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Call for nominations for aiP medals and 
awards 2014

Harrie Massey Medal: Recognises contributions to physics made either by an Australian physicist or by work 
carried out in Australia. 
General Conditions: The prize is awarded biennially for contributions to physics or its applications made by 
an Australian physicist working anywhere in the world, or by a non-Australian resident in, and for work carried 
out in, Australia. The recipient must be a member of the Australian Institute of Physics or the Institute of Physics

Alan Walsh Medal: Recognises significant contributions by a practising physicist to industry in Australia. 
General Conditions: The prize is awarded biennially for physics research and/or development that has led 
to patents, processes or inventions which, in the opinion of the judging panel, have led to significant industrial 
and/or commercial outcomes, such as devices that are being manufactured or have influenced a major industrial 
process.

Walter Boas Medal: Recognises excellence in research in Physics in Australia and to perpetuate the name of 
Walter Boas. 
General Conditions: The prize is awarded annually to a member of the AIP by the Victorian Branch for 
physics research carried out in the five years prior to the date of the award, as demonstrated by both published 
papers and unpublished papers prepared for publication.

Education Medal: Recognises the importance of all aspects of physics education in Australia. 
General Conditions: The prize is awarded biennially to a member of the AIP who is judged to have made a 
significant contribution to university physics education in Australia. In determining the recipient of the award, 
the quality of the work, the significance to physics education, and the creativity displayed will be taken into 
account.

Bragg Gold Medal: To recognise the work done by a Ph.D. student in Australia that is considered to be of 
outstanding quality. 
General Conditions: The medal is awarded annually to the student who is judged to have completed the 
most outstanding PhD thesis in Physics under the auspices of an Australian university, whose degree has been 
approved but not necessarily conferred in the previous thirteen months. No candidate may be nominated more 
than once.

Outstanding Service to Physics: Recognises an exceptional contribution on the part of an individual.  
General Conditions: The AIP Award for Outstanding Service to Physics will recognise an exceptional contribution on the part of 
an individual who give great amounts of time and effort to the furtherance of physics as a discipline. Nominations may be made by a 
Branch Committee or by three members of the AIP. There will be no more than three awards nationwide in any one year.

Presentation of the Awards: All the above awards will be presented at the biennial Congress by the President of the AIP. The next 
presentation will be made at the 2014 Congress in Canberra. Each recipient is expected to present a talk at Congress on her/his work, 
and in the case of the Harrie Massey, Alan Walsh and Walter Boas medals, write an article based on the talk for Australian Physics.

Nominations: Nominations for all awards (except the Bragg Gold Medal) should be sent to Olivia Samardzic, Special Project 
Officer AIP, by the 31st May 2014. Details for the Bragg Gold Medal nomination process can be found on the web site listed below.

Further information about these awards can be found at http://www.aip.org.au/content/medals or obtained by email from the 
AIP Special Projects Officer at olivia.samardzic@defence.gov.au.  Applications and nominations (except for the Bragg Gold Medal) 
should be sent by email attachment to the above email.
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An image for the cover?
Cover images for Australian Physics are usually related to one of the 
items in the issue. This, however, does not need to be the case. If you 
have an image that you would like to put forward for consideration 

as a cover image, send it to the editor at brian.james@sydney.edu.au, 
with a caption of up to 100 words. Image files should be in a standard 
format and be of sufficient resolution for reproduction on the cover (1 

MB is a good rule of thumb).
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editorial

A new year – 
new ideas?

Welcome to the first is-
sue for 2014, the first is-
sue of our 51st volume. 
As a result of various professional 
memberships I read copies of 
Physics World (Institute of Physics) 
and Physics Today (American Insti-
tute of Physics). In both there is a 
lively correspondence from readers, often, but not always, in response 
to articles. It is an understatement to say that Australian Physics does 
not achieve a comparable lively correspondence! In fact, in my experi-
ence, letters to the editor are rare.

In an attempt to generate some member participation I would like 
to set aside one page in each issue for an opinion piece by a member on 
any topic with a connection to physics. It could be whimsical, a reminis-
cence, an interesting observation, a point of view you have been aching 
to put down. So let’s see if we have any takers. More details are given in 
the box on p31.

We are always looking for interesting images for the cover. Usually 
the image relates to one of the articles in the issue, but this does not 
need to be the case. So if you have an interesting, presumably physics 
related image, you would like to put forward as a cover image, I would 
be happy to consider it for a future issue of Australian Physics. For more 
details see box on p6.

In the present issue the first article, The Cause of Fatal Lightning 
Strikes and Non-Fatal Shocks by Richard Morrow, describes his investi-
gation of a lightning strike in Geelong that caused two deaths. Some of 
his conclusion may surprise you, but also provide useful advice if caught 
outdoors in a thunderstorm. The second article, The Sparkling World of 
Nanoparticles by Asma Khalid et al. describes an example of interdisci-
plinary research; in this case, laser induced fluorescence from nanopar-
ticles is shown to have many applications, particularly in biotechnology 
and medicine.

I suspect many members will not be familiar with the National 
Committee of Physics (NCP), one of a number of national committees 
of the Australian Academy of Science. In this issue, NCP chair, Hans 
Bachor, describes its role and, in particular, its part in following up on 
the Decadal Plan for Physics: Building on excellence in physics – under-
pinning Australia’s future, which was released in late 2012.  

Brian James
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President’s Column

Women in Science

Best wishes to all of our members 
for 2014, which is sure to be interest-
ing, both in terms of the new discov-
eries that will be made or announced, 
but also in terms of the political and 
funding environment in which we 
operate.

Anyway, I would like now to dis-
cuss a couple of initiatives the AIP is 
taking.  Specifically, we are looking to 
revitalise both our Women in Physics 
Group and Committee (see http://
www.aip.org.au/info/?q=content/
women-physics-wip).  The group’s 
stated aim is “to support women in 
physics, to advocate on their behalf, 
and to work towards removing im-
pediments to their career advance-
ment through cultural change within 
the discipline and via the advance-
ment of policies.”  So we are actively 
soliciting volunteers or nominations 
to become involved.  If you are in-
terested, please e-mail me with your 
name, contact details and a short bio-
graphical statement.  

The second regards the 5th IU-
PAP International Conference on 
Women in Physics being held near 
Niagara Falls in Waterloo, Canada, 
5-8 August 2014.  Historically, Cathy 
Foley has represented Australia at 
previous meetings, with travel fund-
ing via her employer.  This time, while 
the Australian Institute of Physics 
generally does not have very deep 
pockets, there are some funds avail-
able for partial or full support.  We 
(Australia) are allowed to send up 
to three delegates, so if you are inter-
ested, please let me know, along with 
the level of support that you may be 

able to get from your own institution.  
Note that our delegates to the inter-
national meeting in Canada need not 
be the same as those serving on the 
domestic committee.

As a man, I feel that I may now be 
getting into dangerous territory, but 
issues of gender equity and diversity 
affect all of us, our colleagues, family 
members and friends.  So I will reflect 
upon a couple of the things I have 
seen or experienced in my life so far.  
I grew up in England, as one of three 
children: myself and two sisters.  Our 
father was the first person in our fam-
ily to get a university education, the 
hard way by night school, soon after 
the end of the Second World War.  I 
think this was partly due to the vision 
and ambition of my grandmother, 
a wonderful clever lady, who had to 
leave school at the age of 14, at the 
outbreak of the First World War – in 
those days, ordinary people (especial-
ly girls) didn’t get much of an educa-
tion.  Our father studied Physics at 
the University of London, and then 
subsequently worked at the bound-
ary between physics and engineer-
ing successively for various industrial 
companies.  All three of us were very 
good at mathematics, and I drifted 
into physics because of that.

After getting my BA, I taught 
high school in the North of Eng-
land for a few years, partly because I 
didn’t really know what I wanted to 
do next, but also because I thought 
that “modern physics” was such a 
wonderful thing, and that its ideas 
should be spread out as broadly as 
possible in society.  Amongst much 

else, I had pastoral responsibility for 
a group of 13-year olds, and the girls 
were far more mature in all ways than 
the boys.  Half seemed more interest-
ed in older boys, while the other half 
were more academically inclined.  I 
actively tried to get all of the pupils 
interested, especially in science.  The 
best student was one of these girls.  
Anyway, the week before I left to re-
turn to study for a PhD in physics, 
there was a parent-teacher evening 
and most of the parents were very 
grateful for my efforts.  The parents 
of this most talented girl said to me 
“Thank you Mr. Robinson for all that 
you’ve done for our daughter, and 
we’re really pleased that …… is so en-
thusiastic about science - but do you 
think it’s really appropriate for a 
girl?”  I was only 23 at the time and 
was “gob-smacked” – completely lost 
for words.  These were nice middle-
class parents, in a nice middle-class 
community and this was completely 
alien to what I had grown up with.  I 
realised then that issues of gender bal-
ance in the workforce are much more 
deeply rooted in our society, and its 
attitudes, than we will be able to fix 
solely through the adult workforce 
or tertiary education, or even within 
schools.  Not that we shouldn’t try.

Rob Robinson
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news & Comment
New President of the Australian Academy of 
Science
Professor Andrew Holmes, a pioneer of research in organ-
ic electronics, has been elected as the next President of the 
Australian Academy of Science. He takes over from cur-
rent President, Professor Suzanne Cory, after the Acad-
emy’s next Annual General Meeting in May 2014. The 
presidency alternates between the physical and biological 
sciences and the term lasts for 4 years.

Professor Holmes is a Lau-
reate Professor of Chemistry at 
the University of Melbourne’s 
Bio21 Institute, a CSIRO 
Fellow and Distinguished Re-
search Fellow in the Depart-
ment of Chemistry at Imperial 
College London.

In the 1990s, Professor 
Holmes achieved interna-
tional prominence when, in 
collaboration with Cambridge 

physicists, the team developed a new class of light-emit-
ting polymers. These polymers transformed digital display 
technology with lightweight, super-thin, flexible video 
screens bright enough to be viewed even in direct sunlight.

Professor Holmes returned to Melbourne in 2004 as 
a Federation Fellow to establish a laboratory at the then 
newly established Bio21 Institute. He was instrumental 
in forming the Victorian Organic Solar Cell Consortium.

Academy celebrates 60th anniversary in 
2014
Registrations are now open for Science at the Shine Dome, 
27-29 May 2014. As well as acknowledging the outstand-
ing work of awardees and new Fellows, this annual meet-
ing will acknowledge the 60th anniversary of the Acad-
emy’s founding with a one-day symposium celebrating 
Australian science and exploring the shape of Australia’s 
science future. For more information see http://www.sci-
ence.org.au/events/sats/sats2014/Symposium-DayThree.
html.

