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EDITORIAL
Early days of Aust. Phys.
The scanning of old issues is proceeding 
slowly but there is an intention to 
complete the task in a finite time! When 
the AIP’s members’ journal began 
publication in 1964 it was called The 
Australian Physicist with subsequent 
name changes to The Australian and 
New Zealand Physicist in 1991, The 
Physicist in 1999, and to its present title 
in 2005. Looking at the early issues 
evokes an earlier era in Australian physics 
(I was an undergraduate at the time of 
the first issue!). As current editor I shudder at the monthly publication 
schedule of the early years. There were more advertisements from a greater 
diversity of suppliers, including Australian manufacturers of scientific and 
electronic equipment. A greater frequency of publication is indicative of 
the need to fulfil the role of timely information that is now filled by our 
monthly email newsletter. It is salutary to see that that many of the issues 
of concern, remain contemporary concerns!

In his article Twinkling of the stars – new opportunities in a very old field of 
study, Laurence Campbell (Flinders University) describes the phenomenon 
of star twinkling and the observations that can be made by eye and with a 
sensitive digital camera.

The spectacular cover images relates to the second article, The Australian 
Bureau of Meteorology Space Weather Services, by Murray Parkinson 
(Australian Bureau of Meteorology). We may all be very familiar with 
the Bureau’s role in making weather observations, maintaining historical 
records and, most importantly for our daily activities, forecasting weather. 
Less familiar, however, will be the Bureau’s space weather activities. In his 
article Murray describes the phenomenon of space weather, it’s affect on 
the Earth and the efforts underway to improve predictive capability.

From time to time we publish articles on physics education topics. 
The article, Classroom Antarctica: teaching physics on a plane on the way 
to Antarctica, by David Gozzard (University of Western Australia) is of 
this genre, but with a difference. It describes a flight over Antarctica as a 
venue for teaching high school students about the Earth’s magnetic field 
(including observations) and comic rays.

Finally a short item by Martin White (University of Adelaide), Science 
Meets Parliament 2017 – a personal account, describes his participation 
in this annual event organized by Science and Technology Australia, 
involving information sessions on governmental procedures as well as 
opportunities to talk to individual politicians.

Brian James
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PRESIDENT’S COLUMN

Publish or Perish
As many of our readers will know, the 
Australian Institute of Physics circu-
lates a weekly bulletin. The bulletin 
goes to an extensive email list – not 
just AIP members – as we like to 
share the joys of physics with poten-
tial new members. In an earlier bul-
letin I challenged members to flood 
the pages of this magazine with new 
stories. I write now with some even 
bigger challenges. 

Brian James has served the AIP with 
distinction for many years both as 
President (2009-11) and, since 2013, 
as editor of Australian Physics. Under 
his stewardship our journal of record 
has reached a high standard both in 
editorial comment and in content. 
Brian has maintained a magazine 
that combines short content (news 
& comment, conferences, reviews 
and samplings) with industry links 
(advertising and product news) and a 
varied and interesting range of longer 
articles that he regularly sources from 
the breadth of talent in the physics 
community.

With 5 years of editorship approach-
ing Brian has decided the time is 
right within the next 12 months for 
him to step down and for a new edi-
tor to put their stamp on the role. On 
behalf of the AIP, I firstly pass on the 
sincere thanks and appreciation of 
the membership for a job well done. 
Secondly, we now need someone 
who can source, coordinate, proof 
and outlay the content of Australian 
Physics on a two-monthly cycle. The 
editor liaises closely with the printer, 
who prepares the final layout for 
printing. The editor should have an 
appreciation for goals of the AIP and 
deliver a journal that helps promote 
and strengthen the discipline of phys-
ics. Like other key roles in the AIP, 
the position of editor is voluntary but 
is nonetheless rewarding in the rich-
ness of interaction and insight that it 
provides. There is, however, a small 
honorarium associated with the role. 
For a more detailed list of the editor’s 

responsibilities and for those with the 
calling to help promote and strength-
en Australian Physics, please contact 
or provide your expression of interest 
to myself (aip_president@aip.org.au) 
and/or to Brian (brian.james@syd-
ney.edu.au).

There are other challenges afoot in 
the world, not just in physics but 
in science more broadly. The AIP is 
a member organisation of Science 
Technology Australia, which helps 
provide us with an effective voice in 
Canberra and on science and tech-
nology with the community in gen-
eral. Also in an earlier edition of the 
bulletin, readers may have noticed 
our endorsement of the key princi-
ples of universal scientific literacy, 
open communication of scientific 
research and its findings, evidence-
informed policy and stable and stra-
tegic investment in research. These 
underpin an open letter published 
by Science Technology Australia, and 
which was signed by me on behalf 
of the AIP (see page 84). If we are to 
be effective as a society in supporting 
and protecting the discipline of phys-
ics we should be prepared to lend our 
voice to efforts such as this. 

It is important to recognise that, 
while science in Australia is well sup-
ported, there is more we can do to en-
able our scientists and technologists 
to be more competitive on the global 
stage. In particular, it is essential that 
major decisions and policy designed 
to guide the direction of our society 
are, and continue to be, underpinned 
and guided by evidence. 

It is also important to maintain a 
high degree of awareness of the value 
of science and research. As scien-
tists it is sometimes easy to be en-
tranced by the beauty or even just 
the “gee whizz” factor in science and 
to present those as the key message. 
Without forgetting that beauty, “gee 
whizz-ness” or even just straight up 
fundamental research (don’t get me 

started) are important, we should 
also never lose sight of the fact that-
investment in science and technology 
has tangible and demonstrable ben-
efits to society in health, technology, 
communication, transport, the envi-
ronment and much more.

For all these things and more, we sup-
port the efforts of Science Technol-
ogy Australia on our behalf, and on 
behalf of many other scientific mem-
ber organisations, to raise awareness 
of, and engender support for, science 
and technology. This is one of the 
reasons we pay our membership.

Before signing off I would also like 
to mention another challenge that 
the AIP has taken up. Representa-
tion by women is low in physics (as 
are many other measures of diversity 
among our practitioners). As an ac-
tivity to provide awareness of and to 
celebrate strong women role models 
in physics, the AIP has been running 
the Women in Physics lecture series 
since 1997. I am pleased to promote 
the appointment of the 2017 Wom-
en in Physics lecturer—Dr Katie 
Mack. Dr Mack is a worthy mem-
ber of the alumni of the Women in 
Physics lecturers being a theoretical 
astrophysicist from the University of 
Melbourne and a specialist in cos-
mology and observable tracers of 
cosmological evolution. With one of 
the most highly followed Twitter ac-
counts among professional astrono-
mers worldwide, Dr Mack is an in-
spired and effective communicator. 
She will be presenting her lectures on 
tour to school, public and academic 
audiences in Australia between July 
and September.

Andrew Peele
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Academy of Science Awards
Recently announced awards by the Australian Academy 
of Science included the following.

The 2017 Matthew Flinders Medal and Lecture has 
been awarded to Professor Barry Ninham AO FAA (Re-
search School of Physics and Engineering, ANU) in rec-
ognition of his discoveries that have had a revolutionary 
impact on the field of colloid science, a discipline that 
underpins chemical engineering, cell and molecular bi-
ology and nanotechnology.

Prof Barry Nineham

He is the developer of the accepted theory of amphi-
philic molecular self-assembly, a process that underlies 
modern materials science.  It is a fundamental principle 
of self-assembly in nanotechnology, impacting on mod-
ern molecular-based technologies, and slow-release tech-
nology for in-vivo pharmaceutical drug- delivery. 

He presently works with Professor Richard Pashley and 
a team of graduate students at the Australian Defence 
Force Academy (ADFA). They discovered, and are im-
plementing, simple new technologies for purification of 
recycled water, desalination, low temperature chemical 
reactivity, catalysis, and removal of  pollutants such as 
arsenic.

The 2017 Thomas Ranken Lyle Medal has been award-
ed to Professor Joss Bland-Hawthorn FAA (School of 
Physics, University of Sydney) in recognition of his as-
tronomical research and cutting-edge instrumentation, 
helping to keep Australia at the forefront of optical as-
tronomy over the past 25 years. His legacies include es-
tablishing two astronomical fields – galactic archaeology 
and near-field cosmology (with Professor Kenneth Free-
man FAA FRS) and astrophotonics, resulting in awards 
in astronomy, optics, and photonics. His innovative con-
tributions to astronomical technology and instrumen-
tation have been very influential and have been widely 
adopted in experimental astronomy and have also been 
applied to other fields, such as telecommunication, food 
safety and the farming industry.

Prof Joss Bland-Hawthorn

The 2017 Anton Hales Medal has been awarded to As-
sociate Professor Juan Carlos Afonso (Department of 
Earth and Planetary Sciences, Macquarie University). 
Associate Professor Afonso is at the forefront of revolu-
tionising the way that geoscientists interpret the signals 
they obtain from deep in the Earth by geophysical meth-
ods. Up until now, each individual method was treated 
separately and the results were often incompatible with 
each other. His approach follows a long-term interdis-
ciplinary program to develop a rigorous computational 
model that unifies diverse sub-disciplines of the solid 

LETTER TO THE EDITOR
Reading the article about Australian involvement in the 
recent gravitational wave detection (Australian Physics, 
54(2), Mar-Apr, 2017), I was pleased to remember that 
Ra Inta, a PhD graduate from our Acoustics Lab, was 
one of the authors on the famous Abbott et mult. al. 
paper  (PRL 116, 061102) announcing the first direct 
detection. One of my colleagues described Dr Inta’s con-

NEWS & COMMENT

tribution succinctly: “Why would an acoustician … oh, 
I see why they would need acousticians”.

Sincerely
Joe Wolfe
Acoustics Lab
UNSW Sydney.
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earth sciences. This method irons out anomalies that 
may occur in the individual sub-disciplines, producing a 
self-consistent whole picture of the physical and chemi-
cal state deep in the Earth.

A/Prof Juan Carlos Afonso

The 2017 John Booker Medal has been awarded to Pro-
fessor Dayong Jin (School of Mathematical and Physical 
Sciences, University of Technology Sydney). Professor 
Jin is a world leader in engineering time-resolved pho-
tonics devices, and luminescent nanoprobes which can 
up-convert low-energy infrared photons into more use-
ful visible light for high-contrast detection. While his 
research opens up many opportunities in biomedical de-
vices, early diagnosis, and light triggered nanomedicine, 
his nanodots can also be made into an ‘invisible ink’ to 
protect pharmaceuticals, medical courier supplies, pass-
ports, banknotes and more.

Prof Dayong Jin

The 2017 Pawsey Medal has been awarded to Associ-
ate Professor Igor Aharonovich (School of Mathemati-
cal and Physical Sciences, University of Technology 
Sydney). Associate Professor Aharonovich is delivering 
breakthrough research that underpins next generation 
light-based technologies spanning energy, communica-
tions and quantum information processing. His work 
is original, has motivated wider research and focuses on 

novel single photon sources, one fundamental building 
block in quantum information science. He has dem-
onstrated new materials with record-setting properties 
which assist the further development of quantum com-
munication systems and their deployment in real world 
applications. His work contributes to one of the pressing 
issues in the modern era – ensuring that private informa-
tion and sensitive data can be secured through unbreak-
able encryption.

A/Prof Igor Aharonovich
(Source: Australian Academy of Science)

The AAO's Technological Achievements
The Australian Astronomical Observatory (AAO) has 
released a document outlining its technological achieve-
ments, available for download from its website: www.
aao.gov.au. 

The AAO provides Australian 
astronomers with access to state-
of-the-art optical and infrared 
telescopes, allowing them to 
pursue world-class science. This 
includes developing innovative 
technologies and instruments 
for these telescopes. Forty per 
cent of astronomy in Australia 
uses optical/infrared telescopes, 

and the AAO is the main provider of these facilities.

The AAO operates the 3.9 m Anglo-Australian Telescope 
(AAT), the largest optical/infrared telescope in Australia, 
and the 1.2 m UK Schmidt Telescope. Both are locat-
ed at Siding Spring Observatory in New South Wales. 
Through its International Telescope Support Office the 
AAO also supports the use of larger overseas telescopes 
by Australian astronomers. 

The Milky Way above the dome of the AAO’s Anglo-Australian Telescope. Credit: A. López-Sánchez

THE AUSTRALIAN ASTRONOMICAL OBSERVATORY
Our national centre for optical and infrared astronomy

Department of Industry, 
Innovation and Science
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National Science Statement 
The Government’s National Science Statement has been 
released the Minister for Industry, Innovation and Sci-
ence, Senator the Hon Arthur Sinodinos. The compre-
hensive statement recognises:

• The criticality of basic research
• The need for a long-term sustainable approach
• The importance of strong community awareness  
 about science
• The need to boost international science engagement.

The National Science Statement sets 
out the government’s science objectives 
and principles and provides guidance 
for the government’s other science-re-
lated policies and initiatives into the fu-
ture, including its response to the 2030 
Strategic Plan – a strategic plan by In-
novation and Science Australia for the 

innovation, science and research system up to 2030, which is 
expected to be completed in 2017. The statement is available 
at www.science.gov.au/SCIENCEGOV.

