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Peter Kappen and David Hoxley

EDITORIAL

Beyond the horizon
As much as it is driven by precision, 
accuracy, evidence, methodology and 
process, physics is a human endeavour. 
Together, we follow our curiosity and draw 
on our passion to push beyond what we 
currently know or are able to do. A good 
example is the Apollo 11 mission to the 
Moon in July 1969, and in this issue we 
feature an article on the role played (then 
not played, then played, then not played, 
then played,…) by the radio dish at Parkes 
in New South Wales during that mission.

The periodic table of the elements 
is another symbol of endeavour and 
discovery. UNESCO announced 2019 as 
the International Year of the Periodic Table, and we join with our 
cousins at the Royal Australian Chemical Institute to help them 
celebrate stories from the Table. 

The horizons of physics and chemistry overlap in many areas, such 
as crystallography. For the young and future physicists among us 
(or the young at heart), we encourage a look towards experimental 
crystal making at home in the Young Physicists’ section. We 
would love to hear your stories and see your pictures, whether it be 
growing a small crystal or cultivating a whole crystal garden. And 
as endeavour goes, your stories of things that did not work out are 
equally welcome.

Turning our attention to other matters crystalline, we share with 
you an article on topological photonic crystals. It forms a nice 
companion piece to the world of topological materials, which we 
started exploring in the last issue. 

As Editors we enjoy those ventures beyond the horizon to bring you 
back stories from different places. We hope you enjoy them, too.
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President's Column
Image, Identity and Inclusion  
Physics has an image problem. We have a problem that 
physics is seen as requiring innate abilities to pursue, 
we have a problem that only a small number of us who 
graduate from a physics degrees retain an identity as a 
physicist, and we have a problem that we are seen as a 
discipline that is mainly male.

Our image problem first manifests itself when school 
students decide on subject choices. Physics has a 
reputation of being a ‘hard’ subject. A subject that 
shouldn’t be tackled unless one has a natural gift for 
the subject. Unlike say earth science which is another 
science subject but, importantly, one that anyone could 
learn by studying. Of course physics isn’t easy but it can 
certainly be learnt. We all learn our physics. None of us 
were born understanding the interactions of light with 
matter anymore than any earth scientists are born with 
an encyclopaedic knowledge of minerals. But physics is 
somehow labelled with this unhelpful image that one 
must have an innate ability to succeed. 

Students who are selecting subjects also do so with a 
view to the future. What will this lead to? Most people 
will have never met someone who offers the answer 
‘physicist’ to the question ‘what do you do for work?’. 
So why should a student take physics? What will the 
young person do with a degree in physics? Parents and 
students ask these questions at university open days. 
The answers about physics-trained majors working 
in a wide range of fields (other than straight physics 
research) from finance and business, teaching to health, 
never seem wholly satisfying. And frankly it is true that 
graduating physics majors are rarely able to apply for 
dozens of jobs with ‘physics’ in the job description. But 
the physics graduates do end up in a range of positions 
where they are recognised as very valuable employees. 
Employees who are logical problem solvers, comfortable 
with data, and willing to construct models to move 
the thinking forward. But again physics has an image 
problem as employers often don’t think of including 
‘physics’ in their search for new employees. (That said, 
once I have had one physics student enter a company or 
government department; I am often asked ‘to send us 
more like Eliza or Bai!’.) The problem is that many, if 
not all, of these employees quickly shed their identity as 
a physicist. They are now ‘data modellers for a mining 
company’ or ‘work in IT at a bank’, when asked at a 
party or at the sidelines of a kid’s soccer game. The 
identity of the physicist is lost and the image of what 

a physics graduate can do, or 
what a physicist looks like, 
remains unchanged.

Inclusion, especially with 
respect to gender, also 
contributes to image problem 
of physics. Physics is still 
overwhelmingly seen as male 
despite many high-profile female physicists achieving 
great things in their careers. In Australia currently the 
Chief Defence Scientist is a female physicist (Tanya 
Munro) as is the Chief Scientist for CSIRO (Cathy Foley 
who was the first female AIP President in 2007-08). 
And yet the image of mainly-male persists. It is perhaps 
reinforced by popular culture (the Einstein image) and 
TV shows such as Big Bang Theory which feeds on 
the image of a physicist as male, socially-difficult and 
innately intelligent. 

One study that stuck with me in this area highlighted a 
strong correlation between disciplines that have the image 
of ‘innate abilities required’ with a low representations 
of women. Maths, philosophy, and physics are all in this 
category, while anthropology and archaeology are just 
the opposite. Whilst I don’t know any archaeologists 
I do know a few kids, both boys and girls, who have 
mentioned archaeology as a career choice. Perhaps they 
are inspired by Indiana Jones or Lara Croft.

But short of writing a Hollywood blockbuster about 
a group of plucky physicists who save the world, 
how can we tackle the image, identity, and inclusion 
issues of physics in Australia? I am convinced that 
the adage ‘you can’t be what you can’t see’ is key to  
changing this image. Highlighting diverse career paths 
are not just of value to students choosing subjects, 
university courses, and looking for the best job, but to 
employers needing the best employees, and to girls and 
young women looking to see if they have a place in the 
world of physics. As part of the last AIP Congress Dr 
Stuart Midgley from the WA branch of the AIP and 
a small group of people passionate about the role of 
physics in Australia, started the task of collating a series 
of profiles of people with a physics background who are 
now working in a range of jobs. We are very keen to see 
this project develop. If you would like to help us reflect 
the real image of Australian physicists please get in touch 
with suggestions for stories. And the next time someone 
asks you what you do – reflect on including a few words 
on your physics training as part of your answer!

Jodie Bradby
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The Parkes Dish and the Apollo 11 
Moonwalk
Peter Robertson
Astrophysics Group, School of Physics, University of Melbourne – prob@unimelb.edu.au

The Apollo 11 mission and the first moonwalk by the astronauts Neil Armstrong and Buzz Aldrin was 
an event of unique historical importance. The Parkes Telescope in central New South Wales played an 
important role in the mission, receiving the TV signals from the lunar surface and relaying them to 
NASA’s Manned Spacecraft Center in Houston, from where they were beamed out around the world. For 
the first time, the entire global communications network was focussed on an extraordinary moment in 
human history.

The Dish
On Sunday, 21 July this year the world will celebrate 
the 50th anniversary of the Apollo 11 moonwalk. For 
those of us old enough to remember, most have a vivid 
memory of exactly where they were when flickering 
TV images showed Neil Armstrong descending the 
steel ladder of the lunar module Eagle. Australians 
became aware of the role played by the Parkes telescope 
following the release of The Dish, which became the 
highest grossing Australian film for 2000. The film was 
loosely based on the events that occurred at Parkes, and 
was unfairly criticised by some for its lack of historical 
accuracy. For example, the power blackout when Parkes 
lost contact with the command module on its way to the 
Moon could never have happened given the meticulous 
planning and backup systems.

The lead role in the film was played by the well-known 
actor Sam Neill, who was cast as the director of the 
Parkes telescope. In real life the director was the radio 
astronomer John Bolton, who had died some years 
earlier. Neill prepared for his new role by studying old 
photos of Bolton, unaware that there was considerable 
footage of Bolton from various TV documentaries. 
Former colleagues of Bolton agreed that Neill had given 
a credible portrayal of the real life director.

From radar to radio astronomy
John Bolton was born in Sheffield and educated at 
Cambridge University. After graduating in 1942, he 
joined the navy and saw service as a radio officer on 
board a British aircraft carrier. At the end of the war he 
was stationed in Sydney and he decided not to return to 
England, partly because the local climate had cured him 
of his childhood asthma. 

After his discharge Bolton joined the Radiophysics 
Lab in Sydney, part of the CSIRO. The Lab had been 
formed in 1940 to carry out secret research on radar for 
the armed services. After the war the Lab decided to 
investigate a range of peacetime applications of radar and 
radio, including the discovery in 1932 by the American 
Karl Jansky of radio emission from outer space. This 
investigation proved the wildcard in the pack and, within 
a few years, radio astronomy had grown to be the Lab’s 
main research activity. John Bolton was one of a brilliant 
group of young men and women at Radiophysics who 
pioneered this new branch of astronomy.

In 1954, Radiophysics announced plans to build a Giant 
Radio Telescope. From the start it was an international 
project. Half the funding came from the Carnegie 
and Rockefeller foundations, American recognition of 
Australia’s leading position in this new field. The design 

Dish cricket. Sam Neill (left) cast as the unassuming director 
of the Parkes dish with Kevin Harrington and Tom Long.  The 
Dish was screened in Australian cinemas in October 2000, 
immediately after the Sydney Olympics. (photo courtesy: 
The Dish Film Productions Pty Ltd)
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of the telescope was carried out by Freeman Fox & 
Partners in London, a firm well known in Australia. The 
firm’s founder Sir Ralph Freeman designed the Sydney 
Harbour Bridge, the most iconic structure in Australia. 
The site chosen for the telescope was a shallow valley 
north of the Parkes township in New South Wales, well 
shielded from man-made sources of radio interference.

Networking with NASA
When NASA began its series of unmanned and manned 
spacecraft in the early 1960s, it needed to establish a 
network of tracking stations around the globe so that, 
at any given time, a spacecraft would be in contact with 
at least one tracking station. NASA initially installed 
a 26 metre dish at Woomera in the South Australian 
desert and then two more 26 m dishes at Honeysuckle 
Creek and at Tidbinbilla near Canberra. However, 
when the Parkes dish was opened in October 1961, with 
John Bolton as the inaugural director, NASA took an 
immediate interest. With a diameter of 64 m, Parkes 
had six times the collecting area of the 26 m dishes and 
would be a much superior instrument for tracking space 
probes leaving Earth orbit to explore the Moon and the 
planets beyond. NASA offered CSIRO a hefty hourly 
fee to reserve occasional blocks of time on the new dish.