ANSTO releases apps and an e-book
In 2013 ANSTO celebrated its 60 years of delivering re-

search and nuclear medicines to the Australian public. To 
commemorate this milestone, ANSTO has developed an 
e-book and tablet app that provide a summary of AN-
STO’s history, present day achievements and important 
infrastructure including the OPAL Research Reactor, 
Centre for Accelerator Science and the Australian Syn-
chrotron.

ANSTO has also produced an interactive app for stu-
dents called Elementals. Suitable for all levels, there are 
five games that will familiarise students with the various 
elements, their atomic numbers and their groups. The app 
can be downloaded from either the Apple App store or 
Google Play – just type “ANSTO Elementals” into the 
search field.

Possible futures for our electricity grid
Australia’s electricity landscape could change significantly 
in the future and consumers will be deciding just what 
that future will look like.
A new report from the Future Grid Forum, Change and 
choice: The Future Grid Forum’s analysis of Australia’s po-
tential electricity pathways to 2050, looks at a range of op-
portunities and presents four scenarios, not predictions, 
through which we can view potential futures for our na-
tional electricity system.

CSIRO Energy Flagship Chief Economist, Paul Gra-
ham, said recent declining demand, higher electricity 
prices and strong adoption of roof-top solar panels have 
changed the industry’s view of what is plausible in the fu-
ture and trained a focus on affordability challenges.

“All of the choices in the Future Grid Forum scenarios 
have consequences for the price of electricity, something 
that has significantly impacted consumers in recent years,” 

Prof. Andrew Holmes
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Mr Graham said. 
“Electricity will not get cheaper in the coming decades, 

but bills can be reduced through the adoption of energy 
efficiency, peak demand management and on-site genera-
tion.

Electricity has traditionally been a service with which 
consumers have not proactively engaged, but the Forum’s 
scenarios present a number of ways for people to take 
greater control of how they consume and produce elec-
tricity.

“This proactive shift could potentially influence the 
business model for the electricity sector, encouraging the 
emergence of new services to supply an individually tai-
lored product – not dissimilar to the telecommunications 

industry shift from a one-size-fits-all landline telephone 
system to a wide variety of mobile and associated data and 
entertainment services,” Mr Graham said.

“One of the Forum’s scenarios looks at the option for 
around a third of consumers to disconnect from the elec-
tricity grid through the use of on-site generation using 
technologies like rooftop solar panels and battery stor-
age; and this is projected to be economically viable from 
around 2030 to 2040.

“Under the full range of scenarios Australia could see 
on-site generation grow from the current figure of 8 per 
cent to reach between 18 and 45 per cent of total genera-
tion by 2050, but mostly while staying connected and us-
ing the grid as an electricity trading platform,” Mr Graham 
said.

The Forum also projected that technology will allow 
more sophisticated ways of managing household demand 
during peak times through the introduction of devices 
such as smart air conditioners and in-home storage sys-
tems.

“Better strategies for peak demand management could 
save two cents per kilowatt hour or $1.4 billion per annum 
on distribution costs for households,” Mr Graham said.
The Future Grid Forum report, Change and choice: The 

Future Grid Forum’s analysis of Australia’s potential electric-
ity pathways to 2050, and the supporting technical mod-
elling and social dimensions reports can be downloaded at 
http://www.csiro.au/Organisation-Structure/Flagships/
Energy-Flagship/Future-Grid-Forum-brochure.aspx.

DSTO release app 
DSTO’s role is to ensure the expert, impartial and innova-
tive application of science and technology to the defence 

of Australia and its national interests.
Keep up with the latest developments in DSTO on 

your tablet or smartphone by downloading a free app 
available on the Apple Store and Google Play.

Cosmic neutrinos named Physics World 2013 
Breakthrough of the Year
The Physics World award for the 2013 Breakthrough of the 
Year went to the IceCube South Pole Neutrino Observa-
tory for making the first observations of high-energy cos-
mic neutrinos. Nine other achievements are highly com-
mended and cover topics ranging from nuclear physics 
to nanotechnology (see physicsworld.com/cws/article/
news/2013/dec/13/).

In December 2013, an international team of scien-
tists that includes University of Adelaide researchers an-
nounced the first solid evidence for astrophysical neu-
trinos - very high-energy neutrinos coming from distant 
regions of our galaxy or further - which will lead to new 
ways of exploring the Universe. 

Published in the journal Science, the scientists reported 
the observation of 28 very high-energy ‘particle events’ 
and estimate about half of these to have come from dis-
tant, as yet unidentified, highly energetic sources. 

“This has opened a new window on the Universe,” says 
Dr Gary Hill, ARC Future Fellow at the University of 

Change and choice
The Future Grid Forum’s analysis of Australia’s 
potential electricity pathways to 2050

ENERGY
www.csiro.au
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Adelaide’s School of Chemistry and Physics. “This discov-
ery makes way for a new type of astronomy that we can use 
to probe the far reaches of the galaxy and beyond.” 

The neutrinos were observed between May 2010 and 
May 2012 at the IceCube Neutrino Observatory, a particle 
detector buried in the Antarctic ice at the South Pole. It is 
operated by the IceCube Collaboration which consists of 
250 physicists and engineers from the US, Germany, Swe-
den, Belgium, Switzerland, Japan, Canada, UK, Korea, 
New Zealand and Australia, and is led by the University 
of Wisconsin-Madison. The University of Adelaide is the 
only Australian university involved. 

“This is the first indication of high-energy neutrinos 
coming from outside our solar system,” says Professor 
Francis Halzen, IceCube principal investigator and Pro-
fessor of Physics at the University of Wisconsin-Madison. 
“It is gratifying to finally see what we have been looking 
for.” 

Neutrinos are nearly massless subatomic particles. Be-
cause they rarely interact with matter, they can carry in-
formation about the workings of the highest-energy and 
most distant phenomena in the Universe. 

Billions of neutrinos pass through every square cen-
timetre of the Earth every second, but the vast majority 
originate either in the Sun or in the Earth’s atmosphere. 
Astrophysical neutrinos are far rarer and have long been 
theorised to provide insights into potential sources of cos-
mic rays, the highest energy particles ever observed. 

Dr Hill spent seven summers in Antarctica overseeing 
the deployment of strings of optical detectors embedded 
in a cubic kilometre of ice beneath the South Pole. He was 
the original analysis coordinator for the IceCube Collabo-
ration and spends significant time at UW-Madison, col-
laborating on analysis of the data. 

University of Adelaide research students Mark Aart-
sen and Sally Robertson, and postdoctoral researcher Dr 
Ben Whelan, are focusing their efforts on improved ways 

of analysing the data. 

ARC Centre of Excellence for Naonoscale 
Biophotonics
The ARC Centre of Excellence for Naonoscale Biopho-
tonics, based at the University of Adelaide, is one of 12 

new centers of excellence for 
which funding will begin in 
2014. The new Centre, 
which brings together re-
searchers from the Universi-
ty of Adelaide, Macquarie 
and RMIT Universities with 
international, national and 
industry partners, will cross 
the boundaries of biology, 
lasers and nanoscience, using 
light-based sensors to probe 
molecular processes within 
living systems.

“Our understanding of the processes of life is limited 
by constraints imposed by studying cells and biological 
systems outside the body. Much more can be learnt if we 
can work within,” says Professor Tanya Monro, the Direc-
tor of the new Centre of Excellence. “We will use nano-
materials and photons to serve as an interface between 
organisms and artificially engineered systems. By bringing 
these fields together we will transform our understanding 
of nanoscale events in living systems.

Do you want to talk to 
someone about your 
work related issues? 

At Advantage Partnership Lawyers, we 
will listen. Contact us now to speak with 
Mr Horie, an AIP member or one of his 

dedicated staff. 
Call us on (02)9221 7230 or  

email us at  
legal.one@advantagepartnership.net

Prof Tanya Monro

Dr Gary Hill
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1. Introduction
Lightning generally originates from a negatively-charged 
cloud when a highly-conducting negative leader channel 
is formed and moves in steps towards the ground [1, 2]; 
this effectively brings the high voltage of the cloud close 
to the ground very quickly, generating high electric fields 
at the earth. Positive streamers are initiated on sharp metal 
objects and propagate out towards the negative leader fol-
lowing the electric field lines towards the negative leader 
head. As the electric field rises the streamer is steadily driv-
en towards the leader head, as shown in detail for a stream-
er propagating 50 cm by Morrow and Backburn [3]. Such 
a streamer propagating several metres is visible in Figure 1 
[4]: the streamer is propagating from a telegraph pole to 
the left of the main strike.

In a Geelong park a rotunda was struck by lightning 
and two people were killed with many people suffering 
minor injuries. The lightning approached the rotunda at 
an angle of 45° to the ground. The event is analyzed in the 
light of the positive streamer theory above. One puzzling 
aspect was that the metal roof of the rotunda was not ob-
viously connected to the earth. The lightning appeared to 
burn only part of the way down the rotunda support and 
then stop.

“…. a rotunda was struck by 
lightning and two people were 
killed with many people suffering 
minor injuries”.

It is a common occurrence in Africa for people to be 
killed by lightning while sheltering under a metal veran-
dah roof; perhaps these cases are related to the rotunda 
case. 

In Zambia [5] an incident occurred involving the 
death of prisoners carrying farming implements such as 
hoes, axes and rakes when struck by lightning. The metal 
implements probably led to the fatal lightning strike by 
the same mechanism described here. Similarly, golfers car-
rying golf clubs can be vulnerable in the same way and this 
will also discussed.

 Finally, there are many reports of people being struck 
by lightning but surviving. These people are said to be af-
fected by ground currents, but this is not a satisfactory 
explanation and some better explanation of these shock 
events is required. In the light of an experience during a 

The Cause of Fatal Lightning Strikes and 
Non-Fatal Shocks
Richard Morrow 
Applied and Plasma Physics, School of Physics, 
The University of Sydney, Sydney, NSW, Australia, 2006.

Lightning seems to strike objects and people in very unexpected and apparently inexplicable ways. 
However, using recent theoretical results, coupled with a close examination of the circumstances sur-
rounding a fatal lightning strike in Geelong, some clear explanations have been developed.  Essentially, 
lightning does not “choose” where to strike; rather the object struck has sent up a positive streamer, 
drawing the lightning strike to that object. Using this theory, many fatal lightning strikes can be ex-
plained; for example for people standing under metal verandah roofs, and workers carrying metal 
implements. Given this understanding, strategies can be developed to avoid such events. In the case 
of non-fatal shocks from lightning it is proposed that it is a rapidly changing vertical electric field that 
induces currents in people’s bodies causing the shock. 

Figure 1: Photo by Johnny Autery “Sword of God” [4] first 
published in National Geographic, July 1993, p 88. [4}

Positive 
Streamer
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bushwalk an explanation in terms of the displacement cur-
rent due to rapidly changing electric fields is proposed.

