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Photo of the “Georges Lemaître”, 
one of five European Space Agency’s 
Automated Transfer Vehicles (ATVs), 
on its way to the International Space 
Station, ISS. This photo was taken by an 
Expedition 40 crew member, showing 
the ATV passing directly under the space 
station at about 3.7 miles distance, 
testing sensors and radar systems 
designed for future European spacecraft. 
After the “fly-under”, the vehicle 
proceeded to dock at the ISS and bring 
provisions and supplies. The ATV was 
named after Belgian scientist and cleric, 
Georges Lemaître, who played a key role 
in understanding the redshift-distance 
relation of the expanding Universe (see 
the item “Hubble Law revisited” inside). 
- Image: NASA, ID iss040e089829.
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Happy New Year, and welcome to the first 
issue of Australian Physics for 2019. We 
hope it will be a prosperous year for you, 
full of success and satisfying moments of 
curiosity!

In the previous issue we flagged the arrival 
of a new section to the magazine, the 
“Young Physicists Page”. The editorial 
team and we are pleased to present the 
first instance of this section to you now. It 
is here to kindle young people’s curiosity 
and help to welcome them into the physics 
community. Please do share the page with 
your kids, nieces, nephews, neighbours, 
students, or post it on Instagram or 
Facebook. 

Also, let us know how you would like to 
see it evolve and improve. We hope to 
cultivate ideas beyond the pedestrian and community input is a key 
element here. Physicists are good at thinking in unconventional or 
unusual ways. This issue of Australian Physics contains several such 
examples. You (as authors) have shared ‘stories’ about relativity and 
how we can be more precise about moving clocks running slow; 
about recognition of George Lemaître’s contribution to astrophysics;  
and about  how mass can be negative. 

As Editors, we have the privilege of bringing to you (as readers) those 
moments where our reaction is ‘that’s curious…’. Equally expanding 
the horizon are your contributions about the latest in small nuclear 
reactors and possible perspectives for Australia; and about the state 
of the art in laser ranging and LiDAR.

Alongside curiosity, a number of these pieces also continue a 
previous thread about precision and how it links to developments 
and applications in the field. At this level, we also shine a light on 
the OECD’s most recent outlook on global innovation. There are 
some interesting trends to watch about how research funding and 
end-users become more connected with one another.

Last but not least we would like to thank the outgoing President, 
Andrew Peele, for his work for the AIP and extend our best wishes 
to the incoming President, Jodie Bradby, for an exciting year ahead. 
You might be curious about the new leader and her view of the 
future; stay tuned. 

All the best,
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PRESIDENT’S COLUMN

As I write, the year is drawing to a close and it is a time 
to reflect on what has gone by. In this case, it is a time to 
reflect on the previous year as well – the term of an AIP 
president is two years and I will be handing over to Jodie 
Bradby after the AIP Annual General Meeting in early 
February. At the beginning two years seems like a long 
time to get things done; at the end you realise that, if lucky, 
you have made a small contribution to an ongoing story. 
For me it is that continuing evolution of the discipline, and 
the people in it, that makes physics so fascinating. If there 
is an overarching reflection I can offer from the last two 
years, it is that it has been a pleasure and a privilege, as well 
as a valuable learning experience, to interact with so many 
people that are passionate about physics.

There were two main initiatives for the Executive when 
I started my term. One was to increase the momentum 
of a cultural shift in physics to make the discipline more 
representative of the diversity, and in particular the gender 
balance, in the broader community. The second was to 
communicate the value proposition – why should people 
part with their hard-earned cash to be members of the 
AIP? These are both initiatives that are positive ways to 
strengthen the membership of the institute.

A number of important indicators towards gender balance 
have improved. All of our award committees now have 
equal representation as did the plenary talks at the most 
recent Congress. In addition the Diversity and Equity 
Group for Australian Physics (DEGAP) has continued 
to be very active holding well attended functions at the 
Congress as well as winning the hosting rights for the 
International Women in Physics Congress to be held in 
Melbourne in 2020. It is also pleasing to see that, of the 
five awards presented at the recent Congress, three went 
to women.

The value proposition discussion is ongoing and is also 
one where important strides have been made over the last 
two years. Certain activities of the Institute are regularly 
reported as being perceived as valuable to members, both 
in formal surveys and anecdotally. Foremost among these 
is the Congress. The most recent Congress (the 23rd AIP 
Congress), held in Perth, was a great success. Delegate 
numbers were strong, as was the presence of students and 
early career researchers. It is a feature of Congress that the 
cost of attendance for students continues to be maintained 
at a very reasonable rate. Physics is a broad discipline and 
this is reflected in the range and number of parallel streams 
and by the associated conferences often held with and as 
part of Congress. This year the Congress was held jointly 
with the Australian Optical Society Conference, the 43rd 
Australian Conference on Optical Fibre Technology 
and the 2018 Conference on Optoelectronic and 

Microelectronic Materials 
and Devices. Congress can 
only succeed with a strong 
and well organised local 
organising committee and 
my thanks go to the team 
assembled for this year’s 
event. They worked hard 
over the last two years to 
put on such an enjoyable 
and informative meeting. 
I am also very pleased 
to announce, thanks to the strength and enthusiasm 
shown by our colleagues in South Australia, that the next 
Congress will be held in Adelaide in 2020.

An early announcement of this was made at Congress, 
but for those who were not able to attend, it is also a great 
pleasure to announce the winner of the Boas medal for 2018. 
Prof Elisabetta Barberio from the University of Melbourne 
has won the award for her world-leading research in 
particle physics and her fundamental contributions to the 
experiment and analysis, which led to the discovery and 
characterisation of the Higgs boson at CERN and the 
search for physics beyond the standard model.

Other benefits of membership include the Australian 
Physicist, the monthly bulletin, accreditation of university 
physics courses and support for branch activities. We 
are looking to improve all aspects of these offerings to 
members and, during Congress, we held a meeting with 
representatives from nineteen physics schools, departments 
and disciplines. Feedback from that and similar meetings 
has given us some key insights and areas to work on in 
coming years to provide even more value.

Leaving aside these tangible benefits of membership, one 
of the most important things that the Institute does is 
create a sense of professional identity and fellowship. We 
are able to identify as physicists because of the existence 
of a community like the Australian Institute of Physics. 
In some ways this is more important than all of the other 
benefits – what benefit to physicists can there be if there is 
not a concept of what a physicist is?

If we have managed to convince even a few people of this 
concept then I am happy to claim success on behalf of an 
executive team that I feel very honoured to have worked 
with over the last two years as president. My thanks goes 
to Jodie Bradby, Kirrily Rule, Stephen Collins, Judith 
Pollard, Olivia Samardzic and Warrick Couch. I am 
looking forward to physics in the next two years as past 
president! 

FORWARD WITH PHYSICS

Andrew Peele
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showed that the expansion implies the spectra of distant 
galaxies are redshifted by an amount proportional to 
their distance. Lemaître published this important result, 
in French, in the obscure journal Annals of the Scientific 
Society of Brussels.

In July 1928 Hubble and Lemaître attended the General 
Assembly of the IAU in Leiden. They were personally 
acquainted following an earlier visit by Lemaître to 
Hubble at the Mt Wilson Observatory in Pasadena. 
There is circumstantial evidence, but no hard proof, that 
their Leiden discussions included the redshift vs distance 
observational data and the emerging evolutionary model 
of the Universe.

The following year Hubble published a paper in which 
he proposed and derived the linear redshift–distance 
relation for galaxies, but the paper made no mention 
of Lemaître’s work. Was it because Hubble was simply 
unaware of the Belgian’s work?  Or - as the evidence 
mounts - was it because Hubble wanted exclusive 
ownership of the discovery and the fame that was sure 
to follow?

In 1931 Hubble published a second paper, co-authored 
by Milt Humason, with further Mt Wilson data, which 
provided convincing proof of the redshift–distance 
relation. Soon after the publication of this paper, the 
cosmic expansion became universally known as the 
‘Hubble law’.

Also in 1931, the Monthly Notices of the Royal 
Astronomical Society rescued Lemaître’s 1927 paper 
from obscurity by publishing an English translation. 
Oddly, vital parts of Lemaître’s paper were missing in 
the translation. It is unknown whether the changes were 
made by the journal editor or by Lemaître himself in an 
attempt to avoid a possible priority dispute.  

Almost 90 years later, Lemaître’s contribution to the 
redshift–distance relation has now been officially 
recognised. At its General Assembly held in Vienna in 
August 2018, the IAU passed a resolution “that from 
now on the expansion of the Universe be referred to as 
the Hubble–Lemaître law”. In an electronic postal vote, 
IAU members voted overwhelmingly in support of the 
resolution.

(Peter Robertson, School of Physics, University of 
Melbourne)

NEWS & PERSPECTIVES
Editors’ Note – Erratum. In Issue 55(6) we wrongly reported 
in the item “Pulsar pioneer honoured” by Peter Robertson 
that Dr Richard (Dick) Manchester was formerly Editor of 
Australian Physics. In fact, Dick was not previously Editor 
of this magazine. The wrong information was inserted by 
us during editing; Peter’s source text was correct. We would 
herby like to correct our mistake and send our apologies to 
Richard and Peter for the confusion caused.

Hubble Law revisited
The Hubble law states that the recession velocity of a 
distant extragalactic object is directly proportional to 
its distance. The law is a consequence of a uniformly 
expanding isotropic Universe and is a central pillar of 
modern cosmology. However, new evidence on the 
origins of the law has led the International Astronomical 
Union (IAU) to recommend a change to its name.

In 1927 the Belgian cleric Georges Lemaître derived 
a dynamic solution of Einstein’s general relativity 
equations that describe an expanding Universe. He 

Belgian cleric Georges Lemaître, April 1952, Archives de 
l'Université catholique de Louvain, BE A4006 FG LEM-605. 
CC BY-NC-ND 4.0.
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OECD Science & Innovation Outlook 
The Organisation for Economic Co-operation and 
Development, OECD, has recently released its latest 
Science, Innovation and Technology Outlook 2018. This 
is the twelfth edition in a series that reviews every two 
years “key trends in science, technology and innovation 
(STI) policy in OECD countries and a number of major 
partner economies”. Australia is one of the 36 OECD 
countries and was the third country to join (1971) after 
the initial group of 20 countries (1961).