Boeing names CSIRO a supplier of the year
Each year Boeing makes ‘supplier of the year’ awards 
covering 13 categories. CSIRO has received the Tech-
nology Award for 2016. Its outstanding performance 
in research and development were cited as some of the 
reasons for CSIRO being given the Technology Award. 
These included the development of a new hydraulic flu-
id for planes, and a safer alternative, that provides better 
performance, for a commonly-used corrosion inhibitor 
in the aviation industry.

Boeing has more than 13,000 suppliers from all 50 US 
states and 48 countries. Supplier-provided components 
and assemblies make up approximately 65 per cent of 
the cost of Boeing products.

Australia’s 
National Science  
Statement
science.gov.au/NSS

2017

"Over 28 years we've evolved from vendor to true part-
ner. We are so much stronger together. Boeing allows us 
to turn excellent science and clever ideas into industry 
leading technology that changes lives," CSIRO's Chief 
Executive Larry Marshall said.

Australian satellites launched
On 18 April an Atlas V rocket carrying three Austral-
ian satellites, INSPIRE-2 (University of Sydney, ANU 
and UNSW collaboration), UNSW-ECO and SuSAT 
(University of Adelaide and UniSA collaboration) was 
launched successfully from Cape Canaveral. These three 
satellites were the first Australian-built satellites in space 
for 16 years.

The Cygnus capsule containing the three satellites 
approached the ISS.

The three satellites are part of the multi-university QB50 
program which aims to launch a network of 50 Cube-
Sats built by university teams all over the world as a pri-
mary payload on a low-cost launch vehicle to perform 
first-class science in the largely unexplored lower ther-
mosphere.

Space agencies are not pursuing a multi-spacecraft net-
work for in-situ measurements in the lower thermo-
sphere because the cost of a network of 50 satellites built 
to industrial standards would be extremely high and not 
justifiable in view of the limited orbital lifetime. No at-
mospheric network mission for in-situ measurements 
has been carried out in the past or is planned for the 
future. Consequently, a network of satellites for in-situ 
measurements in the lower thermosphere can only be 
realised by using very low-cost satellites, and CubeSats 
are the only realistic option.
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2017 AIP Women in Physics lecturer
The AIP Women in Physics lecturer for 2017 will 
be Dr Katie Mack, a theoretical astrophysicist from 
the University of Melbourne. Katie specialises in 
cosmology and observable tracers of cosmological 
evolution. Her work focuses on finding new ways 
to understand the early universe and fundamental 
physics using astronomical observations.

Her current research 
focus is on dark mat-
ter, the mysterious 
invisible stuff making 
up most of the matter 
in the Universe. In her 
cutting-edge research, 
she shows how dark 
matter interactions 
in the early universe 

might have shaped the first stars and galaxies and 
altered the course of cosmic evolution.

Alongside her astrophysics research, Katie is deeply 
passionate about science communication, espe-
cially through social media, where she maintains 
one of the most-followed Twitter accounts by any 
professional astronomer world-wide. You can find 
her at @astrokatie.

She is extremely active in other areas of science 
communication and appears regularly on televi-
sion, radio, and in various print media, including 
a regular column in Cosmos Magazine.  You can 
find out more about Katie from her website: www.
astrokatie.com

Katie will present the 2017 Women in Physics Lec-
tures between July and September.

Dr Katie Mack

The launch also included the Biarri Point satellite, de-
veloped in the US, which as part of its payload has GPS 
technology developed by the University of New South 
Wales (UNSW) in partnership with Defence Science 
and Technology Group.

After launch into circular low Earth orbit the payload 
instruments will commence operation and data cap-
ture and storage, with data downloads being made to 
ground stations in Sydney, at the ANU and in Stras-
bourg, France. Communication access through these 
locations will occur an estimated 4 and 6 times per day, 
respectively, with total daily access durations of 21.6 and 
28.6 minutes.

INSPIRE-2 will carry five instruments: a nanophotonic 
spectrograph, a radiation counter, a microdosimeter, a 
GPS Receiver Unit and a multi-needle Langmuir probe 
supplied by the QB50 Project.

UNSW-ECO has four experiments including a GPS 

receiver, and two boards 
testing radiation-robust 
software and self-healing 
electronics. The fourth 
experiment is to test the 
satellite’s chassis, built us-
ing a 3D-printed mate-
rial never before flown in 
space.

SuSAT will be measuring 
the densities of particle 
in the thermosphere and 

the amount of water vapour in particular regions of the 
atmosphere.

At an estimated 8 to 12 months post-launch, orbital de-
cay due to friction with air molecules will bring the sat-
ellites into the upper reaches of Earth atmosphere. This 
friction will slow, melt, fragment and degrade the craft 
to a non-operational state. 

The INSPIRE-2 CubeSat
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The open letter below was published on the Science & 
Technology Australia (STA) website on 22 April 2017, 
to coincide with the global March for Science. STA is us-
ing the opportunity this event presents to heighten public 

As Australian scientists and technologists and their champions, we write to express our strong support for our international colleagues in science, technology, 
engineering and mathematics (STEM).

Collaboration with international counterparts, in all countries and from all backgrounds, is vital to the work of STEM. The common language of STEM serves 
as a bridge across cultural divides; enables cross-fertilisation of new ideas from different perspectives; and it serves to make the world healthier and more 
resilient through a period of global change.

It is incredibly important that we as a society support independent research, free of political interference. The scientific method is robust, and through 
it the sum of human knowledge has been advanced incrementally through the laser lens of objective testing and observation, contestability, replication of 
results, and intense scrutiny. The growth of ‘alternative facts’ and the rise internationally of misrepresentation and disregard for science is, at best, troubling. 
At worst, it’s life threatening on a monumental scale.

Climate change, antibiotic resistance, food and water security and other global threats will not be solved by ‘alternative facts’ but through the steady and 
logical application of science and technology. In our privileged Australian society, our communities and individual lives are extended, enhanced and made 
more fruitful every day by science and technology. The achievements of science and technology research have been enabled through successive governments’ 
support for the work of those in the STEM sectors. 

We the undersigned call on leaders around the world to recognise and reinforce the value of unencumbered support for the work of scientists and 
technologists. We call on those with power and influence to work towards a society based on reasoned and substantiated decision making.

We call for a world that supports, celebrates, and learns from science.

Professor Tanya Monro
Deputy VC and Vice President: Research and 
Innovation, University of South Australia

Adam Spencer
Australian author and comedian

Professor Sir Gustav Nossal
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Professor Dominic Geraghty
President, Aus Society of Clinical and 
Experimental Pharmacologists & Toxicologists

Professor Barney Glover
Vice-Chancellor and President, 
Western Sydney University

Professor Ian Frazer
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Professor Simon Fleming 
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Cathy Foley
Polcy Chair, Science & Technology 
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Professor Neville Exon
Program Scientist, International 
Ocean Discovery Program

Menna Jones
President, Australian Mammal 
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Professor David Karoly
Professor of Atmospheric Science, 
University of Melbourne

Professor Emma Johnston
President-Elect, Science & 
Technology Australia

Kirsten Heimann
Vice-President, Australasian Society 
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A/Professor Grant Wardell-Johnson
Director, Australian Council of 
Environmental Deans and Directors

Professor Michael Good
Former Chair, National Health and 
Medical Research Council

Professor Lin Padgham
Former President, Computing Research 
and Education Association of Australasia

Dr Damien Pearce
CEO, National Youth Science Forum

Professor Chris O’Neill
President, Society for Reproductive 
Biology

Professor Graham Lamb
President, Australian Physiological 
Society

Dr Francine Marques
ECR Representative, Science & 
Technology Australia

Professor Lisa Kewley
Director, ARC Centre for Excellence 
in All-Sky Astrophysics in 3D

Professor John Rice
Executive Director, Australian 
Council of Deans of Science

Samir Samman
President, Nutrition Society of 
Australia

Jeannie Rea
National President, National 
Tertiary Education Union

Sam Popovski
CSIRO Staff Association

Professor Andrew Peele
President, Australian Institute of 
Physics

Professor Andrew White
Director, Centre for Engineered 
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Robyn Williams
ABC Broadcaster

Leann Tilley
President, Australian Society for 
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Professor Michael Stowasser
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Professor Ross Thompson
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interest in our sector and to celebrate the support and suc-
cess of science and technology in Australia, while high-
lighting the need to ensure it continues. The signatories 
include AIP president Prof Andrew Peele.

Open Letter from Science & Technology Australia
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Twinkling of the stars – new opportunities 
in a very old field of study
Laurence Campbell
Flinders University, GPO Box 2100, Adelaide SA 5001, Australia

In the 13th century Francis Bacon wrote “Hence we see nothing so frequently of whose cause we know less: 
it is the scintillation of the stars”.  Even today, while the scintillation, or twinkling, of the stars is familiar to 
most people, few know the explanation for it. It was been the subject of heated, even acrimonious, dispute 
between scientists. Yet most of its characteristics can be investigated with simple equipment. This paper 
describes the development of the theories about twinkling and observations that can be made by eye and 
with a sensitive digital camera.

Historical development
The Pokomo People of eastern Africa and the Euhalayi 
of New South Wales both believed that the stars of the 
Milky were the campfires of ‘ancient ones’ or the dead 
[1]. The similarity between the twinkling of the stars 
and the flickering of a distant campfire may have led to 
this belief. Aristotle noted the twinkling of stars and the 
absence of twinkling of the planets and ascribed this dif-
ference to the lesser distance to the planets [2]. Maybe 
he made the analogy to the increasing shimmer with 
distance that is seen horizontally in hot conditions. The 
idea that twinkling is related to the atmosphere was put 
formally by a Spanish-Arab Islamic philosopher, jurist 
and physician, Averroës, in the 12th century, when he 
ascribed both the quivering of the Sun and the scintilla-
tion of the stars, both at rising and setting, as due to the 
“density of the medium” [3].

Roger Bacon, a 13th century monk, wrote: “If it be said 
that when the air is set in vigorous motion by the wind 
there would be greater and more violent scintillation, 
our reply must be that, just as the necessary brilliancy, 
neither too much nor too little, is required for scintil-
lation…” [3] Bacon’s conditions on brilliance were an 
attempt to explain why bright planets and faint stars do 
not appear to twinkle and he went on to include eye-
strain in the explanation. However, it is clear that an 
association between atmospheric motion and twinkling 
had been made by this time.

It was Robert Hooke who is first known to have attrib-
uted twinkling to layers in the atmosphere having dif-
ferent temperatures that act as lenses [4]. Sir Issac New-
ton also wrote of twinking as an obvious atmospheric 
phenomenon, and explained the absence of twinkling in 
telescopic observations as due to the large aperture of the 
telescope [4]. However, his tendency to favour the cor-

puscular rather than the wave theory of light was to lead 
his admirers to stymie for many years the wave theory. 
When Thomas Young put forward evidence for the wave 
theory of light it was described as “destitute of every spe-
cies of merit” [5].  However, in 1859 Arago postulated 
that twinkling was an interference effect between rays of 
light from opposite sides of the lens [6]. This theory was 
denounced by Lord Rayleigh, who described it as “aban-
doned by the best authorities” [7].

Lord Rayleigh assumed that the colour variations were 
a consequence of regular atmospheric dispersion, which 
also produces the green flash (shown in Figure 1). When 
light goes into a denser medium, it refracts towards the 
normal to the surface, with the amount of bending in-
creasing with decreasing wavelength (i.e. blue bends more 
than red), as seen by light passing through a prism and 
producing a spectrum. This refraction also occurs in the 
atmosphere where light coming in at a low angle bends 
downwards towards increasing air density. When the Sun 
is setting, the green light bends more than red and so an 
observer can still see green light when the sun is below the 
horizon in red light, hence giving the green flash.

Figure 1: The green flash (top), seen over the sea, almost 
disappears after 0.3 s (bottom).
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The physical separation of the paths of different colours 
that eventually reach the observer’s eye was invoked by 
Rayleigh as the explanation for colour twinkling, in that 
an atmospheric irregularity can pass through the path 
of one colour, scattering that colour with the result that 
the observer sees the complementary colour. Rayleigh 
did an extensive calculation of the effect and, despite 
his dismissive attitude to Arago, did admit that it was 
hard to understand how the atmospheric irregularities 
could be sufficiently abrupt to be confined to the path 
of one colour. Rayleigh also explained the small amount 
of twinkling of the larger planets, in that rays from dif-
ferent parts of the planet would follow different paths 
through the atmosphere, thus leading to an averaging 
effect in the eye.

In 1949 Hartridge and Weale, in a letter to Nature [8], 
ascribed changes in brightness and colour to the slight 
movement of the star image over the retina and to lo-
cal variations in retinal receptors. This led to a confron-
tation at a meeting of the Royal Astronomical Society 
[9]. Hartridge argued that according to the refraction 
hypothesis, the stars should appear to move as much as 
10”, which is not observed. Astronomers gave examples 
of instrumental measurements showing clear evidence 
that twinkling was a real change in intensity and colour 
in the light pattern.  No resolution was reached, but a 
“Mr Hoyle” said “I find it difficult to believe that the 
atmosphere is not the main source of the twinkling of 
stars, but I do think that Prof. Hartridge is right in say-
ing that the phenomenon is far more complicated than 
is usually supposed.” 

