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EDITORIAL

Seeking articles
The Congress is fast approaching 
- the last issue for the year should 
reach members around the time of 
the Congress. I look forward to the 
Congress as it should provide a happy 
hunting ground for an editor in 
search of articles. However potential 
authors should not wait until they are 
accosted by me. There can be many 
reasons for writing an article: you may 
wish to publicise an area of research 
in your institution, describe how 
your research led to a start-up, discuss 
matters relating to the teaching of 
Physics, tell a story of an unusual career path, the history of an area 
of research in Australia, and so on. I am always happy to discuss ideas 
for an article. It is desirable that articles reflect the diversity of the 
Australian physics community; authors should, therefore, be spread 
across academia, government labs and departments, and commercial 
enterprises. I look forward to a flood of submissions for forthcoming 
issues.

In this issue we have two articles. The first article, Information Security 
from Quantum Weirdness, by Professor Ping Loy Lam (ANU) & 
Professor Timothy C Ralph (UQ) describes the technology and its 
commercialization by the company QuintessenceLabs that came 
out of research in Quantum Optics at the ANU. For this work, Prof 
Ping Koy Lam, Prof Timothy C Ralph and Dr Thomas Symul were 
awarded the AIP’s 2014 Alan Walsh Medal for Service to Industry.

The second artile, 100 Years of Cosmic Rays – An Australian Perspective: 
Part 3, by Dr Marc Duldig (UTas, and formerly the Australian 
Antarctic Division), Dr John Humble (UTas) & Emeritues Professor 
Roger Clay (U Adel) is, as the title suggests, the third (and final) in 
a series describing Cosmic Ray research in Australia in the 100 years 
since their discovery. 

Brian James

Members of the AIP and AOS “Prokhorov Laser Show” team gathered 
around the plaque commemorating Aleksandr Prokohorov at CSIRO’s 
Atherton site (l to r): Stephen Collins, Patrick Helean, Warrick Couch, Hans 
Bachor, Margaret Wegener. See President's column for further details.
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PRESIDENT’S COLUMN

From humble beginnings to Nobel Laureate
Writing this column for the Sep-
tember issue of Australian Physics 
always coincides with National Sci-
ence Week, so it's a busy and excit-
ing time. As usual, there has been a 
plethora of events taking place all 
over the country and, gratifyingly, 
National Science Week has been 
prominent in the media. On this 
note, the ABC should be congratu-
lated for holding a special “science” 
episode of their much-watched 
QandA program, that included the 
well- known science communica-
tor and particle physicist, Brian 
Cox, the Minister for Science, Greg 
Hunt, and mathematician Lily Ser-
na on the panel. Some very interest-
ing questions put to the panel and 
debate amongst them on scientific 
practice, climate change, and the 
importance of empirical evidence!

In terms of my own involvement in 
National Science Week, I was fortu-
nate to take part in two very phys-
ics-focussed events. The first was 
to attend the opening of the “Col-
lider” exhibition at the Power House 
Museum in Sydney. Created in the 
UK and currently touring Australia, 
this is an extremely well put together 
“immersive” exhibition that takes 
people on a behind-the-scenes jour-
ney through the Large Hadron Col-
lider and its discovery of the Higgs 
Boson. The immersive experience 
was enhanced enormously by the 
excellent commentary and insights 
given by our guide Mark Scarcella, 
who had worked on the LHC for 
his recently completed PhD that 
was done within the ARC Centre 
for Excellence for Particle Physics at 
the Terascale (CoEPP).

The second event was a celebration 
of the centenary of the birth of Alek-
sandr Prokhorov, the Australian-
born co-inventor of the laser and 
co-winner of the 1964 Nobel Prize 
in Physics. Prokhorov was born near 

Atherton in northern Queensland, 
and went to primary school there 
before returning with his parents to 
their homeland of Russia. His con-
nection with Australia has been sel-
dom recognised, apart from a com-
memorative plaque being organised 
by the then Science Minister, Barry 
Jones, at CSIRO’s Atherton site in 
the late 80’s, and UNSW making 
him an honorary professor in 1996. 

The centenary of Prokhorov’s birth 
was seen as an excellent opportu-
nity by the AIP and AOS to make 
Prokhorov and his invention of 
the laser more broadly known in 
Australia, particularly in the North 
Queensland region. This was done 
by way of a touring interactive laser 
show that went to Atherton, Cairns 
and Townsville and was generously 
funded by a National Science Week 
grant. It was presented by Hans 
Bachor (ANU) and Patrick Helean 
(Questacon), both leaders in the 
fields of laser physics and science 
outreach - see photo opposite. With 
the clever use of demonstrations and 
animations, Hans and Patrick in 
their own inimitable and entertain-
ing way explained the principle of 
laser emission and how lasers work, 
and then gave numerous examples 
of modern day applications of the 
laser. The show also included a brief 
account of Prokhorov’s fascinating 
life story, presented by Stephen Col-
lins, President of the AOS. In my 
mind this initiative really captured 
what National Science Week is all 
about – educating people of all ages 
and in all localities (not just in our 
cities but also in rural and regional 
areas) about science and technology 
and its importance in every-day life, 
as well as acknowledging the con-
tributions Australians have made in 
these areas.

Somewhat less conspicuously but 
nonetheless just as importantly, 

there has been a lot of activity in the 
science and innovation areas within 
government. The election saw a 
change in the Minister for Industry, 
Innovation and Science, with Greg 
Hunt taking over from Christopher 
Pyne. Craig Laundy is the new As-
sistant Minister for this portfolio.  
The new Minister hit the ground 
running, undertaking a ‘door stop’ 
at Questacon the day after he was 
appointed, with the first words of 
the press conference he gave there 
being “this is about saying that sci-
ence matters, that innovation mat-
ters, that the National Innovation 
and Science Agenda is fundamental 
not just to the future but to now.” It 
is pleasing to see that he has backed 
up these words by announcing a 
number of important new initia-
tives: the opening of a new funding 
round under the CRC Program to 
provide grants up to $3M for busi-
nesses to collaborate with scientists 
and researchers, a new STEM Busi-
ness Fellowship program to help 
SME’s undertake research projects 
with early career researchers from 
Australian research organisations, 
an allocation of $37M over the next 
10 years to create a decadal climate 
science monitoring and forecasting 
capacity within the new CSIRO 
Climate Science Centre, and the of-
ficial transfer of the Australian Syn-
chrotron Facility to ANSTO. 

Warrick Couch
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NEWS & COMMENT

Academy to conduct climate science 
capabilities review
The Australian Academy of Science will conduct a 
formal review of Australia's needs and capabilities in the 
area of climate science.

Headed by Professor Trevor McDougall, the review will 
assess Australia's current climate science expertise and 
infrastructure, determine which current climate science 
capabilities are critical to the national interest, and 
explore what should be maintained or developed into 
the future.

Members of the committee have expertise in 
meteorology, international research hubs, atmospheric 
research, climate adaptation and other areas of climate 
research.

They will report on:
1. The extent and size of climate science in Australia,  
 particularly 
 • Those aspects of climate science that are critical  
     to the national interest
 •  Those aspects of climate science for which 
     Australia has a unique responsibility or stewardship,
 • Australia’s current areas of strength and areas  
     of weakness in climate science including expertise,  
     infrastructure and culture.
2. Current arrangements and characteristics of support  
 of climate science in Australia, and the appropriateness  
 of these arrangements for Australia’s future interests  
 in climate science
3. Australia’s potential to sustain its climate science  
 workforce in the future
4. Australia’s ability to respond to new developments in  
 climate science
5. The means by which Australia’s climate science is  
 disseminated to its users, and the appropriateness of  
 the current arrangements for its dissemination

The review will focus primarily on basic climate-related 
science, including observations, fundamental processes 
and modelling—approximately those areas that would 
fall into the IPCC Working Group I report.

Laser shows recognise FNQ-born Nobel 
physicist
A spectacular laser show toured North Queensland 
(Townsville, Cairns and Atherton) during Science Week 
to celebrate the one-hundredth birthday of Alexander 
Prokhorov, who was born in 1916 in the Atherton Ta-
blelands, attended school there and then returned with 
his parents to their Russian homeland. He subsequently 
became one of the co-winners of the Nobel Prize for 
Physics in 1964: Prokhorov, along with Nicolay Basov 
(USSR) and Charles Townes (USA) shared the Prize for 
“fundamental work in the field of quantum electronics, 
which has led to the construction of oscillators and am-
plifiers based on the maser-laser principle".

The 45 minute laser 
show, presented by Prof 
Hans Bachor (ANU) 
and Patrick Helean 
(Questacon), included 
demonstrations and 
audience participation 
followed by a 15 min 
Q&A. The show was an 
initiative of the Austral-
ian Optical Society and 

the Australian Institute of Physics and was funded by a 
National Science Week 2016 grant, with involvement 
of staff from several different universities. See photo on 
page 158.

For more details about Prokoorov’s connection with 
Australia see Aleksandr Prokhorov, Australian-born Nobel
laureate in physics by Stephen Collins, Australian Physics, 
52(1) 23-4, (2015).

3D-Printing of superconductors
Researchers at the University of Western Australia have 
shown that 3D-printing can be used to create a resonant 
microwave cavity from an aluminium-silicon alloy that 
shows superconductivity when cooled below the critical 
temperature of aluminium. [D.L. Creedon et al., Appl. 
Phys. Lett. 109, 032601 (2016)] 

Alexandr Prokhorov



AUSTRALIAN PHYSICS 16153(5)  |  SEP-OCT 2016

Two groups at UWA, one led by Professor Tim Sercombe, 
an expert in materials and 3D printing, and the other 
led by Professor Michael Tobar, an expert in engineered 
quantum systems and novel cavity designs, combined 
their expertise to explore the superconducting properties 
of 3D-printed parts 

3D-printed aluminium superconducting microwave cavity

The 3D printing process relied on aluminium that was far 
from pure and it had undergone several processes, such 
as atomisation, laser melting and furnace annealing. The 
researchers wanted to explore whether a range of known 
superconducting metals could be successfully 3D printed 
and retain their desirable electrical property.