The Outlook 2018, subtitled ‘Adapting to technological 
and societal disruption’, discusses topics such as the 
influence of digitalisation on research and innovation, 
opportunities and challenges associated with enhanced 
access to data, artificial intelligence and machine 
learning, and government policy and research funding. 
It comments: “Science, technology and innovation 
(STI) activities face several disruptive drivers of change. 
These include the productivity slowdown in the context 
of rapidly ageing populations; the impacts of climate 
change, and the need for mitigation and adaptation; 
and globalisation and the growing role of emerging 
economies. These drivers create opportunities and 
challenges for STI. They shape societal and policy 
expectations regarding the purposes of STI, and they 
affect the ways STI activities are carried out. Many 
drivers give rise to “grand societal challenges”, for 
example, around healthy ageing, clean energy and food 
security. Challenges like these are encapsulated in the 
Sustainable Development Goals (SDGs), which feature 
increasingly prominently in STI policy agendas.” 

To cherry-pick a single chapter from the report, select 
the section on the trends and evolution of how public 
research funding responds to new societal and economic 
demands. An underlying question to ask oneself whilst 
writing a grant application would be: “how does this 
research benefit society in the context of new and 
emerging needs?” There are interesting funding scenarios 
which could include support for more demand-driven 
research with “research users” - rather than researchers 
alone - shaping the agenda. This is a space to watch 
especially at the early to mid-career level. 

For those thinking about how to apply their skills 
and attributes (say, as physicists) more immediately 
in the digital sector, the report comments further: 
“Digitalisation is providing new opportunities to engage 
stakeholders at different stages of the innovation process. 
Several open, co-creative and socially responsive practices 
are emerging. Most countries now feature dedicated 
sites, such as maker spaces, living labs and fab-labs, that 
support the activities of potential “non- traditional” 
innovators. Established firms can also engage in inclusive 
innovation. Practices such as value-based design and 
standardisation are beginning to emerge; they could 
become powerful tools for translating and integrating 
core social values, safeguards and goals into technology 
development.”

To find out more, see #oecdstio, #goingdigital, and 
OECD websites.

(sources: OECD Science, Technology and Innovation 
Outlook 2018, including Multilingual Summaries 
© OECD, with permission, https://oe.cd/stio; List of 
OECD member countries on www.oecd.org;) 

Negative Mass 
A FLEET study led by University of Queensland’s 
Dr David Colas clarifies recent studies of negative 
mass, investigating the strange phenomenon of self-
interference (doi.org/10.1103/PhysRevLett.121.055302).

When we think of ‘mass’, we usually consider the 
‘inertial’ mass – the resistance of a body to acceleration 
due to an applied force. For a moving object, its mass is 
then simply the ratio of the momentum applied to it and 
the velocity it acquires. 

However, in some situations, this relationship is not 
simply proportional and can depend on the impulse 
applied to the object. This gives rise to an ‘effective 
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hypothetical soccer ball that would accelerate towards 
the kicker’s boot, not away from it.

More information is available at

www.fleet.org.au/blog/clarifying-effects-negative-mass/

(Errol Hunt, ARC Centre of Excellence in Future Low 
Energy Electronics Technologies - FLEET)

From the Branches
NSW
On Friday 8 March, the Australian Institute of Physics 
NSW Branch presents “Initiative against Climatic 
Change by Lasers Based on 2018 Physics Nobel Prize?”, 
a lecture by Professor Heinrich Hora, UNSW.

Program:

• Refreshments: 5.30pm - 6.00pm  

• Presentation: 6.00pm - 7.00pm  

Optional dinner at nearby Restaurant with speaker after 
the presentation: 7.30pm 

Booking to join us for dinner is essential by email: 
Dr Frederick Osman, fosman@bu.edu.

mass’ which can even be negative. In such a case, an 
object would move in a completely non-intuitive way 
when acted on by a force. Dr Colas explains: “Imagine 
a soccer ball, you give it a first kick to get closer to the 
goal, you then give it an extra kick to score but instead 
of accelerating, the ball slows down! You’re a bit puzzled, 
so you decide to kick the ball even harder, and it now 
moves towards your foot and not away from it!”  

Negative masses can be achieved experimentally at the 
particle level in various systems, for example using holes 
within semiconductors, by coupling light to matter in 
microcavities creating “exciton-polaritons”, or in atomic 
ultracold atomic gases in the form of Bose-Einstein 
Condensates (BECs). 

The theoretical research at UQ expanded upon an earlier 
study at Washington State University demonstrating a 
negative mass effect in the expansion of an atomic BEC. 
That study had reported that negative mass effects can 
halt the free expansion of a BEC and lead to fringes in 
the density distribution function. The research by Dr 
Colas showed this was caused by self-interference of 
the wave packet, arising when certain mass parameters 
characterising the system become negative. 

Negative mass effects can emerge in different forms, 
such as self-interference. One of the most striking is 
the backward propagation for a positive impulse: the 



AUSTRALIAN PHYSICS 1156(6)  |   JAN-FEB 2019

Setting the scene
I asked a relatively simple question (unavoidable 
pun!), on special relativity, both at the start of a high 
school teachers’ workshop and in a class for first year 
undergraduates (who had encountered special relativity 
at high school). In each case there were only a few who 
answered the question correctly – out of around 60 
teachers and 400 undergraduates. In both cases, the 
main reason given for selecting the wrong answer was 
“moving clocks run slow”.

There is no denying there is an issue; there is more than 
one. This article is not just nit-picking. The issues linked 
to this question relate to common misconceptions I have 
encountered in many circumstances.

Confusion around the concepts involved can be seen 
on websites and in online forums, through mistakes 
in textbooks, and in the misconceptions of teachers, 
students and university academics. However, this article 
is not intended to pillory well-intentioned efforts, but 
contribute to helping us all do better.

In the following discussion I will try to ‘save’ the 
titular phrase, by updating it in a number of ways. In 
attempting to save it, I aim to uncover (and explain) 
the various related issues. Note that in the following, 
when I say “motion” I mean uniform motion, i.e. non-
accelerated motion. However, I will briefly mention 
accelerated motion later.

Conceptually confusing
A common teaching paradigm: not long after being 
introduced to the concept that “all motion is relative”, 
students are told “moving clocks run slow”.

The phrase “moving clocks run slow” implies we can 
identify some clocks as “moving” and other clocks as 
“not moving”, and that the moving clocks are running 
slow in comparison to the non-moving clocks.

However, we have just said that motion is relative. There 
are no objects (including clocks) that can be said to be 
“moving”, except relatively. If clock A is moving relative 
to clock B, then clock B is similarly moving relative to 
clock A. Is it clock A or clock B that is running slow?

One could easily argue this is not a problem. The effects 
of special relativity are symmetric: clock A will see clock 
B running slow, and clock B will see clock A running 
slow.

However, there are at least two problems with this. First, 
if the clocks were approaching each other at relativistic 
speeds they would actually “see” each other “running 
faster”; more on this later. Of more relevance, to begin 
with, when we introduce students to issues around 
time in special relativity, we introduce the time dilation 
equation: Δt = γ Δτ; this equation is not symmetric. To 
use it, we are required to identify the “slow” clocks.

You still might not agree there is a problem. You might 
argue that when teaching, the phrase is accompanied 
by an explanation of what it means. If we are in one 
inertial frame of reference, then the clocks in another 
inertial frame of reference, moving relative to us, run 
slow. Students will understand the phrase means “clocks 
in relative motion run slow”. For convenience (a very 
physics thing to do) we are just dropping the collectively 
understood “relative”. After all, we just said that “all 
motion is relative”.

I would argue this small convenience does not justify 
the potential conceptual confusion between relative and 
absolute motion. Students struggle even with this ‘basic’ 
concept; particularly in linking it to equivalent concepts 
such as the impossibility of carrying out an experiment 
within a reference frame to reveal the motion of that 
frame. Anyhow, assuming the phrase is intended to refer 
to relative motion, I will update the phrase to “clocks in 

Moving clocks do not run slow
Theo Hughes
Education Manager
School of Physics and Astronomy, Monash University - theo.hughes@monash.edu

“Moving clocks run slow” is an oft-used phrase in the teaching of, and discussions about, special 
relativity. However, it is conceptually confusing, operationally useless and, worse, misleading. It also 
has the potential to slow the development of a broader, deeper and more advanced understanding of 
relativity. So please stop using it, and encourage others to stop using it. Seriously, stop it! This article is 
based on a presentation given at the AIP Summer Meeting 2017.
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relative motion run slow” in an attempt to save it.

Unfortunately (for anyone who uses this phrase) 
the problem is more than just potential conceptual 
dissonance. Even if this updated phrase is what is actually 
meant, it is still of no practical use, and misleading. To 
explain further, I will introduce the question that I 
referred to at the start of this article.

Operationally useless, and misleading
Clocks “in relative motion” are not always “the slow 
ones”. The simple counterexample is shown in Figure 1. 
You (the Y in the circle) are standing on a train platform 
when a relativistic train (a train in relative motion at a 
significant fraction of the speed of light, v) passes you 
by. Your colleague, Rose (R) is sitting at the front of the 
train. Another colleague, Li Wei (L), is sitting at the 
back of the train. The aim of the game is for you, and 
your colleagues, to record the time interval between the 
two events:

• Event 1: Rose opposite you.

• Event 2: Li opposite you.

Using a very precise watch (which you just happen to 
be carrying) with superhuman reactions (Marvel eat 
your heart out), you record the time Rose is opposite 
you... then the time Li is opposite you. From this, you 
calculate the interval of time between the two events. 
Rose and Li (in an amazing coincidence) have similar 
watches, which they have synchronised in their frame, 
as well as similar superhuman reactions. Using these 
watches they measure the time interval by recording the 
time of “their event” on their watch, then meeting up to 

calculate the time interval between the two events.

The question is: “How do the two measurements of 
the time interval compare?” Surely, as the saying goes 
“clocks in relative motion run slow”? So the time interval 
measured by your colleagues on the train will be shorter. 
Of course... we know this is NOT correct. We know 
it is you who measures the proper time, and hence the 

shorter time interval. So, in this example, it is your clock 
that is “running slow”, not the clocks in relative motion.

Should those who answer this question incorrectly be 
embarrassed? No. If anything, as physics educators, we 
should be embarrassed. We teach them special relativity, 
write the books etc. However it seems we did not check 
they had actually learnt what we thought we were 
teaching.

What has gone wrong?
We can identify proper time in at least a couple of ways. 
The VCE Physics Study Design [1] identifies proper time 
as: “the time interval between two events in a reference 
frame where the two events occur at the same point in 
space”. This is similar to definitions found elsewhere.

I do not like working with this definition. Referring to 
Figure 1, the event could be argued to occur at the same 
point in space for both frames of reference i.e. where you 
are standing.

Of course, what the definition intends, is that we 
evaluate whether an event is at the same location for each 
reference frame, with respect to that frame. However, 
I personally prefer to use the concept of a single clock 
measurement (proper time) vs two clocks (dilated time). 