This note of caution was soon justified when Little pro-
posed the diffraction explanation of twinkling [10]. In 
this, the initially plane wavefront of the starlight be-
comes progressively more distorted as it passes through 
many individual refractive index irregularities (eddies) 
in atmospheric turbulence.  Applying diffraction theory 
implies that this produces intensity fluctuations on the 
ground at a distance of kilometres from the turbulence. 
Little showed that the intensity variations can be pro-
duced by much smaller atmospheric density variations 
than required for refraction by individual atmospheric 
irregularities. He explained colour scintillation as due to 
the distortion of the wavefront being different for differ-
ent wavelengths, thus producing different intensity pat-
terns at the ground, but noted that regular atmospheric 
dispersion at elevations below about 15° would also act 
to increase the colour variations produced.

This modern understanding of twinkling is illustrated 
schematically in Figure 2. The phase front and corre-
sponding intensity variations may be different for differ-
ent wavelengths. Bright points in the intensity pattern 
occur where a section of the wavefront happens to be 
equidistant from that point, so that the contributions 
from that segment add up in phase, while a segment 
over which the contributions vary in phase by half a 
wavelength produces a null, leaving a complementary 
colour. If the layer of turbulence moves bodily with the 
wind, the associated intensity pattern moves with it, 
thus producing a random series of fluctuations in the 
eye of the observer. 

Figure 2: A schematic diagram of the production of 
intensity and colour variations in the diffraction model. 
The initially plane wavefront in the starlight is distorted 
as it passes through many refractive-index irregularities. 
Enhancements in intensity occur at points on the ground 
which, on average, are equidistant from many points on the 
distorted wavefront. If the turbulent irregularities move as 
a whole with the wind, the diffraction patterns also move 
at the same speed.

Light from a double star traversing a single layer of 
turbulence will contain identical diffraction patterns, 
separated by a distance determined by the stars’ angular 
separation and the height of the turbulence. This makes 
it possible to measure wind speed and turbulence char-
acteristics as a function of height in the atmosphere [11].

Simple observations.
Twinkling is an example of a natural, everyday phenom-
enon that can only be explained by physics, but also re-
quires understanding of aspects of human vision. The 
advent of the sensitive digital camera has made it pos-
sible for almost anyone to investigate the phenomenon. 

Some characteristics of twinkling can be seen by an el-
ementary observation that requires no equipment. Hold 
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your finger up at arm’s length in front of a bright star 
(preferably the brightest, Sirius, when it is at about 20° 
elevation). Focus your eyes on the finger, so that the 
star becomes two out-of-focus blobs. Depending on 
conditions, you may see fluctuations in the intensity of 
the blobs that are not the same. Uncorrelated or time-
shifted fluctuations indicate that the intensity patterns, 
and hence the turbulent structures producing them, are 
smaller in size than the distance between your eyes.  No 
(at least with my eyes) colour fluctuations are seen by 
this method. This is likely because the colour sensitive 
cone cells of the eye in the fovea are in the image of the 
finger, while the two star images are being detected by 
the colour-insensitive rods outside of the fovea.

The twinkling of stars and the occasional hints of col-
our variation that are seen directly are due to extreme 
excursions of the light intensity, as the fluctuations are 
generally so high in frequency as to be hidden by per-
sistence of vision. In 1857 Michael Faraday reported 
[12] observing strong twinkling of Sirius and Aldebaran 
“and on passing the axis of the eyes across them so as to 
produce a changing place for their image on the retina, 
it was seen that the difference due to twinkling was so 
great as at certain moments to cause the apparent extinc-
tion of the stars.” (The effect is now often visible in traf-
fic at night, when you sweep your field of vision across 
LED rear lights that are flashing rapidly and you see a 
string of individual red dots.) M. F. also suggested rotat-
ing a handheld mirror while looking at a reflection of 
the star to see the same effect. 

A much easier method (as described in the meeting of 
the Royal Astronomical Society described above) is to 
take a pair of binoculars and apply a rotating motion so 
that the image of the star traces out a curve in the field 
of view. A series of points of different colour along the 
curve can be easily seen in conditions of even moderate 
twinkling. Applying this method with a modern digital 
camera (here an SLR with a 10x zoom lens, with image 
stabilization switched off, f/5.6 and ASA 6400) allows 
the rapid changes in colour to be recorded, as shown in 
Figure 3, where the shutter was open for 0.5 s.  The top 
panels show relatively slow (left) and fast (right) twin-
kling. (The star image was slightly defocussed to give a 
reproducible trace). The human eye observing the light 
fluctuations in the left image might pick out the bright-
est colour changes, with the individual colours lasting 
up to 1/30”, but the much faster changing colours in 
the right image would average out. As a general rule the 

observed frequencies increase with elevation. The lower 
image in Figure 3 shows the same technique applied to 
the star Antares (left) and the planet Mars, illustrating 
Aristotle’s observation that stars twinkle while planets 
(generally) do not. (Mars may be seen to twinkle when 
it is in opposition and so much smaller in angular size 
than when this photo was taken.)

Figure 3: 0.5 second exposures made while rotating the 
camera around an axis pointing towards the star. On the 
upper left the twinkling frequency is low. The camera 
was slightly defocussed to produce a wider trace. The top 
panels show low- (left) and high-frequency twinkling. 
In each case the image was slightly defocussed to allow 
reproduction here. The lower panel shows the twinkling 
of the star Antares (left) and the lack of twinkling for Mars, 
when the two objects were close together.

Including street lights in the picture allows the rate of 
colour changes to be estimated by comparison with the 
100-Hz fluctuation in the intensity of the mains-driven 
lights. (Each cycle of the 50-Hz streetlights produces two 
peaks in light intensity, as the current peaks in one direc-
tion and then the other.) In Figure 4  a mirror has been 
used to place an image of a street light close to a star, 
allowing one to see that at times the star goes through a 
colour change within 0.01s.

Figure 4: A mirror has been used to produce an image of 
a street light close to a star. The orange blobs of the street 
light indicate the length corresponding to 1/100”, showing 
that colour changes in the light of the star occur in about 
this interval.
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Around 1600 Simon Marius observed scintillation by 
focusing his eye with a lens, observing the stars as cir-
cles with rapid changes of colour [4]. This can be imple-
mented with a camera by defocussing the image of the 
star, so that an “image” of the front lens is produced by 
recording the colour of the light coming from each part 
of the lens. When the camera is rotated as before, this 
constantly-changing image is smeared out into a wide 
trace across the picture, as in Figure 5. On the left, there 
are a few circular patches that indicate that the whole 
lens was covered with a light pattern for a very short 
time, with an intensity much greater than the average 
for the star. Some contain patterns of the order of 1 cm 
across. Such small bright patches can only be explained 
by the diffraction theory of twinkling, as a refractive at-
mospheric lens cannot focus to such a small scale. On 
the top right the intensity is much more uniform and 
changes slowly, while bands suggest the movement of 
small structures across the camera aperture. 

Figure 5: 0.5-second scans using defocussing to “image” 
the 40-mm lens aperture for Sirius (top) and an Iridium 
flash (bottom). For Sirius there are short intervals of high 
intensity, showing spatial structure (left) while on the 
right the colour changes are much slower and the intensity 
changes much smaller, with spatial structures producing 
bands as they move across the lens. The interaction 
between the pattern and lens motion is clearly shown in 
the lower panel, where the banding changes direction as 
the camera motion is reversed.

A clearer indication of the spatial structures in the light 
pattern is given by taking successive pictures of the ap-
erture. In Figure 6, a compilation of 1/50 and 1/100-s 
“images” of the 40-mm aperture is shown for elevations 
of 17°, 23° and 53°. Each horizontal row is a sequence 
of images taken in quick succession. At the lower eleva-
tions structures down to 1 cm in size are visible.  There is 
much less colour variation and evidence of structures at 

53 degrees. This may be due to the higher frequencies as-
sociated with higher elevations, so that 1/50” is not suf-
ficiently short to freeze the colour changes and patterns.

Figure 6: “Images” of a 40-mm aperture as a function of 
altitude and exposure time, by defocussing an image of 
Sirius.

The movement of the twinkling patterns can be investi-
gated using a pair of mirrors aligned to reflect the same 
star to the camera, as illustrated in Figure 7. When ap-
plying this technique on different occasions, sometimes 
the images on the two mirrors are quite different, while 
at others they are the same with a small time displace-
ment. The latter indicates that the patterns have moved 
from one mirror to the other in a small time interval. 
This would allow the wind speed at the height of the 
turbulence to be measured. 

Figure 7: Two mirrors at slightly different angles reflect the 
light of a star towards the camera. Rotating the camera 
(focused on the star) over about a second records the 
intensity and colour in the starlight pattern at a separation 
of a few centimetres.

Satellites reflecting sunlight do not appear to twinkle. 
This is likely due to the rapid movement of the satellite, 
as the twinkling pattern moves at a rate determined by 
the ratio of distances between the ground and the tur-
bulence and the turbulence and the satellite. Thus any 
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twinkling pattern would move rapidly, even for station-
ary turbulence, producing frequencies too high to be 
detected by the eye or the methods above. The Iridium 
communication satellites have polished antennas that 
reflect sunlight to produce a “flash” (lasting a few sec-
onds) that is up to about 27 times as bright as Venus. In 
the lower panel of Figure 5 a scan of a 4-mm aperture 
in the light of an Iridium flash clearly shows twinkling 
patterns, with banding that changes direction when the 
motion of the camera aperture is reversed. This suggests 
that the twinkling patterns were moving quite slowly, 
in order to show interaction with the movement of the 
camera lens. Given the rapid motion of the satellite, this 
apparent slow speed is difficult to explain. Thus Iridium 
flashes provide an extra light source to use in the study of 
twinkling, but bright ones occur only about once a week 
on average. It would be very interesting to take a picture 
when the flash occurs close to Sirius. Such a conjunction 
at the location of this author occurred recently, but was 
obscured by cloud.

Summary
The mechanism of the twinkling of the stars has been 
a source of scientific argument over many centuries. 
While diffraction due to atmospheric turbulence is now 
accepted, most scientists outside the field of remote sens-
ing are not aware of it. This is unfortunate, because it is 
a regularly visible natural phenomenon that can only be 
explained by physics and now, with the availability of 
sensitive digital cameras, can be investigated by almost 
anyone. Thus it could be used more in demonstrating 
the utility of physics to explaining natural phenomena. 
In the process many other aspects of physics can be dem-
onstrated, such as the regular pulsation of street lights, 
the basic physics of human vision, prediction of Iridium 
flashes and the ability to make use of the advanced fea-
tures of modern cameras. 
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The Australian Bureau of Meteorology 
Space Weather Services 
Murray Parkinson 
Space Weather Services, NSW Regional Office, Australian Bureau of Meteorology, Surry Hills, NSW 2010 

The risk of extreme space weather disrupting critical infrastructure is increasingly being acknowledged. 
For example, former President Barrack Obama issued an executive order on 13th October 2016 addressing 
his concern that extreme space weather events have the potential to disrupt health and safety across 
entire continents [1]. Space Weather Services (SWS) is a section of the Specialised Services Branch of the 
Australian Bureau of Meteorology. Space Weather Services aims to understand and predict the impact of 
space weather on people and technology in the Australian region, thereby supporting decision making by 
the Australian government, defence, industry and the general public. The aim of this article is to provide 
an introduction to Space Weather Services, why we are relevant and important, and some of the grand 
scientific challenges we need the basic physics community to solve. 

The Bureau of Meteorology is Australia's national 
weather, climate and water agency, operating under the 
authority of the Meteorology Act 1955 and the Water 
Act 2007. Space Weather Services (SWS) is a section of 
the Specialised Services Branch of the Bureau of Mete-
orology. The World Meteorological Organisation has 
defined space weather as “the physical and phenomeno-
logical state of the natural space environment, including 
the Sun and the interplanetary and planetary environ-
ments.” This definition is open and broad because of 
the diversity of phenomena pervading the space envi-
ronment. 

The impact of space weather on technology and the 
Australian economy will continue to grow with our in-
creasing use and access to the space environment. SWS 
aims to understand and predict the impact of space 
weather on people and technology in the Australian 
region, thereby supporting decision making by the 
Australian government, defence, industry and the gen-
eral public. We aim to provide relevant space weather 
products and services of the highest possible standard 
to Australian and international customers. 

On 13th October 2016, President Barack Obama is-
sued a White House executive order titled, "Coordi-
nating Efforts to Prepare the Nation for Space Weather 
Events" [1]. This is a whole-of-government order de-
signed to mitigate the impacts of space weather. The 
order follows on the tails of earlier orders issued by the 
Federal Energy Regulatory Commission (FERC) to 
the North American Electric Reliability Cooperation 
(NERC) directing the development of strategies to 

protect the electricity grid from the impact of extreme 
space weather. 

Obama’s far-sighted executive order asserts that “Space 
Weather has the potential to simultaneously affect and 
disrupt health and safety across entire continents. Success-
fully preparing for space weather events is an all-of-nation 
endeavour that requires partnerships across governments, 
emergency managers, academia, the media, the insur-
ance industry, non-profits, and the private sector.” [Sec. 
1, Policy]. 