3.Positive Corona Generated in a Rising 
Electric Field
My theoretical results [3] help us to understand the ro-
tunda case and the cause of many fatal lightning strikes, 
particularly lightning events involving relatively sharp 
metal objects. The results show that a sharp metal point 
in a steadily-rising electric field directed upwards will give 
rise to a streamer that steadily propagates in the direction 
of the electric field towards an oncoming negative lead-
er as the electric field increases. In this way the positive 
streamer is guided towards the negative leader head by the 
leader’s electric field. The calculation follows the streamer 
for 0.5 m, and clearly the streamer could propagate much 
further limited ultimately by the available voltage, V, as 
discussed below.

Some representative results from the calculations by 
Morrow and Blackburn [3] are shown in Figure 2. In a 
long streamer channel conductivity must be maintained 
by keeping the electric field above Ec ~ 30 kV/cm, where 
the ionization rate balances the attachment rate for elec-
trons attaching to air molecules to form negative ions. 
Thus, for a given voltage, V, a streamer can only propagate 
a distance D ~ V/Ec; this principle defines the length of 
the positive streamer, and probably the length of the steps 
taken by the negative leader as it approaches the earth [1].

The rapidly-changing electric field constitutes an elec-
tric current defined as Maxwell’s displacement current 
density given by 

 
t
EJ
∂

∂
= 0ε  [6], and this current is induced 

in all conducting objects, including people. As the elec-
tric field rises, positive electrical corona is triggered on any 
sharp metal object where the electric field is intensified. 

The current induced in the metal object continues into 
the air as the current flowing in the streamer channel. In 
front of the streamer head the current is maintained by the 
rapidly changing electric field giving current continuity as 
defined by Maxwell. 

Many such streamers can be generated from different 
points during a lightning strike and the ones that do not 
reach the negative leader are left isolated as seen in pho-
tographs of the strike, such as in Figure 1 from Johnny 
Autery (National Geographic) [4], or as shown in Figure 
3 for Sydney Harbour. The books by Martin Uman on 
lightning [1, 2], and the paper by  Berger [7], also show 
some examples.

One of the positive streamers from the ground con-
nects with the leader channel, completing a conducting 
path to the cloud. The charge on the cloud is then con-
ducted to earth generating an electric current of thou-
sands of amps.

“the rapidly-changing electric 
field constitutes… displacement 
current…and this current is 
induced in all conducting objects, 
including people”.

4. The Fatal Lightning Strike in Geelong

In January 1997 two people were killed by lightning while 
sheltering in a rotunda in Eastern Park, Geelong, Austral-
ia. I was alerted to investigate the lightning strike because 
television reports showed many tall trees nearby, and I 
wanted to know why the rotunda was struck, and not the 
trees. On further inquiry, I found that one of the trees was 
actually touching the roof of the rotunda, and I wanted to 
know if this fact contributed to the tragedy.

Figure 3: Sydney Harbour, with a positive (blue-green) 
streamer going nowhere in the centre [7].

Figure 2: Results from the data set used by Morrow and 
Blackburn [3] for a 0.5 m hyperboloid point plane gap with 
a steadily rising voltage due to an approaching negative 
leader: a) initial potential distribution; b) after ~ 0.5 µs of 
development when the voltage has risen to about 1 MV.
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The following is a record of my observations of the site 
made about a week after the tragedy:

•  A close inspection of the tree close to the rotunda, and 
the tree branches touching the rotunda showed no signs 
of a discharge or lightning strike; therefore the tree was 
not directly involved. (When trees are struck by light-
ning there is often a clear track burned on the trunk.)

•  According to Mr. Rogers, the Director of the Geelong 
Botanic Gardens, and his wife (who were witnesses, and 
the first helpers at the scene), the day was dry and there 
was no thunderstorm activity locally, although there was 
a storm further down the coast. Because of the relatively 
dry conditions the trees may not have produced positive 
steamers that would attract the lightning.

•  The lightning was observed by one of the park work-
ers (as reported by Mr. Rogers) to pass over the ranger’s 
house at an angle of at least 45° to the ground, and go 
towards the rotunda. This observation suggests that the 
rotunda acted as the source of a positive streamer which 
rose at a  45° angle to intercept the leader. (For an exam-
ple of such an oblique streamer channel, see Figure 1).

•  The metal edge of the corrugated iron roof, which was 
not obviously earthed, would have acted as a “streamer 
launcher” in the intense electric field caused by the ad-
vancing leader. 

•  From the police photograph (Figure 4) [9] burn marks 
are clearly visible at the top of one of the wooden posts; 
from the photographs, and from the statements of Mr. 
& Mrs. Rogers, there were no burn marks on the lower 

two-thirds of the post. The lightning clearly took an-
other path to ground, probably through the body of the 
woman standing in the rotunda who died instantly.

•  Mr. Rogers observed the people in the rotunda from 
his kitchen window at the time of the lightning strike 
and said that they all “jumped into the air”, then “fell to 
the ground”; “people were thrown everywhere”. Inspec-
tor Tim Attwil of Geelong police, who was on the scene 
soon after the tragedy, said many of the people were limp-
ing. These two observations suggest that as the rotunda 
roof was struck it was raised to a high voltage creating 
a high electric field which would affect everyone in the 
rotunda. The sudden increase in the electric field would 
have induced electric currents in the legs of all those pre-
sent, causing them to involuntarily jump in the air and 
fall down, due to the contraction of their muscles. This 
involuntary movement may have caused muscle strain; 
hence all the limping people.

“the sudden increase in the 
electric field would have induced 
electric currents in the legs of all 
those present, causing them to 
involuntarily jump in the air….”

•  The other people affected by the strike, including the 
man who died, and a woman who was severely injured, 
but survived, could have been affected by such an in-
duced shock, or by a branch of the main discharge.

It is probable that a positive streamer was launched 
from the sharp metal edge of the rotunda roof at an an-
gle of about 45 degrees; it would have then intercepted 
the main negative leader from the cloud bringing the full 
lightning discharge to the rotunda. Even though the roof 
did not appear to be earthed there must have been a con-
duction path to earth sufficient to carry enough current 
for the streamer to progress. The woman who died was 
probably touching the post at the time of the strike and 
was unknowingly providing a slightly lower conduction 
path for the streamer current. The full lightning current 
from the negative leader would have followed the stream-
er path; then it would have followed the streamer current 
path down the post until it reached the relatively low re-
sistance of the woman, then on to earth. The full force of 
the lightning discharge current would have gone through 
the woman causing horrific injuries and instant death.

Figure 4: The rotunda under which two people died from a 
lightning strike, while several other people were thrown to 
the ground but survived. The post shows burn marks at the 
top and is split, while there are no marks at all further down. 
The conclusion is that one of the fatalities was caused by 
the person shorting the lightning discharge to Earth.

Lightning
Damage
Stops
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5. Risk Evaluation According to the 
Australian Standard  Applicable at the Time 
of the Lightning Strike

The following risk assessment was made with strict refer-
ence to the Australian Standard for Lightning Protection 
AS 1768 – 1991 [8] (This was the Australian Standard for 
Lightning Protection applicable at the time.) :

•  When the “Risk index” for the rotunda structure is 
evaluated according to the Australian Standard (p.7, AS 
1768 - 1991), a risk index of 8 is obtained, and conse-
quently the risk of a lightning strike would (at the time) 
be evaluated as negligible. 

•  Even when the tree and rotunda complex is considered 
as one unit, the risk is evaluated as negligible.

Note that the problem of small structures with un-
earthed metal roofs, such as rotundas, has now been 
recognized in the latest Australian Standard [9] where a 
down-connection to an earthed stake is recommended.

6. Relevance to other Fatal Lightning Strikes
The relevance of the Geelong experience to the many fa-
tal lightning strikes that occur  in Africa where people are 
killed on their verandahs in a lightning storm is clear: in 
a poor district a house would probably have a corrugated 
iron roof supported by wooden posts, with no gutters or 
down pipe. In the same fashion as for the rotunda in Gee-
long, the metal roof would initiate a positive connecting 
streamer from its sharp edge and lightning would travel 
down the wooden supports and divert through anyone 
standing nearby as they are a better conductor than the 
wooden post. 

Any metallic connection to earth, even by relatively 
thin copper wire, would be effective in diverting the light-
ning current to earth. Because of the low probability of 
the structure being hit by lightning the lightning protec-
tion need only work once in a lifetime. Many lives could 
be saved this way. The protective wire could be replaced 
like an old-fashioned fuse wire. 

In Zambia [5] the farming implements the prisoners 
were carrying, such as hoes, axes and rakes, would have 
acted as points from which positive connecting streamers 
could be launched. The Geelong experience indicates  that 
a metal object does not have to be solidly connected to 
earth in order to be able to launch a connecting streamer 
and bring the full lightning current to the metal object; 
the men’s bodies would support sufficient electric current 
for the streamer. The resulting full lightning discharge cur-
rent charred the bodies of three unfortunate men. The ar-

ticle said “We are at a loss as to what could have caused this 
tragedy”. We are no longer at a loss; the metal implements 
would have sent up positive streamers which brought 
down the deadly lightning strike. 

If the men had known what was drawing the lightning 
towards them they could have placed their metal imple-
ments on the ground, moved away from them and laid flat 
on the ground. Alternatively, they could huddled together 
to form a “Roman tortuous defensive shield formation” 
as close to the ground as possible, presenting to the rising 
electric fields a conducting body with a large radius of cur-
vature. 

After he was struck by lightning at the 1975 Western 
Open, golfer Lee Trevino was asked by a reporter what 
he would do if he were out on the course and it began to 
storm again. Trevino answered he would take out his one-
iron and point it to the sky, “because not even God can 
hit the one-iron” [10]. It is a good joke, particularly if you 
play golf and know about one-irons. Of course you would 
be courting disaster to do such a thing. A friend of mine 
was sheltering from a storm on the side of a mountain; he 
said that whenever he held up his ice-axe a streamer shot 
up from it. He was very close to disaster.

“… a metal object does not have 
to be solidly connected to earth 
in order to be able to launch a 
connecting streamer and bring the 
full lightning current to the metal 
object;”

7. Non-Fatal Lightning Shock Events
There are many reports of people being struck by lightning 
but surviving. These people could not possibly have been 
hit by the full current of the lightning strike, otherwise 
they would suffer horrific injuries and be dead like the 
woman in the rotunda. Some lightning folklore suggests 
standing with your legs together to avoid lightning strikes 
because of ground currents; however, this suggestion does 
not consider the rapid dynamics of a lightning strike. 
Some better explanation of these shock events is required.