Figure 1: Diagram of Events 1 and 2.
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It is similar to “location” (one location requires one 
clock, two locations requires two clocks) but, unlike 
the potential confusion with location, it does not “go 
away” from whichever frame of reference you analyse a 
situation. Also, comparing one clock to two provides a 
convenient aide-memoire “fewer clocks = less time, more 
clocks = more time”. (Note that both approaches match 
the asymmetry inherent in the time dilation equation, 
and so both provide an operational way to identify Δt 
and Δτ.)

This also leads to an understanding of how both frames 
can measure a clock in the other frame “running slow”. 
The “symmetry” of relativity is revealed if we measure a 
different time interval where the measurement techniques 
are flipped i.e. it involves selecting two events requiring 
two clocks (two locations) on the platform, instead of 
one… and one clock (one location) on the train, instead 
of two. The proper time (single clock) is now measured 
on the train. The measurement techniques are flipped, 
and this flips which frame measures the smaller value for 
the time interval.

In relation to this, there is a sense in which it is obvious 
“our phrase” is going to cause problems. As mentioned 
at the beginning of this article, one could attempt to 
invoke the symmetry of relativity to justify our phrase, 
however, this symmetry is not as trivial as the glib phrase 
implies. This is a key point of confusion of some websites 
purporting to prove Einstein wrong (as well as many 
students introduced to special relativity). Considering 
clocks A and B in relative motion: “To suggest that 
two clocks could both run slower than each other is a 
seeming absurdity that defies all logic; even within the 
difficult ideas that Special Relativity asks us to follow. It 
is the mathematical equivalent of saying: A > B and B > 
A; which is impossible.” [2]

This logic is correct, but special relativity does not suggest 
two clocks both run slower than each other in the way 
imagined. The misconception is a misunderstanding of 
how the relativistic symmetry of time dilation is realised 
in relation to the associated operational measurement. 
However, this subtlety is hidden even by our updated 
phrase “clocks in relative motion run slow”. So such 
misconceptions are understandable. We are, at least 
partly, responsible for them.

Trying to save the phrase, again
One could argue there is a flaw in the one clock vs 
two clock approach, that is, one could also make the 

measurement in the train’s frame of reference using one 
clock, accounting for the time light takes to reach the 
location of the single clock from each event. 

This is correct. However, it leads to good reasons for 
emphasising that a measurement of the time “has to be” 
made at an event… in a theoretical sense (the relevant 
value being the coordinate time at that point). Yet, as 
our experiments are generally Gedanken, it is easy to 
always reflect this key concept in these “experiments”. 
If we do not emphasise time at an event, it conceals this 
key point for the learner. While, as experts, we may 
always understand the coordinate nature of the values 
we are talking about, it is not so simple for the novice. 
If someone dismisses the importance of the time at 
the event saying, for example, “It’s OK, I’m taking the 
light travel time into account”, they are often hiding a 
lack of understanding. They are frequently struggling 
with time dilation (such as incorrectly answering the 
question related to Figure 1), they generally do not 
understand the importance of underlying principles 
such as clock synchronisation (or similar aspects for 
length contraction), and they are usually confused about 
other aspects, such as the one I will discuss shortly (see 
“What do we see?”).

Meanwhile, I’ll now update our phrase to “a clock in 
relative motion runs slow”, adding in the idea that the 
phrase refers to measuring the passage of time recorded 
by a single clock moving relative to us. If only it were 
that simple.

Do clocks really run slow?
A problem with this latest version of the phrase is (as we 
usually find we have to reiterate to students): while we 
measure a clock in relative motion to run slow, within 
that frame of reference there is no perception of time 
running slowly. There is no physical measurement, 
within that frame of reference, which could measure 
“time running slowly” – back to the concept of motion 
being relative.

In a similar way, while we measure another frame’s 
time to “run slowly”, they similarly measure our time 
to “run slowly”. So whose time is actually slow? Well... 
it is neither… and both! Hence, again, the necessity 
of having to emphasise to students that no one would 
actually perceive time to be running slowly – we are 
having to correct the mistake we have made in the first 
place i.e. telling them there are clocks that run slow.
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So what can we tell them? Let us try to incorporate this 
insight into the phrase and update it further to “a clock 
in relative motion is seen to run slow”. So, as Rose passes 
you by, you would see her drinking coffee slowly... or, if 
you could see her watch, it would appear to be ticking 
slowly. So, in this sense, is Rose's clock running slow?

What do we see?
As Rose’s train approaches us, we would see her clock 
“running fast” (this can be an interesting introduction 
to the relativistic Doppler effect; blueshift, in this case). 
When she is moving away from us, sure, we would see 
her clock running slow… but even more slowly than 
time dilation alone would predict (redshift). Similarly, 
the train would appear longer on approach, and shorter 
than “length contraction” when receding, among other 
visual effects.

Ironically, clocks A and B moving relative to each other 
would both “see” each other “running fast” (or slow) in 
seeming contradiction to common sense as discussed 
in relation to time dilation. However, here, as before, 
the measurements taken by each are different; though 
this time there is a simple, common, almost analogous, 
situation, in that people at a distance both see each other 
as smaller.

In relation to how we “see” time (and, similarly, length) 
we have to account for the time light takes to reach 
our eyes. The totality of such effects are non-trivial; a 
good reason to avoid this approach when introducing 
special relativity. If we state that we are using one clock 
and are taking into account the light travel time, then 
we are at risk of both thinking that time dilation and 
length contraction describe what one would “see” 
(unfortunately, historically, even physics luminaries 
have endorsed this misconception [3]) and of often 

not fully understanding the importance of the time at 
an event. This leads to making other related mistakes. 
Such confusion is perpetuated by, among other things, 
diagrams neglecting to indicate measurement details. 
For example, many “light-clock derivations of time 
dilation” do not show two clocks compared to the 
light-clock. Web presentations almost universally omit 
them, as high school textbooks, and in undergraduate 
texts some do, many do not, although Moore [4] is 
particularly clear. It is curiously absent in the textbook I 
teach from [5] even though it discusses the importance 
of two-clocks in the text and includes them in another 
diagram on the same page. 

Trying to use one clock also removes any clear operational 
strategy to determine which frame of reference measures 
the larger time interval, i.e., both frames have now 
measured the events from a single point in space, both 
frames have now used a single clock. Which one is 
measuring the proper time? This leads to ambiguity in 
questions, as well as introducing difficulties in solving 
problems. Finally, the one-clock approach makes it more 
difficult to progress in one’s understanding of Special 
Relativity.

Further progression
As students progress in their learning, we want to extend 
their understanding by introducing, for example, ideas 
of coordinate systems and Lorentz transformations. If we 
are always emphasising a clock at an event / the time at an 
event, we are already part way there. The basic equations 
of special relativity are coordinate based (Einstein’s 
rods and clocks); they are not about what we “see” but 
about coordinate measurements. What we “see” is also 
a measurement, but it is not the sort of measurement 
the most common equations of special relativity relate 
to. That is, we start with the time dilation and length 

Figure 2: A comparison of clock readings, in relatively moving frames of reference, from frame S.
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contraction, we do not commonly start with equations 
relating to relativistic optical effects (the Doppler effect 
being an exception, but it is not usually presented as an 
“optical effect”).

I would suggest one should mention qualitative aspects 
of optical effects in order to distinguish between a 
“measurement” and what we “see”. Also, the qualitative 
aspects of these effects are fascinating, and relatively 
simple to explore through a number of reliable resources 
on the web (e.g., [6, 7]). Generally, engaging with 
these qualitative concepts arises naturally because, in 
trying to wrap their heads around them, people are 
unsurprisingly curious to know what one would see. 
What would things look like with relative speeds near 
the speed of light, or if the speed of light was slower? 
Would we see shorter trains, or someone on the train 
drinking their coffee more slowly? This can then lead 
to the issue of students believing special relativity is just 
“coordinate accounting”. However, that naturally leads 
on to canonical examples, such as muons and the Twins 
Paradox (or the more “real” Hafele-Keating experiment), 
which emphasise real physical consequences. Also, 
students can do some nice, relatively simple calculations 
related to what we would see, e.g. “Of what length would 
you see an approaching relativistic train to be when the 
front of the train is opposite you?”

So… can we finally save our phrase by updating it to “a 
clock in relative motion is measured to run slow”?

Yet more complications
Figure 2 is a slight modification of a diagram in 
French’s book on Special Relativity [8]. When I first 
came to understand it, I realised how poorly aspects of 
special relativity, related to time, had previously been 
communicated to me.

Even our updated phrase “a clock in relative motion is 
measured to run slow” is not adequate, and most likely 
confusing, in encapsulating the information conveyed 
by this diagram. If clocks are “running slow”, how is it 
that in both of the reference frames S’ and S’’ there are 
clocks whose readings are ahead of the clocks in frame 
S, as well as behind?

Should we start with this complicated picture (or similar)? 
I would not recommend it. However, I would claim we 
should not obscure a later, deeper, understanding by 
starting with our unhelpful phrase from the title.

An aside about accelerated clocks
With acceleration, we can compare the rate of two single 
clocks in relative motion, e.g., their recording of the time 
interval between Event 1 (they meet for the first time) 
and Event 2 (they next meet). For example, consider the 
classic Twins Paradox. In this situation, if one was to 
identify either of the clocks as “moving” one might be 
tempted to pick the clock that underwent acceleration 
(assuming the other clock did not). Perhaps this is where 
the phrase originated?

However, there is a distinct difference between “moving” 
and “accelerating”. It is tough enough to get students 
to understand this in relation to Newton’s Laws. Let us 
not reintroduce those misconceptions. Also, this is just 
one example of many in which clocks can meet twice, 
and it is not obvious which clock will have measured the 
smaller time interval in any particular scenario by using 
“moving clocks run slow”, even using it inappropriately.

Summing up
So, “moving clocks run slow” is a poor phrase in various 
ways, whether taken at face value or accompanied by 
further explanation. It is conceptually confusing, 
operationally useless, misleading, and detrimental to 
developing a deeper understanding of special relativity. 
So, please join me in changing our approach, ditching 
this phrase, and spreading the word so we can finally say 
RIP to this obfuscating idiom.
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The areas of application of LiDAR have rapidly 
expanded over the years, partly driven by software 
developments and technology developments such as 
the push to autonomous vehicles. A high degree of 
miniaturisation is allowing LiDARs to be fitted to 
mobile units including remotely piloted aircraft (RPA 
or drones) – an unthinkable prospect until recently [1]. 
The wider application for autonomous transportation 
vehicles and robots has masked other applications 
including GPS integrated topographical and vegetation 
surveys, wind speed measurements and environmental 
and atmospheric measurements.

