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The first article, The Blinding 1960s
of Australian Laser Research, by Stuart Jackson (Macquarie University)
is a fitting contribution for the International Year of Light and and
Light-based Technologies. It is based
on a talk that Stuart gave at the AIP
National Congress in 2012, and I
am very pleased that Stuart agreed
to turn that talk into the article that
you see in this issue. Although I have
some personal acquaintance with the early days of laser research in
Australia there is much in this article that is new to me.
The second main article, Dr Nevil Maskelyne FRS – 5th Astronomer
Royal by Paul Edwards (University of Canberra) is also of the historical genre. Those who have visited the Royal Observatory, Greenwich
(as I was fortunate enough to do a few weeks ago) will have noted
that Maskelyne was very much involved in controversies (essentially
astronomy vs. timekeeping) surrounding the attempts to improve
the measurement of longitude at sea. What was not so apparent is
Maskelyne’s connection to the early days of the British settlement
in Australia. It is pleasing to see that Paul’s article highlights this
involvement.
Between these two articles we have two short articles from the last
two winners of the Bragg Gold Medal for Excellence in Physics (to
recognize the work done by a Ph.D. student in Australia that is considered to be of outstanding quality). Although the award conditions do not require an article for Australian Physics it is standard
practice to invite recipients to write a short account of their thesis
projects. The 2014 winner, Andrew Sutton (ANU, now Jet Propulsion Laboratory), describes his PhD research in Digital techniques
for coherent optical metrology; and, similarly, the 2015 winner, Jarryd
Pla (UNSW, now University College, London) describes his PhD
research in Single atom spin qubits in silicon.
I look with envy upon the lively correspondence in Physics World
and Physics Today. So with considerable pleasure we publish a Letter
to the Editor, with response. Needless to say, I encourage more correspondence from members.
Brian James
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PRESIDENT’S COLUMN
The Federal Budget and Science Funding
In my last column, I commented on how prominent science and
research had been in the political
domain and the media. While the
spotlight has not been quite as strong
through May and June, there have
nonetheless been quite a number of
important announcements.
The Federal Budget was announced in early May, and this
included mixed news for science.
The good news included another
$150M for the National Collaborative Research Infrastructure Strategy
(NCRIS) in 2016-17, in addition
to the $150M allocated for 20152016. This now means that NCRIS,
and hence our national research infrastructure facilities are funded for
another two years, but the question
still remains as to if and how such facilities are funded in the longer term
in a sustainable way. As we all know,
large research infrastructure facilities
generally have lifetimes spanning several decades, and cannot be operated
effectively on short-term stop-start
funding cycles. The Philip Clark review of the national research infrastructure system, which will present
its final report and recommendations
to government in July, is certain to
have important things to say about
this, and the government’s response is
eagerly anticipated.
Further good news in the Budget
included the allocation of $20.5M for
the operation of the Australian Synchrotron in 2016-17, which is very
welcome given the critical importance of this facility, as emphasised in
my last column. There was also the
allocation of $22.3M to ANSTO to
assist with the cost of processing radioactive waste, as well as an additional
$9.4M to support Australian scientific activities in Antarctica.
The budget process at the moment, however, is very much a ‘zero
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sum game’ with new initiatives having to be funded by offsets elsewhere.
This sees the Sustainable Research
Excellence (SRE) component of the
university block grant being cut by
$260M over the next few years in
order to pay for the NCRIS allocations. This is very unfortunate given
the SRE program provides direct support for university-based research. A
further $26.8M of savings from the
Cooperative Research Centres program over the next four years have
also been identified.
While there was no formal announcement about the ARC Future
Fellowship scheme in the Budget,
as foreshadowed by Minister Pyne
when he addressed the AIP Congress
in Canberra in December 2014, it
was expected that it would continue
this year, but with the number of fellowships reduced from 100 to 50.
Maintaining this scheme is of critical importance, given its undisputed
success in attracting and retaining
the very best mid-career researchers
and producing outstanding research
outcomes. The announcement by the
ARC on 24 June of this year’s round
was therefore extremely welcome,
with the door being left open for up
to 100 fellowships being offered this
year, and non-Australian researchers
not being precluded (although the
funding rules state “preference will be
given to Australian researchers”).
Another welcome announcement
from the ARC in the same week was
this year’s Laureate Fellowship recipients. Here it was very pleasing to
see that 4 of the 15 fellowships were
awarded to physicists and astrophysicists: Matthew Bailes (Swinburne),
Lisa Kewley (ANU), Ping Koy
Lam (ANU), and Steven Sherwood
(UNSW). My warmest congratulations to them all!
The AIP has also been busy with

the award of its prizes over the last
couple of months. In late May, the
winners of its Bragg Gold Medal
– which recognizes outstanding research undertaken by a PhD student
in Australia – were announced, these
being Dr Andrew Sutton (ANU)
for his thesis entitled “Digital Techniques for Coherent Optical Metrology”, and Dr Jarryd Pla (UNSW) for
his thesis entitled “Single atom spin
qubits in silicon”. Short articles written by Andrew and Jarryd on their
research can be found on pages 121
and 122 respectively. I am also very
pleased to announce that the winner
of the AIP’s 2014 Walter Boas Medal
is Prof Stuart Wyithe from the University of Melbourne. The aim of this
medal is promote excellence in Physics research in Australia, and Stuart’s
award recognizes his leading contributions to the understanding of how
the very first galaxies in the Universe
formed. Well done Jarryd, Andrew
and Stuart.
Finally, I would like to congratulate Prof Brian Schmidt – Nobel
Laureate in Physics and an Honorary
Fellow of the AIP – on his appointment as the twelfth Vice-Chancellor
and President of the ANU. I am sure
we can look forward to ANU being
well served by the great vision, strong
leadership, and enormous energy Brian will bring to this role.
Warrick Couch
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Letter to the Editor
Having recently read the article by Dr. Les Kirkup entitled “Inquiry-oriented learning in the first year physics
laboratory,” (“Australian Physics” 52 (2) 51-55 (2015))
I am writing to congratulate Dr. Kirkup and his colleagues at UTS for taking this initiative in their first
year physics course. Indeed, I suspect that the comment
by one of his students on page 51 of his article could
equally well be the response from many first year physics
students in many institutions. One wonders just how
many students are “turned off” from the further study of
physics on account of the “lack of inquiry” accompanying many of the laboratory exercises with which they are
confronted in first year?
My own personal experience of first year physics was
quite the reverse. As a student newly enrolled for the
BSc at the University of Queensland many years ago,
and intent on majoring in Physics and Mathematics, I
attended the annual Orientation Week lecture by the
Professor and Head of Department, Professor H.G.
Webster. At the end of his lecture he read out a list of
about 30 names of students whom he invited to stay
behind. The outcome was an invitation to become a
member of his own first year physics class. What a wonderful experience that turned out to be. The selected
group, the criterion for which had been “A” results in the
two mathematics and physics subjects at the preceding
Senior Public Examinations, were given four lectures per
week throughout their first year by Professor Webster
himself, a small group tutorial periodically, in his of-

fice, and a specially designed laboratory course in which
together with a laboratory partner, one undertook just
12 inquiry-oriented laboratory exercises throughout the
year. I believe the two post-graduate students assigned
by Professor Webster to assist this group of students
with their laboratory exercises and also to assess their
work, had been especially chosen by him for the task.
Although there was almost no correlation between the
topic covered by each laboratory exercise and the content of the lectures at the same time, there was clearly
no need for this since from the years experience we were
learning “Physics” and not just separate parts of the discipline (Waves, Mechanics, Electricity and Magnetism,
Optics, Atomic and Nuclear Physics, etc.) as is so often
the case in first year university courses.
It was inspirational to be offered such an opportunity although one must admit, that in many institutions
nowadays, a similar opportunity could not be offered
to students intent on majoring in physics, on account
of the number of students involved. Nevertheless, Les
Kirkup and his colleagues at UTS, appear to have confronted this issue reasonably successfully in offering inquiry-based learning of our discipline not only to Physics majors but also to their engineering and medical,
biological and environmental science service courses.

Associate Professor Trevor Finlayson
School of Physics, University of Melbourne

Response from Associate Professor Les Kirkup
Professor Finlayson’s letter reminded me that inquiryoriented activities are not new and that they have been
introduced to undergraduates by (albeit a small number
of ) physics academics for many decades. It was sobering
to read how a distinguished professor at the University
of Queensland, not only designed such activities for first
year students, but also taught these same students for a
whole year.
Professor Finlayson’s letter also reminded me of the
enduring influence that close contact with an inspirational and dedicated teacher can have. I’m guessing
most people reading the letter will be able to bring to
mind a teacher, perhaps while they were at school, who
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had a similar impact on their professional lives. I reflect that the impact of academics on students is likely
lessened today as digital technologies (and perhaps institutional priorities) become more effective at distancing
academics from their students. The distancing is especially acute in the first year of university where student
numbers are large. But it is also, as Professor Finlayson’s
experiences attest, where an academic’s influence can be
greatest.

Professor Les Kirkup
School of Mathematical and Physical Sciences, UTS
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NEWS & COMMENT
New AAS fellows

Brian Schmidt: new VC for ANU

On 25 May 2015, the Australian Academy of Science
announced the election of 21 new Fellows for their outstanding contributions to science and scientific research.
Several of the new fellows have connections with Physics. They are, with their citations:

2011 Physics Nobel Prize winner Brian Schmidt (Research School of Astronomy and Astrophysics, ANU)
has been announced as the next vice-chancellor of The
Australian National. Professor Schmidt will replace outgoing vice-chancellor Professor Ian Young from January
1, 2016.

Professor Martin Asplund
FAA, Research School of Astronomy and Astrophysics,
The Australian National University.
Martin Asplund’s work in
solar and stellar physics has
changed the way in which we
approach atomic and nuclear
physics and a wide range of astrophysics, from planetary science and stellar physics through to Galactic archaeology and
cosmology.
Professor Christine Charles
FAA, Space Plasma, Power
and Propulsion Laboratory,
The Australian National University.
Christine Charles’ research
on ion acceleration in expanding magnetised plasmas has led
to a new generation of space
engines and created two new sub-fields of physics.
Professor Maria Forsyth
FAA, ARC Centre of Excellence for Electromaterials
Sciences, Deakin University.
Maria Forsyth is a world
leader in developing advanced materials for new energy and infrastructure technologies, including fuel cells,
battery designs and new ways to prevent corrosion.
Also elected as a Special Election Fellow:
Dr Zygmunt Switkowski
AO FAA FTSE, RMIT
University.
Ziggy Switkowski is a
trained nuclear physicist
and a respected leader in
innovation and business, who
has advocated at the highest
levels for technology, science and academia.
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Prof Brian Schmidt (centre) with Chancellor Prof Gareth
Evans (left) and current Vice-Chancellor Prof Ian Young
(right).