Beyond measuring the superconductivity, the researchers 
wanted to show that they could do something potentially 
useful with this technique so they decided to 3D print a 
resonant microwave cavity. Through measurements of the 
Q-factor, they were able to show that the material became 
superconducting at 1.2 Kelvin.
 
“This result was surprising, given the very large 
concentration of non-superconducting silicon within the 
alloy,” Prof Tobar said. “It may open new possibilities for 
printing novel cavity configurations that are otherwise 
currently impossible to machine.”

Vale John Love
Emeritus Professor John Love died on 19 June 2016. 
John was born in the UK on 2 October 1942. After 
studying applied mathematics at Cambridge and 
Oxford Universities, he spent 4 years as a postdoctoral 
researcher, first in the Department of Physics at the 
University of California at San Diego and then in the 
Department of Physics at the University of Toronto in 
Canada. He came to the Institute of Advanced Studies 
at the Australian National University in 1973, where his 
career in optics and photonics began.

Emeritus Prof John Love. Photo by kind permission of the 
Australian National University.

Over the following forty plus years he made a major im-
pact on the field. He is widely known for the definitive 
textbook (with co-author Alan Snyder), Optical Wave-
guide Theory, which has 5500 citations and was translat-
ed into Russian and Chinese. John was an enthusiastic 
champion of many important research and educational 
initiatives in Australia, including being a stalwart of the 
Australian Conference on Optical Fibre Technology 
(ACOFT), the world’s second longest running photon-
ics conference. John was a Life Member of the Austral-
ian Optical Society and winner of its prestigious Beattie 
Steel medal. 

In 2014 Professor Love donated $1 million to the ANU 
to fund a new scholarship to help students who most 
need financial support.

SAGE Pilot announces expert advisory group
Australia’s Science in Australia Gender Equity (SAGE) 
Pilot has appointed former Sex Discrimination Com-
missioner Elizabeth Broderick as Chair of its Expert 
Advisory Group. Eight new institutions have joined its 
Pilot of the UK-based Athena SWAN Charter, bringing 
the total number of participating institutions to 40.

The SAGE Pilot is a partnership of the Australian Acad-
emy of Science and the Academy of Technology and 
Engineering (ATSE). It promotes equity and inclusion 
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through an evaluation and accreditation framework to 
identify and address gender inequity in science and re-
search organisations.

Institutions are graded by a panel of experts against this 
framework to determine areas that need to be addressed 
to improve gender equity and diversity in Science, 
Technology, Engineering, Mathematics and Medicine 
(STEMM). The Pilot includes a two-year program of 
training and advice to develop an action plan. Successful 
organisations will be awarded an Athena SWAN Bronze 
award indicating they are well placed to improve gender 
equity and diversity across their academic and profes-
sional staff.

Decadal climate monitoring
The Australian Government has announced funding of 
$37 million over 10 years to create a decadal climate sci-
ence monitoring and forecasting capacity within the new-
ly announced CSIRO Climate Science Centre to be based 
in Hobart.

Decadal forecasts aim to predict fluctuations in the cli-
mate system up to 10 years ahead of time with the aim 
of helping decision-makers in agriculture, energy, water, 
health, finance and other sectors to manage the risks and 
opportunities arising from variations in climate.

According to the CSIRO Staff Association, the $37 
million appropriation will apparently be sourced from 
CSIRO’s own funds over ten years. The announcement 
follows previously announced staff reductions at CSIRO. 
The Staff Associations estimates that at the end of the 
process, and taking into account the new staff proposed, 
there will be a net loss of 25 positions in the Oceans & 
Atmosphere research programs.
CSIRO Fellow and Research Team Leader, Dr Stephen 
Rintoul, will initially lead the Climate Science Centre. Dr 
Rintoul is a physical oceanographer with a long-standing 
interest in the Southern Ocean and its role in the earth 
system.

11-14 September 2016 
ARPS2016: Australian Radiation Protection Society Conference 
Adelaide Convention Centre, Adelaide SA 
www.arpsconference.com.au

11–16 September 2016 
International Conference on Nuclear Physics (INPC2016) 
Adelaide Convention Centre 
www.physics.adelaide.edu.au/cssm/workshops/inpc2016/

18–23 September 2016 
The changing face of galaxies: uncovering transformational physics 
Wrest Point Hotel, Hobart 
www.caastro.org/event/2016-galaxy

19–23 September 2016 
ICEAA-2016: International Conference on Electromagnetics in Advanced 
Applications. Cairns, Queensland 
www.iceaa-offshore.org/j3/

19–23 September 2016 
IEEE-APS Topical Conference on Antennas and Propagation in Wireless 
Communications (APWC). Cairns, Queensland 
www.iceaa-offshore.org/j3/

19-23 September 2016 
Animal Vegetal Mineral - Boden Research Conference: Emergence and 
Function of Complex Shapes in Self-Assembly and Biological Cells  
Yallingup, WA 
www.animal-vegetal-mineral.org

16–19 October 2016 

SPIE Bio-Photonics Australasia 2016. Adelaide Convention Centre 
spie.org/conferences-and-exhibitions/bio-photonics-australasia

4-8 December 2016 
22nd AIP Congress - in association with the 13th Asia Pacific Physics 
Conference. Brisbane Convention Centre 
aip-appc2016.org.au

12–14 December 2016 
COMMAD 2016 
13th International Conference on Optoelectronic and Microelectronic 
Materials and Devices 
UNSW, Sydney, NSW 
www.commad2016.org.au

31 January - 3 February, 2017 
Wagga 2017 - The 41st Annual Condensed Matter and Materials Meeting 
Charles Sturt University, Wagga Wagga, NSW 
cmm-group.com.au

12–16 February 2017 
8th International Conference on Advanced Materials and Nanotechnology 
Queenstown, NZ 
confer.co.nz/amn8/contact/

26 July - 1 August 2017 
30th International Conference on Photonic, Electronic and Atomic 
Collisions (ICPEAC XXX) 
Convention Centre, Cairns, Qld 
icpeac30.edu.au

Conferences 2016
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Information Security from Quantum Weirdness
Ping Koy Lam*
Centre of Excellence for Quantum Computation and Communication Technology, Department of Quantum Science, 
Research School of Physics and Engineering, The Australian National University, Acton ACT 2601, Australia

Timothy C. Ralph*
Centre of Excellence for Quantum Computation and Communication Technology, School of Mathematics and 
Physics, University of Queensland, Brisbane QLD 4072, Australia

Information security is of paramount importance in an information intensive society. Currently, most 
cryptography protocols rely on mathematically complex operations to guarantee communication security. 
In contrast, quantum key distribution (QKD) exploits the laws of quantum mechanics for its security. Hence 
QKD is in theory absolutely secure. The ANU and UQ team has developed and demonstrated Australia’s 
own QKD system. The approach is based on the continuous variable platform where laser light is measured 
using photodiodes in a homodyning setup. This approach does not require photon counting and has 
advantages in its potential to be integrated into existing fibre optics networks.

Introduction
Privacy and security of communication is of paramount 
importance in our modern information intensive soci-
ety. Information encryption is a multi-billion dollar in-
dustry indispensible to a wide range of situations. From 
the prevention of identity theft and commercial espio-
nage to the protection of national secrets, encryption is 
used on a daily basis by individuals and multi-national 
corporations alike. Today, every single web browser has 
some sort of encryption protocol as a basic form of guar-
antee for internet users to make online purchases and 
internet banking.

Almost all of present day cryptography, such as Rivest-
Shamir-Adleman (RSA), Pretty Good Privacy (PGP), 
and Advanced Encryption Standard (AES) protocols, 
relies on mathematical complexity to guarantee the se-
curity of communication. These mathematical encryp-
tions, while adequate as a deterrent for eavesdropping, 
are not absolutely secure forms of communication. To 
date, the only provably secure encryption is the one-time 
pad (OTP). In OTP, plaintext is one-by-one paired with 
a set of truly random secret keys. True randomness of the 
secret key ensures that no mathematical solution exists 
and decryption is only possible via the inverse applica-
tion of an identical set of random keys. OTP is therefore 
a form of ultimate unbreakable cryptography [1]. 

In order to implement OTP, however, two critical steps 
need to be implemented:

1.  Random Number Generation: Secret keys, of the 
same length as the communicated messages, have to be 
truly random. Moreover, they cannot be recycled, that 
is, they can only be used once for encryption.

2.  Key Distribution: The secret keys have to be safely 
distributed from the sender to the receiver with absolute 
security.

Providing the technical solutions for these two critical 
steps would therefore enable the realisation of an un-
breakable code for telecommunication. It turns out 
that the quantum nature of light can provide solutions 
to both of these problems and cryptographic systems 
that enable end-to-end absolute secure distribution and 
encryption via OTP can be constructed. We call this 
method of using quantum optics for implementing 
OTP encryption Quantum Key Distribution (QKD). 
In QKD encryption security is therefore not dependent 
on mathematical complexity, instead it is reliant on the 
laws of physics. Quantum weirdness of a laser field or 
photon statistics can be exploited to realise both the gen-
eration of true random numbers and the absolute secure 
distribution of these random numbers. 

In this article, we describe a particular approach adopted 
by the Australian National University and University 
of Queensland team for implementing QKD. Broadly 
speaking QKD can be implemented using either a dis-
crete variable (DV) approach, where light is detected as 
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Here Ê(t) is the quantum mechanical eletric field and ω is the optical angular frequency. The maturity of 
fibre optics communication technology conveniently provides a suite of high efficiency and low cost 
opto-electronics components for CV QKD. Photodetectors that have efficiency close to 100%, fibre based 
electro-optics modulators with negligible cross-talks and high-speed low-noise opto-electronics 
components provide attractive convenience for CV QKD to be integrated into communication networks. 
 