Hard target ranging
There is a convenient differential for LiDAR systems that 
range soft or hard targets. The hard targets are easier as, 
in general, the return signal is larger. This translates into 
the power of the laser used for the source, the area of 
the receiver aperture necessary and the detector used. 
The ranging aspect is dealt with by a time-of-flight 
measurement. The speed of light being a convenient 
constant (ignoring any variation in refractive index of 
the medium), and allowing for a factor of two associated 
with the path out and back, a range may therefore be 
computed from 150 mm distance per nanosecond of 
time interval. The resolution of the ranging measurement 
is dependent on the pulse length of the outgoing laser 
pulse and the speed of the photo-detector and the 
sampling rate of the electronics recording the current 
generated by the photo-detector. The signal-to-noise 
ratio may be reduced by repeated sampling, similar to 
all experimental measurements. However the targets are 
not necessarily static, which is a problem for high speed 
autonomous vehicles.

Hard target ranging LiDARs come in different sizes. 
Particularly interesting is the new generation of micro-

LiDARs. They are about the size of a matchbox and can 
incorporate source, detector, oscilloscope and optics into 
one unit. These devices typically give a 5mm resolution 
measurement over a range of 0.3-12m with an accuracy 
of ±6cm at a refresh rate of 100Hz (e.g., [2]). There 
are similar units from a number of manufacturers and 
slightly larger, 360 degree scanning units. 

Australian LiDARs
One of the most unusual and innovative scanners is 
the Zebedee developed by Michael Bosse, Robert Zlot, 
and Paul Flick at CSIRO [3]. This unit combines a 2D 
scanner with a flexible spring mount as shown in Figure 
1. It can easily be attached to a vehicle [3] and record 
the range to surrounding objects up to 30m distant. 
The scanner software suite then produces a 3D map of 
its surrounds. This particular scanner is well suited to 
produce accurate 3D measurements of rooms, buildings 
and passages as well as foliage measurements from a 
stroll in a forest.

A standout in the area of mid-sized LiDARs is the 
development of the products to laser-scan mining pits 
and ore stockpiles so that an associated software suite 
may calculate extracted ore volumes. Maptek [4] is 
an Australian company with a sophisticated suite of 

Laser Detection and Ranging: Where are 
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opto-electronics, positioning systems and communications technologies. These advances have driven 
the development of miniature ranging devices well-suited for remote and autonomous operation. This 
article provides a perspective on the current status of LiDAR and its underlying physics.

Figure 1: Zebedee, a lightweight handheld 3D laser 
mapping system created by CSIRO’s Data61.
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software products to make use of data from LiDAR 
units used above and below ground. Repeated scans 
from a fixed vantage point allow for the detection of 
changes, whether anthropogenic or geological, to allow 
for measurement of extracted volumes, and to measure 
pit wall stability for safety reasons (Figure 3). While the 
technology is impressive, the greatest investment is in 
the software to provide a range of outcomes for the user, 
based on the laser scan.

The defining limit in hard-target ranging is provided 
by another Australian company, Electro Optic Systems 
Pty. Ltd [5].  EOS provides satellite ranging services 
which use pico-second pulses directed through an ~1m 
diameter astronomical telescope to a target satellite 
usually equipped with a retro-reflector to enhance the 
return signal. As the laser technology employed for 
this task is an amplified mode-locked system, many 
such measurements are taken as the satellite is tracked 
while passing overhead. The accuracy to which the 
satellite is ranged is better than 5mm over distances up 
to 20,000km (EOS), an impressive feat given that the 
optical path is very definitely not through a constant 
refractive index medium and not straight unless the 
satellite is directly overhead, again highlighting the 
importance of appropriate data analysis software.

Soft target ranging
The interest of the authors has been in soft-target ranging 
where the aerosols of the atmosphere are the targets of 
interest and there is no surface from which a definite 
range signal is returned. There is history here with ruby 
laser and Nd:YAG laser-based ranging systems emerging 

from Curtin University in the 1980s [6] and CSIRO 
Division of Atmospheric Research developing a mobile, 
multi-wavelength Nd:YAG based LiDAR system used 
for both cloud studies and aerosol measurements [7].

Air quality studies in Australia have been using new 
mini LiDARs in trials since 2003 in projects under 
the Australian Coal Association Research Program 
[8,9] and by the Government of Western Australia at 
Port Hedland and Cape Lambert [10-12]. These mini 
LiDARs have their genesis in cloud measurements [13] 
or in wind turbulence and wind speed measurements 
[14]. They tend to incorporate later generation diode-

pumped solid-state lasers with much lower pulse energy 
and higher (kHz) repetition rates than earlier generations 
of atmospheric research LiDAR equipment which were 
flashlamp pumped lasers operating with low 10-30 Hz 

Figure 2: Scanning LiDAR for mine pit measurements. 
(Maptek [4])

Figure 3: top panel: Mini-MPL (Space Systems) in enclosure 
with turret scanner; bottom panel: Ship plume detected in 
Newcastle harbour. [15]; Map data: (C) 2018 Google 
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repetition rates and 100-1000 mJ pulse energies. The 
larger LiDARs, purpose-built for atmospheric research, 
are more powerful instruments with much greater 
range than micro-LiDARs or mini LiDARs, even up to 
stratospheric levels with larger (250-350 mm) telescope 
apertures to account for the small return signal from 
aerosols at longer ranges. The polar stratospheric clouds 
and the ozone depletion have been studied by the 
Antarctic Division from Davis Base, Macquarie Island, 
using various LiDARs [16] at ranges up to a 100km 
maximum.

There is a considerable investment in the lasers, 
telescopes, optical and electronic signal detection and 
the environmental housing for research-grade LiDARs, 
particularly if engineered for autonomous operation, and 
they are not particularly portable.  They will generate an 
extraordinary volume of data in the course of a campaign 
which, in combination, means a $1M budget for a 60 day 
field campaign involving the transport and operation of 
a LiDAR, analysis and reporting. The WA Government, 
Department of Environment and Conservation hired a 
Doppler LiDAR from Arizona State University for air 
quality studies at the Wagerup alumina refinery [17,18] 
in a campaign of this magnitude.  

Soft target signals from pulses
The use of the mini LiDARs in recent air quality 
studies [9,11,12,15] focussed on plumes arising from 
anthropogenic activities and concerns over PM10 
concentrations have involved the authors in analysis and 
oversight.  The issues arising from the “measurement” 
of aerosols by the various systems and the interpretation 
of the data presented by the instrumental software 
packages to a non-expert audience, prompted an article 
to the Clean Air Society Journal [19] discussing the 
signal analysis, which is reproduced below. 

The LiDAR Equation
The optical axes of the laser transmitter and telescope 
receiver in a LiDAR may be coaxial or biaxial. A 
vertically pointing ground-based LiDAR launching 
a laser pulse into the atmosphere will detect photons 
that are scattered back into the receiving telescope by 
the aerosols suspended in the atmosphere and by the air 
molecules themselves. The detection electronics record 
the intensity and time-of-flight of this backscattered 
light with the optical power as a function of range r at 
the LiDAR telescope after full overlap as,

P(r) = Po (cτ/2) A(r)r-2β(r)T2(ro, r)   (1)

where Po is the average optical power of the transmitted 
pulse, A(r) is the telescope aperture area, c is the speed 
of light, and τ is the laser pulse duration. The r 2 term 
arises from spherical scattering geometry, β is the 
volume backscatter coefficient (m-1sr-1), and T(ro,r), the 
atmospheric transmittance between the LiDAR (ro) and 
range r. The transmittance T is,

T(z) = exp(-∫σ(z')dz').  (2)

Equations (1) and (2) ignore multiple scattering, which, 
in the optically thin aerosol layers of the atmospheric 
boundary layer, is usually small. The integral in equation 
(2) is computed from the LiDAR position to height z, or 
from a reference height back towards the LiDAR, and 
σ is the volume extinction coefficient (m-1). The values 
of the coefficients β and σ are dependent on the shape, 
composition and size distribution of the particles due to 
Mie scattering of the incident wavelength and, notably, 
there is one equation and two unknowns.

The coefficients β and T may be separated into 
components as follows:

β (z) = β1 (z) + β2 (z) + β3 (z) + …  (3)

T (0,z) = T1 (0,z) × T2 (0,z) × T3 (0,z) × … (4)

where the indices 1, 2, 3… represent different moieties 
with different particle size distributions such as marine 
sulphates, water droplets, dust particles, etc., each with a 
different Mie scattering contribution.

For vertically-pointing LiDAR measurements of the 
boundary layer, where information is retrieved from 
heights typically less than 1000 metres, a separation of 
the variables β and σ may be unnecessary for a simple 
retrieval of the (slightly attenuated) backscatter, as, in 
general, the transmittance over relatively short ranges 
is high (close to unity). Thus, complex and time-costly 
analysis can be avoided by retrieving data proportional to 
βT2≈  β. This method can readily locate aerosol plumes 
[8] and results in a more practical LiDAR equation, 
where instrumentation parameters combine into a 
specific system constant ‘C’, and the backscattered signal 
voltage (V) as a function of range may be expressed as,

V(z) = E C z-2 β(z)T2(zo, z) + Vo,   (5)

where E is the transmitted laser pulse energy, and Vo is a 
signal voltage offset. Assuming:



20 AUSTRALIAN PHYSICS 56(6)  |   JAN-FEB 2019

•  transmittance of 100%, then the range profile is 
approximately proportional to β(z);

•  the atmosphere is homogeneous, then the signal 
reflects the number concentration of particles or 
the mass concentration of particles at any point, 
approximately. 

Hence, in [11] excellent correlations between some of 
the in situ results for PM10 and the LiDAR results for 
backscatter at those points are observed. It is a fallacy, 
however to equate the LiDAR return with a measurement 
of PM10 as the detected LiDAR signal is the Mie scatter 
from the Total Suspended Particulates (TSP) and the 
molecular Rayleigh scatter with a fractional component 
of Raman scatter.

Analytical Solutions to the LiDAR Equation
If the LiDAR-measured atmosphere has significant 
optical thickness (greater than unity), the variables β 
and σ may need to be separately evaluated to account 
for laser beam attenuation since the goal is to retrieve a 
range profile of b or s. Pickett [20] provided a detailed 
review of the solutions to the elastic backscatter LiDAR 
equation, including a simple treatment of multiple 
scattering. Normally, molecular and aerosol components 
would be considered in the analysis, however, for brevity, 
this section details analytical solutions for backscatter 
from a single scatterer.

