resistance-less conducting edges) 
to a conventional insulator (“off”). We recently demonstrated this switching for the first time in 2D films 
of Na3Bi, and found that the measured bandgaps are orders of magnitude greater than the energy 
available at room temperature. This suggests that Na3Bi is suitable for room-temperature topological 
transistors. 

Topological Insulators – What are they?
The isolation of 2D materials like graphene heralded 
what was to become the burgeoning field of topological 
matter [1], which shared in the spotlight of the 2016 
Physics Nobel Prize. Topological matter broadly refers 
to how the electronic structure of materials can be 
classified mathematically into different phases that 
are sharply delineated by changes of an integer index, 
much as shapes are classified mathematically by integers 
(topology). The integer nature of the index is important, 
it indicates that small changes (pressure, temperature, 
alloying) will not change the topological phase, making 
it an important description of a material.

In classifying electronic materials, we used to think 
that there were only two types: (1) metals wherein 
electrons partially occupied energy bands with freedom 
to redistribute and flow as current under the application 
of an electric field, or (2) conventional insulators (CI’s), 
or semiconductors which don’t conduct electricity, with 
completely filled bands separated by energy gaps.

Surprisingly it was discovered recently that there is a 
topological integer index describing insulators [2]. It 
can have not one but in fact two values, indicating that 
there are in fact two kinds of insulators. In addition 
to the conventional kind, there are also topological 
insulators (TI) which are remarkable in that their bands 
are inverted in energy in their interior or bulk, and so 
by necessity must undergo an un-inversion at their 
boundary. This guarantees the existence of boundary 
states – 1D ‘edge states’ of 2D TIs, and 2D ‘surface 
states’ for 3D TIs. These states are metallic (a topological 
insulator is not really an insulator at all!) and in the 
case of 1D edge states they offer conducting pathways 
with near-zero resistance, i.e. no dissipation of energy 
from backscattering [2], and could provide a way toward 
ultra-low energy electronics.

Switching Topology
Topological Insulators are amongst the candidates 
to augment or even replace the ‘silicon’ (CMOS) 
devices that form the backbone of information & 
communications technology (ICT). The driving force 
towards alternative, topologically-based electronics is to 
reduce the energy consumed by ICT, which is already 8% 
of global electricity use, and doubling every decade [3].

Finding a beyond-CMOS alternative to current 
technology is crucial as Moore’s law is nearing failure, 
reflecting not only a diminishing pace of proportional 

Figure 1: Artist’s depiction of a scanning tunnelling 
microscope tip’s electrostatic field inducing a topological 
phase transition – undoing the knot – in an underlying 
material. Image created by Ella Maru Studio. 
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gains in technological advancement[4], but also economic 
limits set by the rising energy costs to computation in 
the cloud and keeping processors operationally cool. 

To this end, TIs are a promising platform for reduced 
power consumption in ICT for the near-elimination of 
waste heat when conducting electricity along metallic 
edge-states. An astounding quality of these topological 
metals is that they may readily persist up to (and beyond) 
room temperature and inherit a robust protection 
against material stress and structural defects.

Transistor architectures built around the use of TI’s 
edge-states – topological transistors (TT), with one 
such schematised in Figure 2 – are not fundamentally 
dissimilar to those seen in conventional CMOS FET 
technology. Both feature a source and drain, with 
transverse gates to switch off current, with a subtle 
but important distinction being that the operation for 
switching TT’s “on” and “off” relies on altering the 
material’s electronic topological phase. Without an 
electric field, edge states are gapless, and it is in an “on” 
state (left). Applying a perpendicular electric field, the 
edge states are gapped, and it is in the “off” state (right).

Na3Bi – in-situ growth & measurement
Several materials had been proposed theoretically for 
topological switching, but until recently none had been 
demonstrated. We looked to the material sodium bismuthide 
(Na3Bi) as a platform for realising a proof of principle 
topological switch [5]. In its bulk form, Na3Bi is special, 
a so-called ‘Topological Dirac Semimetal’, which can 
be thought of as a 3D analogue of graphene [6] but was 
predicted to transform into a TI phase in its 2D limit [7].

This represents the ideal situation for experimentalists 
and in practice, as 2D materials are typically more 
responsive to control by external fields that are accessible 
due to a diminished screening response. What’s more, we 
already had extensive experience in growing large-area, 
continuous thin-films of Na3Bi in ultra-high vacuum 
conditions [8]. Importantly, we found silicon to be a 
convenient substrate for supporting Na3Bi; we observed 
no indications of reactivity when probing the chemical 
environments at the interface of the two materials 
using synchrotron-based photoemission spectroscopy. 
This suggests that it would be compatible with existing 
silicon-based technologies, but crucially also that the 
Na3Bi overlayer is ‘free-standing’ and not substantially 
influenced by contact with silicon. 

Figure 2. Illustrations of (a) a topological transistor device which uses an electric field to controllably ‘switch’ the electronic 
band-structure between a (b) 2D TI and (c) CI. The red and blue lines correspond represent the different spin-filtered 1D 
edge-state channels that would be utilised for low-energy transport.
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We used scanning tunnelling microscopy (STM) to 
image the few-atom-thick layers of Na3Bi on silicon, 
shown in Figure 3. We also used the STM in a 
spectroscopic mode to directly determine the bandgap 
of mono- and bilayer Na3Bi, both in excess of 300 meV 
– a figure more than 10 orders of magnitude greater than 
room-temperature thermal broadening – and further, we 
were able to spatially resolve an edge-state-like spectrum 
of electronic states that decorate boundaries of the 
materials, the hallmark of the topological insulator phase. 

To complement the local surface probe approach 
of STS, we used angle-resolved photoemission 
spectroscopy (ARPES), an important tool which utilises 
the photoelectric effect to allow us to directly extract 
the full details of a crystalline material’s electronic 
band structure – the relationship between energy and 
momentum for the electrons in the material. 

Details of the as-grown Na3Bi film’s low-energy band-
structure – resolved by ARPES as gapped, hyperbolic 
(rather than quadratic) valence and conduction bands, 
are shown in Figure 4. These initial measurements, 
exemplified in panel (a) by the presence of a clear 
gap in the photoemission spectra below the Fermi 

energy (EF), corroborated the independent STS 
measurements showing a transition from metal to  
insulator in the 2D limit. 

Electric field control – Closing the bandgap
Deposition of atomic potassium is common in 
ARPES experiments as it offers a way to systematically 
dope by direct charge transfer from potassium 
left on the surface. This was the perfect way to 
initially test whether there was any modification 
of the Na3Bi band-structure with electric field.