It is worth perusing this order in full, even if it is just 
to gain a sense of how seriously the threat is taken by 
senior engineers, physicists and political leaders in the 
USA. Of relevance to Australia, we can expect to be 
courted by representatives of The Secretary of State. 
Their mission will be to encourage Australia to con-
tribute to efforts to strengthen the world's capacity to 
deal with the problem [Sec. 4 (h)]. 

The Bureau of Meteorology contributes to the inter-
national effort to mitigate the deleterious impacts of 
day-by-day and rare extreme space weather through 
the operation of the Australian Space Forecast Centre 
(ASFC), a key Regional Warning Centre (RWC) for 
space weather as designated by the International Space 
Environment Service (ISES). The function of the 
ASFC is to assess and interpret observations and model 
outputs to generate and communicate hindcasts, now-
casts and forecasts of space weather conditions affect-
ing humans, operations and technology. The ASFC 
maintains a physical presence in the form of a forecast 
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centre (Figure 1) to facilitate collaboration amongst 
human forecasters.

Figure 1:  The Australian Space Forecast Centre co-
located with the NSW Regional Office of the Bureau of 
Meteorology in Surry Hills, Sydney.

SWS is a section of the Australian Public Service and 
it is funded primarily to function as a service delivery 
organisation. Note that it is not a research institute or an 
emergency management organisation; however, it con-
tributes to these and other relevant functions depending 
on the availability of spare staff capacity. 

SWS has the capability to: 

• Monitor, model and predict the global and  
 Australian region impacts of space weather. 

• Monitor and predict solar and heliosphere activity  
 and their effect at Earth. 

• Monitor, model and predict the effects of ionospheric  
 variability on HF radio wave communication. 

• Monitor, model and predict the effects of ionospheric  
 variability on Global Navigation Satellite Systems  
 (GNSS). 

• Monitor, model and predict geomagnetic activity  
 and its effects on electricity and pipeline infrastructure. 

• Monitor and predict the occurrence of auroras for  
 the benefit of recreational aurora watching.

• Analyse and understand previous space weather events  
 and advise on their possible impacts on technology. 

• Curate gold standard space weather data sets for  
 open dissemination via operation of a World Data  
 System data centre.

• Provide specialised consultancy services for industry  
 and government to aid the operation and planning of  
 HF radio communication and GNSS. 

• Deliver small group training courses on all aspects of  
 space weather and especially HF radio communication.
 
• Liaise with media content providers to ensure the  
 accuracy of stories about space weather. 

• Represent Australia’s space weather interests at  
 domestic and international emergency response,  
 military and scientific meetings. 

• Collaborate on applied research projects aiming to  
 improve our ability to predict space weather impacts  
 on technology and people. 

Some of the “Holy Grails” of space weather 
research 
The creation of accurate Numerical Weather Predic-
tion (NWP) models for terrestrial weather forecasting 
was a great scientific achievement of the 20th Century. 
The world invests billions of US dollars annually to pro-
gress the accuracy of NWP, and it will continue to do 
so because of the economic and safety-of-life benefits. 
Operational weather prediction models are currently 
constrained by millions of ground- and space-based ob-
servations, and the skill of predictions is still improving 
dramatically on decadal time scales. 

Now let us consider the space weather challenge. The 
space science community believes that if we can improve 
our knowledge and understanding of the solar-terrestrial 
system, developing accurate empirical, numerical and 
physics-based models, and then drive those models with 
an ever-increasing number of observations, we will be 
able to successfully predict the future state of the system. 
Eventually, we will use gridded physics-based models 
including Magneto-Hydro-Dynamic (MHD) models 
to predict space weather. The enterprise is conceptually 
similar to NWP. 

In order to predict space weather near Earth, we need 
to observe and model the behaviour of the Sun's inte-
rior, its atmosphere, the solar corona, the solar wind, 
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the magnetosphere, the ionosphere, the thermosphere, 
and the troposphere. The space science community likes 
to believe that each of these regions exhibits complexity 
comparable to that of the troposphere. There is no doubt 
that some of these regions are strongly coupled to each 
other and their behaviour cannot be predicted indepen-
dently. We will also need to constrain models of some of 
these vast highly structured domains using very sparse ob-
servations. 

Despite decades of research, we still cannot predict the 
11-year solar cycle, the primary regulator of space cli-
mate. Nor can we predict daily variations in the solar 
wind, geomagnetism and ionospheric disturbances with 
satisfactory, verifiable skill. For now, we still cannot pre-
dict space weather with verifiable skill significantly above 
persistence-based forecasting (in a nutshell, “persistence 
forecasting” means that we predict tomorrow’s weather 
will be the same as yesterday’s).

Some of my status conscious colleagues may be upset by 
and challenge my preceding remarks; however, there is no 
doubt whatsoever that the skill of space weather predic-
tions falls short of the skill of terrestrial weather predic-
tions. We have a long way to go before we can demon-
strate impressive skill using hard numbers and statistics. 

What are some of the "Holy Grails" of space weather 
research? In my opinion, space weather science is in its 
infancy and nearly every aspect of space weather science 
might be considered a "Holy Grail". However, here is a 
short list of some of the most important problems that 
our community would agree need to be solved. I have in-
cluded some brief remarks about the minor contributions 
of SWS to the solution of these outstanding problems. 

The Solar Cycle Challenge
The 11/22-year solar cycle is the dominant cycle regu-
lating space climatology throughout the solar system: 
distinct “seasons” of space weather activity emerge dur-
ing solar maxima, the declining phase and solar minima. 
Despite decades of research, we still cannot accurately 
predict variability in the solar cycle. Recent advances in 
understanding the inner workings of the Sun provided 
by helioseismology, combined with advances in theory 
and modelling, may crack this problem during the next 
decade. It is important to predict space climatology for 
long-term infrastructure and mission planning. For ex-
ample, the space radiation environment tends to be less 
threatening during solar maxima because stronger helio-
spheric magnetic fields deflect more cosmic radiation.

The Solar Flare Challenge 
At the time of this issue, our proven skill at predicting 
solar X-ray flares in a real-time operational environment 
is poor. We need to solve this problem because the as-
sociated bursts of hard ionising radiation (FUV, X-Ray, 
protons and neutrons) and radio frequency noise can 
directly impact the aerospace industry, communication 
systems, satellite-based navigation and defence opera-
tions. Major solar flares can also be the precursors of ma-
jor geomagnetic storms. SWS routinely images the Sun 
at Hydrogen alpha wavelengths for the purpose of de-
tecting solar flares and prominence eruptions (Figure 2). 

Figure 2:  The new Culgoora multi-channel solar optical 
telescope assembly (left) and a Hydrogen alpha image of 
the chromosphere recorded on 24 October 2015 (right). 
Images provided courtesy of Peter Ward, Advanced 
Telescope Supplies.

Prof. Iver Cairn’s Space Research Group at the Univer-
sity of Sydney has been collaborating with SWS on the 
development of a solar flare prediction system. The first 
version made use of Global Oscillation Network Group 
solar magnetograms [2]. A new and soon to be pub-
lished version of the technique analyses magnetograms 
recorded by the Solar Dynamics Observatory, the fa-
mous NASA “Living with a Star” space observatory. The 
SDO magnetograms are not affected by atmospheric 
seeing. The new technique is based upon strong correla-
tions between flare probability and measures of photo-
spheric magnetic flux and integrals of the gradients in 
those magnetic fluxes. 

Early results suggest that SWS will soon predict the oc-
currence of 94% of X class solar flares with a false posi-
tive rate of 10% for a lead time of 1 day. This is a major 
advance in capability. 

The Cosmic Radiation Challenge  
The readers of this magazine are well aware that ground-
based cosmic ray telescopes have detected cosmic ray 
particles with energies far exceeding those generated by 
man-made particle accelerators. Ultra-high energy par-
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ticles are thought to originate from distant astrophysical 
sources. Space plasma physics occurring in solar flares, 
the shock fronts expanding through the corona, and in 
the Earth’s magnetosphere, produce enhanced fluxes of 
relativistic protons and electrons in the Earth’s atmos-
phere and radiation belts. So called “killer electrons” can 
upset avionics, satellite electronics and reduce the life 
expectancy of astronauts. Modelling and predicting So-
lar Energetic Particle (SEP) events and the energisation 
of relativistic particles in the Earth’s hazardous radiation 
belts is very important to the aviation, satellite and Space 
Situational Awareness (SSA) communities. 

Two of the ingredients necessary for good SEP event 
predictions include accurate prediction of X class solar 
flares and the magnetic connectivity of the Earth to the 
Sun. Dr .Vasily Lobzin (SWS) is making progress on de-
veloping probabilistic predictions for SEP events. The 
problem is difficult because SEP events are associated 
with only a small fraction of solar flares and no one has 
discovered a solar observation type containing defini-
tive precursor signature of SEP acceleration. Ideally, the 
world needs to discover a signature which says “Yes, a 
SEP event is on the way”. 

The Solar Eruption Challenge  
Space weather agencies need to accurately model and 
predict Coronal Mass Ejection (CME) (Figure 3) and 
prominence eruptions including their direction, mass 
and speed. Our predictions of whether a CME will hit 
Earth, and its arrival time, are often erroneous. Minor 
CMEs sometimes arrive without warning and the pre-
dicted arrival times are typically within ±12 hours of 
truth. When CMEs hit Earth, they can drive major geo-
magnetic storms which cause severe electrical and iono-
spheric disturbances detrimental to the performance of 
electromagnetic-based technology.

SWS has been trialling the use of the ENLIL MHD so-
lar wind model [3] to improve its prediction of CME 
arrival times with limited success. SWS and the Space 
Research Group at the University of Sydney are collabo-
rating on the development of an improved prediction 
system for CME arrival times based upon the BATS-R-
US MHD model [4]. We anticipate a ‘quantum’ leap in 
the accuracy of our predicted CME arrival times within 
the next 1-2 years.

Figure 3:  Large Coronal Mass Ejection (CME) recorded 
by the Solar and Heliospheric Observatory (SOHO) 
coronagraph at 12:36 UT on 6 November 1997. Image 
provided courtesy of SOHO/LASCO consortium. SOHO is 
a project of international cooperation between ESA and 
NASA.

The Bz Southward Challenge 
The space weather sentinels Advanced Composition 
Explorer (ACE) and Deep Space Climate Observatory 
(DSCOVR) [5] have been deployed in orbits about the 
first Lagrange point (L1) to provide direct measurements 
of the solar wind conditions likely to impact Earth with 
lead times of about 30-60 minutes. To provide advanced 
warning of severe space weather, we need to predict solar 
wind parameters including the speed, dynamic pressure 
and the direction of the Interplanetary Magnetic Field 
(IMF) with lead times greater than 1 day. 

Predicting the IMF direction is important: when the 
IMF points southward (“Bz southward”) it is antiparal-
lel to the dayside geomagnetic field, a condition favour-
ing magnetic reconnection, the transfer of energy and 
momentum to the magnetosphere, and its subsequent 
explosive release. However, it is even more important 
to accurately predict the solar wind speed because it is 
the dominant term in the best known solar wind energy 
coupling function [6]. 

SWS has contracted Dr Joachim Schmidt (University 
of Sydney) to operationalise the BATS-R-US model on 
the Bureau of Meteorology high performance computer 
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“Australis”, the same machine currently providing NWP 
for Australia. Our plan is to evaluate the use of this gridded 
MHD model to predict the time history of the IMF direc-
tion embedded within CMEs arriving at Earth. If success-
ful, this will be another major advance in capability. 

The Geomagnetic Storm Challenge 
Predicting the time history of solar wind parameters 
is an essential requirement for predicting the intensity 
and timing of geomagnetic storms. The geomagnetic re-
sponse to the time history of solar wind parameters is a 
complicated non-linear problem requiring data driven 
physics models to fully understand. However, approxi-
mate, useful predictions of the magnitude of geomag-
netic indices can be made by correlating the time history 
of the solar wind coupling function [6] with the time 
history of geomagnetic indices. 

Magnetospheric and ionospheric current systems un-
dergo impulsive changes during geomagnetic storms. By 
virtue of Faraday’s law, these rapid changes induce Geo-
magnetically Induced Currents (GICs). The occurrence 
of GICs represents a major threat to the continuity of 
our electromagnetic-based civilisation. When GICs en-
ter the electricity grid, they can fatigue and destroy high 
power voltage transformers and thus disrupt the supply 
of energy, potentially for many months, thus leading to 
widespread societal dysfunction. 

Predicting the timing and intensity of individual geo-
magnetic storms will help the power line industry better 
mitigate the risk of catastrophic failure whilst minimis-
ing the economic losses resulting from taking action in 
response to storms which do not eventuate. Dr Richard 
Marshall is making progress understanding the detailed, 
specific response of the Australian power line network to 
geomagnetic storms [7]. 

The Ionospheric Variability Challenge  
It is very important to monitor and predict the iono-
sphere and ionospheric irregularities because of their 
impact on a broad range of technology including HF 
radio communication, HF radar, HF direction finding, 
satellite communication and GNSS. From the point of 
view of Australia’s future defence and economic develop-
ment, predicting the impact of the ionosphere is still an 
“elephant in the room”. 

