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EDITORIAL

An end of year miscellany
In recent years we have published 
articles by persons who have been 
trained as physicists but work outside 
physics. The first article in this issue 
is a good example of this genre. Boris 
Martinac’s article Physics and Biophys-
ics: A life-long journey of a physicist in 
biology describes his work as a bio-
physicist investigating action poten-
tials and ionic currents in living cells.
Another familiar article for Austral-
ian Physics is one that looks at some 
historical aspect of physics in Austral-
ia. The second article adds to this archival material. In their article 
Centre of the Galaxy – Sixtieth anniversary of an Australian discovery, 
Peter Robertson and Joss Bland-Hawthorn, describe how the earli-
est radio telescopes in Australia were used to identify the Galactic 
centre.
The third article, ARC: How random is the grant system? by Hans 
Bachor deals with a contemporary issue of particular interest to uni-
versity physicists. 

Below is a letter from John Macfarlane, who has stepped down as 
Book Reviews Editor. I express my gratitude to John for his efforts 
over close to five years. At the same time I would be interested to 
hear from any member who would like to take over the position of 
Book Reviews Editor.

This being the last issue for 2014, the inner back cover contains 
a list of all the articles for volume 51 (2014). 

Finally, thanks to all contributors and others who have helped 
me during the year, and best wishes to all members for end of year 
festivities and for 2015. 

LETTER TO THE EDITOR
Dear Brian,

As I have recently decided not to continue as Book Reviews Edi-
tor, I would like to take this opportunity to express my thanks 
to all who have willingly contributed their valuable expertise and 
time to writing the 70-plus reviews that I have collated and sub-
mitted to you for publication over the past 4 or 5 years. I also 
thank you as editor and Peter Robertson as past editor for your 
editorial achievements over the same period. 

I would be willing to provide advice to any member who is con-
sidering taking on the role of Book Reviews Editor. 

Sincerely.
John Macfarlane (jcmacfarlane@netspace.net.au)

Brian James
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PRESIDENT’S COLUMN

This year’s Nobel Prizes
October is always a very exciting 
month in science, with the an-
nouncements of all of the Nobel 
Prizes, progressively through a sin-
gle week.  This year, in physics, we 
congratulate Isamu Akasaki, Hiro-
shi Amano and Shuji Nakamura for 
their achievements in developing 
gallium-nitride based blue light-
emitting diodes.  This technology al-
lows for solid-state lighting over the 
whole optical spectrum, in a man-
ner far more efficient than incandes-
cent light bulbs or even fluorescent 
tubes.  We now see them in regular 
use in the headlamps of high-end 
automobiles, and progressively they 
are taking over in domestic lighting.  
The impact on the domestic energy 
budget, and carbon footprint, is sig-
nificant.  Immediately after the an-
nouncement, I was with colleagues 
from Japan and there was immense 
pride that the awardees came pre-
dominantly from the Japanese So-
ciety for Applied Physics, rather 
than the Japanese Physical Society.  
Indeed the initial work was done in 
industry, in the Matsushita Research 
Institute and the Nichia Corpora-
tion.  The formal citation is “for 
the invention of efficient blue light-
emitting diodes which has enabled 
bright and energy-saving white light 
sources.”

And in chemistry, another im-
portant optics innovation is rec-
ognised, namely that of “breaking 
through the Abbe limit for optical 
imaging”. The Chemistry Prize went 
to Eric Betzig, Stefan W. Hell and 
William Moerner “for the develop-
ment of super-resolved fluorescence 

microscopy.”  The new methods 
depend on fluorescent molecules 
in conjunction with scanning, and 
while the applications are primarily 
in chemistry and biology, some of 
the original papers were in physics 
journals.

Maybe it is a coincidence, but 
it’s great that these achievement in 
optics are recognised just as we are 
about to commence the United Na-
tions’ International Year of Light 
and Light-based Technologies in 
2015.  There will be a number of 
events in and around Australia next 
year, and the AIP is fully supporting 
these.

And then of course, the Nobel 
Peace Prize was awarded in part to 
Malala Yousafzai, the brave Pakistani 
girl who has fought for the rights of 
girls to get an education, and who 
almost paid for this with her life.  
I think we can reflect on the diffi-
culties that women and minorities 
may face getting a good education 
in science or engineering in our own 
country, even if the obstacles are not 
as extreme as in some other parts of 
the world.  In the context of physics, 
we often say that Lawrence Bragg 
was the youngest Nobel laureate in 
any subject, at the age of twenty-
five.  But now his hundred-year-old 
record has been broken by Malala, 
and in what a wonderful symbolic 
way.

Changing subjects, the CSIRO 
has now announced its new Chief 
Executive Officer, physicist Dr. Lar-
ry Marshall, as successor to Megan 

Clark.  We are very glad to wel-
come him back to Australia after 25 
years in the United States as a ven-
ture capitalist.  It’s good to see the 
CSIRO choosing a physicist, with 
very strong overseas experience in 
Silicon Valley, where the connection 
between high-quality research and 
national prosperity is self-evident to 
all. But as we all know, the Austral-
ian political and funding climate for 
science in general, and physics in 
particular, is not very easy at pre-
sent.  So we will have to continue 
to make our case both to the public 
and to government, as they navigate 
through the changes that are being 
proposed for higher education, in-
frastructure and research funding.

As this is the last AIP President’s 
Column for 2014, I would like to 
wish all of our members a very hap-
py and safe break over the summer 
holidays so that we can all come 
back to our laboratories, computers 
or industries in January or February 
2015 refreshed and ready to do great 
things in physics in the New Year.  
No doubt, the New Year will bring 
fresh challenges and surprises, along 
with exciting new discoveries.

Rob Robinson
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NEWS & COMMENT
Alan Walsh Medal 2013
The AIP’s Alan Walsh Medal for Service to Industry 
for 2013 has been awarded the team of Professor Ping 
Koy Lam (Quantum Optics, Australian National Uni-
versity), Professor T. C. Ralph (Physics, University of 
Queensland) and Dr Thomas Symul Lam (Quantum 
Optics, Australian National University) for commercial-
ising quantum key distribution through their company 
QuintessenceLabs. The winners are members of The 
Australian Centre of Excellence for Quantum Compu-
tation & Communication Technology, an ARC Centre 
of Excellence.

The medal will be presented along with other AIP 
medals and awards at the 21st AIP Congress in Can-
berra 7-11 December 2014, where the winners will give 
a presentation about their work. There will also be an 
article published in Australian Physics during 2015.

This award recognises significant contributions by 
a practicing physicist to industry in Australia. It com-
memorates the late Sir Alan Walsh, Kt, FAA, FTS, FRS, 
one of Australia’s most eminent and distinguished scien-
tists, who was the originator and developer of Atomic 
Absorption Spectrophotometry (AAS) and pioneered its 
application as a tool in chemical analysis.

Australian Antarctic Strategic Plan
A 20 Year Australian Antarctic Strategic Plan was re-
leased by the Australian Government in October. The 
terms of reference sought a comprehensive review of 
Australia’s Antarctic engagement, including: 
•  The strategic importance of Australia’s Antarctic 

interests
•  Expanding the role of Tasmania as the gateway for 

Antarctic expeditions and scientific research
•  Ensuring robust and reliable access to the Australian 

Antarctic Territory
•  Extending Australia’s reach across the Australian 

Antarctic Territory
•  Committing to undertaking nationally and globally 

significant science
•  Committing to exercising influence in the region 

through the Antarctic Treaty system
The review was led by Dr Tony Press, the CEO of 

the Antarctic Climate and Ecosystems Cooperative Re-
search Centre based at the University of Tasmania. From 
1998-2008 he was the Director of the Australian Ant-
arctic Division. 

The final report, which makes 32 recommendations, 
is available for download at http://20yearplan.antarc-
tica.gov.au/

New Chief Executive for 
CSIRO
Dr Larry Marshall will become 
the new Chief Executive of the 
CSIRO in January 2015. 

In announcing the appoint-
ment Chairman of the CSIRO 
Board Simon McKeon noted 
that Dr Marshall has “an im-
peccable record as a scientist, a 
technology innovator and busi-
ness leader”. He also thanked 

current Chief Executive Dr Megan Clark for her leader-
ship of CSIRO for the past six years. Dr Clark will leave 
CSIRO at the end of December this year.

Dr Marshall is currently Managing Director of 
Southern Cross Venture Partners, an early stage venture 
capital firm specialising in creating Australian technol-
ogy companies and growing them globally in Asia and 
the United States. Dr Marshall was educated at Mac-
quarie University where he took a doctorate in physics. 
He began his career in the Defence Science and Tech-
nology Organisation and has 25 years experience as an 
international technology entrepreneur and holds 20 pat-
ents protecting commercial products. He has founded 
six successful United States companies in biotechnology, 
photonics, telecommunications and semiconductors.

Prof Ping Koy Lam        Prof Tim Ralph        Dr Thomas Symul Dr Larry Marshall

The Aurora Australis, Australia’s Antarctic research 
and resupply
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2014 AIP Women in Physics Lecturer
Professor Sheila Rowan 
from the University of Glas-
gow is the 2014 AIP Wom-
en in Physics Lecturer. Over 
the next two months, she 
will give public and school 
talks around the country 
about experiments to detect 
gravitational waves.

Gravitational waves are 
amongst the most elusive 

signals from our Universe reaching the earth: “ripples in 
the curvature of space-time”. The information carried by 
these signals will give us new insight into the hearts of 
some of the most violent events in the Cosmos – from 
black holes to the beginning of the Universe.

A global network of gravitational wave detectors – 
including the UK-German GEO600 detector, the US 
LIGO detector project, the French-Italian Virgo detec-
tor project and the Japanese detector KAGRA – is now 
reaching the final stages of construction, with first data 
expected in 2015.

As director of the Institute for Gravitational Research 
in the School of Physics and Astronomy in the Univer-
sity of Glasgow, Professor Rowan will discuss the nature 
of gravitational waves, how the detectors work and what 
the data from the detectors can tell us about the Uni-
verse we inhabit.

The annual AIP International Women in Physics 
Lecture Series aims to spread to a non-specialist audi-
ence awareness of research and the possibilities offered 
by studying physics. Dates and locations for Sheila Row-
an’s school and public lectures can be found on the AIP’s 
website.

2014 Malcolm McIntosh Prize for Physical 
Scientist of the Year 
Dr Matthew Hill, Australian Research Council Future 
Fellow and leader of the Integrated Nanoporous Materi-
als team at CSIRO, has been awarded the 2014 Malcolm 
McIntosh Prize for Physical Scientist of the Year for his 
work on the development of metal–organic frameworks 
(MOFs) for practical industrial applications.

