
VOLUME 56, NUMBER 4, JULY-AUG 2019

WOMEN IN STEM DECADAL PLAN

QUANTUM INFORMATION

MORE STORIES FROM THE PERIODIC TABLE

PHYSICS EDUCATION RESEARCH



74 AUSTRALIAN PHYSICS 56(4)  |   JULY-AUG 2019

Continuous wave lasers

Ultrafast lasers

finesse pure
Low noise, <0.02% RMS, pump source available from 
4 W - 16 W with field replaceable diodes

torus family
Single longitudinal laser with TruLoQTM to ensure no mode-
hop. Wavelengths available at 532 nm and 660 nm 

taccor comb
1 GHz mode spacing with easy access to 
the VIS/NIR range

venteon family
<5 fs octave spanning pulse, ideal for CEP 
applications

gecco
<15 fs pulses at 94 MHz or 280 MHz repetition rates and 
SelfLoQTM mode locking technology

HASSP-THz
High resolution THz spectrometer with 1 GHz resolution and 
spectral coverage of >6 THz

Phone: 08 8443 8668   
E-mail: sales@lastek.com.au

gem family
Reliable and robust laser with 400,000 hours MTTF. Up 
to 2 W power, ranging from 473 nm - 671 nm
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Introducing nano-FTIR
Imaging and Spectroscopy @ 10nm Spatial Resolution 

Chemical ID @ 10nm best in class spatial resolution 

Highest nano-FTIR imaging & spectroscopy speed 

Directly correlates with conventional FT-IR spectra
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MFLI Lock-in Amplifier
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As we write this, the celebrations of 
the 50th anniversary of the Mmoon 
landing are in full swing. Our cover is a 
nod to the theme of space exploration, 
in the form of the element hydrogen, 
which has a starring role (sorry) in 
the history and future of physics and 
astronomy.  Space is also the theme of 
National science week (August 10th 
to 18th), where the Australian physics 
community will be reaching out to 
the general public. Connected to this, 
the Perspectives section highlights 
several important aspects of public 
engagement and consultation. 

Interestingly, the July and August issues of Australian Physics 
from 1969 appear not to mention the Moon landing at all. 
They do, however, include discussions of physics education and 
physics in industry. Like all back issues, these can be perused at  
http://aip.org.au/australian-physics/. 

Physics education is also a topic in this issue of Australian Physics, 
with the Physics Education Group providing a primer on the nature, 
history and future of the field in Australia. Education in science 
disciplines and the success of young researchers go hand in hand. 
Jacq Romero outlines the work which won her the AIP Ruby-Payne 
Scott medal for Early Career Researchers, including some personal 
reflections on her journey. 

In our opinion, storytelling is part of the practice of physics and 
science more broadly. We present more stories from the periodic 
table of the elements to continue our cross-disciplinary spotlight on 
discovery and endeavour, and we also include a celebration of the 
life of Sev Crisp.

We invite you to consider what physics stories you can tell. Share 
them with us at aip_editor@aip.org.au.

All the best,
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Acknowledging the AIP’s many volunteers 
I am writing this just after the mid-year meeting of the 
AIP national executive. We spent two very full days in 
Canberra working on a strategic plan, setting priorities 
and running through the enormous list of actions 
required to run the Institute. The plans will be circulated 
before being taken to Council for approval early next 
year. As part of this review and planning process I was 
struck by the tremendous effects of the dedicated bunch 
of volunteers that drive the AIP. I would like to use this 
column to say a few words about this aspect of the AIP, 
‘a professional society run by volunteers’. 

The volunteers of the AIP are people who carry the load 
of the AIP. Who undertake the accreditation visits to 
universities all over Australia, who organise conferences, 
public lectures and outreach events, who serve on our 
many committees. The people who ensure we spend 
our funds carefully and lawfully, or spend endless hours 
managing our membership base. 

These people are not paid by the AIP. We certainly 
could not afford to pay for their expertise. All the AIP’s 
funds come from the members fees and we, like most 
professional societies, do not employ a professional 
officer to ‘do’ any of our professional activities. We all 
carry that load. Many, especially those in the university 
sector and government laboratories, have this service 
role acknowledged by their employers but some do not. 
There are the many retired members who continue to 
contribute,  in some cases long after they have stepped 
down from their professional roles. We are especially 
grateful for their contributions. 

The AIP offers the network - an established grid of 
connections that would be near-impossible to build 
up from scratch today. We have groups connected by 
location, these are our state-based branches, and groups 
connected by sub-discipline, our topical groups. Then we 
have a central structure that links all the groups together. 
We are the only organisation that is in a position to 
lobby for the importance of ‘physics’ Australia wide. But 
like a road or rail network we still need vehicles to carry 
the load and in my role as president I see many people 
who carry a lot of the load and I thank them very much.

I hesitate to name individuals 
here as I will inevitably leave 
some people out but the 
following people deserve our 
thanks:

Deb Kane – Head of the AIP 
accreditation committee

Dan O’Keeffe - Victorian 
branch/Girls in Physics breakfast

Jason Dicker – TAS branch/school outreach and support

Joe Hope – Webmaster

Gail Iles - Chair 2019 Summer meeting and Victorian 
branch chair

Stephen Collins – Honorary Registrar 

Judith Pollard – Honorary Treasurer

Kirrily Rule - Honorary Secretary

Olivia Samardzic – Special Project officer for awards 
and medals

Of course that is not an exhaustive list but is a list of folks 
who may not be so visible in their roles or be routinely 
publicly thanked. Of course I also acknowledge the 
work by all the chairs and members of branches, topical 
groups, the organisers for AIP events like the Women 
in Physics Lecture and the Congress, the editors of 
Australian Physics and the people who contribute 
articles, and those who sit on accreditation and awards 
committees.

Thank-you all for your service. 

Finally, I like to think that the AIP is a little bit magic. 
That we are greater than the sum of our parts. I hope 
people feel that investing time towards strengthening 
physics in Australia is perhaps slightly more impactful 
under the AIP network and we are all driving towards a 
common set of goals. 

-Jodie Bradby

President's Column
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PERSPECTIVES
Women in STEM Decadal Plan
It’s now a few months since March, when Minister 
Andrews launched the Australian Academy of Sciences’ 
Women in STEM decadal plan. It outlines the benefits 
to be gained from fully harnessing and integrating the 
underutilised female talent in this country in the STEM 
sector. Acknowledging both a low uptake of STEM at 
secondary level, and the loss of female talent through 
a ‘leaky’ career pipeline, the plan articulates six key 
opportunities with detailed action plans:

• Strengthening leadership and cohesion across the 
STEM ecosystem for better diversity outcomes

• Evaluating progress at the national scale to guide 
decision making and investment

• Creating a workplace culture that promotes gender 
equity through challenging stereotypes, enabling 
flexibility, and removing bias and discrimination

• Increasing visibility of women in STEM careers, 
media, public events, and other fora

• Strengthening the education system to enable and 
encourage girls and women to participate in STEM

• Addressing gender equity amongst small and 
medium-sized enterprises (SMEs) to reach industries 
not covered by existing programs

This plan matters to Physics 
in Australia. Physics is the 
third lowest of the Australian 
STEM-stream enrolments (after 
engineering and IT) at both year 
12 and university levels, with 
only 25 % female participation, 
and so there is a lot of scope to 
improve. For our community, appealing to the next 
generation of female physicists is critically important 
to boost participation levels and make the most of 
opportunities by engaging the full gender spectrum 
(and it is great to see our female physicists getting the 
chance to do that through programs such as Superstars 
of STEM). As a community we also need to work on 
making sure that once women choose physics, they are 
supported with the right environment to encourage 
them to stay and make their best contribution. We 
still need to evolve our attitudes and biases and strive 
to create an environment that is safe and welcoming of 
all and recognise and nurture capability that presents in 
ways beyond the dominant paradigm.

If you have not yet read the plan, it is well worth a look. 
As well as the above, it collates and graphically presents 
key Australian statistics highlighting the magnitude 
of the gender gap in STEM in Australia, such as the 
23.7% pay disparity across the sector. In addition the 
appendices contain a lot of really useful information 
for anyone seeking to understand what the barriers to 
women’s participation in STEM in Australia may be, 
and how they play out in the workplace. – This is a great 
resource, also for male champions of change who want 
a better understanding of the area. The plan is available 
for download from the Academy’s website.

