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The globular cluster M15, as seen by the 
Earth-orbiting Hubble Space Telescope. 
To a small telescope, M15 appears to be a 
slightly fuzzy star. Hubble sees over 100,000 
stars packed together so tightly that if the 
Sun were at the centre, thousands of stars, 
white dwarfs and neutron stars would 
be found within the distance to Proxima 
Centauri, the nearest star to the sun. There 
are a million times more stars in our galaxy, 
and the part of the universe that we can see 
has a hundred billion galaxies. Cosmology, 
ambitiously, tries to study it all (see article 
by Luke Barnes, Cosmology Q & A, p42).
Image credit: NASA/ESA
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EDITORIAL

cosmology, 
Physics in 
indonesia, Art in 
Physics!
Several issues ago I sought sugges-
tions of topics for articles. One 
response I received proposed an 
article that explained the concepts 
of cosmology. Via astrophysicist 
colleagues I found a willing author, 
Luke Barnes, SuperScience Fellow 
at the University of Sydney. In his article Cosmology Q&A Luke an-
swers questions that might have intrigued or puzzled many members, 
and he has managed to do this with a touch of humour. This style of ar-
ticle might work well for other topics. Suggestions are most welcome!

I have often thought it would be a good idea to provide more infor-
mation about physics in neighbouring countries in South East Asia and 
the Pacific. The first in what I hope will be an occasional series appears 
in this issue.  Professor M.O. Tjia and Associate Professor Alexander A. 
Iskander of Institut Teknologi Bandung give from their perspective an 
overview of physics research in Indonesian universities and government 
laboratories. I thank them very much for taking on this task. Their ar-
ticle, Physics Research in Indonesia – a perspective, provides contact ad-
dresses for many Indonesian physicists. Perhaps this article will encour-
age further contacts between Australian and Indonesian physicists.

I am now looking for potential authors from other countries in our 
region. Articles sought could be overviews, but could also be about one 
specific aspect of physics research or education or industrial physics in 
that country. No doubt there are members with contacts in countries of 
interest; suggestions of potential authors would be gratefully received.

The theme of the 21st AIP Congress, to be held in Canberra, 7-11 
December 2014, is The Art of Physics. In the lead up to the Congress 
we will publish some articles on this theme. The first, The Art in Phys-
ics – Creating “LABPUNK”, by Margaret Wegener and Anita Milroy 
appears in this issue.

Following publication of Richard Morrow’s article on Lightning in 
our last issue, Richard was contacted by a colleague with further details 
of similar events. The results, an addendum to that article, is published 
in this issue.

In the previous issue, in an attempt to generate some member par-
ticipation I proposed setting aside one page in each issue for an opinion 
piece by a member on any topic with a connection to physics. I have 
not been overwhelmed with responses! Nevertheless, the invitation re-
mains and I eagerly await submissions.

Brian James
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PRESIDENT’S COLUmN

international years of 
crystallography and Light

2014 is the United Nations In-
ternational Year of Crystallography, 
which was launched at UNESCO 
Headquarters in Paris in January 
2014.  A number of Australian physi-
cists were present at the launch.  The 
International Year of Crystallography 
2014 commemorates not only the 
centenary of X-ray diffraction, which 
opened up the detailed study of crys-
talline materials, but also the 400th 
anniversary of Johannes Kepler’s ob-
servation in 1611 of the symmetrical 
form of snowflakes, which led to the 
wider study of the role of symmetry 
in matter.  Of course, in Australia we 
have been celebrating the centenary of 
Bragg’s Law (1912), Max von Laue’s 
1914 Nobel Prize, and the 1915 
Nobel Prize in Physics to William 
Henry and William Lawrence Bragg 
for some time, including a special 
“Bragg Symposium” in Adelaide on 
6th December 2012, together with 
special-issue Australia Post stamps, 
and a Franco-Australian video hook-
up between the Australian Synchro-
tron, ANSTO and the big facilities in 
Grenoble France in December 2013.  
But now there are further activities, 
including “Crystals in the City” in all 
capital cities between 9th  and 30th  
August:  “Crystals in the City” will 
bring a public display of 7 person-size 
crystal structure models to be exhibit-
ed in cities around Australia, with the 
intent that the crystal structures will 
‘reflect’ their surroundings and instil 
pride among the public in the crystal-
lographic achievements of Australian 
science.  Accompanying the exhibi-
tion will be a website, where the pub-
lic can find more about each of the 
structures and students can learn of 
study opportunities.  Other activities 
in Australia include public lectures in 
Melbourne in March and May.  If you 

wish to know more about what is go-
ing on around the world, please go to 
http://www.iycr2014.org/.

And then next year, 2015, will be 
the International Year of Light and 
Light-based Technologies.  The de-
cision was made in the UN General 
Assembly on 20th December 2013, 
and it “recognises the importance of 
raising global awareness about how 
light-based technologies promote 
sustainable development and pro-
vide solutions to global challenges 
in energy, education, agriculture and 
health. Light plays a vital role in our 
daily lives and is an imperative cross-
cutting discipline of science in the 
21st century. It has revolutionized 
medicine, opened up international 
communication via the Internet, and 
continues to be central to linking cul-
tural, economic and political aspects 
of the global society.”  In Australia, 
our sister organisation, the Australian 
Optical Society will be taking the lead 
in terms of domestic festivities, with 
the full support of AIP, and we are in 
the process of setting up a domestic 
committee to coordinate activities 
and events in Australia.  “Light” is so 
pervasive that this will surely encom-
pass much of physics and physics-
based technology, including obvious 
things like astrophysics, synchro-
tron radiation, photonics and lasers, 
through to the National Broadband 
network, medical imaging, digital 
photography (and art more general-
ly), eye care, lighting, and so on.  The 
list is pretty much endless, and gives 
all of us in physics an opportunity to 
celebrate in the public domain, and 
to get physics better exposure, if you 
will excuse the pun.

On a much sadder note, we re-
cently learnt that former AIP Presi-
dent Fred Smith passed away on 1st 

March, after a struggle with cancer.  
Fred was instrumental in setting up 
the Federation of Australian Scientif-
ic and Technological Societies, which 
is now known as Science and Tech-
nology Australia, and he was its first 
president.  He was a long-time Profes-
sor of Physics at Monash University, 
before moving to La Trobe in 1987 as 
Deputy Vice Chancellor (Research).

Finally, the Institute is chang-
ing its arrangements for “association 
management”, that is, the back-room 
database, financial and membership 
services, from Waldron Smith Man-
agement, who have served us well for 
many years, including acting as Pro-
fessional Conference Organisers for 
the 2010 Melbourne and 2012 Syd-
ney AIP Congresses.  We are chang-
ing to another company, Professional 
Association Management Services, 
who are also Melbourne-based, ef-
fective 1st April 2014.  We will try 
to make the changeover as seamless 
as possible, but some things will in-
evitably work differently or appear 
differently.  So please bear with us.  
But I would personally like to thank 
Gerard Halpin, Kate Smith and Kim 
O’Dea, of Waldron Smith, for all of 
their hard work for us over the years 
– I particularly enjoyed working with 
Kate Smith on the 2012 AIP Con-
gress in Sydney, when I was Program 
Chair and Waldron Smith were the 
Conference Organisers.

Rob Robinson
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NEWS & COmmENT
Physicists win Australian Academy of 
Science awards
In January the Australian Academy of Science announced 
its 2014 science award winners, which included four phys-
icists.

The Pawsey Medal for outstanding research in phys-
ics has been awarded to Professor Geoff Pryde, Griffith 
University, in recognition of his research investigations 
of the fundamental properties of the quantum world and 
how these can be harnessed for advances in information 
technologies, sensing and measurement. Prof Pryde has 
demonstrated the first quantum measurement scaling at 
the absolute quantum limit of measurement precision and 
has realised steps on the path towards optical quantum 
computing.

Prof Geoff Pryde

Professor Min Gu , Swinburne University of Technol-
ogy, has been awarded the Ian William Wark Medal and 
Lecture for his work in photonics at the nanoscale. Pro-
fessor Gu has developed green nanophotonic innovations 
which have significant benefits, including low-energy-
consumption big data centres, early cancer detection and 
environmentally friendly solar cells. He has also developed 
petabyte data storage technology that allows sustainable 
growth in digital economies.

Prof Min Gu

AIP past-president Dr Cathy Foley, currently chief 

of CSIRO Materials Science and Engineering, has been 
awarded the Lloyd Rees Lecture in chemical physics. The 
award recognises the contributions of the late Dr A L G 
Rees FAA to science, industry and education.

Dr Cathy Foley

Professor Ullrich Steiner, John Humphrey Plummer 
Professor of Physics of Materials at Cambridge University, 
has been awarded the Selby Travelling Fellowship for ex-
cellence in science. The Fellowship is funded by the Selby 
Scientific Foundation, which was established in 1980 
with contributions from HB Selby Australia Ltd, mem-
bers of the Selby family and a number of shareholders in 
the Selby company. Its purpose is to help finance educa-
tion, research and development in the fields of science and 
medicine, with which the company had been involved for 
some 80 years as a supplier of scientific instruments, labo-
ratory apparatus and chemicals. Fellowships are awarded 
to distinguished overseas scientists to visit Australia for 
public lecture/seminar tours and to visit scientific centres 
in Australia.

Prof Ulrich Steiner

Australia Day honours
AIP Fellow Professor Bruce McKellar has received the 
country’s highest civic honour, being named a Compan-
ion of the Order of Australia for his services to science, 
scientific organisations and as an author and mentor. Pro-
fessor McKellar is an honorary professorial fellow at the 
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Univversity of Melbourne and the ARC Centre of Excel-
lence for Particle Physics at the Terascale. 

As the Professor of Theoretical Physics he published 
his definitive study on nucleon forces, known as the 
“Tuscon-Melbourne” force. Later he branched out into 
quantum physics and is also known for the “He-McKellar-
Wilkens” phase, a seminal quantum physics theory. His 
work is primarily in particle and nuclear physics, but has 
also had applications in photography, atmospheric physics 
and geophysics, and implications for pure mathematics.

 His achievements include being a member of the first 
Australian Research Council, Foreign Secretary of the 
Australian Academy of Science and contributing to the 
science case for the United Nations Conference on sus-
tainable development.

Prof Bruce McKellar

Dr David Mills, formerly a Senior Research Fellow 
in the School of Physics at the University of Sydney, and 
Emeritus Professor of Mechanical Engineering at the 
University of New South Wales, Graham Morrison, have 
been awarded Member of the Order of Australia medals 
for their services to science in the field of applied physics, 
particularly in the research and development of renewable 
energy and solar thermal technologies.

Both have played a significant role in making power 
generation from solar thermal energy a commercial real-
ity. They developed the Compact Linear Fresnal Reflec-
tor technology, using flat mirrors that follow the path 
of the sun to reflect solar radiation onto a series of pipes 
positioned overhead. The pipes are filled with pressurised 
water which is converted to steam for power generation. 
The technology was used in Australia’s first large-scale so-
lar thermal plant in the Hunter Valley where it was added 
to an existing coal-fired power station in the early 2000s.

The company they founded, Ausra Inc, built a four-
megawatt plant in California and is currently building a 
44-megawatt plant in Kogan Creek, Queensland and a 
100-megawatt plant in India.

        

Emeritus Prof Graham Morrison  Dr David Mills

2015 - International Year of Light
On 20th December 2013 the United Nations proclaimed 
2015 as the International Year of Light. IYL2015 will 
promote improved public and political understanding of 
the central role of light in the modern world and celebrate 
significant scientific anniversaries occurring in 2015. For 
more information see http://spie.org/x93905.xml.