 
Quantum Random Number Generation 
 
Nature has provided us with a wide range of randomness from commonly occurring phenomena. From 
the chaotic pattern of lava flow to the radioactive decay statistics of unstable atomic nuclei, many 
physical processes are intrinsically random. By careful application of suitable mathematical operations, 
physical randomness can be converted into unbiased unlimited sequences of random digital numbers. In 
contrast, algorithmic based random number generations inevitably will lead to biasness or repetitive 
patterns when the sequence of random number generated is increased beyond a certain length. Moreover, 
the random numbers generated by physical systems possess entropy that increases with the length of the 
sequence, whilst algorithmic based random numbers has entropy that are, to a great extent, determined by 
the seeding conditions of the algorithm. These two differences mean that only physical random number 
generators possess the “absolute security” requirement for generating sequences of random numbers that 
are suitable for QKD. 
 
Random numbers can be generated by measuring the vacuum fluctuations associated to an 
electromagnetic mode. Figure 1 shows the schematic of the ANU quantum random number generator. A 
single-mode laser is used as a light source. The light is split into two equal intensity beams and detected 
by a pair of photodetectors in a balanced homodyne scheme. The subtracted photocurrents from the two 
photodiode measure αXv ω( ) , where α  is the laser field amplitude and Xv ω( )  is the quadrature 
amplitude spectrum of the vacuum field. By choosing a sideband frequency, ω , well above the technical 
noises of the optical system, vacuum fluctuations of the electromagnetic spectrum can be accurately 
detected. This quantum noise, due to the homodyne setup, can be amplified to become significantly larger 
than the electronic noise floor of the detection system. Filter functions can be applied to the vacuum 
fluctuations to normalise the electronic gain of the spectrum so that the response transfer function of the 
electronics can be eliminated. By numerical processing, the vacuum spectral fluctuations can finally be 
converted into a sequence of random digital bits [3]. 

  
where 

 
Providing the technical solutions for these two critical steps would therefore enable the realisation of an 
unbreakable code for telecommunication. It turns out that the quantum nature of light can provide 
solutions to both of these problems and cryptographic systems that enable end-to-end absolute secure 
distribution and encryption via OTP can be constructed. We call this method of using quantum optics for 
implementing OTP encryption Quantum Key Distribution (QKD). In QKD encryption security is 
therefore not dependent on mathematical complexity, instead it is reliant on the laws of physics. Quantum 
weirdness of laser field or photon statistics can be exploited to realise both the generation of true random 
numbers and the absolute secure distribution of these random numbers.  
 
In this article, we describe a particular approach adopted by the Australian National University and 
University of Queensland team for implementing QKD. Broadly speaking QKD can be implemented 
using either a discrete variable (DV) approach, where light is detected as corpuscular photons; or a 
continuous variable (CV) approach, where light is treated as electromagnetic waves [2]. In the CV 
approach off-the-shelf telecommunication components can be used without the need to detect light down 
to the single photon regime. Photodiodes are used either in a homodyne or heterodyne setup to probe the 
quantum nature of light in terms of its amplitude quadrature X̂+  and phase quadrature X̂−  given by 
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Here Ê(t) is the quantum mechanical eletric field and ω is the optical angular frequency. The maturity of 
fibre optics communication technology conveniently provides a suite of high efficiency and low cost 
opto-electronics components for CV QKD. Photodetectors that have efficiency close to 100%, fibre based 
electro-optics modulators with negligible cross-talks and high-speed low-noise opto-electronics 
components provide attractive convenience for CV QKD to be integrated into communication networks. 
 
 
Quantum Random Number Generation 
 
Nature has provided us with a wide range of randomness from commonly occurring phenomena. From 
the chaotic pattern of lava flow to the radioactive decay statistics of unstable atomic nuclei, many 
physical processes are intrinsically random. By careful application of suitable mathematical operations, 
physical randomness can be converted into unbiased unlimited sequences of random digital numbers. In 
contrast, algorithmic based random number generations inevitably will lead to biasness or repetitive 
patterns when the sequence of random number generated is increased beyond a certain length. Moreover, 
the random numbers generated by physical systems possess entropy that increases with the length of the 
sequence, whilst algorithmic based random numbers has entropy that are, to a great extent, determined by 
the seeding conditions of the algorithm. These two differences mean that only physical random number 
generators possess the “absolute security” requirement for generating sequences of random numbers that 
are suitable for QKD. 
 
Random numbers can be generated by measuring the vacuum fluctuations associated to an 
electromagnetic mode. Figure 1 shows the schematic of the ANU quantum random number generator. A 
single-mode laser is used as a light source. The light is split into two equal intensity beams and detected 
by a pair of photodetectors in a balanced homodyne scheme. The subtracted photocurrents from the two 
photodiode measure αXv ω( ) , where α  is the laser field amplitude and Xv ω( )  is the quadrature 
amplitude spectrum of the vacuum field. By choosing a sideband frequency, ω , well above the technical 
noises of the optical system, vacuum fluctuations of the electromagnetic spectrum can be accurately 
detected. This quantum noise, due to the homodyne setup, can be amplified to become significantly larger 
than the electronic noise floor of the detection system. Filter functions can be applied to the vacuum 
fluctuations to normalise the electronic gain of the spectrum so that the response transfer function of the 
electronics can be eliminated. By numerical processing, the vacuum spectral fluctuations can finally be 
converted into a sequence of random digital bits [3]. 

is the 
quadrature amplitude spectrum of the vacuum field. By 
choosing a sideband frequency, 

 
Providing the technical solutions for these two critical steps would therefore enable the realisation of an 
unbreakable code for telecommunication. It turns out that the quantum nature of light can provide 
solutions to both of these problems and cryptographic systems that enable end-to-end absolute secure 
distribution and encryption via OTP can be constructed. We call this method of using quantum optics for 
implementing OTP encryption Quantum Key Distribution (QKD). In QKD encryption security is 
therefore not dependent on mathematical complexity, instead it is reliant on the laws of physics. Quantum 
weirdness of laser field or photon statistics can be exploited to realise both the generation of true random 
numbers and the absolute secure distribution of these random numbers.  
 
In this article, we describe a particular approach adopted by the Australian National University and 
University of Queensland team for implementing QKD. Broadly speaking QKD can be implemented 
using either a discrete variable (DV) approach, where light is detected as corpuscular photons; or a 
continuous variable (CV) approach, where light is treated as electromagnetic waves [2]. In the CV 
approach off-the-shelf telecommunication components can be used without the need to detect light down 
to the single photon regime. Photodiodes are used either in a homodyne or heterodyne setup to probe the 
quantum nature of light in terms of its amplitude quadrature X̂+  and phase quadrature X̂−  given by 
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  has 
a vacuum field that is independent of its neighbouring 
sidebands. Photodetectors with MHz or GHz frequency 
responsivity can therefore simultaneously probe many 
of these vacuum modes, making the homodyne setup 
able to easily detect up to GHz of vacuum noise. The 
CV nature of the measurements also means that one sin-
gle measurement result can be converted into multiple 
bits of digital information. While nature provides purely 
random vacuum fluctuations, any physical system con-
tains classical technical noise that inevitably will taint 
the measurement results. The integrity of the device can 
be compromised if technical noise is significant enough 
to skew and distort the randomness. We developed an 
approach that produces side-information-independent 
randomness that is quantified by min-entropy condi-
tioned on the classical noise. This technique allows us to 
maximise the conditional min-entropy of the number 
sequence generated from any given quantum-to-classical 
noise ratio. In a recent paper, we show that the detected 
photocurrent in our experiment has a real-time random 
number generation rate of 14 Mbits/s/MHz. The spec-
tral response of the detectors, which has yet to be opti-
mised for very high speed applications, has the potential 
to deliver more than 70 Gbits/s of random numbers in a 
single experimental setup [5].
 
Apart from its use in cryptography as keys for OTP, 
random numbers have many other uses in informa-
tion technology. Much of the computer modelling and 
forecasting software, such as global climate prediction, 
stock market forecasting, air traffic control simulation 
and electronic gaming all rely on the availability of reli-
able true random numbers. For these reasons, the ANU 
team linked their lab random number generator to the 
internet. The reliability of the random number genera-
tor is tested every two hours with some of the most strin-
gent mathematical tests formulated for random number 
testing. These tests include the NIST statistical test suite 
and the Marsaglia Diehard Battery Tests [6]. The ran-
dom number generator was made available online for 
worldwide usage in 2012. To date, the website has re-
ceived more than 150 million repeated hits worldwide 
from more than 2.5 million distinct visits from more 
than 70 countries. The majority of the access is from 
Germany, USA and Australia.
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Figure 1: ANU Quantum Random Number Generator schematic. Top left figure shows the spectra of the quadrature 
amplitudes for the vacuum fluctuations, Xv and the laser mode Xa. The shaded frequency range, 
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quadrature amplitudes for the vacuum fluctuations, Xv and the laser mode Xa. The shaded frequency 
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where the laser source is quantum noise limited. (a) Sum (S) and difference (D) of the laser vacuum fluctuations, as well 
as electronic noise (E) from a pair of homodyne photodetectors. The shaded frequency range is used for generating 
random numbers. (b) Digitized and demodulated shot noise and electronic noise spectra. (c) A filter function is used to 
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PROC.: numerical processing algorithm; and Q-RN: final generated RNs.

Figure 2: Random numbers obtained from measuring quantum vacuum fluctuations from the ANU Quantum Optics Lab 
converted into a colour code. This color code image can be generated in real time from http://qrng.anu.edu.au. Also 
available are random numbers in binary, hexadecimal and sound files.
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Quantum Entanglement
More unexpectedly than random number generation, a 
solution for the problem of OTP distribution also lies in 
the strange world of quantum wierdness. Entanglement 
is a unique property of quantum mechanical systems 
that is characterised by correlations between sub-systems 
that are stronger than those allowed by classical systems. 
For optical systems a simple example is two single pho-
tons that have been prepared in a superposition of both 
being polarised horizontally or both being polarised 
vertically. Although at first sight this situation does not 
seem significantly different from the more familiar case 
of a superposition state of a single photon, it actually 
has major consequences. This is because a fundamental 
feature of entanglement is non-locality. 