Since the release of the plan we have of course had a 
Federal election. With the Morrison Government 
returned to office, it’s great to see Minister Andrews 
continue in the Science portfolio, as she is clearly a 
strong advocate and champion of increasing women’s 
involvement in STEM into the future. The Department 
of Industry, Innovation and Science released a response 
to the plan: ‘Advancing Women in STEM’ which 
outlines the Government’s policy in taking forward 
the plan’s recommendations, and indicates the strong 
commitment to addressing gender disparity in this 
sector into the future.
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Workshop on Moving from Diversity to 
Inclusion in the Sciences, 17 April 2019
In mid-April, the National Measurement Institute, 
ANSTO and CSIRO, together with the Department 
of Industry, jointly hosted a Workshop on Moving 
from Diversity to Inclusion in the Sciences. Keynote 
lectures were provided by Deputy Secretary Mary Ann 
O’Loughlin AM, Dr Adi Paterson, ANSTO CEO and 
Ms Jane Coram, Director, CSIRO Land & Water, 
followed by an engaging panel discussion involving 
leaders from each organisation, the Department and 
Dr Wafa El-Adhani, Executive Director of the SAGE 
Programme coordinated through the Academies of 
Science and Applied. The event was open to staff 
from science and research agencies as well as students 
in STEM. The event provided a platform for leaders 
to reinforce their commitment to inclusive STEM 
workplaces, to have open discussion around a number 
of challenging scenarios as well as empower everyone to 
make changes, however small, to improve behaviours 
and be champions of change. 

A video of the event will be available soon (watch 
this space). The organisers are keen to continue the 
conversations, also in preparation for what they are 
planning for 2020. 

Contact: angela.samuel@measurement.gov.au or 
andrea.sosapintos@csiro.au for more. 

Melbourne student finishes in top 20% at 
Asian Physics Olympiad

Australia’s young physics champions who competed 
at the first Asian Physics Olympiad to be hosted in 

Australia have won a bronze medal and two honourable 
mentions. Bronze medal winner Stephen Catsamas, a 
Year 12 student from Marcellin College in Melbourne, 
scored in the top 20 per cent of the competition.

The honourable mentions went to Year 12 Canberra 
students Rosemary Zielinski from Merici College, and 
Simon Yung from Narrabundah College. They received 
their awards at the Asian Physics Olympiad closing 
ceremony at the Adelaide Convention Centre on Sunday.

Eight Australian students from Melbourne, Sydney, 
Canberra, Perth and Sutton, NSW were among 168 
competitors from 22 other Asian countries and regions 
who sat demanding five-hour experimental and theory 
exams in a contest recognised as Asia’s toughest physics 
competition for high school students.

“Our Olympiad team has worked hard across many 
months to develop their physics skills at a university 
level. It’s great that their determination has paid off in 
what was a really tough competition against powerhouse 
nations such as China and Russia,” says Siobhan 
Tobin, Physics Program Director, Australian Science 
Olympiads program.

Contestants from China, Russia and Israel attained the 
top 10 scores of the competition. The overall winner, 
Gregorii Bobkov from Russia, achieved the highest 
combined score in the two exams. His prize includes an 
offer of undergraduate study tuition at the University of 
Adelaide.

China top scored in the competition with six gold, one 
silver and one bronze medal, followed by Russia with two 
gold, four silver and one bronze medal. Special prizes 
sponsored by the University of Adelaide and Australian 
Institute of Physics were also awarded to the theoretical 
exam winner Ruoyu Yan and runner up Kangyao Chen, 
both from China; experimental exam winner Rassul 
Magauin from Kazakhstan and runner up Vladimir 
Malinovskii from Russia; best female performer Shu Ge 
from Singapore; and best Australian performer, Stephen 
Catsamas.

In the theory paper of the competition, students were 
asked to tackle two problems motivated by current 
physics research in the use of reflectometry techniques 
for measuring quantum systems, and figuring out the 
properties of jets emanating from black holes. The third 
question explored the complicated motion of an unusual 
spinning top. In the practical exam, students conducted 
an experiment on the properties of a substance called 
ferrofluid that changes its shape in the presence of 

Australian team at the Asian Physics Olympiad with 
bronze medal winner Stephen Batsamas (right) and 
recipients of honourable mentions Rosemary Zielins-
ki (4th from left) and Simon Yung (2nd from left). (image 
courtesy Australian Science Innovations).
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a magnetic field. They used a range of measuring 
techniques, including a video camera.

“This is one of the most fiercely contested physics 
competitions for high school students in the world, and 
we are proud of our Australian contestants and their 
supporters for bringing out the best of our students’ 
abilities at this international level,” says Ruth Carr, 
Executive Director of the official organiser, Australian 
Science Innovations.

Based on their performance at the Asian Physics 
Olympiad, five of the eight-member Australian team 
will be chosen to represent Australia at the 2019 
International Physics Olympiad in Israel in July. The 
week-long Asian Physics Olympiad program, held in 
Adelaide from 5 to 13 May, included a range of cultural 
and educational activities, including visits to Adelaide 
schools and universities, and a team challenge where 
students from different countries worked in mixed 
teams to find a solution to carbon neutral heating for 
Adelaide’s Bicentennial Conservatory, which is the 
southern hemisphere’s largest single-span glasshouse.

The 20th Asian Physics Olympiad was brought to 
Australia by Australian Science Innovations and funded 
by the Federal Department of Industry, Innovation and 
Science. It was supported by the University of Adelaide, 
Flinders University, University of South Australia, and 
90 volunteers.

For more information and to view the full list of results, 
visit apho2019.asi.edu.au or bit.ly/APhO2019results .

(Australian Science Innovations, Asian Physics Olympiad 
News)

Would Australia benefit from a roadmap for 
quantum technology?  
This question is presently generating significant interest 
by various actors and researchers in the sector. 

Quantum technology is rapidly advancing across the 
globe, though a combination of fundamental research 
and commercial developments. Australia is a very active 
player in this field, with research teams that are world 
leaders in specific technologies, including quantum 
computing and simulation, sensing and communication. 

Based on pioneering research work for several decades, 
many universities in Australia are now active players, 

including  ARC Centres of Excellence such as the centre 
for Quantum Computation and Communication 
Technology (CQC2T) and the centre for Engineered 
Quantum Systems (EQUS). Significant contributors 
to the quantum landscape are also expected to be new 
funding announcements from the ARC and parts of 
the Defence Science & Technology initiatives. At the 
same time, commercial ventures have emerged with 
investments by companies such as IBM and Microsoft 
and future users, including finance institutions, the 
defence and IT industry. We can see a rush towards 
start-up companies, in synch with developments around 
the world.  

Roadmaps have played a major role in Europe and its 
member states like Germany and the UK. This has led 
to major funding support, combined several billion 
Australian Dollars. Just a month ago, it was announced 
that the UK funding in the National Quantum 
Technologies programme has passed the 1 billion pound 
mark. The US Government and companies have made 
several major investments. China has systematically 
built up major programs which have achieved world 
leading results and is committing to even bigger future 
projects.

For Australia, it would seem a good time to join the 
global race through a concerted effort and a suitable 
quantum roadmap. As pointed out in a short summary 
of the Australian quantum computing context, recently 
published by Tara Roberson and Andrew White, the 
Australian research community and its partners are 
“producing significant research results and innovative 
spinoffs, and a national strategy might just be the right 
place to start capitalising on those strengths as we move into 
the second quantum revolution.”

Efforts around an Australian quantum roadmap are 
driven by CSIRO Chief Scientist Cathy Foley.

Further reading

T. Roberson, A. White, Charting of the Australian 
quantum landscape, Quantum Sci. Technol. 4, 020505 
(2019); open access – dx.doi.org/10.1088/2058-9565/
ab02b4

A. Acin, et al, The quantum technologies roadmap: a 
European community view, New J. Phys. 20, 080201 
(2018); open access – dx.doi.org./10.1088/1367-2630/
aad1ea
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 MELBOURNE, AUSTRALIA 

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

 
Astronomy & Astrophysics | Biophysics | 

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

Physics Education | Quantum Computing | 
Space Physics & Space Instrumentation  

 
 

www.aip-summer-meeting.com  

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

WHERE 
RMIT, Swanston Street 
Melbourne,  Victoria 

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

KEY DATES 
 
Abstract Submission 

18th September 2019 
 

Early-bird registration 
18th October 2019 

 
Registration closes 

6th November 2019 

AIP Summer Meeting 2019 
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Shaping up high-dimensional quantum 
information
Jacq Romero
Senior Lecturer/Westpac Bicentennial Foundation Research Fellow
University of Queensland/m.romero@uq.edu.au

Editors’ Note: Dr Jacq Romero was awarded the AIP Ruby-Payne Scott medal in recognition of her 
outstanding work as an early career researcher “For her outstanding contribution to the fields of optics 
and quantum physics, in particular for establishing the shape of light as a degree of freedom for encoding 
quantum information.” 

Information is physical. At the level of my computer 
hardware, the act of writing this article is a stream 
of bits represented as high and low voltages in the 
various parts of my computer. Quantum bits, or 
“qubits”, are fundamentally different in that they follow 
different physical rules. For example, qubits can be 
in a superposition of two states. Only when the qubit 
is measured does it assume a definite value, which 
could be any of the two states in the superposition. 
Quantum information – theory, experiment, and 
technological efforts – deal mostly with qubits. The 
first demonstrations of entanglement in photons were 
based on measurements of polarisation; in terms of 
number of levels or dimensionality, polarisation is two-
dimensional. Photons are endowed with properties that 
are not limited to two dimensions, such as wavelength 
and transverse spatial mode. Any of these properties 
can serve as higher-dimensional carriers of quantum 
information, called “qudits”. 