Bilateral Agreement: AIP - PSROC
In Taiwan in January 2014, AIP President Rob Robin-
son and the President of the Physical Society of Repub-
lic of China, Professor Fu-Jen Kao, signed an agreement 
between the two societies, covering the five year period 
2014-8. The agreement commits both societies to en-
couraging scientific contacts between their members by 
exchange of information about their activities, allowing 
members of each society to attend the other’s meetings 
at members’ rates, and seeking opportunities for joint en-
deavours (such as short courses, joint topical meetings and 
joint international conferences)

Prof Fu-Jen Kao and Dr Rob Robinson after signing the 
agreement between AIP and PSROC.
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A Simple Universe
The real scandal of cosmology is its simplicity. Let me ex-
plain. Einstein’s General theory of Relativity (GR) relates 
the geometry of spacetime to the energy (of all forms, in-
cluding matter) it contains. Roughly, you tell me where 
the stuff is and I’ll tell you how space and time intertwine 
and contort. This spacetime curvature manifests itself 
as gravity. Gravity is not a force that curves trajectories. 
Rather, objects moving under gravity travel along locally 
straight lines (geodesics); energy distorts the very structure 
of spacetime beneath them. Gravity doesn’t turn the steer-
ing wheel; it banks the curve.

Peeking at GR’s cogs and springs, which turn energy 
into spacetime geometry, we find a system of 10 coupled, 
non-linear, partial differential equations. For the math-
ematically uninclined, this is a bit like hearing the dentist 
say “root canal”, or the mechanic say “head gasket” — I’m 
not sure what those words mean, but I know that pain is 
coming.

Applying these equations to the whole universe, then, 
seems a sure road to insanity, a task for a masochist. So 
cosmologists in the early days of relativity did what any 
good physicist does — they oversimplified. They assumed 
a very strong symmetry: on sufficiently large “cosmologi-
cal” scales, the universe is the same everywhere (homoge-
neity) and looks the same in all directions (isotropy). This 
assumption was given the lofty title of “the cosmological 

principle” but let’s be frank — it’s an optimistic guess, a 
toy model, a practice problem. Like the frictionless pul-
ley or the infinite plane conductor, the real universe surely 
can’t be that simple. (In 1953, Herbert Dingle memorably 
warned his cosmological colleagues not to aggrandize a 
mere assumption: “call a spade a spade, and not a perfect 
agricultural principle”.)

This ludicrously simple model of the universe, known 
as the Friedmann-Lemaitre- Robertson-Walker (FLRW) 
model, turns out to be all we have ever needed. After near-
ly 100 years of modern cosmology, during which various 
complications to the FLRW model have been investigat-
ed, none have improved on the original. The universe is 
just about as simple as we could have hoped.

Curving and Expanding: The FLRW Model
The cosmological principle makes my job as a cosmologist 
immeasurably easier. Einstein’s formidable field equations 
reduce to a special case called the Friedmann equations, 
comprising two first order ordinary differential equations. 
Continuing our analogy, it’s like hearing the dentist say 
“toothbrush”—that I can handle!

The FLRW model describes two things about the 
spacetime of the universe as a whole. The first is the ge-
ometry of space. In the early 1800’s, Nikolai Lobachevsky, 
the “Copernicus of Mathematics”, showed that there is 
nothing unique about Euclidean or flat geometry, that is, 
the familiar geometry of high school where triangles have 
angles that add up to 180 degrees and parallel lines never 
meet. Mathematics tells of two other possible homogene-
ous 3D geometries, illustrated in Figure 1. The universe 
as a whole could be positively curved, like a 3D version 
of the surface of a sphere. Or else it could be negatively 
curved, somewhat resembling a saddle. (Unfortunately, 
the 2D version of this geometry is mathematically impos-
sible to represent in three dimensions. If you can imagine 
6-dimensional shapes, let me know what it looks like.)

This curvature of space is not merely abstract math-
ematics. It is measurable. If you find yourself in a spatially-
curved universe, and have handy a really big triangle and a 
lot of spare time, you will measure that its internal angles 

Cosmology Q & A
Luke Barnes
School of Physics, University of Sydney, NSW 2006 
l.barnes@physics.usyd.edu.au

Cosmology is the study of the universe as a whole. While not short on ambition, it does engender 
confusion. After reviewing the basics, I’ll answer some of cosmology’s “dinner party” questions.

Figure 1: Three curved spaces, each with a triangle built 
from locally-straight lines (geodesics). In the negatively-
curved space (left), the triangle’s internal angles add up
to less than 180 degrees, while in the positively-curved 
space (right) more than 180 degrees are to be found.
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don’t sum to 180 degrees. It matters not what the triangle 
is made of; the curvature is written into space itself.

GR tells us how the geometry of the universe depends 
on its energy density. Overfill your universe and it will be 
positively curved—think of the aftermath of a Christmas 
dinner. If underfilled, negatively curved. On the dividing 
line, flat Euclidean geometry holds, as seems to be the case 
in our universe (on cosmological scales).

Second, the model describes the scale of space. Think 
of a model train — double the scale and all the parts dou-
ble in size. In the case of the universe, it is not the contents 
of the universe but the scale of space itself that changes. On 
cosmological scales, beyond the reach of binding forces 
like gravity and electromagnetism, the distance between 
any two galaxies increases in proportion with a(t), the 
relative scale of the universe at time t.

Again, GR tells us how energy dictates the evolution 
of the scale of the universe. I’ll risk a modicum of math-
ematics at this point. Here is the equation to solve, 

                            
(1)

This mirrors the “CURVATURE = ENERGY” form of 
Einstein’s GR field equation. The first term on the left is 
the rate at which the scale of the universe changes with 
respect to time (squared). The second is a constant pro-
portional to the curvature of space. The right hand side 
comes from the energy side total energy density of the 
universe . Note that all these quantities are averaged over 
a large region of space. [K0 is not the infamous cosmologi-
cal constant , which can be treated as a form of energy 
with constant energy density and bundled into . For the 
specialists, I’ve chosen my units to set a few physical con-
stants to unity: 8πG/3 = 1, and c = 1.]

As it stands, we cannot solve Equation 1 because we 
haven’t specified how the total energy density of the uni-
verse  changes with the scale a. For ordinary matter, most 
of its energy is rest-mass energy (E = mc2), which isn’t af-
fected by the expansion. If the universe doubles in scale, 
the same amount of energy is spread over a volume that 
is eight times larger. Thus, for the matter component,  
dilutes as a-3, and the corresponding term in Equation 1 
decreases as a increases. Ordinary matter decelerates the 
expansion of the universe. For a form of energy whose ki-
netic energy is much greater than its rest-mass energy (e.g. 
photons), there is an additional effect due to the stretch-
ing of the de Broglie wavelength of each particle. Thus, for 
the radiation component,  dilutes as a-4, which makes the 
universe decelerate even faster.

With that background, let’s answer a few questions.

Is space expanding, or are galaxies just 
moving away from us?
GR and Newtonian gravity make the same predictions 
in the “weak field” regime, which for the universe cor-
responds to cosmologically “nearby” distances. GR de-
scribes an expanding space, while the Newtonian model 
portrays galaxies receding through absolute, static space. 
Locally, these look the same.

Since we believe from experiment and observation 
that GR is the more correct theory and Newtonian grav-
ity the approximation, the expanding space picture is 
the more correct picture. Further, GR can handle global 
situations that Newton’s theory can’t. For example, the 
universe could be finite but unbounded - like the surface 
of the earth, which has a finite area but no edge. In that 
case, the total volume of the universe, the total amount of 
space, really does increase with time. There is, quite liter-
ally, more space. You could fit more oranges into the uni-
verse today than you could yesterday. An infinite universe 
can’t get bigger, of course, but it seems natural to describe 
its expansion in the same way — you could fit more or-
anges between any two galaxies expanding with space.

Is everything getting bigger?
No, since then we couldn’t tell. There are two reasons 
why some objects fail to expand in step with the universe 
as a whole. On small scales, the universe is not perfectly 
homogeneous. Clumps of matter experience the mutual 
attraction of gravity; if sufficiently dense, the matter and 
its spacetime ceases to expand. On very small scales, other 
forces like electromagnetism will hold objects to be a con-
stant physical size.

You said above that ordinary matter and 
radiation cause the expansion of the 
universe to decelerate. But our universe 
is accelerating! How? What is the universe 
made of?
Answer that and collect your Nobel prize. The conun-
drum is rather straightforward. Suppose you knew of only 
heavier-than-air gases, and saw a helium balloon floating
into the sky. No known gas will do that! What’s in that 
balloon?

The universe is doing something that the familiar 
forms of matter-energy — protons, neutrons, electrons, 
photons, neutrinos — cannot do. From the Equation 1, 
we need a form of matter whose energy density dilutes 
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slower than a-2. It could be the cosmological constant, a 
term that naturally appears in the field equation of GR, 
but is unconstrained by the theory itself. It could be en-
ergy associated with space itself, which (like the cosmo-
logical constant) would have a constant energy density. In 
that case, the rate at which the universe expanded would 
increase with the scale of the universe, leading to runaway 
exponential expansion. A form of energy that can make 
the expansion of the universe accelerate is known generi-
cally as “dark energy”. We know that it makes up about 
70% of the total energy-density of the universe. We know 
that it behaves approximately like a cosmological con-
stant. But that’s about all we know.

Note that all this is in the context of the FLRW cos-
mological model. We postulate a new type of energy, not a 
new model. It is possible that we should instead revise Ein-
stein’s GR equations. Such models are being investigated 
but seem ad hoc. Ultimately, data will decide.

Dark Energy? Is that like Dark Matter?
Dark matter and dark energy are called “dark” because of 
their effect on telescopes. Stars, for example, are well-loved 
by astronomers — compact, long-lived, gloriously lumi-
nescent and concentrated into galaxies. Dark matter and 
dark energy give us nothing. We deduce their presence 
not from the light they emit, but from their gravitational 
effect on luminous bodies. As we saw above, dark energy’s 
repulsive gravitational effect explains the acceleration 
of the expansion of the universe. We need dark matter’s 
attraction to hold galaxies together — if they only con-
tained the matter we can see, galaxies would be rotating 
too fast to be stable. They would fly apart.

We know from cosmological data that dark matter 
makes up 25% of the energy density of the universe. But 
we don’t know what it is — another Nobel prize on offer. 
For those keeping score, that’s 95% of the universe whose 
identity remains a mystery.

How big is the universe?
There are a few questions here. Note that until now I have 
referring to the scale of the universe, rather than the size, 
to emphasise that it is a relative measure. If we’re thinking 
about the size of the observable universe, the question is 
how far light has travelled since the beginning of the uni-
verse. This is not simply ct0, where t0 is the age of the uni-
verse, because the universe is expanding.

In Figure 2, I take a metre-long stride at time t1 from A 
to B, and another such stride later at t2 from B to C. At t3, 

the universe has expanded by a factor of 10 since t1 and a 
factor of 2 since t2. AB is now 10 metres, while BC is just 
2 metres. Strides taken while the universe is small count 
more towards the total distance today between start and 
finish. For light, which moves at a constant speed, each 
time interval dt adds a distance ds = cdt/a(t) to the final 
distance, where a(t) is the scale of space at time t. Inte-
grate ds from the beginning of the universe until today 
and you’ve got yourself the observable size of the universe. 
You’ll need to solve Equation 1 to get a(t). The observable 
limit of our universe is 46 billion light years away, larger 
than ct0 by a factor of about three.