A commonly held view is that HF radio is old technol-
ogy in decline; yet this belief contradicts the growth of 
the HF radio industry and the world-wide reliance of 
aviation and especially defence on HF radio. Austral-
ian defence is currently investing an additional 2 bil-
lion dollars to upgrade the Jinadalee Over-The-Horizon 
(OTHR) Radar Network (JORN). Many defence forces 
continue to make major investments upgrading their 
HF radio communication, radar and direction finding 
systems. 

Predicting the future state of the ionosphere and its im-
pacts on technology is still in its infancy despite decades 
of observations and analysis. At the time of this report, 
the most useful prediction systems use empirical models 
(see Figure 4). These are models which predict the future 
based upon a statistical analysis of the past. The author 
knows of no physics-based ionospheric model that has 
been proven to work with a high skill in an operational 
environment. However, we expect this will change dur-
ing the next decade. 

Figure 4:  Global map of depressions and enhancements of 
peak plasma frequency in the ionosphere, foF2, generated 
using an indigenous statistical model constrained by 
real-time observations from up to 65 vertical incidence 
sounders. Empirical models of this kind are used to 
generate accurate real-time ionospheric propagation 
predictions.

Dr Zahra Bouya (SWS) is making progress predicting 
the future state of the Australian regional ionosphere us-
ing Principal Component Analysis of past observations 
[8]. Dr Vickal Kumar (SWS) has been adopting a “big 
data” approach to analyse and understand the global-
scale response of the ionosphere during geomagnetic 
storms. Dr Brett Carter (RMIT University) is leading a 
successful ARC discovery project aiming to operation-
alise a prediction system for equatorial bubbles in the 
Australia Space Forecast Centre [9]. Equatorial bubbles 
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produce a cascade of small-scale irregularities which dis-
rupt OTHR,  SATCOM and SATNAV systems used by 
aviation and defence. Figure 5 illustrates the occurrence 
of an ionospheric scintillation event across Northern 
Australia, a region of immense strategic significance.

Figure 5:  A map of GPS TEC derived ionospheric 
scintillations generated in real time for 12:45 UT, 6th 
April 2011. Green represents weak or no scintillation and 
red represents severe scintillation. Moderate to severe 
ionospheric irregularities often impact GNSS availability, 
SATCOM and radar surveillance across northern Australia. 

The economic benefit of GNSS to Australia is growing 
explosively, and will be worth many 10s of billions of dol-
lars to our economy in coming decades. As part of the Na-
tional Positioning Infrastructure (NPI) project 1.21 [10], 
Drs Michael Terkildsen (SWS), Kirco Arsov (SWS) and 
Germán Olivares (CRCSI) are currently working on the 
development of an engineering model of ionospheric cor-
rections required to deliver 2-cm scale positional accuracy 
anywhere in Australia. The economic benefits of establish-
ing a harmonised NPI cannot be under-estimated. NPI 
Project 1.21 is currently the most economically significant 
project our scientists are leading. 

Closing remarks 
The creation of accurate Numerical Weather Prediction 
(NWP) models for terrestrial weather forecasting was a 
great scientific achievement of the 20th Century. The ac-
curate prediction of space weather impacts on Earth and 
throughout the solar system is one of the major scientific 
challenges of the 21st Century. The accurate prediction 
of terrestrial weather is widely recognised as an essential 
enabler of economic activity and safety of life. Similarly, 
the world will not fully realise the economic and soci-
etal benefits of a space-based economy without accurate 
space weather predictions. The space weather research 
challenge is beyond the scope and resources of SWS. We 
need the Australian physics community to help solve 
some of the Holy Grails of space weather research so 
that we can improve the accuracy of environmental in-

telligence provided to customers working in defence, 
emergency services, government and industry. 
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Classroom Antarctica: teaching physics on a 
plane on the way to Antarctica
David Gozzard
School of Physics & Astrophysics, The University of Western Australia, WA 6009, Australia

On Australia Day 2017, 18 excited high school students, and two lucky physicists, were sponsored by the 
Laby Foundation’s Classroom Antarctica program to fly over Antarctica in a Boeing 747. During the flight 
south, the students learned about the Earth’s magnetic field and cosmic rays through hands-on science 
experiments.

Flying South
Each summer, the Australian company Antarctica 
Flights charters a Qantas Boeing 747 Jumbo Jet to run 
sightseeing tours over the coast of Antarctica. Through 
its Classroom Antarctica program [1], the University of 
Melbourne’s Laby Foundation sponsors places for Aus-
tralian high school students to make the trip, to educate 
them about the great white continent and get them ex-
cited about science.

On 26th January this year, the flight departed from 
Perth, Western Australia. Kent Street Senior High 
School teacher, Ms Suzy Urbaniak, who received the 
2016 Prime Minister’s Prize for Excellence in Science 
Teaching in Secondary Schools, and 18 of her students 
(from years 9 to 12) had been sponsored to make the 
trip. I was one of two lucky physicists invited to accom-
pany the students on the flight, to teach them about 
geomagnetism and cosmic rays. The other lucky physi-
cist was my fellow PhD candidate, Sarah Bruzzese, from 
the International Centre for Radio Astronomy Research. 
Sarah and I demonstrated a range of simple, hands-on 
experiments, and explained the history and concepts be-
hind them to small groups of the students during the 
flight south to Antarctica. Both time and space were 
limited — a bit surprising, perhaps, because the round 
trip takes over 12 hours and the plane is a Jumbo, but 
once over the ice we had to be seated, and the flight 
is extremely popular, which shows just how interested 
people are in learning about their World, but also means 
that there were no spare seats on the flight.

Winging it
Once underway, Sarah and I set up the experiments in 
a small space near an emergency exit. For the magnet-
ism experiments, we were equipped with a compass and 
dip-circle, and a magnetometer. We used the compass 
and dip-circle to show the direction of the magnetic 

field, and the magnetometer to demonstrate the increas-
ing field strength as we approached the pole. The route 
taken by Antarctica Flights is dictated by the weather 
and, unfortunately, on this occasion, the flight did not 
pass over the magnetic pole. However, the magnetic pole 
lies north of Antarctic circle, towards Australia, so as the 
flight headed south, we were able to use the compass and 
dip circle to the show the students that we passed very 
close to the west of the magnetic pole, around an hour 
before reaching the coast of Antarctica (see Figure 1). A 
small globe aided in demonstrating to the students the 
position of the magnetic pole in relation to our flight 
path and to major Australian cities. We explained to the 
students the basics of dynamo theory, the movement of 
the magnetic poles, and the concept of polar reversal, 
taking care to emphasize the fact that polar reversal does 
not pose a threat to life on Earth [2]. 

Figure 1: Compass showing the difference in direction 
between the south magnetic pole and south geographic 
pole. The aircraft was still around half an hour flight time 
above the latitude of the magnetic pole.

We also taught the students about cosmic rays and their 
relation to the geomagnetic field. We used a needle-type 
electroscope, charged by an ebonite rod rubbed with fur, 
to simulate the experiments Victor Hess conducted be-



98 AUSTRALIAN PHYSICS 54(3)  |  MAY-JUN 2017

tween 1911 and 1913 that led to his discovery of cosmic 
rays (see Figure 2). Cosmic rays generate ions in the at-
mosphere [3], which cause the electroscope to discharge 
faster than if there were no ionizing radiation present. 
Hess took an accurate electroscope aloft in a balloon and 
discovered that it discharged faster at higher altitudes. 
He correctly concluded that levels of ionizing radiation 
are greater at higher altitude, and that the radiation is 
coming from outer space.

Figure 2: Sarah explaining the discovery of cosmic rays by 
Victor Hess. On the table are two dip circles, a globe, and an 
electroscope. The poster on the exit door describes various 
aspects of geomagnetism and was created by Rory Speirs 
of the University of Melbourne.

Although we had the electroscope on hand, and charged 
it up for the benefit of the students, it discharged too 
slowly to be an effective demonstration in the time avail-
able to us. Instead, we had two types of Geiger counter 
— an old analogue model that makes suitably theatrical 
clicking noises, and a more modern digital unit that goes 
“beep” — and we used these to show the increase in 
radiation due to the altitude of the aircraft, and due to 
our proximity to the magnetic pole. Radiation levels on 
both counters climbed during the flight south to around 
10 times the ground-level background, with short-term 
increases of up to 30 times the base level. 

Sarah and I found it particularly exciting to perform 
these simple experiments. These are experiments and 
discoveries that we had learned about in lectures as un-
dergraduates, and we are well versed in the theory of 
what should happen, but getting the opportunity to ac-
tually perform these experiments and see their outcomes 
for ourselves as well as for the students was pretty special.

We concluded these physics demonstration by linking 
the cosmic ray concepts back to the geomagnetic field by 
explaining the way in which the magnetic field shields 
life on Earth from harmful ionizing radiation, and the 

related phenomenon of aurorae [4]. We discussed the 
magnetic fields (or lack thereof) on Venus, Mars and Ju-
piter, as well as the challenges that cosmic rays and solar 
flares pose to manned deep-space missions [5]. 

One activity that Sarah and I had planned to perform, 
but were unable to do on the day, due to time and space 
constraints, was to chart one or more of the measure-
ments made during the demonstrations so that the stu-
dents could see how cosmic-ray levels or the magnetic 
field varied during the flight. In the event, the students 
had to take our word for it that a particular measure-
ment that was demonstrated to them had a very differ-
ent value back on the ground in Perth, and why it was 
so different.

Another activity that Sarah and I investigated a bit was 
the use of smartphone apps to perform measurements. 
There are a large number of free (and paid) apps that 
make use of a smartphone’s suite of sensors to perform 
physics measurements. The utility of these apps de-
pends on what sensors your particular model of phone 
has, as well as the software itself. Sarah demonstrated 
an app called “Physics Toolbox Sensor Suite” that in-
cluded a magnetometer and accelerometer. Had we had 
more time to try out different apps prior to the flight, 
we would have contacted the students in advance to tell 
them to download a particular app onto their phones 
so that they could make regular measurements of the 
direction and strength of the magnetic field throughout 
the flight.

We had considered taking a cloud chamber along to 
provide a more visually exciting demonstration of the 
cosmic-rays, but we agreed there is not enough space 
aboard a fully occupied Boeing 747, unless we were pre-
pared to sacrifice space for our other experiments. We 
also thought the airline might object to carrying isopro-
pyl alcohol for the cloud chamber.

Figure 3: Iceberg traffic jam in a bay on the Knox coast.
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On ice
We only carried out the demonstrations for the outward 
leg of the flight and were required to pack the equipment 
away before reaching the Antarctic coast. Soon after Sa-
rah and I returned to our seats, the jumbo descended so 
that passengers could getter a better view of what was 
below. A few minutes later, the first iceberg was sighted, 
which caused huge excitement on board the aeroplane.

The weather was good and we had clear views of stark 
white icebergs floating in the deep blue of the ocean. 
The density of icebergs increased quickly until we passed 
over the sea ice (see Figure 3). The jumbo crossed the 
coast above Casey station, Australia’s main Antarctic re-
search station, and interrupted the station staff’s tradi-
tional Australia Day cricket match out on the snow. 

Figure 4: Fractured sea ice and icebergs near Mirny station.

The jumbo headed west along the coast towards Mirny, 
an old Russian research station that marked the mid-
point of our trip (see Figure 4). We spent four hours 
over Antarctica, and every few minutes we were treated 
to new features in the landscape below. Antarctic experts 
Di Patterson, Professor Ian Allison, and Peter Attard act-
ed as tour guides, explaining what we were flying over. 
We saw vast ice sheets, and glaciers studded with crevass-
es. There was a surprising amount of colour in the Ant-
arctic landscape. Meltwater formed iridescent blue lakes 
wherever it pooled, and brown outcrops of rock peaked 
through the ice (see Figure 5). The changing scenes were 
all absolutely stunning.

Figure 5: Iridescent lakes of meltwater on the Bunger Hills.

Homeward bound
After flying back to Casey, the Jumbo turned north and 
we headed home, very subdued after the excitement of 
the previous eight hours. Back on the ground, a quick 
visit to the cockpit of the 747 rounded off an exciting 
day for students and physicists alike.

During the flight, the Kent Street students were given 
lessons and demonstrations in a wide range of sciences 
and concepts, from Earth-science to astrophysics, with 
the aim of stimulating an ongoing interest in one or 
more aspects of what they learned. The trip has hope-
fully inspired the students to explore the natural world, 
to take what they learn beyond the classroom, and to 
become part of a future generation of enthusiastic and 
dedicated scientists.

Thanks
Thank you to Antarctica Flights, the Qantas crew, and 
the enthusiastic Antarctic experts for an amazing trip. 
Many thanks to Professor Ian McArthur and Lance 
Maschmedt at the UWA School of Physics & Astro-
physics, and Pete Wheeler and Kirsten Gottschalk at the 
International Centre for Radio Astronomy Research for 
organizing the trip for Sarah and me and providing the 
equipment for the experiments. And a huge thank you 
to the Laby Foundation for this fantastic opportunity.
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2017 CSIRO Alumni Scholarship
The CSIRO Alumni Scholarship is presented an-
nually in the memory of four esteemed CSIRO 
physicists. In this third year of the scholarship the 
recipient was Scott Liles, PhD student at UNSW. 
Scott will use the $5000 travel scholarship to visit 
Professor Charlie Marcus at the Niels Bohr Insti-
tute in Denmark where he will conduct ultra-fast 
single spin measurements to characterise hole spin 
coherence in GaAs. In a ceremony at CSIRO Lind-
field on 21st March, Dr David Thodey, chair of the 
CSIRO board of directors, presented the scholar-
ship to Scott Liles on behalf of the CSIRO Alumni 
and Laboratories Credit Union, a major sponsor of 
the scholarship. 