There is (so far) no perceived advantage in using 
qudits for quantum computation [1]. Not surprisingly, 
quantum computation is based mainly on qubits (e.g. the 
superconducting qubits of IBM and Google). However, 
quantum systems are naturally high-dimensional so even 
if there is no advantage, I do not dismiss qudit quantum 
computation. The advantages of qudits for quantum 
communication are more apparent. These include higher 
quantum information capacity, improved information 
security against eavesdroppers, better resilience to noise 
and imperfect randomness, simplified quantum logic, 
and more efficient quantum computation for some 
very specific tasks [2]. Despite these advantages qudit 
quantum information lags behind qubit quantum 
information, because it is naturally more difficult to 
generate, manipulate, and measure qudits. It is in this 
last aspect, particularly in measuring qudits encoded in 
the transverse spatial mode of light, that I and colleagues 
have made significant progress in recent years. 

Shape of single photons
The first demonstration of the quantum properties 
of the transverse spatial mode, or shape, of single 

photons was achieved in 2001 by Anton Zeilinger’s 
group at the University of Vienna [3]. They showed 
quantum correlations in the orbital angular momentum 
(OAM) of single photons produced from spontaneous 
parametric down-conversion (a nonlinear process 
in which two daughter photons are produced from 
a higher energy pump photon). The OAM of light, 
manifested in beams with helical phasefronts like the 
Laguerre-Gaussian (LG) beams, are routinely generated 
for micromanipulation experiments but has not been 
measured in single photons previously. This work added 
shape to the repertoire of quantum information carriers. 
For example, Figure 1 shows how we used the shape of 
light to encode a 2-dit string [4]. In [3], the authors used 
computer-generated fixed holograms – a device already 

Figure 1: A string y0y1, where y0 and y1 can take on any 
of three values, e.g. {0,1,2}; this can be represented by 
nine different shapes of light. These shapes can also be 
measured in single photons. (Figure after [4])
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widely used for transforming light in the fundamental 
Gaussian mode into different shapes that can then be 
used for purposes like micromanipulation, imaging, and 
microscopy. In hindsight, the use of these holograms to 
measure the shape of single photons is rather intuitive: 
optics also works in reverse. Single-photon detectors are 
usually coupled to single-mode fibres that accept only 
the fundamental Gaussian mode. One can then use 
the same hologram 
for measurement, 
to transform an 
incoming beam into 
the fundamental 
Gaussian mode 
that can then be 
coupled to the 
fibre connected to 
the single-photon 
detector. However, 
using fixed 
holograms is not 
practical, especially 
when a greater 
number of states 
need to be measured 
– a new hologram 
needs to be created 
and the experiment 
re-aligned for every 
measurement. 

Making shape 
accessible 
It is in this problem 
of making the shape 
of single photons a 
practically accessible 
degree of freedom 
that I, together 
with colleagues at the University of Glasgow, made my 
contribution. 

But first, some background about me: when I was 15, 
I heard my physics teacher say that he hates quantum 
physics. I was curious and quickly googled what quantum 
physics is – I have been hooked ever since! However, the 
beginning of my research career was definitely not in 
quantum physics. At the University of the Philippines, 
I joined an Optics group as part of my degrees. For my 
Master’s, I learnt how to tailor beams by using spatial 
light modulators (SLMs), for use in microscopy and 

microfabrication. The SLMs are like liquid crystal 
displays that impart a programmable phase to an 
incoming beam. For example, they can impart a helical 
phase like those needed for beams carrying OAM. These 
SLMs are a powerful device that can generate beams of 
different shapes. My aspiration to work in the field of 
quantum physics has grown over time, and it is with the 
SLMs that I saw an opportunity to enter the quantum 

physics field. 

Fortuitously, in 
2007 I read a paper 
from the University 
of Glasgow’s Optics 
Group, which at that 
time was known for 
optical tweezers, a 
technique heavily 
reliant on SLMs. 
They re-created 
the 2001 results of 
Zeilinger’s group 
using SLMs [5]. I 
was greatly excited 
by this and I quickly 
contacted the 
group. Prof Miles 
Padgett, one of the 
authors of the paper, 
eventually became 
my PhD supervisor. 
In 2008, I moved 
to Scotland and 
spent the next seven 
years in Glasgow 
measuring the shape 
of single photons. 
My research 
made this tedious 

task significantly easier by employing programmable 
holograms encoded in SLMs. This simple technological 
step of replacing a fixed hologram with an SLM has 
made arbitrary projective measurements of shape in 
single photons more versatile. With this technique, 
we have demonstrated differences between classical 
and quantum physics via Bell inequalities [6], Leggett 
inequalities [7] and the Einstein-Podolsky-Rosen 
paradox [8]. Other groups have also shown qudit 
quantum key distribution and quantum imaging [2].

Towards the end of my PhD, I visited Zeilinger’s group 

A shaped beam, like one with 2 units of OAM can be generated by a 
forked hologram. The first order beam will be doughnut-shaped, as 
shown. For detection, the same hologram be used to transform an in-
coming doughnut-shaped beam into a fundamental Gaussian mode 
that can be coupled to a single-mode fibre connected to a single-pho-
ton detector.
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at the University of Vienna: it was almost surreal to 
see a technique that I dreamt of as a Master’s student 
being used by the group that (in my mind) started the 
field. The number of groups pursuing qudit quantum 
information using the shape of light has also grown over 
the years and I am very proud that my work has enabled 
these developments. 

A rich playground 
More than ten years since I started working in this field, I 
still find qudit quantum information a rich playground, 
from both foundational and technological perspectives. 
Two-dimensional and higher-dimensional Hilbert 
spaces are mathematically different; how the differences 
manifest in experiments, and how that translates in 
terms of advantage for quantum information tasks 
are questions that excite me. Applications related to 
communication are also promising, possibly providing 
provably secure, high-capacity options for transmitting 
information. Historically the field has benefitted from 
simple technological progress that enabled more dialog 
between experimentalists and theorists. The way forward 
will entail nothing less and I certainly hope I will 
contribute towards extending our present capabilities!
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COFFEE IN SPACE
What does it take to turn an  

astronaut into a barista?

The year is 2025, in Melbourne, Coffee Capital of 
the World. The Space Agency managing Australia’s 
new international space station assembles a panel 
of scientists and baristas to design a coffee-making 
process for space-travelling coffee connoisseurs.

Coffee-making in space, however, is a challenging 
proposition. How do you grind the coffee without 
coffee grounds flying everywhere? How does 
an astronaut drink a floating ball of hot coffee?  
What to do with dead coffee grounds? Is space-made 
coffee even drinkable?

A Facilitator leads a ‘Hypothetical’, challenging 
the experts in an open forum to resolve the issues. 
Members of the public observe the role-play to 
learn about the art and science of roasting, grinding 
and extracting coffee in the extremes of space. 
The audience is then invited to join the discussion.

This event is preceded by a public lecture in 
which scientists de-mystify the science behind 
coffee. After the event, members of the public 
are invited to taste and rate the different styles  
of coffee discussed, and discover with the benefit 
of microscopes how the different shapes and sizes  
of coffee grinds affect taste.

Register via Eventbrite: https://bit.ly/2OJE4vw
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Physics education research has grown within an Australian community which has at its heart a passion 
for helping students learn better. In this article we describe the discipline and attempt to capture some 
of the key moments that contributed to the development of this research field in Australia. The article 
deals almost entirely with tertiary physics education. While many have been on journeys exploring a 
wide landscape, space permits only a few individuals and landmarks to be mentioned. 

Teaching physics to younger generations is a great 
privilege. But how do we know that our teaching 
approach is working? Universities mainly use indicators 
such as assessment marks, fail and pass rates and student 
evaluation surveys of their courses to judge. And those 
indicators have their role, but they are not a reliable 
measure of how well students have learned the content 
and the skills in their courses. 

Origins of Physics Education Research
Since the late 1800s scientists have participated in 
improving science teaching instruction. German 
mathematician Felix Klein is one of the first academics 
to write extensively about how to teach mathematics, 
and in his honour the Felix Klein Award was established 
to reward a life-time achievement in mathematics 
education research. In 1930 the American Association 
of Physics Teachers (AAPT) was established in order to 
support the improvement of physics education in the 
United States. Another waves of involvement of scientist 
in science education came in 1950s and 1960s, and by 
1970s, physics researchers were actively contributing to 
education research [1]. 