How big is the universe really?
We don’t know. GR tells us how spacetime is curved (ge-
ometry), but not how it is connected (topology). If space 
is positively curved, then it is finite. If space is flat or nega-
tively curved, then it could be infinitely large. Or it could 
be finite. For example, the “flat torus”, as its name suggests, 
has a flat geometry, finite size, and the topology of a do-
nut. If our assumption that the cosmological principle 
holds everywhere in the universe is wrong, then all bets 
are off. In any case, we can’t see more than the observable 
universe, so we’re theorizing.

If the universe were finite, could I see the 
back of my own head?
In principle, yes. However, it will take time for the photon 
to get all the way around the universe. If the universe has a 
finite lifetime, the photon might not get back to us before 
the end of the universe.

A B

A B C

A B C

a(t 1) = 1/10

a(t 2) = 1/2

a(t 3) = 1

Figure 2: Walking across an expanding universe. I take a 
metre-long stride at times t1 and t2. From t1to t2 to t3 the 
universe expands in relative scale (a) from 1/10 to 1/2 to 1. 
The earlier step at t1 has expanded to 10 metres by t3, and 
so contributes more to the total distance (AC) than the later 
step.
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Is space expanding faster than the speed of 
light?
There is no unique speed associated with the expansion. 
The scale a is a relative measure, whose fractional rate of 
increase (1/a) da/dt is known as the Hubble parameter, 
and is in general a function of time. Just to be confusing, 
the value of H today is referred to as the Hubble constant.

For curved geometries, there is a characteristic curva-
ture radius R which increases proportional to a. However, 
its rate of change dR/dt is not a physical speed: nothing is 
going anywhere at that speed.

Are there galaxies moving away from us at 
more than the speed of light?
Yes, but . . .

How do we assign a distance and velocity to a faraway 
galaxy in an expanding universe? In GR, we measure dis-
tances between two events that occur at the same time. But 
time is relative, and so our choice is not unique. However, 
there is a choice that reflects the symmetry of spacetime. 
The matter-energy in the universe defines a rest frame, in 
which one’s (cosmological) surroundings are not moving 
on average. Clocks at rest in this frame measure cosmic 
time t, and the distance measured at constant cosmic time 
is known as proper distance rp. The recession velocity of a 
galaxy is then drp/dt.

In a homogeneous expansion, recession velocity in-
creases proportional to distance. Galaxies at sufficiently 
large distances recede faster than the speed of light. This 
doesn’t violate special relativity, as it doesn’t represent a 
velocity through space. Put another way, you can’t use the 
expansion of space to make two objects pass each other at 
more than the speed of light.

Light from distant galaxies is observed to be 
redshifted. Is this because the expansion of 
space stretches the wavelength, or because 
is it a Doppler shift due to the recession of 
the galaxy?
Once again, locally there is no difference. If, since the 
emission of the photon, the universe doubles in scale, then 
you’ll see a photon with double the emitted wavelength. 
Thus, we can think of the expansion of space as stretching 
the wavelength of light.

There is a complication. An alternative way of assigning 
a velocity to a galaxy is consistent with the special relativis-
tic Doppler relationship between velocity and redshift[1]. 
This velocity does not break the light-speed limit. I prefer 
the expanding space picture for the following reason. If 

the universe is finite and sufficiently small, you could see 
the back of your own head, redshifted. If you’re thinking 
of redshift as a Doppler shift, are you moving away from 
the back of your own head?[2]

Does the universe have zero total energy?
Probably not. In Newton’s theory, one can define the to-
tal energy of the contents of the universe, and the total 
gravitational energy, which is usually negative. In special 
cases — in particular, the Newtonian counterpart of a flat 
universe — those two contributions cancel giving zero to-
tal energy. Such a calculation has no place in General Rela-
tivity, for several reasons. Firstly, in the absence of a fixed 
background space and time, one cannot simply add up all 
the mass-energy in the universe. Secondly, there is no such 
thing as gravitational energy in GR, because there is no 
gravitational field. Finally, conserved quantities in phys-
ics follow from symmetries. Energy conservation follows 
from time-translation symmetry. An expanding universe 
does not exhibit this symmetry, so energy is not globally 
conserved.[3]

Energy is not conserved!? Shouldn’t that 
send shivers up the spine of any physicist?
This is the dirty secret of cosmology. The most familiar 
conserved quantities—energy and momentum — are 
linked to spacetime symmetries. GR messes with the fab-
ric of spacetime itself, and so these symmetries are not to 
be expected in any old spacetime.

The universe is expanding, so not time-translation 
symmetric, so doesn’t conserve energy. This doesn’t mean 
that chaos reigns. The energy density of the universe 
changes predictably. We can still do thermodynamics and 
when we do, especially in relation to the formation of the 
light elements in the very early universe, we find some of 
besttested predictions of modern cosmology.

The very universe, we are told, began in 
thermal equilibrium. How did equilibrium 
establish itself so quickly?
In conventional cosmology, local thermal equilibrium 
cannot establish itself in the early universe. This is known 
as the horizon problem. The light from the early universe 
(the Cosmic Microwave Background, CMB) has the same 
temperature in every direction, to 1 part in 100,000. We 
are seeing parts of the universe that, at the time when they 
are sending their light to us, have not been in contact with 
each other. How, then, have they managed to agree about 
their temperature? We cannot get a universe like ours by 
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starting with a mess and letting thermal effects smooth it 
out. Homogeneity, isotropy and thermal equilibrium, ob-
served in the CMB, must be assumed as initial conditions.

By “conventional cosmology”, I mean a universe domi-
nated by ordinary matter and radiation at its earliest 
times. We can solve the horizon problem if we posit that 
the early universe contained a form of energy that caused 
a very brief but explosive period of accelerated expansion. 
This process is known as inflation. You’ll note the simi-
larity to dark energy, except that we need a new form of 
energy that not only accelerates the expansion of the uni-
verse, but does it for a finite period of time. It needs an off 
switch. This suggests that it is not the same stuff as dark 
energy. Inflationary theory makes other successful pre-
dictions that give us enough clues to think that maybe it 
really happened. As with dark energy, find it and collect 
your Nobel prize.

How does the initially smooth universe we 
see in the CMB become today’s universe of 
stars and galaxies? 
The short story: gravity. A region of the universe that is 
more dense than average will attract more matter, becom-
ing still more dense. Eventually, galaxies form and them-
selves combine and merge. The Antennae Galaxies (see 
Figure 3) are colliding: they will orbit and spiral inwards, 
their gas shocking and coalescing into stars, until they 
merge into one large galaxy.

I may have raised more questions than I’ve answered. 
If you want to ask a follow up question, then head over to 
my blog, Letters to Nature: goo.gl/Al2ZqA.

Figure 3: The Antennae Galaxies
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Physics research in Indonesia has so far been conducted in 
a limited number of universities and research institutions. 
The research areas are relatively spread out ranging from 
fundamental theoretical physics to experimental studies 
on functional materials and laser spectroscopy as well as 
numerical studies and modeling of photonic devices. The 
individual research groups vary largely in size, and collab-
orations among members of different groups are not un-
common. While the number of officially funded research 
projects is quite large (close to 500 in total), outputs vary 
considerably in quality. Most of the more credible research 
activities, which are relatively small in number, are carried 
out in collaboration with researchers or research groups of 
international standing abroad and involve, in many cases, 
Indonesian graduate students. Only a limited number of 
the research results have been published in peer-reviewed 
international journals.

“....only a few Indonesian 
researchers have been involved 
in international research 
collaborations and have received 
substantial funding from 
international agencies. “

The relatively small number of active researchers, in 
spite of the large number (close to ten thousand) of PhD 
graduates with reasonable research training background, 
is mainly the consequence of a lack of focused and consist-
ent support from government and the practically nonex-
istent industry support for R & D. As a result, research 
infrastructures and facilities, as well as research funding, 
are far from adequate for quality research, especially in 
the area of experimental research. This is not to say that 

research funding is unavailable in this country. In fact In-
donesian research scientists may seek support via several 
competitive research grant schemes run by the Ministry 
of Education and Culture, the Ministry for Research and 
Technology and some universities. Unfortunately the 
amounts of money offered by these funding schemes are 
generally not available for capital expenditure or even for 
purchasing small instruments. Furthermore, most of the 
funding schemes are only offered for single year projects. 
Furthermore, in most cases, 40% of the project money is 
earmarked for salaries of researchers. 

So far, only a few Indonesian researchers have been in-
volved in international research collaborations and have 
received substantial funding from international agencies, 
such as the Royal Dutch Academy of Arts and Sciences 
(KNAW) and the Abdus Salam International Centre for 
Theoretical Physics (ICTP). Most experimental research 
has been carried out in much better equipped laboratories 
abroad.

Given the relatively bleak overall picture of physics re-
search in Indonesia, it is nevertheless worthwhile to pre-
sent a brief account of the activities of some active research 
groups, which may serve as the seeds for more vibrant 
research activities for the country in the future. We shall 
briefly describe those research activities of international 
significance. It goes without saying that the cursory infor-
mation given here is a personal perspective, limited by our 
contacts and familiarity with the research groups and it is 
not unlikely that we may have inadvertently left out some 
groups and their work; for this we offer our sincere apol-
ogy.

Fundamental Physics
Theoretical fundamental physics and high energy 

physics research are conducted mainly by research groups 
in the Institut Teknologi Bandung (ITB) - see Figure 1, 

Physics Research in Indonesia – a 
perspective
M.O. Tjia and Alexander A. Iskandar
Physics of Magnetism and Photonics Research Division, Institut Teknologi Bandung. 
Jl. Ganesa 10, Bandung 40132, Indonesia 
iskandar@fi.itb.ac.id

This article provides a perspective on the range of physics research activities in Indonesia, at universi-
ties and government institutions. Some of the difficulties of achieving internationally competitive re-
sults are discussed and the importance of international collaborations are highlighted. Contact details 
are provided for those who might be interested in establishing contacts with Indonesian physicists.
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University of Indonesia (UI), Institut Teknologi Sepuluh 
Nopember (ITS), and the Indonesian Institute of Scienc-
es (LIPI). The Theoretical High Energy Physics Research 
Group of the Institut Teknologi Bandung is involved in 
work on a number of topics, including Einstein gravity 
in extra dimensions related to cosmology, quantum field 
and gauge theory, topological gauge theory, supersym-
metry, supergravity, superstring and brane theory as well 
as analytical and numerical studies of integrable dynami-
cal systems. The members of the group are Freddy P. Zen 
(fpzen@fi.itb.ac.id), Triyanta (triyanta@fi.itb.ac.id), 
Bobby E. Gunara (bobby@fi.itb.ac.id), Jusak S Kosasih 
(jusak@fi.itb.ac.id), Agus Suroso (agussuroso@fi.itb.ac.id) 
plus several postgraduate students. 

Figure 1: ITB: Institut Teknologi Bandung 

The Theoretical Nuclear and Particle Physics group at 
the University of Indonesia, Jakarta, in collaboration with 
the Indonesian Institute of Science, Serpong, concentrates 
on research in hadronic physics, mean field theory, many 
body physics, as well as cosmology. The group members 
are: Terry Mart (tmart@fisika.ui.ac.id), Anto Sulaksono 
(anto.sulaksono@ui.ac.id), Imam Fachruddin (imamf@
fisika.ui.ac.id), Agus Salam (a_salam@ui.ac.id), in col-
laboration with Laksana T. Handoko (handoko@teori.
fisika.lipi.go.id) and Handhika Ramadhan (ramadhan@
teori.fisika.lipi.go.id) from the Indonesian Institute of 
Science. Fundamental theoretical physics research is also 
conducted by Agus Purwanto (purwanto@physics.its) of 
Institut Teknologi Sepuluh Nopember, Surabaya. Of par-
ticular significance is the regular and long lasting coopera-
tion between the group of Terry Mart and C. Bennhold of 
the George Washington University, USA.