However, the relationship with NASA did not get off 
to a good start. Parkes was used to track the Mariner 
4 mission to Mars and received the telemetry signals 
used to produce the first close-up photographs of the 
Martian surface. The results surprised astronomers, 
for they revealed a heavily cratered planet with a cold 
thin atmosphere dominated by carbon dioxide, which 
was certainly not the hospitable planet suggested by 
telescope observations from Earth. When NASA 
scientists published the findings of the Mariner 4 
mission, including the remarkably detailed photographs, 
no acknowledgment was made of the role played by 
Parkes. The staff at Parkes were angered by the oversight 
and were reluctant to agree to any further approaches 
from NASA.

However, NASA persisted. In October 1968, during a 
visit to Pasadena, John Bolton was invited to a dinner 
party at the home of Caltech physicist Bob Leighton (a 
co-author of the famous Feynman Lectures on Physics). 
The other guests and the conversation had been carefully 
stage-managed – the plan was to persuade Bolton to 
agree to the involvement of Parkes in the Apollo 11 lunar 
landing. The request was in a different league to the 
earlier work on tracking NASA unmanned spacecraft, 

as Bolton recalled: “In contrast to our earlier approaches 
from NASA, on this occasion we would be directly 
involved with the Jet Propulsion Lab in Pasadena. Our 
contacts with the JPL people went back to the mid-fifties 
and they’d helped us a lot. On several occasions during 
the commissioning of Parkes, components had broken 
down which couldn’t be replaced by any Australian 
supplier. All we had to do was call JPL and they would 
send whatever we needed on the next military aircraft 
or via the diplomatic bag from Washington. We owed 
them a lot. For a host of reasons it was obvious that 
we had to do the Apollo missions. We couldn’t say no 
when the lives of people were at stake.”  Bolton and 
the CSIRO hierarchy had no hesitation in agreeing to 
NASA’s request.

Crossing live to the Moon
NASA’s initial request was for Parkes to provide back-
up in case the Apollo 11 moonwalk was delayed or 
any failure occurred with NASA’s own network of 
tracking stations. NASA’s prime tracking station for the 
moonwalk would be its own 64 m dish at Goldstone 
in California. The preparations for Apollo 11 began at 
Parkes several months before the scheduled launch date 
in July 1969. Banks of electronic equipment supplied by 
NASA were installed in the control room, duplicating 
all the equipment at Goldstone. However, in May, two 
months before launch, NASA made a crucial decision. 
In the original flight plan the astronauts were to begin 
the moonwalk shortly after landing on the surface. 

John Bolton was the director of the Parkes Observatory 
from 1961 to 1971. He then became CSIRO’s unofficial 
astronomer-at-large, serving two terms as a vice-president 
of the International Astronomical Union.
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The Moon would not rise at Parkes until after the 
moonwalk was completed.

However, in the dress rehearsal by Apollo 10, after the 
prolonged weightlessness on the outward journey, the 
astronauts had felt very fatigued by the time they reached 
the Moon. NASA now decided that the astronauts would 
need an extended rest period after landing, allowing 
them to adjust to the Moon’s one-sixth gravity and to 
start the moonwalk refreshed. The revised flight plan 
meant that the moonwalk would begin shortly after the 
Moon had set at Goldstone, but when it would be high 
overhead at Parkes. Suddenly, Parkes had been upgraded 
from backup to prime receiving station, and it would 
take the first moonwalk.

The upgrading meant that all the NASA equipment 
already installed at Parkes had to be duplicated. Among 
the several tons of equipment was an early model video 
recorder to capture the televised moonwalk. Bolton 
and the Parkes crew took responsibility for ensuring 
the telescope’s drive and control systems were in perfect 
working order. An analysis was made of the failure rates 
of every part of the telescope dating back to 1961, with 
identical backup equipment made ready should the need 
arise. Nothing was left to chance. In the highly unlikely 
event that there was a total failure of both the primary 
and backup power systems, teams of men had been 
organised to drive the telescope using their own muscle 
power. 

In the lead up to the mission an ABC reporter asked 
about the possibility of a malfunction and, in a prophetic 
reply, Bolton answered: “We have a number of 100 to 1 

chances and a number of 1000 to 1 chances. All these 
have been backed up. Perhaps our biggest weakness is 
the weather. If we get a very severe storm with very high 
winds then we’ll no longer be able to keep tracking. But 
this period of the year is the best we have for this kind of 
situation at Parkes.”

The day before launch all access roads to the site were 
closed to prevent any outside interference disrupting 
the signal reception. Commonwealth police guarded 
the site. The launch went according to schedule on July 
16. Over the next four days the equipment at Parkes, 
and the microwave relays to Sydney and Houston, were 
thoroughly tested using signals sent from the command 
module Columbia during its outward journey. 

On reaching the Moon, Neil Armstrong and Buzz 
Aldrin transferred to the lunar module Eagle, leaving 
Michael Collins in the command module, and began 
their descent to the Sea of Tranquillity. As the lunar 
module approached the surface, it overshot the flat site 
chosen for the landing and headed straight for a crater 
strewn with large boulders. A disastrous crash suddenly 
seemed possible. Armstrong immediately switched off 
the automatic guidance system and took manual control 
of the landing. With fuel running dangerously low, he 
desperately searched for a safe landing place. The control 
room in Houston listened in tense silence. Finally, with 
less than 30 seconds of fuel remaining, he found a flat 
area free of boulders and brought the module down 

The Apollo 11 crew (from left): Neil A. Armstrong, 
Commander; Michael Collins, Module Pilot; Edwin E. 
"Buzz" Aldrin (source: NASA; image ID 8903695).

A few days before the mission began a plane load of TV and 
print journalists arrived in Parkes to prepare background 
material for the event. They spent a day interviewing staff 
and photographing the telescope from every possible 
angle.  
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safely on its four spindly legs. With heart pounding, 
Armstrong uttered the now famous words, “Houston, 
Tranquillity base here, the Eagle has landed”. Houston 
shot back: “Roger, Tranquillity. You got a bunch of guys 
about to turn blue. We’re breathing again. Thanks a lot.”  
The Eagle had landed over 6 km down range from the 
planned landing site.

Armstrong decided to overrule the idea of a rest period 
– the adrenalin rush of the difficult landing would 
make it impossible for the two astronauts to sleep. 
Instead, the scheduled moonwalk would be brought 
forward by four hours. With this change in plans, all 
the elaborate preparations at Parkes now seemed in 
vain – the moonwalk would be over before the Moon 
rose at Parkes. Suddenly, Goldstone assumed the role of 
prime tracking station. Goldstone would take the first 
moonwalk.

The astronauts had, however, seriously under-estimated 
the time taken to prepare for the moonwalk. The process 
of donning their space suits in low gravity proved far 
more time consuming than anticipated. No one had 
anticipated that simply doing up a zipper would be 
such a difficult task. Another difficulty arose with the 
module’s hatch, which could not be opened until the 

pressure in the cabin dropped low enough, and this was 
taking much longer than expected. Forcing the thin 
metal hatch would have risked damaging it. The hours 
began to pass. By the time the two astronauts were 
finally ready for the moonwalk, almost as much time 
had passed as the original rest period. The Moon was 
about to come into view at Parkes.

One small step
On Monday, 21 July 1969, just before 1 pm local time at 
Parkes, Armstrong backed out of the hatch while Aldrin 
switched on a TV camera mounted on the side of the 
lunar module. The world watched as the hazy figure 
descended the small steel ladder. As his boots landed on 
the firm and finely powdered lunar surface, Armstrong 
delivered his immortal line – “That’s one small step for 
[a] man, one giant leap for mankind”.

At the start of the TV transmission, NASA Command 
Centre in Houston received lunar TV signals from two 
sources – the 64 m Goldstone dish in California and the 
26 m Honeysuckle dish near Canberra. The Moon had 
risen at Parkes but, because the dish could only tilt 60 
degrees from the zenith, the Moon was not quite in the 
telescope’s main beam. With the Moon almost directly 
overhead, the Goldstone dish had been perfectly placed 
to be the prime station, but events again took a strange 
twist. The quality of the Goldstone picture was very 
poor, too much black and white and not enough shades 
of grey, probably caused by faulty contrast settings in 
the video equipment. Consequently, Houston switched 
to the signal from the smaller Honeysuckle dish, 270 
km to the south of Parkes. Finally, six minutes after 
Armstrong’s first step, when the Moon had risen high 

John Bolton in the control room at Parkes with the head of 
the NASA team, Bob Taylor. Most of the NASA equipment 
was left permanently in the control room until Apollo 17 
completed the program of lunar landings three years later.

Neil Armstrong and Buzz Aldrin spent most of the two and 
a half hours during the moonwalk establishing a small 
lunar laboratory. Geological samples were gathered from 
the surface, a foil spread to capture particles of the solar 
wind and a mirror device set up to enable precise laser 
measurements of the Earth–Moon distance.
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enough, Houston switched to Parkes. The TV picture 
was of such superior quality that NASA decided 
immediately to use Parkes for the remainder of the 
moonwalk. After all the twists and turns, it was Parkes 
that took the first moonwalk.

At Parkes, events had taken a dramatic turn for the 
worse, as Bolton recalled: “For several days during 
Apollo’s outward flight to the Moon the weather had 
been perfect at Parkes. Incredibly, moments before 
the moonwalk began a violent squall could be seen 
approaching. With the dish down at full tilt it was in 
its most vulnerable position. In any other circumstances 
we would have hurriedly driven the dish to its upright 
position where it can be safely stowed.  Two sharp wind 
gusts hit at over 100 km per hour, slamming the dish 
back. In the control room we felt the tower sway several 
centimetres. The atmosphere was extremely tense, with 
the wind alarm ringing and the telescope ominously 
rumbling overhead. It was an extraordinary piece of bad 
timing. The gust was the strongest ever recorded during 
our eight years of operation.” The battering wind kept 
up throughout the afternoon, but despite the dangerous 
conditions the telescope was able to continue operation.

Throughout the moonwalk the Parkes team carefully 
tracked the Moon to produce the strongest possible TV 
signal. The signal was relayed to Paddington in Sydney 
where it was split in two. One split was sent to ABC 
television and out to its Australian audience. The other 
split was beamed via satellite to California and then 
relayed by both cable and microwave to Houston. The 
signal was then beamed out from Houston by satellite 
to TV stations around the world, each step introducing 
a slight delay. Australians got to see the moonwalk 300 
milliseconds ahead of the rest of the world! At 6 pm, after 
five hours of reception, the TV camera was shut down. 
The TV transmission from Houston was ultimately seen 
by a record 600 million people in fifty countries. For the 
first time, the entire global telecommunications system 
had been focused on an event of unique historical 
importance.