Physics education research (PER) is therefore a 40-year 
old discipline and is a part of discipline-based education 
research, which has an aim to “investigate learning and 
teaching in a discipline using a range of methods with 
deep grounding in the discipline’s priorities, worldview, 
knowledge, and practices.” [2]. Most physics researchers 
get involved in physics education researcher through 
action research, in which, as an instructor, the researcher 
starts inquiry in how students’ learning is progressing 
in their own classes. Just like in other science research, 
these individual studies make important contribution 
to the general knowledge about teaching and learning 
physics. Physics research is dominated by quantitative 
methods, so naturally PER researchers tend to start 
with quantitative research, mainly by using concept 

inventories. These are sets of multiple-choice questions 
designed to probe students’ preconceived ideas about basic 
physics concepts based on common misunderstandings 
or erroneous beliefs [3]. They can be used to measure 
changes in how well any misconceptions have been 
shifted towards proper understanding of a concept by 
using a new way of instruction, or in another words, 
how many learning gains students have achieved [4]. 
Concept inventories also enable a comparison of learning 
gains between different instructors and institutions in 
order to provide evidence of how effective the teaching 
instruction is [4]. Introductory physics courses often 
use the Force Concept Inventory [5] for that purpose, 
although most other physics topics also have concept 
inventories developed. Other science disciplines have 
also started to use concept inventories, as it is recognised 
that work on a development of a concept inventory leads 
to identification of key concepts and learning objectives 
when teaching a given discipline [3]. 

Physics students working together in one of the Phys-
ics and Astronomy Collaborative learning Environment 
(PACE) studios at Monash University, which was de-
signed according to an extensive research into a learn-
ing space design (SCALE-UP Project 2008).
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Teaching is an activity which requires the instructor to 
“exercise judgment in deciding how to act” [6], and one 
way to develop teaching expertise is through research 
on how learning happens within physics, or in other 
words, by developing physics-related pedagogical content 
knowledge [7]. PER can also be interdisciplinary when 
it is combining quantitative physics methods with 
qualitative research methods from human learning and 
cognition research disciplines. Like other discipline-
based education research, PER studies require “expert 
knowledge of the discipline and the challenges for 
learning, teaching, and professional thinking within that 
discipline.” [2]. PER researchers tend to consider how 
the cognition (process of acquiring knowledge) relates 
to learning physics and what are the factors that affect 
learning for our students (motivation and persistence, 
mode of instruction, learner self-efficacy, etc). PER 
researchers then use their content knowledge to create 
interventions and help students overcome any difficulties 
in learning physics. Some PER researchers also engage 
in the Scholarship of Teaching and Learning (SoTL) 
which emerged in higher education in the late 1990s. 
SoTL spans across disciplinary boundaries research and 
it addresses the intellectual challenges involved in higher 
education teaching in order to develop reflective and 
evidence-based teaching practices in higher education.

Australian Physics Education Research
What motivated people to get involved in PER and 
evidence-based practice in Australia? Tertiary educators 
were recognising the challenges inherent in learning 
physics, that traditional methods were often not 
effective, and discovered that their peers, the literature 
and the wider academic community offered guidance. 
For instance, Les Kirkup (University of Technology 
Sydney, UTS) recounts interactions with the Centre 
for Learning and Teaching, "... in about 1991. We were 
looking at what happens in laboratories, we would 
have tweaked things at the edges here and there but 
the education researchers got us to look more deeply 
at what the issues were, to be more critical ... we dug 
into the literature ... having someone beside you who 
wasn't always on your side - we had to justify what we 
were doing. It got me thinking more deeply ... seat of 
the pants stuff wasn't really good enough." This type of 
collaboration appears to have been reasonably common. 

At Monash University, the Physics department was 
fortunate to have leading international secondary 
physics educators Richard White and Richard Gunstone 
(Faculty of Education) run studies on misconceptions 

in mechanics among first year university students in 
the 1980's. An Australian Research Council (ARC) 
large grant investigating student learning in first year 
physics followed in the early 1990's. A key outcome at 
several institutions was that physics lecturers involved in 
a project gained proficiency in education research and 
were later able to collaborate with educators and highly 
experienced teachers in designing innovative methods. 

By the early 1990's, computers were seen as offering 
new ways of aiding learning and enhancing student 
experience. Ian Johnston (University of Sydney) 
enthused many through OzCUPE (Australian 
Computers in University Physics Education). OzCUPE 
conferences became the incubator for an active physics 
education network and the name lasted through to the 
2000 AIP Congress. Johnston's particular push was 
the potential of computational physics in upper level 
physics, both for understanding the relevant physics 
and developing programming skills. During the 1990's, 
institutional small grants supporting a range of learning 
and teaching initiatives were common, with the use of 
IT and media quite prominent. However, Robert Loss 
and Marjan Zadnik (Curtin University) reported at one 
OzCUPE conference on a first-year studio/workshop 
approach, that whilst computers played an enabling role, 
the success or failure of an approach depended on the 
design, and on the skill of the teaching staff working 
with the students in the workshop. How students learn 
was becoming the focus, not the technology. 

The Chautaqwa physics workshop was brought to 
several locations in Australia by the U.S. National 
Science Foundation in 1997. Evidence-based active 
learning approaches and activities were convincingly 
demonstrated by Alan van Heuvelen, Fred Goldberg and 
Jim Minstrell to groups of secondary and tertiary physics 
educators. Not only were the approaches supported by 
PER - but in them, students used diagrams, tried simple 
experiments, considered 'what ifs?' - just as physics is 
used outside the classroom. A fun 'jeopardy' experiment 
in which students calculate how far a spring should 
be compressed in order to hit a target halfway across 
the lab, became a prototype for simple enquiry-type 
experiments. The benefits were so compelling that Alex 
Mazzolini (Swinburne University) moved to provide an 
equivalent workshop to the Asian Physics Education 
Network in 1999.

Sydney University Physics Education Research (SUPER) 
group has played a central role in Australia's PER, 
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starting in 1992 with Ian Johnston as head, and now 
led by Manjula Sharma. Their group manifesto from 
2001 conveys a need for physics researchers to engage 
in PER [8]. Kirsten Hogg was the first PhD graduate 
in 1999 and they currently have a solid complement of 
higher degree candidates and post-doctoral fellows. At 
Monash University, Susan Feteris did her PhD (2007) 
on the value of learning in the laboratory. Kate Wilson 
(now UNSW Canberra) encapsulated her journey from 
computational physics to PER researcher, "I learnt that 
good teaching takes thought ... I was incredibly lucky 
that an opportunity came up ... PER is very creative ... 
it is really important to me that my research benefits 
people."

The trajectory of PER was accompanied by the influence 
of the Uniserve Science conferences, now the Australian 
Conference for Science and Mathematics Education 
(ACSME) conference, which provided beneficial cross-
disciplinary interaction, as well as some discipline-
specific occasions. In the early 2000's, the Physics 
Education Group (PEG) of the AIP (largely tertiary 
educators) was selected for a federally funded project, 
Learning Outcomes and Curriculum Development in 
Physics. Having members of the PEG network present 
in almost all physics departments meant that gathering 
information and disseminating outcomes could happen 
efficiently [9-11]. At the 2005 AIP Congress Marjan 
Zadnik was awarded the inaugural AIP Education 
Medal and the physics education sessions were packed 
with many interested in the project's interim findings.

Whilst this project did identify useful outcomes of 
PER, the follow-on project, Forging New Directions 

in Physics Education in Australian Universities [12] 
was able to explore at depth by choosing key targets: 
Service Teaching, Undergraduate Experimentation, 
and Graduates in the Workforce. Whilst PER is 
not explicitly addressed in the report, the analysis of 
strengths and gaps, and the strategies envisioned to 
address the weaknesses, are both informed by PER. For 
instance, the adaption of a template used in evaluating 
chemistry experiments to the needs of physics (and 
other sciences) necessitated placing value on various 
aspects of experimentation, some of which are particular 
to physics, as well as opening up a wider discussion on 
enquiry skills in physics lab. 

The AIP Physics Education Group
PER researchers in Australia are members of the AIP 
Physics Education Group. The PEG was formed in 1998 
as the successor to OzCUPE and “provides a forum for 
the advancement of physics education through research 
and practice”. Yearly PEG meetings focus on a particular 
topic identified to be topical by the community and 
provide sharing opportunities for those interested in 
practices of teaching inquiry. Our PER community also 
has a yearly opportunity to interact with other science 
education researchers through the ACSME conference, 
and are supported by the International Journal of 
Innovation in Science and Mathematics Education 
(IJISME). AIP Congress programmes show the growing 
acceptance of PER, with keynote international speakers 
such as Dean Zollman in 2000, Sheila Tobias in 2002, 
Andy Buffler in 2008 and most recently Chandralekha 
Singh in 2018. The work of AIP Education Medal 
recipients points to landmarks in Australian PER. 