Suppose the photons in the superposition of both hori-
zontal or both vertical are moved far apart. If this is 
done carefully enough, their state will remain entangled. 
Now we have a system described by a superposition state 
whose individual parts may be space-like separated. If a 
measurement is made on one of the photons and it is 
found to be, say, horizontally polarised then the state of 
the other photon immediately also becomes horizontal. 
It appears that actions on one photon immediately effect 
its entangled partner no matter how far they are apart. 
This seems to be in contradiction with special relativ-
ity which requires any influences to be limited by the 
speed of light. Nonetheless, local measurements of pho-
ton correlations have unambiguously proven the non-
locality of entanglement through violation of the Bell 
inequalities [7]. 

How is it that special relativity and the non-locality of 
entanglement can co-exist? This depends on two key 
properties of entanglement.

1.  If only one member of an entangled pair is measured, 
the measurement results will be truly random. Correla-
tions will only be noticed when the other member of the 
pair is measured.

2.  The correlations between an entangled pair are 
unique. They are not shared with any other parties.

These properties allow us to conclude that entanglement 
implies privacy. The more entangled the correlations be-

tween two quantum systems are, the less sharing of 
those correlations with other systems is possible. In the 
case of maximal entanglement all other systems will be 
completely uncorrelated with the entangled pair [8]. 
For an ensemble of maximally entangled sub-systems, 
one held by Alice, the other by Bob, measurements of 
the sub-systems will give Alice and Bob identical, com-
pletely random strings of outcomes that are unique. 
That is, it is guaranteed that no other parties can have 
a copy of the string. This feature of entanglement is 
the key ingredient for secure communication systems 
based on the OTP. 

Now it may seem that translating these ideas into com-
mercial systems still lies some way down the track. Al-
though entanglement of light is routinely produced in 
quantum optics laboratories around the world (includ-
ing several in Australia), deploying entanglement in a 
commercial system poses many technical challenges. 
Surprisingly though, in many situations it is not es-
sential to use entanglement – it turns out that virtual 
entanglement will do.

Consider Figure 3 (bottom) showing one method for 
using entanglement to distribute a secure key.  The 
box named EPR produces a two-mode squeezed state 
that exhibits Einstein, Podolsky, Rosen entanglement 
– so-named because an idealized version of this type of 
entanglement was first studied by Einstein, Podolsky 
and Rosen in the 1930’s [9].  EPR entanglement is the 
continuous variable equivalent as a resource to the dis-
crete variable polarisation photon entanglement. Alice 
controls the EPR entanglement source.  She performs 
a heterodyne measurement on one of the beams and 
sends the other to Bob, who also performs heterodyne 
measurements. By sharing some of their measurement 
results, Alice and Bob can determine how strong their 
shared entanglement is and hence deduce the maxi-
mum possible correlations an eavesdropper sitting be-
tween them (Eve in the figure) could have with their 
data. If Eve’s maximum correlation is small enough 
then Alice and Bob can perform a classical algorithm 
on their data called privacy amplification which will 
give them an absolutely secure key. The crucial step 
here is being able to bound Eve’s maximum informa-
tion via the privacy of entanglement.
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Figure 3: Changing the entanglement based protocol 
(bottom) into one using a laser source plus a pair of random 
number generators, AM and PM (top), makes the system 
significantly easier to realise and be deployed in a fibre 
optics communication network. The blue (Alice) and green 
(Bob) squares are assumed to be secure premises while the 
orange are transmission lines that may be eavesdropped 
by an adversory Eve. Both schemes have been proven to 
be secure using suitable protocols.

An interesting question is whether Alice actually has to 
produce entanglement in her station. An important ob-
servation from Figure 3 is that when Alice performs het-
erodyne detection on one arm of the EPR entanglement, 
the other arm is immediately projected into a coherent 
state.  Coherent states are the quantum states produced 
by a well stabilized laser. The amplitude of the coherent 
state is directly proportional to the measurement results 
from the heterodyne detector. These measurement results 
are distributed randomly according to a two-dimensional 
Gaussian distribution. Provided that Alice’s station is se-
cure, as far as Eve and Bob are concerned, Alice could just 
as well be preparing coherent states using a laser and send-
ing them to Bob. Eve and Bob could not be able to tell the 
difference. Alice still needs to prepare the states randomly 
according to the two-dimensional Gaussian distribution, 
but she can do that using the quantum random number 
generator to encode the quadrature amplitudes. Thus the 
strategy is to physically implement the protocol in the top 
panel of Figure 3 but prove the security using the equiva-
lent protocol in the bottom panel. Thus even virtual en-
tanglement implies privacy.

Figure 4 shows the information flow in the CV QKD 
system. A quantum noise limited laser is encoded with 
two bits of quantum random number in its radio side-
band amplitude (AM) and phase (PM) quadrature. These 
random numbers, after a series of processing steps will 
form the OTP key for QKD. The stages of processing 
of the AM and PM encoded random numbers include 
post-selection (where Alice and Bob select events that 
are statistically favourable), advantage distillation (where 
information advantage over Eve is magnified), reconcili-
ation (where cryptic classical communication is used to 

eliminate all errors) and privacy amplification (where 
error propagation is used to contaminate all eavesdrop-
per information) [10]. The figure illustrates the power of 
QKD. In a situation where Eve intercepted 90% of the 
transmitted light, Alice and Bob are still able to generate 
a OTP with the remaining 10% of light and the amount 
of information leaked to Eve is less than 1 bit.

Figure 4: (a) Schematic showing Alice’s message (the 
ANU Logo), encrypted using a one-time pad generated 
by continuous variable QKD system, being transmitted 
to Bob over a classical channel. Eve intercepts the entire 
transmission perfectly. However, her attempt to decrypt 
the message is unsuccesful as she has no knowledge 
about Alice and Bob’s shared key. (b) Graphic illustration 
of the evolution of keys through each of the four stages 
of information distillation. Alice uses her key to encrypt 
the ANU logo and Bob and Eve attempts to decrypt it, 
each using their key at that stage. The data for Bob is 
from actual experimental results for a transmission with 
90% loss and Eve’s data has been simulated based on the 
theoretic maximal information she could have obtained at 
each stage of the key generation process. In practice, only 
a key formed at the final stage after privacy amplification 
is used. The experimental results shows that Eve cannot 
reliably obtain even one bit of information from the entire 
communication.

In 2006, QuintessenceLabs was formed to commercial-
ise CV quantum communication technologies. Both 
the CV random number generator and the QKD sys-
tem are now available from QuintessenceLabs (http://
www.quintessencelabs.com). The company has offices 
in Deakin, Canberra and San Jose, California and is in 
commercial partnerships with a few multi-national tel-
ecommunication and aerospace companies.
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Part 1 of this paper (Duldig and Humble, 2012) covered the discovery of cosmic rays, the early history 
of cosmic ray research and Australian involvement up to the 1940s.  Part 2 (Humble and Duldig, 2013, 
hereafter ‘Part 2’) extended the history into developments in the decades following the end of World War 2.  
The following material considers some of the subsequent progress.

Trajectory Calculations
Two events in the 1950s and early 1960s allowed great 
advances in understanding the response of terrestrial 
cosmic ray detectors to transient changes in the primary 
flux.  The first was the appearance of sixth order numeri-
cal expansions of the geomagnetic field, initially that 
due to Finch and Leaton (1957).  The second was the 
1964 arrival at the University of Tasmania of the Elliott 
503 computer referred to in Part 2, with its Algol com-
piler.  Combined, these enabled numerical calculation 
of trajectories of charged primary cosmic rays in realistic 
models of the geomagnetic field.  Prior to that time the 
best trajectory estimates used dipole, initially centred 
and later off-set, representations of the field. 

An early use of the Elliott was to perform calculations 
to support a cosmic ray latitude survey being conducted 
up the east coast of Australia by David Cooke, using 
mobile detectors.  The calculations led to the discovery 
of the ‘Loop Cone’ effect (Cooke and Humble, 1970).  
The Elliott was also used extensively by other Physics 
Department staff for lens design, using paraxial optics.  
Like the cosmic ray trajectories those calculations were 
also very heavy on machine time.

By the early 1970s the Elliott was manifestly incapable of 
undertaking all the calculations needed to support phys-
ics and chemistry observations and modelling.  Long 
calculations required overnight runs and several physics 
and chemistry postgraduate students and academic staff 
acquired Elliott 503 ‘driving licences’ for this purpose.  
The same staff then took it on themselves to demon-
strate the use of computers for student records and time-
tabling.  One of us (JEH) constructed a suite of five pro-

grams that had to be run in series, taking several hours 
(and thus having to be run overnight), to help with the 
complex allocation of first-year science students to alter-
nate lab classes in multiple subjects.   The student records 
structure designed as part of these projects remained in 
use for many years.  More importantly from the scien-
tists’ point of view, the achievements demonstrated to 
university management the value of computers in roles 
other than pure research.  A year or two later the Uni-
versity of Tasmania built a dedicated computer centre, 
first housing a Burroughs 6700, then a Burroughs 6800 
and later a Prime 750.  All these machines were used for 
cosmic ray trajectory calculations and data-processing, 
at the cost of considerable time spent in reprogramming 
every time there was a change of operating system.  Both 
Burroughs machines had Algol compilers but the Prime 
did not, forcing everything to be translated to Pascal.  
Later still, through Physics Department DEC 780s and 
their successors, gradually all the cosmic ray program-
ming turned to FORTRAN running on Windows based 
PCs.

Another use of trajectory calculations, this time using 
the very much faster CDC 6600 at the US Air Force 
Geophysics Laboratory outside Boston, USA, resulted 
in the 1979 discovery by JEH, while on study leave, that 
earth satellites orbiting at 400 km altitude are vulnerable 
to penetration by primary cosmic rays from below. 

With increasing computer speed and the gradual imple-
mentation of removable storage the trajectory calcula-
tions were extended, both in refinement (more direc-
tions calculated per station) and in extent.  Calculations 
also had to be repeated as more refined models of the 



170 AUSTRALIAN PHYSICS 53(5)  |  SEP-OCT 2016

terrestrial geomagnetic field became available, and then 
every few years as the model coefficients were changed to 
reflect changes in the geomagnetic field1. 

