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EDITORIAL

Special Boas 
Medal issue!
The conditions for award of several 
AIP Prizes and Medals require re-
cipients to write an article on the 
topic for which they received their 
award. The Boas Medal is one such 
example. In this issue we have arti-
cles by the two most recent Boas 
Medal recipients. 

Professor Lloyd Hollenberg 
(ARC Centre of Excellence for Quantum Computation and Com-
munication Technology, School of Physics, University of Melbourne) 
received the 2012 medal in recognition of his seminal research work 
in areas such as quantum computing/device theory and quantum sens-
ing; in his article, Professor Hollenberg  provides an overview the de-
velopment of quantum computing and sensing technology based on 
the physics of individual spins in silicon and diamond.

Professor Ben Eggleton (ARC Centre for Ultrahigh bandwidth 
Devices for Optical Systems and Institute of Photonics and Optical 
Sciences, School of Physics, University of Sydney) received the 2011 
medal for his fundamental research in the physics of nonlinear optics 
and the application of this work to the development of practical devic-
es and disruptive technologies in optical communication, data storage 
and information processing. In an article by Professor Eggleton and 
his colleagues their recent developments in optical signal manipula-
tion and lasing using stimulated Brillouin scattering on a chip are de-
scribed.

The Boas Medal was established in 1984 to promote excellence in 
research in Physics carried out in the five years prior to the date of the 
award. It is named in memory of Walter Boas (1904-1982) - an emi-
nent scientist who worked on the physics of metals and was a pioneer-
ing Australian materials scientist and metallurgist. Born in Germany, 
Walter came to Australia in 1938 and spent a decade working at the 
University of Melbourne and then 23 years working at the CSIRO - 
for 20 of those 23 years as Chief of the Division of Tribophysics.

In seeking articles for Australian Physics I am alert to the need that 
authors should be representative of the various regions of Australia 
and a diverse range of institutions including universities, government 
laboratories and instrumentalities, schools, and commercial, industrial 
and other enterprises. It is also desirable that there be a wide diversity 
of topics: research, physics education, applications of physics to com-
merce, industry and new technology, and unconventional career paths 
in physics to name a few. I am always grateful to receive offers of arti-
cles, suggestions for topics and potential authors.

Brian James
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PRESIDENT’S COLUMN

The Unity of Physics
This year’s Australian Institute of 
Physics Congress will be held at the 
Australian National University be-
tween 7th and 11th December, un-
der the banner “The Art of Physics”.  I 
would encourage all of our members, 
along with other friends, to attend, 
present their work and share in the 
great breadth and diversity of phys-
ics.  Our colleagues in Canberra have 
put to together a fabulous program of 
plenary speakers, including 2 Nobel 
Prize winners and a selection of topi-
cal speakers from the best domestic 
and overseas organisations.  So please 
come and join us, just before Christ-
mas in Canberra.

There are a number of conun-
drums (or conundra?) in being a 
physicist these days, and in promot-
ing our discipline within the broader 
society.  At some level, we have all 
been trained in the broader scientific 
method, and in the fundamentals of 
physics, or natural philosophy or ex-
perimental philosophy, as it was once 
known.  Our university teaching is 
traditionally organised along these 
lines, and this thinking is enshrined 
in the AIP as a professional society.  
And yet the grand societal challenges 
are often interdisciplinary, involv-
ing a mix of chemists, engineers, the 
medical profession, astronomers, bi-
ologists and so on to make progress.  
This was true of the Manhattan Pro-
ject seventy years ago, just as much 
as it is today for climate change, the 
challenge of energy supply and use, 
quantum computing or cryptogra-
phy, and personalised medicine based 
on molecular genetics.  My own or-
ganisation, ANSTO, got rid of its 
“Physics Division” some 12 years 
ago, but perhaps does more physics 
now than ever before.  And yet, we 
still need people trained to think like 
physicists, and knowing many of the 
methods of both experimental and 
theoretical physics.  This is a central 
challenge for our Institute.

And then there is the tension 
between “applied” physics and the 
loftier challenge of explaining the 
deepest mysteries of nature.  At its ex-
treme, one can be accused of “simply 
doing engineering”.  But we all know 
that the Laws of Thermodynam-
ics were developed in large measure 
to understand how to make steam 
engines more efficient. And Max 
Planck was originally employed to 
work on black-body radiation, to fig-
ure out how to make light bulbs more 
energy-efficient.  I also remember my 
thesis advisor once telling me that the 
first university physics department in 
the United Kingdom was in Glasgow 
(not Cambridge), with Lord Kelvin 
as its leader: with the laying of the 
first transatlantic telegraph cable, the 
economy simply needed a lot more 
people who understood electricity!  
So the balance between societal need 
and a quest for deeper fundamental 
understanding has always been there, 
with constant interplay between the 
two and respect for both.  Some-
times, I think we forget this.  The best 
engineers are often extremely good 
physicists, and vice-versa.

And then to chemistry, our sister 
enabling science:  one can only think 
of how Lord Rutherford was morti-
fied that he won the Nobel Prize for 
Chemistry.  Or how the chemists 
preciously reserve the rights to name 
all of the new elements, including 
the latest, number 117, when none 
of the more recent ones has ever seen 
an electron in orbit around it!  These 
days we tend to think of chemistry as 
the science of the outer electrons and 
physics as the science of nuclei, or at 
least of quantum mechanics or rela-
tivity.  But when I was in high school 
45 years ago, “physics” was (1) heat, 
light and sound; (2) electricity and 
magnetism; (3) and Newton’s Laws 
and mechanics; and (4) there was 
something very mysterious and excit-
ing called “modern physics”.  How the 

world has changed!  And when I got 
to university, I served on a student 
committee, during which Brian Pip-
pard was reduced to explaining how 
the Physical Review defined physics 
(and it did not include fluid mechan-
ics), and how “Physics is what Physi-
cists do”.  I’m not sure that is good 
enough, but it shows how hard it is to 
define what we are, and how it all fits 
together as a whole.  But please come 
to Canberra in December and let’s 
see if we can see the bigger picture 
together.

As I write, the Federal Govern-
ment’s budget has just been issued, 
and it will take some time to digest.  
There is much that is good, including 
strong support for running existing 
major research infrastructure includ-
ing the Square Kilometre Array, the 
welcome extension to the Future Fel-
lowship scheme, and added invest-
ment in biomedical research.  But 
there are also large cuts across the gov-
ernment, including to ARC, CSIRO, 
DSTO and ANSTO.  Time will tell 
what exactly this means for us.  In the 
mean time I would encourage all of 
our members to remain active with 
our elected representatives, outlin-
ing the benefits that science brings to 
Australia, both in terms of the under-
lying knowledge base in society, but 
also in terms of tangible benefits to 
national health and prosperity.

Rob Robinson
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NEWS & COMMENT
Award to Michael Tobar
At the 2014 Frequency Control Symposium, in Taipei, 
Taiwan, May 19-22, 2014, Professor Michael Tobar, 
University of Western Australia. received the 2014 W. 
G. Cady Award “for the development of high-Q resona-
tors and low-noise devices with application to frequency 
control, precision measurement and sensing”. This award 
recognises outstanding contributions related to the fields 
of piezoelectric or other classical frequency control, selec-
tion and measurement; and resonant sensor devices.

Prof Michael Tobar

Walter Burfitt Prize 2013
The Royal Society of NSW has awarded the 2013 Wal-
ter Burfitt Prize to Professor Michelle Simmons of the 
UNSW, for her vision and leadership in developing new 
technology for fabricating electronic devices with atomic-
precision accuracy - a capability that is now proving piv-
otal for both classical and quantum computing. Professor 
Simmons led the team that created the world’s first sin-
gle atom transistor and the world’s narrowest conducting 
wires in silicon.

Prof Michelle Simmons

The Walter Burfitt Prize, established as a result of a gen-
erous gift to the Society by Dr W.F. Burfitt BA MB ChM 
BSc, of Sydney, is awarded at intervals of three years to a 
worker in pure or applied science, resident in Australia or 
New Zealand, and whose papers and other contributions 
published during the past six years are deemed of the high-
est scientific merit. Account is taken only of investigations 
described for the first time, and carried out by the author 
mainly in these countries. 

Academy Medal awarded to Harry Messel
The creator of one of Australia’s best-remembered high 
school text books, Professor Harry Messel AC CBE, has 
been awarded one of the Australian Academy of Science’s 
highest honours, the Academy Medal in recognition of 
his ‘conspicuous and enduring service’ to the cause of sci-
ence in Australia. ‘Professor Messel’s contribution to sci-
ence in Australia has been extraordinary, from his famous 
‘blue books’ which were once ubiquitous in Australian 
high schools, to establishing the Physics Foundation and 
creating the Harry Messel International Science School,’ 
said President of the Academy Professor Suzanne Cory. 
The Australian Academy of Science established the Acade-
my Medal in 1990 to recognise outstanding contributions 
to science from those outside the Academy’s Fellowship.

Prof Harry Messel

Canon Extreme Imaging award
PhD student Paul Stewart from the Sydney Institute for 
Astronomy (SIfA, University of Sydney), was runner up 
in the Canon’s Extreme Imaging competition for 2014. 
His entry, Postcards from the Solar System’s Edge, reveals 
stunning images of stars and their composition. Using a 
novel tomographic technique Paul reconstructed unique 
new high resolution two-dimensional images of dying 
stars revealing the nature of their environment. To over-
come the performance limitations of viewing the cosmos 
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through the atmosphere his innovative approach used 
shadows of starlight cast by the rings of Saturn on NASA’s 
Cassini spacecraft. Each time a star is diffracted by a sharp 
edge within the rings it can be used to measure certain 
properties of the star. Below, the image on the left is a to-
mographic reconstruction of a dying star (Mira). It com-
bines different projections obtained from occultations by 
different edges within the rings. The image on the right is 
a 3D model of Mira emphasising molecular layers in the 
circumstellar environment based on the size and intensity 
of those detected with this technique.

Image and 3D model of dying star Mira.

New AAS Fellows
Three physicists have been newly elected as fellows of the 
Australian Academy of Science (AAS). They are

Emeritus Professor Hans Bachor , Australian National 
University, Chair of the AAS National Committee for 
Physics, elected for his pioneering work in quantum op-
tics, which has opened new paths for quantum computing 
and quantum optical communication technologies.

