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AT THE CHICHEN ITZA ARCHAEOLOGICAL SITE IN MEXICO  
stand the remains of a domed tower. Inside of that tower is a spiraling 
staircase that ascends to the top—the path to an observation deck 
that would have been climbed by Mayan astronomers over 1,000 
years ago. El Caracol, which means “snail” in Spanish in reference 
to that staircase, is just one of many ancient structures across the 
globe erected to aid observation of planets and stars in the night sky.

The science of ancient astronomy can be difficult to extricate 
from myth. The constellations and movements of planets became 
part of the lore of ancient peoples, where the stars were often 
tools of divination, and their movement was presumed to have an 
impact on the fates of people on Earth. Cosmology was relied upon 
to create stories that answer core human questions about where 
we come from and who else is out there.

In addition to informing the philosophy and origin stories of 
many ancient civilizations, naked-eye astronomers were able to 
achieve some significant and fairly accurate calculations, including 
the size of the Earth, the modern calendar, and planetary models 
of our solar system.

In the past millennium, our tools for studying space from the 
ground have evolved from naked-eye observations, to primitive 
telescopes in the 17th century, to the advent of modern telescopes in 
the 20th century. As telescope lenses got larger, and as instruments 
were developed to make observations in wavelengths longer than 
the visible range, our understanding of the Universe grew deeper 
and weirder (hello, dark matter).

For the centuries before Sputnik, everything we could learn 
about the Universe we learned from the ground. And while space-
based telescopes have given us new tools to observe and learn, 
ground-based systems continue to play an important role and 
continuously lead to new discoveries.

This issue of Photonics Focus explores the tools and systems 
that modern astronomers use to study space from the ground. Two 
articles explain different methods to create ever-larger telescope 
mirrors: spin-casting monoliths, and segmentation with adaptive 
optics. Another article reveals the enormous challenge of build-
ing highly precise instruments in some of the most seismically 
unstable locations on Earth; and yet another tells the story of the 
unfathomable amounts of data that will be generated by modern 
instruments, and how scientists plan to manage it.

The information that ground-based astronomers have been 
able to gather while anchored to terra firma is nothing short of a 
scientific wonder. And yet, while the technology has increased in 
both precision and power, many of the questions driving today’s 
scientists sound similar to the ones asked by the astronomer-
philosophers of millennia past: How did we get here? And, are 
we alone?

GWEN WEERTS, PHOTONICS FOCUS MANAGING EDITOR

FROM THE EDITOR

Space from the Ground

El Caracol in Mexico, built in  AD 900.

Gaocheng Astronomical 
Observatory in China, built 1276.

Cheomseongdae Astronomical 
Observatory in South Korea, 
built in the seventh century.

Photo Credits: Shutterstock: Jannis Tobias Werner (top);   
Richie Chan (middle);  Haobo Wang (bottom)






SPECIAL NOTE: This issue of Photonics 
Focus was originally planned to coincide with 
the biannual SPIE Astronomical Telescopes 
+ Instrumentation Conference in Yokohama, 
Japan in June. That meeting has been 
postponed and moved to 13-18 December 
in San Diego, California. Please check the 
event website for additional information: 
spie.org/as

PHOTONICS FOCUS MAY/JUNE 2020 5



PHOTONICS FOCUS MAY/JUNE 20206

How to Do Great Work
When You Don’t 
Feel Like It

2

1
3

4

NO MORE “ZERO DAYS.” A “zero day” is a day in which 
you produce zero results or make zero progress 
towards a goal that you had previously defined.

Momentum is a powerful force, and when you’ve 
lost it, it’s hard to get it back. One way to regain 
momentum is take on the mindset that you will no 
longer allow a day to go to waste. Stop worrying 
about achieving something great and focus on 
accomplishing anything at all. 

Think of the smallest actionable task that you 
could perform in the next five to ten minutes that 
would set you on the right path. It won’t be ground-
breaking, but it will get the ball rolling.