There are two effects of charge transfer: first is to raise 
EF (as ARPES only measures energies below EF) and 
the second is a diminishment of the energy gap, the 
precursor of the topological transition we expect as 
the gap closes to zero. This method of chemical gating 
however doesn’t offer fine enough control to clearly 
resolve the topological phase transition, so we turned to 
another technique for applying an electric field, this time 
using the STM tip itself as an electrostatic field source.

Figure 4. Angle-resolved photoemission spectra (ARPES) 
showing the low-energy band structure of Na3Bi. Solid 
lines are the best fits of the energy bands to hyberbolic 
dispersions. Panels (a)–(d) show modulation (decrease) of 
the bandgap with increasing electric field, as supplied by 
potassium deposition.

Figure 5. (a) Cartoon depiction of STM probe applying electrostatic field to Na3Bi due to a relative difference of workfunction. 
(b) Summary of measured bulk bandgaps in ML and BL Na3Bi, as a function of electric field strength, showing a transition 
from topological (red shaded region) to conventional (purple shaded region) insulator. Insets are calculated spectra for 
each phase. 

Figure 3. (a) Topographic STM image of mixed mono- (ML) 
and bilayer (BL) Na3Bi films as grown on Si(111) substrate, 
with (b) STS measurements in the bulk of ML (purple) and 
BL (orange) terraces.
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The relative workfunction difference for our PtIr probe 
and the Na3Bi surface – approximately 1.2 eV – produces 
an electric field which depends on tip-sample distance. 
Hence we were able to perform STS measurements at 
different tip-sample distances and therefore electric 
fields, probing the changes of the bandgap with 
increasing field strength in our experiment. Figure 5 
summarises the results for both ML as well as BL thick 
Na3Bi terraces. We again observed a trend of decreasing 
bandgap with increasing field strength, consistent with 
the ARPES experiment. But now at the highest field the 
experiment showed for the first time that the bandgap in 
the 2D TI (e.g. green ‘A’) could be closed completely to 
zero (a semimetal, black ‘B’), and then further re-opened 
(a conventional insulator, purple ‘C’). 

The full details of this proof of principle electric-field 
controlled topological phase transition platform in Na3Bi 
were recently published in Nature (December 2018 ref. 
[9]). The challenge now lies in extending electric-field 
modification of 2D TI materials to fully fabricated 
topological transistor devices and to explore their use in 
low-energy computation at room-temperature.
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The  photo  overleaf  shows  CSIRO’s  Parkes  radio  telescope with  
the  Moon  in  the background. The  telescope  played  a  crucial 
role in receiving signals during the Apollo 11 Moon landing in  
July  1969,  relaying  them  for  broadcast  to  an  audience of  600  
million  around  the  world.  The photo was taken at dawn on 10 
July 1969, six days before the launch, when the Parkes dish was 
tracking the Moon as a practice run. (Text  in  parts  by  CSIRO; 
image:  CSIRO;  creative  commons,  CC  BY  3.0;  https://www.
scienceimage.csiro.au/image/4350/;  black  border  added at  the  
bottom  of  the  image  for  presentation  purposes.)  Thank you 
to  Peter  Robertson  for  drawing  our  attention  to  this  photo. 
- Stay tuned for the next issue of Australian Physics, where we will 
publish an article by Peter on Parkes’ role in the Apollo 11 mission.
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Plasmonic colour filters create chemical 
‘barcode’
Tom Eddershaw, Marketing and Communications Officer, Australian National Fabrication Facility and Melbourne Centre 
for Nanofabrication, tom.eddershaw@nanomelbourne.com

David Hoxley, Lecturer, La Trobe University, d.hoxley@latrobe.edu.au

Chemical sensors based on plasmonic colour filters transform local chemical information into a visual 
optical signal that can be detected by the human eye. The use of nanofabrication techniques to produce 
these devices enables them to be readily miniaturised, enabling a range of applications from monitoring 
soil and water quality to tracking the conformational dynamics of molecules. By combining microfluidics 
with polarisation-controlled plasmonic nanopixels, researchers at the La Trobe Institute for Molecular 
Science (LIMS) and RMIT have developed a novel compact device for optically ‘barcoding’ chemicals.

Introduction
The collective oscillation of electrons at a metal-dielectric 
interface driven by momentum coupling to incident 
photons is a well-established phenomenon in optical 
physics known as surface plasmon resonance (SPR). The 
specific frequency of this coupling effect is incredibly 
sensitive to the local dielectric constant - so much so 
that it can be used to detect the presence of single 
molecules. Creating a periodic pattern of nanoapertures 
in the metallic layer transforms it into a colour filter 
where the specific colours that are observed provide a 
direct window into the local chemical environment of 
the plasmonically active device.

A long-standing problem in using such devices for 
chemical sensing has been to come up with a more 
definite way to use the colour information to be able to 

distinguish between different analytes. Recent work by 
researchers at La Trobe University and RMIT established 
that the specific plasmon-resonances excited, and hence 
the colours observed, in plasmonic colour filters could 
be controlled by varying the polarisation of the incident 
light [1]. Exploiting this breakthrough enabled the 
group to develop a microfluidic platform, incorporating 
a plasmonically active colour sensor, that could 
generate a ‘barcode’ for chemicals that provides a much 
more accurate method of detecting specific chemicals 
by comparison with a library of known signatures.

The device incorporates microfluidic channels to direct 
the analyte over a silver-coated quartz substrate. The 
thin silver film features an array of nanometre-sized 
holes which act as a colour filter whose transmission 
depends on the local chemistry. Broadband visible light 
passing through the liquid and observed from the other 
side will thus change colour depending on the refractive 
index of the analyte flowing through the device. 

The group’s tuneable and potentially portable device 
could be deployed for a range of sensing applications 
including monitoring water pollutants and inspecting 
soil quality. Because the device does not chemically 
modify the solution being analysed it could also be 
used for real-time monitoring in applications including 
food and pharmaceutical production.

Refractive index sensing
The refractive index of a material is an intrinsic property, 
often used as a proxy for density (i.e. ‘specific gravity’), 
and thus concentration. This refractive index can be 

Figure 1: Schematic illustration of the process of 
polarisation-dependant plasmonic filtering in the 
plasmonic devices embedded in microfluidic channels, 
which transmit at two distinct wavelengths under S and 
P-polarized illumination (0° and 90°, respectively).  Image 
curtesy E. Balaur, CAMI.
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used to help differentiate chemicals so measuring the 
refraction of light through liquids can often provide a 
simple and effective means of characterising samples. 
Dedicated refractometers are thus used in a range of 
different industries including by vets to detect blood 
plasma levels, brewers to determine wort composition, 
aquarium keepers to measure water pH, as well as coffee 
scientists, and urologists.    