I was first alerted to the solution to the problem while 
bushwalking in the Blue Mountains. My son and I were 
dry and sitting on a rock, while my daughter and her boy-
friend were standing in the Cox’s River. There was a light-
ning strike high on a nearby mountain and my daughter 
and her friend said that they felt an electric shock, while 
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my son and I felt nothing. I was led to think that the 
lightning strike had affected them from a considerable 
distance, probably because they were well earthed in the 
river water. The only possibility was the changing electric 
field due to the lightning strike inducing sufficient electric 
current (Maxwell’s displacement current) in them to give 
a slight shock sensation.

Clearly, a person standing near a lightning strike will 
be a conducting body in a changing electric field, and a 
transient current will be generated in their bodies. They 
will be affected in the same way as the people who were 
not critically injured in the rotunda; they may even have 
streamers coming from their heads and clothing. 

8. Conclusions
From the detailed analysis of the lightning strike at the 
rotunda in Geelong, and in the light of positive streamer 
theory and lightning photographs, it is clear that many 
objects struck by lightning of the most common form, 
with a negative cloud overhead, are struck because they 
initiate positive streamers which intercept the negative 
leader from the cloud. The surprising result is that the ob-
ject (usually metal) does not have to be well connected to 
earth, but must be capable of supporting the current re-
quired to propagate the streamer. Thus it is essential to be 
aware that any sharp metal object can initiate a positive 
streamer and cause a serious risk. The objects should be 
placed on the ground and the person should move away.  
People who are mildly shocked by lightning strikes are 
most likely affected by currents induced by the rapidly 
changing electric fields.
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INTRODUCTION
Understanding the underlying processes at the cellular 
and sub-cellular levels is one of the most important tasks 
in modern biology. One of the crucial steps in this un-
derstanding has been the cross-disciplinary approach of 
combining physical and biological techniques that has 
led to direct and functional biological imaging. The im-
portance of biocompatible and environmentally friendly 
biomarkers for biotechnology and medicine cannot be 
underestimated. The most important applications in-
clude: biomarking, cellular imaging, tumour targeting, 
single particle tracking and long-term in-vivo monitoring. 
Laser-induced fluorescence, a spectroscopic method that 
uses optical emission excited by absorption of laser light, 
is one of the key avenues to understand cellular processes. 
In the last few years, study into fluorescent nanoparticles 
(NPs) has become a distinctive subject of research. Stud-
ies are undertaken into both physical implementations of 
these structures and their applications. This increase in 
interest is driven by the numerous applications of fluores-
cent materials in industry, medicine, information technol-
ogy, energy storage, sensing and elsewhere [1-3].

“important applications include: 
biomarking, cellular imaging, 
tumour targeting, single particle 
tracking and long-term in-vivo 
monitoring”

There are a large number of applications where it is es-
sential to detect and track such fluorescent NPs without 
additional tags. Current methods for detection and track-
ing NPs in living cells, food, and environment use either 
clinical methods like blood and urine sample collections 
or imaging via additional fluorescent markers.  Fluorescent 
biosensors should satisfy three main criteria: biocompat-
ibility, photostability and suitable wavelengths of absorb-

ance and fluorescence. In a biological cell, the presence of 
components such as collagens and flavins produce fluores-
cent background signals. These particles typically absorb 
light in the range 300-500 nm and fluoresce at 400-550 
nm. Therefore it is essential for the probe to absorb light 
at wavelengths longer than 500 nm and to emit light at 
wavelengths longer than 600 nm [4].  

Organic dyes and fluorescent proteins meet those 
requirements but they suffer from photobleaching and 
blinking (random switching between ON-bright and 
OFF-dark states of the emitter under continuous excita-
tion),  precluding their usage in long-term monitoring [5]. 
Quantum dots (QDs) have been investigated extensively 
due to their brightness and reasonable stability. However, 
the major obstacle in the clinical use of QDs is their toxic-
ity [6]. There is, therefore, an urgent need to develop new 
biocompatible and environmentally friendly nanodevices 
for bio-sensing and biomedical applications.

In this paper we present two examples of fluorescent 
nanoparticles combined with photonic materials. First, 
we present the results on a new compound material con-
sisting of nanodiamonds (NDs) and silk. Second, we re-
port on zinc oxide (ZnO) fluorescence, with ZnO nano-
particles obtained by Zn-ion implantation in silica. The 
availability of optical defects (centres) in nanoparticle 
form that can be introduced into biological environments 
allows for many new sensing mechanisms. For example, 
diamond optical defects may include foreign impurity 
atoms (typically nitrogen) or some other defect in the lat-
tice. Some of these lattice imperfections can create spec-
troscopic features by allowing the diamond to absorb par-
ticular energies of incident light or radiation. These two 
projects bridge two remarkable fields, physics and biology, 
involving an international and multi-university collabo-
ration. It also offers outstanding opportunities for post-
graduate students to embark in interdisciplinary research 
and experience multi-university internationally competi-
tive environments. Capacity, synergy and expertise are 

The Sparkling World of Nanoparticles
Asma Khalid, Kelvin Chung, Romina Norello and Snjezana Tomljenovic-Hanic
School of Physics, University of Melbourne, Parkville, Victoria 3010, Australia 
e-mail: snjezana.thanic@unimelb.edu.au

Fluorescent nanoparticles (NPs) have become versatile tools in a wide range of applications, from in-
dustrial to bio-medical applications. For some of them it is essential to detect and track such fluorescent 
NPs without additional tags. In this paper we present two examples of combining these NPs with optical 
materials: silken nanodiamonds and zinc oxide nanoparticle in silica. Our results indicate that both ma-
terials are having great potential for future bio-sensing and bio-medical applications.



AUSTRALIAN PHYSICS 17JAN–FEB 2014  |  51(1)

matched in perfect partnership between the University of 
Melbourne, University of Sydney, Hong Kong University, 
National Institute for Materials Science in Tsukuba and 
Tufts University in Boston.

SILKEN NANODIAMONDS
The photostability of the optical centres in diamond, such 
as the negatively charged nitrogen vacancy centre (NV-), 
combined with the biocompatibility of diamond makes 
NDs highly suitable for long-term imaging and monitor-
ing in cellular environments [1]. Due to these character-
istics, NDs have been investigated in nanomedicine in 
the areas of drug delivery (for cancer therapy, protein and 
gene delivery), targeted bioimaging (fluorescence moni-
toring) and biosensing [1,3]. On the other hand, silk, a 
natural protein fibre has been used in biomedicine for 
centuries [7] due to its non-inflammatory response. Silk 
fibroin derived films are highly flexible, biodegradable and 
biocompatible in-vitro and in-vivo [7,8]. 

Our team at the University of Melbourne is actively 
involved in the research on diamond including use in bio-
applications. Research is simultaneously under way at the 
University of Sydney and Tufts University to develop bio-
compatible silk-based bio-chips for health monitoring in-
vivo. So far, the studies on both NDs and silk stand alone 
but combining these two materials immensely magnifies 
the functionalities of each of them. NDs benefit from a 
silk-based coating in terms of a versatile functionalization 
chemistry, elimination of blinking and increased mobility. 
On the other hand, silk benefits from NDs in terms of im-
proved bio-sensing functionality.
First the optical transmission of silk was examined with 
and without NDs. Then, the change in the emission prop-
erties of NDs embedded in silk relative to air was studied 
using a customized confocal microscope. Confocal mi-
croscopy is an optical imaging technique used to increase 
optical resolution and contrast of a micrograph by using 
point illumination. Here we use green light illumination 
and we collect red emission. A schematic of the hybrid 
film including the method of optical characterization is 
shown in Fig. 1 (a) and an example of a scanning confocal 

map is shown in Fig. 1 (b). A theoretical model was used 
to explain the experimentally observed enhanced emis-
sion from NDs. Lastly, the non-toxicity of the ND-doped 
silk films was evaluated through an in-vivo model, see Fig. 
1 (c). 

The ND-silk film was found to be highly transparent 
in the visible and infrared with small scattering losses in-
duced by NDs. Our results of silk coated NDs showed a 
significant rise in counts that was 1.6 - 3.8 times higher as 
compared to the original counts of the ND single emitters 
without silk coating. This rate of enhancement was found 
to be in good agreement with the theoretical model. The 
toxicity test of the ND-silk films in-vivo revealed a non-
inflammatory response. Our vision of this remarkable new 
“material” is of much larger scope than presented here. We 
expect numerous biotechnical and medical applications 
to emerge as these two extraordinary materials perfectly 
complement each other.

Future work includes integrating biochemistry into 
silk and testing the change of emission in ND-silk sys-
tem upon a binding event with the biological component 
(may be with a gene or protein). Investigation of more in-
tegrated pump and probing sources will be performed so 
that the device will, eventually, be one integrated chip [9].

ZINC OXIDE NANOPARTICLES 
Fluorescent metal oxide NPs have attracted intensive in-
terest during the past decade because their outstanding 
optical properties make them suitable for various fields 
such as biological analysis, lighting and photovoltaic ap-
plications [2]. The origin of defects responsible for differ-
ent visible emissions in metal-oxide has been controversial 
for decades [10]. 

Recently, we have observed bright single photon emis-
sion (> 650 nm) from ZnO when pumped with a laser at 
532 nm [11]: all ideal properties for detection and track-
ing in living cells. We have discovered that ZnO nanopar-
ticles themselves can act as bright, single photon sources, 
and can therefore be used as fluorescent biomarkers in 
their own right [11]. This discovery enables the possibility 

Figure 1: (a) Schematic representation of a silk-coated ND (on silicon substrate) fluorescing in red (a characteristic of NV- 
centre), when pumped with a green laser (532 nm). (b) Scanning confocal fluorescence map of a 5 µm × 5 µm region of 
the sample after coating with silk. The cross hair specifies the defect centre.  (c) Animal toxicity test of ND-silk films: non-
inflammatory response of the NDs-silk films after two weeks of implantation [9].
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of using highly-sensitive scanning confocal fluorescence 
techniques to track nanoparticle propagation through 
biological tissue at the single nanoparticle level, see Fig. 
2(a).  However, our first results showed blinking behav-
iour between bright and gray states [11].

We have already obtained encouraging preliminary re-
sults that have been presented at CLEO Pacific Rim 2013 
[12] and as a post-deadline paper at AIP Congress 2012 
[13]. Stability of ZnO NPs has been significantly im-
proved. ZnO NPs are formed by ion implantation com-
bined with thermal oxidation in a silica substrate [14]. 
Fig. 2(b) and (c) shows a representative confocal image 
and fluorescence spectra of four individual emitters on 
the samples provided by Hiro Amekura from NIMS in 
Tsukuba. All spectra show broad emission in the visible 
regime from 580 nm to 850 nm. The exact origin of de-
fects responsible for different visible emissions in ZnO is 
yet to be conclusively determined.