GLE Modelling
Such calculations underpinned all the cosmic ray inter-
planetary modulation and Ground Level Enhancement 
(GLE) modelling undertaken by a succession of high-
ly capable students.  The GLE models calculated pre-
dicted increases, above normal background, at various 
surface-level neutron monitors for a variety of possible 
particle acceleration (at the sun) and propagation pa-
rameters.  Multi-dimensional least-squares fits were used 
to compare the model predictions with actual fine-time 
surface-level observations, and thus evaluate the spectral 
and acceleration models that best fitted the observations.  
In these sorts of analyses it is critical to include stations 
which register zero response to the event under exami-
nation.  The modelling was fully described in Cramp et 
al. (1997).  A subsequent paper on the September 1989 
GLE, (Lovell et al., 1998) was also influential in the field.
Following on from the GLE model development Ian 
Getley, a Qantas 747 Captain who was undertaking a 
PhD at the University of New South Wales, teamed up 
with MLD in a study of the radiation exposure to airline 
passengers and crew during solar generated cosmic ray 
events. They were able to confirm that the galactic cos-
mic ray dose poses virtually no radiation hazard, even to 
frequent flyers on polar routes. More importantly, they 
demonstrated that most GLEs were unlikely to pose a 
serious hazard. Only during the most extreme GLEs 
might specific flight paths over the poles at the peak time 
of the event be of concern. These studies are continuing 
at a number of research institutes across the world.

The Modern Mawson Cosmic Ray 
Observatory
In Part 2 we mentioned the construction of an under-
ground experiment in Antarctica to measure the mod-
erately high energy cosmic ray anisotropy. The original 
Cosmic Ray laboratory was located near the shoreline 
of Horseshoe Harbour within the confines of the origi-
nal Mawson base. The new lab was located on the peak 
of the rise behind the station not far from the edge of 
the plateau ice. Both the original and new labs were af-
fectionately known as the “Cosray lab” or more often 
simply “Cosray”. 

Figure 1: Schematic view of the Mawson Surface and 
Underground cosmic ray observatory. Credit: Australian 
Antarctic Division.

Figure 2: Overlapping views achieved by the combined 
surface and underground cosmic ray muon telescopes at 
Mawson. 

The new lab was carefully designed by Bob Jacklyn to pro-
vide the best use of the possible views beyond the Earth, 
after accounting for deflections of the incoming parti-
cles by the geomagnetic field. Figure 1 shows a schematic 
model of the lab while Figure 2 indicates the directions of 
view of the combined surface and underground muon tel-
escopes (see Figures 3 & 4). By combining high zenith an-
gle surface telescopes, which used a deeper layer of atmos-
phere as an absorber, and underground telescopes where 
the solid rock provided the absorption, Jacklyn was able to 
have all these directions of view simultaneously observing 
at approximately the same rigidity range². Thus observa-

¹ The dipole component of the geomagnetic field is currently diminishing at a rate consistent with a polarity reversal within a few thousand years. 
 
2 Rigidity is the relativistic momentum per unit charge of a particle and represents the tendency of the particle trajectory to not deflect in a magnetic 
field. It follows that charged particles of equal rigidity follow the same path in a magnetic field regardless of the magnitude of their charge.
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tions from the equator to the South Pole and across the 
pole into the opposite time hemisphere were achieved. 
The underground south-west telescopes viewed along the 
rotational axis and so only observed isotropic (global) var-
iations which could be removed from the other telescope 
observations to look for anisotropies and directional tran-
sients. The underground north pointing telescope looked 
directly along the local geomagnetic field line resulting in 
no geomagnetic bending of the incoming particles and 
thus no need for a correction for this effect. This telescope 
also viewed the same region of space as the lower rigidity 
neutron monitor after correction for geomagnetic bend-
ing of the arrival directions for that instrument. Compar-
ison of the neutron monitor, responding to lower rigidi-
ties, and underground north telescope observations thus 
gave spectral information about phenomena whilst also 
determining the direction due to the reasonably narrow 
response in longitude of the monitor’s view (meaning only 
a thin patch of sky was scanned as the Earth rotated). The 
view across the pole also gave spectral information but at 
higher rigidities. This view is directly across the local geo-
magnetic field and the deviation of the arriving particles 
from their original direction is maximized, in effect the 
view in longitude was spread across the rigidity band that 
the telescopes responded to. With the Earth’s rotation 
any arriving phenomenon or any anisotropy would be 
progressively scanned through different rigidities and so 
the time variation was an effective rigidity spectrometer. 
The additional advantage of the same atmosphere above 
all the instruments allowed more reliable corrections for 
atmospheric variations than was achievable through mul-
tiple sites. All in all, the observatory is a tour de force of 
optimal design that has stood the test of time.

Figure 3: Mawson underground cosmic ray muon 
telescopes. Photo: M Duldig.

The Mawson observatory muon telescopes comprised 
Geiger Müller tubes in layers, as described in Part 2. In 
the early 1980s the telescopes were redesigned to employ 
larger proportional counter tubes. These tubes have long 
term stability and require minimal maintenance. The new 
telescopes also had a larger collecting area increasing the 
count rates substantially and thus reducing the associated 
Poisson errors. Between 1982 and 1985 the underground 
telescopes (see Figure 3) were progressively upgraded fol-
lowed by the surface telescopes from 1986 to 1988 (see 
Figure 4). New electronics were introduced to allow au-
tomated data transmission and the laboratory no longer 
required personnel to be present. Minor issues could now 
be handled by electronic technicians who were at Mawson 
for other purposes. A further upgrade of the electronics 
was undertaken in the late 2000’s which increased the 
remote accessibility of the systems and which recorded 
data from all pairs of counters in coincidence giving finer 
spatial resolution than previously available. The new elec-
tronic systems also enabled 1-minute time resolution data 
of good statistical quality to be routinely collected for the 
first time. The increased bandwidth of communications 
compared to previous eras allowed the greater quantity of 
data to be handled without difficulty.

Figure 4: Mawson surface cosmic ray muon telescopes. 
Photo: M Duldig.



172 AUSTRALIAN PHYSICS 53(5)  |  SEP-OCT 2016

Transport Theory and Anisotropies
The penetration of galactic cosmic rays into the helio-
sphere, the region of space where the solar wind mo-
mentum (which carries with it the Interplanetary Mag-
netic Field (IMF)) dominates over the local galactic gas 
momentum, is described by a transport equation. This 
equation includes models of the IMF structure and ac-
counts for diffusion parallel and perpendicular to the 
field, gradient and curvature drifts and adiabatic energy 
loss in the converging field. This work was based on the 
pioneering efforts of Eugene Parker at the University of 
Chicago (Parker, 1965), who first described the motion 
of charged particles in the IMF (Parker had correctly 
proposed the structure of the IMF previously, as noted 
in our previous article), and Leo Gleeson (an Australian) 
and Ian Axford (a New Zealander) both working abroad 
at the time (Gleeson and Axford, 1968a, 1968b). Both 
Gleeson and Axford continued to develop the theoretical 
description of heliospheric cosmic ray propagation, by 
then known as cosmic ray modulation, for many more 
years with Gleeson returning to a position at Monash 
University. Later developments were dominated by Ran-
dy Jokipii and Joseph Kota and their colleagues in the 
USA and Harm Moraal and his group in South Africa. 
A decade later the major advance in modulation was the 
work of John Bieber and Jiasheng Chen at the Bartol Re-
search institute of the University of Delaware with two 
important papers (Bieber and Chen 1991, Chen and 
Bieber 1993). In these papers Bieber and Chen showed 
how a number of additional modulation parameters 
could be derived from ground based observations from 
neutron monitors and earlier studies with ion chambers. 
Shortly after Damian Hall (at the time studying for his 
PhD), and two of us (JEH and MLD) from the Tasma-
nian groups extended the analyses to the higher energy 
range covered by muon telescopes. An excellent summa-
ry of all this work can be found in the review by Hall et 
al. (1996).  An extension of the analysis was completed a 
year later (Hall et al., 1997). 

Isotropic Intensity Waves
Following the upgrade of the Mawson underground 
north telescopes to proportional counters in 1982 the 
stability of the new detectors immediately proved it-
self with the discovery of a new cosmic ray anisotropy. 
Named Isotropic Intensity Waves, this modulation of 
cosmic rays observed at both muon and neutron rigidi-
ties was found to be intimately tied to the IMF structure 
and particularly to the IMF wavy neutral sheet cross-
ings at the Earth but its complete explanation remains 

enigmatic to this day. This was the first new modulation 
discovered in many years and was summarised by Jack-
lyn et al. (1987). 

The Current Status of the Australian Cosmic 
Ray Network for Modulation Studies
As was noted in Part 2 the neutron monitors were ra-
tionalised to two instruments, one operating at Maw-
son Antarctica as an international standard 16 counter 
Monitor and a second similar instrument operating at 
the Australian Antarctic Division headquarters at King-
ston, just south of Hobart. With all the Tasmanian re-
searchers now retired support for the equipment is be-
ing maintained by the Space Weather Service within the 
Bureau of Meteorology (formerly IPS Radio and Space 
Services). The Bureau technician at Mawson looks after 
maintenance when necessary for the Mawson Monitor 
and muon telescopes in consultation with one of the au-
thors (MLD). MLD also looks after the Kingston moni-
tor and supports the muon telescope there that remains 
part of the Global Muon Detector Network, which is 
primarily used in studies of Space Weather and pre-
cursor signatures that are useful for prediction of solar 
storm impacts.

The muon telescope data at Mawson is currently under-
utilised and it is hoped that external agencies will pick 
it up as a valuable resource for continued cosmic ray 
studies. It is all being automatically stored at the Space 
Weather Service World Data Centre via daily electronic 
transfers from Mawson.