The CSIRO Alumni Scholarship is awarded in 
memory of Drs. John Dunlop, Tony Farmer, Ger-
ry Haddad and Don Price, four great gentlemen, 
wonderful, dedicated scientists and humanitarians 
of the highest order.  All had distinguished careers 
at CSIRO, all influential in bringing to industry 
new and novel techniques and products.  Even in 
retirement, they continued to work for the organi-
sation in an honorary capacity making major con-
tributions in the application of advanced physics to 
solve significant problems in manufacturing indus-
tries. They were leaders and mentors in the physics 
community, inspiring those around them and they 
enjoyed nothing more than passing on their skills 
and knowledge to younger scientists. 

Many colleagues, family and friends of the four at-
tended including their partners/wives and children.

From L to R: Dr Robert Steele, NSW President, CSIRO 
Alumni; Vivian Cateaux, partner of Dr John Dunlop; 
Jacqui De Batista, partner of Dr Gerry Haddad; Scott 
Liles, 2017 scholarship recipient; Diane Price, wife 
of Dr Don Price; Paquita Farmer, wife of Dr Tony 
Farmer; Dr David Thodey, chair of the CSIRO board of 
directors.

Although unable to be present in person (both 
travelling overseas), the two previous recipients 
of the scholarship sent updates on their scientific 
careers: Claire-Elise Green reported she has two 
publications and in the process of writing her PhD 
thesis, and Bianna Ganly spoke to the meeting via 
a recorded video reporting that she is also writing 
her thesis and expects to submit early as well as 
having published with her overseas collaborator at 
the University of Guelph, Canada. She also added 
that she has already secured a research position.

The scholarship is funded through generous do-
nations and ongoing support from Laboratories 
Credit Union (www.lcu.com.au). To make a dona-
tion, please visit www.givenow.com.au/csiroalumni. 

Scott Martin, CSIRO
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Science Meets Parliament 2017  
- a personal account
Martin White
School of Physical Sciences
University of Adelaide, SA 5005, Australia

I arrived in Canberra for Science Meets Parliament with 
mixed expectations. The programme promises two days 
of excellent training from experts in science communica-
tion, plus a series of networking opportunities with both 
minor and major politicians. However, I wondered how 
realistic it was to expect to hold conversations with those 
at the top of the political food chain, particularly with 
the competition of hundreds of other scientists, journal-
ists and professional networkers. I was also given a meet-
ing with a low ranking backbench Liberal MP which, 
although interesting, did not immediately promise a par-
ticularly productive future narrative.

I am leaving Canberra possessed with an almost evangeli-
cal zeal to praise this event! In two short days, I have col-
lected a long list of follow up conversations and emails 
with both senior politicians and other scientists. It proved 
much easier to gain access to very important people than 
I had anticipated (though it will take more work to pin 
them down after the event). The professional training ses-
sions were also genuinely helpful, and structured to make 
it easy to strike up conversations with other scientists who 
might share common interests. The highlights of my trip 
were the following:

• The meeting with John Alexander MP (based in  
 Sydney) ran over time due to his interest in  
 inspiring young future scientists in schools. I was  
 able to talk about the role particle astrophysics plays  
 in inspiring students to study science, and about my  
 past activities in outreach (including a BBC touring  
 show on the Science of Dr Who). Most importantly,  
 I am actively seeking ways to transplant particle  
 physics techniques into industry, and John is trying  
 to set up a science “summer camp” for students who  
 will gain an industry sponsor that follows them  
 through their undergraduate education, and then  
 provides a guaranteed job at the end. We have  
 resolved to keep in touch, since participation in this  
 scheme would allow us to obtain industrial research  
 partners and industrial internships for future physics  
 students. I was also able to advertise the excellent  
 work being performed by physicists close to his home  
 constituency in Sydney, who can take advantage of  
 such an event.

• In coffee break conversations on the first day, I made  
 contact with a representative from Google, and  
 another from Telstra, who are both keen to offer  
 internships to students working on Big Data projects  
 (they even mentioned money without prompting!).  
 We have set up follow up conversations in the next  
 few months, and I will certainly take advantage of  
 these opportunities for Adelaide students as we seek  
 to increase the transferable skills component of our  
 undergraduate programmes.

• I now have a CSIRO climate modelling contact who  
 needs assistance with data analysis.  This is exactly  
 what my recent particle astrophysics data mining  
 work can be used for, and I have resolved to invite  
 him to Adelaide for a colloquium to explore further  
 opportunities.

• The dinner was both delicious, and an excellent  
 opportunity to pounce on senior people.  This  
 produced the selfie with Bill Shorten, who expressed  
 interest in visiting CERN when I asked him, and  
 exchanged details. This could easily have been a ploy  
 to get rid of me, but we may have an “in”, and I'll  
 follow up with his office.

The author with Bill Shorten, Leader of the Opposition, at 
Science Meets Parliament

• I had a chance to catch up properly with Paul  
 Willis, Director of RiAus, the science communication  
 body in Adelaide who produce the Dr Who show  
 mentioned above. He is running a Science Meets  
 Parliament South Australia event at the end of the  
 month, and is now taking a one page summary of my  
 research and contact details to distribute amongst the  
 attendees.
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• The morning after the event, the University of  
 Adelaide organised a breakfast with South Australian  
 politicians. Through judicious loitering, I managed  
 to steal the last slot on the top table, and had a half  
 hour conversation with the Shadow Minister for  
 Defence, Richard Marles, on the Large Hadron  
 Collider, and the fact that we are using LHC  
 physics techniques to improve cancer diagnosis and  
 climate modelling. He is very keen to visit CERN,  
 and we swapped details. I'll follow up with his office  
 and try and get him to visit the University of  
 Adelaide as well (he previously had a science  
 portfolio and is very keen to keep engaging with  
 scientists in Australia).

• Finally, the breakfast gave me a chance to chat with  
 the Assistant Minister for Vocational Education and  
 Skills, Karen Andrews. She was polite but  
 uninterested in particle physics,  but became much  
 more animated when I mentioned Dr Who. She is  
 interested in our outreach show, and we will talk  
 about future opportunities for airing it, and future  
 ways to promote physics in Adelaide through her  
 interest in “Science Tourism” initiatives.  

 
• Politically, the emphasis throughout was predictable,  
 with a major focus on engagement and little mention of  
 the importance of basic research unless it involved  
 major research infrastructure in Australia. In my  
 conversation with the Shadow Defence Minister (and  
 a separate chat with Adam Bandt), I emphasised  
 that investment in translation to industry is excellent  
 and sorely needed, but it needs to co-exist with a  
 strong basic science community (and independently  
 strong industries),  otherwise we have nothing to  
 translate! This point was appreciated, and the defence  
 minister in particular was a well-read superfan of the  
 LHC. There were encouraging words from the  
 Minister for Industry, Innovation and Science at his  
 press club address on the Wednesday, about both the  
 importance of science, and the government’s  
 commitment to it. However, a question from the  
 press about the very poor level of investment in  
 Australian higher education relative to other nations  
 revealed that there is a gap between the rhetoric and  
 the actual delivery, so those in the AIP that are  
 interested in future lobbying might want to start  
 with that (Australia is currently ranked 33rd out of  

 34 member countries in the OECD for percentage of  
 GDP going to tertiary education). All in all, this was  
 a very enjoyable and successful trip, and I am  
 enormously grateful to the AIP for the opportunity  
 to attend, and for the financial assistance. Finally, I 
 have some tips for future AIP attendees of this event  
 which are worth passing on:

1. Just before lunch on the first day, leave your table  
 and hover at the back of the room. Not only are you  
 first in the long queue for lunch, but you have more  
 time to roam freely and pick prime targets for  
 conversation.

2. I'm old enough to find the “selfie” to be one of the  
 most ridiculous inventions of our time.  However, it  
 provides the advantage that you have a socially  
 accepted excuse to jump on the most famous  
 politicians, after which you can invite further  
 conversation. Politicians are of course used to posing  
 for photos with no notice- compare the demeanour  
 of myself and Bill Shorten in the above photo for  
 proof!

3. Business cards are essential, as is noting with a pen on  
 each one what the connection you had was. It  
 became impossible to remember from the cards alone  
 after the first ten.
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Physics of Radiation 
and Climate

by Michael A. Box and Gail P. Box 
Taylor and Francis Inc, 2015 
Paperback, 513 pages 
ISBN: 9781466572058

Reviewed by David Karoly, Professor 
of Atmospheric Science, School 
of Earth Sciences, University of 
Melbourne

In our current ‘post-truth’ world, it is clear that there are 
a number of politicians who are unwilling to accept the 
scientific theory and empirical evidence that human-
caused increases of greenhouse gases in the atmosphere 
have driven most of the recent observed global warming. 
Donald Trump said in 2014 “Global warming is an ex-
pensive hoax” and Malcolm Roberts said in the Austral-
ian Senate in 2016 “changes in the carbon dioxide level 
are a result of changes in temperature, not a cause”.

Perhaps of more concern is an online statement on glob-
al warming in 2016 by Dr William Happer, Cyrus Fogg 
Brackett Professor of Physics at Princeton University, 
that “past changes were not driven by CO2, and CO2 
will have little effect on future change” . 

A new textbook Physics of Radiation and Climate coun-
ters these opinions and provides a detailed exposition 
of the physical basis for its summary of modern climate 
science: “Our current climate is strongly influenced by 
atmospheric composition, and changes in this composi-
tion are leading to climate change”. While it is unreal-
istic to expect President Trump or Senator Roberts to 
read this book, all of its contents should be familiar to 
Dr Happer. It is not clear why he reaches very different 
conclusions to the book and the vast majority of climate 
scientists.
 
There are a number of textbooks on climate science but 
relatively few written by atmospheric physicists. There 
are none that I know of that go from the fundamentals 
of electromagnetic radiation and its interactions with 
gases, particles and clouds in the atmosphere to atmos-
pheric thermodynamics and fluid dynamics, weather 
and climate variability, stratospheric ozone depletion 
and climate modeling, ending on climate change. 

BOOK REVIEW
The authors have strong research experience in atmos-
pheric radiative transfer and remote sensing of aerosols 
and particles, as well as many years of teaching phys-
ics including electromagnetism, quantum mechanics 
and thermodynamics, not just atmospheric physics, to 
undergraduate and graduate students. Their experience 
shows in the clear development of each of the chapters 
and the comprehensive coverage of the whole book.

The cover notes say that the book is intended to be used 
for a first course in climate physics or a physics elective, 
probably by final year undergraduate students or gradu-
ate students. However, its length (17 chapters and more 
than 450 pages) means that there is more than enough 
material to fill two subjects or a two-semester sequence. 
Each chapter contains a useful synopsis and one or more 
exercises for students. The chapters also include equa-
tions to support the mathematical derivation of impor-
tant results. However, the density of equations in some 
chapters may detract from the accessibility of the mate-
rial to a broad range of students. A number of the chap-
ters have more than one hundred equations and most 
dense is the chapter on multiple scattering, thirty pages 
long with more than 230 numbered equations!

Researchers and graduate students who are looking for 
a comprehensive text on the physics of atmospheric ra-
diation transfer and absorption will also find this book 
to be very useful. It is modern in its treatment and has 
many references supporting the material described in 
the chapters.

While the book is very good in many ways, it does have 
its drawbacks. All the figures are produced in black-
and-white or greyscale but some have been reproduced 
from colour originals, without adjustment. This applies 
particularly to a number of figures reproduced from 
the latest assessment of climate change science by the 
Intergovernmental Panel on Climate Change in 2013, 
which were designed to be in colour and which repro-
duce poorly in black-and-white. In addition, all the ta-
bles use a grey background and a smaller font for their 
text, which makes them much harder to read than the 
main text.

The book contains no typographical errors that I could 
find and very few technical aspects of concern. For a 
book published in 2016, I was surprised that it gave no 
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mention of the Paris meeting of the UN Framework 
Convention on Climate Change held in December 
2015, even as an upcoming meeting, in its section on 
the UN climate convention. The discussion of the large-
scale zonal-average atmospheric circulation presents 
only an Eulerian perspective, while the complementary 
Lagrangian perspective can help with the physical inter-
pretation of the zonal-average circulation. And finally 
a mistake: the discussion of Rossby waves says that the 
waves move westerly relative to an air parcel, when it 
should be westward.

Overall, this is a very good book. It provides a compre-
hensive and detailed coverage of the physics of atmos-
pheric radiation and climate appropriate for senior-level 
university specialist courses or for a researcher wanting 
a comprehensive text on the subject. Unfortunately, it 
would probably make no difference to the opinions of 
a physicist like Dr William Happer, even if he took the 
time to read it.