Application: Detection of food additives
Our research will have a large impact on the safety and 
quality of every-day life and here we give one example of 
these future applications. In the food industry various ad-
ditives, including metal oxides, are used to optimize col-
our, taste and freshness of food. Confocal microscopy has 
been used in some of the pilot studies to detect these ad-

ditives [15] but ensemble measurements have always been 
performed. We are using a methodology that can trace the 
presence of the additives down to single molecule level. 
This will greatly improve quality control and safety of 
food products.  

We have tested our methodology on a product pur-
chased from supermarket: a bag of lollies. We dissolved 
their sugar coating in water; one example is shown in Fig 
3 (a) for red lollies which contained fluorescent red dye 
(E129), indicated at the back of the bag by the manufac-
turer. The confocal maps of those diluted products are 
shown in Fig. 3 (b), in which bright red fluorescence is 
collected. Our results indicate that commercially available 
lollies appear to be extremely bright, with overall counts 
per second recorded as high as a few millions with a small 
power, of the order of 50 µW used: see Fig. 3 (b). For com-
parison, the NDs excited with the same power would have 
around 100 times smaller counts. However, this bright 
fluorescence bleaches away within seconds.

The manufacturer reported these food additives used 
in their product: dyes (E102, E110, E129, E133) and 
TiO2 (E171). There are a large number of food additives 

that are forbidden in Australia, such as silver (E174) and 
gold (E175) that we can detect and track (unpublished re-
sults).  At the moment we cannot detect them unambigu-
ously. Therefore, in future we will have a powerful tool for 
control of food with the ability to non-destructively de-
tect compounds down to single molecule level.

CONCLUSIONS
In conclusion, we have demonstrated successful coat-

ing of nanodiamonds with silk and observed a single-
photon emission with significantly increased collection 
efficiency after the silk coating. This unique combination 
of silken nanodiamonds has the potential to give rise to a 
new class of very bright, bio-compatible and environment 
friendly bio-sensors. Also, we have observed single photon 
emission from optical emitters in zinc-oxide nanoparti-

Figure 2: (a) Wide field confocal imaging of skin cells with 
ZnO nanoparticles (NPs) inside the skin cells [courtesy of D. 
Simpson and P. Tran]. (b) A 5×5 µm2 confocal image of the 
ZnO NPs silica sample, with the cursor placed on a single 
photon emitter [12]. The colour bar on the right shows the 
number of counts s-1 on one avalanche photodiode (APD) 
detector. (c) Fluorescence spectra of four individual single 
photon emitters found on the sample. The legend shows 
the maximum count rate for each of the different emitters 
[12].

Figure 3: (a) Sugar coatings dissolved in deionized water for  
red coloured lollies, (b) scanning confocal fluorescent map 
of lollies containing fluorescent red dye (E129) appearing 
to be extremely bright in our confocal lab (unpublished 
results).
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cles. Our ability to address and identify individual defects 
will allow further insight into their nature and opens new 
applications of these fluorescent NPs.  
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We are now working on an active website which will 
enable us to share and discuss developments in physics, 
alert our community to opportunities for lobbying and 
new developments that all physicist should be aware of.  
This website will be linked with the AIP webpages. In this 
way we can get information to you more effectively.

“with a political system focussed 
on economical outcomes it will be 
important for more people to see 
the positive role physics plays in 
the development of our country 
and its economic basis. “

With a political system focussed on economical out-
comes it will be important for more people to see the posi-
tive role physics plays in the development of our country 
and its economic basis. You will have your own good news 
story about this, and the decadal plan includes some im-
pressive case stories. Spread the word, be positive and ac-
tive.

At the national level the chief scientist has argued the 
case for science, based on the importance which STEM 
research already has in Europe, Asia and the US. Other 
countries, in particular in the UK [2] and Europe [3], 
have carried out economic studies by respected economic 
consulting firms. Should we be doing the same for Aus-
tralia? The Committee is giving consideration to organis-
ing such a study - complementing the positive lobbying all 
of us individually can do as a diverse group of physicists. 

Hans Bachor
Chair, National Committee for Physics
hans.bachor@anu.edu.au

[1]  Physics Decadal Plan 2012-2021: Building on excellence in phys-
ics, underpinning Australia’s future, http://www.science.org.au/
natcoms/nc-physics/decadal-plan.html

[2]  Institute of Physics: Physics: transforming lives, http://www.iop.
org/publications/iop/2013/page_60316.html

[3]  European Physical Society: Physics and Economy, http://www.eps.
org/?page=policy_economy

The National Committee for Physics: 
Following up on the Decadal Plan for Physics

The National Committee for Physics, a part of the Acad-
emy of Science, aims to promote physics and to explain 
the benefits and the need for both fundamental and ap-
plied research to decision makers and the general public 
in Australia. The main activity of the committee has been 
the formulation of the Decadal Plan for Physics, aptly en-
titled:  Building on excellence in physics - underpinning 
Australia’s future [1]. The plan summarises the contribu-
tions physics is making and the challenges and opportuni-
ties ahead. The Plan makes recommendations how to best 
support physics and to increase our contributions nation-
ally and internationally. 

This plan was prepared by a physicist working group 
from across Australia under the very active leadership of 
David Jamieson, with extensive consultation with the 
broader physics community.  It was released at the last 
AIP Congress in December 2012. The members of the 
committee are now focussed on getting the story out to 
government, industry and the media.  We are working to 
promote the best environment for underpinning Austral-
ia’s future and we advocate improvements, such as more 
funding, more interesting high level training for physics 
teachers, more career options spanning industry and uni-
versities and international support programs for research 
and research training.

We work alongside many similar National Commit-
tees as part of the Australian Academy of Science. The 
work of volunteers from across the main centres of physics 
within the country will ensure further progress in raising 
awareness and driving most important issues in the fu-
ture of physics in Australia.  The National Committee for 
Physics includes Hans Bachor (chair), Ken Baldwin and 
Nanda Dasgupta (ACT), Tanya Monro (SA), Ian McAr-
thur (WA), Halina Rubinsztein-Dunlop (Qld), David 
Jamieson (Vic), and Cathy Foley, Kevin Varvell and Rob 
Robinson, President of the AIP (NSW). Please contact 
us with suggestions what we should be doing or criticism 
about what is being done. 
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Burning soil fuels ball lightning
Researchers in China are the first to study ball lightning 
using high-resolution spectroscopy. Their results lend sup-
port to an idea first advanced in 2000 that ball lightning is 
fuelled by burning minerals from soil. 

Ball lightning is one of the strangest phenomena in at-
mospheric physics, with reports of glowing spheres or el-
lipsoids chasing cows, flying through windows or appear-
ing in aeroplanes. While a growing amount of evidence 
points to its existence, ball lightning has never been prop-
erly explained. This is because its rarity and unpredictabil-
ity make systematic field study impossible. 

In 2000 John Abrahamson and James Dinniss of the 
University of Canterbury in New Zealand suggested that 
ball lightning is caused by lightning striking silicon-rich 
soil. If the earth gets hot enough to be vaporized, carbon 
from the soil reduces silicon from silica to its elemental 
form. In the oxygen-rich environment of the air, however, 
it rapidly oxidizes once more, emitting black-body radia-
tion that we perceive as ball lightning. 

Then in 2012, Jianyong Cen, Ping Yuan and Simin 
Xue from Northwest Normal University in China had a 
stroke of luck. The team was recording thunderstorms in 
the country’s Qinghai Plateau with high-speed cameras 
with high spectral resolution in an attempt to determine 
the spectral characteristics of ordinary lightning. By pure 
chance, one of the lightning strikes that the researchers 
recorded was followed by the appearance of a glowing 
sphere about 5 m in size, moving at about 8.6 m s–1 and 
lasting just beyond 1.5 s. It started out a bright purple-
white colour before gradually turning orange, white and 
finally red. 

The entire event was captured on a digital video cam-
era. 

Analysing the pictures taken, the researchers found 
clear emission lines from silicon, iron and calcium – the 
main components of soil. The researchers say this sup-
ports the idea that the energy source for ball lightning is a 
burning core of soil. Curiously, however, there was also an 
intensity fluctuation at about 100 Hz. The event occurred 
near some high-voltage power lines with a frequency of 
50 Hz, and the authors suggest this intensity modulation 
could be related to this proximity. [To be published in 
Phys. Rev. Lett.]
Extracted with permission from an item by Tim Wogan at 
physicsworld.com

CERN gears up for new experiments
This year will be a fallow one for the Large Hadron Col-
lider (LHC). The accelerator and its experiments are still 
being upgraded and the 27 km circumference collider is 
not due to restart until 2015. However, all is not quiet at 
the CERN particle physics lab near Geneva: the accelera-
tors that feed protons into the LHC – the Proton Syn-
chrotron (PS) and the Super Proton Synchrotron (SPS) 
– will both be fired up in the second half of 2014, which 
means that lots of experiments at CERN should be taking 
data this year, including some that are entirely new. 

One new experiment firing up is the rather prosaically 
named NA62, and physicists working on it are now in the 
final stages of installing their 270 m long experiment on 
the SPS. The SPS itself has a circumference of 7 km and 
its experiments are in CERN’s “North Area”, from which 
NA62 takes part of its name (62 being simply an incre-
mental experiment number). The NA62 collaboration 
is small by CERN standards but it still comprises about 
150 physicists at 20 institutes worldwide. Their primary 
aim is to make an extremely precise measurement of the 
probability that a positively charged kaon will decay to a 
positively charged pion plus a neutrino/antineutrino pair. 

The decay probability might seem an arcane value to 
measure, but as collaboration member John Fry of the 
University of Liverpool in the UK explains, the decay it-
self is “one of the few ways open to us to actually challenge 
the Standard Model of particle physics”.

NA62 is looking for evidence of tiny quantum fluc-
tuations in a specific decay process. A kaon comprises 
an up quark and an anti-strange quark. The up quark is 
a “spectator” that does not take part in the decay, while 
the anti-strange quark is transformed into an anti-down 
quark. According to the Standard Model, this occurs via 
a quantum loop and the probability of the transition has 

samPlinGs

Ball lightning was spotted during a conventional 
thunderstorm.
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Polar bilayer could help make hydrogen fuel.

been calculated to a high degree of precision. 
However, hitherto unknown particles not predicted 

by the Standard Model could also contribute to the quan-
tum loop. These particles could, for example, be “sparti-
cles” that are predicted to exist by supersymmetric models 
of particle physics. Rather than revealing themselves in 
the final products of the decay, these particles would ap-
pear as quantum fluctuations and then contribute to the 
quantum loop before vanishing. These fluctuations could 
cause a significant deviation from the Standard Model de-
cay rate – and measuring that discrepancy is the primary 
goal of NA62. 
Extracted with permission from an item by Hamish John-
ston at physicsworld.com

The finishing touches are being put on NA62

Infrared light could create hydrogen from 
water
Infrared light could help split water into hydrogen and 
oxygen, despite the fact that infrared photons have less en-
ergy than is needed to drive the reaction. That is the claim 
of physicists in China, who have calculated that the reac-
tion could proceed with the help of a bilayer catalyst that 
has a strong internal electric dipole. 