MOFs, networks of metal atoms linked and separat-
ed by carbon-based (organic) compounds, were first syn-
thesised in the late 1980s by chemist Professor Richard 
Robson at the University of Melbourne. They are about 
10 times more porous than any material known previ-
ously. They form crystals and, because they can be made 

using a broad range of metals and organic compounds, 
they can be designed to suit specific applications.

The structure of MOFs can be measured precisely 
by means of X-ray crystallography using the Austral-
ian Synchrotron, near to the research group’s base on 
Monash University’s Clayton campus. Pore sizes and 
shapes are assessed using a technique involving antimat-
ter, positron annihilation lifetime spectroscopy.

Dr Hill has a PhD (Chemistry) from UNSW.

2014 Prime Minister’s Prize for Excellence in 
Science Teaching in Secondary Schools 
The 2014 Prime Minister’s Prize for Excellence in Sci-
ence Teaching in Secondary Schools has been awarded 
to Mr Geoff McNamara.  At Melrose High School in 
Canberra, Geoff has created a hothouse of science learn-
ing complete with a seismometer, GPS antenna, and 
weather station, each transmitting real-time data straight 
into the classroom. In addition, he coordinates regular 
visits from practising scientists, and science field trips.

BRANCH NEWS
South Australia
A highlight for 2014 was annual Bronze Bragg medal 
presentation and lecture held in April. The medal was 
presented to Wendy Geng for best performance in Year-
12 physics in 2013, with certificates presented to about 
20 other students who achieved a merit. Following the 
medal presentation, the AIP SA branch was pleased to 
host Emeritus Professor Hans Bachor and QUESTA-
CON’s Alison McGregor for a lecture in their public 

Prof Sheila Rowan

Geoff McNamara

Dr Matthew Hill
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outreach tour ‘Hey Mate, Where’s My Jetpack?’: a fun 
and informative look at technology over the years and 
the critical role physics has played in its development. 
Together with visually engaging experiments, from 
guiding light in a stream of water to levitating a super-
conductor, Hans and Alison captured the audience’s 
attention with their enthusiasm and expertise, further 
shown in the many questions fielded afterwards. Public 
outreach and education is vital for conveying the ever 
increasing importance of physics - and, more generally, 
science - to the public and we hope their enthusiasm 
inspires others to do the same

SA branch chair Kristopher Rowland presented the 2013 
Bronze Bragg medal to Wendy Geng.

On 12 June the SA branch hosted a public lecture by 
Adrian Kiratidis titled “The Brazuca – A better ball? The 
Science of World Cup Soccer Balls”. Adrian is a PhD 
student in subatomic physics, but also plays soccer as a 
central midfielder. About 50 people attended, with al-
most all being people who I do not remember seeing at 
any previous AIP lectures.

Adrian showed the different types of soccer balls that 
have been used since 1930 in World Cup games, includ-
ing real examples on the bench of the types used in the 
previous two Cups and the Brazuca, the type used in 
the first match in Brazil, about 8 hours after the lecture. 
He then introduced the physics with a diagram showing 
the various forces acting on a ball in flight, these be-
ing drag, gravity and lift. For drag and lift he explained 
the basic physics, showed a relevant video from soccer 
matches illustrating the force in action, and used data 
from wind tunnel measurements to produce computer 
simulations comparing the tracks taken by a standard 
ball, those for the last two Cups and the present. These 
showed that the Teamgeist (from the 2006 world cup) 

would curve more than the others, including the Bra-
zuca. This was ascribed to its smooth panels resulting in 
a low drag at high speeds.  Furthermore, the seam length 
and depth of various balls such as the 2010 Jabulani was 
discussed.  The Jabulani had short and shallow seams 
which resulted in the transition from turbulent to lami-
nar flow occurring at a higher velocity than for the other 
balls. This transition produces a large increase in drag at 
typical velocities that players encounter, making it more 
difficult for them to predict its path. 

Adrian Kiratidis examines the factors determining drag on 
a soccer ball in flight. 

On 31 July the branch held its Mid-year dinner and 
awards night. Silver Bragg medals (available for the top 
student in a Physics degree at each SA University) were 
presented to Coco Wong of the University of Adelaide 
and Paul Sibley of Flinders University. The Excellence in 
Physics Teaching award (officially presented at the Na-
tional Science Week launch) was acknowledged at the 
dinner with a presentation to school teacher Clark Ross.

SA branch chair Kristopher Rowland presented Silver Bragg 
medals to Coco Wong and Paul Sibley and the Excellence in 
Physics Teaching Award to Clark Ross.
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INTRODUCTION
When I was asked and started thinking about writing 
this article I saw two possible ways of doing it. One of 
them was to write a scholarly article providing a general 
overview of the biophysics field from its beginnings in 
physiology and medicine to becoming an interdiscipli-
nary science encompassing major classical disciplines 
including physics, chemistry and biochemistry as well 
as molecular biology, computer science and nanotech-
nology as more recent disciplines. The second way I con-
sidered was to write this article based on my personal 
experience in molecular biophysics illustrating how my 
background in physics has helped me with doing re-
search towards better understanding of life processes at 
the molecular level. Given that there is a large number 
of excellent biophysics books in which interested readers 
can find much more detailed information on different 
aspects of biological physics (e.g. [1-4]) than it would 

ever be possible to cover in a short article like this one, 
I decided to take the second way and base the article on 
my personal experience. Using this approach I am hop-
ing to convey to readers and among them in particular 
to physics students and teachers, the excitement that a 
physicist can experience by doing research in biophysics 
and acquiring knowledge in biological sciences.

“...I am hoping to convey ... the 
excitement that a physicist can 
experience by doing research 
in biophysics and acquiring 
knowledge in biological sciences.” 

As a physicist specialized in solid-state physics hav-
ing also interest in bioelectricity I ended up early in my 
career working as a biophysicist studying action po-

Physics and Biophysics:
A life-long journey of a physicist in biology
Boris Martinac 
Victor Chang Cardiac Research Institute and St. Vincent’s Clinical School, The University of New South Wales, 
Darlinghurst NSW 2010, Australia

#Corresponding author: Dr Boris Martinac 
Victor Chang Cardiac Research Institute, Darlinghurst NSW 2010, Australia 
(TEL) +61-2-9295-8743, (FAX) +61-2-9295-8601 
(e-mail) b.martinac@victorchang.edu.au

Abbreviations: MS, mechanosensitive; MscS, mechanosensitive channel of small conductance; MscL, mechanosensi-
tive channel of large conductance; TM, Transmembrane; CD, cytoplasmic domain; EPR, electronparamagnetic reso-
nance, FRET, Förster resonance energy transfer.

Biophysics has developed as an interdisciplinary science between physics and biology from the need to 
study, understand and describe biological processes quantitatively. Its beginnings can roughly be dated 
back to the mid-last century and its further development as an independent scientific discipline continued 
from the seventies and eighties up to this date. Initially, biophysics did not have university departments 
or research institutes of its own and was mostly represented by the groups and laboratories within the 
fields of physiology, neuroscience, pharmacology, molecular biology, biochemistry, physics, chemistry, 
medicine, computer science and mathematics. Although this is still the case at many universities around 
the world also a large number of biophysics departments and schools, as well as biophysics research 
institutes have been founded in the meantime and exist today in their own right. They employ scientists 
having a wide range of backgrounds including in physics and mathematics. On my personal example 
of a physicist turned into a biophysicist I try to illustrate in this article how research in biology and a 
career in biophysics can for a physicist become a life-long learning experience and passion combined 
with exciting discoveries.
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tentials and ionic currents in living cells. This required 
from me to learn electrophysiology and specialize in 
voltage-clamp and patch-clamp techniques, two major 
electrophysiological techniques used for studies of ion 
channels, which form a major class of structurally and 
functionally highly diverse protein macromolecules un-
derlying electrical excitability of biological membranes. 
My background in solid-state physics turned out to 
be very useful for my electrophysiological studies, for 
which I could use my experience with electrical circuits, 
oscilloscopes and amplifiers. The particular type of ion 
channels, which caught my attention and which I have 
studied over close to thirty years now, are mechanosensi-

tive (MS) or stretch-activated channels, as they are some-
times referred to. These ion channels are activated by 
mechanical stimuli acting on membranes of living cells 
(Fig. 2) and are possibly among the first ion channels, 
which evolved during the evolution of life on Earth [5].

MECHANOSENSITIVE ION CHANNELS
Next to muscle and membrane cytoskeleton MS chan-
nels present a major type of biological mechanosensors 
known. As mechanical force-sensing molecules MS 
channels provide the best example of coupling mem-
brane protein dynamics (changes in protein structural 
conformations) to the mechanics of the surrounding 
membrane of living cells [6, 7]. They are activated by 
mechanical stimuli transmitted via the lipid bilayer and/
or cytoskeleton (Fig. 1) and serve as molecular transduc-
ers of mechanical force by converting mechanical stim-
uli into electrical and/or biochemical cellular signals [5, 
8-10].

“My background in solid-state 
physics turned out to be very 
useful for my electrophysiological 
studies, for which I could use my 
experience with electrical circuits, 
oscilloscopes and amplifiers.”

Lipid 
bilayer

MS channel MS channel

Cytoskeleton 

Figure 1: Possible mechanisms of polymodal activation of MS channels in animal cell membranes during changes in cell 
volume. A cylinder represents an MS channel; an oval represents a volume sensor. (A) MS channels activated directly by 
membrane tension. (B) MS channels activated by tether forces via interaction with components of cytoskeleton. (Adapted 
from [51]).

Figure 2: Diversity of life forms on Earth.
(A) Universal phylogenetic tree showing the organization 
of life on Earth in three kingdoms of living organisms 
based on small subunit tRNA sequences: Bacteria, Archaea 
and Eukarya. Several organisms in which MscL- and MscS-
like channels have been found are indicated by arrows. (B) 
Timeline of the planet Earth showing the early emergence 
of various life forms on it some 3.8 bilion years ago 
(modified with permission from [21]). 
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They are highly diverse in terms of conductance (g = 
I/V, where I is ionic current and V is membrane volt-
age), voltage dependence and ion selectivity (preference 
for positively charged cations or negatively charged ani-
ons as well as specific preference for a particular type of 
ions such as potassium K+ or calcium Ca2+). Some of the 
MS ion channels have been linked to human diseases 

including heart hypertrophy and arrhythmias, neuronal 
degeneration, muscular dystrophy and most recently 
Xerocytosis, a familial disease characterized by the in-
ability to regulate the volume of red blood cells [11, 12]. 
MS channels are found in all types of living cells includ-
ing bacterial, fungal, plant, animal and human cells (Fig. 
2A).