Emeritus Professor Hans Bachor

Professor Lisa Kewley, Research School of Astronomy 
and Astrophysics, Australian National University, elected 
for her fundamental advances in understanding of the his-
tory of the universe, particularly star and galaxy formation.

Professor Lisa Kewley

Professor Margaret Reid, Centre for Quantum and 
Optical Science, Swinburne University of Technology, 
elected for her pioneering work in new fundamental tests 
of quantum theory, including teleportation and cryptog-
raphy.

Professor Margaret Reid

For all information about the 
Australian Institute of Physics, visit:

 www.aip.org.au
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The quantum world is a very strange place (they do things 
differently there). In our macroscopic world most of us only 
ever experience a single reality at a time, e.g. a spinning top 
is either spinning clockwise, or anti-clockwise. You cannot 
possibly find a top that is spinning in both directions at 
the same time (at least I haven’t seen one). Yet, a quantum 
system seems to do exactly that – it can be put it into a 
state that is a combination of two possible outcomes at the 
same time, a quantum coherent superposition very much 
akin to the clockwise/anticlockwise top. For physicists 
quantum coherence is one of the most intriguing aspects 
of the universe. A quantum superposition of states (and its 
generalisation, entanglement) disrupts our implicitly clas-
sical objective view of reality. Nonetheless, there has been 
a steady interaction occurring between the experimental 
capability to manipulate individual quantum systems and 
our theoretical understanding (or misunderstanding!) of 
the potential for processing information encoded on the 
very quantum number fabric of these systems. As a result 
of this confluence of experimental and quantum informa-
tion theory a new class of “quantum technology” is fast 
emerging, where device functionality exploits the strang-
est aspects of quantum mechanics. There are probably 
as many physical platforms for quantum technology as 
there are quantum systems we can control and measure, 
e.g. photons, electrons, nuclei, atoms, molecules, super-
conducting circuits, and even hybrid “material” systems 
comprising atoms and photons. While applications such 
as quantum computing, quantum communication, and 
quantum sensing, are relatively well understood (either in 

principle or, in the latter two cases, in practice), the search 
for other quantum applications may only be limited by 
our imagination. 

Quantum bits (qubits)
Let’s take the example of the impossible spinning top a lit-
tle more literally. Electrons, for example can exist in two 
spin orientations (spin up and spin down) upon which 
bits of information 0 or 1 can be encoded by simple re-
labelling. By the rules of quantum mechanics we can ma-
nipulate the electron’s spin to exist in a superposition of 
both states 0 and 1 at the same time. Such a quantum bit 
(qubit) is in complete contrast with classical bits, which 
can only be 0 or 1. This fundamental parallelism of qubits, 
where both bits of information exist somehow simultane-
ously, multiplied over many qubits (and entangled states) 
leads to the novelty and power of quantum technology. 
The most recognisable application is quantum computing 
[1]. A N-qubit superposition state can in principle simul-
taneously encode the binary representation of integers 
from 0 to 2N -1, and a sequence of quantum logic gates can 
then perform a calculation in parallel over these numbers. 

“...a new class of “quantum 
technology” is fast emerging, 
where device functionality exploits 
the strangest aspects of quantum 
mechanics”

Quantum reality bytes: quantum 
technology using spins in semiconductors
Lloyd Hollenberg
ARC Centre of Excellence for Quantum Computation and Communication Technology 
School of Physics, University of Melbourne, Victoria 3010, Australia 
lloydch@unimelb.edu.au

Quantum Mechanics is the foundational theory of the physical world, beginning with the ideas of 
Max Planck over a century ago. While we do not (and possibly cannot!) fully comprehend the sublime 
strangeness of quantum mechanics, a growing movement around the world seeks to harness the 
spookier aspects of microscopic systems obeying quantum laws. This is an international race for the new 
millennium to conceive and build new quantum technology, with enormous potential for applications 
in communication, computing and sensing. In this article I will overview the development of quantum 
computing and sensing technology based on the physics of individual spins in silicon and diamond. 
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Fig 1: A brief schematic summary of qubits, superposition, 
the Bloch sphere description of qubit states, single and two 
qubit logic gates. 

But to harness quantum information is tricky. When 
you measure a quantum state it collapses to just one of the 
possible outcomes. Quantum algorithms are designed to 
provide answers to certain problems given these strange 
rules of logic. The most famous of these is Shor’s quan-
tum factoring algorithm [1]. Factoring a large number is 
generally considered a hard problem. It’s not really known 
exactly how hard the factoring problem is, but the run-
time of the best known conventional algorithms effec-
tively grow exponentially with the size of the number to 
be factored. The well-known RSA security protocol relies 
on the apparent mathematical difficulty of this problem, 
so not surprisingly there are RSA “factoring challenges” 
to benchmark algorithms. Consider a really big instance, 
the semi-prime number RSA-768 [2]. In binary represen-
tation it is a 768-bit number and in decimal notation is the 
232-digit number:

RSA-768 =
12301866845301177551304949583849627207728535
69595334792197322452151726400507263657518745
20219978646938995647494277406384592519255732
63034537315482685079170261221429134616704292
14311602221240479274737794080665351419597459
856902143413.

As it is a semi-prime, there are two prime factors p and 
q so that p × q = RSA-768. Obviously, given the two fac-
tors it’s easy to verify that the product is RSA-768, how-
ever, going the other way is very difficult. Nevertheless, 
RSA-768 was successfully factored in 2009 [3] using a 

conventional classical algorithm on hundreds of CPUs 
over 2 years, or equivalently it would have taken a single 
2.2 GHz core some 1,500 years. For classical algorithms 
this run time increases exponentially in the number of 
bits of the number to be factored. However, for Shor’s 
algorithm the complexity increases only polynomially. 
Depending on the details of the quantum computer (e.g. 
effective logic gate clock rate), such factoring problems 
could be solved in very short order (i.e. << years), and it is 
this comparison that has sparked such enormous interest 
in quantum computing. It is now believed that a function-
ing quantum computer will have profound implications 
for fields such as data security, quantum chemistry, and 
possibly beyond into many areas of science, medicine, and 
engineering. 

Quantum logic
In quantum mechanics we can represent the qubit in 

terms of the relative amounts of each state – these ampli-
tudes can be complex numbers (a and b in Fig 1), the mag-
nitude squared of which is related to the probability of ac-
tually reading 0 or 1 in any given measurement.  The state 
of the qubit is often represented as a point on a sphere (the 
Bloch sphere, shown in Fig 1), with axes representing the 
complex valued amplitudes a and b of the 0 and 1 states. A 
quantum logic gate is the operation, which transforms the 
qubit state: e.g. a bit-flip operator (X gate) performs the 
operation |0> → |1> and |1> → |0>, and a phase-flip (Z gate) 
changes the sign of the amplitude of the |1> state. In Fig 1 
you can see how this works on the superposition: accord-
ing to the linearity of quantum mechanics the operation is 
applied to the two states of the qubit superposition at the 
same time. To connect with quantum algorithms it is con-
venient to define the concept of a universal set of quan-
tum logic gates, which in addition to single qubit gates 
such as X and Z gates defined above, includes a two-qubit 
gate – effectively an interaction between the qubits. This 
two-qubit gate is usually taken to be the controlled-NOT 
(CNOT) gate where an X gate is applied to the “target” 
qubit if the “control” qubit is in a |1> state. In general, two 
qubits can exits in a superposition over the four possible 
bit-level combinations, so the important thing to note is 
that the CNOT gate also acts on all four states simultane-
ously (as shown in Fig 1). With the (small) set of universal 
quantum gates any desired operation over a N-qubit state 
can be written out in terms of single and two-qubit gates 
in the universal set. A quantum algorithm which tells us 
how to process quantum information to solve a particular 
problem can be decomposed into a “quantum circuit” of 
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logic gates, which in turn are realised in a physical system. 

Fig 2: Donor phosphorus (P) atoms in silicon – the Kane 
proposal for quantum computing. Qubits are based on P 
donor nuclear spin, and their states are manipulated by 
gate controlled electron wave function engineering. The 
system is placed in a 2T magnetic field and cooled to the 
mK regime. 

While the principles behind a quantum computer are 
thus relatively easy to state, the reality of constructing a 
working device is another matter altogether. A proposal 
for a quantum computer must pass many tests, which are 
conveniently summarised in the DiVincenzo criteria [4], 
including; the ability to initialise the state, operate on in-
dividual qubits, couple qubits into quantum logic gates, to 
read out the information encoded on the qubits, and to be 
relatively free of environmental effects that destroy quan-
tum entanglement. There are several physical platforms in 
which qubits can be fabricated and controlled according 
to these criteria [5], however, that is only the very tip of the 
iceberg. Quantum coherence is a most fragile and fleeting 
phenomenon – it is easily disturbed or lost by unwanted 
interactions with the surrounding environment, a process 
called “decoherence”. Since one can never completely iso-
late a quantum computer a technique for correction of the 
quantum information must be applied, requiring complex 
redundancies, quantum control and classical feed-forward 
mechanisms (a little more about that later). It is clear that 
any quantum computer will be incredibly complex, re-
quiring control of nature at the smallest scales and the 
preservation of coherence through redundant quantum 
error correction. Not many physical platforms pass this 
broad test of scale-up – the ability to make, control and 
measure large numbers of quantum states. 

Consider present computer technology where billions 
of transistors can be manufactured, controlled and read-

out on a silicon chip – with such proven scale-up this is 
a promising platform in which to build a quantum com-
puter. In 1998 Bruce Kane (then at UNSW) proposed 
a scheme for using the two nuclear spin states of donor 
phosphorus atoms in silicon as a qubit (Fig 2). Kane’s 
scheme requires the placement of individual phospho-
rus donors in the silicon matrix of order 20 nm apart and 
about the same distance to the surface, and registered to 
an array of nanoelectronic gates [6]. A phosphorus do-
nor bonds with silicon atoms substitutionally at a lattice 
site, and thus has one extra electron, which to all intents 
and purposes behaves like an effective hydrogen atom in a 
“vacuum” comprising neutral spin-free Si(28) atoms. The 
qubit can be defined by the spin-up and spin-down states 
of the P donor nuclear spin, whilst addressing, control, in-
teraction, and readout is mediated by the donor electrons. 
The central idea is that an electric field applied to a surface 
gate addressing a given donor will distort its electron wave 
function. A positive “A-gate” bias will draw the electron 
wave function away from the nucleus thereby altering its 
hyperfine interaction (A) with the P nucleus allowing that 
particular qubit to be brought into resonance with an ex-
ternal NMR field to perform a single qubit logic gate. By 
applying a bias to a “J-gate” between two donors the natu-
ral exchange interaction (J) between those electrons will 
be altered, and in conjunction with single qubit A-gates 
form the basis of a CNOT gate. Variations on the basic 
Kane theme based on donors in silicon include electron 
spin qubits, donor-donor charge-state qubits, dipolar cou-
pled electron spin qubits, and hybrid donor-surface qubits 
to name a few [7].