The Monitor data from Mawson and Kingston are 
similarly transferred automatically to the Space Weather 
Service daily but also with a short form real time trans-
fer every minute. These can be found displayed live at 
http://www.sws.bom.gov.au/Geophysical/1/4. These 
data are also transferred to the Bartol Research Institute 
who host the Space Ship Earth consortium for studying 
Space Weather events, cosmic ray transients and aniso-
tropies. Finally, these data also go to the International 
Neutron Monitor database (http://www.nmdb.eu/) 
which is funded by the European Union.

Supernova 1987A
In early 1987 our Japanese collaborators, led by Profes-
sor Y Muraki and building on the experience gained at 
Liawenee (Part 2), suggested constructing a detector to 
observe gamma rays that should be created in the ex-
plosion of supernova 1987A.  The proposal was for an 
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air-shower array complemented by three Cherenkov tel-
escopes.  It would have to be constructed in the southern 
hemisphere at an altitude of at least a thousand metres 
and would be required to be in operation within a few 
months.  The plateau at the summit of Mt Wellington, 
~1270 m, immediately behind Hobart, was suggested 
as a possible site.  A quick investigation the following 
morning by KB (Peter) Fenton and JEH suggested that 
would be a tall order.  We couldn’t stand up in the gale-
force wind that day and, combined with the thought of 
swiftly getting planning permission to install the equip-
ment in a natural reserve quickly put paid to the idea.  
The array, which came to be known as the JANZOS3  ex-
periment, was eventually constructed on Mt Altimarlock 
(also known as Black Birch), near Blenheim in New 
Zealand’s South Island, under the auspices of the Uni-
versity of Auckland and using the Carter Observatory 
site of Victoria University, Wellington.   The University 
of Tasmania remained a contributor.  The results were 
able to put upper limits on the TeV and PeV fluxes from 
the supernova event (Bond at al., 1988).

Figure 5: The BigRat (BiCentennial Gamma-Ray Telescope) 
was Adelaide's first major Cherenkov telescope.  It was 
operated at Woomera.  Photo: John Patterson.

Work from elsewhere in Australia
The preceding sections deal almost exclusively with stud-
ies performed in, or related to, Tasmania.  Much work 
was in progress elsewhere.

Following World War 2, nuclear and particle physics 
was at the forefront and the Universities of Melbourne 
and Sydney were both to contribute through use of the 
cosmic ray beam.  Melbourne moved progressively to 
study cosmic ray effects associated with induced nuclear 
disintegrations whilst Sydney progressed to studies at 
increasingly higher energies with very sophisticated ex-
perimental techniques and hardware.  Melbourne seems 
to have concentrated predominantly on nuclear issues 

but the Sydney thrust had astrophysics more in mind.  
C.B.A. McCusker, with a background in time varia-
tions and cloud chamber spectrum studies, arrived to 
lead the talented Sydney group which truly pioneered 
significant aspects of late 20th Century cosmic ray phys-
ics.  With their creativity came a fair share of pioneer-
ing controversy!  With support from Harry Messel the 
group studied optical Cherenkov emission (amazingly, 
in the Sydney city environment), pioneered the study of 
air shower cores to access particle physics above accelera-
tor energies, built the world's largest cosmic ray detector 
(SUGAR – Sydney University Giant Airshower Record-
er), and piloted a deep underground neutrino laborato-
ry.  Additionally, the intensity interferometer at Narrabri 
was arguably THE pioneering atmospheric Cherenkov 
telescope for high-energy gamma-ray astrophysics.

In 1971, John Prescott came to Adelaide to take up a 
Chair in Physics. He had most recently been at the Uni-
versity of Calgary and he brought with him the basic 
equipment for a small cosmic ray air shower array plus 
the equipment to continue his studies of radio emission 
from cosmic ray showers. The array was constructed 
at the Buckland Park field station of the University of 
Adelaide, led by Prescott and one of us (RWC). Over 
the years to about 1990, this array was developed into 
a world-class detector and, apart from radio emission 
work, was used to study cosmic ray anisotropies and 
to pioneer studies in ultra-high energy gamma-ray as-
tronomy (see Figure 5). The latter work naturally pro-
gressed into the world-wide development of Cherenkov 
techniques for very-high energy gamma-ray astronomy, 
led in Adelaide by John Patterson and Alan Gregory. 
That pioneering work contributed to Australia becom-
ing the site for the CANGAROO gamma-ray telescopes 
(see Figure 6), and now to the development of the CTA 
(Cherenkov Telescope Array) world-telescope.

Figure 6: The CANGAROO Collaboration between the 
Universities of Tokyo and Adelaide built an array of large 
Cherenkov light telescopes at Woomera for gamma-ray 
astronomy with photon energies in the 100+ GeV range.  
Photo: John Patterson.

³Japan, Australia and New Zealand Observations of Supernova 1987A
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After 1990, it was clear that the Buckland Park system 
needed a massive upgrade to remain at the cutting edge 
of world cosmic ray astrophysics and Bruce Dawson and 
RWC enthusiastically became founder members of the 
Pierre Auger Collaboration, as was discussed in a recent 
issue of Australian Physics (Clay, 2016).
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Physics of the 
Atmosphere
by Rodrigo Caballero

IOP Publishing, Bristol, UK (2014)

Hardback, 132 pages

Print ISBN: 9780750310536

Online ISBN: 9780750310529 

Reviewed by Assoc Prof Murray Hamilton, 
University of Adelaide  

This book was based on the author's set of lecture notes 
for a course on physical meteorology. Despite being 
quite well written at "the paragraph" level, I'm afraid it 
doesn't cut it as a textbook, though it is the basis for a 
good one. More on that later.

The scope of the book is what the author considers to 
be atmospheric physics, as opposed to atmospheric 
dynamics; he acknowledges in the preface that the 
distinction is somewhat arbitrary, and chooses to leave 
out the dynamics. This is a bit unfortunate as many 
aspects of the microphysics (and especially the resulting 
observable phenomena) are linked to dynamics, even at 
the synoptic scale.

So the book considers first the thermodynamics of dry 
air, and then moist air. Next comes cloud microphysics 
with an introduction to precipitation processes, and then 
we get a treatment of atmospheric radiation, touching 
on radiative transport at the end of that chapter. Finally 
there is an introduction to the atmospheric boundary 
layer, with topics such as Ekmann transport and Monin-
Obukhov similarity. This last part sits oddly with the 
statement in the preface that dynamics is left out of the 
book, though I'm not arguing for more consistency here! 
Rather, I'd prefer to see more on dynamical aspects. 
However this last chapter sticks out for a couple more 
reasons: first, the advanced level at which this chapter is 
presented is very much at odds with the level at which 
thermodynamics and radiation are introduced; second, 
the chapter ends abruptly - and this is also the very 
end of the book. The VERY end! No bibliography, no 
reference list, no index, no appendices. (To be fair, each 
chapter has its own very short bibliography but mostly 
just one work is cited, and often that is a research article. 
In the introduction to thermodynamics, for example, 
I'd have expected pointers to more general texts in the 
physics, chemistry or engineering literature.)

This abrupt ending, together with the lack of exercises 
and worked examples undermines this book as a 
textbook for classroom use. That said, if one does have 
a copy to hand, it could be a very good supplementary 
reference book on account of the clarity of many of its 
explanations.

BOOK REVIEWS
Principles and Applications 
of Fourier Optics
by Robert K. Tyson
IOP Publishing, Bristol UK (2014)
Hardback, 116 pages
Print ISBN: 9780750310574
Online ISBN: 9780750310567

Reviewed by Dr William J Tango, University of 
Sydney 

In his Preface the author acknowledges that he has 
“drawn liberally” from the classic texts on the subject 
by Joseph V. Goodman and Jack D. Gaskill and this 
immediately raises the question: do we need another 
book on Fourier Optics, particularly since Tyson’s book 
is only one-quarter the length of Goodman’s.

Tyson’s book consists of two very different parts.  Chapters 
1--5 cover the basics of Fourier optics: the wave equation, 
Fourier analysis and linear systems, diffraction, the lens 
as an analogue Fourier transform device, imaging and 
aberrations.  The material in this part largely covers the 
same ground as the first six chapters of Goodman’s text, 
but rather more superficially (Goodman’s Chapters 1-6 
at 165 pages are significantly longer than Tyson’s entire 
book) and no problems are included.

The second part, which discusses applications, is divided 
into two chapters which are written in the style of 
review papers.  Chapter 6 (“Enabling Applications”) has 
almost six pages of references and Chapter 7 (“Practical 
Applications”) has approximately five pages.  The choice 
of topics here seems rather idiosyncratic.  I note, for 
example, that less than one page is devoted to fibre 
optics communication and there is no mention of fibre 
Bragg gratings.

A topic that appears to be completely missing is any 
discussion of Fourier methods in post-detection 
processing.  Interferometers detect spatial frequencies 
and considerable processing is often required to 
produce the desired output (usually an image).  The 
optical coherence tomography (OCT) systems used in 
ophthalmology to visualise the structure of the retina are 
an example.  It also should be noted that some of the 
filters provided by image processing applications such 
as scratch and dust removal, unsharp masking, etc., are 
implemented using Fourier methods.

If a new book on Fourier optics is needed, this is not 
it.  The most recent edition of Goodman’s text (3rd 
edition, 2005) is still in print; it covers the basic theory 
in depth and has an entirely new chapter on Fourier 
optics in optical communications.  Tyson’s review of 
modern applications of Fourier optics could be useful 
but is necessarily superficial given that it is only about 
60 pages long.  The usefulness of the book is also limited 
by the absence of an index. 
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SAMPLINGS
3D display exploits twisted light
A 3D display that exploits the orbital angular momentum 
(OAM) of "twisted" light has been proposed by scientists 
at the University of Cambridge and the Walt Disney 
Company. The team says that its nine-by-nine pixel 
display demonstrates a new and powerful technique for 
organizing and transmitting the massive amounts of 
data required for displaying 3D images – and eventually 
video. 