When you’re struggling to get your work done, it’s 
helpful to have milestones along the way that allow 
you to feel like you’re making progress. Passing 
these milestones, even if they’re insignificant, helps 
build psychological momentum. Once you get going, 
it’s much easier to keep going.

EVERYTHING IS ACTIONABLE. If you’re having a hard 
time starting a difficult project, you might be 
blocked because you’re not sure what to do next.

Uncertainty is a progress killer. When you know 
exactly what to do, when to do it, and how to do 
it, there’s no struggle to perform. But take away 
just one of those three conditions, and progress 
becomes shockingly difficult. As soon as you iden-
tify a problem with one of these conditions, make 
it your immediate job to fix it. You need to remove 
that uncertainty.

If you don’t know what to do, ask yourself what 
missing information is needed to figure it out. If 
you’re not sure when to do it, make it your task to 
start prioritizing. What other things need to be 
done that are making you unsure about what to do 
next? And what criteria can you use to decide? If 
you’re struggling with how to do it, figure out what 
you need to learn. You’re no stranger to education, 
so make yourself a student again.

ALL OR NOTHING = NOTHING.   It’s a noble thing to commit 
yourself to excellence. Excellence likely served you 
well in your studies and your career. Sometimes, 
though, your desire for excellence ends up in perfec-
tionist territory, where it can become less of a virtue 
and more of a tool for procrastination.

When you find yourself obsessing over perfection, 
remember that most things that are great today were 
less great yesterday, and not very good at all in the 
days before. You can’t improve something that doesn’t 
exist, so work on getting your version 0.1.0 completed 
so it can have a future of progress applied to it.

You may not like your imperfect creations now, but 
you’ll care less once you’ve iterated on it a few times. And, 
as mentioned earlier, momentum is a powerful force.

ENGINEER YOUR ENVIRONMENT.   Your environment can be 
a heavy thumb on the scale of motivation.

You’ve likely noticed that you think and behave 
differently when you’re at the office versus at home. 
Or when you’re on vacation versus traveling for work.

Your mind is accustomed to taking cues from what 
is around you to determine what it should be doing. 
Knowing that, you can engineer an environment that 
inspires you to get things done.

When you’re having a hard time staying motivated, 
try physically moving your body to a space you know 
will inspire you to do better work. It could be an empty 
conference room where you can concentrate or a coffee 
shop with a quiet energy that helps you focus.

For best results, consider how all five of your senses 
are engaged in these spaces. When you identify them, 
you can create a makeshift productivity space even 
when you can’t get to one of your ideal locations.

TYLER TERVOOREN trains on 
productivity and leadership at 
Riskology.co. This article is a sample 
of his workshop from Photonics West 
and his comprehensive training, The 
Systems Course.

You might love your work, but there 
are still times when you find it difficult 
to get things done. Your projects get 
stuck. You’re not sure what to do next. 
The inspiration you were counting on 
disappeared, and you’re not sure why.

Whether it’s a phase of life or you’re 
just having a bad day, there are a 
few things you can do to get back on 
track and get your best work done 
even when you don’t quite feel like it.

These are the simple, concrete steps to improving productivity 
when you’re stuck in a rut. To get started, pick one step from 
above and implement it immediately. Once you have the hang 
of it, look for ways to fit two or more of the steps together to 
build a personal and robust productivity plan.
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SPIE Global Salary Report 2020 
Top Paying Disciplines
THE SPIE OPTICS AND PHOTONICS
Global Salary Report provides up-to-date 
information on pay, education, and other 
important workplace topics. One way to take 
a snapshot of salaries in our diverse commu-
nity is to look at median salaries by primary 
discipline.  Aerospace has held the top spot for 
all ten years that SPIE has published the 
Optics and Photonics Global Salary Report, 
this year with a median income of $130,000.