Functional Materials
The research subgroup in condensed matter physics at the 
Physics of Magnetism and Photonics research group of 
ITB, headed by A. A. Nugroho (nugroho@fi.itb.ac.id), 
is currently engaged in the studies of the electric, mag-
netic, thermal and transport properties of transition metal 
oxides, frustrated systems and organic-inorganic hybrid 
compounds, as well as the exploration of new material sys-
tems with specific novel properties. Specific issues investi-
gated are the role of interplay among the charge, spin and 
orbital orderings, the associated magneto-electric effect 
as well as photo-induced phenomena. The experimental 
methods employed in these studies include diffraction, 
scattering, spectroscopy, and muon spin relaxation/rota-
tion. Most of the experimental measurements are con-
ducted abroad in collaborations with research groups in 
the Zernike Institute at the University of Groningen, the 
Institute of Physics II at the University of Cologne, the 
Institute for Solid State Physics at the University of Tokyo 
and RIKEN1-RAL (a muon facility at the Rutherford Ap-
pleton Laboratory in the UK).

Phenomena related to superconductivity, mainly in 
cuprate-based high Tc superconducting compounds have 
been explored by the Material Research Group led by 
Darminto (darminto@physics.its.ac.id) of the Depart-
ment of Physics, Institut Teknologi Sepuluh Nopember, 
Surabaya. The research activities cover topics on vortex 
structures and dynamics, flux fractionalization and splin-
tering, as well as superparamagnetism in normal state 
nano-superconductors. More recently, the group is en-
gaged with the syntheses of ferrous nanoparticles, such 
as magnetite, Bi- and Ba/Ca-ferrites for the study of the 
magnetic properties at mesoscale as well as in bulk state, 
magnetic nano-coatings, electromagnetic absorption and 
multiferroicity. The experimental aspects are carried out 
mostly in collaboration with the National Atomic Energy 
Agency (BATAN), the RIKEN–Nishina Center, Chiba 
University, Kumamoto University, the University of 
Twente (Netherlands), the Federal Institute of Materials 
Research and Testing (BAM), Berlin.

The material science research group at Universitas Pad-
jadjaran (UNPAD), Bandung, consists of several groups 
engaged in studies of the physical properties of magnetic 
oxides, superconductors, organic solar cells, and hybrid 
polymers. The research activities are focused on the in-
vestigation of the related underlying physical mechanisms 
and the exploration of those properties for their novel ap-
plications. Most of the research activities are conducted 
in collaboration with researchers in other national uni-
versities in Indonesia and researchers in universities and 1RIKEN: The Physical and Chemical Research Institute, Japan
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research institutes abroad such as the Max Planck Insti-
tute for Polymer Research, RIKEN, Tohoku University, 
Waseda University, University of Groningen and Chiba 
University. Of special significance is the long term and 
regular collaboration with RIKEN, which has made the 
unique facilities of μSR2 in RIKEN-RAL available to the 
joint research programs pioneered by Risdiana (risdiana@
phys.unpad.ac.id) from UNPAD which has recently been 
extended to involve researchers from four Indonesian 
universities (UNPAD, ITB, ITS and Universitas Gadjah 
Mada (UGM), Jogjakarta).

Figure 2: Experimental setup for low-pressure plasma 
characterization using a fundamental Nd-YAG laser at the 
MMM Research Center

The research group of Physics of Electronic Materials 
of Institut Teknologi Bandung headed by Mikrajuddin 
Abdullah (din@fi.itb.ac.id) consists of several subgroups. 
The one led by M. Abdullah has conducted studies of 
physical properties of various materials, particularly nano-
sized materials. These properties include electrical, mag-
netic, and optical properties with the aim to use them in 
applications such as semiconductor and optoelectronic 
devices as well as photocatalytic processes. The research 
conducted by the other subgroups led by Khairurrijal (kri-
jal@fi.itb.ac.id) and Ferry Iskandar (ferry@fi.itb.ac.id) has 
been focused largely on the exploration of materials which 
are abundant in some parts of Indonesia and can be pro-
cessed to fulfill national energy needs. For that purpose, 
both theoretical and modeling approaches are conducted 
together with experiment, in order to explore the possibil-
ity of enhancing the physical properties of these materials. 
Specific studies led by Toto Winata (toto@fi.itb.ac.id) are 
performed for the development of photovoltaic cells mak-
ing use of carbon nanotubes, graphene, catalyst. Other re-
search topics include quantum dots, lithium ion batteries, 
nanostructure materials, and high-k materials. Collabora-
tors include Hiroshima University, National University of 

Singapore, and Korea Institute of Industrial Technology.
Muhammad Aziz Majidi (aziz.majidi@sci.ui.ac.id) 

from the Condensed-Matter Physics group of the Univer-
sity of Indonesia has been involved in theoretical-compu-
tational works in Condensed Matter Physics. His research 
focuses on modeling of strongly correlated systems such 
as manganites, cuprates, and dilute magnetic semicon-
ductors, and more recently also graphene, to predict their 
thermodynamic, transport, and optical properties, em-
ploying Dynamical Mean Field Theory (DMFT) and its 
extensions. Most of his current research is conducted in 
collaboration with Andrivo Rusydi’s research group of the 
Department of Physics, National University of Singapore.

Research in photonics materials and devices for energy 
conversions and biosensors is currently conducted by a 
team led by Rahmat Hidayat (rahmat@fi.itb.ac.id) of the 
Physics of Magnetism and Photonics research group of In-
stitut Teknologi Bandung. The studies are focused on the 
synthesis of materials and the associated photophysics for 
application to solar cells based on organic semiconductors 
(such as polymer and dye-sensitized solar cells) and their 
hybrid structure configuration involving semiconductor 
and metal oxide nanocrystals, as well as perovskite-based 
hybrid materials. In addition, the team is also developing 
photonics applications for biosensors based on the surface 
plasmon polariton phenomenon in microfluidic channel 
structures.

Laser Induced Plasma Spectroscopy and its 
applications
The laser spectroscopy group in the Maju Makmur Man-
diri (MMM) Research Center has been actively engaged 
for more than two decades in the study of laser induced 
shock wave plasma and the development of laser induced 
plasma-spectroscopy (LIPS) for spectrochemical analysis. 
During the last decade, the research activities have been 
largely focused on improvement of the widely employed 
LIBS by the use of He ambient gas in place of air, at low 
(10 torr) as well as atmospheric gas pressures. The crucial 
roles of the metastable excited states of He have been dem-
onstrated to offer advantages for improving and extending 
the existing standard LIBS for low background and highly 
sensitive analysis of light elements such as hydrogen and 
deuterium and for the important application for practical 
in-situ inspection of detrimental H concentration in zir-
caloy pipes used as fuel vessels in nuclear power plants. 
Special techniques using a unique orthogonal double-
pulse configuration have also been demonstrated to offer a 
promising method for minimally destructive high resolu-
tion and high sensitivity spectro-chemical analysis. 
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Figure 3: Small angle neutron scattering facility at the Neu-
tron Scattering Laboratories of the National Atomic Agen-
cy at Serpon

The group consists of researchers from a number of 
local universities and research institutes: Universitas 
Bina Nusantara (UBINUS), Universitas Pelita Harapan 
(UPH) and the Indonesian Institute of Sciences. The re-
search activities are coordinated and managed by Khoo 
Hendrik Kurniawan (kurnia18@cbn.net.id) in close and 
long-term collaboration with senior scientists of ITB and 
Fukui University, Japan. It is worth a special mention, that 
the laser laboratory of the MMM research center is the 
best equipped laser spectroscopy laboratory in this coun-
try (see Figure 2) partly due to the contributions of Fukui 
University and the Abdus Salam International Centre for 
Theoretical Physics (ICTP). In fact most of the experi-
mental work of this group were carried out in this labora-
tory.

Numerical studies and modeling of photonic 
crystal systems and devices
Numerical studies and modeling of photonic devices 
are conducted by several groups in Indonesia, although 
most of the work rarely reaches international journals. 
Relatively consistent studies in photonic crystal-based 
systems and devices are conducted at ITB under the coor-
dination of Alexander A. Iskandar (iskandar@fi.itb.ac.id) 
from the Physics of Magnetism and Photonics research 
group. Both semi-analytical and numerical approaches are 
adopted for the exploration of ways to enhance the perfor-
mance of photonic crystal cavities by means of increasing 
the local density of photonic states and the effective index 
of refraction for slowing down wave propagation and in-
creasing photon-matter interaction. These investigations 
involve variation of geometrical and material parameters. 
The presence of metallic materials in systems is also being 

investigated in order to study plasmonic effects.
Husin Alatas (alatas@ipb.ac.id) of Bogor Agricultur-

al University, Bogor, who was previously engaged in the 
study of nonlinear optics and optical solitons is currently 
active in photonics modeling, in particular for optical 
sensors and biophotonics applications in general. Henri 
P. Uranus (henri.uranus@uph.edu) of Universitas Pelita 
Harapan (UPH) is engaged in various photonic wave-
guide modelling using finite element methods.

Neutron Physics Research
It is important to mention a major neutron scattering fa-
cility in the Neutron Scattering Laboratories (NSL) be-
longing to the National Atomic Agency, which is situated 
in Serpong near Jakarta. The thermal neutron source is 
provided by a 30 MW nuclear reactor, and the laboratory 
is equipped with a 36 m small angle neutron scattering 
spectrometer (SANS - see Figure 3). The research group 
headed by Edi Giri Rachman Putra (giri@batan.go.id) is 
focused on nano and microscopic structures and magnetic 
structures as well as the dynamics of a broad range of ma-
terials including alloys, superconductors, polymers liquid 
crystals, proteins, DNA and viruses. Some of the research 
is conducted in collaboration with researchers from uni-
versities such as Institut Teknologi Sepuluh, Universitas 
Gadjah Mada and others.

Figure 4: Group photograph of attendees at the 2013 
International Symposium on Modern Optics and Its 
Applications (ISMOA).

Societies and Scientific Dissemination of 
Research Results
The Indonesian Physical Society or Himpunan Fisika In-
donesia, HFI (http://hfi.fisika.net/) is the professional 
organization for Indonesians working in physics-related 
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fields as university lecturers and researchers, as well as 
for physics teachers. HFI organizes an annual National 
Physics Symposium as a national forum for scientific in-
teraction and dissemination of research results among its 
members. Besides HFI, there are also other physics-relat-
ed topical societies. The recently established Indonesian 
Optical Society, InOS, or Himpunan Optika Indonesia, 
HOI (http://inos.indonesianoptics.org/) is an example. 
InOS is slated to continue the organization of the bian-
nual International Symposium on Modern Optics and Its 
Applications, ISMOA (http://fismots.fi.itb.ac.id/ismoa 
- see Figure 4) that has previously been organized by the 
Physics of Magnetism and Photonics research group since 
2001. Highlights of these scientific events have generally 
been the invited talks delivered by about 15 internation-
ally recognised researchers including several notable Aus-
tralian physicists and photonic scientists (see Figure 5). 
The meetings are partially supported by KNAW, ICTP, 
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A book thAt should be reviewed?

The book review editor welcomes the co-operation of 
readers in identifying  suitable new books for review 
from time to time. Contact book review editor John 

macfarlane: jcmacfarlane@netspace.net.au.

How you can help Australian Physics

An ideA for An Article?