Mathematically, equation (5) is simplified by creating a 
system-independent, range-corrected LiDAR parameter 
‘chi’:

κ(z) =  β(z)T2 (0, z)   (6)

Expanded, T 2(0, z) may be written as,

T 2 (0,z) = exp(-2 ητ(0, z))   (7)

where τ is the atmospheric optical depth between the 
LiDAR and height z, and a constant multiple scatter 
factor, η [21]. Expanded in terms of the volume 
extinction coefficient (σ), the optical depth is:

The LiDAR equation can be solved assuming a constant 
ratio of σ /β, (the ‘LiDAR ratio’), and integrating from 

a near point (zη) to the height z. This is the so-called 
‘forward solution’ to the LiDAR equation yielding the 
range profile of backscatter:

Due to its mathematical structure, equation (9)
is unstable for optically thick atmospheres as the 
denominator becomes a small difference between two 
similarly-sized numbers, leading to a highly-inaccurate, 
large, and negative solution [22] from any errors in 
the boundary value for ⅹ/β The more stable backward 
solution to the LiDAR equation is formed by reversing 
the direction of integration, from a distant calibration 
height (zd) down to a height z:

An obvious disadvantage associated with equation 
(10) is that a boundary value at a significant distance 
(zd) from the LiDAR is required i.e. an independent, 
airborne measurement of the aerosols. The backward 
solution is stable due to the positive denominator and 
converges well in optically thick atmospheres even with 
reasonable boundary value zd uncertainty. Although the 
forward solution (9) is unstable, it can be just as accurate 
as the backward solution (10) over a given range if the 
boundary parameters are accurate, and the solution is 
properly constrained.

Measurements with LiDARs
As outlined above, the fundamental issue of one 
equation and two unknowns means that simple, 
single wavelength LiDARs cannot determine range 
profiles of PM10 or PM2.5 , nor any other particle mass 
concentration, nor a particle number concentration 
unless the particle size distribution at each range is 
already known. They can image the spatial location of a 
plume as the scatter from TSP will determine a region of 
higher TSP concentration. For measurements, there are 
much more sophisticated multiple-wavelength, Raman 
scatter measuring instruments with multiple channel 
detection, including polarisation, that can measure 
the combined aerosol load at long range, see e.g. [23], 
where these are used to monitor volcanic emissions and 
tropospheric dust. 
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Soft target signals with coherent detection
Notwithstanding the above analysis, an approach to 
detection based on the Doppler shift of light scattered 
from aerosols and molecules, involving coherent 
detection techniques, has gained favour with particular 
application to wind measurement adjacent to airports and 
wind turbines. Figure 4 nicely highlights the problem of 
wake turbulence from a turbine creating wind conditions 
placing stress on the blades of downwind turbines. The 
laser technology employed may involve time dependent 
optical amplification of a fibre laser to provide the pulse 
and the continuous narrow linewidth output for the 
detection side. This typically is frequency shifted in 
an acousto-optic modulator and then the beat signal is 
recorded in a time-resolved, radio-frequency spectrum 
analyser to provide the ranging. A representative signal 
is shown in Figure 5 [24]. The molecular motion of 
atmospheric molecules is fast, at about 300m/s and 
this produces shifts of about 1GHz in the frequency 
of the molecularly scattered light. In comparison, the 
particulate matter moves at a speed closer to wind 
speed, ~10m/s and has a shift of ~30MHz. If there is a 
wind, the whole signal will be shifted either higher or 
lower in frequency if the wind is towards or away from 
the laser source and this shift will be of the order of 3 
MHz/ 1m/s, thus the detection of downdrafts adjacent 
to airports, and turbulence in general, is enabled by this 
detection approach.

Conclusion
LiDAR has, since the early 1960s, been employed to 
range soft and hard targets. The advent of integrated 
optoelectronics has enabled LiDAR systems of limited 
range to be made cheaply, allowing unprecedented 
sensing for robotics and autonomous vehicles. Ranging 
up to satellites is routine, as is the measurement of mining 

pits and stockpiles, due to the combination of LiDAR 
and GPS location. Atmospheric measurements are more 
difficult due to reduced return signal strength and the 
inability to separately identify the two unknowns in the 
single lidar equation. Doppler systems will continue to 
grow in their applications as the impact of turbulence 
affects greater numbers of wind farms and airports as 
well.
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In 1956, Calder Hall in the United Kingdom was the 
world’s first commercial nuclear power station. With a 
unit electrical output of 50 MWe1, it would be considered 
today as a small reactor. Following the construction of 
Calder Hall and small prototype reactors in the USA, 
economy of scale rapidly drove increases in size. By 
the 1960s a unit size of 500 MWe was common, and 
in the 1970s the unit size had increased to over 1,000 
MWe. Reactors under construction today include the 
US Westinghouse AP-1000 (1,200 MWe), Korean 
APR-1400 (1,400 MWe) and the French AREVA EPR 
(1,750 MWe) ( ). These reactors are safe and reliable, 
but their unit electrical output is too large for small grid 
systems because an unexpected shutdown of a large 
scale reactor could cause a large drop in the system 
frequency which could jeopardise power supply for a 
significant portion of the grid. There is a rule of thumb 
that the largest single unit should not be more than 15% 
of the total generation. For example, the largest single 
electricity generating unit on the Australian east coast 
National Electricity Market (NEM) is the 750 MWe 
Kogan Creek power station in Brigalow, Queensland, 
which constitutes 15% of the approximately 5,000 MW 
minimum demand in Queensland [1]. The other issue is 
that the big reactors are very expensive to construct. The 
estimated cost of the two AP-1000s under construction 
in the USA is US$15b and the two EPRs in the UK 
could cost $25b. Securing finance for these projects is 
difficult.  

These challenges have led to a developing interest in 
SMRs, defined by the IAEA as reactors with a power 
output of less than 300 MWe, but more usually much 
smaller than this [2]. Small reactors have been employed 
in scenarios where reliability is essential, such as nuclear 
powered submarines and icebreakers for 60 years [3]. 
These reactors are usually Pressurised Water Reactors 
(PWRs) using light water as moderator and coolant. 
The primary circuit operates at around 15 MPa and 
removes the heat from the reactor core, whereby the 
pressure ensures that the water in the primary circuit, at 
temperatures up to 340 °C, does not boil. The primary 
circuit water passes through a steam generator where 
the heat is transferred to a secondary circuit operating 
at around 7 MPa supplying steam to a turbine generator 
to produce electrical power. In a large PWR, the reactor 
vessel, steam generators, pressuriser and coolant pumps 
are all separate large components housed in a concrete/
steel containment. For example, the containment for the 
AP-1000 measures 43 m in diameter and 62 m high.

When designing an SMR, simply reducing the size of 
all the components would result in a high cost per unit 
output, because a number of small components costs 
more to manufacture than one large component. This is 
overcome by an innovative design that wraps the steam 
generator around the core inside the reactor vessel - thus 
making it an integrated PWR - and the complete reactor 
module can be delivered to site on the back of a truck.

Points of advantage
There are several advantages that make small modular 
reactors attractive:

Small Modular Reactors - Status and 
Prospects for Australia
Tony Irwin
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SMR Nuclear Technology Pty Ltd, Australia – tony.irwin@smnuclear.com.au
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welcome additions to the conversation. 

(1) MWe is the electrical output of the power plant expressed 
as megawatts of power.
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• Since they are small, it is easier to design a high level 
of passive or inherent safety, because there is less nuclear 
material to be cooled in the reactor;

• the reactor vessel can be installed underground 
providing protection against external hazards (e.g. 
hurricanes, aircraft crashes) and unauthorised 
interference;

• constructing the module in a factory reduces on-site 
construction time (typically a major problem for large 
reactors), and quality control is better;

• the initial capital cost is lower and modules can be 
added as demand increases;

• when one module is shut down for refuelling, the 
remaining modules are still producing power;

• SMRs can be multipurpose producing process heat 
in addition to electricity.

An example of a small modular reactor in an advanced 
stage of development is the 60 MWe USA NuScale 
SMR [4]. This reactor has a natural circulation primary 
circuit with integral steam generators and pressuriser. 
The factory produced NuScale Power Module (NPM) 
consists of the reactor vessel inside a steel containment 
vessel and is directly connected to its own conventional 
steam turbine-generator. Each NPM is installed below 
ground in a 6 m wide bay in a seismically designed, 
steel lined concrete pool filled with demineralised water. 
The pool enables the reactors to be passively cooled 
indefinitely without the need for external electrical or 
water supplies, thus improving safety. 

For the safety of a nuclear reactor, the Core Damage 
Frequency (CDF) is a useful figure of merit. It is defined 
as “The probability per year of the loss of a facility’s 
structural integrity or melting of a significant fraction 
of the nuclear fuel accompanied by loss of effectiveness 
of the nuclear fuel cladding barrier” [5]. For existing 
reactors this is typically 10-4 - 10-6/yr, whereas for 
SMRs the CDF is a few orders of magnitude lower (e.g., 
5 x 10-9/yr). 

A power plant based on NPMs could house up to 12 
modules in the water pool, giving it a gross output of 
720 MWe. This would be sufficient to supply over half 
a million homes with electricity. Interestingly, the plant 
would occupy only a small footprint (18 ha) and the 

turbine condensers could be air cooled, so the site does 
not need to be close to water reservoirs such as the coast 
or large lakes. This opens opportunities for a distributed 
system of power sources, thus bringing power generators 
closer to where they are needed, for example industrial 
facilities. Also, SMR-based power plants can be designed 
to load-follow, thus enabling them to be used in a power 
system where renewable energy sources play a significant 
role. 

The NuScale SMR is currently going through the 
licensing process with the US Nuclear Regulatory 
Commission, and in 2018 it agreed that:

NuScale Power Module (US NRC) [top panel] and reactor 
building [bottom panel]. (Images courtesy of NuScale 
Power)
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• The SMR does not need any emergency (class 1E) 
[6] electrical supplies because reactor cooling is achieved 
without any electrical supplies. This is the first power 
reactor to achieve this.

• The emergency planning zone (EPZ), normally 10 
miles around a nuclear power plant in the USA, can be 
scaled back for SMRs to reflect their reduced CDF and 
hence reduced risks. For the NuScale SMR this would 
be the site boundary. 

Utah Associated Municipal Power Systems, a 
community owned organisation supplying electricity 
to the US mid-west will be the first NuScale customer. 
An area has been agreed within the US Department of 
Energy Idaho National Laboratory site, and the first 
module is expected to be operating in 2026.

SMRs under construction
Russia has used nuclear powered icebreakers for many 
years, and in 2007, a project was started to install 
two KLT-40S 35 MWe icebreaker reactors on a non-
powered barge to provide floating power for remote 
areas in Russia. Construction was completed in 2018 at 
the Baltic shipyard, St Petersburg.

In April 2018, the barge was towed from St Petersburg, 
through the Baltic and North seas to Murmansk in 
Northern Russia where the reactors are being loaded 
with fuel. First deployment in 2019 will be at Pevek, 
the most northern city in Russia, where power is needed 
particularly for mining companies in this remote region. 