 What explains salary gaps across disciplines? 
The highest-paying disciplines have much 
higher representation at for-pro�t companies 
and in wealthier countries--88% of semicon-
ductor and 66% of aerospace employees 
work at for-pro�ts, while 88% of aerospace 
workers are located in North America or 
higher-income European countries.
 To �nd out more, see the full Optics and 
Photonics Global Salary Report at 
spie.org/salaryreport
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Careers in 
Astronomy:  
the Long 
and Winding 
Road

“I’M GETTING TO MY SELL-BY DATE,  
but I’m sticking to our project,” jokes 
John Mather, senior project scientist 
on the James Webb Space Telescope 
(JWST). What originated in 1996 as the 
Next Generation Space Telescope has 
turned into a multi-decade journey, and 
it’s not yet over. Although the earliest 
projections estimated that the project 
could launch in about ten years, JWST 
project complexity and budget overruns 
have pushed that date out several times 
to 30 March 2021, with the possibility of 
another extension. That means Mather 
has been working on the JWST project 
for almost 25 years, and the end isn’t 
quite in sight.

 “I knew going into this project that 
it would be a long haul,” admits Heidi 
B. Hammel, interdisciplinary scientist 
on the JWST. “But my background as a 
planetary scientist had prepared me: In 
my post-doc position at the Jet Propul-
sion Lab, I was involved with the Voyager 
mission. That spacecraft was designed 
while I was in elementary school, and 
launched while I was still in high school!  
So my perspective on missions does tend 
to be long term, perhaps longer than 
other astronomers.”

Eric P. Smith, program scientist for 
JWST, worked on the Hubble telescope 
project at several stages in his career. “I 
knew in 1990 that Hubble was planned for 
a long life through servicing, but I didn’t 

think it would last as long as it has and 
would be operating so well at its advanced 
age of 30! When I began working on Webb 
in 1996, I knew that, like Hubble, it would 
be a decade-level commitment. I must 
admit that I did not think it would be a 
25-year commitment.”

Smith likens such long-term projects 
to what voyagers on long ship journeys 
may have experienced a few hundred 
years ago. “You are all on a ‘fantastic 
voyage’ with many struggles along the 
way,” he says. “But a new world awaits 
you at your destination.”

That new world waiting gives project 
scientists a shared sense of purpose: They 
are building something that’s never been 
built before that will open vistas to the 
Universe that will surpass anything that’s 
been done before. Such projects require 
collaboration among hundreds, or even 
thousands, of people working at all levels.

 “It takes the ultimate in courage, cre-
ativity, and team effort to do a long-term 
project,” says Mather. “I have wonderful 
colleagues who are brilliant, dedicated, 
cheerful, and good friends. We have a 
shared sense of mission and we know 
what we’re doing is really important.”

That creativity and good cheer are 
crucial when things go wrong—space 
programs can be canceled due to techni-
cal issues or cost overrun, or completed 
and (then rarely) fail for some reason. But 
perseverance is key. 
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KAREN THOMAS is a 
contributing editor for 
Photonics Focus.

Gillian Wright is the European prin-
cipal investigator for the Mid-Infrared 
Instrument (MIRI) on the JWST. When 
her team began designing the MIRI, no 
one really expected the JWST project 
to take as long as it has. “The difficulty 
of technical challenges tends to become 
more apparent once you start trying to 
solve them,” she explains.

Since the design and planning for 
missions can last for years, it is inevitable 
that key people may leave, either through 
retirement or promotion, or because 
they were on a fixed-term appointment. 
Succession planning is key for long-term 
missions—crucial positions need to have 
back-up people in place.

Those working on the JWST have seen 
this type of evolution among the staff. 
Proper documentation, communication, 
and management are crucial to successful 
knowledge transfer. Nonetheless, it can be 
difficult to replace long-term experience. 
“Each person in a team brings ways of 
thinking and understanding that are 
unique to them, and a historical perspec-
tive that does get lost if they leave the proj-
ect. No amount of co-working/shadowing/
documenting covers these subtleties,” says 
Wright. Nonetheless, she sees the value in 
the creativity of newcomers: “This can also 
be good for the team and the project, just 
in a different way.”