The New York Times reported: “The tracking crew at the 
Parkes antenna in Australia won praise today for its work 
in picking up signals of the Apollo 11 moonwalk. The 
flight controller, Cliff Charlesworth, said he wanted to 
give the crew a special bouquet for getting into operation 
quickly when the signals were suddenly shifted from the 
Goldstone tracking dish in California. ‘It’s obvious that 
the support they provided us was pretty outstanding’ 

Mr Charlesworth said, ‘because I think it will be years 
before anyone can beat that TV spectacular’. ”

Five more lunar landings
Immediately after Apollo 11, NASA made clear its desire 
to include Parkes in its future plans. Each of the next six 
Apollo missions were relatively trouble free, apart from 
the ill-fated Apollo 13. On the outward flight an oxygen 
tank exploded, damaging the spacecraft and severely 
cutting the power supply. The three astronauts had to 
squeeze into the lunar module designed for two, with 
its own undamaged life support systems. Parkes played 
a crucial role in the rescue. The feeble signals from 
the crippled spacecraft were a thousand times weaker 
than for Apollo 11. If the signal was lost, then so was 
the mission. Apollo 13 eventually splashed down in the 
Pacific, four days after the explosion, ending the most 
extraordinary rescue mission in history. Commander 
Jim Lovell later commented: “Our mission was a failure, 
but I like to think it was a successful failure.”

The completion of the Apollo program in December 
1972 marked the end of space tracking at Parkes on any 
regular basis. By then NASA was close to completing 
its own global network of large dishes and no longer 
depended on Parkes. In 1973 NASA commissioned 
its own 64 m dish at Tidbinbilla near Canberra and, 
together with the large dishes at Goldstone and Madrid, 
this completed NASA’s deep space network. NASA also 
continued to operate the Honeysuckle Creek station, as 
well as a third tracking station at Orroral Valley, also 
near Canberra. Outside the United States, Australia has 

A resurfacing of the Parkes dish took place in two stages in 
1970 and 1972, funded by NASA in return for its use of the 
telescope. The original wire mesh was partially replaced 
by perforated aluminium panels to enable the dish to 
operate at higher frequencies.
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played host to more American tracking stations than 
any other country.
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Stories from the Periodic Table
Anna Ahveninen
Communications Officer
The Royal Australian Chemical Institute – Communications@raci.org.au

Storytelling brings us closer together. In recognition of the International Year of the Periodic Table, the 
Royal Australian Chemical Institute is collecting and publishing stories in connection to the elements. 
Because the elements do not belong only to chemists, we are delighted to share with you some of these 
Stories from the Periodic Table – and to invite you to contribute your own.  

Helium: it’s no light matter
by Amir Karton, University of Western Australia

When it comes to cool elements, helium is truly in its 
element. Helium has the lowest boiling point of all 
elements and is, literally, a cornerstone of the periodic 
table. Helium is also one of the three ‘birth elements’ 
created right after the Big Bang.

As a computational chemist with an interest in the 
history of science, I formed a strong bond with this noble 
element during my undergraduate studies. Helium is 
the smallest atom involving two-electron interactions, 
and therefore played a pivotal role in the early days of 
quantum mechanics. The successful application of 
the new theory to the ground state of helium was one 
of the early tests quantum mechanics had to pass. 
During 1928–30, physicist Egil Hylleraas developed 
the so-called ‘explicit correlation’ approach for solving 
the Schrödinger equation [1]. Using this technique, 
he calculated the ionisation potential of helium with 
unprecedented accuracy. This was seen as a great triumph 

for the emerging theory [2]. Today, helium compounds 
continue to play an important role in computational 
chemistry as important model systems for studying 
weak non-covalent interactions [3], [4].

The fascinating story of helium’s discovery began with 
the search for extra-terrestrial elements. In August 1868, 
astronomer Pierre Janssen was waiting in Guntur, India 
for a total solar eclipse. He hoped that this would provide 
an opportunity to discover new elements hidden by the 
sheer intensity of the sun. Janssen’s spectrophotometer 
revealed the bright-yellow spectral line of an element 
never seen before. Two months later, astronomer 
Norman Lockyer – founding editor of the journal 
Nature – detected the same elemental signature in the 
sun’s corona. He baptized the new element ‘helium’ 
after the Greek sun god Helios.

For over a decade, it was believed that this elusive 
element existed only on the sun. However, in 1882, 
Luigi Palmeri discovered terrestrial helium in lava ashes 
harvested from Mount Vesuvius in Naples. In 1895, 
William Ramsay isolated helium and in 1904 he was 
awarded the Nobel Prize in Chemistry for the discovery 
of the entire family of noble airs.

The race to liquefy helium began shortly thereafter. It 
unfolded as a battle between two giants: James Dewar 
(the first to liquefy hydrogen), and Heike Onnes (who 
discovered superconductivity). The battle was finally 
decided in the summer of 1908 when Onnes liquefied 
helium at –268.9 °C, reaching closer than ever to 
absolute zero. This monumental achievement won 
Onnes the 1913 Nobel Prize. 

Liquid helium is a crucial agent for cooling the 
superconducting magnets of magnetic resonance 
imaging (MRI) and nuclear magnetic resonance 
machines, and the supercolliders in CERN’s Large 
Hadron Collider. The space industry uses helium to 
pressurise rockets and in sensitive satellite equipment. In 

Print by Robyn Silk
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high-tech industries, silicon and germanium crystals are 
grown under helium’s inert atmosphere. 

Although helium is the second most abundant element 
in the universe, at a global human consumption rate of 
about 80 tons a day, it is expected to disappear from the 
face of the planet within a few decades [5]. This poses a 
potential threat not only to research but also to medical 
diagnosis procedures such as MRI scans. 
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Carbon
by Kat Sherwin, Galactic Scientific

It’s not sexy, sure, but one can hardly overstate the 
importance of carbon in the known universe. Aside from 

its abundance and ubiquity, its chemical properties have 
enabled it to underpin all known life, and it accounts 
for about 18% of your body. Yes, you. Nearly a fifth 
of you by weight is carbon, occurring in innumerable 
different compounds within your physical form to 
create and perpetuate the spark we call life. And within 
your physical body is housed a bacterial population that 
outnumbers the cells that are genetically ‘you’ ... and all 
of those are made up of carbon compounds. Carbon-
based life-form inception.

It occurs in various pure forms whose inherent properties 
vary wildly: dull, soft, electrically conductive graphite 
contrasts with diamond’s clarity, light-refractive 
capability and ultra-hardness. Diamonds are the 
ultimate allegory for the human condition, whereby a 
person can transcend suffering to emerge pure and with 
an indomitable strength. In the 19th century, South 
African diamond mining giant De Beers Consolidated 
Mines brought to the world the false diamond scarcity, 
and in an inspired feat of 1930’s marketing, touted 
diamonds of a certain value as the only legitimate way to 
secure a betrothal. The supply of diamonds is still very 
tightly controlled to this day, and persistent myths about 
their value as investments and their role in international 
relations abound.

Few other elements are known for their pure forms the 
way carbon is known as diamonds. However, carbon 
also forms more known compounds than any other 
element. Sparkly rocks are pretty, but it is in compound 
form that carbon has shaped life on this planet and will 
continue to drastically affect our existence. The earliest 
life forms were, like all known life, carbon-based, but 
thrived in an environment very different to our current 
one. Ironically, the consequence of their success was that 
their metabolites changed the environment drastically, 
paving the way for a proliferation of carbon-based life 
forms. Sulfur gases, methane and carbon dioxide levels 
diminished, giving way to nitrogen and oxygen, and 
multicellular life emerged and burgeoned. But now, 
human activity is reversing that miracle. The eons of 
carbon storage through natural processes are being 
undone in a lifetime. Atmospheric carbon dioxide and 
methane are causing a spike in catastrophic weather 
patterns, and it is a grim fact of our generation that we 
face cataclysmic change at the ‘hands’ of these gases.

And yet, our salvation may very well lie in harnessing 
and proliferating other carbon compounds, by radically 
overhauling our stewardship of the plant kingdom and 
recognising the vital importance of phytoplankton, 
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macroalgae and forest species. Plant species should be 
regarded with open wonder and deep reverence, and 
every human should be doing everything they can 
to nurture green life. Because it’s green life that will 
nurture us.

Iodine
by Brynn Hibbert, University of New South Wales

Although in awe of the modern element hunters – 
finishing the seventh row of the periodic table is a 
fantastic achievement – I wish I was around in the 
heyday of the great element hunters, of whom Sir 
Humphrey Davy was the greatest. (I love the Clerihew: 
Sir Humphry Davy, Hated gravy, He died in the odium, 
of discovering sodium. But I digress.)

Sir Humphry Davy's greatest discovery might have 
been Michael Faraday, but he also is credited with the 
discovery or isolation of sodium, potassium, calcium, 
magnesium, strontium, boron and barium. He also 
proved that 'Substance X' was an indivisible element, 
which he named iodine, in a bizarre episode during the 
Napoleonic wars between France and England. French 
chemists had made violet flakes of a new and unknown 
substance from burning seaweed, but could not decide 
if it was a new element or some mixture or compound. 
Humphry Davy was the most famous chemist in the 
world and was offered the Napoleonic Gold medal for 
his contributions to knowledge. He was to receive it on 
2 November 1813 in Paris. 

Despite being on the wrong side in the middle of a fierce 
war, Davy, his wife and his young assistant Faraday 
were given passports to travel to France to collect the 
medal.  They were not treated kindly by the border 
guards, Davy noting they stole all of his silk stockings, 
but they made it to Paris and Davy duly was given his 
medal.  He was then approached by a bunch of great 
French scientists, including Ampere and Gay Lussac, 
to help with understanding the chemical properties of 
'Substance X', recently isolated from seaweed. 