ANU Chancellor Gareth Evans said the university
council was delighted by the selection: “Brian Schmidt
is superbly placed to deliver on the ambition of ANU
founders - to permanently secure our position among
the great universities of the world, and as a crucial contributor to the nation,”

Boas Medal for 2014
The AIP’s Boas Medal for
2014 has been awarded to
Professor Stuart Wyithe
(School of Physics, University of Melbourne) “for his
leading contributions to our
understanding of the evolution of the first galaxies in
the Universe, the impact
this work has had in guiding the development of astronomy, and for his promotion of physics and astronomy to the general public.”
The Boas Medal was established in 1984 to promote
excellence in research in Physics and to perpetuate the
name of Walter Boas, who was chief of the CSIRO Division of Tribophysics from 1949 to 1969. The award is
for physics research carried out in the five years prior to
the date of the award.
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2015 Clunies Ross Award
One of four Clunies Ross Awards for 2015 has been
awarded jointly to Dr Cathy Foley and Mr Keith Leslie, both from CSIRO, for their work in advanced superconducting technologies that developed a highly
sensitive magnetic device, LANDTEM, that detects ore
bodies with extremely weak magnetic fields. It has been
responsible for discovery of ore deposits valued at more
than $10 billion globally, returning over $4 billion to
Australia.

Director of the Australian Synchrotron, Prof Andrew
Peele, said the announcement, which comes more than
a year ahead of the relevant funding period, provided
a clear indication of the Federal Government’s ongoing
support for the Synchrotron..
Budget papers indicate that the remainder of the anticipated $30 million required for 2016-17 is to come
from the Victorian Government and from New Zealand.

Giant Magellan Telescope

Mr Keith Leslie and Dr Cathy Foley at the 2015 Clunies Ross
Awards

The Clunies Ross Awards are given by the Australian Academy of Technological Sciences and Engineering
(ATSE) in recognition of the outstanding application of
science and technology that provides economic, social
and/or environmental benefit to Australia.

Synchrotron funding

Australia’s role in global observatory networks has been
further enhanced by an agreement that the ANU and
Astronomy Australia will help build and run what will
be the world’s largest, most sensitive optical telescope,
the US$1 billion Giant Magellan Telescope (GMT) in
Chile.
The GMT will use seven giant mirrors, each 8 metres across, to produce images ten times sharper than
the Hubble Space Telescope, allowing us to view even
more distant objects and thus look even further back in
time. Wendy Freedman, chair of the GMT Organization Board, says the GMT “will herald the beginning of
a new era in astronomy. It will reveal the first objects to
emit light in the Universe, explore the mysteries of dark
energy and dark matter, and identify potentially habitable planets in the Earth’s galactic neighbourhood.”

The Federal Budget in May provided $20.5 million
of the $30 million required for Australian Synchrotron
operations in 2016–17. Managed by ANSTO, it is the
only such facility in the South-East Asia and Oceania
regions. With capacity for up to 30 beamlines, the Australian Synchrotron currently supports more than 4,000
researcher visits and more than 800 experiments each
year on its existing nine lines.
Artists impression of the GMT is Chile’s Atacama Desert

The Australian Synchrotron, Clayton, Victoria.

Minister for Industry and Science Ian Macfarlane described the Synchrotron as “critical scientific infrastructure that benefits industries including mining, health,
manufacturing, food security, energy and bio-security,
as well as improving productivity and research commercialisation.”
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Prof Matthew Colless, Director of the Research
School of Astronomy and Astrophysics at the ANU, said
the optical GMT would complement the Square Kilometer Array radio telescope by allowing astronomers to
look directly at stars and planets: “Radio telescopes see
cold hydrogen gas out of which stars and galaxies form,
but they don’t really see the stars themselves,” Prof Colless said. “The Giant Magellan Telescope will provide
astronomers and astrophysicists with the opportunity to
truly transform our view of the universe and our place
within it.”
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Call for national strategy on quantum
technology
Gerard Milburn, Professor in Physics at The University of Queensland and the Director of the Australian
Research Council Centre of Excellence for Engineered
Quantum Systems, has called for an Australian National
Quantum Technology Strategy. This follows the announcement by the British Government of the UK National Strategy for Quantum Technology with an initial
£270M investment.

• Australian researchers—in the Centres and outside—
attract tens of millions of dollars annually in external
research funding from the US Government and global
corporations such as Lockheed-Martin and Microsoft:
mission-critical partners in a number of major international research programs in quantum technology.
Prof Milburn: “Quantum technology is an entirely
new journey. Australia, through a combination of luck
and talent, has for now a significant advantage: it is time
to ensure we maintain it.”

CSIRO Alumni Scholarship in Physics
Claire-Elise Green, a PhD student at UNSW, has been
awarded the inaugural CSIRO Alumni Scholarship
in Physics for 2015. Claire-Elise is researching Milky
Way dynamics and structure, studying stellar nurseries
using radio telescopes like the 22 m Mopra telescope
and the Australia Telescope Compact Array (ATCA).
Her research is supervised by Dr. Maria Cunningham
(UNSW) and Dr. Joanne Dawson (CSIRO Astronomy
and Space Science).

Prof Gerard Milburn

Prof Milburn pointed out that Australia is already a
world leader in quantum physics: in addition to the two
current Australian Research Council Centres of Excellence—the Centres for Engineered Quantum Systems
(EQuS) and Quantum Computation and Communication Technology (CQC2T)—there are many Australian
laboratories making pioneering discoveries in quantum
physics. What is lacking is a coherent National Strategy to build on this scientific base with strategic links
to industry, defence and government just as the UK is
building on its great strengths in academic research in
quantum physics.
Prof Milburn sees promising first steps:
• Australia’s business community has recognised the importance of the quantum future, with significant support institutionally, eg. the Commonwealth Bank of
Australia, and by indivuduals such as Hugh Harley,
Asia-Pacific Financial Services Leader at Pricewaterhouse Coopers.
• In collaboration with the Australian Science Teachers
Association, the Centres are developing teacher modules on quantum technology that can be incorporated
into the National Curriculum for Physics.
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Claire-Elise Green, UNSW

The CSIRO Alumni Scholarship in Physics is a postgraduate travel scholarship to support travel costs to visit
and/or conduct research in an overseas or interstate institution. It was established to commemorate the scientific
contribution of Drs. John Dunlop, Tony Farmer, Gerry
Haddad and Don Price who died in a helicopter crash in
March 2013. Claire-Elise will use her scholarship to visit
the Max Planck Institut für Radioastronomie (MPIfR)
in Bonn, Germany, to work on collaborative research related to her PhD project using the Atacama Pathfinder
EXperiment (APEX) telescope, for which MPIfR is the
major stakeholder.
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ARC laureates announced
The 15 new Australian Research Council Laureates recently announced included the following four in the
field of physics:
Prof Matthew Bailes
(Swinburne University of
Technology) who is pursuing a supercomputing solution for the SKA precursor
telescopes in Australia and
South Africa.
Prof Lisa Kewley (ANU)
who is combining new theoretical models and 3D
technology to trace how
the building blocks of
life—carbon, oxygen and
nitrogen—formed
and
evolved from the infant
universe.
Prof Ping Koy Lam
(ANU) who is using precision lasers to levitate large
objects, developing a highly controllable, extremely
sensitive new tool that
could be used for gravity
sensing and may assist in
mineral exploration and
environmental sensing. Prof Lam is a previous recipient
of the AIP’s Bragg Gold Medal for best physics PhD.

ogy, in the Centre for Gravitational Physics at the ANU
under the supervision of Professors Daniel Shaddock
and David McClelland. For a description of his PhD
project see p121. Andrew is currently a NASA Postdoctoral Fellow at the Jet Propulsion Laboratory.

Dr Andrew Sutton

The 2015 Bragg Gold Medal has been awarded to
Jarryd Pla for his PhD thesis, Single atom spin qubits in
silicon. Jarryd completed his PhD at UNSW under the
supervision of A/Prof Andrea Morello. For a description
of his PhD project see p122. Jarryd is presently Marie
Curie Fellow, London Centre for Nanotechnology, University College London.

Prof Steven Sherwood
(UNSW) who is is studying
the contribution of clouds
and atmospheric turbulence to climate change
modelling and weather
prediction.

Bragg Gold Medals for 2014 & 2015
Due to delay in announcing the 2014 recipient, the announcements for both 2014 and 2015 have been made
at the same time.
The Bragg Gold Medal for Excellence in Physics for
2014 has been awarded to Andrew Sutton who completed his PhD, Digital techniques for coherent optical metrol116 AUSTRALIAN PHYSICS

Dr Jarryd Pla (centre) with Prof Andrew Dzurak (left) and
A/Prof Andrea Morello (right)

The Bragg Gold Medal for Excellence in Physics is
awarded annually to the student who is judged to have
completed the most outstanding Ph.D. thesis under the
auspices of an Australian university
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The Blinding 1960s of Australian Laser
Research
Stuart Jackson
MQ Photonics, Department of Engineering, Macquarie University, NSW 2109, Australia

In the early 1960s Australia’s defence research community was quick to realise the potential of the laser
as a reliable tool for measurement, testing, bonding and materials modification. Current Australian
laser research has a strong international reputation for innovation and I show that this reputation can
be traced right back to a time immediately after the invention of the laser itself.
This year we celebrate the international year of light a
short time after the celebrations for the 50th anniversary
of the invention of the laser back in 2010. This one invention marked the beginning of an enormous number
of new fields in science, medicine and engineering and
in essence the discoveries and inventions made possible
by the laser really underpin the current global celebration of light. The laser, because of its unsurpassed spatial, spectral and temporal resolution, combined with
radiance values unmatched by anything else in the universe, has played the central role in photonics. I wonder
how Theodore Maiman would feel if he could witness
the global impact of his demonstration. In this article
I survey the work of the early Australian researchers of
lasers, the research that by the 1970s firmly established
Australia as a strong contributor to international experimental photonics.