[1] http://www.thebestschools.org/special/karoly-happer-dialogue- 
           global-warming/happer-major-statement/

AAPPS Bulletin
The AIP is one of 17 member societies of the 

Association of Asia Pacific Physical Societies 

(AAPPS). The AAPPS Bulletin, published 6 times 

per year, is freely available for download. At the 

time of publication, the most recent issue in vol 

27(2), April 2017.

To download this or 
earlier issues go to 
www.aapps.org, then 
AAPPS Bulletin, then 
past issues.

ASSOCIATION  OF  ASIA  PACIFIC  PHYSICAL  SOCIETIES

V o l u m e   2 7   |   N u m b e r  2   |   A P R I L  2 0 1 7 Bulletin

 A New Town with Solar Energies in Japan
(Fujiwara Sustainable Smart Town)

Physics Focus
●       Ultra-transparent Media: Metamaterials 

with a Wide Range of Brewster Angles
●       Moving Majorana Fermions Around
●       Triangular Current Profi le for Future 

High-energy Accelerators

Feature Articles 
●       Toward Atomtronic Devices
●       Recent Progress of Cu(In,Ga)Se2 and 

Cu(In,Ga)(S,Se)2-based Solar Cells
●       Future Prospects of Photovoltaics

Activities and Research News
●       Tohoku Forum for Creativity
●       EU Space Awareness: Inspiring a new 

Generation of Space Explorers

ISSN:0218-2203

SAMPLINGS
Turbulent flow can be forecasted 

Left:  the vorticity of fluid flow measured in an experiment; 
Right: a theoretical calculation. (credit: B Suri et al / Phys. 
Rev. Lett.)

Turbulence is characterized by chaotic changes in the 
flow and pressure of a fluid, and therefore it is very dif-
ficult to predict the time evolution of turbulent sys-
tems. Recently, however, physicists have noticed that 
non-chaotic "exact coherent structures" appear to exist 
in turbulent flows and that these ECSs recur in space 
and time. Now, Michael Schatz and colleagues at the 
Georgia Institute of Technology in the US have done 
theoretical and experimental studies of a weakly turbu-

lent system that confirm the existence of ECSs and the 
important role they play in turbulence. They have also 
shown that the time evolution of turbulent flow can be 
calculated using knowledge of the relevant ECSs. The 
research could lead to new ways of predicting the evolu-
tion of turbulent flow.
[B. Suri etal., Phys. Rev. Lett. 118, 114501 (2017)]

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

Born's rule prevails in five-path interferometer

Schematic of the five-path interferometer used to test 
Born's rule (credit: Thomas Kauten / New Journal of Physics)
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An important tenet of quantum mechanics is that in-
terference always occurs between pairs of paths in an in-
terferometer – and that higher-order interference effects 
between more than two paths do not occur. This is a 
result of Born's rule, which was put forth by Max Born 
in 1926 and defines how the result of a measurement on 
a quantum system is related to its wave function. Any 
deviation from Born's rule would identify a significant 
flaw in quantum theory and therefore be of great inter-
est to physicists. Now, Thomas Kauten and colleagues 
at the University of Innsbruck and University of Vienna 
in Austria have put Born's rule to the test in a five-path 
interferometer. By implementing single-photon detec-
tion, the team was able to run the interferometer in the 
"quantum regime" with one photon at a time passing 
through it. The researchers were able to exclude the ex-
istence of higher-order interference effects in this quan-
tum regime to an uncertainty of 2×10–3, which they say 
is much better than previous attempts. A full list of sig-
natories is available on the STA website: scienceandtech-
nologyaustralia.org.au.
[Thomas Kauten et al., New J. Phys. 19 033017 (2017)]

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

LHCb spots five new baryon resonances

The LHCb experiment (credit: CERN)

Five new Ωc
0 baryon resonances have been detected by 

the LHCb experiment on the Large Hadron Collider 
(LHC) at CERN. Ωc

0  baryons comprise a charmed 
quark and two strange quarks, and because they are 
composite particles they can exist in a number of differ-
ent energy states – or resonances. Two low-energy states 
of the baryons are already known, but now physicists 
working on LHCb have observed five higher-energy 
Ωc

0  resonances with masses 3000 MeV/c2, 3050 MeV/
c2, 3066 MeV/c2, 3090 MeV/c2 and 3119 MeV/c2. The 
discovery could provide physicists with further insights 

into quantum chromodynamics, which is the theory 
that describes how quarks interact with each other.
[LHCb collaboration, arXiv:1703.04639 [hep-ex]]
 
Extracted with permission rom an item by Hamish 
Johnston at physicsworld.com.

Space-race technology revived to generate 
greener energy
Thermionic energy conversion – a technology first de-
veloped in the 1950s to power spacecraft – could soon 
be significantly more efficient, thanks to two key inno-
vations made by researchers in the US. The work is at 
an early stage, but the researchers believe that the tech-
nology could eventually produce electricity in situations 
where a traditional steam turbine would not be feasible. 
As well as making conventional power stations more ef-
ficient, the energy conversion could also lead to more 
environmentally friendly sources of electrical energy. 

The prototype thermionic energy convertor in action 
(credit: Elsevier)

This effect was used in the 1950s to develop small "ther-
mionic energy converters" with no moving parts, for use 
on-board spacecraft. However, the efficiency of the de-
vices was too low for practical applications on Earth and 
the technology has fallen into disuse. 

In the new research, Roger Howe and colleagues at 
Stanford University in California have addressed two ef-
ficiency problems that had limited the use of thermionic 
energy converters. First, they reduced the work function 
of the collector – which is the energy required to transfer 
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one electron from a material to the vacuum surrounding 
it. Therefore, an electron entering the material from the 
inter-electrode vacuum loses this energy to the atomic 
lattice as heat. The work function of the traditional col-
lector material, tungsten, in the same experimental set-
up is 2.15 eV. This dramatically reduces the device ef-
ficiency. The researchers utilized the fact that, unlike in 
metals, the work function of graphene can be tuned by 
applying a voltage to it with respect to a conductor. They 
deposited a 20 nm dielectric layer on top of a doped 
silicon gate, before covering this with monolayer gra-
phene. By applying a voltage to the gate, the researchers 
increased the electron density in the graphene, reducing 
its work function to as little as 1.69 eV.
 
Second, the researchers minimized the space-charge ef-
fect, whereby electrons in the gap between electrodes 
repel each other, pushing electrons back towards the 
emitter. To reduce this, the researchers used nanofabrica-
tion techniques to narrow the inter-electrode gap to 17 
μm, ensuring electrons reached the collector as quickly 
as possible, where they were extracted into the external 
circuit. As a bonus, it allowed an atomic layer of barium 
atoms to evaporate from the coating of the tungsten 
emitter and cover the collector, providing strong surface 
dipoles that further reduced the work function of the 
collector. 

The researchers estimate that up to 9.8% of the heat radi-
ated from emitter to collector at a temperature difference 
of 800 °C is converted to electricity – a nearly sevenfold 
improvement on previous technologies. Other devices 
have reported higher efficiencies (10–20%), but only by 
using much higher temperature differences, which can be 
difficult to sustain in a real device. 
[Hongyuan Yuan et al., Nano energy, 32 (2017, 67-72; 
http://dx.doi.org/10.1016/j.nanoen.2016.12.027

Extracted with permission from an item by Tim Wogan 
at physicsworld.com.

Computer model helps explain how LIGO's 
black holes formed
In February 2016, researchers at the Advanced Laser Inter-
ferometer Gravitational-wave Observatory (aLIGO) in the 
US announced a ground-breaking discovery – on 14 Sep-
tember 2015 they had made the first ever direct detection 
of gravitational waves. After decades of trying to observe 
these ripples in space–time, the scientists had at last ad-
dressed the final unverified prediction of Einstein's general 
theory of relativity. Success was quickly followed by success 
and a few months later a second detection was reported.

Simulation uses LIGO data to explain black hole binaries 
(credit: Henze/NASA)

In both cases (called GW150914 and GW151216 re-
spectively), as well as a less statistically significant event 
(LVT151012), the gravitational waves were produced 
by two stellar-mass black holes in a binary orbit that 
merged to form one larger black hole. While the de-
tection events are a significant breakthrough, they are 
still shrouded in mystery. "Previous to this, we never 
observed a black hole binary system, which leads to 
the natural question – how did these come to be?" says 
LIGO scientist Amber Stuver, who was not involved in 
this current work. 

So far, several scenarios have been proposed but they 
struggle to explain all observed events under one frame-
work. Now, however, scientists at the University of Bir-
mingham in the UK and the University of Amsterdam 
in the Netherlands have developed a model that can de-
scribe all three events via one evolutionary path. 

Before LIGO's detections, it was thought that stellar-
mass binary black-hole systems would either not form at 
all or, if they did, they would be too far apart to merge 
within the age of the universe. For two black holes to 
merge within the age of the universe, they have to begin 
very close together by astronomical standards – no more 
than a fifth of the distance between the Sun and Earth. 
But black holes are produced by massive stars that ex-
pand to be much larger than this distance during their 
stellar evolution. 

To solve this problem Simon Stevenson from Birming-
ham's Gravitational Wave Group and colleagues de-
veloped a simulation platform called Compact Object 
Mergers: Population Astrophysics and Statistics (COM-
PAS). "It is a tool for both predicting the evolution of 
massive stellar binaries and statistically comparing these 
predictions against observations," explains team mem-
ber Ilya Mandel. 
Using COMPAS, the group propose an "isolated binary 
evolution via a common envelope phase". This means 
that two massive stars begin with a quite wide separa-
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tion. As these stars evolve and expand over time, they 
interact and undergo several episodes of mass transfer, 
the last of which is called a "common envelope". This is 
a very rapid, unstable transfer that envelops both stellar 
cores in a dense cloud of hydrogen gas. The formation 
and subsequent ejection of this shared gas cloud is strong 
enough to take energy away from the orbit, bringing the 
stars close enough to merge. At this stage in their evolu-
tion, the stars are small enough in volume not to be in 
contact with each other despite their proximity, and they 
subsequently continue orbiting before merging as black 
holes billions of years later. 
[Simon Stevenson et al., Nature Communications 
8, Article number: 14906 (2017); doi:10.1038/
ncomms14906]

Extracted withy permission from an item by Sarah Tesh 
at physicsworld.com.

How hurricanes replenish their vast supply 
of rainwater
The mystery of how tropical cyclones deliver colossal 
amounts of rainwater over long periods of time may 
have been solved by an international team of atmospher-
ic physicists. The team suggests that – rather than relying 
on ongoing evaporation to replenish rainwater – these 
powerful storm systems suck pre-existing moisture out 
of the air through which they travel. 

Hurricane Floyd caused deadly floods in 1999 (credit: 
NASA/GSFC)

Tropical cyclones – or hurricanes, as they are called in 
the northern hemisphere – are capable of delivering 
huge amounts of rain that can do more damage than 
the high winds associated with the storms. The mean 
precipitation from a typical Atlantic hurricane, for ex-
ample, lies at around 2 mm/h – and this rate can be 
sustained for days on end. What is puzzling about this, 
however, is that it is considerably faster than the typi-
cal rate of tropical oceanic evaporation. This means that 
a hurricane's moisture stocks must be replenished from 
something other than ongoing evaporation, otherwise a 
typical storm would run dry within a day.

Traditionally, studies of the water budget of tropical cy-
clones have been focused only on the area within 400 km 
of the storm's centre – the part of a cyclone thought to 
receive the majority of the ocean-derived heat that pow-
ers it. In this region, the local evaporation of water from 
the sea can only account for around 10–20% of the total 
rainfall. So, it has been supposed, the additional moisture 
must be being imported from further out, up to 2000 km 
from the eye of the storm – and well beyond the area of 
the storm in which rain falls. The exact mechanism that 
could import water vapour like this has not been clear. 
Pressure gradients more than a few hundred kilometres 
from the storm's centre, for example, are inadequate to 
drive outlying moist air towards the centre. 

To investigate further, physicist Anastassia Makarieva of 
the Petersburg Nuclear Physics Institute in Russia and 
colleagues looked at the moisture dynamics of north At-
lantic hurricanes out to 3000 km from their centre. First, 
the researchers considered the radial pressure distribu-
tion, relative humidity and temperature of the hurricane 
boundary layer, and calculated that – even at their wider 
scale of interest – the storm's rainfall cannot be supported 
by evaporation alone. 

Next, the team examined North Atlantic atmospheric 
moisture and rainfall data from 1998 to 2015 recorded by 
the Tropical Rainfall Measuring Mission satellite and NA-
SA's Modern Era Retrospective Re-Analysis for Research 
and Applications programme. By comparing conditions 
during hurricanes with the surrounding hurricane-free 
periods, the researchers were able to show that hurricanes 
leave in their wake a "dry footprint", in which rainfall is 
suppressed by up to 40%. 

Given this – and the failure of evaporation to adequately 
explain how hurricanes refuel – the researchers propose 
instead that hurricanes gobble up pre-existing moisture 
stocks from the atmosphere as they move, with the rain 
potential of the hurricane being directly proportional to 
the storm's velocity relative to the surrounding air flow. 