Images of letters encoded using orbital angular momentum

Using their new technique, Cambridge's Daping Chu 
and colleagues were able to display three different 
images that were projected in different directions. Their 
prototype display showed pixels lit in the shape of three 
different letters, "P", "S" and "G", with each projected 
at a different angle (see figure). Depending on where 
viewers positioned themselves, they would see a different 
letter. 

The technique to create the images involved several steps. 
First, each letter was recorded as a pattern of pixels. Then 
that pattern was encoded into a signal that could be 
transmitted to the display. Finally, the display received 
and decoded the signal to show the image. 

The technique's innovation, Chu says, lies in its method 
of encoding and decoding the signal. This allows the 
display to organize and transmit a large amount of image 
data in an efficient way. This comes courtesy of a quirk 
of quantum mechanics: that photons of specific OAM 
can easily be sorted from each other. A photon's OAM is 
separate from its intrinsic angular momentum (or spin). 
OAM involves the wavefront of the photon twisting 
around the direction of propagation, creating a vortex in 
the middle of the light beam. 

This rotation occurs at discrete values of OAM called 
modes. Chu's group combined the pixel values of the 
three images with three different modes, essentially us-
ing each mode to "categorize" the pixels by image. The 
next step in the development of the technique will be to 
bundle all of the information into a single signal. This 
signal would then be transmitted to the display, which 
would then sort the pixels into the appropriate images. 
Then, the display would project the sorted pixels – three 
separate images – in three different directions. 

This use of just one signal contrasts with some other 
3D display techniques, in which different perspectives 
must be transmitted in multiple signals. Because light 
can have an infinite number of OAM modes, one signal 
could in principle bundle together an infinite number of 
perspectives, each encoded using a different mode. This 
could be used to weave together a seamless 360° image 
of an object.
[Xuefeng Li et al., Journal of Optics, 18, doi.
org/10.1088/2040-8978/18/8/085608]

Extracted with permission from an item by Sophia Chen 
at physicsworld.com.

High-efficiency flat lenses shrink down to 
the nanoscale
Flat, high-efficiency, ultrathin metasurface lenses, that 
focus light to subwavelength spots, have been developed 
by researchers in the US and Canada. The devices – 
which produce images comparable to top commercial 
lenses – were manufactured in an industrially viable way 
and could be used in laser-related imaging, microscopy 
and spectroscopy. They could be further developed for 
use in mobile-phone cameras and wearable electronics. 

In optics, Fermat's principle governs the operation of 
lenses, and states that light follows the path along which 
it accumulates the least phase. It bends towards the 
normal in regions of higher refractive index, to travel 
a smaller distance where the wavelength is shorter and 
phase accumulates more quickly. Phase accumulates 
continuously as the wave propagates, so the lens requires 
a finite thickness for waves to accumulate enough phase 
to be redirected as desired. 
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The metalens with the titanium dioxide nanofins

In 2011, however, Federico Capasso and colleagues at 
Harvard University showed that, if the phase of light 
waves could be changed discontinuously, the light could 
be redirected as desired using a flat surface. In their 
original work, this was achieved using resonant metallic 
antennas that interfered directly with the electric field of 
the light. But the antennae were difficult to manufacture 
and highly inefficient. 

Researchers have since shown that phase discontinuities 
can also be imprinted by using tiny subwavelength 
elements made of silicon. These imprint a shift in the so-
called Pancharatname–Berry phase of the light waves, by 
imparting a spatially dependent polarization shift as they 
pass through the elements. These elements are simpler 
to manufacture and focus transmitted visible light more 
efficiently, but they still absorb or reflect too much light 
to make a viable commercial lens. 

Capasso's team has now developed a new technique 
to fabricate these tiny "nanofins", using electron beam 
lithography to pattern a resist before depositing a very 
thin layer of titanium oxide – which transmits visible 
wavelengths much better than silicon – onto the resist 
to produce the metasurface. The researchers used 
their technique to fabricate titanium-oxide metalenses 
designed to focus light at different visible wavelengths. 

The focusing efficiencies of the lenses were unprecedented 
for visible-light metalenses: the lens designed for 405 
nm (violet) light brought 86% of the incident light 
to a focus. The lenses also had much higher numerical 
apertures than previous metalenses, allowing them to 
focus light from a wider angle to a single spot. This 
in turn produced focal spots smaller than the light's 

wavelength, and smaller than those achievable with 
a state-of-the-art commercial objective containing 
multiple refractive lenses. 
[Mohammadreza Khorasaninejad et al, Science, 352, 
1190-4 (2016); doi: 10.1126/science.aaf6644]

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

Ion-trap quantum computer is 
programmable and reconfigurable
A five-qubit trapped-ion quantum computer, which 
is programmable and reconfigurable, has been 
demonstrated by researchers from the Joint Quantum 
Institute in the US. The team's computing architecture 
is such that the researchers can programme multiple 
algorithms into their trapped-ion processor, which is a 
first. Although the computer is relatively small at five 
qubits and the algorithms they process fairly simple, 
the researchers say that there are a variety of ways to 
scale up this architecture to build a functional quantum 
computer in the future. 

A five-qubit trapped-ion quantum computer

The hallmark of a quantum computer will be its ability 
to solve certain computational problems – such as 
factoring large numbers or simulating complex chemical 
reactions as well as the interactions between large 
numbers of fundamental particles – exponentially faster 
and more efficiently than is possible with current classical 
computing. There are a variety of quantum methods 
and technologies – including superconducting qubits 
and trapped ions or quantum annealers and adiabatic 



178 AUSTRALIAN PHYSICS 53(5)  |  SEP-OCT 2016

quantum computing – that various groups around the 
world are adapting in the race towards building the first 
true quantum computer. 

Chris Monroe's group at the Joint Quantum Institute 
and the Joint Center for Quantum Information and 
Computer Science, at the University of Maryland in 
the US, uses trapped ions as qubits. In this technique, 
information is stored in the atomic-ions' states. 
Electromagnetically confining a number of such ions, or 
"trapping" them, the particles can then be entangled by 
applying appropriate laser beams. The finely tuned laser 
light manipulates each ion in a specific way, depending 
upon its state. "In this way, the collective motion of the 
chain of ions behaves as a data bus that allows qubits to 
talk to each other," say Monroe. 

These operations are the quantum logic gates in the 
system, and with ions, the researchers are able to execute 
gates between any pair of ions in the chain. Monroe 
further explains that the effective wiring of the quantum 
computer in this case is enforced from the outside – this 
is a unique feature of ion qubits, he adds, because "they 
are not hard-wired and hence their connections can be 
reconfigured and programmed from the outside". 
[S. Debnath et al, Nature, 536, 63-66 (2016); 
doi:10.1038/nature18648]

Extracted with permission from an item by Tushna 
Commissariat at physicsworld.com

Tiny laser makes 'twisted light'
A tiny laser that emits "twisted light" has been unveiled 
by researchers in the US and Italy. Measuring just 9 
μm across, the semiconductor device can produce a 
beam of light that carries orbital angular momentum. 
While improvements are needed before the laser can 
be commercialized, it could someday be used to boost 
the bandwidth of optical-telecommunication systems. 
Twisted light could also find use in quantum computing 
and quantum communications. 

In a beam of light with orbital angular momentum 
(OAM), the wavefront of the light's electric and magnetic 
fields twists around the direction of propagation, creating 
a vortex in the middle of the light beam. OAM occurs 
in well-defined and unique modes, and researchers have 
already created prototype optical-telecommunication 
systems that use these modes to transmit information. 
The ability to use several different modes at the same 
time could increase the amount of data that can be 
sent along an optical fibre. Physicists have also shown 

that the OAM of single photons can undergo quantum 
teleportation, and OAM could someday be used to 
transfer quantum information in quantum computers 
and quantum-cryptography systems. 

Laser emits light with orbital angular momentum.

But before many of these applications can come to 
fruition, researchers must work out how to miniaturize 
OAM lasers and integrate them into optical chips – most 
OAM sources available today are too bulky and not 
compatible with semiconductor-based optoelectronics. 
Now, Liang Feng, Natalia Litchinitser and colleagues 
at the State University of New York at Buffalo and the 
Polytechnic University of Milan have created a tiny 
OAM laser that comprises a ring of semiconductor 
material with outer and inner diameters of just 9 μm 
and 7 μm, respectively. The ring is about 1.5 μm tall and 
sits on a semiconductor substrate. The top surface of the 
ring resembles a clock face with "tick" marks at regular 
intervals made from two different materials. 

This structure is known as a "microring" – and it is well 
known that laser light will circulate within such a ring 
when the device is "pumped" using an external laser. In a 
conventional microring, however, the light will circulate 
in both clockwise and anticlockwise directions. Each 
rotational sense carries equal and opposite OAM, which 
effectively cancel each other out in the light emitted by 
the laser. 

This is where the clock-face pattern comes in. The 
materials used to create the pattern are chosen to have 
specific indices of refraction such that light can only flow 
in one direction. The outer wall of the microring also 
has a periodic modulation of the refractive index, which 
causes the circulating light to propagate upwards and 
emerge from the ring and into free space.
[Pei Miao et al, Science, 353, 464-7 (2016); doi: 
10.1126/science.aaf8533]

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

Coherent Scientific
Superfast camera for nanosecond time-
resolved imaging
Andor has released its new iStar intensified sCMOS 
camera with a unique combination of nanosecond 
gating, high sensitivity, high dynamic range and superfast 
frame rate.

The new camera offers frame rates at least 50% faster than 
competing CCD or interline while offering intrinsically 
low noise floor. A better signal-to-noise ratio can be 
achieved with lower intensifier gain, yielding higher 
dynamic range. 

The iStar series offers <2 ns optical gating on a range of 
high QE Gen 2 and Gen 3 intensifiers, with gating rep-
etition rates up to 500 kHz.  The fully integrated, triple 
output delay generator features an ultra-low insertion 
delay and excellent timing accuracy down to a few 10’s 
of picoseconds, allowing for extremely precise synchro-
nisation of complex experiments through a comprehen-
sive range of input/output triggering options.