Figure 1: Gordon Troup, now Honorary Senior Research
Fellow at Monash University, could be said to be the
founder of Australian laser research.
52(4) | JUL–AUG 2015

Australia was early in its adoption of the laser as a
field of study, with the earliest research focussed primarily on defence applications at the Weapons Research
Establishment (WRE) located at Salisbury, South Australia. Gordon Troup (see Figure 1), who is still teaching
at Monash University, was the first Australian to engage
in maser (later laser) research. Ron Hewett introduced
Troup to “molecular amplifiers” back in 1956 when he
was on a two-year appointment to the Royal Aircraft
Establishment (RAE) Farnborough, England. The molecular amplifier became Troup’s area of research for his
MSc at Chelsea College and his supervisor was Dr Eric
Houldin. Troup’s dissertation was later published as the
book “Masers” [1] on October 22nd 1959. In that same
year, Jay Ralph Singer published his book on masers [2]
so Troup’s monograph probably shares the honour of being the first book on lasers, although Troup believes his
book was actually published first.
The first contribution to laser development that was
based in Australia came in 1959 from theoretical studies
also by Troup, after he returned to WRE [3]. Two more
papers were subsequently published between 1960 and
1962 [4,5] all primarily focussed of the fundamental
physics of lasers. Troup later became a lecturer in physics
at Monash University in 1961 and in 1963 the second
edition of his book was published [6].
Australia’s first “laser group” formed in 1961 at WRE
under the leadership of Fred Thonemann; the group
subsequently carried out Australia’s first laser demonstration. The laser was designed by Troup and comprised a
flashlamp-pumped ruby rod that employed an elliptical
pump cavity, which was quite different from Maiman’s
pioneering demonstration that used a helical flashlamp
that surrounded the ruby rod. It is remarkable that in
little over a year after Maiman’s demonstration, Australia
was already making progress in laser development.
Australia’s next laser was developed at the University
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of Tasmania in 1962 during the Honours year of Phillip “Pip” Hamilton, now retired and former DVCR at
Deakin University. Pip submitted his thesis “The ruby
optical maser” in February 1963 making the dissertation Australia’s first thesis in the field of lasers. Pip says “I
recall that Ellis (Prof Bill Ellis, Head of Physics) handed
me a small plastic box with “Linde Company” on it. It
contained a pink, cylindrical rod 8 cm long, 1 cm in diameter, with the ends of the cylinder polished optically
flat and perpendicular to the axis of the rod. The rod
was made of artificial ruby. Ellis said to me “we thought
you might like to build a laser”. My task was quite simple really(!): collect together everything that was needed
(flash tubes and power supply, a photomultiplier tube
with power supply and neutral density filters, amplifiers, large capacitors and power supply to drive the flash
tubes, etc.) and then build the laser! After I finally got
the thing going, I had to demonstrate its properties – in
particular parallelism of the beam, and coherence.”
With the field of laser research now firmly established
in Australia, efforts in laser development expanded to
the Defence Standards Laboratories (DSL), Department
of Supply, Maribyrnong in late 1963 at the instigation of
John Farrands (later Chief Defence Scientist, 1971-77,
and Head of the Department of Science and its successors, the Department of Science and Environment and
the Department of Science and Technology, 1977-82).
This initiative was part of a policy of introducing more
basic, open-ended research to DSL. After purchasing a
ruby laser from Hughes Research Laboratories in 1963
work began in earnest on in-house development. Early studies investigated phenomena associated with the
resonant cavity including the spatial and spectral coherence of the beam. The beam divergence of the ruby laser
was thoroughly investigated and work was started on the
construction of a high energy pulsed output ruby laser
using a Pockels cell as a Q-switch. In early 1964 plans
were made to start a long-term programme on laser materials development with an initial emphasis made on
organic complexes. During 1965 a lot of work was carried out on numerically modelling the absorption characteristics of the pump light within the ruby rod from
the flash lamp light that reflected from diffusely reflecting pump cavities (see Figure 2). The formulation of the
numerical model was later published in national [7] and
international [8] journals.
Keith Gibbs, now retired from Swinburne University of Technology, worked at DSL during this time and
remembers “[i]nitially the work was on ruby lasers in
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order to gain familiarity with this relatively new technology. A number of devices were constructed using imported [Union Carbide] ruby rods and [linear EG&G]
flashlamps but also using the DSL capabilities in the
fabrication of various optical components. Studies of
pump-cavity design, beam structure, excited-state dynamics and polarization behaviour formed part of this
early work. In-house facilities enabled components such
as Pockels’ Cells, multi-layer reflectors and filters to be
readily available and this led to studies of Q-switching
phenomena.”

Figure 2: Photograph from the Annual Report of the
Defence Standards Laboratories, 1964-1965. The report
states “[T]he computer programme for pumping efficiency
evaluation has been completed and is being used for cavity
design. It has shown that multiple reflections in the cavity
are important, up to seven reflections contributing to the
absorbed energy.” Copy courtesy of Russell Whitcher.

Over the years Russell Whitcher, Keith Gibbs and a
number of other researchers published their experimental results in the annual reports of the DSL. DSL initially
produced ruby lasers with an output energy of 5 J and on
the basis of these results plans were made to extend the
output energy to 50 J. Australia’s first laser based paper in
an international journal was published in 1965 [9] when
Gibbs and Whitcher reported their studies on the polarisation of the output from a roof-top-shaped ruby rod
with the c-axis of the crystal aligned perpendicular to the
roof edge. After relaxation studies of in-house fabricated
saturable dyes such as chloro-aluminium phthalocyanine (CAP) were published in Nature in 1966 [10] by
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Bill Bowe, Gibbs and J. Tregellas-Wiliams, Gibbs along
with Hamish Kellock later discovered in 1967 [11] that
laser oscillation in CAP was possible, thus creating the
first uniquely Australian laser transition. Amusingly, the
photograph of the spectrum of the output was actually
published upside down, so this laser rightly deserves the
title “the down under laser”. DSL’s work on Q-switching
ruby using Pockel cells was later published in 1967 [12].

HeNe laser, provided by Ramsay, in a moving-mirror
interferometer to measure plasma densities leading to
publication in January 1965 [14]. This paper comprised
Australia’s first study involving the use of a laser that was
reported in an international journal.
In 1966/67 the WRE in Salisbury was developing
argon ion lasers for airborne measurement of water
depth; the blue-green wavelength of the argon ion laser
easily penetrates water. During the development of the
bathymetry system, researchers See, Garwoli and Len
Hughes advanced large-current argon laser development
by examining in detail the requirements for continuously flowing the gas, resulting in publication in April 1967
[15]. A few years later, WRE researchers Hughes, Macfarlane and Winokuroff developed water-cooled multielectrode spiral flash tubes encased in diffuse reflector
jackets filled with MnO2 for more efficiently exciting
Nd3+-doped glass rods (Kodak Nd 11) for solid-state
lasers operating in the region of 1 µm wavelength, to
be used as laser tracking devices leading to publication
in 1969 [16]. Len Hughes whilst working at the WRE
wrote an important paper [17] that suggested the use of
semiconductor diodes as the most feasible pump source
for Nd3+-doped glass rods for the production of high energy Q-switched laser pulses suitable for “laser probes” in
high energy physics.

Figure 3: Experiments of focused ruby laser beams on a
hacksaw blade during the development of a micro-welder
to weld fine-wire thermocouples by Russell Whitcher
when he was at DSL. The device would also later weld the
protective stainless steel sheath around the thermocouple,
all carried out under the microscope. Photograph from the
Annual Report of the Defence Science Laboratories 19641965. Copy courtesy of Russell Whitcher.

With ruby lasers forming the backbone of Australia’s
early laser research, it was in 1965 at CSIRO’s National
Standards Laboratory in Sydney that work was started on
the development of helium-neon lasers some 5 years after the pioneering demonstration of that laser. This work
was carried out under the leadership of Jack Ramsay,
who earlier worked at WRE. The tubes containing the
gain medium were made in Adelaide by Scientific Optical Laboratories (SOLA) and were used to demonstrate
a single longitudinal mode HeNe laser, which was later
published by Ramsay and K. Tanaka (then on leave from
the National Research Laboratory of Metrology, Tokyo)
in October 1966 [13]. Earlier in 1964, Bill Kricker and
William “WIB” Smith from the Wills Plasma Physics
Department at the University of Sydney were using a
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Figure 4: The output from a 60 kW CO2 laser is focussed
on an aerospace sample under load with wind flow. The
photograph also shows Russell Whitcher when he was
working at DSL. Photograph courtesy of Russell Whitcher.

Beginning in 1967 and lasting well into the 1970s,
a large portion of the laser research within the defence
community focussed on directed energy applications
with the aim of creating high output power for applications requiring precisely controllable sources of heat. At
the time, the most powerful laser known was the CO2
laser, and Australian efforts on CO2 laser research were
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initially carried out at DSL. Developments such as the
use of fast gas flows (of up to 40 ms-1) across the discharge space of the CO2 laser tube that supplied new gas
mixtures every millisecond were used to solve the lower
laser level bottleneck problem. In addition, the use of the
continuously supplied cooler gas reduced the tendency
of the discharge to contract into an arc channel thereby
delivering more power into the discharge volume. Research carried in the late 1960s led to the world’s first
continuous wave CO2 laser operating at atmospheric
pressure [18] and to the first CO2 laser that used plasma
injection for a record 7 kW pulsed output power. Perhaps the culmination of Australia’s first decade in laser
research was the demonstration of 60 kW total output
power from a single CO2 laser oscillator (see Figure 4).
So by 1970, the stage was firmly established for Australia to significantly grow its world-leading research
and development activities in laser physics and the application of lasers in science, defence and engineering.
Whilst in the 1960s almost all the laser-based research
was carried out by the defence community, the 1970s
marked a new era in Australian laser-based research with
universities beginning to dominate. Large and productive research groups were established at the Australian
National University, the University of New England,
the University of Sydney, the University of New South
Wales, Macquarie University, LaTrobe University and
Monash University. Australian laser research and the application of lasers is now a mature field with a great history almost as long as the laser itself.
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Digital Techniques for Coherent Optical
Metrology
Andrew John Sutton*
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The European ‘eLISA’ will fly a triangular constellation
of three satellites separated by 106 km. Laser beams exchanged between the satellites will encode the passage
of gravitational waves as a modulation of their optical
phase at a characteristic frequency between 0.1 mHz
and 1 Hz. With a 106 km baseline, the eLISA interferomter must be capable of measuring displacements with
a sensitivity of 10-11 mHz-0.5.
My PhD addressed two challenges in performing
gravitational wave astronomy in space: interferometer
design for space, and timing synchronization across a
106 km satellite constellation.
Achieving the sensitivity levels required to detect
gravitational waves is difficult. The conventional approach to meet picometer displacement sensitivities in
interferometers often involves construction of monolithic glass optical benches with stringent stability requirements. My work advanced a new interferometric
technique called Digitally-enhanced Interferometry,

Measurement

Laser interferometry uses the interference between optical fields to measure the displacement between objects to
a precision smaller than the laser’s wavelength. This extreme displacement sensitivity is driving the use of laser
interferometric techniques in the search for gravitational
waves, predicted to propagate through the universe by
Einstein in his theory of General Relativity (GR). Produced by astronomical events such as black hole mergers, gravitational waves are a perturbation of space-time
that generates a measurable strain h = ΔL/L ~ 10-20
between two points separated by a distance L. The detection of gravitational waves will reveal the workings of
GR in the strong-field regime, enabling a new form of
astronomy. This rich science return motivated the European Space Agency to select The Gravitational Universe
as the theme for the Large-scale ‘L3’ launch slot in 2034.
The L3 mission proposal is based upon the Laser Interferometer Space Antenna (LISA) concept developed
by an international consortium over the past 30 years.