Floating SMRs are also developed in China to supply 
off-shore oil rigs. Further, in China, a Very High 
Temperature Gas Reactor demonstration plant is 
nearing completion. Here, two helium cooled 250 
MWTh (2) modules will supply one 211 MWe steam 
turbine. Operating at reactor temperatures in excess 
of 750oC, this type of reactor could be used to supply 
process heat for many industrial processes, including 
hydrogen production.

In Argentina, the 32 MWe CAREM modular reactor is 
currently under construction by CNEA/INVAP. This 
reactor is scheduled to be operating in late 2021. Indeed, 
Australia has its own relationship with these companies 
as they designed and built the OPAL research reactor 
at the Australian Nuclear Science and Technology 
Organisation (ANSTO). 

Nuclear Power in Australia?
Small modular reactors have solicited a positive response 
from the Nuclear Fuel Cycle Royal Commission 
(South Australia, 2016), which found in its final report: 
“The smaller capacity of SMRs makes them attractive to 
integration in smaller electricity markets such as the NEM 
in South Australia”; and:“The lifecycle emissions for nuclear 
power plants are in the range of solar PV and wind” [7]. 
The Commission also recommended that the existing 
legal prohibitions on construction of a nuclear power 
plant in Australia be removed. At present, there are 
legislative provisions prohibiting nuclear power included 
in the Environmental Protection and Biodiversity 
Conservation Act (EPBC 1999 S.140A) and the 
Australian Radiation Protection and Nuclear Safety Act 
(ARPANS 1998 S.10). These provisions were introduced 
mainly in a response to the 1986 Chernobyl accident, 
whilst before that time there was an appreciation of the 
part that nuclear power can play in the reduction of 
greenhouse gas emissions. It is also interesting to note 
that low-carbon energy grids have so far usually only 
been possible using nuclear power, with the exception 
of countries that use extensive hydro resources [8]. This 
reference is a useful resource for looking at current 
emissions and energy transfers between countries 
worldwide, and between states in Australia.

In terms of considering nuclear power for Australia, 
much of the framework and infrastructure required for 
a nuclear power program already exists. Australia is a 
signatory to all the nuclear conventions including the 
Non-Proliferation Treaty, and Australia has long been 
active in nuclear science, technology and research through 

Barge (140m long x 30m wide, 21,000 tonnes displacement) 
with 2 x 35 MWe SMRs under construction in St Petersburg. 
(Image courtesy of Rosatom) 

(2) MWTh is the thermal output of the reactor in MW  
of heat.
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ANSTO. In 2017, Australia accepted an invitation to 
join the Generation IV International Forum, which is 
co-ordinating the research effort for advanced reactors. 
This invitation was due to ANSTO’s world-leading 
capabilities in advanced nuclear materials. Australia 
also has a strong nuclear safeguards organisation, the 
Australian Safeguards and Non-Proliferation Office 
(ASNO) and an independent nuclear regulator, the 
Australian Radiation Protection And Nuclear Safety 
Agency (ARPANSA).

There would be scope for SMRs in Australia as they 
would provide diversity and reliable electricity generation 
and could load-follow to work in tandem with renewable 
energy sources. Small modular reactors would make a 
vital contribution to the reduction of greenhouse gas 
emissions from fossil-fuel based electricity generation 
and provide a pathway to reductions in other sectors, 
particularly transport and process heat for industry. 
SMRs could be placed close to the consumer, such as 
large industrial sites. They could also bring on board new 
industries, and, conversely, Australian innovation could 
drive new developments for domestic and international 
markets. Further, we could play a key role in helping 
other countries in the region with addressing energy 
security challenges and reducing carbon emissions.

Education
Finally, education is an important part of preparing for 
a nuclear power program, and there are a number of 
activities and initiatives to have a conversation on the 
topic. For example, the University of New South Wales 
has been offering a Master of Engineering Science 
(Nuclear Engineering) course from 2013, and the 
University of Sydney includes a guest lecture on nuclear 
fundamentals in their Energy and the Environment 
course. Also, the Australian National University Master 
of Nuclear Science course was established in 2007 which 
covers a broader range of nuclear topics for Australian 
government officials and foreign students. There are also 
new nuclear facilities being built across south east Asia 
and the aim is to train students, both from Asia and 
Australia, to work in these facilities. Further, members 
of Engineers Australia are active in raising public 
awareness of nuclear issues via Rotary and Probus talks 
and public lectures, thus engaging at a broader level.

References.
1. Australian Energy Market Operator – AEMO, http://www.

aemo.com.au/Electricity/National-Electricity-Market-
NEM/Data-dashboard#price-demand (accessed 16/01/2019).

2. International Atomic Energy Agency SMR page https://www.
iaea.org/topics/small-modular-reactors (accessed 16/01/2019).

3. World Nuclear Association, Nuclear-Powered Ships http://
www.world-nuclear.org/information-library/non-power-
nuclear-applications/transport/nuclear-powered-ships.aspx 
(accessed 16/01/2019)

4. NuScale SMR, https://www.nuscalepower.com/ (accessed 
Jan 2019).

5. ARPANSA Regulatory Guideline RG-5, RB-STD-43-00 
Rev 1 (2001),  https://www.arpansa.gov.au/sites/default/files/
legacy/pubs/regulatory/guides/RGL_RG-5.pdf (accessed 
17/01/2019).

6. M. Featherston, T. Hough, Classification of NuScale 
Electrical Systems (2014), https://www.nrc.gov/docs/
ML1435/ML14350A496.pdf (accessed 17/01/2019).

7.  South Australia Nuclear Fuel Cycle Royal Commission Final 
Report (2016), https://nuclear.yoursay.sa.gov.au/reports/the-
report (accessed 17/01/2019).

8. electricityMap, Mapping the climate impact of electricity, 
www.electricitymap.org (accessed 17/01/2019).

About the author
Tony Irwin (FIEAUST 
MIET FAIE CPEng) is 
a Chartered Engineer, 
Technical Director of SMR 
Nuclear Technology Pty 
Ltd and Chair of Engineers 
Australia Sydney Division 
Nuclear Engineering 
Panel. Tony worked for 
British Energy in the 
UK for more than thirty 
years commissioning and 

operating 8 nuclear power reactors. In 1999, he moved 
to Australia and joined the Australian Nuclear Science 
and Technology Organisation (ANSTO) where he 
managed fuel strategies and provided advice on nuclear 
issues to the Federal Government. He was subsequently 
appointed as the first Reactor Manager of ANSTO’s 
new OPAL research reactor. Tony is now a Consultant. 
He is an Honorary Associate Professor and principal 
lecturer for the ANU Master of Nuclear Science Course 
Reactor and Fuel Cycle modules. 



AUSTRALIAN PHYSICS 2756(6)  |   JAN-FEB 2019

Young Physicists’ Page
In this regular section, we will highlight experiments and other ‘bits’ of fundamental physics for the 
curious to try and explore. No matter whether you are still at high school or you are a seasoned scientist, 
we invite you to have a go and share your insights with us. Did it work? What would work better? Do you 
know another experiment that upcoming young physicists should try? Let the Young Physicists Team 
know at aip_editor@aip.org.au . 

Measuring the size of hair with a laser 
If you pull a hair from your head and shine a laser 
pointer at it in front of a white wall, you should see a 
row of dashes; the spacing of those dashes tells you how 
thick the hair is. Let me explain in more detail, so that 
you can do it yourself.

I like to do it with my own hair and a red laser pointer. 
I keep the hair vertical and as still as possible (e.g. by 
resting my hand on a table and pinching the hair between 
thumb and forefinger; taping it to a cardboard window 
is probably better). I dim the lights and hold the hair 
about one metre from the wall. It takes a little mucking 
about to get the laser onto the hair, but you should see 
the dashes after a little fiddling. The trick then is to take 
a photo of the pattern with a smartphone using your 
third hand. I wandered into my colleague’s office and 
asked him to take the photo below (thanks, Grant!). The 
wall in this case was a whiteboard, complete with some 
left-over writing which I used for scale.

What causes the pattern
The pattern caused by the laser scattering off the hair 
is a diffraction pattern. Since light is a wave, when it 
hits a solid obstacle, the wave curls around both sides 
and crashes into itself. Where the peaks of the wave 
from one side match the troughs from the other, they 
cancel out. This is projected onto the screen (in our case 
a whiteboard) as a series of bright sections separated 
by dark sections where the waves have cancelled each 
other out. Diffraction is most visible when the light 
waves hitting the obstacle have only one colour (i.e. 

wavelength) and are nicely lined up in rows- which is 
the case for a laser.

Doing the maths
The wavelength λ of the light coming from the laser is 
650±10 nm; the distance L between the hair and the 
whiteboard was 50±5 cm; the thickness of the lines on 
the whiteboard is about 5±1 mm, which is approximately 
the spacing x between the bright part at the centre and 
the first dark bit. The width of the is hair given by

I calculated this to be 70±20 millionths of a metre. The 
result is not very precise, because I did not measure the 
distances precisely; I’m sure you can do better with a 
bit of care. For some hints, and some extra information, 
have a look at reference [1] below.

Taking it further
Now that we have a tool for measuring hair width, there 
are a few interesting questions we can answer. 

Is the hair on your arms thicker or thinner than that on 
your head? Is dark hair always thicker than light hair? 
How does that compare to your family and friends? 
How about your cat, dog, or bunny? Curly hair is curly 
because the cross-section of the hair is oval; can you 
twist a curly hair in the laser and see the spacings in the 
pattern change? 

Remember always to treat laser pointers with respect, 
and never look into the laser beam directly. Also, do not 
shine the laser at others [2]. Happy diffracting!
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SAMPLINGS
Europe pledges €1bn for applied quantum 
technologies
Members of the European quantum science community 
gathered in Vienna in October to kick off a 10-year, 
€1bn European Commission (EC) initiative that aims 
to position Europe at the forefront of the emerging 
quantum technologies industry.

Speaking in a glittering hall within the former palace 
of Austria’s Hapsburg emperors, Gustav Kalbe, head of 
the EC’s High Performance Computing and Quantum 
Computing Unit, explained that the “core idea” of the 
new Quantum Flagship is to take scientific results out 
of university labs, bring them to fruition and build an 
industry around them. “There are still many scientific 
challenges to be solved, but we are now at the point 
where we can begin giving the taxpayer a return on their 
investment,” Kalbe said. The flagship’s many industrial 
partners, he added, are “no longer following by the 
sidelines” but making active contributions.

The projects chosen for the flagship’s initial, €132m 
phase, which runs through September 2021, reflect 
this emphasis on applied science. Although basic-
science proposals made up almost two-thirds of the 140 

submissions to the flagship’s steering committee, 12 out 
of the 20 accepted projects focus on applied research 
– a strategy that several audience members called into 
question during a lively open-floor debate.