"Hurricanes must move to sustain themselves," Maka-
rieva says, concluding: "Hence, how they move and con-
sume the pre-existing atmospheric water vapour is key to 
predicting their intensity." The researchers propose that – 
rather than being driven by heat extracted from the ocean 
– hurricanes are instead powered by releasing the poten-
tial energy of the water vapour previously accumulated in 
the atmosphere that they pass through. 
[ Anastassia M Makarieva et al., Atmospheric Research, 
doi.org/10.1016/j.atmosres.2017.04.006]

Extracted with permission from an item by Ian Randall 
at physicsworld.com.
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PRODUCT NEWS

Featured at the recent Photonics West 2017 Exhibition, 
the Q-scan from Quantel represents the latest innovations 
in dye laser technology.

The Q-scan is a high resolution nanosecond dye laser 
with wavelength output from 200 nm to 4.5 mm. High 
precision mechanics ensure unrivalled wavelength ac-
curacy and linearity (<2pm), making this laser ideal for 
applications in combustion studies and high resolution 
laser spectroscopy.

Quantel lasers are known for their ease-of-use and the 
Q-scan is no exception; “plug-and-play” dye cells make 
changing wavelength ranges a simple task, in addition 
to integrated look-up tables for non-linear crystals that 
enable fast and wide wavelength scans. Furthermore, 
when coupled with the Q-smart laser, the Q-scan is the 
most compact and simple dye laser system to ever hit 
the market.

For further information contact Jushua Graham (jeshua.
graham@coherent.com.au).

Bruker Acquires Hysitron
In January this year Bruker, world leader in Atomic 
Force Microscopes and Tribology platforms, has pur-
chased Hysitron Inc. 

The acquisition brings together the most complete high 
resolution nanoscale mechanical testing techniques on 
any AFM platform, with the world’s most trusted and 
innovative nanoindentation and nanoscale mechani-
cal instruments, with the most flexible tribology plat-
forms in the world. Bruker’s suite of mechanical test-
ing capabilities span the macro and atomic scale, with 
unmatched reliability, repeatability and resolution, now 
under one banner. For more information on how the 
expanded Bruker mechanical testing portfolio can be 
utilised in your research or to learn more about any of 
the Bruker nano product range, please contact Andrew 
Masters (andrew.masters@coherent.com.au).

Semrock 2017 Master Catalogue
The new 2017 components catalogue from Semrock is 
now available for download from our website.

Semrock filters are 
renowned for their 
exceptional reliabil-
ity. The filters simple 
all-glass structure 
combined with ion-
beam-sputtered hard 
coatings are virtually 
impervious to humid-
ity and temperature 
induced degradation. 
Semrock filters do not 
“burn out” and can 
be readily cleaned and 
handled.

All standard filters are in stock at Semrock NY, available 
for fast delivery. 

For further information contact Teresa Rosenzweig (te-
resa.rosenzweig@coherent.com.au).

For further information please contact: Jeshua Graham, 
jeshua.graham@coherent.com.au.

Coherent Scientific 
116 Sir Donald Bradman Drive,Hilton SA 5033 
Ph: (08) 8150 5200      Fax: (08) 8352 2020 
www.coherent.com.

Coherent Scientific
Quantel Q-scan – Tunable Dye Laser
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Lastek
1. Gentec-EO release new Pronto-250-PLUS 
Laser Power Detector 
The new Pronto-250-PLUS pocket-size power meter has 
3 measurement modes: single shot power measurements 
up to 250 W (SSP), continuous power measurements up 
to 8 W (CWP) and single shot energy measurements up 
to 25 J (SSE). 

Key Features: 
• Pocket-Size: This mid to high power handheld probe  
 is so compact it fits in your pocket
• Easy-to-Use: The touch screen colour LCD allows for  
 a friendly user interface. You can make a measurement 
 with just the touch of a button
• User Settable: You can set the wavelength, brightness 
 and screen orientation to adapt to your application
• Data Logging: Save your data to the internal memory 
 and then transfer it to your PC over the USB connection.
• From Low to High Powers: Thanks to a low noise level 
 and high damage threshold, the Pronto can measure 
 powers from 1 W to 250 W
• Fully Calibrated: The Pronto-250 comes fully calibrated:  
 every wavelength between 248 nm and 2.5 micron  
 (YAG), and a real calibration at 10.6 micron (CO2).  
 The Pronto-250-PLUS has all these calibrations and is  
 also calibrated for Energy measurements.
• Hands-Free Operation: Place it on a flat surface or use  
 one of the 2 threaded holes that we have integrated in  
 the casing for safe use with optical stands.

2. TOPTICA’s CTL available at 1050, 1320 and 
1470 nm – with up to 110 nm mode-hop-
free tuning!
Continuous, mode-hop-free wavelength tuning up to 110 
nm is now possible around the new central wavelengths 
1050, 1320 and 1470 nm. These new wavelengths com-
plement the portfolio of TOPTICA’s laser platform CTL 
(Continuously Tunable Lasers).

The new wavelengths of the CTL support a variety of ap-
plications like spectroscopy, waveguide characterization, 
studying microresonators, seeding ytterbium amplifiers, 
as well as testing of ytterbium fibre components. In addi-
tion, the CTL at 1470 nm central wavelength lends itself 
for specific applications in the telecommunication range 
(s-band and part of e-band), especially where high resolu-
tion and low noise are required.

Key Features:
• Mode-hop-free tuning: 915 nm - 985 nm or 1530 -  
 1620 nm
• Up to 80mW
• Flexible motor, piezo and current tuning with high  
 accuracy and small step sizes
• Low-noise and powerful digital control with DLC pro
• High frequency AC and DC current modulation  
 inputs
• Hands-off operation with SMILE and FLOW

3. Raptor Photonics Falcon III with third 
generation EMCCD technology  
Raptor Photonics, a global leader in the design and manu-
facture of high performance digital cameras, has launched 
its latest camera the Falcon III, Falcon II and Kestrel using 
ground-breaking EMCCD – GEN III technology. 
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Warsash Scientific
Q-845 Q-Motion SpaceFAB from Physik 
Instrumente 
Warsash Scientific is pleased to announce the Q-845 
from Physik Instrumente (PI), a new parallel kinematic 
system with a more compact design and higher 
resolution.  Designed for highly accurate positioning 
with 6 degrees of freedom based on piezo inertia drives 
the Q-845 has the following key features:

• Travel range: ±7 mm in XY and ±5 mm in Z
• Minimum incremental motion: 6 nm in XY and  
 20 nm in Z
• Rotation range: ±7º in x, y and ±8º in z
• Minimum incremental rotation: 0.9 mrad in x,  
 y and  z
• Load capacity: 10 N
• Vacuum compatible: 10-6 hPa
• Self-locking, no heat generation at rest

Applications include:
• Photonics alignment applications
• Beamline systems
• Microscopy
• Semiconductor technology
• Photonic device assembly

MSA-100-3D from Polytec
The MSA-100-3D Micro System Analyzer is designed 
for 3D vibration analysis with high lateral resolution. It 
is especially suited for microsystems, precision mechan-
ics parts and for studies on the dynamics of HGAs and 
secondary actuators in the data storage industry

The instrument is based on a novel 3D vibrometer set-
up enabling pm-resolution for both out-of-plane and 
in-plane motion. It has a frequency bandwidth of 25 
MHz. An integrated XY-traverse stage with full software 
support for high-precision sample movement enables 
scanned measurements for obtaining 3D deflection 
shapes.

The MSA-100-3D Micro System Analyzer solves many 
challenging development tasks. Sub-picometer am-
plitude resolution is achieved for both Out-Of-Plane 
(OOP) and In-Plane (IP) motion with a small laser spot 
resulting in high spatial resolution data. This combined 
with up to 25 MHz bandwidth real time data will open 
a realm of entirely new applications for the characteriza-
tion of MEMS and other micro mechanical structures.

Key features include:
• Real-time measurement with high bandwidth up to  
 25 MHz,
• Sub-pm displacement resolution for both Out-of- 
 Plane and In-Plane motion,
• Single-Point and Full-Field scanning measurements,
• Small spot size of <4 μm for high lateral resolution,
• Large stand-off distance of 38 mm,
• Probe station compatible.

C-WAVE tunable laser source from HÜBNER
Warsash Scientific is pleased to announce the C-WAVE 
from HÜBNER Photonics, a leading manufacturer of 
laser, terahertz and radar system solutions.

The Falcon III incorporates a new EMCCD sensor de-
veloped by e2v which offers 1MP resolution with 10µm 
square pixels. A back-illuminated sensor offers a peak 
QE of >95% offering unsurpassed sensitivity with a total 
noise floor as low as 0.01 electrons readout noise.

EMCCD – GEN III offers the combination of ultimate 
sensitivity and speed through a single output amplifier 
thereby maximizing uniformity. It is three times faster 
than previous generation EMCCDs with superior linear-
ity and low gain performance. Up to 5000 x EM gain 
can be applied to the sensor using lower voltages result-
ing in reduced sensor ageing effects. The camera can be 
cooled to -100°C for lowest possible background events 
using Raptor’s long life ruggedized PentaVacTM vacuum 
technology.

For more information please contact Lastek at sales@
lastek.com.au

Lastek Pty Ld 
10 Reid St, Thebarton, SA 5031 
Toll Free: Australia 1800 882 215 ; NZ 0800 441 005 
T: +61 8 8443 8668 ; F: +61 8 8443 8427 
web: www.lastek.com.au
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The C-WAVE is a tunable laser light source for con-
tinuous wave emission in the visible and near-infrared 
wavelength range.  Its technology is based on optical 
parametric oscillation (OPO) and is fully computer con-
trolled.  It allows you to tune from blue (450–525 nm) 
to red (540– ) and into the near-infrared (900–1300 
nm) without any change of dyes or optical components. 

In addition, the use of the AbsoluteLambdaTM soft-
ware module offers the opportunity for an automated 
selection of wavelength with high accuracy (set point 
±1 MHz) and a drift-free wavelength stabilisation (±1 
MHz) over 12 hours. Control and fine tuning are 
achieved using intra-cavity elements and piezo-tuning 
of the cavity length.

Applications include:
• Atomic physics
• Quantum optics
• Metrology
• Spectroscopy
• Biophotonics
• Holography
• Photochemistry

For more information contact Warsash Scientific at 
sales@warsash.com.au 
 
Warsash Scientific 
PO Box 1685, Strawberry Hills NSW 2012 
T: +61 2 9319 0122    F: +61 2 9318 2192 
www.warsash.com.au 

Zurich Instruments
Lock-in Amplifier/AWG with Pulse Counter 
Zurich Instruments has expanded their UHFLI, a 600 
MHz Lock-in Amplifier and Arbitrary Wave Generator 
(AWG), with a Pulse Counter option for recording random 
pulses. Pulses of a minimal time of 4.44 ns can be counted 
on up to four channels at a bandwidth of 225 MHz. 

The Pulse Counter can be used in four different modes: 
In free-running mode, the counter is activated by a con-
figurable timer, and after the acquisition, it is reset and 
restarted. The total number of counts recorded in each 
sequence is transferred after the acquisition. In gated-
mode, the counter is activated on a rising edge and deac-
tivated on a falling edge. On the falling edge, the number 
of pulses is transferred. The gated-free-running mode is 
a combination of the previous two modes. Time-tagging 
mode records each event with a timestamp and transfers 
to the PC. For fast data transfer to the host PC, USB 2.0 
and Ethernet 1GbE connections are included. 

The LabOne user interface enables swift and straight-
forward data handling. This feature-rich toolset is fur-
ther strengthened with an Histogram, Oscilloscope with 
a sampling rate of 1.8 GSa/s, FFT Spectrum Analyzer 
and a Threshold Unit. The available APIs for LabView, 
MATLAB, Python, C/C++ and .NET allow simple in-
terfacing with other programs. 

The Pulse Counter option has applications in fluores-
cence lifetime and ion-trap experiments, for example. In 
the area of quantum information processing, the Pulse 
Counter data can be used to quickly modify the output-
sequence of the AWG as often required in quantum-
error-correction protocols and quantum teleportation 
experiments. 

Zurich Instruments MF Threshold Unit website: http://
www.zhinst.com/products/uhfli/uhf-cnt page 2 of 2 

Zurich Instruments AG 
Dr. Jan Benhelm 
Technoparkstrasse 1 
CH-8005 Zurich 
info@zhinst.com 
+41-44-515-04-10
www.zhinst.com;  Twitter: @zhinst 
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Longer Life.
Higher Power.

Shorter Pulses.

New Ultrafast Lasers
Coherent’s ultrafast laser portfolio is the most 
extensive available and offers industrial-grade 
reliability with repetition rates from 10 Hz to 

100 MHz, pulse energies from nJ to 100mJ and 
pulsewidths to sub-10fs.

Monaco High Power Ultrafast Laser

1MHz-50MHz repetition rate
60mJ/pulse @ 1035nm
30 mJ/pulse @ 517nm
Variable pulsewidths <400fs to >10ps

(08) 8150 5200
sales@coherent.com.au
www.coherent.com.au

Astrella Integrated Ti:S Amplifier

7W Ti:S amplifier
<35fs or <100fs pulsewidth
One-box, industrialised platform
Fully automated and hands-free

Vitara Ti:S
Oscillator family

>930mW at 80MHz
<8fs to >30fs pulsewidth

Fully automated and hands-free
Computer controlled bandwidth 

and centre wavelength