Although the physics of donors was relatively well 
understood in an ensemble sense, because of their impor-
tance in silicon electronics, the donor as a qubit presented 
significant challenges. In comparison with already well-
established technologies, such as superconductors and 
quantum dots, the field of donor qubits was starting from 
the drawing board. The connection of the donor qubit 
scheme to large scale CMOS electronics has been a key 
driver, and the Kane proposal has had enormous impact, 
particularly on quantum science in Australia. With early 
uptake of the idea funded under the ARC Special Re-
search Centre scheme (1999), and later under the Centre 
of Excellence scheme, a critical mass of researchers across 
several Universities was able to take on the vision of quan-
tum computing in silicon, in a close experimental and 
theoretical collaboration. Since then significant progress 
has been made, particularly in the development of single 
atom fabrication techniques capable of building devices 
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with near lattice-site precision [8]. In 2012, a donor spin 
qubit was controlled and measured for the first time [9], 
bringing silicon spin qubits in line with a range of other 
systems where qubit control and measurement had been 
achieved. All the indications are that the quantum coher-
ence of donor nuclear and electron spins in silicon are ex-
tremely long lived – in the right material conditions (i.e. 
isotopically pure Si(28)) reaching many seconds [10]. 

The road to a large-scale universal quantum 
computer in silicon
Needless to say, the manufacturability of silicon with the 
nexus to highly scaled and proven CMOS processes is a 
necessary condition for scale-up to a full quantum com-
puter. But that capability alone is not sufficient. Even 
with the long quantum coherence of spins in silicon, the 
environment (stray magnetic fields, surface traps, the odd 
Si(29) or P spin left in the lattice) can cause a change in 
the qubit state akin to an erroneous X, Z or CNOT gate. 
Or if the qubit control is not exact, errors creep into the 
quantum logic. 

“Some form of quantum error 
correction is mandatory, and in fact 
will dominate the resources of any 
quantum computer design...”

Some form of quantum error correction is mandatory, 
and in fact will dominate the resources of any quantum 
computer design as we will see. If you think about error 
correction as checking whether your qubit is uncorrupted 
after a certain time, you soon run into trouble – measur-
ing a qubit forces it to collapse to one state or the other, 
destroying its “quantumness”. However, one of the great 
developments in quantum computing is error correction 
on quantum states [1]. For example, one can encode a 
qubit state across several “data” qubits (a “logical” qubit), 
and then allow these to interact non-destructively with a 
group of “ancilla” qubits (Fig 3). The logical encoding and 
data-ancilla interaction can be designed so that a measure-
ment on the ancilla qubits does not affect the data qubits 
and can provide information (the error “syndrome”) on 
which of the data qubits is in error (if any) and the type of 
error that’s occurred. With this knowledge extracted from 
the ancillas, a corrective gate operation can be performed 
on the data qubits to bring the data group back into the 
correct quantum state (even not knowing what that was). 
The ancillas are then reset independently of the data group 
and the cycle can begin again. CNOT gates between logi-

cal qubit groups can also be corrected. Quantum error 
correction makes quantum computing possible. 

Fig 3: Schematic of quantum error correction (QEC). A 
single logical qubit is encoded over several physical qubits 
made up of “data” (blue) and “ancillas” (red). Information 
about the data group (where the logical information is 
stored) is transferred via a series of quantum gates (e.g. 
CNOTs) to the ancilla group, which can be read without 
disrupting the data group. The information extracted from 
the ancilla group (the “syndrome”) indicates whether an 
error occurred and the procedure to correct it. Recursive 
concatenation of logical encoding increases the level of 
protection (decreases the error threshold).  Shown is an 
example of the physical gates required for such a QEC 
protocol/circuit applied in a bi-linear array of physical 
qubits. 

That all sounds great, but of course there’s a catch – 
quantum error correction introduces many additional 
quantum gates, in the data and ancilla groups. This extra 
complexity leads to a finite threshold error rate for the 
physical quantum gates, dictating the maximum experi-
mental error allowed. In order to reach the low error rates 
required by the quantum algorithm, the logical encoding 
can be recursively concatenated (Fig 3) – each data qubit 
in the first logical level qubit is itself a logical qubit. The 
number of error correction levels required is of course re-
lated to the quantum algorithm to be implemented, but 
first and foremost it is the error correction threshold that 
controls the eventual number of concatenation levels and 
hence the overall complexity of the quantum computer. 
In taking an idea for physical qubits, to consider scale up 
to a full universal quantum computer one must be able to 
estimate the quantum error correction threshold. To do 
this we need to specify how the qubits (data and ancillas, 
and recursion thereof ) will be placed physically, and how 
the required interactions will be carried out to implement 
the many logic gates in the quantum error correction pro-
tocol. Additionally, one must know the likely physical 
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gate errors due to environmental decoherence and limits 
on control precision. Originally, it was thought that the 
quantum error correction thresholds were very low, how-
ever, quantum mechanics continues to surprise. It turns 
out that on a two dimensional nearest neighbour qubit ar-
ray one can harness topological properties to enhance the 
quantum error correction capability [11]. Remarkably, 
this new form of topological error correction improves the 
threshold by several orders of magnitude to about the 1% 
level [12, 13]. This fact has been a game changer for quan-
tum computing, as it brings the quantum error correction 
threshold requirement within reach of experimental qu-
bit systems [14]. There is now much focus on designing 
architectures in which qubit arrays can be fabricated and 
controlled in two dimensions. Such developments may in-
volve microwave and/or optical interconnects, or indeed a 
new control/coupling paradigm. Whichever way it is cer-
tainly worth the effort – silicon is extremely attractive for 
quantum computing precisely because of the long-lived 
quantum coherence of donor spins in silicon, and which 
may provide a path to operating a large-scale system below 
the error threshold. 

Outlook for quantum computing
While a full-scale universal quantum computer is a major 
goal undertaken by many of the best quantum physics lab-
oratories across the world, closer to market are other forms 
of quantum information processing. Analogue approach-
es such as quantum simulators and adiabatic computing 
rely on the accurate encoding of the computational prob-
lem in the physical array itself and the natural evolution 
of the system to mimic the problem and its solution. In 
silicon, the very long spin quantum coherence times could 
make such approaches attractive in the medium term. 

In the shorter term there are interesting quantum 
technologies using just a few qubits that are fast becom-
ing reality, such as quantum communication and quan-
tum sensing. With the focus in quantum computing on 
understanding the effects of environment on spin qubits 
and strategies for mitigation there comes to mind the 
possibility that the decoherence of a qubit can serve as 
a probe of the environment itself [15]. In this space the 
nitrogen-vacancy (NV) centre in diamond (Fig 4) is an-
other remarkable electron spin based qubit [16]. In the 
NV defect the ground state is an effective spin-1 system, 
which can be read out optically through the spin-differ-
entiated fluorescence of the centre. Thus, the ground state 
(spin-projection 0) and first excited state (spin projection 
+1) form a qubit system whose coherence is sensitive to 

magnetic field fluctuations. Because diamond is a hard 
material phonon induced decoherence is low and the spin 
coherence can be relatively long (i.e. milliseconds) even at 
room temperature. There has been quite a lot of progress 
in recent years in using the NV centre as a room tempera-
ture nano-scale magnetometer for the detection of both 
static and oscillatory fields [17,18], including small num-
bers of electron and nuclear spins in nano-scale volumes 
[19,20]. Much impetus comes from the high potential for 
nano-bio magnetic sensing [21], but as we have seen in the 
silicon example quantum measurement on qubits is usu-
ally conducted in pristine physics lab conditions, not the 
chaos of biological environments. The recent demonstra-
tion of quantum control and measurement on a NV spin 
qubit in the most unusual and testing of environments – a 
living cell [22] at room temperature (Fig 4) – is perhaps a 
fitting place to finish this article focussing on solid-state 
spin qubit technology. In summary, I believe we are only 
seeing the very beginnings of where quantum science and 
quantum technology may take us. It is area of great poten-
tial for discovery and creativity: and as we have seen many 
times already, quantum mechanics continues to surprise.

Fig 4. The nitrogen-vacancy centre in diamond.  The 
electronic ground state is a spin-1 system, with a zero field 
splitting of about 2.8 GHz separating the lowest m = 0 state 
from the m = ± 1 states (allowing microwave control). Under 
green excitation the system’s fluorescence distinguishes 
the m = 0 from the upper ± 1 states (optical readout), and 
by an inter-system crossing mechanism polarises to the 
m = 0 state (initialisation). Observation of coherent Rabi 
oscillations in two separate NV centres in nanodiamonds in 
a living HeLa cell [22]. 
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Introduction
Brillouin scattering, named after Leon Brillouin [1], is the 
process of inelastic scattering, in which light interacts with 
moving density fluctuations, acoustic phonons. As a result 
of such interaction, light changes its path and acquires fre-
quency shifts due to the Doppler effect. Brillouin scatter-
ing forms a basis for a number of important applications 
in fields ranging from material sciences to photonics and 
quantum mechanics. For example, material stiffness can 
be determined by the measurement of the frequency shift 
upon scattering [2]. Common photonics applications 
include distributed sensing [3], narrow-linewidth single- 
and multi-frequency lasers [4-6], and gyroscopes [7,8]. 
Depending on the power of the driving optical field, 
Brillouin scattering can be categorized in two regimes: 
spontaneous and stimulated. For spontaneous scattering 
(valid for low to moderate light intensities) acoustic pho-
nons are generated from thermal noise [1,9]. In the pro-
cess of stimulated Brillouin scattering (SBS), however, a 
high-intensity optical field can change the medium’s den-
sity via electrostriction [9,10]. 
The first experimental demonstration of SBS was by by 
Chiao et. al. in 1964 [10]. At this point the fist laser, ruby 
laser [11], had already been constructed, producing high 
power coherent light necessary for the SBS experiments. 
In the late 1960s SBS was also demonstrated in liquids 
[12] and gases [13]. With the advent of low-loss optical 
fibres in the early 1970s, SBS was observed in a germa-
nium-doped silica fibre at sub-watt optical powers [14]. 
The relatively low power threshold was associated with 
the preservation of the light confinement in the fiber core 
over a long distance. 