The changes in refraction which occur for different 
chemicals can often be minute, and frequently 
researchers are interested in measuring changes in 
chemical composition at the microscale. The need for 
an ultrasensitive, portable, and miniaturisable chemical 
sensor motivated researchers to develop a novel 
microfluidic platform incorporating a nanostructured 
plasmonic surface. The result was a device whose colour 
output changes with the local chemical environment 
and allowed the team to develop a new approach for 
creating a chain of reference points or optical ‘barcode’ 
for chemicals based on their local refractive index.

Plasmonic filtering
Plasmonic colour filtering uses the fact that within a 
suitable thin metallic film there is a 'sea' of free elections, 
which resonate at specific electromagnetic frequencies. 
These surface plasmon resonances can be tuned by 
introducing arrays of sub-wavelength apertures in the 
film through nanofabrication.  Light which is allowed 
to pass through the nanoapertures will be detected 
by an observer on the opposite side of the film to the 
source. Light which is ‘blocked’ by the nanostructured 
thin film is either absorbed, generating plasmons, or is 
reflected back towards the source.

This type of sensing usually uses an evenly spread 
array of circular holes, which is insensitive to the 
polarisation of the incident light. In contrast, a ‘dual-
pitch’ array of cross-shaped apertures, with a different 
periodicity in the ‘X’ and ‘Y’ orthogonal directions, 
means that different plasmon resonances are observed 
depending on how the polarisation of the incident light 
is aligned with respect to the different nanoaperture 
spacings; this is illustrated in Figure 1. In effect, 
light which is polarised along the ‘X’ direction will 
produce a different spectrum of colours to light whose 
polarisation axis is aligned with the ‘Y’ direction. This 
added polarisation sensitivity allowed the LIMS and 
RMIT researchers to generate a much more specific 

signature of the refractive index of chemicals than 
had been possible previously. Due to the fact that this 
signature consists of a series of lines of different heights 
occurring at specific frequencies it can thought of as 
being analogous to a barcode – which consists of a 
series of parallel lines of varying widths and spacings.

Working in the broadband visible regime requires 
the appropriate combination of aperture geometry 
and metal film. Silver is attractive here since it 
supports plasmonic coupling over the whole visible 
range whilst minimizing damping. The pitch of the 

Figure 2: Experimental results from the new device. (A) 
Optical transmission as a function of wavelength for 
different incident polarisation angles. The Isosbestic 
points where transmission is independent of polarisation 
are clearly visible. The colour of each spectra corresponds 
to the observed colour of the transmitted light. (B) Colour 
map showing the observed colour of the spectra in (A)). 
Insets are optical images of the device under 90°, 45°, and 
0° linear polarized illumination, from left to right [1].
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periodic arrays and the aperture size can be adjusted to 
control the position at which the plasmon resonances 
appear in the transmission spectrum. Due to the 
asymmetry of the plasmonic device interface, two sets 
of modes occur, which, in the present case, correspond 
to the Ag/analyte and Ag/glass interfaces [2].

Advantages of the new device
Due to the strong desire to develop miniaturised 
chemical sensors there has been a significant effort 
to try to develop surface plasmon resonances within 
subwavelength structures for the detection of changes 
in refractive index [3-5]. However, the majority of 
previous studies employ devices fabricated from gold, 
with resonances located in the red and infrared. There 
were also issues associated with the dynamic range and 

sensitivity severely limiting the application of plasmonic 
devices as chemical sensors. The new device works across 
the entire visible range and uses microfluidics combined 
with dual pitch plasmonic arrays – a combination 
which had not been realised previously. This approach 
has several advantages. Firstly, the response of the 
device can be tuned to the particular analyte under 
investigation, enabling a 'by eye' sensor for a wide range 
of different chemicals. Secondly, the dual-pitched arrays 
offer greater sensitivity, acting as both a tuneable colour 
filter and a refractive index sensor.

However, when operating in the visible regime, the 
aperture pitch is relatively small, which leads to a 
compression of the optical dispersion between the 
different diffraction modes and makes the assignment 
of the plasmon resonance modes more challenging 
than for longer wavelengths. In some cases, modes 
can be assigned incorrectly, or sometimes they are not 
distinguished at all potentially leading to an erroneous 
result [6]. The polarisation-dependant output of dual-
pitch plasmonic devices allows the identification of 
specific points in the output spectrum which are 
invariant to the incident polarisation of the incident 
light [7]. These points are known as isosbestic points 
and constitute the reference points in the optical 
barcode the team used to distinguish between a series of 
different chemicals. Experimental results showing these 
effects are presented in Figure 2.

This optical barcoding approach ameliorates any 
issues associated with the incorrect assignment of 
plasmonic modes, it also greatly extends the range of 
wavelengths and thus chemicals that the device can 
detect. In the present work, modes were assigned using 
the dispersion relation developed by Ghaemi et al. [8] 
In contrast to existing approaches [2, 6], polarization 
control of the output of bimodal plasmonic lead to 
the unambiguous identification of the plasmonic 
resonance modes, which are normally used in 
spectral analysis for refractive index identification. 

Fabrication
To make the device, 200 μm microfluidic channels 
fabricated in polydimethyl siloxane (PDMS) were 
directly coupled to plasmonic nanostructures fabricated 
in an optically opaque Ag film. The conceptual design 
and schematic layout is shown in Figure 3, along 

Figure 3: (Top) SEM image of the device indicating the 
spacing between apertures in X (horizontal) and Y 
(vertical); the arm width is 40 nm and length is 150 nm 
(scale bar is 500 nm). (Bottom) The experimental setup 
indicating the normal incidence illumination and the 
nomenclature used: the green section representing 
the analyte, grey – the metal film, and blue – the glass 
substrate Figure and caption reproduced from [1].
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with a scanning electron microscope (SEM) image 
of the actual device and the experimental setup. 

The team used the Electron Beam Evaporator (EBE) 
at the Melbourne Centre for Nanofabrication (MCN) 
to deposit the silver coating, before using the Centre’s 
Focused Ion Beam Scanning Electron Microscope 
(FIB-SEM) to mill out the nanometre-sized crosses in 
150 nm thick silver films.  