In the 1970s some scientists envisaged that electric-
ity generated by nuclear power stations could be used to 
create large quantities of hydrogen via the electrolysis of 
water. An alternative method for making hydrogen is pho-
tochemical splitting, which was proposed in 1972 by the 
Japanese chemists Akira Fujishima and Kenichi Honda. 
Their scheme is usually realized in a suspension of cata-
lyst particles in water. A particle absorbs a solar photon, 
which generates an electron–hole pair that stimulates the 
decomposition of water and liberates the hydrogen. In or-
der to succeed, the band-gap energy associated with the 
creation of the electron–hole pair must be greater than 
1.23 eV. This corresponds to a near-infrared photon, so 

in theory photons with at least this energy (about 57% of 
photons from the Sun) can split water molecules.

In the intervening years, researchers have tried to de-
velop catalysts with band gaps hovering just above 1.23 eV 
but with little success. Now, Jinlong Yang and colleagues 
at the University of Science and Technology of China 
in Hefei have set their sights on an even more ambitious 
goal: to make use of much more of the solar spectrum by 
developing a catalyst that works with infrared light well 
below the 1.23 eV threshold. While this might sound im-
possible from an energy point of view, catalysts often work 
by dividing a chemical process into several steps, each of 
which requires less energy than the overall process.

Using advanced computational algorithms based on 
density functional theory, the team designed an ultrathin 
catalyst comprising a bilayer of boron nitride functional-
ized with hydrogen atoms on the upper surface and fluo-
rine atoms on the lower one. Fluorine has a very large elec-
tronegativity, which means that valence electrons would 
migrate to the lower surface of the bilayer to cause a poten-
tial difference of about 10 V between the top and bottom 
of the device.

The team calculates that the material has a band gap 
of just 0.85 eV, thereby allowing it to absorb infrared pho-
tons. The research suggests that when an electron–hole 
pair is created, the electron migrates to the top surface and 
the hole to the bottom surface, with the electron–hole 
pair thereby gaining 10 eV of energy. This is more than 
enough energy to split water and the researchers predict 
that hydrogen from water molecules would be reduced 
to hydrogen gas by the free electrons at the top surface, 
whereas oxygen from other water molecules would be 
oxidized to oxygen gas by the holes at the bottom.[To be 
published in Phys. Rev. Lett.]
Extracted with permission from an item by Tim Wogan at 
physicsworld.com
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Pulsar and companions will put general 
relativity to the test

Astronomers have discovered the first pulsar with two 
stars circling it. By watching the three objects orbit one 
another, observers will soon be able to perform the best-
ever test of the “strong equivalence principle”, which is a 
key prediction of Albert Einstein’s general theory of rela-
tivity. 

Like the Newtonian theory of gravity that came before 
it, Einstein’s general theory of relativity says that gravity 
does not discriminate: it accelerates all objects equally, no 
matter what their size, shape or composition. Apollo 15 
astronaut Dave Scott demonstrated this so-called equiva-
lence principle on the Moon in 1971 by dropping a ham-
mer and a falcon’s feather, which hit the lunar surface si-
multaneously. 

The strong equivalence principle of general relativity 
goes further, saying that gravity should accelerate all ob-
jects in the same way even if the objects hold themselves 
together with their own gravity. In other words, the gravi-
tational self-energy that binds a planet or star together 
should have no effect on how it is accelerated. This is un-
like theories that seek to topple general relatively and pre-
dict a small deviation related to gravitational self-energy 
called the Nordtvedt effect. 

The most exacting test of the strong equivalence prin-
ciple performed so far involves tracking the Earth and the 
Moon. As they orbit the Sun, both are continually falling 
through the solar gravitational field. Einstein’s theory says 
that the Earth and the Moon should behave the same, 
even though the Earth has greater self-gravity. Precise 
laser-ranging measurements of the distance between the 
two bodies back this up by revealing no evidence of the 
Nordtvedt effect. 

“The problem with tests of the strong equivalence 
principle here in the solar system is that none of the ob-
jects is strongly self-gravitating,” says Scott Ransom of the 
National Radio Astronomy Observatory in Charlottes-
ville, Virginia. In contrast, a pulsar is ideal. It arises when 
a massive star explodes and collapses; it is typically just 20 
km across but about 50% more massive than the Sun, so 
its gravity strongly binds it together. 

Now, Ransom and colleagues have discovered a pulsar, 
named PSR J0337+1715, that will put Einstein to the test, 
thanks to the two stars that circle it. All pulsars spin fast, 
but this one, located 4200 light-years away in the constel-
lation Taurus, spins especially quickly. It is a millisecond 

pulsar and each second it spins 365.953363096 times. 
Knowing its period to this incredible precision makes the 
pulsar an outstanding clock that astronomers can exploit. 

By recording when the pulsar’s pulses reach Earth, 
Ransom’s team discovered small delays caused by the grav-
itational tugs of two companion stars. Many millisecond 
pulsars have one stellar companion, which has dumped 
material onto the pulsar and spun it up to high speed. But 
astronomers have never before found a pulsar with two 
stellar companions. “It’s really in a pretty extraordinary 
and very rare system,” says Ransom. 

Both companions are white dwarfs, which have weaker 
self-gravity than the pulsar. Both are larger than the Earth 
but less massive than the Sun. One white dwarf is much 
closer to the pulsar than Mercury is to the Sun and orbits 
it every 1.629401788 days. The other white dwarf is about 
as far out as the Earth is from the Sun, circling the pulsar 
and the inner white dwarf every 327.257541 days. 

The pulsar and the inner white dwarf can be thought of 
as Scott’s hammer and the feather: both are falling through 
the gravitational field of the outer white dwarf. Although 
the pulsar has much greater self-gravity, Einstein says both 
it and the inner white dwarf should respond in exactly the 
same way. 

By carefully monitoring delays in the pulsar’s pulses, 
Ransom and colleagues are currently tracking the exact 
positions of all three objects. “Very, very soon we are going 
to be able to make tests of the strong equivalence princi-
ple that are orders of magnitude better than anyone’s been 
able to do before,” says Ransom, who expects a verdict 
within a year. 

So far, Einstein’s theory has passed every test. “But 
general relativity is probably not the final word in grav-
ity, since it doesn’t mesh well with quantum mechanics,” 
Ransom says. “So eventually, in some deep dark corner of 
parameter space, it’s probably going to fail. This could be 
it; we just don’t know yet.” 

Ternary system could reveal chinks in general relativity.
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Clifford Will, a physicist at the University of Florida 
in Gainesville and author of the book Was Einstein Right?, 
calls the new pulsar the greatest test the strong equiva-
lence principle has ever faced. “I hope Einstein prevails,” 
he says. “General relativity is so unbelievably simple by 
comparison [with alternative theories] that to me it just 
has the feeling that it has to be right, down to the quantum 
level.” Einstein formulated general relativity in 1915, and 
Will says a confirmation in 2015 “would be a great 100th 
birthday present for Einstein’s theory”. [S.M. Ransom et 
al, Nature (2014), doi:10.1038/nature12917]

Extracted with permission from an item by Ken Croswell 
at physicsworld.com

Nanotubes give Raman spectroscopy a 
boost

Tiny “tags” made of dye molecules stuffed into carbon 
nanotubes have been used to develop a high-resolution 
imaging technique based on Raman scattering. Created 
by researchers in Canada, the tags boost the weak Raman 
signal of molecules about one million times. 

“One can imagine Raman scattering as the process by 
which photons shake a molecule,” explains Thomas Szko-
pek of McGill University, who is part of the research team. 
The vibration of each type of molecule is unique and so is 
the amount of energy exchanged with photons. By meas-
uring the energy spectrum of the scattered photons, it is 
possible to determine what molecules are present in the 
sample. 

Raman spectroscopy is widely used in medicine, chem-
istry and drug development. A major limitation, however, 
is that the scattered light is very weak. This makes the tech-
nique impractical for many applications, especially those 
involving high-resolution imaging of biological samples, 
because it takes so much time to collect the weak signal 
from each pixel. 

Increasing the strength of the interaction between the 
light and the molecules does not help much, as it leads to 
the Raman light being hidden by much brighter fluores-
cence. “To be practical in high-resolution imaging, there is 
a need to boost the Raman signal by about a million times 
or more,” says Richard Martel of the University of Mon-
treal, who led the research team. 

The researchers begin by using nitric acid to purify the 
nanotubes, cleaning them and opening their ends. They 
then dissolve dye molecules in a solvent, mix in the nano-
tubes and heat the solution for a few hours. The dye mol-
ecules fill the tiny nanotubes and align along the tube axis. 

The resulting “nanoprobes” are about 1 nm in diameter, 
500 nm long and contain about 500 dye molecules. 

The next step involves adding a nanoprobe to the sam-
ple to be examined. The nanoprobes can be chemically 
grafted onto any object, even bacteria or proteins, there-
fore becoming a sort of “Raman tag”, says Martel. “Attach-
ing the nanoprobes to a target is like printing a barcode 
into the object, allowing it to be identified even if it’s not 
Raman active or visible,” he says. 

A measurement then proceeds like a normal Raman 
spectroscopy procedure. A laser beam inserted in the mi-
croscope objective shines onto the sample and its scatter-
ing is probed with a spectrometer. The only difference is 
a huge increase in the intensity of the Raman signal. [E. 
Gaufres, Nature Photonics 8, 72–78 (2014), doi:10.1038/
nphoton.2013.309] 

Extracted with permission from an item by Katia 
Moskvitch at physicsworld.com

Raman hot spots

First noble-gas molecules found in space
An international team of astronomers has accidentally 
spotted the first space molecules bearing a noble gas, ar-
gon. The surprising discovery, in the debris of an exploded 
star, reveals the element’s isotopic composition, confirm-
ing long-standing predictions that argon is forged in such 
doomed stars. 

Once called inert gases, the elements in the final col-
umn of the periodic table have closed outer shells of 
electrons that normally prevent them from exchanging 
electrons with other atoms to form molecules. In 1962, 
however, chemists discovered molecules containing xenon 
and now call these elements noble gases instead. But no-
one had ever seen a molecule in space harbouring a noble 
gas, even though one such gas – helium – is the universe’s 
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second most abundant element. 

Mike Barlow, an astronomer at University College 
London, and his colleagues were using the Herschel Space 
Observatory to study supernova remnants, including the 
well known Crab Nebula. It resulted when a massive star 
6500 light-years from Earth in the constellation Taurus 
ran out of fuel, sparking a brilliant explosion that our an-
cestors witnessed in 1054. 