Recent advances in nanofabrication have opened new 

opportunities for photonic integration, leading to the re-
vival of SBS research. Depending on the confinement of 
optical and acoustic modes, Brillouin gain can be orders 
of magnitude larger in nanostructures [15-19] compared 
to standard optical fibers [10], leading to compact, power-
efficient devices. Figure 1 summarises the history of SBS 
research from the first prediction to the present time.

Fig. 1. Timeline of major advances in SBS theory and 
experiments.

The University of Sydney hosts a new research activ-
ity in nonlinear optical phononics and SBS under the 
leadership of ARC Laureate Fellow, Professor Benjamin 
J. Eggleton. The group (Fig. 2) engages in theoretical and 
experimental research to explore novel effects associated 
with SBS in highly-nonlinear nanoscale circuits and opto-
mechanical structures [20]. In collaboration with the La-
ser Physics Centre at the Australian National University, 
researchers have developed integrated chalcogenide glass 
platforms for on-chip SBS. In 2011 the Sydney Univer-
sity group was the first to demonstrate SBS using on-chip 
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Stimulated Brillouin scattering (SBS) is an important nonlinear effect in optical fibers and waveguides that 
has been traditionally exploited for high-sensitivity distributed sensing, coherent lasers and gyroscopes. 
Recent advances in nanofabrication led to the extensive growth of SBS research. The ability to generate 
SBS in nanoscale devices has opened numerous opportunities for photonic integration, resulting in 
on-chip Brillouin lasers, microwave generation, Brillouin cooling and quantum optomechanics. In this 
paper we briefly describe principles of inelastic Brillouin scattering and review our recent developments 
in optical signal manipulation and lasing using on-chip SBS.     
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waveguides. Now we are expanding the range of on-chip 
applications to include SBS lasers and frequency combs, 
microwave photonics signal processing, non-reciprocity, 
SBS isolators, Brillouin dynamic gratings, and the design 
and fabrication of novel optomechanical nanostructures. 
In this paper, we briefly revisit the fundamentals of SBS, 
review our recent progress in on-chip SBS applications, 
and discuss our future directions.

Fig. 2. Nonlinear phononics group at the University of 
Sydney. Back row from left to right: Dr Feng Gao, Dr Ravi 
Pant, Prof. Ben Eggleton, Iman Aryanfar, Dr Alvaro Casas-
Bedoya, Dr David Marpaung, Dr Irina Kabakova, Dr Darren 
Hudson, A/Prof. Chris Poulton. Front row: Matt Collins, 
Thomas Buettner, Neetesh Singh.

Principles Of SBS
The physical origin of SBS can be understood in terms of 
the thermodynamically linked processes of electrostriction, 
the tendency of a material to be compressed in the pres-
ence of an optical intensity gradient, and the photoelastic 
effect, which is the change in electric permittivity in re-
sponse to a change in material density [9]. 
The basic process, illustrated for backward stimulated 
Brillouin scattering (BSBS), is shown in Fig. 3: a pump 
signal at frequency ωp is counter-propagated with a probe 
signal at frequency ωs. The interference between the two 
waves will have frequency 

	  
0>−=Δ SP ωωω , and the 

beat pattern will move at speed 	   kv ΔΔ= /ω , where 

	  
sp kkk −=Δ  is the difference in propagation constants 

of the pump and the signal. 
Due to electrostriction the maxima of the beat pattern 
will cause density changes in the material. If 	  v  matches 
the acoustic velocity, 

	  
va ≈ v , induced density fluctuations 

will drive the acoustic mode resonantly. For this condition 
the frequency difference 	   ωΔ  is the Brillouin frequency 
shift 

	  
BΩ  and the wave at the probe frequency is known 

as the Stokes wave. Through the photoelastic effect, the 
density fluctuations are translated into the refractive index 

grating, moving in the same direction as the pump wave. 
By scattering on such a grating, the pump will produce a 
frequency down-shifted wave, at the same frequency as 
the probe, thus amplifying the probe.

Fig. 3. In SBS a counter-propagating optical pump (ωp) and 
a probe (ωs) interfere in a medium and create a moving 
beat pattern (

	  
SP ωωω −=Δ ). This beat pattern excites a 

density fluctuation (acoustic wave). If 	   ωΔ  coincides with 
one of the acoustic modes (

	  
BΩ≈Δω ), the acoustic wave 

is resonantly amplified, leading to the pump’s efficient 
scattering. 

SBS Gain And Nanostructures
The efficiency of the SBS process is characterized by a gain 
parameter 

	  
effeffpB ALPgG /= , where gB  is the Brillouin 

gain factor that is determined by the material properties 
and the device design, PP  is the peak power of the pump 
wave, Leff  is the effective propagation length, and Aeff  is 
the optical mode area [9]. For fixed pump power, high 
Brillouin gain can be achieved by: (1) using long-length 
waveguides, or (2) reducing the cross-section of the opti-
cal waveguide, while keeping the device length short. As 
modern technology moves towards energy-efficient, on-
chip integrated photonics and optoelectronics, the sec-
ond scenario becomes preferable. 

“...SBS can be understood in terms 
of the thermodynamically linked 
processes of electrostriction...and 
the photoelastic effect...”

Figure 4 shows different SBS platforms that exploit 
strong light confinement in devices with a small mode 
area. These include: (1) dual-nanoweb [21] and suspend-
ed core [22] fibres, (2) embedded [15] and suspended 
[19] waveguides/nanowires, and (3) high-finesse whisper-
ing gallery mode (WGM) resonators [16,18].  Advances 
in nanofabrication, in particular in the development of 
novel material platforms, and in optical loss reduction, 
have played a critical role in achieving strong optoacoustic 
coupling in photonic micro- and nanostructures.

Device miniaturization allowed demonstration of 
novel effects, including quantum optomechanical cooling 
that exploits radiation pressure forces on the nanoscale 
[23]. Because light carries momentum, it induces pres-
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sure on boundaries that it travels through. It has been 
recently shown for silicon nanowires on a silicon-nitride 
membrane that the radiation pressure forces can enhance 
SBS. Radiation pressure induced interaction between the 
optical and acoustic vibrations has been explored for real-
izing the quantum ground state [24], on-chip microwave 
sources[16] and optomechanical oscillators [23]. 

SBS Applications Using Chalcogenide Chip
The choice of a material platform plays an important role 
in realizing SBS on a chip. Since SBS is the process of op-
toacoustic interaction, both modes (optical and acoustic) 
should be guided in a structure and, more importantly, 
should spatially overlap. It is also helpful if the material 
of choice has high refractive index, since the gain factor gB 
scales with the refractive index as 

	  
gB ∝n

8.

“The chalcogenide photonic 
chip...is an excellent platform 
for exploring photon-phonon 
interactions...”

The chalcogenide photonic chip, developed by the 
ARC Centre for Ultrahigh bandwidth Devices for Op-
tical Systems (CUDOS), is an excellent platform for ex-
ploring photon-phonon interactions on a length scale of 
only a few centimetres [15]. Chalcogenide As2S3 glass has 
a high refractive index of n=2.38, that leads to about 70 
times larger Brillouin gain factor compared to silica glass. 
Additionally, As2S3 rib waveguides guide well both optical 
and acoustic waves and have a mode overlap integral close 
to one (Fig. 5). 

By harnessing SBS on a chalcogenide chip, the Univer-
sity of Sydney researchers have demonstrated the broad 
range of optical and microwave functions including dy-
namic gratings, slow and fast light, microwave photonic 
filters, cascaded SBS, narrow-linewidth Brillouin lasing 
and Brillouin frequency comb generation. Some of these 
applications are briefly discussed below.

Slow and fast light
Slow and fast light refers to a phenomenon in which 
group velocity of the light pulse (velocity of the envelope 
of a wave packet) becomes much slower or faster than 
the phase velocity of light in the medium c/n. This can 
be achieved by exploiting strong dispersion in the vicinity 
of an optical or electro-magnetic resonance of any type. 
Some of the techniques include the use of refractive index 
periodic structures, electro-magnetically induced trans-
parency or Brillouin gain dispersion. SBS is known to be 
the most flexible approach because it allows wavelength 
flexibility and the delay time can be tuned optically. On-
chip SBS slow and fast light for optical delays have been 
pioneered by Pant et. al. and a record slow-down factor of 
130 has been demonstrated [25].

Microwave signal processing and 
generation
In the electromagnetic spectrum, microwaves occupy 
a frequency range from 300 MHz to 300 GHz. These 
frequencies are important for satellite and wireless com-
munications; they are also used in radars and medicine 
(as an alternative to surgery). Typically, low frequency 
microwaves are generated and processed using electronics. 
Multi-GHz frequencies are, however, more challenging 
due to impairments such as electromagnetic interference 
and large loss at high frequencies. Using photonic systems, 
these challenges can be mitigated. 

SBS is the natural choice of a physical process to con-
sider for microwave generation because most materials 
exhibit Brillouin frequency shifts in the range of 5 to 20 
GHz. Thus, beating of the pump and the probe results 
in a gigahertz microwave signal. Cascading SBS and pro-
ducing high-order Stokes waves, allows the generation of 
several microwave tones at once. The Brillouin frequency 
shift can be tuned in a small range by changing the am-
bient temperature or applying stress to the SBS material. 
These techniques can be useful for fine-tuning the fre-
quency of a microwave generator. Cascaded SBS with up 
to 3rd order Stokes waves have been demonstrated on a 
chalcogenide photonic chip by Pant et. al. [26] 

Fig. 4. Examples of micro- and nanostructures that exploit 
strong light confinement of the optical mode to enhance 
opto-acoustic interactions. These include: dual-nanoweb 
[21] and suspended core [22] fibers, a Si nanowire on a 
Si3N4 slot membrane [19], As2S3 rib waveguides [15], a CaF2 
microtoroid [18] and a wedge resonator [16].
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One of the key components in microwave transmis-
sion systems is a narrowband filter. This is used to increase 
the signal-to-noise ratio of a desired signal by filtering an 
unwanted background. The requirements for a microwave 
filter are quite strict: it has to be tunable in a broad range 
of frequencies (tens of GHz), but must have narrow pass-
band (MHz). Techniques based on SBS can satisfy both 
requirements since SBS is wavelength-independent pro-
cess with the gain bandwidth of only a few tens of MHz. 