Extending the utility of Plasmonic devices
Because detection is entirely passive, and the devices 
themselves can be readily miniaturized, plasmonics 
are an attractive path for the future of molecular 
sensing.  Previously, a lack of control over the output 
of plasmonic devices has limited their application to 
species which produce clearly identifiable resonances 
within the range of detection. The team has 
demonstrated that microfluidic devices incorporating 
polarization-controlled plasmonic nanopixels allow the 
device response to be tuned to the particular analyte 
of interest, anywhere within the visible spectrum. This 
dramatically increases the effective dynamic range 
and allows local variations in refractive index to be 
perceived directly as colour changes by the human eye. 
Active control over the device output also enables much 
better differentiation of different analytes by using the 
sensitivity of the plasmon resonances to the incident 
polarisation to construct an optical barcode for chemicals. 
This work paves the way for integrated, microfluidic- 
coupled, plasmon-based devices to be used for a wide 
range of real-world chemical sensing applications.

Future Directions
The team plans to use their new technology to 
develop a standalone chemical sensor for probing 
local environments at the microscale in a variety of 
applications.  Initially though, the aim is to tailor 
the device to agricultural applications, particularly 
monitoring contamination in plants and soils. The team 
would also like to develop a library of ‘optical barcodes’ 
for different chemicals and mixtures. This will involve 
seeking a suitable commercial framework for the 
research and development. The broad network of the 
Australian National Fabrication Facility, particularly the 
Melbourne Centre for Nanofabrication, will be pivotal 
in helping make the research and industry connections 

needed to direct this technology towards the highest 
impact applications with the greatest societal benefit.
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The Lazy Universe: An Introduction to 
the Principle of Least Action by Jennifer 
Coopersmith
by Jennifer Coopersmith, Oxford University Press (2017), 
267 pages, Hardcover ISBN 978-0-19-8743404-0 

Reviewed by Tania Powell: tania@justskin.com.au 

This book is an original, simplified interpretation of 
the classic The Variation Principles of Mechanics by 
Cornelius Lanczos [1]. The book is not meant to be 
a textbook as such, but the author aims “to explain 
why these equations and not others, and what do the 
equations mean”. This is in contrast to the approach 
in, for example, Synge and Griffith [2], where the 
advice is: “Do not attempt to see a physical meaning 
in these [mathematical] operations; it will not help”’. 

As stated in the title, this book is an introduction to 
the Principle of Least Action (PLA), in the first chapter 
the author introduces the Principle of Stationary 
Action (PSA), ‘The physical system seeks out the 
‘flattest’ region of ‘space’’ and how the Principle of 
Least Action is a more stringent condition of the PSA. 

The second chapter evaluates the history and 
precursors to the PLA including some of the physicists, 
mathematicians and philosophers. The chapter features 
a great number of scientists and mathematicians 
including: Simon Stevin, Christiaan Huygens, 
Gottfried Wilhelm Leibniz, Pierre de Fermat, Jakob 
and Johann Bernoulli, Leonhard Euler, Pierre-Louis 
Moreau de Maupertuis, Jean le Rond d’Alembert, 
Joseph-Louis Lagrange, William Rowan Hamilton 
and Carl Gustav Jacob Jacobi. The background history, 
although not exhaustive, is very relevant and gives 
an appreciation of the background to the principle.  

The third chapter recapitulates the mathematical and 
physical preliminaries that set the groundwork for the 
following chapters. Chapters four to seven explain 
how the principle can be derived from the Principle 
of Virtual Work, D’Alemberts principle, Lagrangian 
mechanics, and Hamiltonian mechanics, including 
quantum mechanics. Chapter 8 gives an overview of 
the whole of physics and how the Principle of Least 
Action underlies and fits into it. The final chapter titled 
‘Final Words’ is where the author summarises the inputs 
(physical, mathematical and philosophical) to show how 
the Principle of Least Action ‘works’, ‘applies across all 
scales’ and ‘is our best candidate for a necessary theory’. 

There are several appendices that allow the reader to 
discover and learn more about certain chapters, but the 
author states that the appendices ‘may be passed over 
without loss of continuity’, although I did enjoy reviewing 
the appendices – reminiscent of university years. The 
numerous footnotes throughout allow the reader to 
delve into greater depth on the material if desired. Those 
who wish to learn more can do so from the extensive 
bibliography and further reading recommendations.

Throughout the book the author uses examples that are 
easy for both physical scientists and lay readers to relate 
to. The way the author uses the examples, i.e. hand-
drawn pictures or graphs or photos, to demonstrate 
the physics and/or mathematics is impeccable, unique 
and well done. The detailed content ensures a thorough 
introduction to the PLA. The author uses a clear and 
concise approach to explain a selection of physical and 
mathematical equations. The book is meticulously 
written, the author successfully maintains the reader’s 
interest in the subject using a simple and fun approach 
including comments and personal opinions. A great 
introduction to the roots of physics or as the author 
states “a principle that underpins the whole of physics”. 

1.  Lanczos C, The Variational Principles of Mechanics, 
University of Toronto Press (1949).

2.  Synge and Griffith, Principles of Mechanics, 3rd 
edition, McGraw-Hill Book Company, Inc (1959), 
page 413.

Book reviews
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Honeysuckle Creek – The Story of Tom Reid, 
a Little Dish and Neil Armstrong’s First Step
By Andrew Tink, NewSouth Publishing (2018), 
264 pages, Paperback ISBN 9781742236087, eBook 
9781742244297

Reviewed by Peter Robertson: prob@unimelb.edu.au

This book is really two books in one. First and foremost, 
it is a biography of Tom Reid, who was director of the 
Honeysuckle Creek Tracking Station near Canberra; 
second, it tells the story of the role played by Honeysuckle 
in the Apollo 11 moon landing in 1969. The author, 
Andrew Tink, got to know Tom Reid personally 
when, as a law student, he dated Reid’s daughter. Tink 
later became a Liberal Party politician and served for 
nearly twenty years in the NSW Legislative Assembly. 
Despite not having a background in science, Tink has 
an impressive grasp of the sorts of engineering and 
technical challenges Reid faced over his career.

Tom Reid was born in Scotland and studied engineering 
at the University of Glasgow. In 1952, he migrated to 
Australia where he held a variety of jobs, including the 
testing of British ballistic missiles at Woomera. Reid 

developed a reputation as a brilliant engineer and as 
an outstanding manager of people. In 1967, NASA 
appointed Reid as the director of the Honeysuckle Creek 
Tracking Station which, unlike other NASA stations 
around the world, was fully staffed by Australians and 
not Americans.

Tink’s aim is to describe the important role played by 
Honeysuckle in the Apollo 11 moonwalk, which has 
been largely overlooked. Most Australians know about 
Parkes through the film The Dish, but the film ignores 
the part played by Honeysuckle.