Superstars trashing hotel rooms are not confined to 
modern rock bands – scientists have been there and done 
that. Davy and Faraday set up a lab in their Parisian 
hotel room and proceeded to conduct experiments, 
several resulting in explosions and clouds of noxious 
gases. Faraday writes in his Continental journal on 1 
December: 

when a solution of ammonia is poured on the new 
substance and left in contact with it for a short time 
a black powder is formed which when separated, dried 
and heated, detonates with great force. 

‘Great force’ usually meant the disintegration of the 
glassware, nearby furniture and occasionally bits of the 
experimenters. 

By 11 December, Davy was satisfied that 'Substance 
X' was a new element, similar in chemical properties 
to chlorine, and he gave it the name iodine (from the 
Greek for ‘purple’).

Fluorine: our fuel for change
by Nicholas See, University of Queensland

Fluorine is an element that has had a profound impact 
on my journey towards a scientific career. 

The element is chemically tied to the debate surrounding 
the fluoridation of drinking water, which has received 
significant media attention in recent years. If we take 
a glance at the evidence that has time and time again 
been provided by our scientists, we can conclude that 
the addition of fluoride to drinking water is safe, and 
can prevent and even repair tooth decay. Despite this, 
conspiracy still brews and spreads within Australian 
communities surrounding the safety of this practice. As 
such, the fluoridation of water is sadly not adopted by all 
local councils. 

Print by Anita Wanless
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As a science student, I have learnt how to assess the 
reliability of information, and to accept scientific theories 
until they are shown to be false. I also acknowledge and 
understand that not every citizen is familiar with the 
scientific method and can’t appreciate the rigor of the 
knowledge that we gain from using it. Consequently, 
I believe that a low level of community education 
is responsible for sparking and fuelling the fluoride 
conspiracy. 

In essence, fluorine has served as a personal prompt; 
the element prompts me to continuously work towards 
enhancing my public communication skills. I believe 
that effective communication can build a strong bridge 
of trust between the scientific and wider Australian 
communities. This bridge would blanket the fires of 
conspiracy, and is needed when immediate action on 
issues such as climate change is imperative.  

Radium
by Kate Biondo, Galactic Scientific

I have always found radium to be intriguing. It can 
cause cancer and yet it can cure cancer. It seems we have 
a love-hate relationship with radium.

Many years ago, when my son was around 5 years old, 
we listened to the audiobook version of Bill Bryson’s A 
Short History of Nearly Everything.  Although both my 
son and I didn’t understand everything that was talked 
about in the book, we both have listened again and again 
to share in the enthusiasm of the author in his subject. 

In this book we learn of Marie Curie and her husband 
Pierre discovering radium, and we are made aware of 
the sacrifice Marie ultimately made for her research -- 
her death from aplastic anaemia. Regarded as national 
and scientific treasures, Curie’s laboratory notebooks 
are stored in lead-lined boxes at France’s Bibliotheque 
Nationale in Paris. To this day her belongings are too 
dangerous to touch. It amazes me that such small 
particles can stay so potent after so many years. 

The dedication of Marie Curie, Pierre Curie and 
Andre Debierne in their research regardless of the 
health ramifications – which I presume they must have 
known was occurring – is formidable. With all our 
occupational health and safety regulations, sometimes 
I wonder if it was actually more exciting to be exploring 
and discovering new things in the 1900’s!

It seems we have a responsibility to regard this element 
with awe: it has such destructive power and yet it 
remains in our lives.  This element that can cause cancer 
is turned around and used to treat cancer. 

Several family members and friends have had a brush 
with the Oncology Department. Radium has definitely 
found a place to help battle cancer. Radium-223 therapy 
is a type of treatment that is used for people who have 
prostate cancer. 

How amazing that not only we continue to use 
something that potentially destroys our healthy cells, 
but we have found a way to manipulate it, pinpoint it, so 
that it destroys the cells of a tumour instead!

Print by Antoinette O’Brien Print by Selena de Carvalho
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The Apollo 11 crew (from left):  
Neil A. Armstrong, Commander;  
Michael Collins, ModulePilot; 
Edwin E. "Buzz" Aldrin 
(source: NASA; image ID 8903695).
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Professor Brynn Hibbert’s 
research interests, at 
UNSW Sydney, are in 
metrology and statistics in 
chemistry, ionic liquids and 
electroanalytical chemistry. 
He also moonlights in expert 
opinion, scientific fraud and 
presenting science to the 
public. Long a member of 
the International Union 

of Pure and Applied Chemistry, he has helped name 
elements, revise the SI units and write the terminology 
of chemistry.

Nicholas See is an Honours 
student at the University 
of Queensland. His project 
explores the scope of a 
reaction that proceeds 
with remarkably high 
stereoselectivity. Ultimately, 
this research aims to improve 
access to rare L-sugars. 
Believing that the public 
is missing out on many 

exciting developments in science due to a technical 
language barrier, he is also passionate about science 
communication.

Kate Biondo comes to the 
scientific world through her 
partner, Andrea Biondo, 
the Governing Fellow of 
Galactic Co-Operative. She 
shares his values of solving 
scientific and technological 
problems whilst optimising 
employee wellbeing and 
social sustainability. Kate 
solves everyday problems, 

including business administration/coordination, 
logistics/project management and workplace health and 
safety. Kate’s networking skills have made her invaluable 
in promoting Galactic Scientific.

Your story here
Are you passionate about science communication? Do 
you have a story about an element, elements or the 
periodic table? 

The Royal Australian Chemical Institute is publishing 
Stories from the Periodic Table on our website for the 
duration of 2019. Submissions are now invited for the 
third round, closing on 30 June. The final round will 
close 30 September. Entries in text (up to 500 words) 
or video (up to 4 minutes) are accepted, and should 
be made to Communications@raci.org.au. For more 
information on the project and to read more stories, visit 
bit.ly/2ABHUgP.

About the storytellers
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Amir Karton leads the 
computational chemistry 
group at the University 
of Western Australia. His 
research interests focus 
on the development of 
quantum chemical theory 
and its application to 
chemical problems spanning 
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from biochemistry to 
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awards including the Le Fèvre Medal from the Australian 
Academy of Science (2018).
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months. She is invaluable 
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including stock control, 
overseeing expenditures 
and building relationships 
with the community. 
Waste management is 
also one of Kat’s skills – 
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side of the business as 

machinery reaches its end of life. In time Kat will 
expand Galactic Scientific’s sustainable endeavours 
of reducing waste in laboratories.
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Topological Photonics 
Daria Smirnova,
ARC DECRA Fellow, Nonlinear Physics Centre,
Australian National University - daria.smirnova@anu.edu.au

Yuri Kivshar,
Distinguished Professor, Nonlinear Physics Centre, 
Australian National University - yuri.kivshar@anu.edu.au

Rapidly growing demands for information processing hav≠≠e launched a race for compact and highly 
efficient optical devices transmitting signals without losses. Recently emerged topological phases of 
light provide unique opportunities to create new photonic systems immune to scattering losses and 
disorder. Granted with topological protection, advanced functionalities are expected to be achieved in 
active, tuneable and nonreciprocal topological structures. Here we introduce the field of topological 
photonics and highlight the recent developments in bridging topological photonics with nonlinear 
optics for a control of photonic flows. 

For many decades, physics was dominated by lattice 
symmetries and chemical composition as the key 
concepts in the classification and design of various solid-
state materials. However, it has recently been realised 
that topology may be more important than symmetry 
in determining certain material properties. Topology is 
a subtle global property of the systems characterised by 
topological invariants and governs how its parts connect. 
Connection of two topologically distinct materials 
results in the formation of peculiar states at the interface 
between them. These topological edge states have a 
built-in traffic control mechanism that enforces one-way 
propagation of electrons along the edges or interfaces. 
Materials insulating in a bulk but conducting at the 
surfaces through topological edge states were discovered 
for solids, and these days they are known as topological 
insulators [1].

Topological properties are identified on the basis of 
continuous deformations. If the property is not affected 
by any continuous deformation, it is classified as 
topological and can be assigned a topological invariant. 
The topological phase transition is accompanied with 
stepwise (quantised) changes. For example, a closed 
two-dimensional surface of a finite three-dimensional 
object can be characterised by the genus g, which 
basically counts the number of holes in (or handles 
attached to) the object. Items with different topologies 
are illustrated schematically in Fig. 1. Each step of the 
stairs exemplifies two topologically equivalent objects 
(continuously deformable into one another). A glass and 
a sphere have g = 0. If a handle is attached to a cup 
or a hole is drilled through a ball, their genus abruptly 
changes to g = 1. A mug shares its topological features 

with the torus, which also has one hole (g = 1). Topology 
can be formally linked to geometry via the Gauss-Bonnet 
theorem, which states that the genus can be calculated 
by integrating the Gaussian curvature over the entire 
surface. While geometry describes local specifics, 
topology is only sensitive to the global characteristic. 

Under certain conditions, similar topological invariants 
can be assigned to periodic crystalline materials when 
they are described in terms of their bandgap structure. 
The energy bands can be distinguished by certain 
topological invariants being quantised numbers. One 
may imagine the Gauss-Bonnet theorem generalised 
to calculate an analogue of the genus. Whenever a 
material exhibits a topological invariant with nonzero 
value, one can expect physical features that remain 
completely unaffected by a broad range of perturbations. 

Figure 1: Artist’s impression of topological phases. The 
topology of an object is changed when a hole is created; 
distinction between topological objects can characterised 
by the topological invariant, here the number of holes, 
known as genus (here g = 0, 1,  2). 
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Connecting two topologically distinct materials results 
in the formation of peculiar states at the interface 
between them. The reason these states emerge can be 
explained in the heuristic manner. If some topological 
invariant ν takes a different value on the two sides of 
the interface between two materials, then the value of 
ν must change when crossing the interface. This is not 
possible without closing the energy gap, and therefore 
an in-gap zero energy state must exist being localised to 
the interface and persistent as long as the bulk topology 
remains unchanged. As such, an edge state appears 
“bridging a gap” between two different topologies. 
This relation of the bulk topology to the existence of 
the boundary states is usually recognised as the bulk-
boundary correspondence. 