Current topics in Australian PER
The main impact of PER is in creating research-
supported evidence-based instructional approaches 
that improve students’ learning of physics. Doktor and 
Mester [13] identified six general topic areas in PER:

 

Research into conceptual understanding of physics, 
concerned with identifying common misconceptions, 

AIP Physics Education Group comes together for a dis-
cipline day during the ACSME conference at Monash 
University.
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describing the construction of conceptual structure 
and developing and evaluating instructional strategies 
to address students’ misconceptions. Some examples of 
this work in Australia are:

• investigating the performance difference between 
males and females on one particular question of the 
Thermodynamics Concept Survey [14];

• determining the underlying conceptual structure of 
the thermal concept evaluation questionnaire [15];

• constructing a preliminary diagnostic survey in 
thermal physics which could provide information 
about student’s abilities in thermal physics and, 
consequently, why they experience difficulty 
understanding similarly structured fundamental 
processes in other physics topics [16];

• using questions from mechanics conceptual 
inventories before and after watching the multimedia 
treatments to determine the best instructional 
strategy [17].

Research into problem solving concerns how expert 
learners differ from novice learners, the use of worked 
examples and multiple representations, impact of 
understanding mathematics in physics and evaluating 
the effectiveness of instructional strategies for teaching 
problem solving. Some examples of this work in 
Australia are:

• using “examplecasts” to teach students good problem-
solving strategies, which include describing in words 
(not just equations) what physical principles they are 
using, and checking their answers [18];

• evaluating a new type of tutorial, called Map 
Meeting, with novice first year physics students, 
which provides strong scaffolding [19]. 

Research into curriculum and instruction in physics 
concerns with lecture-based methods, tutorials or 
discussion methods, laboratory methods, structural 
changes to classroom environment and general 
instructional strategies and materials. Some examples of 
this work in Australia are:

• developing a lab intervention for students in an 
introductory physics topic with a high early drop-
out rate to improve students' confidence with 

experiments and lab skills, especially uncertainty 
propagation [20];

• designing simulations to enhance student insight, 
in the spirit of learning by experimentation, by 
analysing the dynamic representations of line 
integrals of vector fields, along with other associated 
mathematical properties and applications [21];

• evaluating the impact of inquiry orientation in two 
large-enrolment introductory tertiary programs 
(physics and chemistry), which differ in approaches 
to design, logistics and relevancy [22];

• the rate of student uptake of short-weekly online 
learning modules that were carefully created to 
supplement a first-year university physics course, 
and measuring improvement of their conceptual 
understanding using an established physics concepts 
test [23];

• adapting physics studio SCALE-UP (Student-
Centred Active Learning Environment for 
Undergraduate Programs) instruction approach for a 
first year astronomy course [24].

Research into assessment concerns development and 
validation of concept inventories, comparing scores 
across multiple measures, comparing scores across 
multiple populations (culture and gender), course exams 
and homework, rubrics for process assessment and 
complex models of student learning. Some examples of 
this work in Australia are:

• investigated gender differences in performance 
over the past eight years on the Australian Science 
Olympiad Exam for physics, which is taken by nearly 
1000 high school students each year [25];

• developing a new lab assessment: a conventional, 
report-based, assessment method combined with an 
alternative method, termed in-class assessment, used 
for second-year Fluid Mechanics laboratory work [26];

• investigating physics students’ self-monitoring skills, 
and gender differences in self-monitoring [27];

Research into attitudes and beliefs about teaching and 
learning concerns with student attitudes and beliefs 
about learning physics, faculty beliefs and values about 
teaching and learning, instructor implementations of 
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reformed curricula, teaching assistants’ pedagogical 
beliefs and their influence on instructor-student 
interactions. Some examples of this work in Australia are:

• using the context of the recent discoveries of 
gravitational waves to test the benefits of one-day 
interventions, in which students are introduced to 
the ongoing nature of scientific discovery, as well as 
the fundamental concepts of quantum physics and 
gravitation, which underpin these discoveries [28];

• a review study of 64 articles published since the year 
2000, showing a strong association between self-
efficacy and student learning outcomes [29].

Research into cognitive psychology includes concerns 
with how is knowledge organised and accessed or 
activated, what do novices attend to when learning from 
worked-out problems, and how do experts and novices 
categorise physics problems. Some examples of this work 
in Australia are:

• investigating a consistent Newtonian knowledge 
structure through a change in student answers to 
diagnostic questions concerned with Newton's Laws 
when the following question caused them to think 
more about the situation using the framework of the 
resource model [30];

• using semantic gravity concept from the Legitimation 
Code Theory, as a way of analysing the organising 
principles of knowledge practices and their effects 
on science education, to qualitatively analyse tertiary 
student responses to a thermal physics question [31].

As it can be seen, the landscape of physics education 
research is indicative of the progress of this research field 
in Australia, as well as the growing contribution of PER 
to the scholarship of teaching and learning in Australia.

We thank our colleagues for contributing to this article: 
Manjula Sharma, Judith Pollard, Les Kirkup, Marjan 
Zadnik, Kate Wilson, Maria Parappilly, David Hoxley. 
We would also like to acknowledge many others who 
have or who are contributing to PER in Australia, and 
the many innovations in good learning, too many to 
mention here. Some have been recognised by education 
awards, some juggle physics education alongside their 
own research discipline, others have encouraged PER 
approaches in their department.
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More stories from the Periodic Table
Anna Ahveninen
Communications Officer, The Royal Australian Chemical Institute – Communications@raci.org.au

The elements belong to everyone. The Royal Australian Chemical Institute is delighted to celebrate the 
International Year of the Periodic Table by sharing further stories with you, our colleagues across the 
fence, and to renew our invitation for you to contribute your own. 

I married a molecule from outer space
by Michael P. Henry

“As far back as I can remember”, she (Oxygen) began, 
“I’ve been pushed around. First it was that supernova in 
galaxy DGSAT 1 six billion years ago. I can tell you, I 
was nearly blinded by all that light. And the heat! Thank 
God it was a dry heat! I saw strange, blundering, atom-
looking things and always enormous clouds of Hydrogens 
darting about en masse and giving me hay fever.

“In those days I did prefer keeping to myself. It was 
lonely but I didn’t like the idea of sharing my electrons 
with another Oxygen or two.

“I decided to move to that brand-new planet Earth 
where I could at least rest on the ground instead of 
flying around in space. Having a vacuum underneath 
you twenty-four hours a day gets a bit old after a while.

“Then one day my whole life changed. I fell in love. I 
found the molecule of my dreams. He was actually a 
rather tiny pair of Hydrogens, with the cutest electrons 
I had ever seen.

“We had a whirlwind courtship that lasted for about 
10-6 seconds – too long really – I had wanted to get 
married sooner, but he said that we should wait. Time 
passed and on a beautiful spring day, about three billion 
years ago, we went to the local Rainey Nickel Orthodox 
Church, and were married in a quiet but extremely fast 
ceremony.

“Confidentially I must tell you now that my Hydrogen 
turned out to be an escaped molecule from the Sun. I 
hadn’t an inkling before we were married and so it came 
as a shock:

“I weren’t goin’ da hang aroun’ in da sun and be toined 
into a helium atum while I was sleepin’”, he said. “So 
I caught da nootrino express leaving from da nex’ sun 
storm and hightailed it over to oyt. Ta me oyt was 
paradise – all doze nubile Ox’gens just driftin’ aroun’ 
wid no poipose to dare lives,” he said one day after we 
were married.

“It then dawned on me that I was no longer sure of his fidelity 
and things became strained for a very, very long time. 

“All this began three billion years ago – it seemed like 
just yesterday. I stayed married to Hydrogen for the first 
billion of those years. We then agreed to separate and 
became part of the big trend towards Organic Life. But 
Organic Life is not forever – five billion years tops, they 
say. That’s when the Sun will expand and melt most 
things on Earth. 

“I have seen a lot of changes in my life when you think 
about it. My favorite years were those I spent in the Pacific 
Ocean - there were 500 million of them. Hydrogen and 
I would spend our days lying on our backs looking at the 
sun, and just thinking of how lucky we were.

“Those certainly were the good times.”

There once was a girl who loved hydrogen
by Raffaella Demichelis

There once was a girl who liked mixing liquids and 
powders. And, as it often happens when you mix liquids 
and powders, the outcomes looked somewhat magic. 

Print by Tina Curtis
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Fortunately, she was surrounded by sensible people who 
guided her through understanding that mixing random 
products can cause health and safety issues, especially 
with cleaning and gardening items. So, motivated by 
her own curiosity, guided by her high feeling for the 
empirical sciences and empowered by her love for food, 
she decided to mix edible liquids and powders and the 
kitchen became her lab.

Wasn't that amazing how fizzy bicarbonate became 
when vinegar was poured onto it? And how mysteriously 
the tea of an entire cup turned into a paler colour when 
adding just one drop of lemon juice? But one day, red 
cabbage made her day. She asked for some of that funny 
purple water that remained in the pot after cooking red 
cabbage. She started then adding her usual things like 
lemon juice, vinegar, bicarbonate, dishwasher powder 
(that, I reckon, is not edible but she was still allowed 
to mix it with edible things), tea, yogurt (and that was 
messy). She even got permission to put aspirin and dad's 
antacid into it. How an amazing rainbow of cups: blue, 
red, pink, yellowish, purple. There were things that 
could change the colour of the purple water and others 
that did not. How was that possible?