When Armstrong and Aldrin landed on the lunar 
surface, NASA planned to use the TV signal received 
by its large dish at Goldstone in California. However, 
because of technical problems, the quality of Goldstone’s 
signal was very poor and so NASA decided to switch 
to the smaller Honeysuckle dish, just as Armstrong 
descended the steel ladder. Tink captures the moment: 
‘Tom Reid and his Honeysuckle team had nailed – they 
had absolutely nailed – live television of this supreme 
moment: the culmination of more than a decade’s work 
by almost half a million people, when a human being 
had, for the first time in human history, set foot on a 
celestial body.’

I do have however one gripe (which will probably show 
my own bias). It is not until late in the book that we 
learn that six minutes after Armstrong’s first step, the 
Moon came into view of the Parkes dish. The quality 
of the TV signal from the larger Parkes dish was much 
better than Honeysuckle’s and so NASA immediately 
decided to use Parkes for the remaining two hours of 
the moonwalk. Parkes is mentioned several times in 
the book, though usually it is to downplay Parkes’ role 
relative to Honeysuckle’s. Surely we should celebrate 
the fact that it was not one, but two Australian dishes 
that brought to the world this extraordinary moment in 
human history.

Aside from Parkes, I can highly recommend this very 
well written and very readable book.

For all information about the Australian Institute of  
Physics, visit:  www.aip.org.au
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Caustics all around us
If we put on our scientists’ hats, look around us and 
observe the way light behaves, we should notice that 
the illumination cast by light is altered by transparent 
materials and reflected by shiny surfaces. Many years 
ago, the ancient scientists saw this too. Imagine how 
a famous ancient Greek scientist like Pythagoras took 
a cleaned-up crystal of quartz he found in a field and 
observed the way sunlight changed when it passed 
through it.  He would have noticed that an angularly 
shaped quartz crystal could produce a concentration of 
the sunlight after it passed through the crystal. When 
he put his finger into this concentration he would have 
noticed it was hot! In fact, the patterns of light created 
like this is named after the Greek word for ‘burnt’ which 
is ‘caustic’. A simple way for us to see a caustic is to take 
a glass of water and place it on a table in a beam of 
sunlight; you can see my attempt at this in the photo. 
The glass and the water both change the way the light 
illuminates the table underneath the glass.

You might also see networks of caustics on the bottom 
of a swimming pool, when there are lots of ripples 
on the water surface. We know this light bending as 
‘refraction’. The exact details of how this happens are a 
bit more complex but we can simplify the situation to 
aid our understanding: We can imagine that a sunlight 
beam consists of a bundle of ‘rays’ of light. As light rays 
pass from air through the glass and the water they are 
bent (refracted) either moving towards or away from 
each other. If they move towards each other they add up 
and we get a bright concentration, if they move away the 
illumination is darker. The bright edges of the pattern 
created like this is known as the envelope and it is this 
that forms the caustic. 

You may already know that refraction is the way that 
lenses work. Lenses are made to bend light rays exactly 
how we want them to. I suspect that if Pythagoras had 
a nice glass lens to observe its effects he may have badly 
scorched his finger.

An interesting point about refraction is that the angle the 
ray is changed by depends on its colour. The difference is 

Young Physicists’ Page
Let’s explore how light is bent to form bright lines called ‘caustics’. If you read the September edition 
of Australian Physics magazine last year (55, number 5) you will have noticed that caustics were in 
the limelight. An article by accelerator physicist Tessa Charles explained how they turn up in beams of 
electrons too. 

quite small, so you would not necessarily see the result in 
the caustic from a glass of water: but what about drops 
of water which are far away? You might have already 
guessed that this is something we sometimes see in the 
sky: a rainbow. Yes, rainbows are caustics too.

The glass with the water in it is has a shiny surface 
so it reflects the rays of sunlight  as well as refracting 
them. The result of the reflection can be seen on the 
table underneath the inside the glass. A reflection caustic 
can be formed by a shiny surface which is cylindrical. 
Reflection caustics are called ‘catacaustic’ whereas 
refraction caustics are called ‘diacaustics’, if you want 
the mathematical terms. As a result we see a pattern 
which has two lobes and is kidney shaped. In fact, these 
caustics are ‘nephroid’ shaped, which means ‘like a 
kidney’. You can see nephroid caustics on the inside of 
mugs and cups if the light is right; often showing up on 
the surface of your tea. 

Your challenge: can you find some interesting caustics to 
take a photo of? Have a look especially on a sunny day at 
cups and glasses, or shiny curved surfaces. Send us your 
best photo and we will publish it. 

Caustics showing on the table from a glass of 
water.
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SAMPLINGS
Call for US to develop its own compact 
fusion plant
The US should begin its own R&D programme 
into a compact pilot fusion plant that would produce 
electricity at the lowest possible capital cost. That is 
according to a report by the National Academies of 
Sciences, Engineering, and Medicine (NASEM), which 
has also recommended that the country remain in the 
international ITER fusion project that is currently under 
construction in Cadarache, France.

The international ITER fusion project that is 
currently under construction in Cadarache, 
France. (credit: ITER Organisation)

Expected to cost tens of billions of euros, the ITER 
fusion reactor aims to show that it is technically feasible 
to get usable amounts of energy from a controlled fusion 
reaction. The project has, however, been hit by numerous 
delays and the first plasma is not expected until at 
least 2025 at the earliest. The first experiments using 
a “burning” fusion fuel – a mixture of deuterium and 
tritium – will not begin until the mid 2030s with the 
facility aiming to generate 500 MW of power. ITER’s 
rapidly increasing budget has also led to frequent – 
although so far unsuccessful — efforts by the US Senate 
to withdraw from it.

The NASEM report, issued in late December, builds on 
an interim version published in early 2018 that warned 
of the consequences of leaving ITER. The latest version 
states that ITER is the “only existing project expected 
to create and study a burning plasma [being] the next 
critical step in the development of fusion energy”. Yet 
the report also indicates that the US needs its own 
complementary fusion programme. Without it, says 

panel co-chair Melvyn Shochet, a physicist at the 
University of Chicago, “the US risks being overtaken 
by other countries that are ramping up their science and 
technology”.

The report imagines a compact pilot plant capable of 
producing a similar power to ITER in a device much 
smaller in size and cost. Knowledge obtained from such 
a device, it asserts, would be sufficient to design the first 
commercial fusion power systems. “The programme 
management strategy for the coming decades would 
benefit from exploiting the benefits of US ITER 
participation as a full partner, while advancing a 
coordinated domestic research program directed at 
elements of a fusion power system not addressed by 
ITER,” the authors state.

The report has also earned positive reviews from 
members of the private fusion community, including 
Jeff Quintenz, energy group vice president of General 
Atomics. “We are particularly pleased with the 
committee’s endorsement of US participation in the 
ITER project and its recommended strategy to pivot 
the US programme toward a fusion energy goal in the 
intermediate term,” he says.