Bacterial MS channels
The early 1980’s were prosperous years for biophysicists, 
who were using the patch–clamp recording technique 
for their research. The patch-clamp technique was in-
vented by Erwin Neher and Bert Sakmann, who for the 
first time were able to demonstrate the existence of ionic 
channels in living cells [13]. For their discovery they re-
ceived the Nobel Prize in Physiology and Medicine in 
1991. The patch-clamp technique allowed for the first 
time electrophysiological survey of membranes of very 
small cells including bacteria (e.g. a Gram-negative bac-
terium such as Escherichia coli is about 2 µm long and 0.5 
µm in diameter) for the presence of ion channels. Dis-
covery of MS channels in bacterial cell membranes over 
25 years ago presents one of the highlights in my career 
as a biophysicist [14, 15]. Upon their discovery exten-
sive studies of the structure and function of MscL and 
MscS, two of the several different types of MS channels 
found in bacteria (Fig. 3), have contributed immeasur-
ably to our understanding of the basic biophysical prin-
ciples coupling mechanical properties of cell membranes 
to molecular dynamics of MS channels [16-20]. These 
bacterial channels serve today as a paradigm for mecha-
nosensory transduction [21].
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Figure 3: Three-dimensional (3D) structure of MscL and 
MscS. (3D) structure of bacterial MscL (top) and MscS 
(bottom) channels was solved using X-ray crystallography. 
The structure of the MscL channel from Mycobacterium 
tuberculosis (top left) shows that the channel is made 
of five identical subunits (monomers) shown on the top 
right. 3D structure of the MscS channel from Escherichia 
coli (bottom left) shows that the channel is formed by 
seven identical monomers shown on the bottom right. 
As schematically shown in the figure MscL and MscS are 
activated by mechanical force (tension) originating in the 
lipid bilayer alone (“force-from-lipids principle”).

Figure 4: Physiological function of 
mechanosensitive channels in bacterial cells. 
Osmotic forces result from the essential role 
that water plays for the existence of life. They 
are a very important factor in everyday’s 
survival of microbial cells. (Modified from 
a cartoon designed by Dr. Michael Becker, 
a former PhD student from Germany, who 
visited and worked in my laboratory).
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Function of MscL and MscS channels in 
bacterial osmoregulation
Osmotic pressure resulting from the essential role that 
water plays for the existence of life, plays an important 
role in all types of cells, in particular in plant and micro-
bial cells. It is an omnipresent primordial form of me-
chanical force, which directs everyday’s survival of these 
organisms. A major target of osmotic pressure (and me-
chanical stimuli in general) in biology are cellular mem-
branes. Osmotic pressure (Eq. 1) results from differ-
ences in water concentration between the extracellular 
and intracellular compartments (water as a solvent as-
sociates with solutes such as ions and organic osmolytes 

and consequently moves always in direction of higher 
osmolarity):
 ΔΠ  =  RT • ΔC = 24.1 • ΔC (1)
where ΔΠ is osmotic pressure difference in atmospheres 
[1 at = 0.980665 ×105 Nm-2], R = 8.314 [Jmol-1K-1] is 
general gas constant, T is absolute temperature [K] and 
ΔC is concentration  gradient [mol/liter] (osmolarity). 
At temperature of 20oC (293 K) the product RT = 24.1 
[Jmol-1].

For 3.8 billion years the Earth has been inhabited by 
a vast number of life forms (Fig. 2A). For most of this 
time up to this day microbes have formed the largest 
group [22]. These single-celled highly diverse organisms 
have been extremely adaptable, which enabled them to 
populate all niches of life on the planet from the deep-
est sea to the highest mountain including the bodies 
of animals and humans, where most of them assist in 
maintaining processes necessary for a healthy body [23]. 
Similar to plant and yeast cells bacteria are protected by 
a cell envelope consisting of a cell wall and a cytoplasmic 
membrane. Cytoplasmic bacterial membranes contain 
MscL- and MscS-like channels (Fig. 3) allowing these 
prokaryotic cells to cope with a large range of osmotic 
forces acting upon them [24-26]. 

It has been well established that MscL and MscS 
channels provide protection for osmotically challenged 
bacterial cells by functioning as emergency valves, which 
release excess osmolytes upon hypo-osmotic stress (Fig. 
4) [26-28]. In addition to this well-established function 
of bacterial MS channels they have also been shown 
to regulate cellular turgor pressure under conditions 
of hyperosmotic stress. Osmotic forces resulting from 
differences between extra- and intracellular osmolyte 
concentrations of only few milliosmols across the cell 
membrane of a bacterial cell can result in a large change 
in turgor pressure (Eq. 1), which is sufficient to fully 
activate MscS and MscL channels [6, 29, 30]. Under 
such conditions both active uptake of osmolytes by 
membrane transporters and their passive efflux via MS 
channels (pump-and-leak mechanism) have been shown 
to contribute to the fine-tuning of the bacterial cell re-
sponse to hyperosmotic conditions [9][31].

“Force-from-lipids” – Activation of MscL and 
MscS by the bilayer mechanism
The “force-from-lipids principle” states that the lipid 
bilayer is sufficient as a force transmitter for MS chan-
nel activation and that MS channels do not require any 
other membrane constituents including cytoskeleton, 
extracellular matrix or any accessory proteins for their 

Figure 5: Activation of MscL and MscS channels reconstituted 
into liposomes. (A) Dehydration/ Rehydration (D/R) liposome 
reconstitution method is one of the main methods to study 
MscL and MscS function by the patch-clamp technique. The 
method consists of mixing purified MS channel proteins 
with lipids to form proteoliposomes, which undergo a cycle 
of dehydration and rehydration required for incorporation 
of the channels into liposomes examined by the patch-
clamp technique for MS channel activity. Confocal image 
of liposomes containing fluorescently (AlexaFluor488) 
-labelled MscL channels (inset). (B) Current traces (top trace) 
of MscS and MscL co-reconstituted into liposomes. MscL 
activates at approximately double the required pressure 
(bottom trace) for MscS activation. C and On designate the 
closed and open levels of n number of channels, respectively. 
(C) Boltzmann distribution curves describing how open 
probabilities of MscS and MscL change with membrane 
tension. 
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activation [32, 33]. This principle was established some 
25 years ago and presents another highlight in my career 
as a biophysicist [34, 35]. The initial experiments show-
ing that bacterial MS channels can be activated by in-
sertion of amphipatic compounds into the bacterial cell 
membrane, which strongly  indicated the importance of 

the lipid bilayer as a force transmitter, were followed by 
reconstitution and activation of the purified MscL and 
MscS proteins in liposomes where they retained their 
mechanosensitivity (Fig. 5A and 5B) [19, 28, 36, 37]. 
Boltzmann distribution curves describing how open 
probabilities of MscS and MscL change with mem-
brane tension are shown in Figure 3C.

In general, Boltzmann distribution function de-
scribes a physical system in equilibrium between two 
energy states G1 and G2:
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where kB is Boltzmann’s constant and T is temperature. 
In the case of ion channels like MscL and MscS the 
energetic states G1 and G2 describe the structural and 
energetic states, i.e. closed and open, respectively. Their 
behavior in equilibrium can be described by a Boltz-

mann distribution function of the form (for a single 
MscL or MscS channel):
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where PO + PC = 1 with PO and PC being probabilities of 
finding a channel in its open and closed state, respective-
ly, γ is membrane tension, ΔA is the difference in mem-
brane area occupied by open vs. closed channels and G0 
is the ground energy state of the channel in the absence 
of the externally applied mechanical force (i.e. energy 
ΔG = γ ΔA). Resolved for PO Equation (3) obtains the 
following form:
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From the Boltzmann curves in the figure the mid-
point tension for MscS and MscL, i.e. membrane ten-
sion required for 50% activation of the channels, is 6.2 
± 0.1 and 12.0 ± 0.3 mN/m for MscS and MscL, respec-
tively (mean ± SEM; n = 4). From the slope of the Boltz-
mann curves an expansion area ΔA = ~20 nm2 [19] for 
MscL and ΔA = ~8 nm2 for MscS [53] can be calculated, 
showing that both proteins are undergoing large con-
formational changes when they open upon membrane 
tension (reproduced from [19]; with permission).

The force-from-lipids principle has since been vali-
dated in a number of eukaryotic MS ion channels from 
animal and human cells [38, 39] including two re-
cent reports [40, 41], which clearly demonstrated that 
TREK-1 and TRAAK, two-pore-domain K+ channels 

Figure 7: Methods and techniques employed in structural 
studies of MscS and MscL. X-ray crystallography (A) 
was essential for determination of 3D structure of MscL 
and MscS, whereas electronparamagnetic (EPR) (B) and 
Foerster resonance energy transfer (FRET) spectroscopy 
(C) have together with molecular dynamics simulations (D) 
been used in studies of structural dynamics of bothe MS 
channel proteins (adapted with permission from [28]).

Figure 6: Methods and techniques employed in functional 
studies of MscL and MscS. Giant spheroplast preparation 
(top) and liposome reconstitution (middle) are the main 
methods studies of channel activities of MscS and MscL 
by the patch-clamp technique (bottom) (adapted with 
permission from [28]). 



192 AUSTRALIAN PHYSICS 51(6)  |  NOV–DEC 2014

like MscL and MscS retained their mechanosensitivity 
upon reconstitution into lipid bilayers. All these recent 
findings provide a strong support for the “force-from-
lipids” as a general principle underlying activation of MS 
ion channels, and possibly also other mechanosensitive 
membrane proteins.

Techniques used for studies of MscL, MscS 
and other MS channels
For their research biophysicists use a large variety of 
methods and techniques. Some of them have been origi-
nally developed to study a particular biophysical prob-
lem, whereas many other have been adapted from disci-
plines of physics and chemistry to solving problems in 
biological or biomedical research. The same multidisci-
plinary approach applies to studies of MS ion channels 
as well. Some of the various methods and techniques 
that have been used to study structure and function of 
MscL and MscS are shown in Fig. 6.

Among the techniques shown in Fig. 6 patch-clamp 
recording, liposome reconstitution and giant sphero-
plast preparation are techniques and methods developed 
specifically for research in biophysics of ion channels. 
The patch-clamp recording technique was developed to 
study ion channels at a single channel level [13], lipo-
some reconstitution was developed to study ion chan-
nels in isolation from their cellular environment [42, 
43], whereas the giant spheroplast method was devel-
oped specifically for studies of ion channels in bacteria. 
The development of this method was necessary because 
of the very small size of a bacterial cell such as E. coli, 
which is prohibitively small for direct application of the 
patch-clamp recording to it. The preparation of the gi-
ant E. coli spheroplasts thus enabled the first ever survey 
of bacterial membranes for presence of ion channels by 
the patch-clamp technique [14, 15]. Other techniques 
shown in Fig. 7 were adopted from physics and chem-
istry to study structure and molecular dynamics of 
ion channels. For example, X-ray crystallography [44] 
helped to solve 3-D structure of both MscL [44] and 
MscS [45] channels (Fig. 3), whereas electronparamag-
netic resonance (EPR) and Förster resonance energy 
transfer (FRET) spectroscopy helped to solve the open 
form of MscL [17, 46, 47]. Finally, molecular dynam-
ics simulations, as well as other computational methods, 
have extensively been used to study structural dynamics 
of both MscL and MscS channel proteins [48-50].