It could be about your area of physics, an unusual career 
for a physicist, an Australian company that grew out of 

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

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

Figure 5: Prof Ben Eggleton (University of Sydney) talking 
to students during ISMOA 2013.

OSA and other international foundations and agencies. 
These events have so far proved very fruitful in creating 
the opportunities for PhD and post-doctoral positions 
and research collaborations. The next ISMOA will be 
held in August 2015.
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After my lightning article [1] was published an American 
colleague pointed out an article published in 2011 by the 
“S.A. Weather and Disaster Information Service, South 
Africa” [2] in which the question is asked “Why do peo-
ple get killed by lightning while sitting in their rondavel 
or traditional hut?”. The roofs of these huts are most likely 
metal and not earthed, as for the rotunda [1]; thus, the 
same disaster with the same cause happens many times in 
South Africa.  The solution to the problem is contained 
in my paper and in the Australian Standard AS/NZS 
1768(Int):2003; a copy of my article has been sent to the 
Disaster Information Service.

The current induced in people by the displacement 
current caused by the approach of a negative leader was 
proposed as the cause of non-fatal lightning shocks [1]; 
however, such currents could prove fatal. In fact a second 
person was killed in the rotunda; the person was on the 
other side of the rotunda from where the woman was 
killed and the lightning damage was evident. Thus, that 
person was probably not struck by the main current, but 
was possibly killed by the induced current. Such induced 
currents may also account for the mass killings of cattle 
and sheep [3, 4, 5]. In this case the cattle will probably be 
wet and their hooves will probably be well earthed in wet 
muddy soil.

The quality of the earth connection during a lightning 
strike is also important in determining which objects are 
struck, as found in the oil fields of Oklahoma [6]. Oil is 
extracted from old oil wells in Oklahoma by flushing the 
wells with brine. The brine and oil is stored in fibre-glass 
tanks (see Figure) connected to the wells by large plastic 
pipes which carry the brine. The tanks have “lightning 
protection” in the form of standard overhead wires (see 
Figure) connected to earth with metal rods driven 1-2 m 
into the earth. Very often the tanks are struck by lightning 
which appears to avoid the “lightning protection”, and a 
serious fire is caused. Clearly, the tanks have a much better 
connection to the “greater earth” than the lightning pro-
tection; this is via the brine filled pipes and the metal cas-
ing of the oil well going down to a conducting brine-filled 
strata ~ 2 km below the earth surface. On the other hand 

the lightning protection is only superficially connected to 
the “greater earth”. When the negative leader approaches 
inducing a current flow the tanks can maintain the poten-
tial difference to the leader, while the lightning protection 
has a greater resistance to the body of the earth and can-
not maintain the potential difference. In other words, any 
streamer generated from the tanks will be able to draw 
more current and go further than a streamer from the 
lightning protection system; the streamer from the tank 
will reach the negative leader first and the full lightning 
discharge will go to the tank. All people see is that the 
lightning appears to avoid the lightning protection and 
“go for” the tank.

This case in Oklahoma emphasizes the need to think 
about a lightning strike as a dynamic event and the need to 
revise the concept of a connection to earth when dealing 
with such a large scale event.
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Oil and brine storage tanks and lightning protection wires 
in Oklahoma [6] reproduced with permission.
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What is Labpunk?
The Art in Physics-Creating LABPUNK project is a dia-
logue between science and art. This project has been ges-
tating for some time.  University of Queensland Physics 
lecturer Wegener has collected, over years, items of lab 
“junk” that appeal because of their aesthetics and their 
stories. This collection has become a physics wunderkam-
mer [1] - a cabinet of curiosities.  This term, originally used 
to describe a room filled with natural history objects, as 
shown in Figure 1; now typically refers to a collection of 
items with memories specific to the owner. In Wegener’s 
physics wunderkammer, the artefacts of physics resonate 
with her scientific aesthetic. The objects also appeal to 
Milroy, an artist, whose academic studies coincidentally 
began at The University of Queensland Physics Depart-
ment. Both believe these items deserve a second chance, to 
be re-purposed.  This mutual appreciation for physics arte-
facts, shared interests in physics and experiences as metal-
smiths has led to an alchemical collaboration between sci-
ence and art, as items from the physics wunderkammer are 
transformed from lab junk to LABPUNK - artworks with 
depth and attitude, souvenirs of the work of physicists.  
The term LABPUNK (coined by Norman Heckenberg 
[2]) references the Steampunk movement. Steampunk is 
associated with 19th century science-fiction focused on 
steam-powered machinery; it refers to artistic styles and 
fashions developed from the aesthetics of this fiction [3].
The Art in Physics - Creating LABPUNK project follows 
a strong tradition of images of science inspiring art and 
design. This includes W.H. Bragg and W.L. Bragg sup-
plying diagrams of crystal structures to designers [4] and 
the Angstrom Art initiative [5]. While there is often an 
edgy, technical look to wearable design objects with this 
inspiration, it doesn’t have to be the case, and in many of 
the LABPUNK works, elements of the style and form as 

well as techniques of traditional fine jewellery-making are 
used. In Figure 2, Wegener and Milroy examine a delicate 
silver bangle modelled on the molecular structure of green 
fluorescent protein.

Figure 1: Engraving of a cabinet of curiosities. Imperato, F. 
1599. Dell Historia Naturale, Naples. Smithsonian Museum.

This year’s Australian Institute of Physics Congress, 
themed “The Art of Physics”, is an ideal platform from 
which to explore LABPUNK physics art jewellery. It is 
also an opportunity for the wider physics community to 
participate in The Art in Physics - creating LABPUNK 
project.  Wearable works of art and small sculptural ob-
jects will be created specifically for the 2014 AIP Con-
gress. Each of the plenary speakers will be given an origi-
nal, unique and wearable work of art to keep as a memento 
of the conference.

A Call to Participate 
A warm invitation is extended to the physics community, 
including scientists and their suppliers, teachers and stu-

The Art in Physics - Creating “LABPUNK”
M.J. Wegener 
School of Mathematics and Physics, The University of Queensland

A.K. Milroy 
School of Education and the Arts, Central Queensland University

Sometimes physics fascinates just because of its aesthetics. It could be the artistic appeal of an experi-
mental image, a beautiful object used in doing physics, a pleasing curve that relates parameters… 
The authors of this article see possibilities for art in the artefacts of physics – in bits of lab equipment, 
experimental results, and theoretical models. One is a scientist with a passion for art, the other an artist 
with a passion for science. Collaboratively they are making original works of art which may be worn as 
jewellery, or enjoyed as sculpture, by re-purposing physics artefacts.
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dents, to be part of this project. One way to participate is 
by donating material.  Your donation could be:
•	 	something	physical	that	is	languishing	in	the	lab	-	like	

a broken, fractured, or scratched object, or scrap mate-
rial (particularly metal); 

•	 	a	sample	of	an	interesting	material	you	are	working	on;	
•	 	a	 visual	 prompt,	 either	 theoretical	 (like	 a	 graph	of	 a	

function with an appealing curve) or some representa-
tion of data (such as an astronomical image or experi-
mental plot).

 

Figure 2: Wegener and Milroy 2014

To give you more of an idea of the types of things that 
would be welcomed, here are examples of what the project 
already has: – laser rod, high-purity aluminium, lenses, 
niobium, perforated metal sheet from electronics boxes, 
gold mirror, sapphire resonator, brass fittings, nickel mesh, 
platinum wire, calcite crystal, neoprene O-rings. A sizable 
collection has already been gathered around Brisbane, and 
items from further afield would be greatly appreciated. 
The donated raw material (both physical and conceptual) 
will be transformed into small art objects. They will in-
clude lapel pins and other pieces of jewellery. A collection 
of these pieces will be shown at AIP Congress 2014 in 

December.  Conference attendees will have the option of 
participating in the project by wearing selected pieces. The 
LABPUNK conference exhibition will be interactive, and 
it is anticipated that the artworks will provoke dialogue 
between participants as the back stories of the pieces, the 
origins of the raw materials and the scientists involved are 
revealed during the course of the conference.

Aims of the project
On reflection, the Art in Physics - Creating LABPUNK 
project, while initiated by a common compulsion to cre-
ate, has at its core four main aspirations:
The first is to re-purpose lab “junk” and other physics ar-
tefacts into works of art. Examples are shown in Figures 3 
and 4. The raw materials, the laboratory or scientific activ-
ity they originate from, and other background informa-
tion informs the final piece. 

Figure 3:  Cufflinks constructed from silver waveguide with 
brass flange, and sterling silver. (Waveguide courtesy of 
Norman Heckenberg).

Figure 4: Aluminium dish incorporating diaphragm from 
superorbital expansion tube

The second aspiration is to record this dialogue be-
tween physics and art. Despite the oft-perceived incom-
patibilities of the objective (science) and the subjective 
(art), there are many areas of overlap - materials, instru-
ments, a problem-solving approach and experimentation 
[6]. One area of commonality is the creative process. As 
Einstein famously claimed “Imagination is more impor-
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tant than knowledge. For knowledge is limited to all we 
now know and understand, while imagination embraces 
the entire world, and all there ever will be to know and 
understand”[7]. By examining lab “junk” from a very dif-
ferent (artistic) perspective, new links may be revealed and 
explored. A process of documentation and reflection ac-
companies this project. It is planned to include conference 
presentations, a website and publication of an art book. 
All participants will be acknowledged in the project’s pub-
lications.

Figure 5: Sterling silver bangle/sculpture inspired by 
molecular model of Green Fluorescent Protein (Model 
reference courtesy of Seth Olsen).

The third aspiration is to make new links and strength-
en existing linkages within and beyond the physics com-
munity.  By donating materials and/or wearing the works 
of art, participants will be linked to the physics and physi-
cists involved. Wearing a bangle whose form is based on 
a model of molecular structure (Figure 5) has sparked 
conversations with scientists recognising the form and 
artist-jewellers asking about it. An example of existing 
links between the communities of scientific and creative 
industries is the location of a business growing crystals for 
lasers in the centuries-old gemstone mining and process-
ing town of Idar-Oberstein, Germany.  Another link is the 
way that modern physics technology is being utilised in 
jewellery-making. The industry uses technology that was 
once the domain of physics research labs, for example, in 
laser-cutting gemstones (see Figure 6). Laser-welding met-
als in the making and repair of jewellery is being increas-
ingly used because of the technique’s advantageous highly-
localised heating. Recently, laser-welding and patterning 
of titanium has been explored to extend traditional jewel-

lery-making techniques [8].
  

Figure 6: Ring of sterling silver with laser-cut amethyst.
The fourth aspiration of this project is to address the 

finite.  Often scientists make models based on the infinite, 
while knowing that reality is finite. Conservation laws are 
at the very heart of physics. By re-using lab junk, we are 
acknowledging that the resources available to us are finite. 
With this resource limitation in mind, we are keeping ma-
terials in circulation, rather than dismissing them as waste.  
Recycling and re-purposing materials has a long tradition 
with metalsmiths. Nothing is ever discarded; items are re-
paired, dismantled to their component parts, refined and 
re-made into new objects.  This strategy fits with a theme 
in contemporary arts of sophisticated and stylish recy-
cling, which includes clothing [9] and jewellery, where 
“urban mining” sees donated jewellery disassembled then 
reconfigured into contemporary pieces [10]. Exemplify-
ing this practice, in 2012 Wegener and Milroy exhibited 
work in the peer-reviewed Jewellers and Metalsmiths 
Group of Queensland “100% Recycled” exhibition [11]. 

A bigger picture 
The Creating LABPUNK project will continue after the 
AIP Congress. A museum/gallery exhibition of LAB-
PUNK is planned in Brisbane, inviting the public at large 
to experience the (art) world of Physics - its community 
and achievements. 