Hammel agrees that the potential for 
lost knowledge is counterweighted by 

the continued infusion of new faces with 
fresh ideas. “It is, as with all things, a bal-
ance that must be maintained,” she says. 
“For my own specific role with Webb’s 
Science Working Group, I’ve endeavored 
to pass on what I have learned to my 
team.  They are now taking the lead-
ership roles, and I watch with awe and 
pride as they move into those roles and 
blossom into amazing leaders.”

With many of these long-term projects, 
some of the people key to their success 
may never see the results of their labors, 
and that’s just a reality of working in 
astronomical instrumentation.

“The most challenging thing about a 
long-term mission is that you must have a 
lot of patience,” says Hammel. “You must 
be in it not really for yourself and your 
career—you must recognize that you are 
crafting a facility for the folks who are 
coming after you.” 

Smith says the journey itself is often 
the best reward—which is good news, 
when the journey of one mission can 
take decades. He recommends spending 
a working career pursuing your passions 
and interests, which can evolve. That 
passion for a subject can help you get 
through adversities that come with 
short-duration missions, such as tight 
schedules and tight money—or long mis-
sions, which involve career investment. 

“I encourage students, if they can, 
to get involved in a long-term mission, 

but also have participation in shorter 
duration efforts be part of their job 
description and performance plans,” says 
Smith. “That way they can experience the 
highs—and yes, lows—associated with 
each type of effort.”

A long-term mission like JWST, 
with its enormous folding mirrors and 
deployable sunshade, may have looked 
impossible at the outset. But Mather likes 
tackling the impossible. There’s not much 
competition, he says, and if the project is 
successful, the results will be worth the 
effort. “Other people want quick results,” 
says Mather, “but building telescopes is 
never quick if we want something really 
new and powerful.”

Hammel advises younger scientists to 
take the long view and consider the words 
of Renaissance artist Michelangelo, 
which resonate with those who work to 
bring these major missions to fruition: 
“The greatest danger for most of us is 
not that our aim is too high and we miss 
it, but that it is too low and we reach it.”  

Hammel realizes that she may not get 
to use some of the facilities she’s working 
on, but there is so much out there waiting 
to be learned, and so many bright young 
people coming along who are eager to 
explore. “My role now,” she says, “is to 
help ensure that the future facilities are 
there when those young people need 
them.” 



Helping You 
Create the Future
In 2019, SPIE provided more than $5.6 million 
in community support including scholarships 
and awards, outreach and advocacy programs, 
travel grants, public policy, and educational 
and career development resources.

We are an educational, not-for-profit 
organization that contributes significant funds, 
every month, every year, without a separate 
fundraising campaign or administrative 
foundation.

It’s what we do.

But we couldn’t do it without you and the  
time of volunteers around the world.

Inspire the next generation of scientists and 
engineers by becoming more involved with 
your Society’s altruistic activities.

Learn more and join us.

spie.org/get-involved 
get-involved@spie.org

ARE YOU HIRING?
Photonics Focus readers are students  
who are excited to start a new career,  

mid-career experts looking for a new challenge, 
and senior-level execs.

They have what you’re looking for.

POST YOUR JOB IN PHOTONICS FOCUS.

Contact Lacey Barnett
Lacey.Barnett@spie.org

+1 360 685 5551



BANDWIDTH

Staying Cyber Safe While 
Working from Home
FOLLOWING THE OUTBREAK of COVID-
19, many people are working remotely for 
the first time ever. Times of crisis are ripe 
for innovation, and many businesses and 
institutions will ultimately find new ways 
to operate in a virtual environment that 
benefit their customers in the long run. 
Unfortunately, criminals also see crises as 
opportunities. 