The acquisition speed, sensitivity and gating capabilities 
of the iStar sCMOS make it a highly attractive choice 
for fast plasma imaging, combustion studies based on 
Planar Laser-Induced Fluorescence (PLIF), transient ab-
sorption and time-resolved luminescence.

Fibre Laser with 3kW Output
Coherent’s HighLight FL series of fibre lasers is now 
available with power up to 3 kW, suitable for cutting 
and welding a wide range of metals and alloys.

The new lasers use Coherent’s unique modular architec-
ture, which allows customers to choose either complete 
lasers with turn-key operation or modules to build their 
own custom laser systems.

The lasers can be modulated 
up to 5 kHz with an external 
trigger signal for pulsed mode 
operation. An external analog 
signal can be used to set the 
output power and to ramp 
the laser power in a controlled 
manner to avoid artefacts at 
the corner of a cut or the be-
ginning/end of a weld.

New OPO Provides Tunable Pulses from 
Deep-UV to Near-IR
Opotek’s new Radiant OPO is a tunable laser system 
which generates nanosecond pulses tunable from the 
deep-UV to the NIR. Available in a 355 nm or 532 nm 
pumped configuration, the Radiant integrates all com-
ponents into a single compact unit with a rugged design 
to minimise misalignment and allow easy relocation of 
the laser without the need for realignment. Wavelength 
tuning is PC-controlled and requires no user adjust-
ments.

Every harmonic and OPO module inside the Radiant is 
hermetically sealed to protect the sensitive optical com-
ponents, increasing the laser lifetime and reducing cost 
of ownership. All tunable beams exit the laser from the 
same port, resulting in a single beam path to the experi-
ment.

Key features of the Radiant are:

• >60 mJ output (high energy version)
• 192-2500 nm tuning range
• Low divergence design, <2 mrad
• Hands-free, PC controlled tuning
• 100 million shot flashlamp lifetime
• Fully integrated Quantel Q-smart pump laser

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.
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Signal Recovery's 7124 precision lock-in 
amplifier
Signal Recovery and Lastek are proud to introduce the 
model 7124 precision lock-in amplifier with unique fibre 
optic link to prevent digital switching noise entering 
the experiment. The 7124 precision lock-in amplifier is 
the new standard for measurements in low temperature 
physics, electrical engineering, electrochemistry and 
optics.

Specifications: 
• Unique analog fibre optic link between the RCU  
 connection module and the main console
• No digital clock or switching noise present at the  
 RCU connectors
• 0.5 Hz to 150 kHz operating frequency range
• Voltage and current mode inputs
• 1.0 MHz main ADC sampling rate
• 10 µs to 100 ks output filter time constants
• Precision DDS sinewave oscillator with adjustable  
 amplitude and frequency
• Harmonic measurements up to 127 × F
• Dual Reference, Dual Harmonic and Virtual   
 Reference operating modes
• Easy manual operation using large full-color display
• Auxiliary analog and digital inputs and outputs
• Internal data buffer for logging instrument outputs
• USB, RS232, and Ethernet computer interfaces.

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

The LDN series laser diode drivers are the second 
generation of precision CW/Pulsed diode drivers offered 
by Lumina Power. Building on more than a decade of 
experience in laser diode driver technology the new 
LDN family incorporates the features of the LDD and 
LDY models. New upgrades include increased energy 
storage for better pulsed performance, newly designed 
magnetics for cooler operation, lower inrush current 
at start-up and availability of an optional Performance 
Level “E” laser safety feature.

Offered in 4 power levels 
from 600 to 2000 watts the 
LDN family of laser diode 
drivers offer laser design-
ers the most advanced and 
proven power supply tech-
nology available.

Solartron Analytical introduces the Apps-
Lab XM Series 
Solartron Analytical’s new Apps-XM series of Xtreme 
Measurement products are each precisely focused on the 
requirements for specific applications.  These exciting 
new products have a much smaller footprint than most 
competitive units - delivering unmatched XM measure-
ment performance while taking less of your restricted 
lab space.  Each XM module is individually calibrated 
using Solartron Analytical’s unique multi-point calibra-
tion and tested to rigorous standards ensuring best ac-
curacy. Systems available:

• EnergyLab XM: battery, fuel cells, supercapacitors 
• EchemLab XM: corrosion/coatings and Physical  
 Electrochemistry
• SolarLab XM: solar/PV cells
• MaterialsLab XM: dielectrics, insulators and  
 electronic materials 

Lastek
LDN Series Laser Diode Drivers from Lumina 
Power
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Warsash Scientific
Compact green-yellow lasers up to 200 mW 
with direct modulation up to 50 kHz
Cobolt AB, Swedish manufacturer of high performance 
lasers, introduces modulation capability on the diode 
pumped lasers (DPL) in the green-yellow region of the 
Cobolt 06-01 Series of plug and play CW lasers. The 06-
DPLs are available at 532 nm and 561 nm with up to 200 
mW output power and offer direct intensity modulation 
(analog and digital) at up to 50 kHz. 
The 06-DPL lasers complement the modulated diode la-

sers (MLDs) already available in the Cobolt 06-01 Series, 
which offer a market leading combination of modulation 
extinction ratios (>10 000 000:1) and high speed (up to 
150 MHz). Together, the 06-MLD and 06-DPL lasers in 
the Cobolt 06-01 Series offer a very complete spectrum 
of directly modulatable wavelengths from 405 nm to 660 
nm in a compact form factor, ideal for demanding life sci-
ence applications.

All Cobolt lasers are manufactured using proprietary 
HTCure™ technology and the resulting compact 
hermetically sealed package provides a very high level 
of immunity to varying environmental conditions 
along with exceptional reliability. Lasers built using the 
HTCure™ technology have been shown to withstand 
multiple 60G mechanical shocks in operation without 
any sign of degraded performance. 

High precision on travel ranges to 52 mm: 
N-565 Linear Stage Series with Piezomotor
Warsash Scientific is pleased to announce the compact, 
nanometre precision N-565 Series from PI. The N-565 
stages have a width of 65 mm, a height of only 20 mm, and 
work with travel ranges of 13, 26 or 52 mm. Depending 
on the travel range, the length is 80, 110, and 160 mm. 
The integrated optical linear encoder enables a resolution 
of 0.5 nm and a minimum incremental motion of 2 nm.

The piezoelectric drive is 
self-locking; if the target 
position is reached or the 
system is switched off, the 
positioning unit main-
tains the position without 
current and without gen-
erating heat. The holding 

force of the positioning stage is 10 N, the maximum veloc-
ity is 10 mm/s. The high guiding accuracy is achieved by 
crossed roller bearings with forced guiding. 

The N-565 Series fulfill important positioning 
requirements, for example, samples, optics or mechanical 
components in microscopy, in the semiconductor industry, 
for laser set-ups or applications in a vacuum.

Full Field Vibration Measurement on Small 
Components
Warsash Scientific are pleased to announce the new entry 
level MSA-050 Micro System Analyser from Polytec. The 
MSA-050 is a table-top vibrometer system designed for 
full-field vibration analysis on small components with a 
bandwidth of up to 2 MHz and a velocity range of 10 m/s.

A digital single-point vibrometer 
constitutes the core of the sys-
tem, providing real-time vibra-
tion data from any point on the 
sample with sub-picometre reso-
lution. Full-field vibration data is 
acquired by traversing the sam-
ple on the integrated 50 mm × 
50 mm XY-stage with software 
control.

The non-contact principle of operation leaves samples 
completely undisturbed, producing accurate data 
even when measuring very small and delicate objects. 
The MSA-050 helps identify resonance frequencies, 
vibration amplitudes and operational deflection shapes of 
microstructures, MEMS and precision mechanics.

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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Zurich Instruments

Precision Impedance Analyzer and LCR 
Meter 
With the launch of the 5 MHz MFIA, Zurich Instruments 
is introducing a new type of impedance analyzer and 
precision LCR meter. The instrument is based on Zurich 
Instruments’ proven lock-in amplifier technology, 
allowing more accurate (0.05%, typical) and faster (up 
to 20 ms per measurement point) measurements over a 
larger frequency range in comparison to conventional 
impedance analyzers. 

The MFIA impedance analyzer is ideal for impedance 
measurements from 1 mΩ to 10 GΩ in the frequency 
range 1 Hz to 5 MHz; DC measurements can also be 
performed. 

The instrument’s LabOne user interface comes with 
a number of new features specifically designed for 
impedance analysis: the Compensation-Advisor 
supports the user step-by-step through the elimination 
of unwanted parasitic effects between the instrument 
and the probe; the Confidence-Indicator calculates 
the reliability level of the measurement based on the 
measurement parameters and sets a warning flag in 
critical cases; the Parametric Sweeper allows fast and 
simple automation of measurement tasks. 

An embedded webserver makes software installation 
unnecessary, with the instrument being easily accessible 
via a web-browser. Measurement data can be transferred 
directly to PC and, for programmers, APIs and examples 
for LabView, MATLAB, Python and C are included. 

The MFIA can be used for a broad range of applications 
including the characterization of semiconductor 
materials, components, and solar cells as well as dielectric 
spectroscopy, bio-impedance, and microfluidics.

For more information contact Zurich Instruments AG at 
info@zhinst.com 
 
Zurich Instruments AG 
Technoparkstrasse 1, 8005 Zurich, Switzerland  
phone +41 44 515 0410, fax +41 44 515 0419 
www.zhinst.com
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Linear Stages,  Rotary Stages,  
Vertical Lift & Z Stages,  Goniometers

Nanopositioners

Aerotech linear nanopositioners offer:

• 1nm resolution

• <1nm in-position stability

• +/-75nm repeatability

• +/-250nm accuracy

• Up to 160mm travel

Aerotech rotary nanopositioners offer:

• 0.01 arc–second resolution

• 0.005 arc–second in–position stability

• 1.5 arc–second repeatability

• 3 arc–second accuracy

• 360° continuous or limited travel

ANT95-L 1nm step plot

ANT95-XY-ULTRA 2D accuracy plot

ANT95-R 0.01 arc-sec step plot

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