Finally …
In summary, we are using physics “relics” to make art 
objects and celebrate linkages within and beyond the 
physics community. If this project announcement and 
call to community has piqued your interest, please 
email wegener@physics.uq.edu.au as soon as possible. 
Donations can be posted to Margaret Wegener, Physics, 
The University of Queensland, 4072. We would greatly 
appreciate receiving donations to be used specifically for 
the AIP Congress by August, 2014.



56 AUSTRALIAN PHYSICS 51(2)  |  MAR–APR 2014

Dark field illuminates X-ray imaging
Radiation that does not play a part in conventional X-ray 
imaging has been exploited by physicists in the UK to 
provide comprehensive snapshots of an object’s physical 
and chemical state. Potential applications of the new tech-
nique, known as “dark-field hyperspectral X-ray imaging”, 
include identification of stress build-up inside engineered 
structures, security scanning of elicit materials, and analy-
sis of medical biopsies.

Normal radiography of the kind used in hospitals re-
lies on the phenomenon of absorption. A beam of X-rays 
is fired at an opaque object and the radiation that emerges 
on the far side is captured by a photographic film or digital 
detector, with the image mapping variations in electron 
density inside the object. However, the image cannot be 
used to identify the materials that make up the object in 
question. 

That limitation has been overcome in the latest work, 
which has been carried out by Robert Cernik of Manches-
ter University and colleagues at Manchester and the Ru-
therford Appleton Laboratory in Oxfordshire. Instead of 
recording what is known as an X-ray beam’s “bright field” 
– the radiation that passes through the sample – the new 
approach involves measuring a portion of the “dark field” 
– the radiation scattered or emitted by the object. “Usually 
great lengths are taken to remove the scattered radiation,” 
says Cernik, “but in fact that radiation contains all sorts of 
extra information not available in conventional imaging.”

The technique involves placing a sample in the path of 
a relatively wide polychromatic X-ray beam and then posi-
tioning a pinhole aperture a few degrees off the beam axis 
on the far side of the sample. A sensitive, multi-pixel de-
tector then captures the radiation that emerges from the 
pinhole. Cernik explains that the set-up provides a new 
way of recording diffraction patterns from the sample. 
Conventional scattering experiments shine a monochro-
matic beam onto a crystal, which is rotated until the angle 
between the beam and crystal structure is such that the 
diffracted waves interfere constructively to produce a peak 
in output intensity. In the latest work, the sample and 
detector can remain fixed because each pixel is designed 
to record light intensity across a range of different wave-
lengths, producing what are known as “data cubes”. With 
data from any one pixel revealing diffraction peaks at spe-
cific wavelengths, the combined output from all the pixels 
allows the various chemical elements and compounds that 
make up the sample, as well as their crystal structures, to 
be identified. 
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SAmPLINGS
[C.K. Egan et al., Proc. Roy.Soc. A, 470 doi: 10.1098/
rspa.2013.0629 (2014)]

Extracted with permission from an item by Edwin Cartl-
idge at physicsworld,com.

What lies within? A conventional X-ray image

Laser fusion passes milestone
Scientists at the Lawrence Livermore National Labora-
tory (LLNL) in California have achieved a “fuel gain” of 
greater than one at the National Ignition Facility (NIF). 
Using NIF’s ultra-powerful laser to crush tiny pellets of 
deuterium–tritium fuel, they have produced more energy 
from fusion reactions than was deposited in the fuel. Al-
though still far from the long-sought-after goal of “igni-
tion”, the latest results are nevertheless an important step 
on the road to realizing fusion energy, say researchers. 

NIF was completed in 2009 at a cost of $3.5bn and 
uses 192 laser beams to deliver 1.8 MJ of energy to a tiny 
target over a period of just a few billionths of a second. The 
target consists of a hollow gold cylinder a centimetre long, 
known as a hohlraum. At its centre sits a peppercorn-sized 
sphere of frozen deuterium and tritium encased inside a 
plastic shell. Laser pulses heat the inside of the hohlraum 
thereby generating X-rays that rapidly remove or “ablate” 
material from the outside of the shell, so causing the fuel 
to implode. This implosion creates a shock wave that heats 
up the fuel to temperatures of about 50 million degrees 
Celsius, causing the nuclei to overcome their mutual re-
pulsion and fuse, producing alpha particles (helium nu-
clei) and neutrons.

Between 2009 and 2012, researchers at NIF worked 
on a project designed explicitly to achieve ignition, the 
point at which heat provided by alpha particles increases 
the rate of fusion reactions such that they release more 
energy than is supplied by the laser. However, that work 

proved to be disappointing, leading to energy outputs 
about 1000 times smaller than the input. After scrutiny 
by Congress, the National Nuclear Security Administra-
tion, which oversees NIF, announced a new, more delib-
erative strategy designed to work out what went wrong. 
The strategy also emphasized the importance of alterna-
tive approaches to “inertial-confinement fusion”, such as 
“fast ignition” and “Z-pinch”. 

In the latest work, Omar Hurricane and colleagues at 
the LLNL have upped NIF’s output by changing the shape 
of the facility’s laser pulses. Previously, the pulses were of 
the “low-foot” variety, which means that the X-ray energy 
delivered to the target remained relatively low for most of 
the pulse duration before rapidly increasing. The idea was 
to compress the fuel to the highest possible densities to 
maximize fusion reactions. Unfortunately, however, this 
approach caused the plastic shell surrounding the fuel to 
break up, so reducing the pressure inside the fuel and lim-
iting the output energy. 

The laser pulses in more recent “high-foot” experi-
ments were instead shaped to supply more energy earlier 
on in the compression process. This allows more heat to be 
delivered to the fuel before it has had a chance to compress 
significantly. This limits the total compression that can be 
achieved because more work needs to be done on the fuel 
to achieve a certain density, just as a tyre becomes harder 
to squeeze when it is pumped up using hot air. However, 
the virtue of this approach is that it yields a much more 
stable implosion. Indeed, by limiting their ambition, the 
researchers have managed to get more energy out of the 
fuel. 

In a paper published in Nature, Hurricane and col-
leagues report results from experiments carried out last 
September and November – the former producing 14 kJ 
of fusion energy from a single laser shot and the latter 17 
kJ. The researchers point out that since the energy deliv-
ered to the fuel is about 10 kJ, both shots generated a fuel 
gain. They also calculated that as much as half of the en-
ergy output from these shots originated in alpha-particle 
heating. This is significant because such heating is a pre-
requisite for ignition. 

Steve Cowley, director of the Culham Centre for Fu-
sion Energy in the UK, points out that the rival “magnet-
ic-confinement” approach to fusion that will be studied 
in the ITER project under construction in France has 
already approached energy breakeven. Indeed, in 1997, 
Culham’s JET reactor had already generated 16 MW of 
power from an input of 24 MW. But he believes that both 
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approaches to fusion energy must be pursued. 

[O. Hurricane, Nature, 506 343 (2013), doi:10.1038/
nature13008]

Extracted with permission from an item by Edwin Cartl-
idge at physicsworld,com.

Inside the hohlraum at NIF

Powerful fibre laser is cheap and compact
A new type of fibre laser that operates in the mid-infrared 
range has been designed by researchers in Australia. The 
device uses a dual-wavelength pumping approach that 
makes it 25 times more powerful than existing fibre lasers 
operating at mid-infrared wavelengths. The new design 
also makes the laser cheaper to produce than others and 
the device could have a variety of applications – from at-
mospheric analysis to non-invasive medical diagnosis. 

Many common hydrocarbon molecules absorb light in 
the mid-infrared range, and therefore a cheap and conven-
ient source of laser light in this part of the spectrum could 
have a variety of practical applications. The greenhouse 
gases methane and ethane, for example, could be remotely 
detected with mid-infrared laser radar systems. Such lasers 
could also be used in medical diagnoses to detect trace gas 
concentrations in exhaled breath that are symptomatic of 
some diseases and metabolic processes. The presence of 
acetone on the breath, for example, is associated with dia-
betes. Similarly, formaldehyde can be indicative of breast 
cancer and varied concentrations of carbonyl sulfide can 
offer clues to the health of the liver. 

Also in a medical vein, it is believed that mid-infrared 
wavelengths could be beneficial to laser surgery, because 
they might be less destructive, resulting in less scarring. 
Furthermore, such lasers could also have a variety of de-
fensive military applications – from active illumination 

for thermal cameras to jamming the detectors on board 
heat-seeking missiles, which operate in the 3–5 μm atmos-
pheric window. 

The problem, however, is that practical lasers operating 
at these wavelengths have been very difficult to produce. 
Crystal lasers tend to be expensive and bulky. On the oth-
er hand, fibre lasers have their own problems. Tradition-
ally, fibres are based on silica, which is opaque in the mid-
infrared, necessitating the use of more exotic glass fibre. 
ZBLAN, a type of heavy metal glass based on zirconium 
fluoride, is commonly used for this purpose. 

To make matters worse, mid-infrared transitions in 
rare-earth ions (such as erbium, used in this study) are 
located high above the ground state – resulting in a low 
overall efficiency, thanks to the difference in wavelengths 
between the emitted laser photon and the input pump 
photon. The relaxing ions also tend to get stuck in relative-
ly long-lived excited states on their way back down to the 
ground state – with this forming a “bottleneck” that can 
lower efficiency at best, or prevent further lasing at worst. 

 

Fibre laser is cheap and powerful

To overcome these problems, the University of Adelaide 
researchers actually took advantage of the bottlenecking 
phenomenon. They used a dual-pumping approach that 
uses a relatively weak pump source to excite the ions to the 
low, long-lived excited state. Then a second pump raises 
them further to the most excited level. When the ions sub-
sequently relax to the long-lived state – emitting a photon 
as they do so – they can then be pumped up again, with-
out delay. “This method allowed an order of magnitude 
improvement in efficiency compared to other fibre lasers 
operating on this transition,” says lead author Ori Hender-
son-Sapir, a researcher at the University of Adelaide. The 
team’s laser produces more than 0.25 W at wavelengths 
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around 3.5 μm, with a significant peak in emissions at 3.6 
μm. “To the best of our knowledge, [this is] the highest 
power, highest efficiency and the longest wavelength of a 
room-temperature fibre laser without using nonlinear ef-
fects,” he explains. 

[O. Henderson-Sapir et al., Optics Letters, 39 493 
(2014)]
Extracted with permission from an item by Ian Randall at 
physicsworld,com.

Quantised vibrations are essential to 
photosynthesis, say physicists
Physicists in the UK claim to have shown unambiguously 
that the high efficiency of photosynthesis is driven at least 
partly by a purely quantum-mechanical phenomenon. 
Their work could lead to discoveries of other quantum 
processes in biology, or help in the development of new 
and better technologies for harvesting solar energy.

 Arguably the most important chemical reaction on 
Earth, photosynthesis allows a plant to harness sunlight 
by converting carbon dioxide and water into energy-rich 
carbohydrates. For the most part, this takes place in chlo-
rophyll molecules, which are arranged such that neigh-
bouring molecules have different energy levels. When 
light shines on one of these molecules, an electron is mo-
mentarily excited before passing its energy over to a near-
by molecule with a slightly lower energy level. In this way, 
energy can flow “downhill” from energy level to energy 
level, via different routes, until it reaches a reaction centre 
where actual photosynthesis occurs. 