Later in her life, she was introduced to the world of 
acidity and proton exchange…

Hydrogen is the simplest possible element, the lightest, 
the most abundant in the universe; it is basically the 
element we look at while stargazing and has numerous 
features that did, do and will make all sort of scientists 
excited and willing to write books about it. And when it 
binds to other elements to form more complex particles 
called molecules, it can bind in a way that can be donated 
to or taken from other molecules, including water. There 
are molecules, of which every kitchen is full, that will 
absorb light differently and display a range of colours if 
one or more of these hydrogens are bound to them or not.

Chemists really love this.

While jumping from one molecule to another, 
hydrogen tends to leave a bit of itself behind (that is, 
its negative component, the electron) and so we call 
it a proton. How exactly this happens is still far from 
being fully understood, as even the most sophisticated 
theory fails in describing proton exchange structurally 
and dynamically. This means that yes, in the era of 
supercomputing, we are still unable to model water 
properly. And we blame hydrogen for that.

The amount of these exchangeable protons in water is 
called pH, a measure of how acidic a water solution is. 
So, depending on the acidity of the environment, there 
are substances that can change colour. The molecules 

that cause the rainbow of cups are called anthocyanins 
and are responsible for giving the colour to most red-to-
purple fruits, vegetables and flowers 

Iridium
by Sarah Laird

When I was first developing an interest in research, 
way back in third year chemistry, I was drawn to an 
optional project with pretty, glowing vials and an 
interesting looking molecular model. In that short mini-
project I made and analysed a couple of simple iridium 
complexes. Although I already loved chemistry, when I 
held the UV light over my reaction and watched it glow, 
I knew I’d found something special. I continued to 
work with iridium throughout my Honours and PhD. 
I set out to find out as much as I could about what was 
quickly becoming my favourite element. Iridium is a 
fascinating element in many ways. It is naturally rare on 
Earth, since as a ferrophilic metal most native iridium 
is locked away at the centre of the Earth. The small 
amounts that are available are normally found within 
a variety of naturally occurring platinum group alloys. 
However, there are large deposits of this metal readily 
available without the need for extracting microscopic 
amounts from large volumes of platinum. The largest 
deposits of this metal came to Earth approximately 65 
million years ago, aboard a meteor which turned out 
to be pretty bad news for the dinosaurs but was good 
news for our own evolution. As a result, iridium can be 
found all around the Earth in a thin deposit known as 
the iridium layer, which marks the boundary between 
the Cretaceous and the Palaeogene periods. One of the 
hardest and densest elements known, it was used in the 
platinum-iridium alloy used to create the standard metre 

Print by Steph Parkyn
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and kilogram. Iridium’s resistance to corrosion makes it 
an ideal material for these precious scientific standards. 

Iridium was first discovered alongside her sister osmium 
in 1803 by English chemist Smithson Tennant. The very 
first recorded property of this rare and precious metal 
was the huge variety of colours the metal salts produced 
when dissolved in hydrochloric acid. It was this array 
of colours which prompted Tennant to name the metal 
iridium, after the Greek goddess Iris, the personification 
of the rainbow. In recent years, this name has only 
become more appropriate as we have discovered that 
complexes made with iridium can also emit light in 
all the colours of the rainbow. This extraordinary 
tunability of the emissive nature of these complexes 
is a gift particular to iridium. When combined with 
their typically high luminescent quantum yields, this 
results in a class of compounds with unrivalled colour 
and brightness when compared to similar complexes 
made with other transition metals. Iridium complexes 
have a myriad of potential applications: as catalysts, 
dyes, luminescent markers and photocatalysts for 
water splitting. The discovery of their electrochemical 
properties has sparked research into applications such 
as dye-sensitised solar cells and light emitting devices, 
like Organic Light Emitting Diode (OLED) displays. 
Additionally, analytical applications abound through 
electrochemistry, cellular tagging, photoluminescent 
indicators and electrochemiluminescence. 

Iridium is beautiful and versatile, an element from 
space, named after a Greek goddess, and a destroyer of 
dinosaurs. What more could you want from an element?

Your story here
Are you passionate about science communication? Do 
you have a story about an element, elements or the 
periodic table? 

The Royal Australian Chemical Institute is publishing 
Stories from the Periodic Table for the duration of 
2019. Submissions are now invited for final round of 
the contest, which will close 30 September. Entries in 
text (up to 500 words) or video (up to 4 minutes) are 
accepted, and should be made to Communications@
raci.org.au. For more information on the project and to 
read more stories, visit bit.ly/RACIStories.

About the storytellers
Despite his best attempts to 
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Print by Antoinette O’Brien



96 AUSTRALIAN PHYSICS 56(4)  |   JULY-AUG 2019

Sev Crisp – Some passing thoughts  
by Cyril Edwards, Honorary Senior Research Fellow, Universtiy of Western Australia

It is with sadness that I have to report the passing of Ralph 
Severin (Sev) Crisp on 26 April this year. Sev was an 
active supporter of the AIP from its embryo days in 1954 
when, as a third year physics student at UWA, he and 
the entire class of 13 were press-ganged into supporting 
their professional body, at that stage a Branch of the IOP 
in the UK. Many years later, in 1964, on return from a 
post-doc at the National Research Council in Canada, he 
became a member of the WA Branch committee, serving 
as Branch Chairman for many years. In that capacity he 
would have been a familiar face at Council meeting both 
at the CSIRO National Measurement Laboratory and the 
AIP head office as 
well as the National 
Congresses and 
the annual Wagga 
meetings.

Sev and I joined 
the UWA Physics 
Department in 
the same year 
(1964) and our 
research labs were 
adjacent. But 
our backgrounds 
d i f f e r e d 
significantly.  I 
was the new boy 
from Manchester, 
where as a graduate 
student I’d helped build the first Mossbauer spectrometer 
in UK. In contrast, Sev was an ‘old boy’ returning home, 
for he’d completed both his BSc and PhD at UWA. 
He was returning not only to a familiar community of 
physicists but also to a soft x-ray spectrometer which he’d 
helped to build as a graduate student.

Although by the time I retired in 2000 other old boys 
had returned to join the staff, none had quite the same 
link with the past history of the Physics Department as 
Sev, for as a student his first-year lectures were delivered 
by Professor A D Ross then in his final year of [1952]. It’s 
with Prof Ross that Sev’s story begins.

When UWA was established in 1912, Ross was appointed 
as one of the seven Foundation Professors charged with 
teaching Mathematics and Physics until 1929 when 
the two disciplines were formally separated and he was 
appointed to the Chair of Physics. Teaching was the 

primary focus and research activity was low. Even so 
the department made significant contributions to the 
war effort in WWII. Ross became “Officer in charge 
of Camouflage – Western Area” and together with S.E. 
(Syd) Williams and highly skilled technical staff worked 
on much of the required optical equipment required by 
the military – from gun-sights to field glasses to casting 
and machining custom built lenses.

Syd had joined the department in 1940 and, along with his 
work on optical munitions, had, during the war, studied 
radio emissions from the sun. However CSIRO’s wartime 

experimental radar 
work at Dover 
Heights (NSW) was 
destined to become 
the birthplace of 
Australian radio 
astronomy not UWA. 
Instead, in1948 Syd 
shifted his attention 
to the development 
of a vacuum grating 
spectrometer to 
work in the far 
ultra-violet using 
photomul t ip l i e r s 
rather than 
photographic plates 
as detectors. His 
experience of what 

was then a new technology was to prove a key ingredient 
of Sev’s future work.

Far away in wartime Liverpool the monumental 
photographic soft X-ray spectroscopic work by H W B 
Skinner in Liverpool, coupled with the earlier shorter 
wavelength studies in Uppsala by Siegbahn, had pointed 
to a fruitful source of new information on electron states 
in solids. The newly appointed Head of Physics, Prof C 
J B Clews, had come from the NPL in London, where 
14400 lines per inch, 1m concave gratings were being 
ruled on aluminium specifically for the soft x-ray region. 
The NPL had built a grazing incidence spectrometer 
which was just beginning to produce spectra.

Prof Clews brought with him just such a grating, which was 
another key item for the UWA soft x-ray project. Armed 
with his far UV experience and the NPL grating, Syd set 
out to build a soft X-ray spectrometer was that would use 
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photon counting, rather than photographic detection. 
Prof Clews was determined to build research activity. By 
the time Sev was in his final year of his undergraduate 
studies there were eight staff members available to take 
on board Honours students. Enter Ralph Severin Crisp. 
He was assigned to Syd and worked with him and Peter 
Fisher (at that time a postgraduate student) to build a 
grazing incidence spectrometer for wavelengths in the 5 to 
100nm range. On completion of his BSc, Sev continued 
to develop this and wrote a PhD thesis onThe Soft X-Ray 
Emission Spectra of the Light Elements and Some Alloys.