t

(b) TDI Xcc measurement

Figure 1: Showing the TDI ‘X’ combination which forms two counter-propagating interferometer paths. Displacement is
accumulated along each path by summing measurements at each spacecraft (SC) at delays (τi ) matched to the arrival time
of light from the master along each arm (Li). This combination matches the delay along each interferometer path, cancelling
laser frequency noise from the Master SC1. The gravitational wave signal enters differentially between orthogonal arms
which then sums in X. Later generation TDI combinations exist that exactly cancel laser frequency noise in the presence
relative spacecraft motion.
*Recipient of the AIP’s 2014 Bragg Gold Medal for Excellence in Physics
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which extends conventional methods with elaborate
phase modulation to improve flexibility. The modulation time-tags the laser’s propagation through the interferometer and allows multiple fields to be monitored at
a common detector. The scheme shifts interferometer
complexity into post-processing and provides multi-sensor measurement capability with sub-picometer (10-12 m
Hz-0.5) sensitivity. Techniques that minimize the hardware imprint are especially desirable for space missions,
where size and weight are driving factors in instrument
and payload design.
Beyond the displacement measurement itself, one of
the main challenges for eLISA is to ensure laser frequency fluctuations (Δv/v ~ 10−13 Hz-0.5) do not obscure the
gravitational wave signal (ΔL/L ~ 10-20 Hz-0.5). All eLISA

lasers are referenced to a designated ‘Master’, meaning
that noise on the Master appears at all satellites with a
delay dependent upon the inter-satellite propagation.
Time-Delay Interferometry (TDI) is a time domain
post-processing technique that generates combinations
of time-delayed range measurements which cancels the
effects of laser frequency noise. As shown in Figure 1,
TDI measurements are combined at delays that accumulate displacement and cancel noise, requiring synchronization to < 3 ns. My work provided the first demonstration of an integrated phase and synchronization
architecture that met eLISA’s 10-11 mHz-0.5 displacement
and <1 ns Hz-0.5 synchronization requirements. This was
demonstrated at the Jet Propulsion Laboratory in a test
bed dedicated to verifying TDI.
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Single Atom Spin Qubits in Silicon
Jarryd Pla*
London Centre for Nanotechnology, University College London, London, WC1H 0AH
* Awarded the 2015 Bragg Gold Medal for Excellence in Physics

Spin is a quantum mechanical property that describes
the magnetic orientation of elementary and composite
particles such as electrons and nuclei. A textbook example of a quantum system is a single “spin-half” particle
placed in a magnetic field, where two states with differing energies are defined by their Zeeman interaction.
Proposals exist for developing a revolutionary kind of
computer that encodes bits of information on the states
of a simple quantum two-level system (a qubit) – like
those of a spin in a magnetic field. These quantum computers exploit the fundamental principles of quantum
mechanics, such as superposition and entanglement, in
order to perform certain calculations exponentially faster than their classical counterparts.
Key to the development of a spin-based quantum
computer is the identification of a suitable solid-state
host material. Silicon is considered a forerunner for this
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task. In addition to being the most important material
for the multi-trillion dollar microelectronics industry, it
can be purified in the isotope 28Si, which bears no nuclear spin and thus provides a very clean magnetic environment for spin qubits. The qubit itself can be naturally
supplied by a donor-atom such as phosphorus (31P).
Phosphorus possesses a nucleus (with a spin of one-half)
that binds an additional electron to the surrounding
silicon lattice when cooled to cryogenic temperatures,
providing two distinct spin qubits. Exceptionally long
coherence times have been observed for the 31P:Si system, with times of order of a second for the electron spin
and hours for the nucleus.
My PhD research demonstrated two essential capabilities that any prospective qubit must possess, those
of reading and writing coherent quantum information.
Reading the state of the spin of a single atom inside a
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silicon chip is a daunting task, the dipolar magnetic
field is an exceptionally small quantity. Furthermore,
by virtue of it being a good qubit, it interacts only very
weakly with the surrounding environment, making
control a challenge. The obstacle of spin measurement
was overcome by utilising one of the building blocks of
the classical computer – a Metal-Oxide-Semiconductor
Field Effect Transistor (or MOSFET). A slight modification to the design of the MOSFET transforms it into
an ultra-sensitive electrometer, commonly known as a
Single Electron Transistor (SET). This device is capable
of detecting the displacement of just a single electron.
By engineering a situation where it is energetically favourable for the electron to tunnel away from the phosphorus donor if it is in just one of the spin states, it is
possible to determine what the state of the spin was by
a measurement of the donor charge state. It was shown
that this could be achieved in a single-shot measurement
and with a high fidelity.

The second requirement of spin control was achieved
by employing the long established technique of electron
spin resonance. Here, the spin is radiated with microwaves of frequency f that satisfy the resonance condition f = E/h, where E is the splitting between the spin
states and h is Planck’s constant. The challenge was to
combine the low temperatures necessary to remove any
(spin relaxation inducing) thermal excitations and the
high microwave powers needed to drive spin resonance.
The solution was provided by a nano-scale on-chip microwave transmission line that terminated just 100 nm
from the location of the phosphorus donor, as depicted
in the artist impression of the device.
The results demonstrated in this work illustrate that
single-atom spin qubits in silicon constitute an excellent
basis on which to construct a quantum computer. In
the past year there have been significant improvements
to device performance that have seen operational fidelities surpass thresholds for which fault-tolerant quantum
computing should be possible. The challenge now lies in
engineering new devices in which an arbitrary number
of single donors can be coupled in a controllable way to
facilitate multi-qubit logic gates.
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quantum computing through the
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Artist impression of a single Phosphorus atom (red sphere
surrounded by an electron cloud, with spin) coupled to
a silicon transistor, which is used to electrically read the
state of the Phosphorus atom’s electron and nuclear spins.
Shown in the bottom-left corner is the termination of an
on-chip transmission line, which delivers electromagnetic
radiation to write quantum information on the spins.
(credit: Tony Melov)
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Dr Nevil Maskelyne FRS – 5th Astronomer
Royal
Paul J Edwards
University of Canberra, University Drive, Bruce ACT 2617

This year marks the 250th anniversary of the appointment of the Rev Dr Nevil Maskelyne to the position
of Astronomer Royal in 1765. In the same year he started work on the first issue of The Nautical Almanac
and Astronomical Ephemeris, subsequently used by astronomers, marine navigators and land surveyors
for over two centuries. His energetic development of celestial navigation science earned him the enmity
of the inventors of the marine chronometer. He played an important but now largely forgotten role in the
exploration of Australia and the Pacific by James Cook and others.

Introduction
Joseph Banks, amateur naturalist and long–time Royal Society president is closely associated with the early
exploration and settlement of Australia, New Zealand
and the Pacific. Likewise, botanists Robert Brown (of
Brownian motion fame), Jacques Labilladiѐre (whose
name graces our native flora) and Daniel Solander (the
professional botanist on Cook’s first great Pacific voyage). Not so well known but certainly belonging in that
company, is the mathematician and natural philosopher
– the term “physicist” had not yet been invented – the
Rev Dr Nevil Maskelyne FRS (see Figure 1). He was appointed 5th Astronomer Royal by George III in 1765,
just 250 years ago, and held the office for 46 years until
his death in 1811. Maskelyne’s Nautical Almanac underpinned Cook’s three voyages to the Pacific and Matthew
Flinders’ circumnavigation of Australia and he became
known to successive generations of marine navigators as
“The Seaman’s Astronomer”.

The St Helena Expedition
Maskelyne’s contributions to marine navigation and his
subsequent involvement in Pacific exploration began in
1761 when, on behalf of the Royal Society, he took ship
to the island of St Helena to observe the transit of Venus
across the solar disc [1]. His attempt to observe the 1761
transit failed because of cloud. The young Maskelyne
took a philosophical attitude, expressing his hope for
better weather on the next occasion – a hope that was
realised eight years later when Captain James Cook, and
astronomer Charles Green in Tahiti, and other observers
around the globe, including Maskelyne himself at
Greenwich, observed the next transit. They benefited
from Maskelyne’s British Mariners Guide and the 3rd
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Figure 1: The Rev Dr Nevil Maskelyne FRS, 5th Astronomer
Royal, at the age of 44.

(1769) edition of his Nautical Almanac and Astronomical
Ephemeris and Tables Requisite with its 50 page appendix
specially prepared for observers of the event.
The island of St Helena, situated at 16 degrees south
latitude in the South Atlantic ocean on the sea route to
Asia, was controlled by the British East India Company
under Royal Charter during the 18th century. Edmond
Halley, the 2rd Astronomer Royal, had established an
observatory there in 1675 to catalogue bright southern
stars for navigational use. He subsequently proposed a
method of determining the solar parallax p, (half the angle subtended by the earth at the sun), and hence the
mean distance from the earth to the sun, the Astronomi52(4) | JUL–AUG 2015

cal Unit (AU), by timing the duration of the transit of
Venus across the sun at two well separated geographic
locations (a, b in the Figure 2). He pointed out that the
next transits were due in 1761 and 1769. Halley’s suggestion was taken up by Delisle, his opposite number in
Paris, who modified Halley’s method to remove the need
for both observers to time the entire transit.

Figure 2: Transit of Venus observations by Halley’s method.
The time difference between the transits AA’ and BB’ gives
the Venusian parallax, v, thence the Earth-Venus distance,
solar parallax (p), and Earth – Sun distance (AU) via Kepler’s
3rd law.

On St Helena Maskelyne attempted, but failed, to
measure the annual parallax of Sirius by measuring the
annual variation in its angular distance from the zenith
as it crossed the meridian. The immediate cause was a
faulty plumbline suspension which also prevented him
from detecting the gravitational perturbation caused by
nearby mountains. He was to revisit both these issues
thirteen years later in Scotland. There, with grant money
left over from the 1969 Transit of Venus programme,
he successfully measured the gravitational deflection
of a plumb-bob by the Perthshire mountain Schiehallion, and so “weighed the world” [2] using this same
instrument. This was the first direct demonstration of
Newton’s law of gravity – predating Charles Cavendish’s
famous torsion balance experiment by 23 years. When
re-analysed using modern survey techniques to better
determine the mass distribution, Maskelyne’s meticulous stellar measurements give a value of 5,480 ± 250 kg
m-3 for the mean density of the earth, close to the modern value of 5,515 kg m-3, an indication of their high
accuracy [3]. The St Helena expedition was in many
ways a dress rehearsal for Maskelyne’s future professional
activities.