Topological insulators represent a special class of solids 
which are not conducting in a bulk but are conducting 
at the surfaces through topological edge states, and they 
were discovered in condensed matter systems in 2006 
[1]. The exotic boundary states were found at the ends 
of a one-dimensional (1D) system, the edges of a two-
dimensional (2D) system, or the surfaces of a three-
dimensional (3D) system, as shown schematically in Fig. 
2 (upper row). Generally speaking, an N-dimensional 
topological insulator has ND gapped bulk states and 
(N−1)-dimensional boundary states. For example, the 
boundaries of the one-dimensional system are end 
points, and a one-dimensional topological insulator has 
two end states.

The topological edge states have a built-in traffic 
control mechanism that enforces one-way propagation 
of electrons along the edges or interfaces and protects 
electron current from scattering on impurities. Another 
new class of higher-order topological insulators in 
dimensions N > 1 was identified recently. Such higher-
order topological insulators have (N-1)-dimensional 
boundaries that, unlike those of conventional 
topological insulators, do not conduct via gapless states 
but instead constitute topological insulators themselves. 
An n-th order insulator has gapless states that live on 
their (N-n)-dimensional subsystems. For instance, in 
three dimensions, a second-order topological insulator 
has gapless states located on 1D hinges between distinct 
surfaces, and third-order topological insulator has 
gapless states on its 0D corners, see Fig. 2 (lower row). 
Similarly, a second-order topological insulator in 2D 
also has zero-energy corner states. 

In recent years, it has become clear that topological 
phases are not limited to fermionic systems, but can also 

be engineered in electromagnetic systems, including 
photonic crystals and artificial metamaterials [2]. 
Thereby, topology has become a significant guiding 
scheme in the search for novel physics and material 
design [2-5]. General interest in topological effects in 
optics is driven by a grand vision of waveguiding and 
routing of light on an optical chip that is robust against 
scattering on imperfections due to the inherent one-way 
nature of topological edge states. The initial research on 
photonic topological states was largely inspired by the 
analogies with condensed matter systems [2]. 

Topological effects in condensed matter systems arise 
from the presence of topologically distinct energy bands 
of electron wavefunctions. The band structure is readily 
replicated with electromagnetic waves in periodic media 
casting analogues of topological insulators in photonics. 
However, a number of important distinctions of photonic 
systems from their condensed matter counterparts are 
apparent, including the bosonic nature of photonic 
states and subjectivity to radiation losses which makes 
them intrinsically non-Hermitian. 

There are different approaches to engineer photonic 
topological structures. They can be subdivided to time-
reversal (TR) broken (under an external magnetic bias), 
Floquet (employing temporal or spatial modulation), 
and TR-preserved routes (see Fig. 3). In many cases, the 
structures are designed to emulate topological phases 
analogously to condensed matter. For instance, a well 
understood form of the topological phase is represented 
by the quantum Hall (QHE) state, a 2D electron gas in 
a static magnetic field, which belongs to a topological 
class that breaks the TR symmetry. In such a system, 

Figure 2: Topological classes of matter in different 
dimensions. Conventional topological insulators are 
insulating in a bulk but conducting via gapless states at 
their edges or surfaces. Higher-order topological insulators 
have topological states at corners or hinges.



AUSTRALIAN PHYSICS 5956(3)  |   MAY-JUN 2019

a single edge mode, known as the chiral edge state, 
propagates unidirectionally at the boundary, being 
insensitive to disorder. Another well-known topological 
phase that preserves the TR symmetry is the quantum 
spin Hall (QSHE) state, in which no magnetic field is 
required but the spin-orbit interaction is involved. In 
such a system, a pair of edge modes with opposite spins, 
known as the helical edge topological states counter-
propagate at a given edge without backscattering. 

The photonic analogue of the QHE states can be 
identified in gyroelectric or gyromagnetic photonic 
crystals, where the gyrotropy effect breaks the TR 
symmetry as a static magnetic field does in the QH 
system. The first demonstration of backscattering-
immune photonic topological edge states with the use of 
a gyrotropic microwave photonic crystal under a strong 
magnetic field was performed by Wang et el. in 2009 
[3], following the original theoretical proposal by Raghu 
and Haldane. 

The path with preserved TR in fact appears preferential 
in optics, because in optics it is hard to deal with 
magnetic materials if we aim at creating devices 
compatible with optical circuitry. To emulate QSHE for 
photons, among others, the approaches based on lattice 
engineering [4] and field duality [5] can be employed. 
Since the classical waves are not fermions, TR itself 
is not sufficient to provide topological protection. 
Therefore, we have to introduce another symmetry, 
which generates two-component degeneracies to get 
pseudo-fermionic behaviour. In other words, we have to 
deal with some special additional symmetry operators 
that can double degrees of freedom. Such pseudo TR 
symmetry can be constructed from the symmetry in 
crystal structure or constitutive relations. In particular, 
the photonic QSH states can be realized in bi-anisotropic 
photonic crystals, where the magnetoelectric coupling 
emulates the effect of spin-orbit interaction. We have 
recently suggested that symmetry-protected topological 
states can be designed in metacrystals [5] made of 
periodically arranged dielectric particles by employing 
their bi-anisotropic response, where the electromagnetic 
duality between electric and magnetic fields is ensured 
by the structural design and magneto-electric coupling 
plays the role of a synthetic gauge field. The proposed 
metacrystal was designed in the microwave range but 
it can be translated to the optical domain. This system 
represents a table-top platform capable of emulating 
electron spins in photonics and the relativistic dynamics 
of massive Dirac fermions with the states bound to the 

interface separating domains with particles of opposite 
masses. 

Motivated by optical on-chip applications, there has 
been a concerted effort towards realising topological 
photonics at the nanoscale. Stimulated by the recent 
progress in nanofabrication techniques, a new promising 
platform for nanophotonics, based on dielectric 
nanoparticles with high refractive index has recently 
emerged. Strong optical resonances and low Ohmic 
losses make the all-dielectric platform [6] feasible for 
practical implementation of topological order for light 
at subwavelength scales. The underlying conceptual 
framework is to use arrays of meta-atoms with judiciously 
engineered shape, lattice structure, and topologically 
nontrivial features. It bridges fundamental physics of 
topological phases with resonant nanophotonics and 
multipolar electrodynamics [7]. 

Figure 3: Schematic presentation of the energy spectra 
of two distinct types of topological systems in photonics. 
The structures are designed to emulate the quantum Hall 
Effect (QHE), quantum spin- and valley-Hall effects (QSHE 
and VHE). These concepts are illustrated below in photonic 
structures fabricated for specific applications in optics (the 
images are adopted from Refs. [3, 4, 8-12] with permission). 
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Recently proposed topological structures, operating 
at optical frequencies and being compatible with 
nanoscale nonmagnetic all-dielectric systems, are 
promising candidates for quantum and nonlinear optics 
applications. Topological robustness has already been 
demonstrated for lasers [11, 12] and quantum transport 
of single photons [13]. Nonlinear optical topological 
structures have attracted special theoretical interest as 
they enable tuning of topological properties by a change 
in the light intensity and can break optical reciprocity to 
realise full topological protection.

We currently pursue studies on photonic topological 
nanostructures and metasurfaces, with specific focus 
on the interplay of topological and nonlinear optical 
effects. To date, we have suggested and demonstrated a 
topological nanostructure that supports subwavelength 
edge states and converts infrared radiation into green 
light [14]. It was first predicted theoretically that a novel 
type of topological edge states can be realised in the 
subwavelength regime for a zigzag array of plasmonic 
nanoparticles [15]. Nontrivial topological properties 
of these plasmonic edge states have been studied in 
the framework of the coupled dipole approximation 
and also by direct numerical simulations of Maxwell’s 
equations (see Fig 4). Later, the topological properties 
of zigzag arrays of dielectric particles have been studied 
experimentally for microwaves [16] and optics [17].

Very recently, unusual nonlinear properties due to 
topological phases in such arrays have been revealed 
experimentally via third-harmonic generation [14]. The 
design is based on chains of dielectric nanoparticles 

with Mie resonances. The zigzag geometry engenders 
the chiral symmetric energy spectrum (see Fig 4). The 
structure exhibits a topological transition when the 
chain geometry changes from a line to a zigzag (the angle 
between three consecutive nanoparticles varies from 0 
to π/2). The straight line chain is topologically trivial; it 
has a vanishing parity of the winding number. For the 
zigzag chain this topological invariant is nonzero, which 
indicates the presence of the pair of edge states at both 
edges of the chain. The topological phase transition can 
be illustrated by plotting the energy spectrum of the 
finite chain as a function of the zigzag angle. When the 
angle lies within the shaded range, the system becomes 
gapped with two degenerate topological edge states in 
the middle of the gap. The edge states are described by a 
polarization-enriched generalised Su–Schrieffer–Heeger 
(SSH)-type model.

For our experiment, we designed and fabricated zigzag 
arrays of silicon nanodisks on a glass substrate. The 
nanodisks, each with 510 nm diameter and 300 nm 
height, were placed at a distance of 20 nm from each 
other. We use the intrinsic nonlinearity of silicon to 
generate a third-harmonic signal from such an array. 
When the array is excited with light, the third-harmonic 
radiation is generated resonantly from the topological 
edge state associated with the magnetic dipole resonance 
of the nanodisks. Topological localisation of the 
electric field at the edge of the array provides multifold 
enhancement of the nonlinear generation efficiency, 
which was also proven robust against perturbations. 