While some newly remote workers have 
the benefit of working on company laptops 
with the strict security measures that come 
installed on that equipment, others have 
converted less-than-secure home comput-
ers to remote desktops, or are relying on 
cloud-based tools to save and share work. 
Paying attention to cyber security is more 
important now than ever. 

Phishing, which refers to nefarious 
attempts to induce people to reveal personal 
information, click on dangerous links, or 
open dangerous attachments, is nothing 
new. Hackers have been exploiting this 
tactic since the invention of email. What’s 
new is the accuracy and sophistication of 
such techniques. Whereas phishers of the 
past cast a generic wide net (e.g., a Nigerian 
princess wants to send you her fortune), 
“spear phishing” has become more common.

Spear phishers do their homework. They 
research targeted recipients on organiza-
tion websites and LinkedIn and tailor the 
message text directly to the recipient. The 
personalized content is intended to build 
trust and credibility with the recipient, so 
that they are more likely to click a link, 
open an attachment, or hand over personal 
information.

The email on this page is an actual recent 
example of a spear phishing attempt. This 
email, which pretends to be from 2020 
SPIE President John Greivenkamp, got 
a lot of things right. The institutional 
information in the signature is accurate, 
including Greivenkamp’s leadership role 
as SPIE President. It links together two 
other SPIE volunteers who could plausibly 
know each other. 

Fortunately, the recipient of this phishing 
attempt saw enough incongruities to raise 
suspicion, and reported it to SPIE. 

BEFORE CLICKING a link, hitting reply, 
or opening an email attachment, look for 
these common signs of phishing:

1. The message is sent from a public 
email domain, like Yahoo or 
Gmail. This may be normal if 
the email came to a non-work 
email account from a personal 
acquaintance, but no legitimate 
institution will use a Gmail 
address.

2. The email creates a sense of 
urgency. If the sender wants you 
to do something immediately, 
that’s a good reason to pause.

3. The message is poorly written. 
Look for bad grammar and 
punctuation.

4. The message will include 
suspicious attachments, links, 
phone numbers, or calls to 
action.

5. The domain name could have 
subtle or glaring misspellings, 
such as @SPI3.org instead of  
@SPIE.org.

If you receive an email that raises sus-
picion for any of these reasons, here are 
the Dos and Don’ts: 

1. Don’t click any links, open 
attachments, or contact anyone it 
tells you to.

2. Don’t hit reply.
3. Do contact the purported sender 

via an email address or phone 
number in your personal contact 
list and ask if they sent it.

4. Do mark the sender as junk or 
spam.

5. Do delete the email, then delete 
it from your trash.

Spear phishing is just one method used 
by hackers to infect computers with mal-
ware or ransomware, or attain personal 
information. They also prey on weak pass-
words, reused passwords, insecure public 
Wi-Fi, malware-infected USB drives, and 
a host of other malicious methods.

As you adapt your work to the new 
reality of a remote office, be on the 
lookout for ways to innovate. But also be 
aware that hackers are doing the same.

On 6 Mar 2020, at 10:37, Prof. John E. Greivenkamp 
<jgreivenkamp.spie@gmail.com> wrote:

       Hello Dr.[redacted].How are you?Our friend [redacted] and SPIE 
member from Japan are on the way now to Freiburg to attend His sister 
funeral.As far as I know,they are on the way to Germany and they have 
some problem in the Philippine airport.Kindly call them at
00639060455830 or +639060455830 and please help them in any possible 
way and I will call you as soon as possible.At this time,its midnight 
here in Canada and I have a flight to catch later this morning back to 
Tucson.. I will call you as soon I will arrive in my office.Thank you very much.
(Nothing to worried about the virus since they have a medical 
certificate from the Japan Health Department that they are good to go 
and their visa already approve)

Best,
John

Prof. John E. Greivenkamp
SPIE  President
Society of Photo-Optical Instrumentation Engineers 
The University of Arizona College of Optical Sciences
1630 E. University Blvd.
P.O. Box 210094
Tucson, AZ 85721-0094 USA
Phone :  +1 520-621-2942
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Scotland’s Booming 
Space Industry
If you didn’t know that Scotland has 
a space industry, you soon will

Murray Collins with 
Valkyrie. Collins is 

co-chair of the new 
SPIE conference Space, 

Satellites + Sustainability 
in Edinburgh.