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

Dying star sheds light on spin of 
supermassive black hole
A surprising X-ray signal coming from a supermassive 
black hole at the centre of a distant galaxy could 
provide crucial information for determining how these 
behemoth objects are formed.

The two most fundamental properties of a black hole are 
its mass and its spin. If you know these, “then you know 
everything there is to know about a black hole,” says 
Dheeraj Pasham of the Kavli Institute for Astrophysics 
and Space Research at the Massachusetts Institute of 
Technology, who led the observation.

Measuring the mass of a supermassive black hole at 
the heart of a galaxy is relatively straightforward. 
Astronomers just determine the velocity of stars in orbits 
around the object, and the more massive the black hole, 
the faster the stars are moving. Measuring how a black 
hole is spinning, however, is more complex because the 
spin only affects space-time very close to the black hole’s 
event horizon.
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On 22 November 2014, the All-Sky Automated Survey 
for Supernovae (ASASSN) detected a massive flash 
of X-rays from a galaxy 300 million light-years away. 
Called ASASSN-14li, the event proved not to be a 
supernova, but the death cry of a star pulled apart by 
the tidal gravitational forces of a supermassive black hole 
with a mass about a million times greater than the mass 
of the Sun.

A trio of X-ray satellites – the Chandra X-ray Observatory, 
XMM-Newton and Swift – quickly followed up, and 
while pouring through the data collected, Pasham and 
his colleagues in the United States and Europe found 
an additional, mysterious but periodic, X-ray signal that 
persisted for the 450 days of observations made by the 
three satellites.

The signal brightens and fades every 131 s and, at its 
peak, is 40% stronger than the average X-ray brightness 
of the black hole. The short period implies that it comes 
from a source that is orbiting very close to the black 
hole, in what is known as the innermost stable circular 
orbit (ISCO). This is the smallest orbit that an object 
can take around a black hole without falling through 
the event horizon. The faster the black hole is spinning, 
the closer the ISCO is to the event horizon. Based on 
the 131-second periodicity of the orbit, Pasham’s team 

calculate that the event horizon of the black hole is 
spinning at half of the speed of light.

Some of the debris from the dead star, which produced 
the original burst of X-rays when it was “spaghettified” 
by the black hole’s gravitational tidal forces, should still 
be circling around the black hole, but the debris alone 
would not produce the periodic X-ray signal. Instead, 
the best explanation, says Pasham, is that there is an 
unidentified object also in orbit around the black hole. 
This object must be denser than the star that was torn 
apart, otherwise it too would have been destroyed by 
gravitational forces – and this leaves few options.

Pasham’s theory is that the object in the ISCO is a white 
dwarf, which is the dense core remnant of another star. 
The stellar debris accumulates onto the white dwarf, 
creating a hotspot on its visible surface. As the white 
dwarf orbits the black hole, we see the X-ray signal from 
the hotspot periodically brighten and fade as it moves 
behind the black hole.

[Dheeraj R. Pasham et al., Science, 09 Jan 2019: 
eaar7480, DOI: 10.1126/science.aar7480]

Extracted with permission from an item by Keith 
Cooper at physicsworld.com.

Artist's impression showing a disc of hot gas orbiting a rapidly-spinning black hole. The elongated spot depicts an X-ray-
bright region in the disc. (Courtesy: NASA/CXC/M Weiss)
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LIGO upgrade to allow ‘almost daily’ 
detection of gravitational waves
The UK and US have announced a $35m upgrade 
to the Advanced Laser Interferometer Gravitational-
wave Observatory (aLIGO). The improvement will 
see the twin observatories — located near Hanford, 
Washington and Livingston, Louisiana in the US – 
double their sensitivity to gravitational waves. Work 
on the upgrade will start in 2023 and be complete two 
years later.

Each LIGO facility works by sending twin laser beams 
down two 4 km-long tubes – arranged as an L-shape – 
that are kept under a near-perfect vacuum. The beams 
are reflected back down the tubes by mirrors precisely 
positioned at the ends of each arm.  As a gravitational 
wave passes through the observatory, it causes extremely 
tiny distortions in the distance travelled by each laser 
beam.

LIGO first turned on 2002 and was upgraded between 
2010 and 2015 to improve the facilities’ ability to 
spot gravitational waves by a factor of 10. Thanks to 
this $221m upgrade – known as Advanced LIGO, or 
aLIGO – researchers can detect gravitational waves that 
originate anywhere within a sphere of about 420 million 
light-years in radius, centred on the Earth.

That breakthrough was announced in February 2016 
when researchers working on aLIGO directly detected 
gravitational waves for the first time in an event in 
September 2015 – when aLIGO was being calibrated. 
The waves were produced from the collision of two 
black holes of 36 and 29 solar masses, respectively, 
which merged to form a spinning, 62-solar-mass black 

hole, some 1.3 billion light-years (410 Mpc) away in 
an event dubbed GW150914. The finding ended the 
decades-long hunt for these ripples in space–time and 
marked the beginning of a new era of gravitational-
wave astronomy that has since resulted in around 10 
gravitational-wave events being detected including from 
the merger of two neutron stars.

While aLIGO is set to begin another operating run in 
the next couple of months, plans are now afoot to boost 
its sensitivity even further. The US National Science 
Foundation (NSF) announced today that it will provide 
$20.4M for a further upgrade to the facility, dubbed 
aLIGO+. The UK Research and Innovation, meanwhile, 
will provide a further $14.1M with additional support 
from the Australian Research Council.

The upgrades will include applying new coatings to the 
mirrors to reduce thermal noise as well as improvements 
to the laser system. aLIGO+’s capabilities are expected 
to probe the origins and evolution of stellar-mass black 
holes as well as allow precision tests of extreme gravity 
and enable detailed study of the equation of state of 
neutron stars. 

According to David Reitze, executive director of the 
LIGO Laboratory, the upgrades will see the observatory 
being able to detect binary black hole collisions on “an 
almost daily basis”. The improvement will also be made 
“as standard” to the planned LIGO facility in India, 
which, if built, is expected to come online in 2025.

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

LIGO Livingston observatory (credit: Caltech/MIT/LIGO Lab)
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Physicists propose huge European neutrino 
facility
An international team of researchers has proposed an 
ambitious new experiment that would involve firing 
neutrinos from a particle accelerator in Russia to a 
detector 2500 km away in the Mediterranean Sea. 
The researchers claim that the facility would provide 
unparalleled insights into the properties of neutrinos 
and elucidate the mystery of why matter dominates over 
antimatter in the universe.