Conclusion
It may be of interest to readers to know that Erwin Ne-

her is a physicist, who became a biophysicist working 
on ion channels. He studied physics at the Technical 
University of Munich and received a Masters Degree 
in Biophysics from the University of Wisconsin-Madi-
son. There are many other experimental and theoretical 
physicists, who as biophysicists contributed great deal 
to various areas of biological and medical research. By 
applying experimental, theoretical and computational 
approaches as well as methods and rigor of physicists to 
their research, biophysicists continue to discover physi-
cal principles underlying biological processes that may 
ultimately help to uncover the secrets of life.
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Historical background
Radio astronomy began in Australia just two months af-
ter the end of WWII at the Radiophysics in Sydney.  The 
Lab was part of the Council for Scientific and Indus-
trial Research (the forerunner of CSIRO) and had been 
formed in 1940 to carry out secret radar research for the 
Australian armed services.  At the end of the war the Lab 
began to look for possible peacetime applications of ra-
dar and radio technology.  In October 1945 the assistant 
chief of the Lab, Joe Pawsey, decided to investigate war-
time reports that radar sets were sometimes jammed by 
strong radio bursts from the Sun.  Pawsey and his group 
began observations at a field station in northern Sydney 
and were able to prove that sunspots were the source of 
the intense radio emission.  The group also made the 
surprising discovery that the temperature of the solar co-
rona is of the order of a million degrees.

The next major step in radio astronomy was made by 
John Bolton, a new member of the Radiophysics Lab.  
Radio waves from space had been discovered in 1931 
by the American engineer Karl Jansky, who found that 
there is radio emission across the sky with the strongest 
emission coming from along the Galactic plane.  Jan-
sky’s discovery was confirmed by another radio engineer, 
Grote Reber, who showed that, in addition to the Ga-
lactic plane, there are concentrations of radio emission 

from other parts of the sky.  Both Jansky and Reber sug-
gested that the source of the radio emission might be the 
interaction of energetic charged particles in interstellar 
space (see [1] for a comprehensive history of early radio 
astronomy).

John Bolton (see Figure 1) was born in Sheffield 
and completed a Bachelor of Science degree from Cam-
bridge in 1942.  After four years in the Royal Navy, 
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In 1954 two young radio astronomers at the Radiophysics Laboratory in Sydney proposed that the strong 
radio source known as Sagittarius A is the Galactic nucleus – the centre of the Milky Way.  Dick McGee 
and John Bolton had just completed a survey of the Galactic plane using the ‘hole-in-the-ground’ radio 
telescope at the Dover Heights field station, near the entrance to Sydney Harbour.  Their identification 
of the Galactic nucleus was accepted almost immediately.  In 1958 the International Astronomical Union 
officially adopted Sagittarius A as the true centre of the Galaxy, making its position the zero of latitude 
and longitude in a new system of Galactic coordinates.

Figure 1: Passport photo of John Bolton taken in 1950, 
before his tour of radio astronomy centres in Europe and 
the United States.
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Bolton joined the Radiophysics Lab in September 1946 
where he was assigned to work with Pawsey’s solar group 
at the Dover Heights field station.  After routine moni-
toring of the Sun for several months, Bolton decided 

to investigate a report by an English group of a strong 
concentration of radio emission coming from the Cyg-
nus constellation.  Bolton was able to confirm the report 
and, more importantly, show that the emission came 
from a compact point-like source.  By the end of 1947, 
with colleagues Gordon Stanley and Bruce Slee, Bolton 
had found a further six of these discrete sources, showing 
that they were a new class of object previously unknown 
to astronomers.  In 1949 the Dover Heights group was 
able to identify three of these sources with known opti-
cal objects – one was a supernova in our Galaxy and two 
were peculiar extragalactic objects. Their landmark pa-
per in Nature built a bridge between traditional optical 
astronomy and the fledgling new radio astronomy [2].

The success of the Dover Heights group inspired oth-
ers in the Radiophysics Lab to hunt for more discrete 
sources.  In 1950 Jack Piddington and Harry Minnett 
carried out a high frequency sky survey at another of 

the Radiophysics field stations at Potts Hill, south–west 
of Sydney (see Figure 2).  They found a strong source 
which they named Sagittarius A and noted that the 
source lies in the Galactic plane and ‘also lies very close 
to the centre of the Galaxy’ [3].  Piddington and Min-
nett hesitated in claiming Sagittarius A to be the Galac-
tic centre simply because astronomers only had a very 
approximate idea of its location.  Dense dust clouds in 
the direction of the centre block out an estimated 99.9% 
of the visible light which made it impossible to locate 
the exact position.  The dust clouds are however trans-
parent to radio waves.  Instead, Piddington and Min-
nett suggested that Sagittarius A might coincide with the 
Galactic nebula NGC 6451, a loose cluster of about 70 
stars, located somewhere between the Solar System and 
the Galactic centre.  (We refer hereafter to Sagittarius A 
by its contemporary name of Sgr A.)

A hole in the ground
Bolton spent most of 1950 touring the radio astronomy 
centres springing up in Europe and North America.  
The two main rivals to the Radiophysics Lab at this time 
were the group at Cambridge led by Martin Ryle and 
the group at Manchester led by Bernard Lovell.  Bolton 
was particularly impressed by a 66 m parabolic dish at 
the Jodrell Bank field station near Manchester.  The sur-
face consisted of a criss-cross of wires supported by rings 
of steel poles.  Lovell had initially built the dish to study 
the radar echoes of cosmic rays, but then converted it to 
radio astronomy.  In 1950 Robert Hanbury Brown and 
Cyril Hazard used the dish to detect radio emission from 
the Andromeda galaxy.

On his return to Australia Bolton decided to build a 
similar dish, but rather than suspending the aerial above 

“Their landmark paper in Nature 
built a bridge between traditional 
optical astronomy and the 
fledgling new radio astronomy.”

Figure 3: The parabolic ‘hole-in-the-ground’ telescope, 22 
m in diameter, at the Dover Heights field station in 1952.  
The reflecting surface consisted of discarded steel strips 
used for binding packing crates. For a more panoramic 
view of the location see the cover image.

Figure 2: The 4.9 × 5.5 m parabolic antenna at the 
Radiophysics field station at Potts Hill, south–west of 
Sydney.  In 1950 Jack Piddington and Harry Minnett 
used the antenna to discover the strong radio source 
Sagittarius A.
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ground using poles, the dish would be dug into the 
sandy soil at Dover Heights (see Figure 3).  Bolton de-
cided to carry out the work in secret, fearing his boss Joe 
Pawsey would disapprove and veto the project.  A site 
at the northern end of the field station was chosen, out 
of view to any casual visitor.  Over a three-month pe-
riod late in 1951 the Dover team spent their lunchtimes 
digging several hundred cubic metres from the hole, 
with the spoil used to build up the outer rim.  With no 
budget everything had to be done on the cheap.  Several 
truckloads of unwanted ash from a nearby power station 
were used to stabilise the sandy surface.  The reflecting 
surface of the dish consisted of discarded steel strips used 
for binding packing crates, scavenged from the docks at 
Botany Bay.  Preliminary results with a receiver operat-

ing at 160 MHz showed that the resolution of the dish 
was far better than the other radio telescopes in opera-
tion at the site (see [4–6] for accounts of the hole-in-the-
ground telescope).

Far from disapproving, when Joe Pawsey learnt of 
the hole-in-the-ground he gave his full support and al-
located funds for its upgrade.  The surface was concreted 
and chicken wire attached to form the reflecting surface.   
Aluminium poles around the rim increased the diameter 
of the dish from 22 to 24 m (see Figures 4 and 5).  The 
greater accuracy of the new surface meant the dish could 
operate at the higher frequency of 400 MHz, giving a 
resolution three times higher than the earlier version.

The Galactic nucleus
Bolton and new recruit Dick McGee (see Figure 6) spent 
much of 1953 carrying out a sky survey of the Galactic 
plane where, at Sydney’s latitude of 34°S, the Galactic 
centre passes almost directly overhead.  Similar to other 
transit telescopes, the hole-in-the-ground relies on the 
rotation of the Earth to map along a narrow strip of sky.  
By progressively altering the tilt of the receiver mast, suc-
cessive strips of the sky can be built up.  Bolton and 
McGee were able to map the band of sky from about 20° 
south of the Galactic plane to about 10° north.  Pawsey, 
who lived near Dover Heights, dropped in one even-
ing just as McGee had completed sketching the inten-

!
Figure 4: Upgrading the hole-in-the-ground in February 
1953 – a concrete surface was added and the diameter 
extended from 22 to 24 m.  The rotating parabolic template 
was used to position formwork for the concrete and also to 
finish the surface.

Figure 5: The completed 24 m dish showing the addition 
of the chicken wire surface, the receiver mast, and the 
housing for the second stage of the receiver at the vertex.  
Gordon Stanley uses a theodolite to measure the angle of 
tilt of the mast.

Figure 6: Dick McGee joined the group at Dover Heights 
early in 1953.  He served in both the army and airforce 
during WWII and then joined the Radiophysics Lab in 1949.
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“Frankly, I jumped out of my chair 
… I have not the slightest doubt 
that you finally got the nucleus of 
our Galaxy!!”
sity contours in pencil.  Pawsey realised immediately the 
significance of the intense source Sgr A shaded in black.  
He arranged for a photograph to be taken of the sketch 
and mailed copies to a number of astronomers overseas, 
including Walter Baade at the Mt Wilson and Palomar 
Observatories in Pasadena.  Baade replied:

‘Frankly, I jumped out of my chair the moment I saw 
what it meant.  I have not the slightest doubt that you 
finally got the nucleus of our Galaxy!!  Visually one can see 
nothing in this region since the obscuration by dark clouds 
…   Altogether I concluded about two years ago – after 
a careful examination of my 48 inch Schmidt plates of 
the nuclear region of our Galaxy and thorough checking 
of all suspicious objects at the 200 inch – that there was 
positively no chance whatsoever to detect the nucleus of 
our Galaxy in the optical range and that we had to await 
what you radio people could do about it.’ [7]

McGee drafted a paper to Nature with the title ‘The 
Galactic Nucleus’, which Pawsey then extensively re-
wrote with the new title ‘Radio Observation of the Ga-
lactic Nucleus’.  Before the paper could go out the door 
it needed the approval of the Radiophysics publications 
committee.  The internal peer review system at Radio-
physics was more rigorous than most journals, with the 
result that it was relatively uncommon for a Radiophys-
ics paper to strike trouble with journal referees.  One of 
the internal referees maintained that, since the distance 
to Sgr A was unknown, it was not possible to rule out a 
chance alignment of Sgr A and the Galactic centre.  As 
a compromise Pawsey settled on the final title ‘Probable 
Observation of the Galactic Nucleus at 400 Mc/s’.  The 
three-page paper was published in Nature on 22 May 
1954 (see Figure 7), followed by a more detailed paper 
in the Australian Journal of Physics in 1955 [8, 9].