Photonic-chip based microwave notch filters with 
unprecedented characteristics have been recently demon-
strated by Marpaung et. al. [27]. This filter has a wide tun-
ability range (1-20 GHz), large extinction ratio of more 
than 55dB, and a 3dB bandwidth of 31-77 MHz.

Dynamic grating and optical information 
storage
The moving density grating, formed via electrostriction 
and photoelastic effects from two-wave interference 
(pump and Stokes waves), is known as a Brillouin dynamic 
grating (BDG). Unlike stationary refractive index grating 
such as Bragg gratings, a BDG moves at the speed of sound 
and exists only while optical waves are in the medium. The 
dynamic nature of BDGs is attractive for optical switching 
since the function can be achieved without modification 
of the transmission channel. BDGs have been realized in 
chalcogenide waveguides on a chip by Pant et. al. [28] 

BDG can also be used to store information about opti-

cal signals for as long as phonon lifetimes (several nano-
seconds). If a read-wave is launched in to the channel dur-
ing this time, the phase and amplitude information of the 
write-signal can be retrieved. 

Summary and Future Directions  
In summary, we have shown that the chalcogenide photon-
ic chip is the ideal platform for harnessing SBS on a length-
scale of a few centimetres. A rich variety of optical func-
tions can be achieved through photon-phonon interaction 
on a chip. Due to space limitations, we discussed only a few 
of them - optical delay lines [25], microwave generation 
[26] and filtering [27] and dynamic gratings [28]. For fur-
ther details refer to our recent review paper [20].

Further miniaturisation of photonic structures and ex-
ploration of the novel physics related to radiation pressure 
forces on the nanoscale are an ongoing interest. Develop-
ment of different material platforms and hybrid integra-
tion of nano-circuits is yet another focus of our research 
which will allow realization of SBS in materials that natu-
rally have poor acoustic properties.

In our future work we will explore spontaneous 
Brillouin scattering for measurements of the mechanical 
properties of different types of materials including bio-
logical tissues. Brillouin spectroscopy [2] is based on the 
detection of the Brillouin frequency shift 

	  
BΩ , which pro-

vides information about the sound velocity and the elastic 
modulus of the medium.  

The non-contact and non-invasive character of 
Brillouin spectroscopy measurement is well-suited for 
differentiation between healthy and pathological tissues. 
The benefits of this technique have been demonstrated for 
early diagnostics of ocular diseases such as cataract, pres-
byopia and corneal ectasia [30,31]. 
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SAMPLINGS
Graphene-like iron
Atom-thick layers of iron have been made in the tiny holes 
of a perforated piece of free-standing graphene. The work 
was done by an international team, which has also done 
calculations that suggest the new material has some po-
tentially useful exotic properties, such as a large magnetic 
moment.

At first glance, a free-standing 2D metal seems impos-
sible. This is because the bonding between atoms in a met-
al is mediated by conduction electrons, which are free to 
move in any direction. As a result, metals tend to have 3D 
crystal structures and no tendency to form planar sheets. 
This is unlike crystalline carbon, which is held together by 
highly directional covalent bonds that allow free-standing 
atom-thick sheets of graphene to exist. While single epi-
taxial layers of metal atoms can be created on a substrate, 
these are not true 2D materials because the atoms are 
bonded to the underlying structure. 

A tiny patch of 2D iron in graphene

In the new research, Mark Rümmeli and colleagues 
at the Leibniz Institute for Solid State and Materials Re-
search in Dresden, Germany, and at institutes in Poland 
and Korea studied the behaviour of metal atoms at the 
edges of holes in graphene. They grew a sheet of graphene 
by chemical vapour deposition on a surface and detached 
it by etching the substrate with an iron-chloride solution. 
This left trace amounts of iron on the surface of the gra-
phene. Irradiating the graphene with an electron beam 
created small holes and also encouraged the iron atoms to 
move around. The edge atoms of graphene are the most 
reactive because they contain dangling bonds; so when the 
mobile iron atoms encounter the edge of a hole, they bond 
to it. This continues with iron atoms bonding to the other 
iron atoms around the edge, until the hole is completely 

sealed with a 2D square lattice of iron. 
The group’s theoretical calculations show that the 

largest thermodynamically stable sheet would be about 
12 atoms across – or just 3 nm – wide. The largest sheets 
observed in the experiment were only 10 atoms wide. Be-
yond this, the tendency of iron to form a 3D structure 
wins out over the bonding between the iron and carbon 
atoms at the edges. “The atoms usually form a tiny crystal 
that sticks to one of the edges,” explains Rümmeli, who is 
now at the Institute for Basic Science in Korea. 

Other calculations suggest that changes in the elec-
tronic band structure of the iron when it forms a 2D lat-
tice should give it a substantially larger magnetic moment 
than bulk iron. This, the researchers speculate, could make 
it useful for magnetic memories. 
[ J. Zhao et al, Science, 14 March 2014: 343,1228-1232, 
DOI: 10.1126/science.1245273]

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

New lens could turn your phone into a 
microscope
Researchers in Australia have invented a new kind of opti-
cal lens that could be combined with a smartphone cam-
era to create a microscope for diagnosing skin cancer or 
identifying agricultural pests. The lens, which is simple 
to make and costs almost nothing to produce, consists of 
droplets of polydimethylsiloxane (PDMS) gel that have 
been hardened in an oven. The lens can be made without 
anyone having to grind or mould it, which normally re-
quires specialized equipment and skills. 

The lens has been developed by Steve Lee and col-
leagues at the Australian National University, who came 
up with the idea by accident. While making PDMS using 
conventional moulds, Lee noticed that droplets of spilled 
gel that had hardened overnight in the oven were lens-
shaped. He showed them to a friend who is a medical doc-
tor, who pointed out that there is a demand for medical-
imaging lenses that are simple and cheap to make. 

Inspired by the discovery and its potential applica-
tions, Lee and colleagues devised a fabrication process 
that begins with a small droplet of the gel being placed 
onto a flat substrate, where it spreads out to create a flat 
base. After baking this base in an oven at 70 °C, a second 
droplet is then placed on top, and the substrate is flipped 
over so that the new droplet is clinging onto the underside 
of the base. The force of gravity on the drop ensures that 
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it forms a perfect parabolic shape and the sample is then 
baked again to harden the lens. “It’s very easy to do,” says 
Lee. “I think anyone could do it at home.”

Images taken using a PDMS lens (left) and a microscope

The team has used its technique to make lenses that 
are a few millimetres thick and have magnifications of up 
to ×160. The lenses can resolve structures as small as 4 μm 
and, according to Lee, they can therefore be used to image 
individual biological cells. While this magnification is not 
as high as commercial microscopes, Lee points out that it 
can be achieved at a fraction of the cost.

To show that the lenses can be used for practical medi-
cal applications, the team has created a simple “clip-on” 
device that converts a smartphone into a “dermascope”: 
a medical device that is used to diagnose skin cancers and 
that can cost $500 or more. Built for about $2 using a 3D 
printer, the device integrates a lens, battery and a light-
emitting diode (LED) into an imaging module that can be 
attached to a smartphone. The device can then be pointed 
at a patient’s skin to take images of, say, a skin lesion. 
[W.M. Lee et al., Biomedical Optics Express, 5  1626-1635 
(2014); http://dx.doi.org/10.1364/BOE.5.001626]

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

Nanoparticles boost solar-energy capture 
by plants
Nanoparticles could increase the amount of solar energy 
captured by plants by as much as 30%. That is the conclu-
sion of researchers at the Massachusetts Institute of Tech-
nology (MIT), who have shown that plants with semi-
conducting carbon nanotubes in their leaves can better 
convert energy from sunlight into electrical current. 

The team believes that the discovery could be exploit-
ed in a new field dubbed plant “nanobionics”, whereby na-
noparticles could enhance natural functions in ordinary 
plants and also be used to create artificial plant-like sys-
tems that grow and repair themselves using sunlight and 

water. Potential applications include biochemical detec-
tors for monitoring pollutants in the environment and 
perhaps even new technologies that would help increase 
crop yields. 

“Plants provide us with food and fuel, and even the ox-
ygen we breathe, but they have been little used in technol-
ogy applications until now,” says team member Juan Pablo 
Giraldo. “We are talking about a new field at the interface 
between nanotechnology and plant biology, which we 
have called plant nanobionics.” 

The first bionic plant basks in the glow.

According to the MIT team, the nanotubes appear to 
enhance the amount of light absorbed by chlorophyll at 
wavelengths that are normally only weakly captured by 
plants. This includes green light as well as the ultraviolet 
and near-infrared parts of the electromagnetic spectrum. 
The result is that the nanoparticle-treated plant leaves can 
produce as much as 30% more photocurrent than non-
treated plants. 
[ J.P. Giraldo et al., Nature Materials,13, 400–408(2014); 
doi:10.1038/nmat3890]

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

Oyster’s secret of strength
A series of nanoscale mechanisms that make a transpar-
ent oyster shell resistant to the piercing teeth of predators 
has been revealed by researchers in the US. The discovery 
could lead to better transparent protective equipment, 
such as face guards and bullet-resistant windscreens that 
stay intact and retain visibility, even after multiple im-
pacts, the researchers say. 

The discoveries were made by Christine Ortiz and 
Ling Li at the Massachusetts Institute of Technology. The 
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pair focused on the shell of the windowpane oyster, Placu-
na placenta, which lives in waters off the Philippines and 
other parts of the tropical central Indo-Pacific region. As 
the only transparent bivalve shell, it might be the toughest 
see-through material in nature. 

Ortiz first encountered the oyster when she became 
interested in a US Department of Defense initiative to 
replace its laminated-glass bullet-resistant windscreens 
with a material that can retain visibility after multiple hits. 
During a trip to the Smithsonian Institution in Washing-
ton, DC, she and her colleagues counted about 10 animal 
species with semi-transparent armour. Since bivalve shells 
are especially tough, the group settled on the calcite-based 
shell of P. placenta. “We smashed it, and it wouldn’t break,” 
she says, adding “We stabbed the shell with a knife, and it 
still wouldn’t break.” This is unlike a sample of the mineral 
calcite, which “broke into a million pieces”. 