Neutrinos are fundamental particles that are created 
in huge numbers by cosmic sources but can also be 
produced by nuclear reactors and particle accelerators. 
As they interact only weakly with matter they are 
difficult to detect. There are currently three known 
types of neutrino that can oscillate between their 
different “flavours” as they travel. It was long believed 
that neutrinos have no mass, but we now know that they 
have one of three tiny, discrete masses. Yet scientists have 
not yet been able to determine the relative ordering of 
the three neutrino masses as well as discover the extent 
to which neutrinos violate charge-parity symmetry — a 
finding that could help to understand why the universe 
is dominated by matter rather than antimatter.

There are already several “long-baseline” accelerator 
neutrino experiments that are in operation or being 
developed, which are attempting to shed further light 
on the nature of neutrinos. The T2K experiment in 
Japan sends neutrinos from the Japan Proton Accelerator 
Research Complex in Tokai with energies around 600 
MeV to the Super-Kamiokande detector some 295 km 
away. The US-based NOvA experiment, meanwhile, 

operates at 2 GeV over the 810 km distance between 
Fermilab in Chicago and a detector based in Minnesota. 
The planned Deep Underground Neutrino Experiment 
project, which is currently under construction, will 
produce a 3 GeV beam of neutrinos at Fermilab that 
are then sent 1300 km to an underground detector in 
South Dakota.

Researchers in Europe have now proposed their own 
long-baseline facility. A collaboration of 90 researchers 
from nearly 30 research institutes have published a 
letter of interest to build the Protvino-ORCA (P2O) 
experiment. In the letter, they explain how they would 
upgrade a 70 GeV synchrotron particle accelerator at 
Protvino — 100 km south of Moscow — to generate 
a neutrino beam. According to the plans, this would 
then be sent to the Oscillation Research with Cosmics 
in the Abyss (ORCA) detector, which is currently being 
built off the coast of Toulon, France by the KM3NeT 
collaboration.

Neutrinos achieve maximum oscillation at different 
distances depending on their energy levels. P2O — 
with its 2595 km baseline — would allow it to achieve 
maximum oscillation at neutrino energies of around 
4-5 GeV. Astroparticle physicist Paschal Coyle, who 
belongs to the KM3NeT collaboration, says that these 
parameters make P2O ideal for disentangling the effects 
of mass ordering and charge-parity violation. “In other 
long baseline experiments there are ambiguities that 
make it harder to decouple the two contributions,” he 
adds. 

Extracted with permission from an item by 
Simon Perks at physicsworld.com

Artist impression of a proposed long-baseline neutrino facility (credit: Edward Berbee/Nikhef)
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PRODUCT NEWS
Lastek
1. New Scale Technologies: We shrunk the 
controller! 

Built in Controller. Smallest Size. Fastest Integration.

New Scale Technologies embedded motion systems 
make great products smaller .  

The M3 Smart Modules have built-in controllers. No 
separate control board is needed. They are ready to plug-
and-play directly with your system processor and a 3-6V 
DC power supply. You achieve the smallest system size, 
fastest time to market and lowest system cost.

M3 modules are the smallest, easiest-to-use motion 
systems for adding embedded motion in OEM products. 
We shrunk the controller and put it inside the module, 
and use low-voltage piezo motors to eliminate high 
voltage in the system. No other micro stage is as well-
suited for integration into battery-powered, handheld 
and portable instruments. 

2. WaveGo Handheld Spectrometer for 
Light Measurement from Ocean Optics  
Accurate Handheld Light Measurement Solution 
WaveGo is ideal for applications that require a simple, yet 

highly accurate result when characterising light sources. 
The app calculates and displays all the essential metrics 
for quantifying light, and connects the data to a user 
account via the cloud. Our solution harnesses Ocean 
Optics technology used in scientific analysis, along 
with the power of your smart-phone to deliver a quick, 
accurate and intuitive solution for light measurement on 
the go.  

3. The New FemtoFiber ultra 920 from TOPTICA

The FemtoFiber ultra 920 is the new member of 
TOPTICA's third generation ultrafast fiber lasers for 
spectroscopy and microscopy. The system delivers laser 
pulses with a pulse duration of less than 100 fs at a central 
wavelength of 920 nm with more than 1 W of average 
output power. The cost-effective and maintenance-free 
design of the laser is optimized for OEM integration 
featuring a compact and cold laser head that is connected 
to a 19” rackmount control and supply unit. 

• Ultrafast fiber laser @ 920 nm
• Unique approach: < 100 fs with > 1 W power
• SAM mode locking, PM fiber based MOPA system
• Robust, reliable, compact, cost-effective, push-  
 button
• Air cooled system, < 150 W power consumption

Warsash
Large area CMOS beam profiler
DataRay, a global pioneer in the design and manufacture 
of laser beam profilers has launched the TaperCamD-
LCM large area CMOS beam profiler.

The TaperCamD-LCM large area CMOS beam profiler 
includes industry leading features such as 25 x 25 mm 
active area, 12.5 μm (effective) pixels and port powered 
USB 3.0.  With a 25,000:1 electronic auto-shutter (79 
μs to 2 s) the TaperCamD is suitable for both CW and 
pulsed laser profiling.
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Key features include:
• 355 to 1,150 nm wavelength range.
• 4.2 MPixel, 2,048 x 2,048 pixels, 12.5 um pixels  
 (effective).
• 25 x 25 mm active area.
• HyperCalTM – dynamic noise and baseline   
 correction.
• Isolated pulse triggering and parallel capture.

Pulsed laser power measurement systems
Labsphere’s Pulsed Laser Power Measurement Systems 
assure an accurate, reproducible method of determining 
the total power from a collimated or divergent laser or 
laser diode.  The unique geometry of the sphere means 
that laser power measurements are independent of beam 
polarisation and are insensitive to beam alignment.

The systems provide options for laser power measurement 
over the 350 to 1,700nm wavelength region for optical 
powers ranging from nW to hundreds of Watts.  The 
system’s calibrations are traceable to the National 
Institute of Standards and Technology (NIST).  Each 
system consists of a laser power measurement sphere, 
post holder and base assembly, a detector assembly, and 
multi-wavelength calibration.

L-408 compact linear stage
Physik Instrumente, a global leader in the design and 
manufacture of high precision motion control systems 
has launched the L-408 compact linear stage.

The L-408 linear stage family with crossed roller 
guides and anti-creep system offer exceptional stiffness 
and smooth running ideally suited for industrial and 

scientific applications.  The inherent stiffness of the 
crossed roller guides allows for smoother running, 
higher guiding accuracy and a load capacity of 20kg.