In the meantime strong evidence in favour of Sgr A 
came from another direction.  In 1951 a Harvard group 
had detected line radiation from interstellar hydrogen at 
a wavelength of 21 cm (1420 MHz).  A Dutch group at 
Leiden Observatory followed up the discovery by map-
ping the distribution of hydrogen along the Galactic 
plane.  A study of the Doppler shift of the hydrogen line 
in gas clouds close to the Galactic centre led the Dutch 
group to conclude that the position of the Galactic nu-
cleus agrees closely with the Sgr A position.

In 1955 at the general assembly of the International 
Astronomical Union in Dublin, John Bolton put for-
ward a proposal for the IAU to introduce a new system 
of Galactic coordinates based on the results of the Syd-
ney and Leiden groups.  Three years later, at the next 
general assembly in Paris, the IAU officially adopted Sgr 
A as the true centre of the Galaxy, making its position 
the zero of latitude and longitude in a new system of 
Galactic coordinates.

A modern perspective
Sixty years on, there are hundreds of astrophysicists who 
focus their efforts on the Galactic centre.  This interest 
can be traced back to the discovery in 1974 of a very 
compact radio source deep within Sgr A which we now 
call Sgr A* [10].  We recognise today that the source 

Figure 7: The three-page paper by McGee and Bolton was 
published in Nature in May 1954.  The word ‘probable’ was 
added to the title to satisfy the sceptics.

“… the IAU officially adopted Sgr 
A as the true centre of the Galaxy, 
making its position the zero of 
latitude and longitude in a new 
system of Galactic coordinates.”
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Sgr A* is powered by energetic processes in the immedi-
ate vicinity of a supermassive black hole.  A spectacular 
development in recent years is the use of adaptive optics 
in the near infrared to remove a star’s twinkling, an ef-
fect due to the Earth’s atmosphere.  We must therefore 
stabilise the flickering in order to get an unblurred image 
of the Galactic centre.  This allows us to track dozens of 
closely packed, individual stars over more than a decade 
moving within the black hole’s sphere of influence.  At 
least one star is moving at 4000 km s–1 along a highly el-
liptic orbit.  From the stellar motions, we learn that the 
black hole is four million times the mass of the Sun [11].  
The importance of this object cannot be overstated.  Sgr 
A* is a hundred times closer than the second closest su-
permassive black hole in Andromeda.

It is likely that the supermassive black hole is the old-
est object in the Galaxy, with its youthful counterpart 
coming into existence more than 13 Gyr ago.  The first 
generation of stars in the early Universe were very mas-
sive and produced black holes at the end of their short 
evolution.  These objects are likely to have accreted onto 
small forming galaxies and sunk towards their centres.  
In time, a massive black hole forms as more and more 
material falls in to fuel the growing Galaxy.  We suspect 
that the developing black hole at the centre affects the 
evolution of the entire Galaxy.  This is an active area of 
research today.  So understanding the activity of Sgr A* 
may bear on our understanding of how the Milky Way 
evolved over billions of years.

There are many things that we do not understand 
about Sgr A*.  To start with, it is surrounded by a swirl-
ing disk of dust and gas (see Figure 8).  We observe many 
‘active’ galaxies where the gas spins around the black hole 
forming an accretion disk.  This disk becomes extremely 
hot and powers strong jets, winds and radiation.  Except 
that in the Milky Way, our black hole accretion disk pro-
duces only a miniscule fraction of the energy it is capable 
of given the amount of gas we observe today.

We suspect that accretion disk activity is stochas-
tic, much like volcanic or earthquake activity on Earth.  
There is mounting evidence that the energetic output 
from Sgr A* was orders of magnitude larger over the past 
few million years.  It’s just that we are in a quiet cycle 
right now.  Of course, we see both ordered and stochas-

tic bursts of radiation from the Sun over a period of 11 
years or so, and this may be a generic feature of many 
astrophysical sources.

In 2003, one of us (JBH) presented the first hard 
evidence for a powerful wind from the Galactic centre 
seen in x-rays across the sky [12].  At that time, it was 
hard to say for sure whether this was produced by the 
accretion disk or a burst of star formation in the vicinity 
of Sgr A*.  Then in 2010, NASA’s Fermi satellite pro-
vided spectacular evidence of a powerful wind observed 
in gamma rays, the first of its kind anywhere in the 
Universe [13].  While some have argued that the x-rays 
and gamma rays can be explained by a starburst wind, 
it seems more likely that the large-scale wind is being 
driven by a huge burst of accretion disk activity in the 
last few million years.  We can even see an echo of this 
huge burst on the Magellanic Stream, a ring of cold gas 
that partly encircles the Galaxy [14].  So, on timescales 
when cavemen walked the Earth, Sgr A* was firing on all 
cylinders at full bore, blasting radiation and matter far 
into the halo of the Galaxy.  Fortunately for the Earth, 
this huge outburst was not directed at our Solar System.

We have barely begun to understand the process-
es that take place around a supermassive black hole.  
Thanks to the pioneering work of John Bolton and Dick 
McGee, we suspect that this will be a preoccupation of 
astrophysicists for generations to come.

“We have barely begun to 
understand the processes that take 
place around a supermassive black 
hole.”

Figure 8: The 3º × 3º region of the Galactic centre where Sgr 
A* is at the centre of the field.  The region was mapped at 
the mid-infrared wavelength of 8.3 μm by the Midcourse 
Space Experiment satellite in 1996–97.  The bipolar wind 
is easily visible, particularly to the right, both above and 
below the Galactic plane.  This was the first time that any 
Galactic outflow had been detected at these wavelengths 
(see Bland-Hawthorn and Cohen [12]).
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YOUR SAY ON THE FUTURE OF THE COOPERATIVE RESEARCH CENTRE PROGRAM
In the lead-up to its 25th anniversary, the Cooperative Research Centre (CRC) program is under review. 
The review will be led by David Miles AM. the former chair of Innovation Australia.
Since its commencement in 1991, the CRC program has committed more than $3.8 billion, funding a total of 209 CRCs. 
There are 36 CRCs currently in operation.

OVER THE PAST 25 YEARS THE PROGRAM HAS:
•  Developed materials to allow continuous wear soft contact lenses which 

have grown to comprise up to half the US market (CRC for Eye Research 
and Technology)

•  Created SmartCap technology which monitors driver or machine 
operator fatigue (CRC Mining)

•  Increased the efficiency of using water/irrigation to grow cotton by more 
than 50 per cent (Cotton CRC)

•  Developed software to detect fraud which has been adopted by many of 
the world’s stock exchanges (Capital Markets CRC)

•  Invented an electrical cable which hardens to protect itself during fires, 
manufactured by Olex Cables (CRC for Polymers)

•  Developed the slope stability radar, a device that monitors the stability of 
rock walls in open-cut mines, now marketed all over the world by a spin-
off company (CRC for Sensor Signal and Information Processing)

BUT WHAT ABOUT THE FUTURE?

•  What has the program contributed most to in your field?

•  Is the CRC program the best way to link science and industry?

•  How will it fit in with the recently announced Industry Growth Centres?

•  What can it deliver in your field?

For more information on the review, and to have your say go to www.
syndication.business.gov.au/grants-and-assistance/Collaboration/
CRC/CRC-Programme-Review

It is expected that the review will be completed by early 2015.
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The 2014 ARC round is in full swing again, DP and 
Linkage grants and DECRA Fellowships have been an-
nounced and the work for the next round of applications 
s staring soon.  The future plans of many researchers and 
the careers of some depend on this funding scheme. 
Some cynics would claim that the process is largely ran-
dom -  and also far too time consuming for applicants 
and assessors.  Is this correct?  Are we taking part in a 
lottery?  And how  can this game be won ? 

A good first step is to look at the selection process. 
This involves a combination of experts chosen by the 
ARC, the college, and external assessor who are research-
ers like the applicants mainly form within Australia, oc-
casionally from overseas. The process is identical for all 
parts of the ARC, science, engineering, humanities etc.  
and with similar success rates. The experts read a large 
number of proposals, this can be up to 100 or more for 
a given scheme, and they allocate marks A-E for each of 
the selection criteria. The top mark of A should only be 
given to the top 10% of all proposals in one round, B 
is for the next 15% etc. Typically two college members 
read the proposals. In addition three to five external re-
viewers are sought, who read typically 2-6 proposals and 
write reports to each of the selection criteria as feedback 
to the applicants.

“Are we taking part in a lottery? 
And how can this game we won?”

This process results in a ranking of the proposals, ac-
cording to their marks, and this determines the order 
in which they are discussed at the meeting.  Only very 
few would achieve all As. There will be an uncertainty 
coming from the variation of the marks, and a simple 
standard deviation is a reasonable indicator. The cut off 
value is determined by the amount of funding available 
- and since each mark has some uncertainty there is ran-
domness or luck involved when your grants get close to 
the cutoff point.  

In the last 5 yeas the ARC has asked the college ex-
perts to moderate the marks given by the assessors. This 
is to ensure that the view and wisdom of the wider re-
search community is taken into account - not just the 

view of a small panel.  Given that the success rate of 
the schemes is about 22% for DP, higher and lower for 
various fellowships, it is clear that only proposals with a 
majority of As and Bs from all assessors and experts can 
win the coveted prize.  Being on the ARC panel is more 
like being a referee ensuring decisions are made wisely 
and without bias. This is a proper peer review scheme 
and a comparison to many others used across the globe, 
for example by the European Research Council (ERC) 
is useful.

The figure shows two samples of data for final rank-
ings from the ARC 2013 DECRA and ERC 2014 ad-
vanced grants. This is a completely anonymous data set 
- simply showing the trends and degree of uncertainty. 
Both rely typically on four to six assessments per applica-
tion and both show very similar result. The raw marks 
drop slowly and steadily and the uncertainty is consider-
able - due to a variation in opinion amongst the asses-
sors. The scale in ARC is a little inflated: about 12% 
within A and 35% in B. The cutoff point for applica-
tions to be funded, set by the financial constraint, is at 
about 10%. The ERC results are very similar with the 
cutoff close to 10%. In both cases, there are about twice 
as many applications with comparable raw marks than 
can be funded. 