We studied the robustness of the topology-driven 
harmonic generation against coupling disorder, both 
theoretically and experimentally. For this, a number of 
arrays with randomly generated bond angles between 
the disks was fabricated. In our experiments, for disorder 

Figure 4: Topological edge modes in arrays of Mie-
resonant dielectric particles [15-17]. (a) Artist’s view of 
a  of a topologically nontrivial zigzag array of dielectric 
spheres. (b) A zigzag array of silicon nanodisks fabricated 
experimentally [17]. (c) Energy spectrum of the zigzag array 
calculated as the function of the bond angle [16]. Dashed 
red lines mark the region where the topological

Figure 5: Nonlinear generation of light from a 
topological nanostructure [14]. Left: Concept of 
THG in a topological zigzag array: third-harmonic 
light (frequency 3ω) is generated by the edge 
state. Centre: measured distribution of the third-
harmonic field in 11-nanodisk zigzag array of  
Mie-resonant dielectric nanodisks. Right: Robustness 
of the topological state to the disorder, the edge state 
formation persists up to the disorder angle of 20°.
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angle Δφ < 20°, the edge states were observed in all cases, 
in agreement with the analytically calculated probability 
of edge states. Remarkably, the observed third-harmonic 
radiation switched from one edge of the array to another, 
depending on the direction of illumination of the zigzag 
array: from the substrate or the air side. Such asymmetric 
generation can be potentially used to create nanoscale 
nonreciprocal optical devices such as optical diodes and 
transistors. Thus, intriguing topological properties can 
manifest themselves even in relatively simple structures, 
such as zigzag arrays. 

To demonstrate photonic edge states and topology-
controlled nonlinear light generation in a 2D 
subwavelength system, we have fabricated a topological 
metasurface from silicon on a glass substrate [18] (see Fig. 
6). The nontrivial topological properties are achieved by 
deforming a honeycomb lattice of silicon pillars into a 

triangular lattice of cylinder hexamers. Topologically 
different structures are obtained by dividing the nearest 
neighboring cylinders into hexagonal clusters, and 
widening (left) or narrowing (right) the separation 
between hexagonal clusters from the original 
honeycomb lattice (middle), while keeping the shape 
and size of hexagons. Due to its hexagonal symmetry, 
a 2D unperturbed honeycomb crystal supports Dirac 
cones at K and K' valleys in the Brillouin zone. They 
can be regarded as two internal degrees of freedom. If 
we take six nearest neighbours and shrink or expand this 
hexamer, K points are folded into G points resulting in 
two overlaid Dirac cones and it is possible to emulate 
QSHE. Such a shrunken structure is trivial, while an 
expanded one is nontrivial. The interface (domain wall) 
between the shrunken and expanded structures hosts 
topological edge states. Figure 6 presents the numerically 
computed bulk band diagram of the structure and 
the characteristic Dirac-like dispersion of the spin-
momentum locked edge states residing in the band gap 
[18]. The metasurface is excited with 300 fs pulses from 
a tunable laser system, and the third-harmonic signal 
is imaged onto a camera. By measuring the generated 
third-harmonic signal, we are able to image selectively 
either bulk states or spin-momentum locked edge 
modes. The two polarizations excite the edge modes 
with the opposite helicity values σ+ and σ-. We measure 
the dispersion of the edge states by tilting the sample 
and tracing the maxima. Finally, we demonstrate the 
existence of the edge states for arbitrary geometries of 
the topological interfaces. For this, we have fabricated 
a metasurface with a domain wall similar to the shape 
of the Australian continent [18]. The domain wall is 
clearly imaged via the third-harmonic field contour at 
the pump wavelength of the edge mode.

Conclusions
While the investigation of electronic topological states 
has a long history, topological photonics suggests newly 
discovered degrees of freedom in optical systems. It 
has vast potential for innovative, disorder-immune 
technologies which envision all-optical high-speed 
information transfer and processing. Topological 
metasurfaces could form a foundation for a new class 
of ultrathin devices with functionalities based on novel 
physical principles. Combined with nonlinearity and 
gain, nontrivial topology opens a way to advances in 
globally important photonic applications, ranging from 
optical storage and routing to sensing and low-power 
nanoscale lasing. 

Figure 6: Top: Topological transition due to clustering the 
unit cell. Band structures for shrunken (left), unperturbed 
(middle) and expanded (right) lattices of hexamers. Middle: 
SEM of the fabricated metasurface and calculated band 
diagram featuring gapped bands of bulk modes and Dirac-
like crossing for the edge states. Bottom: Experimental 
images of third-harmonic generation by the edge states 
at the sharp-corner domain wall and Australia-shaped 
contour [18].
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Crystals all around us
What do you think of when you hear the word ‘crystal’? 
For some it might be those beautiful rock crystals 
seen in a museum case, displaying their transparent 
structures of clear, pink and mauve quartz. Perhaps, 
for you it’s a clear and cold ice crystal, or snow. Or 
how about a diamond? There is something about the 
symmetrical form of crystals which attracts us. Crystals 
are all around us. Look closely at a spoonful of sugar 
or salt. The powder we see from a distance is actually 
a collection of very small crystals. You can see them 
with a magnifying glass. The beauty of crystals inspires 
us to make jewellery to show them off. Some are very 
rare and thus very expensive. It’s a very human thing 
to like crystals. For us scientists this also nudges our 
curiosity: how does nature make such a beautiful thing? 
So, what defines a crystal? Like any other solid material 
they are made of molecules which have joined together 
with strong bonds to make a rigid whole. In the case 
of crystals, molecules of a single type fit together in 
a pattern. Every molecule joins to its neighbour at a 
certain point and at a particular angle. This bonding 
is repeated millions of times to form a crystalline solid. 
In this way the form of the solid we might hold in our 
hand reflects the underlying tiny chemical jigsaw.

Can we make crystals ourselves? Yes! Those we find on 
the ground or in mines take thousands if not millions of 
years to form, but if we are clever we can make this time 
scale much shorter. Certain chemicals will dissolve in 
water. As you add more solid chemical to this solution 
at some point no more will dissolve. The water holds 
as much as it can, and we have a ‘saturated’ solution. 
In this situation we can deliberately cause the dissolved 
chemical to re-crystallize from a saturated solution. For 
example, if the water evaporates making the solution 
more concentrated, the dissolved molecules will clump 
together and reform their crystals. These will appear as 
if by magic in our solution. Of course it’s not magic, it’s 
science. If we make this process happen slowly and in a 
controlled way, we can create quite large crystals.

Here are a couple of ideas for experiments in making 
your own crystals: ask one of your parents to let you 
have some borax. This is used as a cleaner and can be 

bought from a supermarket. Borax dissolves well in hot 
water, but not so well in cold. This knowledge shows us 
a neat way to cause crystallisation from a solution. We 
simply make a hot, saturated solution, and allow it to 
cool down. Follow the recipe on this web page in the 
references below to guide you to growing borax crystals: 
(https://www.scientificamerican.com/article/bring-
science-home-crystals/)

Young Physicists' Page

Here is an attempt at growing a cluster of Borax crystals. 
Small ones were picked with tweezers from a cooled 
saturated solution then attached to a piece of cotton. They 
were suspended in the hot saturated solution using the 
pencil. A little green food colouring was added to enhance 
their beauty.

The experiments described in this section involve using chemicals, including copper sulphate and borax. 
Although readily available, these substances are hazardous. Only perform the experiments described 
below together with an adult. Always handle chemicals with care, and at least wear gloves and safety 
glasses. Before you start, make sure you read the instructions on the product package and you refer 
to the relevant Safety Data Sheet (SDS) for more safety information. SDSs are available online at  
www.sigmaaldrich.com.
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If you practice creating crystals and have success with 
these nice colourless borax crystals, try copper sulphate. 
This chemical is used to help plants grow, so you might 
get it from a nursery. Copper sulphate crystals are a 
beautiful blue colour. Remember to always follow safety 
instructions when handling this chemical. Otherwise 
follow the same technique used for borax. Make a 
saturated solution with hot water and allow it to cool 
down, slowly.

The other way of causing crystallisation: the evaporation 
technique takes longer but it does make nice crystals. 
To grow large crystals, you need patience. Try it. Take 
a saturated solution of table salt. Make a pool of the 
solution on a saucer and leave it somewhere quiet to 
evaporate. In time (a day or two) you will see salt crystals 
forming especially where the evaporation happens 
quickest, at the edges of your pool. 

Here are two crystal growing hints and tips for creating 
awesome monster crystals:

1.  It helps to have something to start a crystal growing. 
We call this ‘nucleation’. In the borax experiment the 
fine fibres on the string act as nucleation points, which 
is where the first tiny crystals will start to grow. These 
miniature crystals are called seeds. A small crystal will 
grow larger as molecules attach themselves to it during 
the crystallisation process. This gives you a clue as to 
how to make large crystals.

2. The best crystals are made from very pure solutions. 
If there are other unwanted chemicals mixed in these 

are called contaminants. They can get in the way of 
the patterns our molecules would like to make when 
forming our crystals and we will get poor crystals, 
or even none at all. Even with pure solutions slight 
disturbances in the surroundings can cause strange 
effects. You will see crystals growing at odd angles 
attached to other crystals. Sometimes triggered 
just by slight vibrations. So if you want perfect 
crystals it’s best to grow them slowly and quietly 

Are there other everyday crystals you can identify around 
you? It would be great if you would tell us about them.

There is a lot to discover and understand about 
crystals. In fact, there is a whole branch of science 
devoted to studying them. You might guess the name: 
crystallography. Since all molecules are positioned in the 
crystal the same way, we can use this fact to amplify 
measurements we might want to make on an individual 
molecule. For instance, we can shine x-rays onto the 
crystal. Each of the millions of molecules will change 
the path of the x-rays in the same way, this makes it 
easier to see and measure the effect. It would be very hard 
to measure if we only had a single molecule. Shining 
X-rays on a crystal and looking at the patterns formed 
is called ‘diffraction’ and was the subject of a previous 
young physicists’ page. It’s been used a lot in physics 
and chemistry. It’s the way scientists first discovered the 
shape of the DNA molecule. A crystal of the chemical 
which controls how we all grow.

Fine crystals of Epsom salt (magnesium sulphate) can be 
grown using a saturated solution and blotting paper. The 
crystals grow where the solution evaporates from the 
surface of the paper. In this example the blotting paper 
was stained and the crystals pick up this colour producing 
a ‘crystal garden’.

Snowflakes are crystals of water (ice); photo: Wilson Bentley 
1902, Historic NWS Collection, image ID wea02087, Public 
Domain.
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SAMPLINGS
Mangroves deliver research surprise
Rates of growth and loss in mangrove forests are 
higher than previous estimates, according to satellite 
measurements of the Rufiji, Zambezi, Ganges and 
Mekong deltas. And natural expansion and growth of 
new mangrove forests could partially compensate for 
declines caused by human activity.