Barlow and his colleagues wanted to observe the Crab 
Nebula’s dust, which radiates its heat at the far-infrared 
wavelengths that Herschel detects. They also searched the 
Herschel spectra for lines from common molecules such 
as carbon monoxide.  The scientists never found those 
molecules. Instead, they saw two mysterious emission 
lines – one at a wavelength of 243 microns, the other at 
486 microns, exactly twice as long. “That was a giveaway 
that it was a simple diatomic molecule – two atoms ro-
tating about each other,” says Barlow. After failing to find 
a match with common diatomic molecules, the scientists 
realized that they had spotted the argon hydride molecu-
lar ion, the chemical formula of which is ArH+. 

The peculiar molecule probably forms when singly 
ionized argon – an argon atom with one of its electrons 
missing – meets molecular hydrogen (H2) and grabs a hy-
drogen atom. 

Argon (atomic number 18) is the eleventh most abun-
dant element in the universe and the third most common 
gas in the atmospheres of Venus, Earth and Mars. Most 
terrestrial argon is argon-40, which comes from the decay 
of radioactive potassium-40 in rocks.  But theorists have 
long predicted that massive stars should manufacture large 
quantities of a lighter argon isotope, argon-36, which has 
equal numbers of protons and neutrons. Other astrono-
mers had already detected argon atoms in the Crab Neb-
ula. “But there was no direct proof that it was argon-36,” 
Barlow says, because atomic spectral lines from different 
argon isotopes have nearly the same wavelengths, making 
it difficult to distinguish them. 

For molecules, however, the task is easy, because mol-
ecules containing different argon isotopes emit radiation 
at noticeably different wavelengths. Therefore, the argon-
hydride molecules revealed the element’s isotopic com-
position: it is argon-36, just as the theory predicts. [M.J. 
Barlow et al, Science 13 Dec 2013: 342, 1343-1345 doi: 
10.1126/science.1243582].

Extracted with permission from an item by Ken Croswell 
at physicsworld.com

Image caption: The Crab Nebula

Conferences 2013-14

8–9 May 2014
Solar 2014 Conference and Expo
Melbourne Convention and Exhibition Centre
http://solarexhibition.com.au

20-21 May 2014
CRC Association National Conference: Innovating with Asia 2014
Perth, WA
http://conference.crca.asn.au

6 July 2014
19th OptoElectronics and Communications Conference/39th 
Australian Conference on Optical Fibre Technology (OECC/
ACOFT 2014)
Melbourne Convention and Exhibition Centre, Vic
http://www.oecc-acoft-2014.org/

20-25 July 2014
6th Pacific Rim Conference on Rheology
The University of Melbourne
http://www.pacrimrheology.com/

21-26 September 2014
Joint International Conference on Hyperfine Interactions and 
Symposium on Nuclear Quadrupole Interactions 2014, Academy of 
Sciences, Canberra
http://www.hfinqi.consec.com.au/

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

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

8-12 February 2015
AMN7 Advanced materials & Nanotechnology
Nelson, New Zealand
http://www.amn-7.com
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Book reviews
Physicists and Physicians: 
A History of Medical 
Physics from the 
Renaissance to Röntgen
by Francis Duck.
Institute of Physics and Engineering in 
Medicine (2013), paperback, 310 pages
ISBN 9781903613559
 
Reviewed by: Gilbert Vella, Honorary 
Associate, The University of Sydney.

When one thinks of medical physics today, it is customary 
to think its foundations commenced with the discovery of 
x-rays by Wilhelm Röntgen in 1895 and Henri Becquer-
el’s discovery of radioactivity in 1896. This book clearly 
shows a much richer and longer history which dates back 
to the Renaissance era.

This is a fascinating story of the origins of medical 
physics over 300 years. As the subtitle states, it commenc-
es in the early 17th century with Giovanni Borelli in Italy 
and traces the significant contributions by early pioneers 
of this discipline in France, Germany, England, Scotland 
and eventually the USA. The story concludes with the 
revolutionary discovery of x rays and radioactivity, which 
ushered in the hospital-based discipline as we know it to-
day.

It is very interesting to read that many of those in-
volved in the development of medical physics were doc-
tors with a strong interest in physics and mathematics. 
Indeed, what united them all was the belief that physics 
principles were essential to medicine. Two of the great-
est contributors, both medically trained, are well known 
physicists in their own right. These are Thomas Young and 
Hermann von Helmholtz. In addition to describing their 
insightful work, Francis Duck presents some lesser known 
contributors such as as Pierre Pellatan, Thomas Griffiths, 
Neil Arnott, Jules Gavarret and John Draper.

Professor Duck is a wonderful storyteller as he weaves 
the stories of these contributors, with an eye on the his-
torical context, and describes how they developed the 
specialities of biomechanics, bioelectricity, haemodynam-
ics, physiological measurement, ophthalmology and bio-
energetics. Furthermore, these achievements were made 
against a backdrop of sometimes very difficult social, 
religious and political climates of the day. While placing 
the contributions into their historical setting is a great 
strength of this book, the unfortunate consequence is 
that some of the chapters do not follow seamlessly as the 
developments in medical physics in the various countries 

are described as separate stories. Throughout the book, 
what is clearly evident is the desire of these doctors and 
scientists to apply the current scientific knowledge of their 
time to understand the human body. In this way they were 
able to raise clinical medicine from its historical state of 
ignorance, guesswork and custom. It was truly inspiring 
to read how much these extraordinary people were able to 
achieve with so little at their disposal.

The book includes many wonderful figures of instru-
ments of a bygone age, some of which are worthy of be-
ing called a Heath Robinson contraption! It is very well 
referenced with over 400 historical references. It is an 
excellent and approachable work for any scientist or doc-
tor interested in medical physics or any person wishing to 
know how physics has advanced the practice of modern 
medicine. 

The Phγsics Book
by Clifford A. Pickover
Sterling (2011), hardback, 528 pages
ISBN 9781402778612

Reviewed by Jason Dicker, Launceston College

As on the front cover, 250 Mile-
stones in the History of Physics! This 
general reference cum coffee table 

book is from a prolific author with a PhD in molecular 
biophysics and biochemistry, who attempts to summarise 
the history of significant physics events whether theory, 
experimental or technical.  

The book uses a format of a page for an article and the 
opposing page for an impressive graphic or photo. Arti-
cles are of the form, “1924 De Broglie Relation”, or “1798 
Cavendish Weighs the Earth” and they attempt to give a 
précis of the heading topic that includes leading names, 
physics and significance. As such they are necessarily lim-
ited in depth and content but often still surprising in rich-
ness. A lot of research has gone into the content as shown 
by the thoroughness of each article and the extra reading 
list at the end. 

Necessarily, any reader will have cavils over the selec-
tion of some events and wonder at the direct relevance to 
physics. The Cannon of 1132 is one such item as are the 
Superball of 1965 and the Lavalamp of 1963. These sit 
next to Bell’s Theorem 1964 and Quasicrystals 1982. But 
the reasons for inclusion are interesting in their own right 
and any one writer will come to a different set of events. 

I also have noticed a slight bias towards American 
events over some others, the Cyclotron is included but 
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the Walton-Cockcroft Accelerator is not! The Baseball 
Curveball is an article about aerodynamics, as one would 
assume, but why not simply call it the Magnus Effect, why 
link it to the American baseball in the heading when this 
is not done for similar articles?

There are also some slight oversights, a “mediaeval can-
non” picture is clearly late eighteenth century. Of greater 
concern, The Dark Energy article fails to emphasize  the 
basic physics, that the expansion of the Universe is accel-
erating (and those who made this discovery, Perlmutter, 
Schmidt and Riess are not mentioned, something that 
Pickover was scrupulous about elsewhere), instead focus-
sing on the hypothetical Dark Energy as if it has been 
absolutely corroborated and not a model mechanism. 
Indeed, it is in the articles of the most recent times that 
I found most disquiet. They change from being quite au-
thoritative to speculative, and they are biased to largely 
US theories. (On the other hand, he may be right and I 
completely wrong!)

However, this is quite a good book, very well present-
ed and excellent for those who wish to become aware of 
the development of physics over time but do not wish to 
spend a huge amount of time so doing. It is a very good 
book for school libraries or teachers who are happy to lend 
books to their students. 

Einstein and the Quantum: The Quest of the 
Valiant Swabian

by A. Douglas Stone
Princeton University Press (2013), hardback, 
344 pages
ISBN 9780691I39685

Reviewed by Emeritus Professor Paul 
Edwards, University of Canberra.

Professor Douglas Stone has 
written an engaging book about 
Einstein’s contributions to early 

quantum theory.  He makes a convincing case that these 
contributions, most of which were made in the 20 year 
period between 1905 and 1925, have been historically 
undervalued and that it was Einstein himself, not Planck 
or Bohr, who deserves most credit for the initial develop-
ment of quantum theory.  Stone believes that Einstein 
would be widely recognised as the father of quantum 
physics were it not for his eventual rejection of quantum 
epistemology and indeterminacy, the latter typified by the 
often quoted comment from a 1926 letter to Max Born: 
“I...am convinced that He [God] does not throw dice”.

Early in the book, Stone quotes another Einstein’s 
comment, this time to Otto Stern:“I have thought a hun-
dred times as much about the quantum problems as I have 
about Relativity Theory”.  He then proceeds to document 
the evidence for this preoccupation from recent biogra-
phies and from primary sources such as the 12 volume 
Collected Papers of Albert Einstein.

This book will interest working scientists, teachers and 
students as well as science historians.  The science, the his-
toriography, and the descriptions of the personalities and 
lives of the early quantum physicists are well interwoven.  
The relevant classical and quantum concepts and the con-
flicts between them are presented at the level of an intro-
ductory modern physics course.  However some physicists 
may find this treatment rather repetitive: I counted more 
than 30 mentions of the equipartition principle and the 
equation E = kT in the first half of the book.

Stone was apparently led to his reappraisal of Einstein’s 
early work in the course of his own research on quantum 
systems by the discovery that the solution to a particular 
problem, on which he and a PhD student were working, 
had been found by Einstein a century earlier, well before 
the advent of modern quantum theory.  Further research 
evidently convinced him “that it was Einstein who had 
introduced almost all the revolutionary ideas underlying 
quantum theory”, usually well in advance of their eventual 
acceptance by a conservative European physics commu-
nity.

Stone identifies these ideas as energy quantisation; the 
concept of the photon; wave-particle duality; intrinsic 
quantum stochasticity; the indistinguishability of quan-
tum particles; and the concept of wave field intensities 
as probability densities.  He enthusiastically suggests that 
these achievements were worth four Nobel prizes, not just 
the one “grudgingly” presented in 1922 for the 1905 pa-
per on the photo-electric effect!