Which grant near the cutoff should be funded? 
Which one is out? This question occupies the longest 
part of the debate amongst the panel members. The 
overarching principle is: which application would be 
the best investment in science? Since these two particu-
lar funding schemes are exclusively for curiosity driven 
research the panels are instructed to look for the best 
science - and not the biggest short term benefit to the 
country. This is still the case for many ARC programs 
- which operate in parallel to other bigger goal oriented  
programs. The most important factors are: How big 
would be the progress in science? How likely is it that 
this can actually be achieved? And increasingly in Aus-
tralia: how big is the return of progress in science for the 
money spent, the cost effectiveness?

Detailed discussions are held during the panel meet-
ings. What matters are the vision of the project, the clar-
ity of the description of the goals and tools to be used, 

ARC: How random is the grant system? 
Hans Bachor 
Emeritus professor Australian National University, ACT 2601 
National Committee of Physics, Australian Academy of Science
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and how this compares to the state of the art both na-
tionally and globally. The track record is an important 
indicator of the ability of the applicant to achieve the 
goals. In the ARC and ERC this depends on the stage in 
their careers and the opportunity they have been given. 
How much could they have achieved?  How did they use 
the available resources and funding? Finally, the budget 
justification enters the discussion: are all the items neces-
sary? Is there any padding with items that already exits 
or can be covered by the University? In the ARC some 
applications that were deemed to be excessive in their 
demand have been taken out of the ranking completely, 
and many budgets have been cut after the selection has 
been made. This is tricky question: should we fund more 
grants with less per grant? When money is tight, this 
is a tempting solution, and expert panels have to build 
resistance against this argument.  

“Have a clear vision stated in your 
title, summary and front page of 
what you could be to achieving... 
Many applications...just seem 
incremental and dull.”

How to win this game? Obviously by convincing the 
expert panel and the assessors that yours is the best ap-
plication. Here are some key points:

Have a clear vision stated in your title, summary and 
front page of what you could be achieving.  Explain how 
your particular part of science may progress far beyond 
the state of the art.  Why would this attract international 
interest and have impact?  Many applications fail in this 
respect, they just seem incremental and dull. 

Demonstrate a clear long term view - for example 10 
years into the future - and show exactly what you could 
do in the next 3 - 5 years. Be bold in your statements, 
but always realistic and backed up by facts. 

Why should you be chosen? Demonstrate that you 
can fulfill such ambitious goals. Use examples of your 
achievements and describe how you did this. Which 
challenges did you face - and how did you overcome the 
obstacles. 

What is it that you have got already, including ex-
pertise, equipment, access to labs or samples, collabora-
tions, etc.  and what is it that you absolutely need ? The 
clearer you can justify the new investment the better. 

You are addressing two audiences: (1) assessors who 
are like yourself - experts in the field, colleagues, com-
petitors, all driven by doing great science. They will read 

Marks from both an ARC and an ERC selection, both with a success rate close to 10%. The marks are shown in their final 
ranking after the selection has been completed. For the ARC a random sample of 45 applications from the entire set is 
shown. For the ERC the top 39 applications are shown after culling 66% in the first round.  The cutoff point is determined 
by the available funds. In both cases the marks drop only slowly near the cutoff point, with a wide uncertainty represented 
by +/- one standard deviation. Typically another 10% of applications haves comparable raw scores and the active debate 
of the expert panel extends further than the cutoff. 
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all parts of the application, they will comment in detail 
and compare your application with their own work and 
what they know from the latest journals and conferences 
and (2) the panel members, who have had many appli-
cations to read. They have a great overview but can be 
fairly removed from the exact research you are describ-
ing. They will act like investment bankers ask the ques-
tion: which is the best science I can choose? They will 
read the first page or two in detail, and want to be drawn 
in and get fascinated before the read the major sections.  
They read the budget justification carefully and try to 
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figure out what resources you already have and they will 
form an opinion about what you could have achieved 
with your personal research opportunities.  

Finally, a good way to success is getting active as an 
assessor. Get involved in creating and writing fair and 
realistic feedback that matches the marks, which you are 
providing. Ask questions through your comments. This 
will make the peer system better, give you an insight in 
what others are doing and ensure that more high quality 
assessments are used in the ARC system, making it less 
random. 

Registration now open 



AUSTRALIAN PHYSICS 203NOV–DEC 2014  |  51(6)

SAMPLINGS
Neutrinos spotted from Sun’s main nuclear 
reaction
Physicists working on the Borexino experiment in Italy 
have successfully detected neutrinos from the main nu-
clear reaction that powers the Sun. The number of neu-
trinos observed by the international team agrees with 
theoretical predictions, suggesting that scientists do un-
derstand what is going on inside our star. 

Each second, the Sun converts 600 million tonnes 
of hydrogen into helium, and 99% of the energy gener-
ated arises from the so-called proton–proton chain. And 
99.76% of the time, this chain starts when two protons 
form deuterium (hydrogen-2) by coming close enough 
together that one becomes a neutron, emitting a posi-
tron and a low-energy neutrino. It is this low-energy 
neutrino that physicists have now detected. Once this 
reaction occurs, two more quickly follow: a proton con-
verts the newly minted deuterium into helium-3, which 
in most cases joins another helium-3 nucleus to yield 
helium-4 and two protons. 

Neutrinos normally pass through matter unimpeded 
and are therefore very difficult to detect. However, the 
neutrinos from this reaction in the Sun are especially 
elusive because of their low energy. 

The Borexino detector is a large sphere containing a 
benzene-like liquid that is located deep beneath a moun-
tain at the Gran Sasso National Laboratory to shield the 
experiment from cosmic rays. Occasionally, a neutrino 
will collide with an electron in the liquid and the recoil-
ing electron will create a flash of ultraviolet light that can 
then be detected. 

The Borexino detector

While the Borexino result will bring some solace to 
solar physicists, a new controversy has erupted. A decade 
ago, some astronomers claimed that the Sun has far less 
carbon, nitrogen and oxygen than had been thought. 
Fortunately, 1% of the Sun’s energy arises not from the 

proton–proton chain but instead from the CNO cycle, 
in which carbon, nitrogen and oxygen nuclei catalyse 
the hydrogen-to-helium reaction. These reactions spawn 
neutrinos, too, and the more carbon, nitrogen and 
oxygen the Sun has, the more of these neutrinos there 
should be. But CNO neutrinos are so rare that no-one 
has yet detected them. 
[Borexino collaboration, Nature, 512, 383–386 (2014); 
doi:10.1038/nature13702]
Abstracted with permission from an item by Ken 
Croswell at physicsworld.com.

2014 Nobel Prize for Physics
The 2014 Nobel Prize for Physics has been awarded to 
Isamu Akasaki, Hiroshi Amano and Shuji Nakamura for 
their development of blue LEDs. The prize is worth SEK 
8M (A$1.3M) and will be shared by the three winners 
who will receive their medals at a ceremony in Stock-
holm on 10 December. Akasaki is a Japanese citizen and 
works at Meijo University and Nagoya University. Ama-
no is a Japanese citizen and works at Nagoya University. 
Nakamura is a US citizen and works at University of 
California, Santa Barbara. 

The prize citation honours the trio for “the invention 
of efficient blue light-emitting diodes which has enabled 
bright and energy-saving white light sources”. The now 
ubiquitous LEDs are used in a wide arrange of applica-
tions from televisions to sterilizers and do not contain 
toxic mercury that is found in fluorescent lamps.

The first red LED was created in the 1950s and 
researchers then managed to create devices that emit-
ted light at shorter wavelengths, reaching green by the 
1960s. However, researchers struggled to create blue 
light. In the 1980s Akasaki and Amano working at Na-
goya University and Nakamura working at the Nichia 
Corporation focussed on the compound semiconductor 
gallium nitride (GaN), which could be ideal for creating 
blue LEDs because it had a large band-gap energy cor-
responding to ultraviolet light.

Isamu Akasaki (left), Hiroshi Amano (centre) and Shuji 
Nakamura share the 2014 Nobel Prize for Physics.
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There were many challenges, however, in making use-
able LEDs based on GaN. One major problem was how 
to create high-quality crystals of GaN with good opti-
cal properties. This was solved independently in the late 
1980s and early 1990s by Akasaki and Amano and also 
by Nakamura. Both teams used metalorganic vapour 
phase epitaxy (MOVPE) techniques to deposit thin 
films of high-quality GaN crystals onto substrates.

Another seemingly insurmountable challenge fac-
ing the researchers was how to dope the GaN so it is 
a p-type semiconductor, which is crucial for creating 
an LED. Akasaki and Amano noticed that when GaN 
doped with zinc is placed in an electron microscope, it 
gives off much more light. This suggested that electron 
irradiation improved the p-doping – an effect that was 
later explained by Nakamura.

The next step for both teams was to use their high-
quality, p-doped GaN along with other GaN-based 
semiconductors in multilayer “heterojunction” struc-
tures. Nakamura was then able to create the first high-
brightness blue LED in 1993.

Today, GaN-based LEDs are used in back-illuminat-
ed liquid-crystal displays in devices ranging from mobile 
phones to TV screens. LEDs emitting blue and ultra-
violet (UV) light have also been used in DVDs, where 
the shorter wavelength of the light allows higher data-
storage densities. Looking into the future, UV-emitting 
LEDs could be used to create basic yet effective water-
purification systems, because UV light can destroy mi-
cro-organisms.
Extracted with permission from an item by Hamish 
Johnston at physicsworld.com.

2014 Nobel Prize for Chemistry
The 2014 Nobel Prize for Chemistry has gone to Eric 
Betzig, Stefan Hell and William Moerner for developing 
super-resolution microscopy techniques based on the 
fluorescence of molecules. The prize is worth SEK 8M 
(A$1.3M) and will be shared by the three winners, who 
will receive their medals at a ceremony in Stockholm on 
10 December. Betzig is a US citizen and works at the 
Howard Hughes Medical Institute, Hell is a German 
citizen and is at the Max Planck Institute for Biophysical 
Chemistry in Göttingen, and Moerner is a US citizen 
based at Stanford University.

The trio won the prize for overcoming what had 
seemed to be an insurmountable barrier to using micro-
scopes to see features in biological cells that are smaller 
than a few hundred nanometres across – the so-called 

diffraction limit. Hell took one approach to solving 
the problem, while Betzig and Moerner took a some-
what different route. Both techniques, however, involve 
“tagging” a relatively large biological molecule of inter-
est with much smaller fluorescent molecules that glow 
briefly (or “blink”) after being illuminated with a pulse 
of laser light.