The Longitude Prize
The Longitude Act of 1714 promised huge financial
rewards for a successful solution to the problem of determining longitude at sea. It offered a major reward of
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between ten and twenty thousand pounds, several million in 2015 dollars, for methods with demonstrable accuracy of between one degree of longitude (or 100 km)
and one half degree.
Two promising methods had been proposed when
Maskelyne first became interested in marine navigation
after graduating from Cambridge in 1754: the chronometer method and the lunar distance method. Both
aimed to determine longitude by providing an accurate
shipboard estimate of the time on some distant standard
reference meridian – later to become the meridian of
Greenwich through his efforts.
Greenwich time could in principle be measured with
a portable clock (the chronometer method), or else by
first observing the moon’s angular distance from the sun
or a reference star, and then consulting a table of predicted “lunar distances” such as those prepared by the
German astronomer Mayer, expressed in Greenwich
time (the lunar distance method). The difference between shipboard time and Greenwich time could then
be converted directly to a longitude difference at the rate
of 15 degrees of longitude per hour.
The Act appointed a Board of Longitude to examine
proposed solutions, and to award and administer prizes
and research grants. The Board was chaired by the First
Lord of the Admiralty and included Royal Navy and
Admiralty representatives, several professors of mathematics and astronomy from Oxford and Cambridge
(referred to derisively by clockmaker John Harrison as
“the Parsons”), the President of the Royal Society, and
the Astronomer Royal.
On his voyages to and from St Helena, Maskelyne
had extended the Royal Navy’s earlier sea trials of the
proposed lunar method which had been hampered by
the exigencies of the Seven Year’s War. In June of that
year he reported that Mayer’s tables gave an accuracy of
around one degree of longitude. In 1763 he published
The British Mariners Guide in which he included Mayer’s
tables as well as instructions for using them (see Figure
3).
Another count against Maskelyne would have been
his family association with “the Great Nabob”, his sister
Peggy’s husband General Robert Clive, who was widely
regarded as having inappropriately (and hugely) enriched
himself in India. Maskelyne made no claim to the longitude prize, either before or after he became Astronomer
Royal in 1765. Nevertheless he incurred the enmity of
the Harrisons and their supporters by his uncompromising and rigorous examination of the performance of
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their chronometers. Sobel portrayed him as the villain
of the piece in Longitude [4], her colourful account of
the development of the marine chronometer, but professional historians generally take a different view. A recent
symposium publication [5] for example concluded that
“Maskelyne was unfairly maligned in Sobel’s account” [6].

the 4th incumbent. Nevil’s sister Lady Margaret Clive,
then living in nearby Berkeley Square, told her brother
the good news that he was in the running for the “Royal
Professorship” and that he had the support of influential members of the Royal Society. With their support
he was appointed 5th Astronomer Royal by George III
in January 1765 and officially took up residence at the
Royal Observatory at Greenwich on March 16. Three
days earlier Lady Clive hosted a musical soirée at which
the young Mozart (then aged 8) and his sister performed
on the harpsichord [7]. It is tempting to speculate that
this event celebrated her brother’s prestigious appointment by the king. Following its establishment in 1675
by Charles II, the post of Astronomer Royal had as its
prime directive “the perfecting of the art of Navigation” by
astronomical means, in particular the determination of
“the so much desired Longitude at Sea”. Maskelyne devoted himself to this task for the next 46 years during which
time he also supervised the preparation of The Nautical
Almanac for the Board of Longitude.

Cook’s Voyages to the Pacific

Figure 3: Maskelyne’s 1763 British Mariner’s Guide. All
this led the Harrisons to suspect that Maskelyne and “the
Parsons” had a personal interest in the Longitude Prize.
Their suspicions were not entirely without foundation: the
3rd Astronomer Royal, the Rev James Bradley, had earlier
complained to Harrison “that if it had not been for him and
his plaguey watch, Mr Mayer and he [Bradley] should have
shared 10,000 pounds before now” [4].

Astronomer Royal
Nevil Maskelyne arrived back in London from a controversial chronometer testing run to Barbados for the
Board of Longitude in October 1764 (see Figure 4) and
stayed with his cousin John Walsh MP in Mayfair. During his absence the position of Astronomer Royal had
become vacant with the death of the Rev Nathaniel Bliss,
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Maskelyne provided the navigational technology used
by James Cook in his voyages to the Pacific. His almanac
enabled Cook to determine both latitude and longitude
accurately by astronomical means on his first (1769)
voyage, the first time this had been achieved on a long
sea voyage. Maskelyne also played a major role in the
scientific planning by the Royal Society of the Transit of
Venus expeditions and observations.
George III granted the Society 4000 pounds to support expeditions to observe the transit in Ireland, Norway, Hudson’s Bay and Tahiti. The Admiralty made
available a Royal Navy ship, Endeavour, and placed
Lieutenant James Cook in command with sealed orders
to search for Terra Australis Incognita - “the unknown
south land” - following the transit observations. Alexander Dalrymple, later Admiralty Hydrographer, had
been Maskelyne’s first choice as observer but had been
rejected by the Admiralty after he demanded command
of the expedition.
Tutored by Maskelyne’s former Greenwich assistant,
Charles Green, Cook and his officers became expert “lunar” navigators with the aid of the 1769 Almanac and
tables. Cook and Green successfully observed the transit in Tahiti which was situated in the area nominated
by Maskelyne as ideal for both the Halley and Delisle
methods. Green established the latitude of the site by
measuring solar and stellar altitudes with an astronomi52(4) | JUL–AUG 2015

cal quadrant but Maskelyne was hard to please. He later
noted somewhat waspishly that “It must be confessed that
these observations…differ more from one another than they
ought to do…the cause of which, if not owing to want of
care ….I don’t know how to assign” [8].

by Cook [9], assisted by a publicaly critical Maskelyne.
Cook worried that the observations had been compromised by the “black-drop” effect [10] and by discrepancies between the various logs. Maskelyne himself did not
publish any analysis of the 1769 transit data, possibly
because of similar reservations. However, a value of the
solar parallax of p = 8.72 arcsec, giving Re /p = 1.51x108
km where Re is the Earth’s radius, (probably fortuitously) within 1% of the correct value of the AU, was later
attributed to him by Vince [11], a close associate.

Nevil Maskelyne and Joseph Banks

Figure 4: The Royal Society’s Shelton (Sidereal) Clock used
by Maskelyne at St Helena, Barbados & Perthshire, and
Mason & Dixon in America: similar to that used by Cook &
Green in Tahiti. (Science Museum/Science & Society Picture
Library).

Longitude was measured by “lunars”, and by timing
the eclipses of the Jovian moons onshore, a method impossible to implement at sea. The longitude they derived from “lunars” differed from the more precise Jupiter eclipse value by only 4 arcminutes, a mere 7.5 km, a
result which may have placated the critical Astronomer
Royal.
Endeavour then set sail to the south, reaching New
Zealand four months later, the second European arrival
following the first by Abel Tasman more than a century
before. Cook charted the coast before turning westward
and in April 1770 made the first recorded European
landfall on the east coast of Australia – at Botany Bay,
later to be promoted by Banks as the ideal site for a penal
settlement.
Sadly Charles Green died on the voyage home and his
incomplete observing log was prepared for publication
52(4) | JUL–AUG 2015

Joseph Banks became president of the Royal Society
in 1778, succeeding Sir John Pringle, who had been
George III’s personal physician. Pringle is said to have
lost both his royal position and the society presidency
after incurring the king’s displeasure by taking Benjamin
Franklin’s side in a quasi-scientific controversy with the
words “Sire, the prerogatives of the President of the Royal
Society do not extend to altering the laws of nature.”[12].
The controversy concerned the relative merits of American colonist Franklin’s sharp-pointed lightning conductor and the more politically acceptable spherical English
version.
Following his election, Banks came under attack from
the self-styled “men of science”: typically professional
mathematicians and natural philosophers like Maskelyne. The society became polarised between the mathematicians on the one hand, and the “Macaronis” on
the other – typically gentleman naturalists with private
incomes like Banks. Banks was derided for his attempts
“to amuse the Fellows with frogs, fleas & grasshoppers” [13]
and for allegedly running the society as his private club.
Maskelyne was involved in an unsuccessful challenge to
Banks’ presidency and found himself temporarily ousted
from the Council the following year. Banks survived the
challenge at a meeting stacked with his supporters and
later wrote about a separate incident, “… I was revenging
myself on the R Astronomer at the board of Longitude who
was reduced to a state of compleat humiliation” [14].
Banks remained president of the Royal Society and,
unfortunately for Maskelyne, chair of the Board of Visitors to the Royal Observatory until his death in 1820.
Maskelyne kept his end up by becoming a highly influential member of the Board of Longitude. They maintained a polite, but uneasy, and sometimes bitter relationship until Maskelyne’s death.
Banks’ 42 year dominance of the Royal Society after the unsuccessful mathematician’s revolt of the 1780’s
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probably retarded the growth in Britain of mathematically based natural philosophy – “physics” – as pioneered
by Newton, Cavendish, Maskelyne, Hutton, and others
[15].
Inevitably Banks and Maskelyne disagreed about the
determination of longitude. Banks maintained that “lunars” were too complicated for routine use at sea. Their
final (very public) disagreement was over the relative
merits of marine chronometers and the claims of their
respective inventors, Earnshaw and Arnold. The Board
decided in Earnshaw’s favour, supported by Maskelyne
and “the Professors”. Sir Joseph, affronted by this decision
and by public attacks on his probity, declined to attend
further meetings of the Board until Maskelyne’s death
five years later. He had the last word in 1818, when he
succeeded in having the Board reconstituted to increase
the power of the Royal Society at the expense of the Professors, two years before his own death.
It has been suggested that disputes such as these between Banks and Maskelyne personalised the professional differences between the fields of natural history
and natural philosophy, and so prevented a coordinated
programme of British imperial science and exploration
from being implemented in the 18th century [16]. This
may account for the absence of a scientific programme
associated with the first settlement of Australia in 1788.
It may also explain some of the difficulties experienced
by Maskelyne’s protégé, Australia’s first astronomer, William Dawes.
Dawes Point, originally named Point Maskelyne by
Governor Hunter, was the site of the first Australian
astronomical observatory. It was named for Lieutenant
William Dawes, the First Fleet astronomer. Maskelyne,
through the Longitude Board and the Royal Society,
had recommended Dawes’ appointment to the Admiralty and had supplied astronomical instruments and
texts for an observatory. Unfortunately Dawes’ scientific
tasks had not been integrated with his other duties, he
fell foul of Governor Arthur Phillip, and his plans for a
permanent observatory and observing programme were
not implemented.

Conclusions
Nevil Maskelyne was a meticulous and methodical scientist who made important and lasting contributions
to astronomy and navigational science by applying and
extending the work of others. Congenial to his peers,
and something of a bon viveur, he was probably typical
of physical scientists of the English Enlightenment (and
later) in assuming the professional high ground in his
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relations with the engineers and biologists of his time
– the clock-makers and natural historians. The Nautical Almanac, still published today, was perhaps his most
significant achievement (see Figure 5).

Figure 5: The (1834) Nautical Almanac & Astronomical
Ephemeris: Maskelyne’s enduring legacy.