In response, physicist Jürgen Mlynek, who chaired the 
committee, pointed out that the flagship was specifically 
designed to build links between academia and the 
private sector. “In the US, companies like Google and 
Microsoft are putting hundreds of millions of dollars 
into this field, mostly in quantum computing, and 
nobody cares if they burn $100m or $200m – they are 
sitting on piles of cash,” he said. “I don’t see a company 
in Europe that is willing to put hundreds of millions 
of euros into quantum technologies, so we have to do 
things differently…Our goal is to contribute to jobs and 
wealth creation in Europe.”

More ambitiously, Mlynek explained, the flagship hopes 
to create a pan-European secure quantum network, 
build the world’s first advanced quantum computer, 
and develop quantum technologies that can support 
drug design, navigation for autonomous driving and 
ultrasensitive diagnostics in healthcare. 

During the kick-off, coordinators of funded projects 
within each of the four “pillars” of the flagship – 
quantum communication, computing, simulation 
and metrology/sensing – outlined how they will work 
together. The quantum communication pillar, for 
example, includes efforts to develop quantum repeaters, 
which are needed to transmit qubits over long distances. 
It will also define industry standards and certification 
mechanisms for quantum random number generators. 
Stephanie Wehner, a physicist at Delft University of 
Technology in the Netherlands and coordinator of the 
Quantum Internet Alliance project, notes that several of 
these technologies will be useful for quantum computing 
as well as communications.

Extracted with permission from an item by Margaret 
Harris as physicsworld.com.

Magnetic nanobots could treat retinal 
disease
Diseases that affect the back of the eye (or retina) are 
difficult to treat because it is challenging to deliver 
drugs through the dense, vitreous tissue of the eye. A 
team of researchers led by Tian Qiu and Peer Fischer 
of the Max Planck Institute for Intelligent Systems in 
Stuttgart, Germany, has now made the first nanobots 

Statues at the entrance of the Quantum Flagship kick-off 
event in Vienna’s Hofburg palace.
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that can easily “swim” through this tissue. The devices, 
which are magnetic and measure 500 nm across, are 
shaped like propellers and are coated with a liquid layer 
that prevents them from adhering to eye tissue while 
they travel through it. They may be loaded with drugs 
or other therapeutic agents and could be steered to the 
targeted area using applied magnetic fields.

“Propelling objects through biological tissue is 
challenging, even though the majority component is 
water, because it consists of dense molecular networks 
that make it difficult for particles to penetrate,” explains 
Fischer. “The vitreous humour of the eye for instance 
contains a dense network of hyaluronan and collagen 
molecules. This network acts as a barrier to particles.”

The researchers made their nanopropellers using 
a vacuum-based technique called glancing angle 
deposition. They first patterned silica-based nanoparticles 
on a wafer and then placed this wafer in a vacuum 
chamber at an extreme angle while depositing either 
iron or nickel and silica material. “The shallow angle 
causes shadowing so that material only deposits on the 
nanoparticles,” Fischer tells Physics World. “Rotating 
the substrate during growth produces cork-screw-like 
helical propeller structures.”

The devices were then coated with a biocompatible, 
clinically-approved two-layered non-stick material 
containing liquid fluorocarbon. This coating is inspired 
by a liquid layer found on the “lip” of the carnivorous 
Nepenthes  pitcher plant that uses it to catch insects. 
It greatly reduces the adhesive force between the 
nanorobots and the biological protein network in eye 
tissue and allows the devices to travel almost unimpeded 
through it.

The nanoparticles measure 500 nm across and are 2 
μm long. This is comparable to the mesh size of the 
biopolymeric network and means that they are small 
enough to slip through without damaging this tissue.

The Max Planck scientists injected tens of thousands of 
these nanobots into a dissected pig eye using a needle. 
They then applied a magnetic field that rotates the bots 
so that they swim (at a speed of around 10 μm/s) in a 
specific direction through the eyeball and towards the 
retina, where they finally land. They monitored the 
devices’ trajectory using optical coherence tomography 
– a safe imaging technique routinely employed in 
diagnosing eye diseases. The whole process takes around 
30 minutes, which is much shorter than the time it 
would take for a drug molecule to naturally diffuse to 
the retina.

The team, reporting its work in Science Advances 10.1126/
sciadv.aat4388, says that it is now busy working on 
nanopropellers that can travel through dense tissues 
other than that of the eye – and deliver drugs to these 
tissues.
[Zhiguang Wu et al., Science Advances, 4(11) 2018; 
DOI: 10.1126/sciadv.aat4388]

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

Pacific cyclones undergo ‘regime shift’
Tropical cyclones over the western North Pacific 
underwent a “regime shift” in their destructive potential 
in 1998, according to researchers in China. In their study 
of the years 1979 to 2016, the destructiveness of the 
cyclones increased rapidly after 1998, rising 97% from 
the interval 1998–2003 to 2012–2016. The researchers 
believe the shift results from the impacts of the strong 
La Niña weather phenomenon of 1998–2001, and the 
strong El Niño in 2014–2016.

Tropical cyclones in the western North Pacific have 
caused immense damage, disruption and loss of life. 
In 2013, for example, Typhoon Haiyan became the 
deadliest Philippine typhoon on record, killing over 
6,000 people. Haiyan also holds the joint record for 
strongest tropical cyclone to hit land.

Many people fear that tropical cyclones are becoming 
more destructive, but studies have shown mixed 
results. In 2005, for example, Kerry Emanuel of the 
Massachusetts Institute of Technology, US, found an 

A swarm of micropellers propels through the vitreous 
humour of the eye and reaches a small targeted spot on the 
retina. Credit: Micro, Nano & Molecular Systems Lab, Max 
PLanck Institute for Intelligent Systems.
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upward trend in cyclone destructive potential over the 
western North Pacific and North Atlantic basins since 
the mid-1970s. In 2015, on the other hand, I-I Lin of 
the National Taiwan University and Johnny Chan of the 
City University of Hong Kong found a downward trend 
of destructive potential over the western North Pacific 
for the past two decades.

Both Emanuel and the Lin and Chan team used a concept 
called the Power Dissipation Index (PDI), invented by 
Emanuel, to describe a tropical cyclone’s destructive 
potential. The PDI combines a cyclone’s wind speeds 
and duration to quantify its potential threat.

Jianjun Xu  and colleagues at the Guangdong Ocean 
University re-examined the characteristics of tropical 
cyclones over the western Northern Pacific to determine 
whether there are distinct trends over the long-term. 
Between 1979 and 1997, they found a negligible increase 
in PDI, but from 1998 to 2016 there was a “remarkable 
increase”, mostly due to increased cyclone intensity.

Xu and colleagues do not believe the results contradict 
the earlier study by Lin and Chan, however. “This 
mutation of PDI around 1998 was not noted in their 
work due to the different research period [they covered],” 
says Xu.

Xu’s team found that the El Niño Southern Oscillation 
affected PDI in an inter-annual pattern throughout the 

period of the study. The Pacific Decadal Oscillation, on 
the other hand, modulated PDI only after 1998 and in 
an inter-decadal pattern. Yet it was a combination of a 
stronger La Niña and El Niño that led to the distinct 
regime shift.

The results do not suggest whether tropical cyclones 
will become more or less destructive in the future, but 
Xu and colleagues hope to investigate this next. “If the 
tropical belt expands further in the future with global 
warming, [that] may cause the potential damage of 
tropical cyclones to increase in higher latitudes of the 
western North Pacific region,” says Xu.
[Shifei Tu et al 2018 Environ. Res. Lett. 13 094021]

Extracted with permission from an item by Jon 
Cartwright at physicsworld.com.

Neutrinos shine new light on fusion 
reactions in the Sun
Neutrino fluxes generated by nuclear reactions inside the 
Sun have been measured more precisely than ever before. 
Using a detector housed under the Gran Sasso mountain 
in central Italy, the Borexino collaboration has captured 
neutrinos from four different reactions involved in the 
creation of helium-4 from hydrogen. The results confirm 
the nuclear origin of solar power and could help to pin 
down the abundance of elements heavier than helium 
inside the Sun.

Some 99% of the Sun’s energy is generated through 
reactions that begin with the fusion of two protons. This 
“proton-proton chain” proceeds via a number of different 
routes. The most common route involves the fusion of 
two helium-3 nuclei, while others feature the temporary 
production of beryllium-7 and one the creation of 

Nuclear power: the Sun as seen by NASA’s Solar Dynamics 
Observatory. (Courtesy: NASA/SDO)

Typhoon Haiyan pounding Hainan Island, China. (Image 
Credit: Jeff Schmaltz NASA Goddard/LANCE/EOSDIS 
MODIS Rapid Response)
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boron-8. Occasionally, the chain can also start with the 
fusion of two protons and an electron (pep).w

To detect the neutrinos created in each of these reactions, 
Borexino employs a 300  ton sphere of hydrocarbon 
liquid scintillator. Any neutrino scattering off an 
electron inside the scintillator generates a flash of light 
that is picked up by an array of photomultiplier tubes. 
Crucially, the experiment has extremely low levels of 
radioactive interference, thanks both to the 1400 m of 
rock above the Gran Sasso National Laboratory – which 
blocks incoming cosmic rays – and to the ultra-pure 
materials used to contain and shield the detector.

Using data collected between 2012-16, the international 
collaboration reports values for the fluxes of neutrinos 
generated from: the initial fusion of two protons; the 
capture of an electron by beryllium-7; the beta decay of 
boron-8; and pep fusion. As pointed out by collaboration 
spokesman Marco Pallavicini of the University of Genoa, 
Borexino has already measured each of these quantities 
before, and indeed the boron-8 flux has been pinned 
down more precisely by detectors employing large tanks 
of water – the Sudbury Neutrino Observatory (SNO) in 
Canada and Super-Kamiokande in Japan. The novelty, 
he says, is to have measured all four quantities with the 
same set of data and to have done so with the lowest 
uncertainties yet for the proton-proton, beryllium-7 and 
pep reactions – 9.5%, 2.7% and 15% respectively.

Aldo Serenelli of the Institute of Space Sciences in 
Barcelona points out that the new results yield a solar 
luminosity – derived from the total power generated 
by nuclear reactions in the Sun – that is within 10% 
of the measured value. He also says that the new data 
“contribute marginally” to solving the “metallicity 
puzzle” – in other words, establishing just how abundant 
heavier elements such as carbon, nitrogen and oxygen 
are in the Sun. The Borexino results, he explains, point 
to a slightly higher core temperature that would tend to 
favour relatively high abundances but cautions that the 
higher temperature can be explained in other ways.