Scientists had previously assumed that the energy 
moves downhill in a random walk – an incoherent “hop-
ping” between energy levels. But this mechanism does not 
explain how solar energy is transferred so quickly to a reac-
tion centre, which allows photosynthesis to proceed with 
energy efficiencies of 95% or more. In recent years, various 
theoretical and experimental studies have suggested that 
quantum mechanics plays a role, by transporting energy in 
a wave-like manner. But for all the results, an explanation 
based on classical physics could never be ruled out, ac-
cording to Alexandra Olaya-Castro and Edward O’Reilly 
of University College London (UCL) 

Olaya-Castro and O’Reilly claim to have uncovered 
the first unambiguous evidence for quantum effects by 
doing a theoretical study of the vibrational motion of 
chromophores – colour-producing molecules such as 
chlorophyll. Drawing inspiration from the field of quan-

vtum optics, where specialist techniques have been devel-
oped for characterizing the quantum-mechanical nature 
of light, the researchers showed that the absorption of a 
photon of sunlight generates an electronic excitation, the 
energy of which matches a collective vibration of two 
chromophores. So long as this vibrational energy is greater 
than the surrounding thermal energy, the researchers say, 
then a quantum of energy can be exchanged from one 
chromophore to the other.

 Olaya-Castro and O’Reilly knew that this energy ex-
change was purely a quantum effect when they tried to 
plot a probability distribution of fluctuations in the occu-
pation of the vibrational mode and found that these varia-
tions were too small to allow a classical description. 
[E.J. O’Reilly et al., Nature Communications, 5 
doi:10.1038/ncomms4012 (2013)]
Extracted with permission from an item by Jon Cart-
wright at physicsworld,com.

Quantum mechanics in action

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

 www.aip.org.au
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Conferences 2013-14
1–2 April 2014
SIEA 2014 - Workshop on Strain/Stress Scanning and Imaging for 
Engineering Applications, ANSTO, Lucas Heights, NSW
http://siea2014@ansto.gov.au

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

16-20 June 2014
Powerful AGN and Their Host Galaxies Across Cosmic Time, 
Port Douglas, Qld
http://www.atnf.csiro.au/research/workshops/2014/
SouthernCrossVII/

6-10 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/

26–31 October 2014
XRM2014 — 12th International Conference on X-ray Microscopy
Melbourne, Vic
xrm2014@wsm.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

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

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

The AIP event will be held over five days with plans for seven concurrent sessions, daily plenaries, an Industry Forum and 
a packed and lively social calendar.  The Art of Physics theme was chosen to explore the links between, and the beauty of 
physics and art.  To generate a creative and stimulating atmosphere at the Congress, a wide range of theme-related activi-
ties and events are planned.  Congress delegates, sponsors and exhibitors are also encouraged to be adventurous in work-
ing the theme into their presentations, posters and exhibits.

Current plenary acceptances:
•	 Prof	Steven	Chu,	co-recipient	of	the	Nobel	Prize	for	Physics	(1997)
•	 Prof	Paul	Corkum,	Director	of	the	Attosecond	Science	Program	at	NRC	and	University	of	Ottawa.
•	 Prof	Steven	Cowley,	CEO,	United	Kingdom	Atomic	Energy	Authority
•	 Dr	Lisa	Harvey-Smith,	project	scientist	for	the	Australian	SKA	Pathfinder	(ASKAP)
•	 Prof	Lawrence	M.	Krauss,	Arizona	State	University	&	ANU
•	 Prof	Steven	Sherwood,	Climate	Change	Research	Centre,	UNSW
•	 Prof	Anke	Rita	Kaysser-Pyzalla,	Scientific	Director	HZB	and	chair	of	IGAFA

Registration opens March 2014                                        website: aip2014.org.au
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BOOK REvIEWS
Why does E=mc2 ? (and 
why should we care?)
by Brian Cox & Jeff Forshaw 
Paperback, 272 pages 
Da Capo Press Inc (2010) 
ISBN 978-0-306-81876-9

Reviewed by Jason Dicker, Launceston 
College.

This particular book was pro-
duced in 2009 but has only just 

come to my attention. The edition I have is paperback 
with largish print and is not very long, 248 pages. It is 
written for the general public and tries to avoid as much 
heavy algebra or calculus as possible. The algebra that has 
been included is either minimalistic or so over the top that 
only very true experts can begin to know its origin. Clearly 
the latter has been put in to demonstrate that mathematics 
is the core of physics. 

I found it an excellent book; it begins with an histori-
cal, scientific look at how time has been perceived, and in 
particular, from the  perspectives of Aristotle, Galileo and 
Newton. The authors then quickly move to Faraday and 
Maxwell and the importance of the Maxwell Equations. 

From here the authors discuss the failure of Michelson 
and Morley to detect an ether, thence to Einstein but ac-
knowledging that the M-M result had little influence on 
Einstein. Here their expertise begins to really show as they 
expound simply, without resort to much maths, a demon-
stration of relativistic time, length and then, finally mass. 

Their method of approach is through finding the invar-
iant space-time equation and exploring the consequences. 
They discuss the need for an invariant, something that can 
be trusted for all observers, and that this need governs 
views of mass, time and length. In doing so they obtain the 
invariant term for a spacetime system by saying effectively 
“that we can use the Pythagoras Theorem, but this doesn’t 
quite work so we place in a difference rather than addi-
tion”. This sleight of hand is done lightly with the defence 
that the system is non- Euclidean so the “distance” in spa-
cetime takes a different version of Pythagoras. They then 
discuss the resulting hyperbolae of the subsequent graphs 
in space-time and look at the consequences in terms of 
whether the sectors are at all contactable, the future and 
the past and the meaning of the asymptotes. 

From here, the authors move to the nature of mass and 
the search for the Higgs particle, the book having been 
completed just before its discovery, and to General Rela-
tivity. 

In all, very good reading, a must for physics teachers 
and for anyone interested in science. I was slightly disap-

pointed that Cox and Forshaw did not mention Special 
Relativity’s ability to explain all magnetic effects directly 
from electrostatics but, perhaps, it was not the purpose of 
the book to give all the imports of Special Relativity. 

Abundance: the future is better than you 
think

by Peter H. Diamandis and Steven Kotler 
Paperback, 400 pages 
The Free Press (2012) 
ISBN: 9781451695762

Reviewed by Joanne Harrison, DSTO

Is it possible to create an earth 
where 9 billion humans all live 
in a state of (sustainable) abun-
dance? The authors of this book 

don’t just argue that it’s possible, they argue that it’s achiev-
able…within 25 years. 

In defining “abundance” the authors borrow the idea of 
Maslow’s pyramid, but with 3 levels instead of Maslow’s 5. 
Basic survival needs occupy the base of the pyramid. The 
middle level is taken up by “catalysts for future growth” 
- energy, education, communications and information.  
Freedom and health are at the top of the pyramid.

The first part of the book, “perspective”, introduces 
the concept of technology as a resource-liberating mecha-
nism. It goes on to identify four “forces” for abundance: 
exponential technologies, the DIY revolution, tech-
nophilanthropy, and the rising billion (i.e. the world’s 
poorest citizens). Following the introduction of these 
ideas, quite a bit of space is devoted to human cognitive 
biases. The authors argue that these biases not only con-
tribute to our perception that things are worse than they 
really are, but that they actually hinder our willingness to 
take on “humanity’s grandest challenge - building a better 
world for everyone”.

The bulk of the book is taken up with expanding on 
each of the four forces for abundance. There is too much 
fascinating stuff to cover in a 500 word review. Each of the 
eight exponential technologies - biotechnology and bioin-
formatics, computational systems, networks and sensors, 
artificial intelligence, robotics, digital manufacturing, 
medicine, nanomaterials and nanotechnology - is worthy 
of a 500 word review on its own. Likewise the DIY revo-
lution - UAVs for $300, synthetic bugs that consume oil 
spills, DIY space flight - and revolutions in energy gen-
eration and education. What’s most appealing as a skeptic 
(cynic?) is that the content is almost entirely limited to 
technologies that exist right now.

The book is extremely well written and well researched, 
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with over 100 pages of source material and references/
notes included at the end. The quality of the writing and 
content is hardly surprising given the formidable creden-
tials of the two authors - Diamandis is (amongst many 
other things) the founder of the X-PRIZE Foundation 
and co-founder of Singularity University, and Kotler is 
(again amongst many other things) an accomplished au-
thor with articles published everywhere from Popular Sci-
ence to GQ.

I thoroughly enjoyed this book. It certainly lived up 
to the promise on the back cover (made by Ray Kurzweil) 
of being “a powerful antidote to today’s malaise and pes-
simism”. I would recommend this book to anyone and 
everyone. If I was a science teacher (or teacher of any kind, 
for that matter) I’d definitely be making my students read 
it, because this is the kind of book that might inspire some 
of them to help solve problems for the benefit of everyone.

On a final note, you can download the first chapter of 
the book for free from abundancethebook.com. The X-
Prize Foundation website is also worth checking out, as is 
Steven Kotler’s website.

A History of Australian Schooling
by Craig Campbell and Helen Proctor 
Paperback, 304 pages 

Allen and Unwin, (2014) 
ISBN 9781742371825.

Reviewed by Lee Weissel, Trinity College.

Although not a comprehensive 
history, the scale of the project is 
still audacious. What makes this 
book of particular interest to those 
dealing with prerequisite knowl-
edge and skill for undergraduate 

physics courses is first, how our education system became 
what it is today, and second what are the decisive factors 
and influences that drive its outcomes. The eight chapters 
of this work divide Australian education against a time-
line from British settlement until the present day. The 
story of Australian education provided in this book is in-
terwoven with the social and political landmarks shifts of 
each period. This added advantage makes the book highly 
readable, and provides an understanding for the shifts in 
educational policy from maintaining good order and civi-
lizing in the colony, to the development of the compliant 
post war workforce through to creative pedagogy and in-
dividual learning contracts.

The structure of the book assists in highlighting the 
driving forces of the particular time period being discussed. 
Any nostalgic notion of a past golden era of education is 
quickly dispelled by the interaction between the needs of 

the education system and the community it serves. This 
ongoing tension is played out throughout the book, dem-
onstrating that some issues have always been with us, and 
perhaps will always be. The focus on this tension and what 
can be done to remedy it at different stages in the life of 
Australian education since European settlement shows 
us that not all ‘progress’ is necessarily positive. From the 
early 1900’s and the drive to universal education for all, 
and the subsequent realisation of a new stage of human 
development called the ‘adolescent’, to the current politi-
cal and economy- driven market of schools, the reader can 
be swept up in this vibrant telling of history through the 
lens of education. This methodology provides insight into 
the power education has over the fortunes and future of 
this country in a global market.

The use of school league tables, and now Naplan re-
sults, show the extent to which the goals of education have 
shifted. From the notion of education for all moving to a 
user pay system, the book points to some very real chal-
lenges that will need to be addressed in the future.

The authors go to great lengths to use terms such as 
public and private provision of education appropriately, 
and in their historical accounting of their place in the Aus-
tralian Educational landscape demonstrate that much of 
the current debate over funding models is confused in the 
media and at times in the political arena.