 

Shatter-proof shell in action

Using a variety of electron-microscopy techniques, Ortiz 
and Li found that unlike in most materials, cracks did not 
radiate from points of impact on the shell. The studies 
revealed that the shell’s toughness is a result of how very 
thin calcite layers respond to being hit. These layers make 
up about 99% of the mass of the shell and have an aver-
age thickness of 300 nm. The layers comprise elongated, 
diamond-shaped tiles that are arranged like a mosaic. Be-
tween the calcite layers lie much thinner layers of organic 
material. 

Although the oyster shell is far from bulletproof, Or-
tiz suggests that its energy-dissipation mechanisms could 
be used to develop materials suitable for equipment that 
could protect soldiers’ eyes and faces, bullet-proof shields, 

and other protective equipment for combat use. 
[L. Li et al, Nature Materials, 13, 501–507 (2014); 
doi:10.1038/nmat3920]

Extracted with permission from an item by Andy 
Boyles at physicsworld.com.

Laser mimics biological neurons using light
A tiny laser built up from thin layers of semiconductor 
can behave just like a biological neuron, according to a 
group of physicists in France. The team has shown that its 
“micropillar” laser can be made to fire only when its input 
shifts by some minimum amount, just like a neuron. Suc-
cessive firings of the device must also be well separated in 
time, which is also a crucial feature of biological neurons. 

The human brain consists of around 100 billion neu-
rons, each of which receives electrical signals from other 
neurons via thousands of tiny junctions known as syn-
apses. When the sum of the signals across its synapses ex-
ceeds some threshold value, a neuron “fires” by sending a 
series of voltage spikes to large numbers of other neurons. 
As such, neurons are “excitable”: below a certain input 
threshold the system’s output is very small and linear, but 
above the threshold it becomes large and nonlinear. 

Scientists have long tried to build artificial neurons 
that can recreate the enormous processing power of the 
brain, which has a capacity for understanding that has no 
parallel in existing digital computers. Much of this effort 
has concentrated on silicon circuitry, while a few groups 
have explored more novel approaches, such as the one that 
exploits superconducting devices known as Josephson 
junctions. 

The latest work does away with electronics altogether 
and instead relies on optics. Sylvain Barbay and colleagues 
at the CNRS Laboratory for Photonics and Nanostruc-
tures outside Paris use what is known as a micropillar la-
ser. Measuring just 10 µm high and a few microns across, 
the cylinder-shaped device consists of alternating layers of 
semiconductor materials grown on a substrate. These lay-
ers create a lasing medium bounded by two parallel mir-
rors, and a region that absorbs low-intensity light while 
transmitting light of higher intensities. 

To demonstrate its neuron-like qualities, the research-
ers optically pumped the device with a 794 nm diode-
array laser and then excited it further with an 800 nm 
titanium-sapphire laser. Using a single pulse from the lat-
ter, they were able to demonstrate excitability, with the 
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BOOK REVIEWS
Mt Stromlo Observatory 
– From Bush Observatory 
to the Nobel Prize
by Ragbir Bhathal, Ralph Sutherland and 
Harvey Butcher 
CSIRO Publishing, Melbourne (2013), 
344 pages 
ISBN 9781486300754

Reviewed by Peter Robertson, School of 
Physics, University of Melbourne.

This is the second history of the Mt Stromlo Observa-
tory near Canberra to appear in recent times, following 
‘Stromlo: An Australian Observatory’ by Tom Frame and 
Don Faulkner (Allen & Unwin, 2003).  The new history is 
more detailed than the first which appears to be the justi-
fication for the second.  Authored by historian of astrono-
my Bhathal and the Stromlo astronomers Sutherland and 
Butcher (director in 2007–13), the book was launched 
last year as part of the centenary celebrations of our bush 
capital.

The observatory began life as a government depart-
ment responsible for time keeping and solar observations 
and later became an optical munitions factory for the 
armed services during World War II.  In 1949 the observa-
tory was absorbed into the Australian National University 
and during the early 1950s changed its focus to galactic 
astronomy and astrophysics.

The book devotes a chapter to the terms of each of 
the seven directors who followed the inaugural direc-
tor Walter Duffield:  Richard Woolley (1939–55), Bart 
Bok (1957–66), Olin Eggen (1966–77), Don Mathew-
son (1979–86), Alex Rodgers (1992–93), Jeremy Mould 
(1993–2001) and Penny Sackett (2002–07).  Six months 
after Sackett’s appointment a firestorm devastated the ob-
servatory with its buildings, infrastructure and all but one 
of its telescopes destroyed.  The tragedy was compounded 
when it was found that the ANU had seriously under-in-
sured the actual value of the observatory.

In the late 1950s the ‘seeing’ at Stromlo became in-
creasingly degraded by light pollution from the rapidly ex-
panding suburbs of Canberra.  Bart Bok led a wide search 
for a better site and chose Siding Spring Mountain in the 
Warrumbungle Range in northern NSW.  The site is now 
home to most of Australia’s major optical telescopes and 
instrumentation, worth an estimated $300 million.  In 
2013 the Stromlo tragedy in 2003 was almost repeated 
when bushfires came within metres of the Siding Spring 
buildings.

The various directors of the observatory have been 
widely admired and respected in holding the pre-eminent 
position in Australian optical astronomy, with the excep-
tion of the American Olin Eggen.  In the early 1970s Egg-

device firing only when exposed to pulses of some tens of 
nanojoules. This occurs on timescales of just 200 picosec-
onds. This makes the artificial neuron much quicker than 
either its biological or electronic counterparts, which have 
response times in the order of milliseconds. 

Artist’s impression of firing neurons

Using pairs of pulses from the titanium-sapphire laser, 
Barbay and colleagues were then able to demonstrate a 
second fundamental attribute of their imitation neuron: a 
minimum gap in time between firings. Without this gap, 
explains Barbay, a neuron’s activity could become disor-
dered, with noise triggering other pulses. They found that 
the device fired only once when subject to two input puls-
es spaced less than 150 ps apart – that time interval being 
known as the “absolute refractory period”. The researchers 
also found that the device has a “relative refractory period”, 
which occurs between 150 and 350 ps after the first pulse 
is delivered. During this time period, the resulting firing is 
weaker and required a stronger trigger than needed after 
350 ps, when the device fires just as it does in response to 
an initial pulse. 

“This relative refractory period has never been seen be-
fore in optical systems,” says Barbay. “Its observation is in-
teresting since it enforces the analogy with biological neu-
rons and because it shows that the system has a ‘memory’ 
of its previous state.” 
[F. Selmi et al, Phys Rev Lett 112, 183902 (2014)] 

Extracted with permission from an item by Edwin 
Cartlidge at physicsworld.com.

AIP Congress
7-11 December, Canberra

See details on page 99
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en was at the centre of a concerted attempt by the ANU to 
take control of the management of the Anglo-Australian 
Telescope, then under construction at Siding Spring.  The 
move was eventually blocked by British and other Aus-
tralian astronomers, but it led to a major rift within the 
Australian astronomical community that lasted for years. 

As the book’s title suggests, the concluding chapter 
is an account of Stromlo astronomer Brian Schmidt and 
his part in the discovery of the accelerating expansion of 
the Universe (see Aust.Phys, 48, 169 (2011)).  Although 
Schmidt and his team carried out the crucial observa-
tions with the Keck telescope in Hawaii, and not at Siding 
Spring, this in no way diminishes the importance of his 
Nobel Prize to Australian astronomy and physics.

The book is well illustrated with numerous photos 
that are of good quality, relevant to the main text, and ac-
companied by informative captions.  I can strongly recom-
mend that you add this book to your collection.  It is a 
worthy addition to the growing body of work on the his-
tory of Australian astronomy (see www.publish.csiro.au).

Magnificent Principia: 
Exploring Isaac Newton’s 
Masterpiece
by Colin Pask 
Prometheus Books, New York (2013), 
528 pages 
ISBN:  9781616147457 (hardcover), 
9781616147464 (ebook)

Reviewed by Michael Hall, Centre for 
Quantum Dynamics, Griffith University

It is easy to get hold of a copy of Newton’s Principia Math-
ematica in English translation – e.g, from secondhand 
bookshops or online libraries – but not so easy to actually 
read it!  There is a wonderfully accessible introductory sec-
tion, on time and space and the famous Laws of Motion, 
but Newton then quickly moves into a poorly structured 
plethora of mathematical results, presented in an unfamil-
iar style (both then and now).  Thus the average reader of 
the Principia is likely to give up in frustration, and miss 
out on the many hidden gems to be found throughout. 

Now Colin Pask has come to our rescue, offering an 
excellent guide to safely lead us through the highlights of 
a stunning scientific achievement.  Many readers will, like 
myself, be surprised by beautiful nuggets that Pask un-
earths for our appreciation – and better understand why 
Newton deserves his reputation as one of the great think-
ers of all time.

Pask begins by giving a brief history of the man and 
his many facets, as well as setting the context for Newton’s 
work with respect to his scientific predecessors and con-
temporaries.  But the star of his book is the Principia itself: 

its structure, its results, and their lasting scientific, philo-
sophical and experimental significance.

Newton’s primary motivation was to show that the 
only force consistent with Kepler’s laws of planetary mo-
tion is the now familiar inverse-square law of universal 
gravitation – and use this to quantitatively explain phe-
nomena as varied as the falling of the famous apple, the 
shape of the Earth, the tides, precession of the equinoxes, 
cometary orbits, and intricacies of the moon’s motion.  

However, both in the results obtained and the rigorous 
theoretical and experimental methods employed, Newton 
went much further.  He explored generalisations, devel-
oped useful numerical methods, and obtained many new 
and unprecedented results in other areas of mathematics 
and physics – in some cases the first results in these areas.  

Pask allows us to also appreciate this broader perspec-
tive – including discussion of absolute vs relative motion; 
finding the shape of least resistance for moving in a fluid 
(the first example of the calculus of variations); formulas 
for the speed of sound and water waves; a calculation of 
the age of the Earth, by modelling it as a lump of cooling 
iron; an experimental attempt to detect the presence of an 
aether; and the rudiments of perturbation theory for the 
many-body problem based on an unexpected property of 
inverse-cube forces.