HUMANS
AR E K IN D OF SQ U ISHY, 
TH E Y FR E EZE TO DE ATH E ASILY,

AND HAVE AN
AN NOYING R E LIANCE ON OX YG E N .
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FROM THE CUTTING-EDGE satellites being built in 
Glasgow to the big satellite data processing happening 
in Edinburgh, Scotland’s growing space ecosystem is 
impressive for a nation of just over five million people.

Businesses like AAC Clyde Space, Spire, and Alba 
Orbital in Glasgow are proving that the city can apply 
ship-building expertise to spaceships, while companies 
like Ecometrica, Carbomap, and Space Intelligence are 
helping Edinburgh race towards its goal of becoming 
Space Data Capital of Europe.

The United Kingdom Space Agency’s (UKSA) ambi-
tion is to capture 10 percent of the global market by 
2030—that’s worth £40 billion to the UK. Translate 
that to the economic opportunity for Scotland, where, 
according to the Space Sector Report 2017, one-fifth 
of the workforce resides, and there is the potential to 
attract £2.5 billion.

Graham Turnock, chief executive of the UKSA, says 
that Scotland has a strong heritage in the space sector. 
“In 2018 we announced more than £30 million of 
funding to support a spaceport in Sutherland, which 
will build on the country’s global reputation for manu-
facturing small satellites,” he says.

“In addition, Scotland will benefit from a £2 million 
government fund to help horizontal launch sites such 
as Glasgow and Prestwick airports grow their subor-
bital flight, satellite launch, and spaceplane ambitions, 
which could attract companies from all over the world 
to invest in the region.”

This added launch capacity will help Scotland com-
plete its space ecosystem. Edinburgh-headquartered 
company Skyrora is already testing rockets to low 
altitudes.

Ukrainian-born Skyrora CEO Vladimir Levykin 
chose the city for its connections, skilled workforce, 
and suitability as a place to live. “We’ve built a range of 
rockets, and we’ve launched two of them from Scotland, 
from a spot near Inverness in the Highlands, close to 
the proposed launch site in Sutherland,” he says.

“We learned a lot from those small launches, around 
health and safety and all sorts. It was great to get the 
experience for a larger launch; we’re working with all 
the various stakeholders to understand the challenges.”

Funding has also been forthcoming from Edinburgh’s 
City Deal. Its Data Driven Innovation initiative is a 
£661 million fund to help train 100,000 new data 

scientists and create 400 data-enabled companies over  
15 years. It has provided the financial support to launch 
the Space and Satellite Innovation Programme at the 
University of Edinburgh Bayes Centre, which is an inno-
vation hub that brings academics and industry together. 
The program is led by Murray Collins, Chancellor’s Fellow 
in Data Driven Innovation: Space and Satellite, and CEO 
of satellite data company Space Intelligence.

This program has already brought Arizona-based Orbital 
Micro Systems to Edinburgh, where it opened its first 
international office. It is poised to be the first company to 
launch a satellite from Scotland’s proposed launch site in 
Sutherland—it has plans for 60 satellites, each the size of 
a shoe box, that will monitor data to give almost real-time 
forecasts of weather. Sectors like insurance, agriculture, 
aviation, and shipping can use these data to save potentially 
hundreds of thousands of pounds by rerouting aircraft and 
ships and to more accurately predict crop yields.