There are several strengths in this work. The main one 
is that it provides an easily accessible resource in under-
standing the general development of education within 
the Australia environment. In addition to this is a high-
lighting of some of the distinctive content that makes it 
truly Australian.  Another is seeing that some of the great 
concerns of our current time regarding teacher quality and 
educational standards are in fact not new at all. Third, the 
shaping of our understanding of what is important, and 
how our current school systems respond. The shortcom-
ings of the work occur in its addressing particular complex 
issues. Being a general history, some of the intricacies of 
why particular decisions were reached is not evident. Also, 
the book looks at general trends and does not necessarily 
reflect or tell of particular cases that sought to go against 
trends or do things markedly differently. This is a general 
history of education in Australia, not just science educa-
tion, and therefore to understand the recent changes in 
secondary education science courses and the subsequent 
issues of their provision of preparedness for university un-
dergraduate science courses is not addressed here. Over-
all, this is an excellent and engaging study of Australian 
education over two centuries, and highly recommended 
reading to those who would want to make intelligent con-
tributions to the field of education.
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PRODUCT NEWS

coherent scientific
RF signal generator with ultra-high 
frequency resolution

Stanford Research Systems SG380 Series of RF Signal 
Generators uses a unique, innovative architecture (Ration-
al Approximation Frequency Synthesis) to deliver ultra-
high frequency resolution (1 µHz), excellent phase noise, 
and versatile modulation capabilities (AM, FM, ØM, 
pulse modulation and sweeps) at a fraction of the cost of 
competing designs.

Standard models produce sine waves from DC to 
2.025 GHz (SG382), 4.05 GHz (SG384) and 6.075 GHz 
(SG386) and come with an oven-controlled crystal os-
cillator (OCXO) timebase that provides very low phase 
noise and very low aging that can be used, for example, as 
an optical modulation reference signal.

For more demanding applications, such as system test-
ing and component development in electronic warfare, an 
optional rubidium oscillator can be ordered to substan-
tially reduce frequency aging and improve temperature 
stability.

Back to analogue - a newly designed 
lock-in amplifier with low-noise analogue 
components

The capabilities of the modern DSP lock-in amplifier in 
stability, dynamic reserve, and flexibility were revolution-
ary, making it a mainstay for researchers and engineers 
across multiple fields. However, for a core group of users, 
including low-temperature researchers, the new instru-
ments became a potential source of high-frequency inter-

ference. Recognizing that one size shouldn’t have to fit all, 
SRS is proud to introduce the SR124 Analogue Lock-In 
Amplifier. 

The SR124 design follows two basic themes. First, the 
signal path is entirely built from low-noise analogue elec-
tronics: the best JFETs, transistors, op-amps, and discrete 
components. Second, configuration control is managed 
by a microcontroller whose system clock only oscillates 
during the brief moments needed to change gains or filter 
settings.

This “clock-stopping” architecture eliminates the in-
convenience and reliability issues associated with mechan-
ical panel controls, and makes full remote operation of the 
SR124 possible.

Eliminating timing indeterminacy from a 
digital delay/pulse generator

All digital delay generators measure time intervals by 
counting cycles of a fast clock (typically 100 MHz) and 
most also have short programmable analogue delays to 
achieve time intervals with finer resolution than the clock 
period. Unfortunately, one clock cycle of timing indeter-
minacy (typically 10 ns) can occur if the trigger is not in 
phase with the clock.

Stanford Research Systems have eliminated timing in-
determinacy in their DG645 by measuring the timing of 
triggers with respect to the internal clock and compensat-
ing the analogue delays. This approach reduces the jitter 
by about 100× and allows the internal rate generator to 
operate at any rate, not just a sub-multiple of the clock fre-
quency.

This versatile digital delay/pulse generator provides 
precisely defined pulses at repetition rates up to 10 MHz 
and can be used to accurately control complex timing 
events between multiple laser pulses and cameras. The 
DG645 offers several improvements over older designs: 
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lower jitter, higher accuracy, faster trigger rates and more 
outputs.

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
Laser Quantum opus 1064 - Small Size, 
Big Power

The latest product release from Laser Quantum sees a stag-
gering 10 W of IR laser power being delivered from the 
compact opus laser head. Due to the high output power 
and excellent stability of the opus, it is the ideal tool for 
optical trapping and manipulation, allowing the 10 W to 
be shared over multiple traps.
The opus and other Laser Quantum systems have a wide 
range of applications such as;
•	 Optical	Trapping
•	 Optical	Testing
•	 Holography
•	 Raman	Spectroscopy
•	 Fluorescence	Imaging
If your application calls for high output power and excel-
lent stability, look no further than Laser Quantum.

Toptica DLC pro Electronics – Touch the 
Future!

With Toptica’s DLC pro, high-end laser control now en-
ters the digital world! The new digital laser controller for 

Toptica’s tunable diode laser DL pro sets new benchmarks 
with regards to low noise and low drift levels. It provides 
intuitive touch control and powerful remote operation to 
run and frequency stabilise the laser. Never before has the 
use of tunable diode lasers for demanding experiments in 
quantum optics and spectroscopy been so convenient.
The DLC pro comes with current, piezo and tempera-
ture controllers, providing unprecedented noise and drift 
properties to boost the performance of the established 
Toptica DL pro systems. The low noise and drift enables 
linewidths down to 10 kHz to be achieved!
Key features of the DLC pro electronics:
•	 All	digital	controller	for	Toptica	DL	pro
•	 Extremely	low	noise	and	precise	control
•	 Convenient	knobs	and	multi-touch	user	interface
•	 Remote	PC	GUI	and	command	control
•	 Intelligent,	in-built	locking	features

 PicoQuant Pulsed Diodes – New 
Wavelengths Available

PicoQuant expands their ex-
isting diode wavelength range 
by adding the following new 
products:

LDH-D-TA-560:
•	 Centre	wavelength:	561	nm
•	 Single	shot	to	80	MHz	operation
•	 Pulse	width	<70	ps	(FWHM)
•	 	Average	output	power	of	0.3	mW	at	80	MHz	and	5	

mW in CW mode
LDH-P-FA-266:
•	 Centre	wavelength:	266	nm
•	 Operation	from	1	-	80	MHz	possible
•	 Pulse	width	<80	ps	(FWHM)
•	 Average	output	power	of	>1	mW	at	80	MHz
The PicoQuant diodes are the perfect solution to a wide 
range of applications such as Fluorescence Lifetime Imag-
ing, STED Microscopy, Single Photon Generation and 
more.

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

Lastek Pty Ld 
10 Reid St, Thebarton, SA 5031 
Toll Free: Australia 1800 882 215 ; NZ 0800 441 005 
T: +61 8 8443 8668 ; F: +61 8 8443 8427 
web: www.lastek.com.au
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wArsAsh scientific
Build Your Light Measurement System to 
Meet Your Needs

Lighting researchers can now choose the functionality 
needed and take advantage of the flexibility to add on 
modules as budget or research requirements change.  Sys-
tems ship with mobile Integral™ LM light measurement 
software, allowing users to access their systems from any-
where and in any language with robust data acquisition 
and reporting capabilities. Also available is the API (ap-
plication programming interface) capability so users can 
use the illumia®plus with existing software programs such 
as LabVIEW.
Each base system includes a choice of integrating spheres 
in sizes up to 3m and a wide range of spectrometers to meet 
specific applications.  The newly redesigned spheres allow 
for tool-less switching between base-up and base-down 
measurement geometries and hot-swapping of stabilised 
lamps.  Coupled with the software’s automated calibration 
and IESNA LM-79 stabilisation routines, customers can 
significantly decrease the length of time for each measure-
ment and increase throughput.

Raman Images Faster than Ever Before

The new StreamLineHR™ Rapide option enables the rap-

id collection of large amounts of Raman data. With this 
capability, and inVia’s high sensitivity, users can generate 
high definition chemical images quickly. The option is 
available from Warsash Scientific and is suitable for a Ren-
ishaw inVia Raman microscope.

Faster Imaging
Tight integration between the detector and motorised 
sample stage enables very rapid imaging (detector spec-
trum readout rate over 1000 s-1). Coupled with large file 
handling this means it is easy to produce highly detailed 
Raman images with extreme speed. 

Detailed and Efficient
With enhanced signal-to-noise ratios, accurate measure-
ments are achieved even where extremely low signal levels 
are present. Users can export high definition (megapixel) 
Raman images to see data in all its detail and because there 
is no inherent file size limit, it is also possible to record tens 
of millions of spectra in a single file.

XE15: Powerfully Versatile Atomic Force 
Microscope

The new XE15 from Park Systems is a powerfully versatile 
atomic force microscope (AFM) featuring a unique Multi-
Sample™ scan.  XE15 can easily scan larger samples of up to 
200 mm x 200 mm, a vast improvement from the current 
AFM products on the market.  The AFM is ideally suited 
for shared labs environments that handle a diverse range of 
samples, researchers doing multi variant experiments, and 
failure analysis engineers working on wafers.

XE15 is the only AFM that maximises the efficiency of 
product use with MultiSample™ scan, automated imaging 
of multiple samples in one pass.  Specially designed multi-
sample chuck holds up to nine individual samples allow-
ing operators to scan the samples under identical environ-
mental conditions, improving the accuracy and reliability 
of the data.  After loading the stage with multiple samples, 
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the scan process can be initiated.  This makes it ideal for 
researchers wanting to scan larger samples or failure analy-
sis engineers who need to place silicon wafers on the stage.

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

Zurich instruments
2 Input Channel, 600 MHz Boxcar Averager

Zurich Instruments’ latest product is the UHF-BOX 
Boxcar Averager option for the 600 MHz UHFLI Lock-
in Amplifier. 

The UHF-BOX option offers a powerful toolset to 
record, analyze and provide feedback of periodic but non-
sinusoidal signals with high repetition rates and low duty 
cycles, for instance signals derived from pulsed lasers. It 
is capable of operating at high trigger rates as it features 
a very low integrator dead time and is therefore able to 
capture all pulses continuously. All features of the UHFLI 
are retained and therefore the user benefits from a unique 
combination of time domain and frequency domain anal-
ysis tools.

The UHF-BOX option offers most old-school boxcar 
settings and functions, enhanced by the possibilities given 
by digital technology. Familiar features like gate time, gate 
delay and averager settings are provided, but improved 
to include much wider setting ranges, more data output 
combinations and signal analysis features. The dual-box-
car implementation allows two independent input signals 
to be acquired.

Digital boxcar implementation enables reduction of 
the integrator dead time to a value in the range of the 
input sampling period and therefore signals with a rep-
etition rate up to 450 MHz can be measured. For some 
experiments this can decrease the measurement time by 
a factor of 1000 compared to old-school analog boxcar 
averagers.
Two Integration Windows
Each of the two boxcar units provides the capability to 

subtract a second integration window of the same length 
from the result of the gated integration. This allows for 
straightforward baseline suppression or the subtraction of 
reference pulses from the signal of interest.
Frequencies and Phase-locked Loop
The UHF-BOX option can operate with both internal 
and external periodic triggers and can generate 2 frequen-
cies for synchronization of external components. In cases 
where external signals determine the periodicity, state-of-
the-art PLLs provide optimal reference stabilization.
Periodic Waveform Analyzer
By associating every input sample with one of 1024 data 
bins, it is possible to instantaneously display the waveform 
of the input signal with a high resolution. Each bin covers 
a fraction of the signal period and it is possible to define 
portions of the period to zoom into the details. The PWA 
can also be used to set the boxcar parameters graphically 
making it a very straightforward task. The periodic wave-
form analyzer also delivers instantaneous measurement at 
up to 512 harmonics of the trigger rate.
Multi-channel Boxcar
For experiments that involve two timescales, e.g., one fre-
quency for the probe laser at 80 MHz and a second fre-
quency for the experiment at 100 kHz, the multi-channel 
mode can be used. The instrument efficiently deconvo-
lutes the information of interest by associating data meas-
ured by the boxcar to time bins.

For more information contact Zurich Instruments at info@
zhinst.com 
 
Zurich Instruments 
Technoparkstrasse 1, 8005 Zurich, Switzerland 
T: +41 44 515 0410 F: +41 44 515 0417 
www.zhinst.com

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

relevant to physics?

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

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



CALL FOR 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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