He performed his duties as Astronomer Royal conscientiously, successfully applying mathematics and
astronomical science to the problems of his day in the
fields of marine navigation, land surveying and geodesy.
He was a dedicated scientific civil servant and an applied
scientist in the modern sense of the term [17]. In this
he was following the enlightenment view of the goal of
science expressed earlier by Francis Bacon as “the relief of
man’s estate” [18].
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BOOK REVIEWS
Count Like an
Egyptian

by David Reimer
Princeton University Press (2014)
Hardback, 256 pages
.ISBN: 9780691160122
Reviewed by Lee Weissel, Trinity
Anglican College, Thurgoona

We take our methods
for arithmetic for granted, to the point where even small changes to the way
they are taught in schools can produce outrage. The ancient Egyptians did things rather differently, and Count
Like An Egyptian is a hands-on explanation of how they
handled fractions and multiplication and division. It
is pitched at a level suitable for junior high school students, but is mostly not annoying for those who know
a lot more, either about mathematics or about ancient
history.
At the core of Count Like an Egyptian is a practical
explanation of how ancient Egyptians represented and
manipulated fractions — as “unit fractions” or sums of
natural number inverses, along with two thirds as a special case — and multiplied and divided — using repeated doubling and halving. Ancillary to this are tables for
such things as doubling odd fractions (the equivalent of
our times tables) and rules for simplification, along with
some general tricks and tools.
The core of this could have been fitted into a twenty
page scholarly article (though no such article appears to
exist), but has been fleshed out here with additional material to make it more useful and accessible to a broader
audience. First of all, there are extensive worked examples and practice exercises, with solutions, which make it
possible to learn how to do Egyptian mathematics rather
than just learning how it was done.
Then there’s a lot of historical and cultural background, conveying the context for Egyptian mathematical problems and something of the world in which
the scribes who dealt with them lived. There are some
outright digressions here, such as the story of the conflict between Horus and Seth, and Reimer writes at one
point “I’ve decided to tell you about something that
I personally find amusing but that has no link to the
mathematics that follows”, with a brief quote from a letter about students living the high life.
Count Like an Egyptian also touches on other ancient
societies and the history of mathematics more broadly: Archimedes and Fibonacci and Erdös get mentions.
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More substantially, a whole chapter describes Sumerian
and Babylonian base-based number systems and compares them with the Egyptian approach. And a concluding chapter convincingly argues that Egyptian methods
are neither worse nor better than modern methods, just
different.
“Egyptian mathematics presents us with a series of
choices, and to make choices you have to think. Modern
math gives us rules and steps. Performing its operations
requires rote memorization, repetition, and perseverance. It may be tedious and boring, but if you follow
the instructions to the letter, eventually you will be rewarded with the correct answer. This is the exact opposite of Egyptian math. To the uninitiated it often seems
impossible, but that’s because they don’t know which
choices to make and continually make the wrong ones.
An Egyptian computation can take untold pages or a
handful of lines depending upon the skill of the mathematician.”
The full extent of ancient Egyptian mathematics remains unknown:
“We base all that we know about Egyptian mathematics on two ancient papyruses and a handful of scraps.
One of the two papyri [sic] is incomplete. The idea that
this is enough to judge the full mathematical capabilities
of a civilization that lasted more than two and a half
thousand years is a bit ridiculous.”
Reimer gives us some glimpses of the uncertainties
and even guesswork involved in his own reconstruction,
for example with an unknown solid called a nb.t that has
a diameter and resembles the word for “hill”.
This is a lovely hardcover volume, with glossy paper
and colour figures. The illustrations are mostly just decorative, with example calculations, for example, presented
on coloured “scrolls”, but this has been done so as not to
sacrifice legibility. And in general the layout and presentation are clear and attractive.
Count Like an Egyptian assumes only simple numbers (fractions and decimals), basic arithmetic (division
and multiplication) and geometry (areas and volumes of
simple shapes and solids) and is pitched most obviously
at junior high school students, and perhaps precocious
elementary school students, and their teachers. It may
inspire students to think about what numbers are, by
offering a different perspective on how they are represented, and should give them a concrete understanding
that different methods exist for doing multiplication
and division.
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Love, Literature,
and the Quantum Atom
by Finn Aaserud and JL Heilbron
Oxford University Press (2013)
Hardback, 296 pages
ISBN: 9780199680283

Reviewed by Annie Ross, School of Physics,
University of Sydney

Scientists, perhaps more than
anybody, are keenly aware of
how human an enterprise science is. Love, Literature, and
the Quantum Atom tells the human story that surrounds
Niels Bohr’s magnificent trilogy of papers published in
1913, in which he unravels a piece of the mystery of
atomic structure.
Our story begins in the early days of the 20th century. We are introduced to the Bohr family and social
circle, getting a flavour for the rich intellectual life of
the educated Copenhagen set. Our protagonist Niels,
a young doctoral student, meets the woman who is to
become the great love of his life, Margrethe Nørdlund.
In a Hollywood-worthy sequence of events, they meet,
fall in love, get engaged, and then soon are to be parted.
Niels completes his doctorate in Copenhagen and then
leaves for Britain, where he has a scholarship to study for
a year in Cambridge, the great mecca of physics, under
the formidable JJ Thomson.
Once separated, the young lovers feverishly write to
each other, even daily. Fortunately for us, many of these
letters survive, and Finn Aaserud has done a marvellously sensitive job at piecing the story together through
previously unpublished correspondence, primarily
between the couple, but also among their wider family. We see Niels’ wild side, dreams of greatness, crises
of confidence, and tender love for his fiancée. Reading
such intensely personal words can feel a bit voyeuristic.
Meanwhile, Margrethe counters with an outpouring
of affection, longing, and eagerness to help him in his
work. Their conversation is peppered with references to
literature: discussing books they read together, recommending books to each other, and constantly framing
their love story in terms of characters from the old Norse
myths. (I wasn’t up on my Norse mythology, but there is
enough explanation that you get the gist of it.)
But it’s not just a love story. There is plenty in this
book to please those who are only interested in the
science side of things. It’s fascinating to put oneself in
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Bohr’s shoes and survey the state of physics at the time,
framed in terms that don’t necessarily correspond to today’s usage. We appreciate his nimble mind as he examines the latest theories with a critical eye and takes
his own tentative steps towards developing and refining
atomic theory. We empathize with his dismay at failed
experiments in Cambridge and his supervisor’s lack of
enthusiasm for reading his thesis. We cheer for Niels as
he finds a warmer reception in Manchester with Rutherford, and sigh with relief as he finally finds an intellectual synergy there. Bohr’s confidence is restored and his
insights develop. Our story reaches its climax as Niels
comes to write his now-famous trilogy, working out a
quantum theory of the atom. It is evident that Margrethe’s constant support played a key role in making
the trilogy possible.
The text of Love, Literature, and the Quantum Atom
is accessible to a scientist familiar with the maths of
quantum physics, but could be equally appealing to the
non-scientist who may be interested in the history of
this period – if this is you, just enjoy the story and skip
over the equationy bits. My only criticism of the book is
that the flow from Part 1 to Part 2 seems disjointed, with
both parts covering the same time frame, telling essentially the same story, but with different emphases. The
first section is lighthearted, full of love letters and family
stories, while the second is heavier on the science. They
don’t read well sequentially. I wonder if the two authors
couldn’t have perhaps worked a bit harder to mesh their
two accounts to create one seamless tale that would be
enriched for including both perspectives. Nevertheless,
as it stands, this book gives insight into the human story
surrounding one of the 20th century’s greatest achievements and is well-worth a read.

Book reviews & reviewers
Have you read a book recently that might
be of interest to other members?
Members are invited to submit reviews of books they
have read for publication in the Book Reviews section of
Australian Physics.
There is a backlog of books (some on specialised topics,
others popularisations) for review. If you are interested
in reviewing a book, contact the editor
(aip_editor@aip.org.au) indicating your areas of interest.
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SAMPLINGS
Cosmic rays illuminate the electric fields
that cause lightning
New real-time information about the electric fields that
create lightning could be obtained from the radio waves
formed when cosmic-ray showers pass through thunderstorms. Thunderstorms evolve quickly and unpredictably, making it tricky to use instruments on rockets or
balloons to measure the huge electric fields that build up
in thunderclouds before a lightning discharge.
The new research takes a different tack and studies the shower of particles created when a high-energy
cosmic particle collides with an atomic nucleus in the
atmosphere and sets off a shower of particles that rain
down towards Earth. Many of these particles are electrically charged and so get deflected by the Earth’s magnetic field. This deflection causes the particles to emit
radio waves that can be detected by a radio telescope.

Led by the Radboud-based astrophysicist Pim Schellart, the team sifted through data taken in 2011–2014
by the Low Frequency Array (LOFAR) radio telescope
in the Netherlands. The telescope had spotted 762 air
showers in this time, but only about 60 events could
not be explained by magnetic deflection alone. Further
analysis identified 31 of these events as having sufficient
signal-to-noise ratio to allow further examination.
The team then used a computer simulation to analyse
telescope data from one of the lightning events. Their
modelling suggests that the radio waves were produced
in a thundercloud that extended from 3 km above the
ground to a maximum altitude of 8 km – which are both
reasonable values for a thundercloud. It is possible that
the cloud extended beyond 8 km, but above that altitude there would have been fewer charged particles because the shower would not have been fully developed.
[P. Schellart et al., Phys. Rev. Lett. 114, 165001 (2015)]
Extracted with permission from an item by Hamish
Johnston at physicsworld.com

Highly charged ions could measure changes
in fine-structure constant

LOFAR has been used to study thunderstorms.

According to calculations carried out in 2010 by
Heino Falcke at Radboud University in the Netherlands,
and colleagues, both the polarization and the intensity of
these radio waves would be altered in a measurable way
by electric-field gradients above about 10 kV/m, which
is a typical value found in a thundercloud.
While these calculations were done mainly to help
astrophysicists filter out the effect of electric fields on
radio studies of cosmic rays, Falcke and colleagues have
now joined up with geophysicists and astrophysicists to
measure the electric field in thunderclouds using a radio
telescope for the first time.
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Is the fine-structure constant different in different parts
of the universe? The answer to this intriguing question
could be one step closer, thanks to a new way of locating the frequencies of electronic transitions in highly
charged ions. The new technique was created by an international team of physicists, and could also be used to
identify candidate ions to make new and more precise
atomic clocks.
The fine-structure constant (α) defines the strength
of the electromagnetic interaction, and observations of
the light from distant quasars suggest that it may vary
throughout the universe. If these variations are real, α
should also change in the laboratory by about one part
in 1019 per year, as the Earth travels through the cosmic microwave background. In principle, this variation
could be measured in an atomic clock based on an atomic transition that is very sensitive to tiny changes in the
fine-structure constant. The problem with this technique
is that transitions in neutral atoms or singly charged ions
are adversely affected by stray electromagnetic fields and
black-body radiation – and to make matters worse, these
transitions are not sensitive enough to changes in the
fine-structure constant for the measurement to achieve
the desired level of precision.
In 2012 physicists in Australia and the US suggested
that atomic clocks accurate to one part in 1019 could
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be made using electronic transitions in ions that have
been stripped of many electrons. This is because removing electrons from an atom leaves the remaining electrons more strongly bound to the nucleus. This, in turn,
makes atomic transitions in the ion less sensitive to noise
and more sensitive to the fine-structure constant.

good candidates for atomic clocks because they are less
sensitive to noise.
The researchers now have to cool their highly excited ions to millikelvin temperatures before they can
perform precision laser spectroscopy to determine the
exact frequencies of the transitions. They are hopeful of
success because earlier this month, researchers in LópezUrrutia’s group demonstrated such cooling of Ar13+ ions.
[A. Windberger et al., Phys. Rev. Lett. 114, 150801
(2015)].
Extracted with permission from an item by Tim
Wogan at physicsworld.com.