Key features include:
• 25 mm travel range.
• Stepper or DC motor options.
• Minimum step size of 100 nm or 500 nm.
• Crossed roller guide with anti-creep system.
• Integrated Hall effect reference and limit switches.

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

Coherent Scientific
Lake Shore M91 - A New Approach to Hall 
Measurement
The MeasureReady M91 FastHallTM measurement 
controller is a revolutionary, all-in-one instrument that 
delivers significantly higher levels of precision, speed, 
and convenience to researchers involved in the study of 
electronic materials.
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Featuring Lake Shore’s patented new FastHall 
measurement technique, the M91 fundamentally 
changes the way the Hall effect is generated and 
measured by eliminating the need to switch the polarity 
of the applied magnetic field during the measurement. 
This breakthrough results in faster and more accurate 
measurements, especially when using high field 
superconducting magnets or when measuring very low 
mobility materials.

• Removes the need for field reversal
• Applicable to any magnet type
• More than 100x faster than previous Hall   
 measurements
• Ideal for measuring low mobility materials

New AFM for Advanced Nanoscale Qualification
Bruker has released the new Dimension XR family of 
scanning probe microscopes (SPM's). These new systems 
incorporate major AFM innovations, including Bruker's 
proprietary and exclusive DataCube nanoelectrical 
modes, AFM-SECM for energy research, and the new 
AFM-nDMA mode, which for the first time correlates 
polymer mechanics to bulk dynamic mechanical 
analysis (DMA).

Building on two of the world's most utilised AFM 
platforms in scientific publications, the ICON and 
FastScan, Dimension XR SPM's are available in 
three configurations optimised for nanomechanics, 
nanoelectrical and nanoelectrochemical applications. 
These systems significantly expand researchers' ability 
to quantify material properties at the nanoscale in air, 
fluids, electrical and chemically reactive environments.

New 2019 Semrock catalogue
The new Semrock catalogue is now available.

Semrock manufactures hundreds of standard optical 
filters for immediate despatch (and our express delivery 
service): bandpass filters, dichroic beamsplitters, edge 
and notch filters, Raman spectroscopy filters, mirrors 
and fluorescence filter sets. Rapid custom sizing of most 
items is also available. All items come with a 10 year 
warranty.

For further information please contact:
Teresa Rosenzweig
teresa.rosenzweig@coherent.com.au
www.coherent.com.au
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Zurich Instrument
HDAWG-PC Real-time Precompensation
Zurich Instruments introduces real-time precompensation 
technology for the HDAWG arbitrary waveform generator. 
By inverse filtering, precompensation minimizes effects of 
imperfections in the wiring and ensures that the signal 
applied to the device under test equals the signal designed 
on the HDAWG. Multiple filter types are available 
to correct for AC coupling, spurious inductances and 
capacitances, impedance mismatches, amplifier ringing, 
and others. This makes the HDAWG the only AWG on 
the market with real-time precompensation.

With the HDAWG-PC Real-time Precompensation 
option, each channel of the HDAWG is equipped with 
a chain of digital filters between the waveform generation 
unit and the digital-to-analog converter. Each filter can 
be individually enabled and configured in situ while 
monitoring the effect on the signal at the device under 
test, e.g. as displayed on an oscilloscope. The LabOne 
Precompensation Simulator allows the user to match the 
measured signal with the simulated effect of the inverse 
filter and thus helps finding the right filter parameters 
quickly. Once this is done, the user can proceed to work 
in the LabOne AWG Sequencer and rely on the visualized 
waveform data. Real-time precompensation considers the 
full history of the signal over long time scales without 
consuming waveform memory and is compatible with 
dynamic sequencing where the pattern is only known at 
the time of the experiment.

The main application for the 4 and 8 channel HDAWG 
with the precompensation option are quantum computing 
application with flux bias pulses for superconducting qubits 
or gate voltage pulses for spin qubits. Other applications are 
EPR (electron paramagnetic resonance) or NMR (nuclear 
magnetic resonance).

Counter Quantum Analyzer for Parallel Readout of 
10 Qubits 
The Zurich Instruments UHFQA Quantum Analyzer 
represents the new standard for multi-qubit readout in 
ambitious quantum computing projects. The UHFQA 
measures the state of 10 qubits simultaneously with state-

of-the-art speed, fidelity, and innovative signal crosstalk 
suppression techniques. In dual-sideband operation, 
a frequency span up to 1.2 GHz is covered. Now, the 
combination of UHFQA and the HDAWG Arbitrary 
Waveform Generator forms a complete solution for multi-
qubit control and measurement in the baseband. Text. As 
much or little as you see fit.

The UHFQA consists of a dual-channel 14-bit arbitrary 
waveform generator and a dual-channel signal acquisition 
and analysis unit, both running at a 1.8 GSa/s rate. The 
analysis unit contains 10 configurable digital filters, each 
4 kSamples long, allowing for precise matching to a 
given qubit transient response. Such a matched filter can 
significantly improve SNR and readout time compared 
with unweighted signal integration. Crosstalk suppression 
by a fully configurable 10 x 10 matrix multiplication 
allows faithful readout, even as the system size increases. 
The 32-bit DIO interface enables low-latency transmission 
of the multi-qubit state for quantum error correction. The 
UHFQA comes with LabOne software for configuration 
and measurement. APIs for Python, LabVIEW, MATLAB, 
and .NET support rapid integration into specialized 
software environments like QuCoDeS.

The UHFQA is used in demanding quantum computing 
applications with superconducting and spin qubits.

Zurich Instruments AG
Technoparkstrasse 1
CH-8005 Zurich, Switzerland
Tel.: +41 44 5150410
info@zhinst.com
www.zhinst.com/products 
Twitter: @zhinst

Australian Sales Partner: 
Warsash Scientific 
www.warsash.com.au
sales@warsash.com.au
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(08) 8150 5200
sales@coherent.com.au
www.coherent.com.au

Cryogenic Probe Stations

Hall Effect Platforms

VSM Platforms

Cryogenic Sensors

Temperature Controllers

Magnetic Instruments and Sensors

Electromagnets, Coils, Power Supplies

Materials characterisation solutions,
cryogenic temperature control 
products and magnetic field 
measurement and control

Measurement & Control Solutions

MeasureReady M91 FastHall™ Measurement Controller

Simple, convenient and fast hall measurement

All-in-one instrument : automatically executes 
measurement steps from start to finish

A cost-effective way to build a new Hall 
measurement system or upgrade an existing one

Patented FastHall™ technology measures 
even low-mobility materials accurately

Low mobility material measurement

Fastest time to results