Hell’s method involves firing two lasers at the sample. 
One (the exciting laser) is tuned to cause the molecules 
to fluoresce and the other laser is tuned to suppress fluo-
rescence. The clever trick is that the suppressing light has 
a dark region in the middle of its beam, the size of which 
is defined by the diffraction limit. The exciting light, on 
the other hand, illuminates a spot with a size defined by 
the diffraction limit. The effect of overlapping these two 
beams is the emission of fluorescent light from a central 
region that is smaller than the diffraction limit. Indeed, 
the size of the region can, in principle, be made arbitrar-
ily small by adjusting the relative intensities of the two 
lasers. An image is acquired by scanning the location of 
the central region across the sample.

Eric Betzig (left), Stefan Hell (centre) and William Moerner 
share the 2014 Nobel Prize for Chemistry for their work on 
super-resolution microscopy.

The technique developed by Betzig and Moerner in-
volves illuminating the sample with a weak laser pulse to 
ensure that only a tiny fraction of the fluorescent mol-
ecules will blink at a given time. This tiny fraction means 
that it is extremely unlikely that any of these blinking 
molecules are separated by distances less than the diffrac-
tion limit. Each molecule will emit a number of photons 
during a blink and these are detected as an intensity peak 
that has a normal distribution with a width that is lim-
ited by the diffraction limit. However, because the light 
is known to come from a single molecule, the location 
of the molecule can be placed with high probability at 
the centre of the normal distribution. Furthermore, the 
uncertainty in the location of the molecule falls as one 
over the square root of the number of photons detected. 
While an individual image only shows the locations of a 
few molecules, repeating the process many times allows 



AUSTRALIAN PHYSICS 205NOV–DEC 2014  |  51(6)

a composite image of all the molecules to be created.
Extracted with permission from an item by Hamish 
Johnston at physicsworld.com.

US targets novel fusion research
A US government agency has launched a new $30m 
programme to support alternative approaches to gen-
erating energy from nuclear fusion. The initiative has 
been created by the Advanced Research Projects Agency 
– Energy (ARPA-E), which falls under the auspices of 
the Department of Energy (DOE). In August, the DOE 
invited researchers to “develop and demonstrate low-
cost tools to aid in the development of fusion power”. 
Research teams need to outline their proposals by 14 
October with three-year grants ranging from $250,000 
to $10m up for grabs.

Fusion researchers have welcomed the new pro-
gramme, which comes as fusion research in the US faces 
severe budget constraints. As one of seven partners in the 
€16bn ITER fusion project, the country has to provide 
9% of the reactor’s components – at a cost of $3.9bn – 
despite a flat overall national fusion budget, which has 
put a squeeze on domestic fusion facilities. Next year’s 
budget is also far from certain after the White House 
recommended static spending, the House of Represent-
atives called for an increase and the Senate even voted to 
kill the US contribution to ITER.

Hotter than the Sun: new approaches to fusion will now be 
funded

One of the casualties of this ongoing budget squeeze 
was a DOE project called High Energy Density Plasma 
(HEDP), which was cancelled in 2013. This programme 
had supported projects lying between the low-density, 
long-duration approach of magnetically confined fusion 
– like ITER – and the very fast, very high density of 

inertial-confinement fusion, as carried out at the US’s 
National Ignition Facility. The demise of HEDP ended 
projects at several US national laboratories that used 
electrical pulses, magnetic fields, lasers and even high 
explosives to achieve fusion.

The new programme from ARPA-E will tap into this 
middle ground, focusing both on “targets” (methods for 
containing plasmas) and “drivers” (systems for heating 
and compressing plasmas). “I have long advocated that 
the parameter space in-between conventional [magnet-
ic-fusion and inertial-fusion] regimes is clearly where the 
advantages of [both] can be combined, while eliminat-
ing some of the disadvantages,” says plasma physicist 
Glen Wurden of the Los Alamos National Laboratory in 
New Mexico, who works on magnetized plasmas.

“Members of the HEDP fusion community, espe-
cially those previously working in the area of magneto-
inertial fusion before the funding was cut, were thrilled 
to finally see the ARPA-E funding opportunity an-
nounced,” he adds.
Extracted with permission from an item by Daniel Clery 
at physicsworld.com.

Photons weave their way through 
a triple slit
A flaw in how quantum-interference experiments are 
interpreted has been quantified for the first time by a 
team of physicists in India. Using the “path integral” 
formulation of quantum mechanics, the team calculated 
the interference pattern created when electrons or pho-
tons travel through a set of three slits. It found that non-
classical paths – in which a particle can weave its way 
through several slits – must be considered along with 
the conventional quantum superposition of three di-
rect paths (one through each of the slits). The team says 
the effect should be measurable in experiments involv-
ing microwave photons, and that the work could also 
provide insights into potential sources of decoherence in 
some quantum-information systems.

One of the cornerstones of quantum theory is the 
fact that particles can also behave as waves. This can be 
demonstrated by the double-slit experiment with elec-
trons, which was once voted as the most beautiful phys-
ics experiment of all time by Physics World readers. It 
involves firing electrons through two adjacent slits and 
observing the build-up of a wave-like interference pat-
tern on a screen on the other side of the slits. However, 
each particle is detected as a tiny dot within the pattern, 
suggesting that the particles are discrete entities too.
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Physics students are taught that the double-slit pat-
tern can be explained by treating the system as a super-
position of waves that travel through one slit and waves 
that travel through the other slit. Although this descrip-
tion reproduces the pattern seen in experiments, the 
Japanese physicist Haruichi Yabuki pointed out in 1986 
that this approach is approximate because it ignores the 
tiny possibility that a particle could take a non-classical 
path through the slits. 

These non-classical paths are easier to think of with an 
arrangement of three slits. A particle could go through, 
say, the slit on its left, curve around, go back through the 
centre slit before turning again and emerging from the 
slit on the right (see figure). Now, Urbasi Sinha and col-
leagues at the Raman Research Institute and Indian In-
stitute of Science in Bangalore have calculated the effect 
of these non-classical paths on the resulting interference 
pattern of such a triple slit. 

Caption: Road less travelled: a photon weaves its way 
through three slits

In the case of electrons, the researchers worked out 
that the non-classical paths would have a minuscule ef-
fect on the observed pattern, which would deviate from 
a simple superposition by a factor of about 10–8. For vis-
ible light, this change increases to about 10–5, but this is 
still too small to detect.

It turns out, however, that the deviation should rise 
to about 10–3 for microwave photons, and the team be-
lieves that it could be measured in an experiment using 
photons of wavelength 4 cm, a slit width of 120 cm and 
a slit separation of 400 cm. Indeed, Sinha and her team 
at the Raman Research Institute has already set up a mi-
crowave experiment to look for the effect, but could not 
comment on the preliminary results. 
[R. Sawant et al, Phys. Rev. Lett. 113, 120406  (2014)] 
Extracted with permission from an article by Hamish 
Johnston at physicsworld.com.

Conferences 2014-15
23–28 November 2014 
IONS-KOALA 2014 Conference on Optics/Photonics, Laser 
Applications and Atomic/Quantum Physics 
University of Adelaide, SA 
ions-koala2014.osahost.org/

28 November 2014 
STAVCON: Annual conference of the Science Teachers’ Association 
of Victoria. La Trobe University, Bundoora, Vic 
www.sciencevictoria.com.au/STAVCON.html

1-5 December 2014 
Frontiers in Physics: 23rd Canberra International Physics Summer 
School. Australian National University, ACT 
cpss.anu.edu.au/2014/

2-5 December 2014 
OSA Optics and Photonics Congress on Light, Energy and the 
Environment (LEE) ANU, Canberra 
www.osa.org/energyOPC

7-11 December 2014 
21st Australian Institute of Physics Congress. ANU, Canberra, ACT 
www.aip2014.org.au

3-6 February 2015 
Annual Condensed Matter and Materials Meeting (“Wagga 2015”) 
Wagga Wagga campus of the Charles Sturt University, NSW 
pems.unsw.adfa.edu.au/cmm/2015/

8-12 February 2015 
AMN7 Advanced materials & Nanotechnology. Nelson, New Zealand 
www.amn-7.com

9-12 February 2015 
The Most Massive Galaxies and their Precursors 
Sydney, NSW 
www.aao.gov.au/conference/massive-galaxies-2015

20 February 2015 
Physics Teachers Conference 
Monash University, Clayton, Vic. 
www.sciencevictoria.com.au/confVCE.html 

15-17 May 2015 
Astronomy from the Ground Up Teacher Workshop 
Parkes Radio Telescope, NSW 
www.atnf.csiro.au/outreach/education/teachers/workshops/
index.html

18-22 May 2015 
VIII Southern Cross Conference Series: Multiwavelength dissection of 
galaxies. Sydney, NSW 
www.aao.gov.au/conference/multiwavelength-dissection-of-
galaxies

18-23 July 2015 
2nd Asia-Oceania Conference on Neutron Scattering Saturday, 
Manly, NSW 
www.aocns-2015.com/

20-22 July 2015 
IEEE International Conference on the Properties and 
Applications of Dielectric Materials (ICPADM). 
University of New South Wales, Sydney  
www.icpadm2015.org  

31 August - 4 September 2015 
Conference on Laser Ablation (COLA) 2015 
Pullman Cairns International Hotel, Cairns, Qld 
cola2015.org/
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BOOK REVIEWS
One Hundred Physics 
Visualizations Using 
MATLAB (With DVD-ROM) 
by Dan Green  
World Scientific Publishing Company (2013) 
200 pages 
ISBN: 9789814518444

Reviewed by Tara Murphy, University of 
Sydney

Computational physics is an in-
creasingly important subject; in an era of big data and 
high performance computing, it is a critical part of the 
education of a modern physicist. Most universities that 
teach physics and engineering have courses that focus on 
computational techniques and one of the most common 
languages used in these courses is MATLAB. There are 
many textbooks with the theme “MATLAB for physi-
cists and engineers” but most of these lack any substan-
tial physics context and as a result can be somewhat dull 
and uninspiring.

In this context, Dan Green’s book “One Hundred 
Physics Visualisations using MATLAB” is a welcome 
addition, and as someone who has been teaching com-
putational physics and engineering for a number of 
years I was very happy to receive this book to review. 
As suggested in the title, the book presents one hundred 
visualisations, drawn from many areas of physics, and all 
implemented in MATLAB. 

The book starts with a brief introduction to basic 
mathematical functions in MATLAB, for example ma-
trix inversion, Fourier series and Taylor expansions. This 
is followed by seven chapters on topics ranging from 
classical mechanics and electromagnetism through to 
special and general relativity and quantum mechanics. 
As such it covers most of the areas you would expect to 
find in an undergraduate physics syllabus.