“What we see for these types of mangrove delta regions 
is that there is rapid expansion and growth — in about 
20 years, forest canopies can reach a mature height of 
over 20 m,” says David Lagomasino from the University 
of Maryland and the NASA Goddard Space Flight 
Center, both in the US. “In some places that fast growth 
can help to offset the losses, both in terms of extent of 
the forests and carbon density.”

Mangrove forests make up a relatively minor part of the 
Earth’s total forested area, but their importance exceeds 
the scale of their footprint. They sequester proportionally 
more carbon than almost any other ecosystem — their 
maximum storage potential above and below ground is 
more than 1000 tonnes per hectare – and they provide 
food, shelter, fuel and coastal protection. Mangrove 
extent is decreasing due to urbanisation and expanding 
agriculture and aquaculture but natural coastal processes 
like erosion and deposition also play a role.

By measuring changes in mangrove area and height 
at four major river deltas, Lagomasino and colleagues 

discovered that, although there was a net loss of carbon 
across the study areas, this was partially balanced by 
the growth and spread of forests elsewhere in the same 
regions.

The researchers examined satellite images of the Rufiji 
delta in Tanzania, the Zambezi delta in Mozambique, 
the Ganges delta in Bangladesh, and the Mekong 
delta in Vietnam, captured between 1995 and 2000. 
They identified pixels corresponding to forest using 
the normalised difference vegetation index (NDVI) 
— a method based on the ratio of red and infrared 
wavelengths characteristic of plant leaves. Then they 
took the change in forested area as the difference 
between this reference NDVI signal and that for the 
years 2000 to 2016.

The amount of carbon that an area of forest stores 
depends on its height and density, but in situ studies 
are prone to bias because of access and logistics issues. 
To get a more representative view, the researchers 
used canopy-height measurements from satellite 
radar observations, matching them to the changing 
mangrove coverage. Although radar measurements do 
not yet characterise mangrove forests completely, the 
researchers are confident about their conclusions overall. 
“We have compared our remote sensing-based models 
with the growth from individual field plots and have 
had very similar values,” says Lagomasino. “Though 
there are differences in the density and species of trees 
between young and mature forests, two forests of the 
same height – a young one with thousands of thin trees, 

Mangroves near Port Douglas in far north Queensland. (photo: Peter Kappen)
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and an old one with a couple hundred thick trees – may 
have similar amounts of carbon.”

Lagomasino and colleagues from the Universities Space 
Research Association and the Forest Service in the US, 
the World Wide Fund for Nature in Germany, and the 
University of Dar es Salaam, Tanzania reported the 
findings in Environmental Research Letters (ERL).

(extracted with permission from an item by Marric 
Stephens at physicsworld.com)

Could light and sound treat Alzheimer’s 
disease?
Researchers from the Massachusetts Institute of 
Technology have shown that combining light and sonic 
pulses can reduce symptoms related to Alzheimer’s 
disease and improve cognitive functions. The 
mechanisms behind this phenomenon are still being 
explored (Cell 10.1016/j.cell.2019.02.014).

Not much is known about the course of events leading to 
Alzheimer’s disease, but the formation of toxic β-amyloid 
plaques and phosphorylated tau proteins have long been 
described as major hallmarks of the disease. Many 
treatment approaches are currently being investigated, 
such as the use of immunogenic therapies, autoimmune 
responses to the disease, and even machine learning to 
find potential treatment targets. Li-Huei Tsai and her 
colleagues have an alternative strategy: trying to hijack 
the brain to induce specific brain waves.

In a previous study, the team from the Picower Institute 
for Learning and Memory showed that non-invasive 40 
Hz light flicker induced gamma oscillations, a type of 
brain wave associated with several high-order cognitive 
functions that are impaired in Alzheimer’s disease. 
In mice that were genetically predisposed to develop 
Alzheimer’s disease symptoms, flashing this light for one 
hour a day reduced their levels of β-amyloid plaques and 
tau proteins, while boosting the activity of microglia, 

the immune cells responsible for clearing the brain 
of residual waste. The researchers named this therapy 
GENUS: gamma entrainment using sensory stimulus.

With most of the improvements limited to the visual 
cortex, the researchers built on these findings to expand 
GENUS to auditory signals and target new regions 
of the brain, such as the cortex linked with memory. 
Firstly, they verified that auditory GENUS was efficient 
enough to fire up neurons in regions-of-interest of the 
brain. They exposed the mice to trains of tones repeating 
at various frequencies for one hour a day over seven days 
and recorded neural activity in different parts of the 
cortex. This experiment suggested that 40 Hz auditory 
stimulation does induce GENUS robustly in the 
main brain parts considered, notably those controlling 
learning and memory.

The animals’ behavioural and physiological responses 
corroborated these results. Indeed, when mice had 
to recognise or locate new objects, or find their way 
in a water maze, the GENUS group exhibited better 
performance than a control group of mice exposed to 
random frequency sound. Physiologically, GENUS 
reduced β-amyloid plaques in the auditory cortex 
and hippocampus, the brain centre for learning and 
memory. The team suggest that this clearance is enabled 
by the observed increase in microglia cells and change 
of vasculature through vasodilatation to flush residues. 
Finally, GENUS mice also displayed a lower level of 
hyperphosphorylated tau protein.

Since both visual and auditory stimulation induced better 
cognitive function in treated mice, the final step that 
researchers took was to combine both types of stimuli 
and observe how mice responded. The effects of the 
combined GENUS were even greater than either alone. 

Interestingly, amyloid plaques were reduced throughout 
a much greater portion of the brain with combined 
GENUS, as it elicited a unique microglia response that 
extended to the medial prefrontal cortex, a region that 
could not be reached with one week of visual or auditory 
stimulation alone. A key question now is to understand 
why these reactions were only observed when stimuli 
were triggered at a 40 Hz, as mice exposed to different 
frequencies and pulse patterns did not display better 
results than the control group.

Tsai and her team have already tested combined GENUS 
in healthy volunteers to assess its safety. They are now 
recruiting early-stage Alzheimer’s disease patients to 
determine whether the results observed in mice can be 
replicated in humans.

(extracted with permission from an item by Samuel 
Vennin at physicsworld.com)

The mouse cortex shows a reduction in amyloid plaques 
following visual and auditory stimulation (left), compared 
with the untreated mouse (right). (Courtesy: Gabrielle 
Drummond, MIT)
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Superconducting nanowires could shed light 
on dark matter
Superconducting nanowires could be used as both 
targets and sensors for the direct detection of dark 
matter, physicists in Israel and the US have shown. 
Using a prototype nanowire detector, Yonit Hochberg 
at the Hebrew University of Jerusalem and colleagues 
demonstrated the possibility of detecting of dark matter 
particles with masses below about 1 GeV/c2, while 
maintaining very low levels of noise. The team says it has 
already used its prototype to set “meaningful bounds” 
on interactions between electrons and dark matter.

While dark matter appears to make up about 85% of 
the matter in the universe, it has not been detected 
directly – despite the best efforts of physicists working 
on numerous detectors worldwide. So far, the search has 
been dominated by efforts to detect weakly-interacting 
massive particles (WIMPs) – hypothetical dark-matter 
particles that could be streaming through Earth in very 
large numbers. WIMP detectors are designed to look for 
particles with masses greater than 1 GeV/c2, and are not 
expected to be sensitive to lower-energy particles.

To extend the search to lower masses, physicists have 
used several different sensor technologies made from 
materials including graphene, polar crystals, and 
superfluid helium. Superconducting nanowires are 
already used to detect single photons, and Hochberg and 
colleagues at the Massachusetts Institute of Technology 
and National Institute of Standards and Technology 
believe that nanowires should join the hunt for dark 
matter. If a dark matter particle collides with an electron 
in a cold, current-carrying superconducting nanowire, 
the nanowire could heat-up and for a short time cease 
to be a superconductor. The resulting spike in the 
nanowire’s resistance would reveal that a dark matter 
interaction has taken place.

The physicists tested their proposal by building a 
tungsten-silicide nanowire prototype, which had a 
detection energy threshold of 0.8 eV. During 2.8 h 
of operation, the detector registered no unwanted 
background counts, which demonstrates a very low level 
of intrinsic noise.

The team says the technique has several advantages over 
other detectors, including ultra-fast detection speeds 
and very low levels of noise. In addition, the wires 
could potentially pick up dark matter particles with 
kinetic energies below 1 eV, which is extremely low 
for a dark-matter detector, and could also detect “dark 
photons” with energies less than 1 eV. Dark photons are 
hypothetical particles that could mediate interactions 
between dark matter.

In future studies, Hochberg and colleagues now hope 
to fabricate nanowires on larger scales, and with even 
lower detection thresholds. When coupled with other 
detection techniques, they believe their nanowires will 
allow them to probe for dark matter in previously-
unexplored regions of mass and energy.

(extracted with permission from an item by Sam Jarman 
at physicsworld.com)

Diamond quantum microscope images 
nanoscale features in 2D magnets
“Atomically thin magnets were discovered barely two 
years ago and already form a vibrant field of research, 
which has shown a remarkable evolution in this short 
time,” says Patrick Maletinsky, principal investigator 
of the Quantum Sensing Lab at Basel University in 
Switzerland. Despite some groundbreaking results over 
the past few years, as Maletinsky points out, “Addressing 
nanoscale properties of these magnets remained an open 
challenge and one that only a few existing techniques 
could in principle address.” Among these techniques 
was “single-spin magnetometry”, a method he had 
developed for scanning probe experiments at Harvard 
University a few years previously. Alongside colleagues 
at the University of Basel, University of Geneva and 
École Polytechnique Fédérale de Lausanne (EPFL) in 
Switzerland, Maletinsky has now reported in Science 
experiments that establish the technique as “a unique 
tool to address nanoscale magnetism in van der Waals 
crystals, down to the limit of a single atomic layer”.