As for the move to Edinburgh, chief executive of  
Orbital Micro Systems William Hosack thinks it’s a good 
fit. “Edinburgh was a great move for us. It’s a great quality 
of life, and the talent is here without the labor costs of 
Silicon Valley,” he says.

On the floor below Orbital Micro Systems in the Bayes 
Centre is a NASA robot, Valkyrie. Senior researcher and 
lab manager Vladimir Ivan was instrumental in the year-
long negotiations to bring her to Edinburgh. 

“We were looking for a two-legged robot with the reach 
and capability to at least attempt the tasks that humans 
do, and started the discussion with NASA,” he said. 
“There was a lot of bureaucracy: you’re dealing between 
a university and a US government agency. NASA doesn’t 
usually build things for other people so they had to find 
a way to get a robot to us,” says Ivan.
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The groundbreaking move made Edinburgh the only place in the world to 
work with a NASA robot outside the headquarters. International interest in 
the lab’s findings has been considerable. Oil and gas companies, mining com-
panies, and nuclear power companies have all partnered on research projects 
to improve the efficiency of their own robots.

“Astronauts complain about being janitors on space stations,” Ivan adds. 
“Our aim is to make the robot stronger, faster, and more accurate—sometimes 
that means making them more human, sometimes that means making them 
superhuman.”

“We want to create a robot that can go into space and help reduce risk 
for humans and take them out of dangerous situations. Humans are kind of 
squishy, they freeze to death easily, and have an annoying reliance on oxygen,” 
he says.

Elsewhere in Bayes, Steve Hancock, lecturer at University of Edinburgh, 
is working with NASA on another project—the Global Ecosystem Dynamics 
Investigation program. The GEDI mission launched in December 2018. From 
its perch aboard the International Space Station, GEDI’s powerful lasers create 
detailed 3D maps of Earth’s forests and topography.

“GEDI uses lidar, optimized for measuring forest structures,” Hancock 
explains. “Fuse this with existing data, and the information available about 
the types and health of forests, for example, is extremely comprehensive.”

“Comprehensive” could also be used to describe the Scottish space eco-
system. Though the nation is small, its contribution to space research and 
industry is significant.  

KIM McALLISTER is a freelance business journalist and broadcaster on BBC 
Radio Scotland.
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Economic Impact and 
Photonics Industry Responses 
to COVID-19
BUSINESSES AROUND THE WORLD are 
reeling from the impact of the global COVID-
19 pandemic. Disruptions to supply chains, 
demand, international trade f lows, and 
travel, along with lockdowns and collapsing 
stock prices, have dealt a heavy blow to the 
global economy. 

According to analyst IHS Markit:
• The United States, Europe, and Japan are 

headed for recession.
• The IHS Markit forecast for world real 

GDP growth in 2020 has been revised 
down to 0.7% in response to the spread of 
the virus. Growth below 2.0% is classified 
as a global recession.

• The number of active world cases is 
assumed to top out by the third quarter.

• Nevertheless, the result will be a U-shaped 
rather than V-shaped cycle, as a sharp 
reduction in near-term growth is followed 
by a slow recovery.

• Forecast risks are overwhelmingly on the 
downside and depend crucially on how 
governments respond.

• Central banks have already taken emer-
gency actions, but the fiscal response is 
more uncertain.

• The recent sharp drop in oil prices will 
help energy consumers and hurt energy 
producers. The net effect on global growth 
is likely to be negative, but small.

PUBLIC COVID-19 RESPONSES from some 
of the largest SPIE exhibiting companies 
in the photonics industry are rounded up 
below. Every single company emphasizes the 
importance of protecting the health and safety 
of their employees, and those statements are 
not repeated here. 

Raytheon, a US company that specializes in 
defense, civil government, and cybersecurity 
solutions, issued a memorandum to suppliers 
addressing the Defense Industrial Base (DIB), 
including these highlights: The DIB is identi-
fied as a critical infrastructure sector by the 
US Department of Homeland Security. Com-
panies aligned with the essential critical infra-
structure workforce definition are expected to 
maintain their normal work schedules.