He points out that following the experiments of Gei-
ger and Bothe in 1925 which finally vindicated the con-
cept of the photon as a force-carrying particle (contrary to 
Bohr’s belief ), Einstein became increasingly disenchanted 
with the “new” quantum theory of Heisenberg, Born and 
Schrödinger promulgated in the summer of that year.  
Indeed, he became a quantum theory sceptic and an ad-
vocate of “hidden variables”.  He believed these could ac-
count for the “spooky action at a distance” of quantum 
entanglement, now of course central to quantum infor-
mation science and its applications.  Since his death, EPR 
thought experiments of the type which he proposed in 
his 1935 paper with Podolsky and Rosen in an attempt 
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to draw attention to the “untenable” non-local correla-
tions predicted by the new theory, have since been realised 
many times, and their reality confirmed.

In the final chapter of this excellent book, Douglas 
Stone attributes Einstein’s early role as an innovative quan-
tum science leader, and his later role as a conservative critic 

of quantum theory, to his iconoclastic personality; to his 
experience as a scientific maverick of eventually having 
been proven right; and to his unshaken belief in a “…huge 
world, which stands independently of us human beings 
and which stands before us like a great eternal riddle…”.

ProduCt news
COHERENT 
New Nd:YAG laser with automated phase-
matching
Quantel has released the new Q-Smart 850, a high-energy 
Nd:YAG laser delivering 850 mJ pulses at 1064 nm and 
10 Hz repetition rate. A full range of harmonic options is 
available including 532 nm , 355 nm, 266 nm and 213 nm.

Q-Smart builds on the success of the earlier Brilliant 
B laser which featured compact design, modular harmon-
ics and excellent beam properties. The new laser is even 
easier to use as a result of the new Q-touch interface and 
completely automated optimisation of harmonics phase-
matching. Changing wavelengths and tuning of harmon-
ics is straightforward and can be completed in a matter of 
minutes.

Q-Smart is compact and highly portable, with easy 
disconnect of the laser head from the electronics when 
required. The laser includes a comprehensive 2-year war-
ranty and flashlamp lifetime of 100 million shots.

2013-2014 Semrock Catalogue Released
This comprehensive catalogue contains the latest 

products introduced over the last six months including 
over 40 new or improved thin-film filters for fluorescence 
microscopy and measurements, Raman spectroscopy, and 
other laser analytical instrumentation applications.

Among the standouts is the expansion of the industry-
leading high performance RazorEdge® “E” grade product 
line. These ultra-steep long-pass edge filters are designed 
to provide deep blocking at the laser wavelength, then 
quickly transition to high transmission in less than 0.5% 
of the laser wavelength (e.g. <2.7 nm for a 532 nm laser). 
Nine new wavelengths have been added to this series. All 
Semrock filters are covered by a five-year warranty.

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 
Toptica DL pro HP; tune up your visible 
power! 

The DL pro HP features 
a special resonator de-
sign, allowing for higher 
single-mode output pow-
ers from diode lasers in 
the visible region. Man-
ual coarse tuning (~1-6 
nm) is available over the 
gain spectrum of the in-
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corporated diode and the systems have a typical mode-hop 
free tuning range of 20-50 GHz.

Standard models are available at 405, 425 and 633 nm, 
however other wavelengths between 370 and 640 nm can 
be provided upon special request. Optical isolation is in-
cluded with the system for fibre coupling purposes and a 
wide range of control electronics can be utilised with the 
DL pro HP range.

Toptica has been successful in establishing itself as a 
provider of reliable, tunable, single-frequency lasers and 
now the product range expands with the DL pro HP, out-
performing in power while providing a large tuning range 
and narrow linewidth.
• Up to 100 mW single frequency, tunable output
• Standard wavelengths: 405, 425, 633 nm
• Other wavelengths on request
• Extremely stable, low drift
• Linewidth <2 MHz

Horiba H20-UVL, Vacuum UV 
Monochromator
The H20-UVL is a monochromator especially designed 
for analysing 100-400 nm (3 to 12.4 eV) Vacuum Ultra-
violet (VUV) range under vacuum, or 190-400 nm at 
atmospheric pressure. Its micrometric slits and its worm 
drive make its scans precise and fast. This short focal 
length vacuum monochromator is ideal for lighting sam-
ples if coupled with a VUV light source or for VUV low 
resolution analysis when equipped with single channel de-
tection.

Based on HORIBA Jobin Yvon’s patented technol-
ogy, the H20-UVL series is built around a single spherical 
holographic grating aberration corrected. Its 64° deviation 
angle makes this monochromator perfectly optimized in 
VUV range.
This simple optical design dramatically reduces astigma-
tism and results in excellent luminosity and spectral pu-
rity, even below 140 nm, where other instruments based 
on the Czerny Turner design loose their efficiency because 
of the number of internal reflections.

Key Features
• Single Grating design
• Type IV Grating
• MgF2 coating UV optimized
• Low Astigmatism level
• High Vacuum compatible
• Automate drive
• Build-in USB2 interfaces
• HJY Slit Attachment

The first ever USB 3.0 Beam Profiling Camera 
from Gentec-EO 
Gentec Electro-Optics and Lastek, are proud to launch 
the Beamage 3.0, the very first USB 3.0 camera dedicated 
to Laser Beam Profiling. This new CMOS-based camera 
comes with a completely redesigned software that features 
both a highly intuitive user interface and powerful data 
analysis tools. The USB 3.0 interface of the new Beamage 
3.0 camera features a data transfer rate up to 10X faster 
than any USB 2.0 system. This incredible speed allows for 
much faster data transfer rates, up to 10 fps at 1 MPixels. 
USB 3.0 also features an improved communication archi-
tecture that reduces both data transmission latency and 
power consumption.

Thanks to its unique combination of high pixel den-
sity (2.2 MPixels) and large sensor size (11.3 x 6.0 mm), 
the Beamage 3.0 has the double advantage of accurately 
characterising both very small beams of only a few tens of 
microns to larger beams of several mm in width, thus ef-
fectively covering most applications in one device.

Completely redesigned software takes full advantage 
of today’s best development tools. The simple interface is 
highly intuitive and yet comprises many useful functions, 
like Background Subtraction, Animation Tool, Signal 
Normalization, Filtering and Averaging Functions, Exter-
nal Triggering, Active Area Definition, Gaussian Fit and 
more.

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

Lastek Pty Ld 
10 Reid St, Thebarton, South Australia 
Toll Free: Australia 1800 882 215 ; NZ 0800 441 005 
T: +61 8 8443 8668 ; F: +61 8 8443 8427 
web: www.lastek.com.au

WARSASH SCIENTIFIC 
Raman Qualitative & Quantitative Analyser 
of Powders

The new MIXSplitter® from 
Enspectr reveals hidden proper-
ties of mixed substances cheaper 
and quicker than ever.  The sys-
tem automatically scans and 
identifies mixed substances’ 
compounds, ensuring up to 
0.1% contaminant identifica-
tion. The performed results of 
analysis state the number of sub-
stances in the mixture and their 
concentrations.



MIXSplitter is equipped with a two-axis scanning 
machine (translator) for sample scanning in a two-dimen-
sional subspace orthogonal to the microscope objective’s 
optical axis. Professional software ensures real-time spectra 
measurements in automatic mode synchronised with step-
by-step sample scanning, unknown substance identifica-
tion and output of data statistics analysis.

Key Features
• 0.1% additive detection
• 1 micron-size focus
• Up to 40 000 steps per scanning
• No limits for number of mixture compounds
• The most affordable tool for Trace Forensics
• No special skills required
• Extremely time-saving analysis
• No spatial separation required
• Results within 20 min

Cobolt Thor™ Series: High Performance 
Q-Switched Lasers

The new Cobolt Thor™ Se-
ries, available from Warsash 
Scientific, are high perfor-
mance Q-switched lasers.

The DPSS lasers are 
compact and powerful.  The 
sophisticated laser cavity 

design provides a unique combination of high pulse rep-
etition rates, short pulse lengths and exceptional pulse-to-
pulse stability.

In addition, the emission is generated in a perfect 
TEM00 beam and with single-frequency spectral char-
acteristics. The lasers are manufactured using Cobolt’s 
proprietary HTCure™ technology and packaged in a her-
metically sealed laser head, offering an outstanding level of 
robustness and reliability and making these lasers highly 
suitable for OEM integration in systems for range finding, 
Raman LIDAR, micromachining and micromarking.

Key Features
•  High performance passively Q-switched lasers at 1064 

nm 
•  up to 1.0 W average output power, >7kHz pulse rep-

etition rate
•  <5 ns pulse width and 150 µJ pulse energy
• Pulse-to-pulse jitter <1 µs
• Single frequency
•  Pulse count feedback loop for active pulse rep rate con-

trol.

Cobolt Odin™ Series: Tunable Mid-IR Lasers
The new Cobolt Odin™ Series Mid-IR lasers are ultra-
compact, industrial-grade Mid-IR sources based on a fully 
contained temperature tunable Optical Parametric Os-
cillator (OPO) and integrated pump laser.  Periodically 
poled nonlinear optical (QPM) crystals are used for effi-
cient and spectrally flexible generation of mid-IR emission 
from 2-5 μm.

Manufactured using Cobolt’s proprietary HTCure™ 
technology, the lasers are packaged in a hermetically sealed 
laser head, offering a size, robustness and reliability never 
before achieved for this kind of laser.  The result is an ideal 
source for environmental monitoring and trace gas analy-
sis spectroscopy of, for example, methane and ethanol, 
amongst other gases typically monitored during control of 
pollution emissions in the petrochemical, automotive and 
energy production industries.

Key Features
•  Compact and tunable Mid-IR lasers, wavelength se-

lectable 2-5 mm
• Standard wavelengths: 3264 nm and 3431nm
• Tunable 50 nm
• 80 mW average output power
• 10 kHz pulse repetition rate
• < 5ns pulse width, < 7µJ pulse energy
• Linewidth <1.5 nm

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

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

relevant to physics?

It could be humorous, whimsical, a reminiscence, an 
interesting observation, a point of view you have always 
wanted to put forward,….

One page, approximately 750 words, is on offer for 
your opinion piece. Inclusion of images is encouraged, 
and one image will substitute for 150 words. Send 
submissions for consideration to the editor at 
 brian.james@sydney.edu.au.



High Performance
Nd:YAG &

Tuneable Lasers
Nanosecond Nd:YAG lasers

Dye lasers & solid state OPOs
Multipulse lasers

N
EWQ-smart 850

Nd:YAG laser
Intuitive touch screen interface

Innovative,  hands-off harmonic 
generator phase matching

Light,  compact and disconnectable

Phone
Fax
Freecall

(08) 8150 5200
(08) 8352 2020
1800 202 030

116 Sir Donald Bradman Drive, Hilton SA 5033

www.coherent.com.au