IceCube neutrinos do come in three flavours
after all

Caption: Is α different here?

In this latest work, a team of physicists including
some of those involved in the 2012 calculations focused
on transitions in the ion Ir17+, which are of particular interest because they should be very sensitive to changes in
the fine-structure constant as small as 10–20 per year. The
team also looked at similar transitions in several other
highly charged ions that neighbour Ir in the sixth row of
the periodic table. In all cases, they were able to calculate
and then observe the frequencies of the transitions of
interest.
“These ions that we were studying had never been
observed,” says José Ramón Crespo López-Urrutia, who
leads a research group at the Max Planck Institute for
Nuclear Physics in Heidelberg, Germany, and was part
of the team. The researchers therefore had to painstakingly prepare individual samples of these ions before
trapping them and exciting them with an electron beam.
The team looked at spectral lines in the light emitted
by each set of excited ions, and used a computer algorithm to look for lines in different samples that varied in
the expected way, showing that they had all come from
the same transition. Using this technique, the researchers assigned almost all of the transitions between the
various energy sub-levels. Despite their success, however,
they were still left with two possibilities for which spectral line corresponds to the best transition for measuring
the fine-structure constant. Using the scaling laws they
had developed, the researchers went on to make accurate predictions for the energies of key transitions in two
other highly charged ions – Hf12+ and W14+ – that are
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High-energy neutrinos detected by the IceCube experiment in Antarctica are equally distributed among the
three possible neutrino flavours, according to two independent teams of physicists. Their analyses overturn
a preliminary study of data, which suggested that the
majority of the particles detected were electron neutrinos. The latest result is in line with our current understanding of neutrinos, and appears to dash hopes that
early IceCube data point to “exotic physics” beyond the
Standard Model.

One of IceCube’s many detectors being lowered into the
ice.

Located at the Amundsen–Scott South Pole Station, the
IceCube Neutrino Observatory is a large array of photodetectors buried in ice. In late 2013 IceCube revealed
that it had captured the first signals from neutrinos with
extremely high energies, which suggests that the particles
came from outside of our galaxy. While neutrinos generated inside the Sun and by cosmic rays colliding with the
Earth’s atmosphere have been detected for many years,
neutrinos from much farther away had remained eluAUSTRALIAN PHYSICS 133

sive. As a result, the discovery was named the Physics
World Breakthrough of the Year in 2013.
Neutrinos come in three different types or “flavours”
– electron, muon and tau – and change or “oscillate”
from one type to another as they travel across long
distances. For neutrinos that have travelled arbitrarily large distances, we expect to see nearly equal numbers of each flavour when they reach Earth – that is, an
electron:muon:tau ratio of about 1:1:1. Depending how
the neutrinos were produced, there will be small deviations from this equal-flavour distribution. This deviation
should give us information on how and where the neutrinos were produced.
In 2014 Olga Mena, Sergio Palomares-Ruiz and
Aaron Vincent of the University of Valencia in Spain
did an independent analysis of IceCube data from 2010
to 2012, and concluded that the best-fit flavour ratio
was 1:0:0 – an abundance of electron neutrinos with no
muon or tau neutrinos present. If true, this unexpected
result would mean that rare neutrino decays were taking
place or that the detected particles were mixing with a
fourth and very hypothetical “sterile” neutrino. In both
cases, the discovery could have pointed to exotic physics
beyond our current understanding.
Now, however, Binder and IceCube colleagues have
analysed a much larger set of IceCube’s data, collected
across 974 days from May 2010 to May 2013. They have
identified 137 neutrinos with energies above 35 TeV and
found that the neutrinos are equally distributed among
the three flavours. “No matter what parameters we adjust, there’s just no way to get all electron neutrinos, so if
we did observe that, it would surely indicate new physics affecting cosmic neutrinos as they travel over long
distances,” says Binder.
A similar analysis was performed by an independent
group in Italy, led by Francesco Vissani and Andrea Palladino at Gran Sasso Science Institute in L’Aquila and
the Gran Sasso Laboratories in Assergi. This group focused on neutrinos with energies above 60 TeV, and it
also found the data to be consistent with conventional
astrophysical models.
[A. Palladino et al., Phys. Rev. Lett. 114, 171101 (2015);
M. G. Aartsen et al., Phys. Rev. Lett. 114, 171102
(2015)]
Extracted with permission from an item by Tushna
Commissariat at physicsworld.com

Infrared detector to free up Internet of
tomorrow
A new kind of silicon photodetector invented by physi134 AUSTRALIAN PHYSICS

cists in Canada and the UK should help to ensure that
the Internet does not grind to a halt, as people share
and download ever-more online data. The device,
which could be built using existing chip-fabrication
techniques, would ease the pressure on the Web’s data
centres by opening up a new frequency range in optical
communications.
Ever-greater use of social media, video streaming and
other data-heavy applications is causing a rapid rise in
Internet use. US technology company Cisco Systems
says that worldwide Internet traffic increased more than
five-fold between 2008 and 2013, and is set to rise by
another factor of three by 2018. This apparently insatiable appetite for online services puts pressure on the
hardware that makes up the Internet, and in particular
on the huge data centres that route bits and bytes between computers across the globe.

Ackert with the silicon detector

Until now, the companies operating such data centres have tended to use electrical wiring to link the thousands of servers that they employ, but many are now replacing that wiring with fibre-optic cables – these have a
number of advantages over the copper variety, including
lower losses over long distances, the fact that they do not
pick up electromagnetic interference and, crucially, their
far greater bandwidth. However, says Andrew Knights
of McMaster University in Ontario, even current fibre
technology might be swamped by rising user demand
within a decade or two.
In the latest work, Knights, together with Jason Ackert and colleagues at McMaster and also the University of Southampton in the UK, have built and tested a
photodetector that is designed to meet that demand by
increasing the range of wavelengths that can be used to
send data. Most current cables work at bands centred
on 1.3 or 1.5 μm, and transmit data over about 100 different channels within each band – with each channel
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corresponding to a slightly different wavelength. The
new device would, the researchers say, help to open up
at least another 100 channels by operating at longer
wavelengths, exploiting a band lying in the mid-infrared
region at around 2 μm.
The new device consists of a 3 μm-wide strip of silicon that has a thickness of 220 nm at its centre and just
90 nm at its edges, deposited on a substrate of silicon
dioxide. Ordinarily, such a device would serve as a waveguide that is transparent to mid-infrared radiation, but
the Anglo-Canadian group inserted ions into the silicon
to introduce defects into the lattice structure. These defects result in electronic states within the silicon’s band
gap, which allow low-energy mid-infrared photons to
excite electron–hole pairs and so generate a measurable
photocurrent.
Knights and co-workers have shown that their device
generates a reliable electrical response at wavelengths between 1.96 and 2.5 μm, albeit with a lower sensitivity
than similar silicon detectors operating at 1.55 μm. They
also exposed the device to the output of a 1.96 μm laser
diode, showing that at this wavelength it could operate without errors at speeds of greater than 20 gigabits
per second – more than any other photodetector at this
wavelength.
[Jason J. Ackert et al., Nature Photonics, doi: 10.1038/
nphoton.2015.81]
Extracted with permission from an item by Edwin
Cartlidge at physicsworld.com.

UK beats Italy to host SKA headquarters
Member countries building the world’s largest radio telescope – the Square Kilometre Array (SKA) – have chosen the Jodrell Bank site near Manchester in the UK to
host the observatory’s headquarters.
The design for the multi-billion-euro SKA calls for
thousands of dishes and millions of dipole antennas
with a total collecting area of a square kilometre. Together, these devices will allow astronomers to observe the
universe as it was just a few hundred-million years after
the Big Bang, when the first stars and galaxies started to
form. The SKA will also look for the gravitational waves
predicted by general relativity.
Following a bitter contest to host the telescope itself, which resulted in the project being split between
southern Africa and Australia/New Zealand in 2012, the
process to select a site for the headquarters got under
way last year. Both Italy and the UK submitted bids,
with the former proposing to host the headquarters in
a renovated 14th-century castle in Padua and the latter
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to expand the existing temporary headquarters at Jodrell
Bank in Cheshire, home of the Lovell Telescope.

Artist’s impression of SKA headquarters at Jodrell Bank.

A panel set up by the SKA’s 11 member countries –
Australia, Canada, China, Germany, India, Italy, New
Zealand, South Africa, Sweden, the Netherlands and the
UK – to review the two bids submitted a report in February, in which it recommended the Italian proposal. The
panel said that both bids fulfilled nine pre-established
criteria, but judged the Padua site to be stronger in five
of them – being larger, housing more astronomers, and
providing easier access to services such as restaurants and
hotels. Nevertheless, at a meeting on 6 March, members
did not declare a winner but instead asked both teams
to prepare a second round of bids – much to the chagrin
of the Italians.
In reviewing the updated bids, the advisory panel
was not asked to recommend one proposal over another,
but instead to establish whether either of the two bids
had been improved in any of the nine categories and
what risks were involved in choosing either of the two
proposals.
The Italian bid was again considered superior against
five of the criteria, but this time the British proposal was
judged better in one category, that of financial support.
The UK pledged £200m (about €270m) towards the
€1bn needed for the first stage of the SKA – construction of which is due to start in 2018 – while Italy promised €193m in national funding and another potential
€200m from the European Union.
It is that promise of additional funds, among other
things, which appears to have swayed the SKA members
at a meeting on 29 April at Jodrell Bank, where at least
75% of those members voting in a secret ballot put a
cross beside the British bid.
Extracted with permission from an item by Edwin
Cartlidge at physicsworld.com.
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How to make a better quantum
thermometer
A theoretical framework for creating practical quantum
thermometers that are optimized for taking the temperature of tiny structures as varied as living cells and
quantum bits has been created by physicists in Spain
and the UK. The work identifies an important tradeoff between the precision and operating range of such
quantum probes, and also describes how they could be
used in the lab.
The temperature of an everyday object can easily be
taken by putting it into contact with a thermometer. But
this is much trickier when the object is extremely cold,
extremely small or both. This is because heat will be exchanged between the thermometer and the object, ultimately affecting the measurement. The growing interest
in creating nanometre-sized quantum devices for use in
computing, metrology and other applications means
that physicists must gain an understanding of the thermodynamics of these systems. This requires the ability to
measure the temperature of such devices to nanometre
precision – an ability that could also be also useful for
taking the temperature of living cells.
In 2013, for example, Mikhail Lukin of Harvard
University and colleagues used a tiny diamond (just 100
nm in diameter) to measure the temperature within a
living cell at a spatial resolution of 200 nm. Other researchers have shown that quantum dots – tiny pieces of
semiconductor – can be used to measure the temperature of electrons in samples cooled below 1 K.
These tiny probes can be thought of as “quantum
thermometers” because they sense the effect of heat energy on the fragile quantum states of an otherwise isolated system. Such systems are very sensitive to external
stimuli such as heat, which makes them very good temperature probes. However, their development is in its infancy, and much work must be done to create quantum
probes that are optimized for use in specific situations.
Now, Luis Correa, Mohammad Mehboudi and Anna
Sanpera of the Universitat Autònoma de Barcelona,
along with Gerado Adesso of the University of Nottingham, have done a theoretical investigation of what types
of quantum systems make the best temperature probes.
They have also done calculations to find out what are the
best ways of operating these hypothetical devices.
The team looked at “fully thermalized thermometers”, which are devices that are in thermal equilibrium
with the system they are measuring. This is much like a
traditional mercury or alcohol thermometer immersed
136 AUSTRALIAN PHYSICS