The new data are also relevant to fundamental 
physics. The collaboration has determined the survival 
probability of solar electron neutrinos at different 
energies, thereby, it says, “probing simultaneously and 
with high precision the neutrino flavour conversion 
paradigm, both in vacuum and in matter-dominated 
regimes”. [The Borexino Collaboration, Nature 562, 
505–510 (2018)] 

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

China unveils blueprint for huge 
underground ‘Higgs factory’
Scientists in China have released details for a huge particle 
collider that will produce over a million Higgs bosons 
in a seven-year period. The conceptual design report for 
the China Electron Positron Collider (CEPC) calls for a 
100 km underground tunnel that would smash together 
electrons and positrons at energies of 240 GeV. The CEPC 
would be a successor to the Beijing Electron Positron 
Collider at the Institute of High Energy Physics (IHEP) in 
Beijing, which is expected to shut in 2020.

The CEPC, which was first proposed in 2012, is a “Higgs 
factory” – a facility to measure the precise properties of the 
Higgs boson, which was discovered at CERN in 2012 by 
scientists working on the Large Hadron Collider (LHC). 
An electron-positron machine can make much cleaner 
measurements than a proton collider like the LHC as 
its collisions do not produce as much debris. The CEPC 
will therefore allow the Higgs boson to be studied in 
unprecedented detail.

A preliminary conceptual design report for the CEPC 
was originally published in March 2015. That was 
followed by a progress report in April 2017, but the new 
510-page conceptual design report, released this week on 
the arXiv preprint server, outlines the technical details of 
the accelerator. A second volume, featuring details of the 
CEPC detectors, is due to be released soon.

Estimated to cost around $6bn, the “heart” of the CEPC is 
a double-ring collider in which electron and positron beams 
will circulate in opposite directions in separate beam pipes. 
They will then collide at two “interaction points”, which 
will each contain a particle detector. The report reveals the 
CEPC will seek to generate over a million Higgs bosons 
over a seven-year period. The design also calls for the CEPC 
to operate at 91 GeV for two years to generate a trillion Z 
bosons as well as run at 160 GeV for a year to produce 
around 15 million pairs of W+ and W- particles.

Scientists will now build prototypes of key components 
of the accelerator and plan the manufacturing process 
required to construct the CEPC. If given the go-ahead by 
the government, construction of the CEPC could begin 
in 2022 and be complete by 2030. Following a decade 
of studying the Higgs, Z and W bosons, it is hoped that 
developments in magnet technology will be sufficient to 
begin construction of a proton-proton collider inside the 
existing tunnel in the early 2040s. This would operate in 
the range of 70-100 TeV and search for particles beyond 
the Standard Model of particle physics. 

Extracted with permission from an item by Michael 
Banks at physicsworld.com.
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• UV, Visible, NIR and broadband wavelengths
• Passive cooling design
• Smart controller with color LCD touch screen
• Multiple mounting options (DIN rail, optical bench, 

rack)
• External trigger option (function generator or trigger 

signal)

LED light sources are ideal for fluorescence excitation 
and other measurements requiring narrowband 
illumination. The innovative optical design of the Ocean 
Optics LSM LED family provides highly efficient 
coupling into an optical fiber, ensuring high power for 
fluorescence excitation where every photon counts.

The LSM LEDs are controlled by the LDC-1 compact 
single channel driver and controller packed with 
features and functionality. The LDC-1 controller has 
an easy to use touchscreen for displaying and accessing 
key information stored in the LSM LEDs. Proprietary 
electronics provide stable, high-current operation in 
continuous, pulsed, and modulation modes. When 
using the internal modulation mode, the user can select 
sine, triangle or square waveforms. The LDC-1 also 
enables LSM LED control using an external source such 
as a function generator or a trigger/modulation signal 
from a spectrometer or other electronic device.

3. LASOS He-Ne laser series now available at Lastek

LASOS helium-neon lasers are available from Lastek in 
a range of wavelengths and output powers, including 
modules, power supplies and complete systems.
• Designed for long life, low noise and high stability
• Excellent beam quality
• Standard and customized models
• Single mode or multi mode
• Randomly or linear polarized

For further information please contact Lastek Pty Ltd on 08 
8443 8668 or sales@lastek.com.au

PRODUCT NEWS
Lastek
1. New Thorlabs Temperature-Controlled Mini-
Series Breadboard

The Thorlabs PTC1(/M) Temperature-Controlled 
Breadboard uses thermoelectric elements and active-
air cooling to maintain a temperature selected by the 
user. The unit includes a TEC, controller, thermistor, 
centrifugal fan, and heat sink for thermal management 
within a compact 5.00" x 4.00" x 2.46" housing. The 
internal TEC element features bi-polar operation, 
meaning it can be used to heat or cool components on 
the surface. It can handle a maximum heat load of 18 W 
when the breadboard is set to the ambient temperature.
• Compact Size: 5.00" x 4.00" x 2.46" (127.0 mm x 

101.6 mm x 62.5 mm)
• Double-Density 1/4"-20 (M6) and 8-32 (M4) 

Tapped Hole Pattern
• Integrated TEC Element, Thermistor, Centrifugal 

Fan, and Heat Sink
• Temperature Setting Range: 15 - 45 °C (Using Front 

Panel) or 5 - 45 °C (Using Software GUI)
• Can be Used with  External Temperature Probe

2. Ocean Optics new LSM Series LED Light Sources 
available from Lastek
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Warsash
L-505 compact linear stage
Physik Instrumente, a global leader in the design and 
manufacture of high precision motion control systems 
has launched the L-505 compact linear stage.

The L-505 linear stage family with four-row ball 
guides designed for comparatively high load ratings, 
exceptional stiffness and smooth running is ideally 
suited for industrial and scientific applications. With 
options for flange-mounted or folded drivetrains the 
L-505 is a compact linear stage platform that can 
easily be combined for X, Y and Z axis applications. 
Key features include:
• 13 or 26mm travel range
• Stepper or DC motor with and without gearhead
• Incremental linear encoder with a resolution of 5nm 

(stepper) or 50nm (DC)
• Backlash-compensated preloaded leadscrew

S-335 fast tip/tilt platform

Physik Instrumente, a global leader in the design and 
manufacture of high precision motion control systems 
has launched the S-335 fast tip/tilt platform.

The S-355 tip/tilt platform utilise zero-play flexure 
guides which offer high guiding accuracy and are free 
of maintenance, friction and wear.  Their stiffness 
allows for high load capacity and they are insensitive 
to shock and vibrations.  The parallel-kinematic multi-
axis system with minimal mass inertial design allows for 
fast, dynamic precise motion.

Key application areas include:
• Image processing/stabilisation
• Optical trapping
• Laser scanning/beam steering
• Laser tuning
• Beam stabilisation

Combined laser diode and temperature controllers 
The LDTC Laser Diode Driver and Temperature 
Controller combines Wavelength Electronics 
proprietary FL500 and highly stable WTC3243 in one 
compact module. LDTC modules are in use around the 
world providing trouble-free reliability in range finders, 
telecom laser modules, military-aerospace research and 
development, airborne metrology, academic research, 
laser diode LIV testers, and more.

The laser driver is based on our popular FL500, known 
for low noise output and trouble-free operation. 
Two models are available, providing either 500 mA 
(LDTC0520) or 1.0 A output current (LDTC1020). The 
current limit circuit cleanly clamps laser diode current 
without ringing or overshoot, and recovers without 
inducing a phase shift in a modulated laser signal.

The temperature controller is designed around the 
WTC3243, our ultra-stable temperature control module 
known for the ability to sweep load temperature across 
ambient. Independent cooling- and heating-current 
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limits allow the LDTC to be used with thermoelectric 
coolers or resistive heaters and either negative or positive 
temperature coefficient sensors.

Remote computer control is available using the USBKIT, 
which also allows graphing and datalogging. 

For more information, contact Warsash Scientific on 
+61 2 9319 0122 or sales@warsash.com.au.

Coherent
Nanoscale Infrared Spectroscopy
Combining the high resolution of Atomic Force 
Microscopy with the chemical analysis capability of 
FTIR microscopy, the new Bruker nanoIR3 provides 
chemical information at <10nm spatial resolution. By 
using the PhotoThermal technique pioneered by Anasys 
Instruments, researchers get targeted, site-specific IR 
spectroscopy covering the range from 670-4000cm-
1 and chemical mapping with <10nm resolution. 
Spectroscopy results are fully correlatable to existing 
IR databases allowing convenient identification of 
unknown constituents.

This latest generation instrument improves core 
AFM performance while implementing new nanoIR 
techniques including Tapping-IR, Resonance 
Enhanced-IR, Hyperspectral-IR and FASTSpectra we 
well as other AFM techniques such as scattering-SNOM, 

Lorentz Contact Resonance imaging, scanning thermal 
microscopy and nanothermal analysis, combined into 
one instrument. The Bruker nanoIR3 is the world’s 
most complete platform for nanoscale chemical imaging 
and spectroscopy in the pursuit of advanced materials 
research.

New Laboratory Table from TMC
TMC has introduced the CleanBench AktivTM 
laboratory table, the latest breakthrough in advanced 
floor vibration control for laboratory workstations.

Designed to isolate ultra precision instruments 
from building floor vibration down to below 1Hz, 
CleanBench Aktiv is ideal for optical microscopes, 
scanning probe microscopes, interferometers and other 
surface metrology instruments.

In the especially critical 1-3Hz frequency range, it 
provides up to a factor of 40 improvement over the best 
air isolated tables, an unprecedented level of performance 
in such a compact table. 

New F-Series Teslameters from Lake Shore
The new F71 multi-axis and F41 single-axis teslameters 
from Lake Shore are perfect for measuring magnetic 
fields in a wide variety of applications and offer a new 
level of precision, convenience and dependability.

The new TruZero technology eliminates the need 
to perform frequen zero gauss chambering with an 
onboard algorithm combining the sequential Hall 
voltage readings in a way that eliminates any offsets due 
to misalignment and thermoelectric effects. 

The new 2DexTM Hall sensor probes have small active 
areas which take more accurate measurements and 
provide better linearity performance than previous 
generations of the sensor.

Operation is very easy with an uncluttered touchscreen 
and the TiltViewTM display is comfortable to see and 
operate.

For further information please contact Coherent Scientific 
sales@coherent.com.au 
www.coherent.com.au
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Surface & Dimensional Analysis

Nanoindentation
Nanoscale and microscale
mechanical and tribological
characterisation

High-resolution
AFM Microscopes

Large sample and 
small sample atomic 

force microscopes

Tribology
Comprehensive materials
tester for mechanical and

tribological properties

Optical Profiling
High-resolution 
non-contact 
measurement tool

Nanoscale IR Spectroscopy nanoIR3
Tapping AFM-IR for sub-10nm 
chemical imaging resolution

Highest performance nanoscale FTIR spectra

Nanoscale material property mapping

Matches industry FTIR databases

N
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sales@coherent.com.au
www.coherent.com.au