A remarkable example discussed by Pask, showing 
how Newton typically aimed at more than simply solving 
any given problem, arises in making orbital predictions: 
finding the area of intersection between an ellipse and 
an arbitrary straight line.  He gave a brilliant topological 
proof that such areas cannot be determined from any fi-
nite polynomial equation (described by the famous Rus-
sian mathematician V. I. Arnol’d as 200 years ahead of its 
time); showed the problem could be solved exactly, albeit 
impractically, using cycloids; and finally introduced an it-
erative method for efficiently approximating the area, now 
famous in numerical analysis as the Newton-Raphson 
method.

Pask has worked hard to make his guide of value to a 
variety of readers.  It is not necessary to have a copy of the 
Principia on hand, although I found this useful for explor-
ing some topics further. There are clear summaries of each 
chapter’s content; suggested reading plans depending on 
mathematical background and interests; optional sections 
describing results in modern notation; and many sugges-
tions for further reading.  Even so, I think the most value 
will be obtained by those who have studied physics and 
mathematics at least up until to the end of high school.  
With this provisio, I recommend the book to anyone 
wishing to gain a better appreciation of Newton’s master-
piece.
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Thomas Frederick (Fred) Smith was 
born in London on 30 May, 1939.  
With the outbreak of war, the family 
moved to the north-east of England, 
to Sunderland where he received his 
primary and secondary education be-
fore entering the University of Shef-
field on a State Scholarship in 1957.  
He graduated B.Sc. (with First Class 
Honours in Physics) in 1960 and was 
awarded a Junior Research Fellow-
ship at Sheffield where he completed 
his Ph.D. in 1963.  His Ph.D. Thesis, 
“The Specific Heat of Some Pt3Fe 
Alloys”, was completed under the su-
pervision of Dr. John Crangle.  While 
at Sheffield University he met Marian 
Redfearn and they were married on 2 
April, 1963.
With wife Marian, he departed Eng-
land for La Jolla in California, joining 
Professor Bernd Matthias’s group to 
study superconductivity at the newly 
created University of California, San 
Diego.  Matthias was convinced that 
he could find materials, initially me-
tallic alloys which perhaps needed 
squeezing, that would superconduct 
up to room temperature.  Fred chose 
to show whether high pressures would 
aid superconductivity and worked 
with his student Paul Chu, who, later 
with others, discovered the new high 
temperature superconducting ma-
terials.  Matthias produced a highly 
charged atmosphere and young re-
searchers were expected to be self-driv-
en and work hard, benefitting from 
a constant stream of distinguished 
visiting scientists such as Anderson (a 
future Nobel laureate), Zachariasen, 

Fröhlich, Geballe, Ziman, etc.  Fred 
enjoyed this stimulating environment 
and held a series of different positions 
until April, 1967.
In May, 1967 Fred returned to the 
U.K. with his family, taking a posi-
tion as a Senior Research Fellow at 
the Atomic Energy Research Estab-
lishment, Harwell.  His collaboration 
with Dr. Bill Gardner prospered dur-
ing this period.  He lectured widely 
and also worked with Dr. Rex Harris, 
University of Birmingham.  In Bill’s 
words, “Fred made the equipment 
move into the fledgling computer era, 
using the Harwell IBM mainframe 
computer and programmes he wrote 
with data input based on boxes of 
punched cards that were so slow that 
they had to be run overnight - a com-
puting world now unimaginable to 
young students…”
After almost three years at Harwell, 
Fred and Marian decided to return to 
La Jolla, again in the Matthias super-
conductivity group.
Dr. Smith’s next move in May 1973 
took him to Australia as a Senior Re-
search Scientist within the CSIRO 
Division of Physics in Sydney, work-
ing with Dr. Guy White.  It was here 
a long and productive research col-
laboration with Dr. Trevor Finlay-
son, a Lecturer in the Department of 
Physics, Monash University, began.  
The Monash Department was well 
equipped to produce materials and 
to measure superconducting proper-
ties while the CSIRO laboratory had 
excellent equipment for the measure-
ment of thermal expansion at low 
temperatures.  Fred also decided to 
take up long distance running at this 
time, eventually working up to run-
ning marathons in the 1980’s.
Fred became a Senior Lecturer in the 
Department of Physics at Monash 
University during 1974 and moved to 
Melbourne with Marian, Helen and 
Paul.  He was appointed Professor in 
1976 following the departure from 
Monash of the Department’s found-
ing Professor and Chairman, Robert 

Street.  He subsequently served as 
Chairman of the Department from 
1981 to 1991 before moving to La 
Trobe University to become Deputy 
Vice-Chancellor (Research), a posi-
tion which he held until his retirement 
in 2004.  Throughout he continued 
his research collaboration with Finlay-
son at Monash, which produced over 
50 papers covering a broad range of 
materials and physical properties, and 
included the research training of 15 
postgraduate students.
During his later career, Professor 
Smith proved to be a most compe-
tent Administrator, serving as Presi-
dent, Australian Institute of Physics 
(1985-1986), President of the Fed-
eration of Australian Scientific and 
Technological Societies (1985-1987), 
Chair, AVCC Pro-Vice-Chancellors 
(Research) Committee (1993), Chair, 
Australian Science Olympiads Com-
mittee (1987-96), Honorary Secre-
tary, Council of Australian Academy 
of Technological Sciences and Engi-
neering (2005-08), Honorary Secre-
tary, The Royal Society of Victoria 
(2007-10), President, Australian In-
stitute of Genealogical Studies (2007-
10), and many other roles.  He was 
honoured with a Fellowship of The 
Academy of Technological Sciences 
and Engineering in November, 2000 
and with elevation to Member, Or-
der of Australia (AM) and Centenary 
Medal in 2001.
In retirement, Fred was an Honor-
ary Professorial Fellow in the Centre 
for Population and Urban Research, 
Monash University, working closely 
with Dr. Bob Birrell.  He assisted post-
graduate students with their research 
and participated in a number of im-
portant projects with Bob within the 
Centre.  He was also a keen genealo-
gist from 2000, researching many fam-
ily trees beyond his own, and a regular 
publisher in the Institute magazine 
The Genealogist.
Professor Smith is survived by his wife, 
Marian, their two children, Helen and 
Paul and four grandchildren.

Thomas Frederick (Fred) Smith AM, FTSE 
1 9 3 9 – 2 0 1 4

Trevor Finlayson, Bill Gardner and Paul Smith

Image courtesy Monash University Archives, IN270.



AUSTRALIAN PHYSICS 95MAY–JUN 2014  |  51(3)

PRODUCT NEWS

COHERENT SCIENTIFIC
Vitara: Ultra wide TiS performance envelope 
on a fully automated platform

Coherent’s Vitara family of automated Ti:Sapphire lasers 
provides the widest bandwidth available from a fully au-
tomated tuneable Ti:Sapphire oscillator platform.  Vitara 
models have bandwidth adjustable to more than 220 nm, 
wavelength tuning over 755-860 nm, and compressed 
pulse durations of <8 fs. 
Vitara lasers are designed for maximum ease of use and are 
fully automated.  The lasers are built to Coherent’s exact-
ing industrial laser manufacturing processes – including 
rigorous HASS (Highly Accelerated Stress Screening) for 
high reliability. The lasers include features such as:
•  Computer controlled bandwidth (<180 nm to >220 nm)
•  Computer controlled tuning (755-860 nm)
•  >930 mW output power
•  Carrier Pulse Envelope stabilization
•  <8 fs pulsewidth capability
•  Integrated spectrometer
•  Low noise (<0.1% rms)
•  PowerTrack active optimization
•  Integrated Verdi-G pump laser
•  Compact footprint
Note that some options are mutually exclusive. 

NEW - Coherent Astrella – the new standard 
in ultrafast laser amplifiers
The exciting ultrafast announcement from Photonics 
West 2014 – the Coherent Astrella.    Astrella is designed 
and manufactured to be at the forefront of an industrial 
revolution in ultrafast science, and is the culmination of 
several development projects.  Coherent’s expertise as the 

proven leader in developing and consistently improving 
high power amplifier systems is leveraged together with 
advanced, stress-testing techniques developed for the pro-
duction of our commercial lasers used in demanding in-
dustrial applications. This is backed up by affordable war-
ranty packages providing up to five years of coverage.  

All this enables higher productivity and contributes to 
an overall lower cost of data.
•  Energy >6 mJ, 1 kHz 
•  Pulse Width <35 fs 
•  Stability <0.5% rms 
•  Beam quality M2 < 1.25
The Astrella is the new standard of both excellence and 
economy for amplified ultrafast, featuring:
•  Integrated Vitara seed laser, new pump laser, new STAR 

regenerative amplifier and new proprietary sealed, com-
pact stretcher/compressor for ultimate stability and reli-
ability 

•  HASS-tested at sub-component and system level for su-
perior product quality and reliability 

•  All major sub-systems thermally-stabilized for reliable 
long-term performance 

•  Innovative, water-only cooled Ti:Sapphire rod assembly 
for improved beam quality and thermal management

The integrated, one-box design employs the new STAR 
regenerative amplifier module for increased energy, beam 
quality and stability. This is seeded by Coherent’s hands-
free Vitara oscillator, and is powered by a new pump laser 
offering enhanced power overhead, stability and beam 
quality. The final, key sub-system is the proprietary, sealed 
stretcher/compressor designed for superb dispersion 
compensation and durability.

NEW  - Coherent Fidelity – 70 fs, 2 W fibre 
oscillator with adjustable chirp compression
Coherent’s revolutionary ultrafast fibre oscillator plat-
form offers a unique combination of high average power 
and extremely short pulses in a simple to operate, mainte-
nance-free and compact package.
•  >2 W @70 Mhz (nominal) average power
•  <70 fs pulse duration
•  Built-in user-adjustable dispersion compensation
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Delivering over 2 W of sub 70 fs pulses at 1055 nm, the 
Fidelity fibre oscillator opens up a broad range of scientific 
and commercial opportunities in applications as diverse as 
optogenetics, terahertz generation and fundamental ma-
terial research. Of course, for ultrafast pulses to be most 
effective in these types of applications, they must maintain 
their pulse width (maximum peak power) on target. By 
incorporating a user-adjustable dispersion compensation 
into the laser head, Fidelity delivers the shortest possible 
pulses to the sample.