Each example consists of a brief explanation of the 
physical situation being visualised and the main equa-
tions needed to model the situation. There is a short 
explanation of the MATLAB code provided. A typical 
plot (or other output) from the visualisation is shown, 
often with some discussion or interpretation of the re-
sults. The topics covered are very interesting. There are 
simple introductory examples such as “Adding Waves” 
and “Electric Potential for Point Charges” but there are 
also some more complex real world examples such as 
“Doppler Shift and Cerenkov Radiation” and “Inspiral-
ing Binary Stars”.

The main weakness of the book is that there is very 

little discussion of any of the numerical algorithms or 
computational techniques underlying the simulations 
and visualisations. This is a missed opportunity as it 
would have bridged the gap between ‘using computers 
to visualise physics’ and doing computational physics. 
Also, the examples are generally not standalone: a reader 
would need to have another textbook from which to 
learn the physics behind these visualisations. A minor 
quibble is that the MATLAB code is not always a model 
of good programming style and MATLAB best practice, 
but it is good enough to do the job required.  

This book would make a valuable resource for peo-
ple teaching computational physics or engineering. The 
examples provided could be used directly in a university 
lab course, or work as excellent starting points for devel-
oping more in depth material or as an aid to generating 
new ideas that demonstrate interesting physical phe-
nomena. Advanced students may also enjoy this book 
and could use it is a guide for how to implement visu-
alisations that would reinforce what they are learning in 
their physics lecture courses. Students who are learning 
how to program in MATLAB and looking for some 
physics examples on which to practice their skills would 
find this book very enjoyable to work through.

Overall this book would be a good addition to li-
brary of any physicist or physics student who would like 
a starting point for exploring computational approaches 
to physics.

AIP Executive 2015-7

As there were no additional nominations for 
the AIP Executive by the 21 September 2014 
deadline, the nominations by the current 
executive: 

Warrick Couch (President)
Andrew Peele (Vice President)
Joe Hope (Secretary)
Ian McArthur (Registrar}
Judith Pollard (Treasurer) 

will be declared elected at the Annual General 
Meeting to be held at 5:30 pm on Monday 2 
February 2015 at the Australian Synchrotron, 
800 Blackburn Rd, Clayton, Victoria 3168.
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PRODUCT NEWS

COHERENT SCIENTIFIC
TMC End of Year Table Sale

The End of Year TMC Vibration Control Systems Sale 
is on now!
Sale pricing applies to a wide range of the most popular 
pneumatic and rigid vibration control products includ-
ing:
• 63-500 Laboratory Tables and accessories 
• 700 Series Optical Tables 
• 70 Series breadboards 
Discounted prices will apply for purchase orders received 
at Coherent Scientific by Friday 19 December 2014. 
Contact Dr Paul Wardill or Dr Dale Otten at Coherent 
Scientific.

Piezoelectric Nanopositioning Stages 
Aerotech’s QNP-series of piezo nanopositioning stages 
offer sub-nanometre performance in a compact, high-
stiffness package. A variety of travel (100 µm to 600 µm) 
and feedback options make this the ideal solution for ap-
plications ranging from microscopy to optics alignment.
The QNP stages employ closed-loop feedback using 
a unique capacitive sensor design that allows for sub-
nanometre resolution and outstanding accuracy and re-
peatability.

Multiple stages may be controlled via Aeotech’s Q-
series controllers. Software options such as Aerotech’s 
Dynamic Controls Toolbox and Motion Designer pack-
ages provide a host of advanced yet easy-to-use tools 
such as Learning Control, Harmonic Cancellation and 
Command Shaping, providing improved tracking errors 
and faster step-and-settle times. 

Contact Dr Paul Wardill or Dr Dale Otten at Coher-
ent Scientific.

NEW - Resistance Bridge/Temperature 
Controller 

The new model 372 AC resistance bridge and tem-
perature controller from Lake Shore builds on the solid 
foundation provided by the original Lake Shore AC re-
sistance bridge. The Model 372 provides the best pos-
sible temperature measurement and control capabilities 
for dilution refrigerators (DRs) that are intended to be 
operated below 100 mK. The Model 372 makes it easy 
to perform multiple tasks that were once very difficult 
to perform reliably at ultra-low temperatures including 
temperature measurement, automatic or manual tem-
perature control and device or sample impedance meas-
urements. 
Contact Christian Gow at Coherent Scientific.

Tabletop Cryogenic Probe Station 
The Model PS-100 probe station from Lake Shore offers 
versatile cryogenic testing in a standard, fully specified 
system, making the probe station ideal for laboratories 
with limited funding or who are just starting out with 
materials testing. Preconfigured and ready to ship, with a 
low entry cost, the PS-100 enables sensitive high imped-
ance DC measurement in a 4 arm, triaxial configuration.
With the temperature range and measurement capa-
bilities of the configurable TTPX you are ensured high 
quality measurement and performance. 
Contact Christian Gow at Coherent Scientific.

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
Horiba Scientific’s EzPlex SPR System 
Multiplex Label-free Molecular Interaction 
Made Easy  
EzPlex is a high-performance and fully automated in-
strument for the analysis of label-free biomolecular in-
teractions in a multiplex format. A large variety of bio-
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interactions can be monitored, for example antibody/
antigen, peptide/antibody, DNA/DNA and antibody/
bacteria. The sensor-chip array based format allows for 
up to several hundred interactions to be monitored si-
multaneously. The EzPlex system can provide full kinetic 
profiles within minutes. It uses a new software suite that 
has been designed for simple and advanced data analysis.
Automated SPR imaging system for label-free assays: 
•  Multiplex Detection of several hundred interactions
•  Label-Free protein, peptide, DNA samples
•  Real-Time monitoring of kinetic curves
•  Difference Image Display giving you a direct view of 

reactions as the experiment unfolds
•  Fast Total Assay Time - typical assays in less than 10 

minutes
•  Temperature control
•  Sample recycling for maximum binding
•   Sample recovery function
•  Direct subtraction of the negative control   

Laser Quantum Acquires Venteon Laser 
Technologies GmbH 
Laser Quantum is pleased to announce the successful 
acquisition of Venteon Laser Technologies GmbH; a 
market leader in ultra-short pulse femtosecond lasers, 
oscillators, amplifiers and characterisation equipment.

Venteon GmbH has integrated Laser Quantum’s 
pump lasers into its Ti:sapphire laser systems for a num-
ber of years and, more recently, the two companies have 
collaborated on product development to the benefit of 
their customers.

Laser Quantum believes the addition of Venteon’s 

unique short pulse technology, to its already wide range 
of continuous wave and ultrafast GHz laser technology, 
provides the photonics market with increased techno-
logical capability to advance knowledge in many areas of 
scientific research.

Venteon products include the PULSE systems, ex-
hibiting < 6 fs pulse duration, complete OPCPA sys-
tems and ultra-short pulse characterisation system, the 
SPIDER. Venteon products are suitable for many ap-
plications, such as High Harmonic Generation, OPCPA 
seeding and CEP stabilisation.

SensL Announce New ‘C-series’ of Silicon 
Photomultipliers (SiPM)  
SensL’s new C-Series SiPM sensors feature industry-
leading low dark count rates of < 100 kHz/mm2 with 
exceptional breakdown voltage uniformity. The spectral 
range is between 300 to 800 nm with a peak photon 
detection efficiency (PDE) at 420 nm greater than 40%. 
The C-Series sensors are available in 1 mm, 3 mm and 
6 mm sizes and can be packaged in a variety of formats. 
The 4-side tileable surface mount (SMT) package is 
compatible with lead-free, reflow soldering processes. 

The new C-Series SiPM sensors have extended sensi-
tivity down to 300 nm for improved UV sensitivity and 
250 ps coincidence resolving time (FWHM) for LYSO 
scintillators. They have Ultra-fast rise times of 300 ps 
with 600 ps pulse width for improved multi-photon 
resolution capability, temperature stability of 20 mV/°C 
which negates the need for active voltage control and an 
operating voltage of less than 30 V.

 

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

Lastek Pty Ld 
10 Reid St, Thebarton, SA 5031 
Toll Free: Australia 1800 882 215 ; NZ 0800 441 005 
T: +61 8 8443 8668 ; F: +61 8 8443 8427 
web: www.lastek.com.au
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WARSASH SCIENTIFIC
Microspot Thin Film Measurements
FilmPro™ software is used with CRAIC Technologies 
microspectrometers to measure the thickness of thin 
films of microspot areas in both reflectance and trans-
mission.

Warsash Scientific is proud to introduce FilmPro™ 
film thickness measurement software.  This allows the 
user to measure the thickness of thin films rapidly and 
non-destructively.   Able to analyse films of many materi-
als on both transparent and opaque substrates, it enables 
the user to determine thin film thickness on everything 
from semiconductors, MEMS devices, disk drives to flat 
panel displays.  This powerful and flexible software can 
be used in many different fields and in everything from 
research to industrial settings.

The software is a plug-in module to Lambdafire in-
strument control software.  It enables the user to meas-
ure film thickness by either transmission or reflectance 
of many types of materials and substrates.  Due to the 
flexibility of design, sampling areas can range from over 
100 microns across to less than a micron.

Designed for both research and the production en-
vironment, it incorporates a number of easily modified 
processing recipes, the ability to create new film recipes 
and sophisticated tools for analysing data.  With the ad-
dition of spectral mapping, film thickness maps of entire 
devices can be created.

Spectrometer Giveaway
For a limited time, Warsash Scientific in conjunction 
with StellarNet are offering incredible savings on dual 
spectrometer systems that include UV-Vis and NIR 
spectrometers.

Buy a DWARF-Star NIR spectrometer (900 – 1700 
nm) and receive a BLUE-Wave-VIS spectrometer for 
FREE!

Or, buy the extended range RED-Wave-NIRX-SR 
spectrometer (900 – 2300 nm) and receive a BLACK-
Comet UV-Vis Spectrometer for FREE!

Warsash Scientific offer several preconfigured sys-
tems and can assist with additional configurations and 
to maximise savings.

About StellarNet
Since 1991, StellarNet has been producing low cost 
miniature fibre optic spectrometers and accessories for 
industrial and academic applications worldwide.  Stel-
larNet is now one of the world’s leading producers of 
ruggedised spectrometers for wavelength ranges of 
190-2300 nm and attributes its success to the eXtreme 
engineering of its internal optical benches, gratings, ex-
truded electronics and detectors, and airflow optimised 
aluminium enclosures.  StellarNet spectrometers con-
tain no moving parts, detector sockets, or screws, allow-
ing for extended life and eXtreme durability.

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