Key to the interest in 2D materials, as Maletinsky 
explains, is the ability to customize their properties 
by stacking layers of various 2D materials in different 
ways. For example, by twisting the angle between layers 
researchers have shown they can tune the properties of 
pristine bilayer graphene between opposing extremes 

Nanowire detector: this device (which is about 15 microns 
wide) detects photons, but similar detectors could soon 
join the hunt for dark matter. (Courtesy: Baek/NIST)
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Maletinsky’s group at Basel University, Yacoby’s group 
at Harvard  and the group at University of California at 
Santa Barbara run by Ania Bleszinsky Jayich.

“Given my strong belief that this technique could 
be broadly applicable and useful to various areas of 
science, we recently spun out the startup company 
Qnami to overcome this shortcoming,” Maletinsky tells 
Physics World. “Qnami’s mission is thereby to provide 
commercial solutions for scanning NV magnetometry 
and in particular our hard-to-fabricate diamond tips.” 
Qnami already sells tips to research groups including 
those run by Jörg Wrachtrup at Stuttgart University in 
Germany and Vincent Jacques at Montpellier University 
in France and will reach out to first beta testers for a 
complete magnetometer-based quantum microscope 
later this year.

(extracted with permission from an item by Anna 
Demming at physicsworld.com)

from a Mott insulator to a superconductor, a discovery 
that Physics World awarded the Breakthrough of 
the year in 2018. When these stacked 2D materials 
are magnetic, Maletinsky describes the research as 
“experimentally uncharted territory”, rich with exciting 
proposals including predicted novel “spin textures” such 
as skyrmions.

The technological prospects are equally promising. 
“These are the thinnest possible magnets,” says 
Maletinsky. “They thus offer opportunities for 
miniaturization of devices, which no other approach 
or material can. In addition, the tunability yields new 
functionalities such as fully electrical manipulation and 
readout of magnetization, which is relevant for data 
storage.”

Researchers have used various approaches to study the 
magnetism in 2D materials, including measuring how 
the field from 2D materials affects the electronic transport 
properties, fluorescence and the magneto-optical Kerr 
effect. The advantage single-spin magnetometry offers 
over these approaches is that it can provide direct 
quantitative data with nanoscale resolution. “I would 
now consider single-spin magnetometry as a close-to-
ideal tool to study the physics of atomically thin 2D 
magnets,” says Maletinsky.

To measure the magnetism in their 2D samples 
Maletinsky and colleagues measured the spin levels of 
a nitrogen-vacancy (NV) defect in diamond, where a 
nitrogen atom substitutes a carbon atom in the crystal 
lattice next to a vacant crystal lattice site. The optical 
responses of NV defects, such as photoluminescence, 
have distinctive peaks in their spectra that result from 
the energy levels of the electron spin. Applying a 
magnetic field shifts the spin energy levels, a response 
described as the Zeeman effect. In the range of magnetic 
field values produced by samples of 2D magnets this 
shift is proportional to the field, providing a convenient, 
quantitative magnetometer.

“The technique we employ – DC [direct current] NV 
magnetometry – is conceptually rather straightforward 
and mastered by many labs worldwide,” says Maletinsky. 
“The real difficulty comes about when one wants to 
perform nanoscale magnetic imaging using scanning 
NV centres and this approach is required to achieve the 
results we report on in our paper.”

So will this become the go-to tool for 2D magnet 
experiments worldwide? Unfortunately the availability 
of the all-diamond NV decorated tips Maletinsky 
and collaborators used remains a key obstacle as only 
three groups worldwide fabricate and employ them: 

Diamond tool. NV single spin magnetometry provides 
direct quantitative nanoscale measurements of 2D crystal 
magnetism. Credit: Quantum Sensing Group, University of 
Basel.

For all information about the Australian Institute of  
Physics, visit:  www.aip.org.au
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PRODUCT NEWS
Lastek
1. 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

2. 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

3. Ocean Optics new LSM Series LED Light Sources 
available from Lastek
• 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.
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• Standard central wavelengths: 1030, 1064 and 1083 
nm

• Linewidths of <3 kHz available
• Standard output power up to 20 W (higher power 

available as a semi-custom)
• Applications in Quantum optics, Optical lattice 

generation, BEC, Interferometry and Metrology

GPS 10MHz Frequency Reference
The FS752 GNSS Disciplined Time and Frequency 
Reference from Stanford Research Systems provides 
calibrated time and frequency distribution to your 
laboratory. A built-in receiver tracks any of the four 
major GNSS constellations: GPS, GLONASS, 
BEIDOU or GALILEO. The instrument comes with 
a double-oven OCXO timebase that has phase noise of 
less than -125dBc/Hz at 10Hz offset.

The FS752 provides five buffered 10MHz output and 
two buffered 1pps outputs. The FS752 can be controlled 
and queried over its USB port. The instrument is fully 
programmable using its extensive high-level command 
set, and there is also a free GNSSDO application that 
makes sending comments, viewing instrument status, 
and changing the configurations of the FS752 easy.

For further information please contact Jeshua Graham 
sales@coherent.com.au 
www.coherent.com.au

Warsash
785nm STM laser for Raman
Cobolt AB, a part of HÜBNER Photonics, introduc-
es the addition of a new wavelength of 785 nm single 
transverse mode (STM) to the Cobolt 08-01 Series of 
frequency stabilized, narrow linewidth lasers. 

With up to 120 mW and a linewidth of <20 pm, the 
Cobolt 785nm is ideal for Raman spectroscopy and im-
aging applications with an integrated optical isolator and 
spectral filter. The Cobolt 785nm STM complements 
Cobolt’s current offering of narrow linewidth laser di-
odes; 405 nm, 457 nm, 473 nm, 515 nm, 532 nm, 561 
nm, 633 nm, 660 nm and 1064 nm.

Coherent
Quantel Merion C by Lumibird
The Merion C is the latest development from Lumibird-
Quantel laser diode-pumped nanosecond Nd:YAG 
range. The Merion C delivers 100 mJ @ 1064 nm up 
to 400 Hz and can be equipped with fully integrated 
harmonic generators, down to 266 nm, to cover a wide 
range of applications.

All key components such as laser diodes, gain modules 
and laser driver electronics are internally designed, 
ensuring full vertical control of the entire process.

It represents the best solution for demanding applications 
like LIDAR, LIBS or material processing.

• High power packed in a small footprint
• Excellent shot to shot stability and superior beam 

profile up to 400 Hz
• Sealed against external contaminants with an 

industrial design, built to last
• Easy installation and an interchangeable power 

supply to reduce the effects of downtime
• Pump diode warranty: 2 billion shots

Keopsys CYFL-KILO Yb Amplifier by Lumibird
CYFL-KILO stands for Ytterbium fibre laser with 
kilohertz linewidth. This series deliver up to 20 W 
output with narrow linewidth, low phase noise and low 
relative intensity noise (RIN). 

CYFL-KILO lasers are based  on an MOFPA design. 
They integrate an ultra-low noise and narrow linewidth 
seed laser (<70 kHz), which is amplified through several 
highly stable Yb-doped fibre amplifier stages. Also, these 
lasers can be thermally tuned in wavelength over 200 
MHz, and their central emission line can be modulated 
for locking purposes.
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All Cobolt lasers are manufactured using proprietary 
HTCure™ technology and the resulting compact her-
metically sealed package provides a very high level of 
immunity to varying environmental conditions along 
with exceptional reliability. With demonstrated lifetime 
capability of >60 000 hours and several thousand units 
installed in the field, Cobolt lasers have proven to deliver 
unmatched reliability and performance both in labora-
tory and industrial environments and are offered with 
market leading warranty terms.

Sprout-H 532nm 18W pump laser
Lighthouse Photonics announce the release of the 

Sprout-HTM, a compact, modular, diode‐pumped 
solid‐state (DPSS) laser providing up to 18 Watts con-
tinuous‐wave (CW) power at 532nm in a near perfect 
TEMoo mode with extremely low optical noise and ex-
cellent long‐term stability.

Sprout‐H is truly a next‐generation laser designed and 
manufactured using many years of experience to pro-
vide a sealed, turn‐key source of collimated green light 
with high spectral purity. There are 7 versions available 
ranging from 5 Watts to 18 Watts.  The laser head is 
a monolithic 3‐dimensional design for ruggedness and 
compactness. The pump diode, integrated inside the la-
ser head, has a typical mean time to failure (MTTF) of 
more than 50,000 hours to minimize cost‐of ownership. 
The laser head can be disconnected from the control ca-
ble for easy integration. The power supply contains an 
integrated thermo‐electrically‐cooled (TEC) chiller.

Highest efficiency high pulse energy pulsed diode 
laser
Photonics Industries’, the pioneer of intracavity solid-
state harmonic lasers, has introduced a new line of pulsed 
diode pumped lasers, the DP Series, for applications 
that need; short pulses (<10ns), high pulse energy with 
low power consumption, and air cooling.  The DP series 
has several standard lasers available with up to:

• 20mJ at 1053nm

• 18mJ at 527nm
• 4mJ at 351 nm

All with a TEM00 mode quality at high repetition 
rates (up to 200Hz) in a compact, industrial grade, 
small all-in-one form factor. Also, the high rep rate 
version, the DP2K Series, fit applications that require 
high pulse energies at up to 2kHz rep rates with low 
power consumption. The DP2K Series is available in IR 
(1064nm), green (532nm) and/or DUV (266nm).

Industrial and research laser based material processing 
applications include:

• Micromachining/ablation

• Pulsed laser deposition

• Laser cleaning

• Harmonic and parametric pumping

• Laser induced breakdown spectroscopy (LIBS)

• Laser induced fluorescence (LIF)

• THz generation

• PIV

• Nonlinear spectroscopy

For more information, contact Warsash Scientific on 
+61 2 9319 0122 or sales@warsash.com.au.
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(08) 8150 5200
sales@coherent.com.au
www.coherent.com.au

High Performance Nd:YAG, 
Tuneable and Fibre Lasers
Nanosecond Nd:YAG lasers
Dye lasers & solid state OPOs
Fibre lasers and amplifiers

Merion MW DPSS Laser
Repetition rates to 200Hz

Quick and easy access to
1064, 532, 355 and 266nm

Automated phase 
matching of harmonics
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