For more information on these products please contact 
our ultrafast laser specialist: Dr. Dale Otten dale.otten@
coherent.com.au

For further information please contact Coherent Scientific 
at sales@coherent.com.au

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

LASTEK
Ocean Optics IDRaman Mini - Small, Rugged 
and Flexible 

Ocean Optics’ IDRaman mini delivers rapid and accurate 
measurements of liquids and solids that identify, authen-
ticate, and verify unknown samples using Raster Orbital 
Scanning (ROS), providing a five to ten-fold increase in 

sensitivity without sacrificing resolution by scanning a 
tightly focused beam over a large sample area.
Key Features:
•  785 nm Raman laser excitation - 2 cm-1 line width, <0.1 

cm-1 stability
•  Long battery life - >11 hours from 2 commercially avail-

able AA batteries
•  Light weight - 330 grams (11 oz.)
•  Compact size - 9.1 x 7.1 x 3.8 cm3 (3.6 x 2.80 x 1.5 in3.)
•  Great flexibility - measures both liquids (vials) and solid 

samples
•  High visibility display - 7.1 cm (2.8 in) resistive touch 

display
•  Ease of use - intuitive user interface
•  High speed acquisition - visual confirmation in <9.0 s
•  Self-calibration - includes onboard software driven cali-

bration
•  Raster Orbital Scanning function - allows detection of 

inhomogeneous samples without sample degradation
•  Library recognition - use of proprietary data analysis al-

gorithm for high accuracy identification; low false posi-
tives and false negatives; compatible with Ocean Optics 
software.

TOPTICA DLC DL pro 780 – Demo System 
Now Available! 

With TOPTICA’s DLC pro electronics, high-end laser 
control now enters the digital world! The new digital laser 
controller for TOPTICA’s tunable diode laser DL pro sets 
new benchmarks with regards to low noise and low drift 
levels. It provides intuitive touch control and powerful re-
mote operation to run and frequency stabilise the DL pro. 
Never before has the use of tunable diode lasers for de-
manding experiments in quantum optics and spectroscopy 
been so convenient.

The DLC pro comes with current, piezo and tempera-
ture controllers, providing unprecedented noise and drift 
properties to boost the performance of the established 
TOPTICA DL pro systems. The low noise and drift ena-
bles linewidths down to 10 kHz to be achieved.



AUSTRALIAN PHYSICS 97MAY–JUN 2014  |  51(3)

Key features of the DLC pro electronics
•  All digital controller for Toptica DL pro
•  Extremely low noise and precise control
•  Convenient knobs and multi-touch user interface
•  Remote PC GUI and command control
•  Intelligent, in-built locking features
If you would like to see the DLC pro electronics in action, 
Lastek now have a demonstration system available at 780 
nm. If you have any interest in the TOPTICA DLC DL 
pro 780, please contact our Laser Systems Manager, Jeshua 
Graham: jeshua@lastek.com.au.

Altechna Laser Components – Now Available 
at Lastek! 

Lastek are happy to an-
nounce that they are now 
the official distributor 
for Altechna Laser Com-
ponents. Hailing from 
Lithuania, Altechna 
offer a comprehensive 
range of optical compo-
nents for a wide array of 
applications including 

general optics such as lenses, prisms and aspheres and also 
specialty polarisation optics, non-linear crystals and laser 
accessories.

Altechna have been growing steadily since their crea-
tion in 1996 and strive to provide valuable solutions to all 
customers by offering:
•  Highly qualified technical staff who can work with you 

to develop any solutions you require
•  Large number of standard products available from stock
•  Specialty ultrafast optics in standard designs
•  All products are meticulously tested at the Altechna in-

house quality control department
•  Wide experience in providing custom optics in various 

fields
•  Numerous pre-assembled laser accessories such as motor-

ised attenuators, laser beam shaping units and IR viewers
For all of your specialty optics needs, look no further than 
Altechna and Lastek!

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

WARSASH SCIENTIFIC
Higher Powers at 532nm and 561nm

Ultra-compact Cobolt SLM DPLs at 532 nm and 561 nm 
are now available from Warsash Scientific with even high-
er powers. The DPL 532 nm is available with output pow-
ers of 200 mW, while the DPL 561 nm is available with 
output powers of 100 mW.

The 06-01 Series offers a standardised compact form 
factor and a wide wavelength span in a plug and play for-
mat, utilising the most ideal laser technology to achieve 
the wavelength whilst maintaining the form factor.

Enhanced High-Performance Avalanche 
Photodiodes for Ultra-Low Light 
Applications

Excelitas recently announced the availability of an en-
hanced series of avalanche photodiodes (APDs) that pro-
vide high-responsivity for ultra-low light applications.

Featuring a double-diffused “reach-through” structure, 
the C30902EH-2 and C30902SH-2 APDs are fabricated 
with a built-in 905 nm band pass filter for high efficiency 
and rapid rise and fall times. The modules can be used in 
normal linear mode or in “Geiger” mode, to meet custom-
ers’ specific needs in LIDAR, range-finding, small-signal 
fluorescence, photon counting and bar code scanning ap-
plications.

The EH-2 version’s low-level light and advanced signal 
detection capabilities are further enhanced by a hermet-
ically-sealed TO-18 package that enables minimal signal 
losses without the risk of endangering detector stability. 
Both modules offer high quantum efficiency (77% typical 
at the 830 nm wavelength) and rapid spectral response in 
the 400-1000 nm range.
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Renishaw Wins a Queen’s Award

Renishaw, the global engineering technologies company, 
is delighted to announce that it has received a Queen’s 
Award for Enterprise 2014 in the Innovations category 
for its inVia Raman microscope.

This prestigious Award has been granted for the con-
tinuous development of the inVia, with ultra-fast Raman 
imaging, which enables the rapid generation of high defi-
nition 2D and 3D chemical images for material analysis. 
This is the company’s seventeenth Queen’s Award since its 
formation in 1973 and its eighth in just eleven years.

inVia’s StreamLine™ technology enables users to gen-
erate chemical images rapidly and it has opened up new 
research opportunities in many fields, including biology 
and nanotechnology. StreamLine scans the sample with 
a line of laser light, collecting data from multiple points 
simultaneously. This prevents sample damage and gives 
shorter analysis times. StreamLine is made possible by a 
Renishaw-developed motorised sample stage, which pro-
vides fast, accurate motion, and enables the imaging of 
both small and large areas. StreamLine’s performance is 
significantly superior to previous imaging techniques, al-
lowing users to improve efficiency and reduce costs.

The Queen’s Awards for Enterprise are made each year 
by Her Majesty, The Queen, on the advice of the British 
Prime Minister, who is assisted by an Advisory Commit-
tee that includes representatives of Government, industry 
and commerce, and the trade unions.

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

A BOOK THAT SHOULD 
BE REVIEWED?

The book review editor welcomes the co-
operation of readers in identifying  suitable 

new books for review from time to time.

Contact book review editor John 
Macfarlane: jcmacfarlane@netspace.net.au.

How you can help 
Australian Physics

AN IDEA FOR AN ARTICLE?
It could be about your area of physics, an 

unusual career for a physicist, an Australian 
company that grew out of physics research, 

physics education, …. i.e. anything that 
might let the physics community know about 

physics-related activities in Australia.

If you have an idea contact the editor Brian 
James: brian.james@sydney.edu.au.

Have your say!
Want to write a one-page opinion piece on a 

topic relevant to physics?
It could be humorous, whimsical, a 

reminiscence, an interesting observation, a 
point of view you have always wanted to put 

forward,….
One page, approximately 750 words, is on 
offer for your opinion piece. Inclusion of 

images is encouraged, and one image will 
substitute for 150 words. Send submissions 

for consideration to the editor at 
 brian.james@sydney.edu.au.



CALL FOR ABSTRACTS AND REGISTRATION NOW OPEN 
The 21st biennial Australian Institute of Physics Congress, The Art of Physics, will be held at the ANU in 
Canberra in the week of December 7-11 in 2014.  The Congress also incorporates the annual meeting 
of the Australian Optical Society as well as meetings of the many technical groups and discipline areas 
associated with the AIP.  The AIP Congress will be preceded by the OSA Renewable Energy and Environ-
ment Congress, which will also be held at the ANU on December 2-5. 

The Call for Abstracts is now open. 
See http://aip2014.org.au/abstracts Submissions close Friday 27 June 2014.

Take advantage of our generous early bird rates by registering before Friday 29 August 2014. 
See http://aip2014.org.au/registration

We are keeping registration costs 10% lower than the previous Congress, with even more attractive rates for 
students.   Your full registration will include the welcome reception, full day catering and access to a number 
of other exciting activities and events.  Further details can be found on the Congress website.

The Congress will be held over five days with plans for seven concurrent sessions, daily plenaries, poster ses-
sions and a packed and lively social calendar.  The Art of Physics theme was chosen to explore the links be-
tween, and the beauty of physics and art.  We have assembled a stellar cast of plenary speakers, including two 
Nobel Prize winners:

• Prof Steven Chu, co-recipient of the Nobel prize for Physics (1997)

• Prof Paul Corkum, Director of the Attosecond Science Program at NRC and University of Ottawa.

• Prof Steven Cowley, CEO, United Kingdom Atomic Energy Authority

• Dr Lisa Harvey-Smith, project scientist for the Australian SKA Pathfinder (ASKAP)

• Prof Lawrence M. Krauss, Arizona State University & ANU

• Prof Steven Sherwood, Climate Change Research Centre, UNSW

• Prof Anke Rita Kaysser-Pyzalla, Scientific Director HZB and chair of IGAFA

• Professor Lisa Randall,  Theoretical particle physics and cosmology at Harvard University

• Prof Serge Haroche, co-recipient of the Nobel prize for Physics (2012)

Please make sure you submit your abstract for the Congress before 27 June 
so that your paper can be considered for inclusion in the Congress program.
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Vitara Ti:S 
Oscillator family
>930mW, 80MHz

<8fs to >30fs

Fully hands-free

Tuneable wavelength and bandwidth

Astrella Integrated
Ti:S Amplifier
6W Ti:S amplifier

<35fs

Fully hands-free

New STAR regenerative engine

Fidelity Ultrafast 
Fibre Laser
2W fibre laser

70fs, 70MHz

Fully hands-free

Adjustable dispersion

Read more in the Product News section inside

Longer Life. High Powers. Shorter Pulses.
New Ultrafast Lasers

Using new state-of-the-art HASS facilities, Coherent Ultrafast now provides
lower cost of data through increased product lifetimes, streamlined maintenance 

and support requirements, reduced downtime, and economies of scale. 

Ask us how HASS is providing every user Better Ultrafast – Every Day 
on these next generation ultrafast systems.