This foray into electronic band structure was to prove 
fruitful and predictably led to a life-long interest in 
transport properties in metals. On completion of his 
PhD Sev accepted a Post-Doctoral Fellowship with W 
G (Will) Henry in the Division of Applied Chemistry 
at the National Research Council of Canada in Ottawa 
and was later appointed as a Research Scientist there. At 
that time the Ottawa group was focussed on measuring 
temperature dependence of electrical resistivity and 
thermopower from 300K down to ~5K. It was here that 
Sev developed the cryogenic skills which were to prove 
invaluable later in WA.

It was also here that Sev was head hunted by Prof A J F 
Boyle, newly appointed as Head of Physics replacing Prof 
Clews who had been moved upstairs to become Deputy 
Vice Chancellor of UWA. Alan Boyle was keen to establish 
research on transport properties and electronic structures 
in metals and, returning to Perth from a conference in 
Chicago, arranged to meet Sev in Ottawa. His offer of a 
Lectureship in Physics was accepted.

On return to UWA in1964 Sev began building a cryostat 
that would allow measurements of thermal and electrical 
conductivities and thermopowers from ~4K to 300K. 
The design included a one-shot He-3 sorption pump to 
extend the range down to around 200mK with picovolt 
resolution in the latter case. However, while he’d been in 
Canada, two more graduate students had been working 
with Syd Willams on the soft X-ray spectrometer at UWA. 
So, when called upon to become de-facto co-supervisor of 
these two, Sev welcomed the opportunity to once again 
become involved with soft X-ray work. When he retired 
in 1994 Sev had every reason to look back with pride on 
his extensive contribution to our understanding of the 
structure of electronic states in metals and semiconductors 
as well as the dynamics of electron-phonon interactions. 
With more than fifty peer-reviewed publications and 
many conference presentations the scientific literature 
confirms that this pride would have been well deserved. 
He was an elected Fellow of both the Australian Institute 
of Physics (AIP) and the Institute of Physics (IOP) in 
London, and a Member of the American Association of 
Physics Teachers (AAPT).

These scientific contributions should not be allowed 
to overshadow those to the wider community. From 
the early days of leadership as Dux of Hale School in 
1950, he transitioned smoothly into student politics 
at UWA – first as Secretary of the Science Union and 
later serving on Guild Council along with Bob Hawke 
in 1953. Looking back, I wonder whether that’s when 
he picked up his engaging smile, the twinkle of the eye 
and occasional flash of larrikinism. That’s not to say he 
lacked the required gravitas in the several University roles 
that were to follow his appointment as a staff member 
in Physics: these included service on the Matriculation 
and Admissions Committee, UWA Bookshop Board of 
Management, Faculty of Science Board, Senate Staffing 
Committee, the Vice Chancellor’s Overseas Program 
Committee, the Professorial Board, Head of Department 
of Physics and Dean of Science, to name just a few.

His off-campus activities were wide ranging. From 1964 
- 74 he was an Authorised Representative for National 
Association of Testing Authorities (Heat and Temperature 
Measurement). For all but two of his thirty years on 
campus he served on the Board of Secondary Education 
Joint Syllabus Committees in Physics acting as Chairman 
and Chief Examiner for six years. In 1991 he was elected 
Councillor of the Dalkeith Ward of the City of Nedlands 
and served as Chairman of the city’s Technical Services 
Committee. Two years before retiring he was appointed 
to the Optometrists Registration Board.

On his retirement in 1994 he immersed himself in his 
new home in Albany and in its community - particularly 
Albany’s lively Annual Summer School. He joined the 
committee of the Albany Summer School in 1999 and 
was secretary between 2004 and 2016. Even after he had 
resigned as secretary, he still attended meetings of the 
organizing committee and contributed to the smooth 
running of the event, using his extensive computer skills 
to set up the organisation’s first website. He designed and 
produced the door signs for more than 60 courses each 
year and made the videos of the two annual concerts 
performed by music students at the Summer School. He 
had indicated he would continue to support the school 
until his health made it impossible, and this he did, 
almost to the end. 

Looking back we might well be reminded of his pledge 
when running for election to Guild Council sixty six 
years ago: “A Guild Councillor should be clear thinking, 
possess common sense and willingness to work and if elected 
I will follow these three precepts to the best of my ability.”

Without doubt this is a fitting epitaph to my friend Ralph 
Severin Crisp.
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SAMPLINGS
Orbiting Carbon Observatory successfully 
launches to the International Space Station
NASA has successfully launched a space probe to 
measure the amount of carbon dioxide in the Earth’s 
atmosphere. Launched today by a Falcon 9 rocket from 
Cape Canaveral in Florida at 02:48 local time, the 
Orbiting Carbon Observatory 3 (OCO-3) will now be 
installed on the International Space Station (ISS) over 
the coming days. Costing around $100m, OCO-3’s 
will map the Earth’s carbon dioxide, search for areas 
that produce and absorb large quantities of the gas and 
examine how levels change during the day.

The first OCO mission, costing $270m, failed just 14 
minutes after lift-off in February 2009. NASA then 
rebuilt the craft — renamed as OCO-2 — at a cost 
of $465m. That probe was successfully launched in 
July 2014 and put into polar orbit, where it became 
NASA’s first spacecraft dedicated to making space-
based observations of atmospheric carbon dioxide. 
Although originally meant to operate for only two years,  
OCO-2 is still running and has already helped scientists 
to get a better understanding of the 2015-2016 El Niño 
weather pattern on the carbon cycle.

As OCO-2 is in a polar orbit, it goes over any given 
location at the same time of day. OCO-3, however, 
will instead be installed on the Japanese Experiment 
Module-Exposed Facility aboard the ISS The ISS orbits 
Earth with an inclination around 52 north to 52 south 
— or around London to Patagonia. This means that 
OCO-3’s location over Earth changes a little on each 
orbit allowing it to scan a given location across its sunlit 

hours. This will let OCO-3 measure local changes in 
carbon dioxide at different times in the day as well as 
solar-induced chlorophyll fluorescence levels — the 
light re-emitted by chlorophyll molecules in plants 
during photosynthesis.

OCO-3 will pick out “sources and sinks” of carbon 
dioxide with the ability to measure concentration of the 
gas in the atmosphere to an accuracy of around 0.4%. 
“Dozens of areas of interest, for example, large urban 
centres, will be mapped each day,” OCO-3 project 
manager Ralph Basilio from NASA’s Jet Propulsion 
Laboratory in California told Physics World. “This 
will help to determine if carbon dioxide emissions are 
due to human activity or part of the natural cycle. In 
addition, this will provide for more detailed assessment 
of plant health over time.”

OCO-3 will contain three spectrometers that were 
built as spare parts for the OCO-2 mission. Rather 
than directly measuring the amount of gases in the 
atmosphere, these spectrometers detect the change in 
intensity of sunlight that has been reflected from the 
Earth’s surface and then absorbed by carbon dioxide 
and oxygen. One spectrometer on OCO-3 is dedicated 
to studying oxygen, while the other two measure carbon 
dioxide at two different sets of wavelengths. 

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

New definition of the kilogram comes into 
force
The redefinition of four units of the International 
System of Units (SI) will come into effect on Monday 
20 May meaning that all seven base units are now based 
on fundamental physical constants. The kilogram, 
the ampere, the kelvin and the mole are now defined 
in terms of physical constants rather than an object or 
phenomenon. The decision to redefine of the four SI base 
units was taken in November 2018 when metrologists 
and policy-makers from 60 countries around the world 
met at the General Conference on Weights and Measures 
in Versailles, France. The change will now become a 
reality on 20 May to mark World Metrology Day.

There are seven base units of the SI: the second, metre, 
kilogram, ampere, kelvin, mole and candela.  Some have 
long been based on physical constants. The second, for 
example, is set as 9,192,631,770 times the period of the 
radiation corresponding to the transition between the two 
hyperfine levels of the ground state of the caesium-133 

The Orbiting Carbon Observatory 3 will monitor the 
Earth’s carbon levels from the vantage point of the In-
ternational Space Station. (Courtesy: NASA)
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atom. The metre, meanwhile, has been defined since 
1983 as the length of the path travelled by light in 
vacuum during a time interval of 1/299,792,458 seconds.

The biggest change is to the kilogram, which was set 
by a 143-year-old platinum alloy cylinder, dubbed 
“Le Grand K” housed in the International Bureau of 
Weights and Measures (BIPM) in Paris. The kilogram is 
now defined in terms of the Planck constant, h, which 
has been measured with extraordinary precision in  
recent years. Its agreed value will be set as  
6.626,070,15 × 10-34 kg m2 s–1, with researchers able to 
make precise mass measurement using equipment such 
as the Kibble balance.

“The redefinition of the kilogram may seem like a 
small change, but it will have an enormous impact on 
science,” says Ian Robinson from the UK’s National 
Physical Laboratory. “There will be no change to the 
mass scale currently used in trade and industry, but by 
using a universal constant of nature to ensure the long-
term stability of the kilogram, we are both reunifying 
the SI and setting the stage for robust, reliable science 
that could pave the way for new ideas and inventions.” 