in a beaker of water.
The team’s calculations revealed that the probe’s heat
capacity – the amount of energy required to raise its
temperature by one degree – is an important parameter
in the design of a quantum thermometer. The heat capacity is related to the number of different ways that the
system can be excited from its ground state – its degrees
of freedom – and the calculations show that increasing
the number of degrees of freedom boosts the precision
of the measurement.
[L. Correa et al., Phys. Rev. Lett. 114, 220405 (2015`)]
Extracted with permission from an item by Hamish
Johnston at physicsworld.com

Caption: Quantum-thermometer design is a trade-off
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PRODUCT NEWS
COHERENT SCIENTIFIC
Q-Smart 450: The Most Flexible and Simple
Nd:YAG Lasers from Quantel

The Q-smart series of Nd:YAG lasers from Quantel offer users a simple, yet powerful system that ensures nofuss operation and optimal performance at all times.
Monolithic construction and a compact design provides
superior beam geometry and the Q-touch screen interface makes the laser even easier to operate, with the following benefits:
• NEW: highest energy at 532 and 355 nm with a single
doubling crystal
• NEW: SLM option available and upgradable on site
• 450 mJ pulse energy at 1064 nm
• Repetition rates up to 20 Hz
• Quick-connect cables for fast installation by the end user
• Innovative, automated phase matching of harmonics
• Intuitive touch screen interface
• 2 year warranty on optics and mechanics
For users requiring higher energy, Quantel also offers
the Q-Smart 850 with 850 mJ at 1064 nm.

New! Double-pulse Laser with 266 nm
Output for Combustion Studies

measurements of velocity and density fields for certain
combustion experiments that difficult to measure with
traditional techniques.
The EverGreen 266 offers the following key features:
• 2 x30 mJ pulses at 266 nm
• Double pulse operation up to 15 Hz
• Simple, hands-free switching between 532 nm and
266 nm
• Compact, rugged and easily moved between experiments

EverGreen HP : With Energy up to 2 x 340 mJ
at 532 nm
The EverGreen product line is further expanded with
the new high power EverGreen HP platform. The EverGreen HP is available in several versions with a variety of
energy and repetition rate combinations such as :
• 2 x 340 mJ at 15 Hz
• 2 x 100 mJ at 100 Hz
• 2 x 50 mJ at 200 Hz
EverGreen HP offers the same ease of use, ruggedness and compact design of the other members of the
EverGreen family and is an ideal choice for PIV applications requiring high pulse energy or repetition rate.
For further information please contact Coherent Scientific
at sales@coherent.com.au
Coherent Scientific
116 Sir Donald Bradman Drive,Hilton SA 5033
Ph: (08) 8150 5200 Fax: (08) 8352 2020
www.coherent.com.

LASTEK
1. BaySpec Hyperspectral Imagers

Quantel has recently announced the newest addition to
their successful EverGreen product line; the EverGreen
266.
Particle Image Velocimetry (PIV) is typically performed with 532 nm lasers, however researchers are increasingly looking at different, more subtle effects that
are best imaged via UV excitation. The EverGreen 266
allows users to image in the UV, thus permitting precise
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Prism Awarded Finalist OCI™(“All Seeing Eye”) hyperspectral imagers are available in a handheld or UAVoptimized packages. Traditionally limited to large and
heavy systems, BaySpec have created a small lightweight
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hyperspectral camera capable of up to 120 spectral
bands. Packed with a high-performance, on-board-capture and preview, they acquire VIS-NIR hyperspectral
data with continuous spectral and spatial coverage. Extreme compactness with uncompromised performance,
automatic operation and data processing make the OCI
a straightforward system for use in a lab or effortless integration with many UAV/ROVs, for applications such
as precision agriculture and remote sensing.

pulses with a centre wavelength of 1030 nm and a duration below 100 fs. The turnkey system delivers typically
700 mW average output power making it the ideal laser
source for specific applications in nonlinear microscopy
or terahertz generation.

Lastek appointed exclusive distributor
for Alio Industries nano technology and
precision motion systems
The internal shutter is a now available for the QE Pro for
more effectively managing dark measurements. The new
optional feature is useful for applications where light intensities change, requiring users to dynamically adjust
integration times and renormalise the spectrometer.

Lastek has been appointed exclusive distributor for
Australia and New Zealand for Alio Industries, the Colorado-based manufacturer of nano technology and precision motion systems.
Alio Industries began in 2001 with an idea to create
“a better way” to meet the nano-precision robotic needs.
This initial idea has grown into an ever-expanding product line that includes Hexapod robotic systems, air bearing systems and mechanical bearing linear and rotary
nano-precision systems for atmospheric, clean room and
ultra high vacuum chambers all with TRUE NANO Positioning™.
ALIO’s linear and rotary stage lines were designed to
be cost effective and complement the market demand
for high quality, nano-precision motion. ALIO’s design
of the rotary stages can be utilized for stand-alone motion or stackable for various serial kinematic structures.

TOPTICA expands their portfolio of ultrafast
fiber-based laser systems
TOPTICA’s new FemtoFiber pro SCYb provides laser
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The new, all-fibre high-power laser system is based
on a very stable, SAM mode-locked Er-doped oscillator
operating at 1560 nm. The oscillator output is frequency-shifted towards 1030 nm using a nonlinear fibre.
Yb-doped fibre amplifiers level up the power to typically
700 mW at the laser output. The system also includes a
small grating compressor unit to achieve transform-limited output pulses of typically 90-100 fs, with more than
70 % of the total power in the main peak. It operates at a
repetition rate of 80 MHz and provides a TEM00 beam
shape with M2<1.2 and a beam diameter of 2 mm.
The FemtoFiber pro SCYb is the perfect solution for
applications in nonlinear microscopy. In addition, the
FemtoFiber pro SCYb is ideally suited for the generation
of pulsed THz radiation.
Specifications:
• Centre wavelength: 1030 nm
• Pulse duration: < 100 fs
• Laser output power: > 500 mW (typ. 700 mW)
• Repetition rate: 80 MHz
• Output coupling: Free space
• Communication via PC Interface, Ethernet, USB, or
RS-232
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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WARSASH SCIENTIFIC
The Smallest of the Small: Affordable Q-521
Linear Positioning Stage
Warsash Scientific are pleased to announce the release
of the smallest linear positioning stage of the Q-Motion
series from PI miCos: The Q-521 is only 21 mm wide
and is equipped with an integrated high-resolution linear encoder.
The new miniature stage now achieves a step size of
up to 2 nm and a repeatability of up to 25 nm over
the entire travel range. The Q-521 is available for travel
ranges of 12 mm, 22 mm and 32 mm. Position measurement is performed selectively by an incremental optical encoder with 1 nm resolution or with 4 nm resolution. Open-loop versions of the linear positioning stage
are also available.

For applications under vacuum conditions, the
Q-521 is also available in versions for 10-9 hPa. The drive
principle of the miniature stage is based on a piezomotor inertia drive. This makes the compact dimensions,
high resolution and high velocity possible. Due to its
ability to self-lock at rest, the piezomotor requires no
power and produces no heat. It holds its position with a
force of 1 N.
Position control of the Q-521 series is designed for
fast point-to-point motion. This is performed by the
E-871 motion controller and the control is addressed
digitally via a USB or RS-232 interface and has numerous parameters for optional optimization of the settling
behaviour. Thanks to its network capability, it is possible
to control up to 16 axes simultaneously via one computer interface. Fast startup and system configuration takes
place via the PIMikroMove, which is included in the
scope of supply. Implementation into existing environments is possible via LabVIEW drivers and DLLs.
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Time Dependant Spectroscopy of
Microscopic Samples
Warsash Scientific are pleased to announce the release of
CRAIC TimePro™ kinetic spectroscopy software from
CRAIC Technologies, a leading innovator of UV-visible-NIR microanalysis solutions. This software package
is designed to be used with CRAIC Technologies microspectrophotometers and their controlling Lambdafire ™
software. CRAIC TimePro™ allows the user to monitor
changes in the spectra over time. The most unique feature is that this software will allow users to measure the
time dependant changes in full UV-visible-NIR range
reflectance, absorbance and even emission spectra of microscopic samples.

“CRAIC TimePro™ software adds a powerful and
unique feature set to CRAIC Technologies microspectrophotometers. Now our customers are able to monitor the kinetic variations in samples across the full spectral range of the instrument; from the deep ultraviolet
through the visible and into the near infrared regions”
says Dr. Paul Martin, president of CRAIC Technologies. “Our engineers worked with our customers to
create CRAIC TimePro™. Now CRAIC microspectrophotometer users will be able to measure how the spectral response of microscopic samples changes over time.
And with this flexible software, kinetic spectroscopy can
be done by UV-visible-NIR absorbance, reflectance or
even fluorescence microspectroscopy.”
CRAIC TimePro™ is a plug-in module for CRAIC
Technologies Lambdafire™ software…the controlling
software for CRAIC Technologies microspectrophotometers.
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
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High Performance
Nd:YAG &Tuneable Lasers
Nanosecond Nd:YAG lasers
Dye lasers & solid state OPOs
Fibre laser for cooling and trapping

Automated phase matching
of harmonics
Light, compact and portable

(08) 8150 5200
sales@coherent.com.au
www.coherent.com.au
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Intuitive touch screen interface
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Q-smart 850 Nd:YAG laser