The ampere, meanwhile, will now be set by the elementary 
electrical charge, e, which is given as 1.602,176,634 × 
10-19 when expressed in coulombs. The kelvin is defined 
by taking the fixed numerical value of the Boltzmann 
constant k to be 1.380,649 × 10-23 when expressed in the 
unit J K-1. Finally, the mole is defined as the amount of 
substance with exactly 6.02,214,076 × 1023 elementary 
entities. This number is the fixed numerical value of the 
Avogadro constant, NA, when expressed in the unit mol-1.

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

Work on the redefinition of the kilogram was carried 
out using a Kibble balance. (Courtesy: International 
Bureau of Weights and Measures)  

Tiny optical clock is 100 times better than 
previous chip-based timekeepers
A tiny optical clock that is small enough to fit onto three 
computer chips has been created by physicists at the Na-
tional Institute of Standards and Technology (NIST) in 
Boulder, Colorado.

The next-generation device is 100 times more stable 
than current chip-based atomic clocks of a similar size. 
With further improvements, the tiny timekeeper could 
have a diverse range of both scientific and commercial 
applications.

For over six decades the most accurate timekeeping de-
vices have been atomic clocks – the best of which could 
run for more than one billion years before being out by 
just one second. Most commercial atomic clocks operate 
by monitoring the frequency of microwaves emitted by a 
certain transition in a caesium atom. However, the best 
atomic clocks use transitions that emit light. As a result, 
these optical clocks are much more accurate that their 
microwave counterparts. The downside, however, is that 
optical clocks are bulky, complex, and expensive – limit-
ing their use to labs such as NIST.

NIST researchers are keen to simplify optical clocks and 
put them on chips so that they can find wider appli-
cation. Their design is based around a microfabricated 
glass vapour cell filled with rubidium atoms, which have 
a transition at 385 THz. While this is not quite visible 
light – it is in the infrared – it is much high frequency 
that the caesium transition at 9 GHz.

An infrared “clock laser” is locked to the rubidium tran-
sition. Two interlocking Kerr-microresonator frequency 
combs are used convert the terahertz clock laser time sig-
nal into a gigahertz frequency, which is widely used by 
standard electronics.

Bean counter: this vapour cell is at the heart of NIST’s 
next-generation miniature atomic clock. (Courtesy: 
Hummon/NIST)



100 AUSTRALIAN PHYSICS 56(4)  |   JULY-AUG 2019

The simplicity of this design meant that the clock could 
be incredibly compact. It fits onto just three small chips, 
but it does require supporting electronics and optics. Us-
ing just 275 mW of power, the device showed an insta-
bility of just one part in 1013 after operating for 4000 s. 
This makes it around 100 times more stable than current 
atomic clocks of a similar size. With further improve-
ments, the NIST team believes that their optical clock 
could become small enough to be handheld, making it 
highly competitive with current atomic clocks.

If optical clocks become small, portable, and inexpensive 
enough, they would be suitable for a range of commer-
cial applications, including timing and navigation when 
GPS is unavailable. It would also open up new opportu-
nities for scientific experiments, including gravitational 
and remote sensing, long-baseline interferometry, and 
calibrations of lab instruments; potentially allowing for 
new tests of fundamental physics.
 [Zachary L. Newman et al., Optica, 6(5), 680-5 (2019); 
doi.org/10.1364/OPTICA.6.000680

Extracted with permission from an item by Sam  
Jarman at physicsworld.com.

Atom patterning breaks new number record
Neutral atoms trapped by light in arrays of dipole traps 
could be used as quantum bits for quantum computing. 
For such applications, however, these atoms must be po-
sitioned individually within the traps to create defect-free 
arrays that can then be used in information processing. 
Researchers at the Technische Universität Darmstadt in 
Germany have now developed a new technique for pat-
terning 111 atoms in this way, so breaking the previous 
record, set last year, of 72 atoms. The method should 
even be scalable to one million atoms or more, they say.

In their experiments, the researchers, led by Gerhard 
Birkl, began by creating a cloud of several million rubid-
ium atoms in a room-temperature vacuum system us-
ing a magneto-optical trap. They then cooled the atoms 
down to around 100 microKelvin and transferred these 
atoms into a microtrap array, which consists of hundreds 
of laser traps arranged in a square lattice. They made this 
lattice by directing a laser beam through an array of 
commercially-available microlenses.

At first, each trap contained a few atoms but Birkl and 
colleagues succeeded in generating patterns consisting of 
trap sites that contained either one or no atoms. They 
did this using a technique called collisional blockade 

to remove pairs of atoms from each site. Those initially 
containing an odd number of atoms were left with one, 
and those containing an even number with zero.

Next, the researchers took an image of the pattern, 
which allowed them to identify the occupied and empty 
sites. They then filled each empty site by picking up a 
single atom from a filled site outside the target pattern 
and transporting it to an empty site inside the pattern.

“We acheived this using a single focus laser beam that 
we can move in 2D throughout the whole trap array,” 
explains Birkl. “The process is like using tweezers made 
out of light, which is why they are called ‘optical twee-
zers’. These were invented by Arthur Ashkin in 1986, 
who received part of the 2018 Nobel Prize in Physics for 
his work.”

Once they had filled all the empty sites in this way, the 
team then took another image of the atoms’ distribu-
tion to determine how successful their process to gen-
erate defect-free atom patterns was. “In case our control 
program saw any empty sites left, we repeated the as-
sembly process one more time,” says Birkl. “Indeed, we 
can repeat it up to 80 times in one experimental run, 
which is another reason for why we can successfully cre-
ate large-defect patterns.”

The technique can produce 10×10 atom squares, a 
checkerboard containing 105 atoms and two intercon-
nected squares containing 111 atoms.
[Daniel Ohl de Mello et al., Phys. Rev. Lett. 122, (2019); 
doi.org/10.1103/PhysRevLett.122.203601]

Extracted with permission from an item by Belle Dumé 
at physicsworld.com.

Defect-free pattern of 100 atomic qubits: a new plat-
form for scalable quantum computing. Credit: Gerhard 
Birkl.
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PRODUCT NEWS
Lastek
1. Toptica UV / RBG Lasers

TOPTICA’s frequency-converted diode lasers reach 
deep-UV wavelengths as short as 190 nm. By provid-
ing essential wavelengths like 193 nm, 213 nm, 257 nm 
or 405 nm in pure cw-TEM00-mode quality, the DLC 
TA-SHG pro and DLC TA-FHG pro are ideal UV/
RGB solutions for testing and inspection or advanced 
material processing, e.g. lithography patterning. In addi-
tion, white-light holography is served with our tunable 
solutions around 457 nm, 532 nm and 647 nm. The 
lasers provide more than enough power for each appli-
cation. On top of that, they are much easier to handle at 
considerably lower operating costs.  

2.  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 sys-
tems 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 volt-
age in the system. No other micro stage is as well-suit-
ed for integration into battery-powered, handheld and 
portable instruments.

3. Gentec-EO: Wireless laser power measurement for 
all power levels
Two years ago, Gentec Electro-Optics, Inc. launched 
BLU, the first wireless laser power meter series. This line 
of all-in-one detectors combines a detector and a me-
ter with Bluetooth connectivity in one convenient in-
tegrated product. This year, we expand the possibilities 
of wireless by introducing BLU for the XLP series (for 
low powers down to the microwatts) and for the UP55C 
high power detectors (up to 2.5 kW).
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The small but powerful meter of the BLU series features a 
Bluetooth connection. You can display the results on your 
mobile device with the free Gentec-EO BLU app availa-
ble for both iOS and Android. Need to use it with a PC? 
Just plug in the included Bluetooth dongle and be ready 
to make power or energy measurements within seconds.

UNLEASH THE POSSIBILITIES OF WIRELESS

With wireless laser power meters, it is now possi-
ble to make measurements in enclosures, hard-to-
reach places, etc. The BLU series makes laboratories 
and production floors safer by allowing the operators 
to be farther from the detector while making meas-
urements. They are also essential tools for field ser-
vice technicians that will take advantage of the in-
tegrated electronics, thus carrying less instruments.

Coherent
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.

Studying Phase and Domain Temperature 
Dependence at High Resolution
JPK’s CryoStage provides a unique solution to 
investigating the temperature dependence of materials 
from -120°C to +220°C.  Particularly relevant for 
polymers, it can also be applied to ceramics, magnetic 
materials, composites, energy materials, thin films, and 
even metals. 

The AFM’s superior resolution allows crystallisation 
processes and the ordering of material phases to be 
monitored and studied at the nanoscale.  The QI 
nanomechanical mapping capability and advanced 
Ramp Scripting allow quantitative tracking of stiffness 
and adhesive changes.  And the unique optical access 
of the JPK platform provides unprecedented capability 
to understand nanoparticle optical response such as 
temperature-dependent quenching. 

Contact Andrew Masters for further information
Ph: (0439) 819 095
andrew.masters@coherent.com.au
www.coherent.com.au
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