On Twitter, Corning Optical Communi-
cations, US, announced coordination with 
Infratel Italia to donate laboratory supplies, 
supporting the mitigation effort on the 
impact of COVID-19 in Italy.

UK-based defense technology company BAE 
Systems is working to minimize impact to 
its operations. They referred to robust and 
evolving business continuity plans, and they 
are increasing support to existing charity 
partners.

Jenoptik AG, Germany, is reviewing their  
proposed dividend payment of €0.35. The 
Executive and Supervisory Boards will review 
the  appropriation  of profit and issue an  
updated proposal to the Annual General 
Meeting, if  appropriate. 

Applied Materials has withdrawn its busi-
ness outlook for its FYQ2, due to COVID-19 
impacting the company’s supply chain and 
manufacturing operations. The company has 
manufacturing operations in multiple coun-
tries including the US, China, and Taiwan.  

US-based KLA Corporation announced 
the KLA Foundation is creating a $2 million 
fund to focus on global relief efforts benefit-
ing nonprofit organizations in regions with 
the highest number of individuals affected 
by COVID-19, and locations with high-risk 
populations. The two-phase charitable 
funding initiative will provide support for 
food banks, elderly communities, public 
hospitals and medical units, and educational 
infrastructure. 

TRUMPF UK defined a “business resiliency 
plan” that describes their efforts to maintain 
their supply chain, which includes spare parts 
stock value of £1.5 million and the ability 
to procure any out-of-stock items from the 
central logistic center in Germany. They do 
not expect acute supply bottlenecks in the 
short term, since few of their suppliers are in 
China. However, this may change as US and 
Europe-based suppliers experience increas-
ing movement restrictions.
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Industry Updates
M&A
» AMETEK, Inc. acquired IntelliPower, Inc., provider of 

ruggedized uninterruptible power systems, for $115M effective 
February 5, 2020.

» Leidos, Inc. acquired Dynetics, Inc., an applied research and 
national security solutions company, for $1.65B effective 
February 1, 2020.

» Sonardyne International Ltd. acquired underwater imaging 
and inspection company 2G Robotics Inc. for an undisclosed 
amount effective February 4, 2020.

» Lasertel, Inc. and Selex Galileo Inc. have merged to 
form Leonardo Electronics US Inc., to provide next-gen 
technologies in the defense, security, medical, automotive, and 
industrial segments, effective January 1, 2020.

» Entegris, Inc. acquired Sinmat, Inc., a producer of slurries 
used for polishing ultrahard surface materials, for $75M 
effective January 10, 2020.

» Hexagon AB acquired industrial computed tomography 
software specialist Volume Graphics GmbH for an undisclosed 
amount effective January 8, 2020.

» Thorlabs, Inc. acquired Crystalline Mirror Solutions, a 
pioneer in the development of substrate-transferred single-
crystal optical coatings, for an undisclosed amount effective 
December 2019. 

» Honeywell International, Inc. acquired Rebellion Photonics, 
provider in automated visual gas monitoring solutions, for an 
undisclosed amount effective January 23, 2020.

» Radiall USA, Inc. acquired fiber-optic interconnect company 
Timbercon, Inc. for an undisclosed amount effective January 
22, 2020.

» Cadence Design Systems, Inc. acquired AWR Corp. from 
National Instruments Corp. for an undisclosed amount 
effective January 15, 2020.

» Lumerical, software creator for advanced photonics design, 
will be acquired by simulation software vendor Ansys at the 
end of Q2 2020.

Executive Updates
» David Keffer appointed Corp. VP & CFO of Northrop 

Grumman Corp. effective February 17, 2020. He succeeds 
Kenneth Bedingfield who is stepping down.

» Lee Sang-hoon resigned from his role of Chairman at Samsung 
Electronics Co., Ltd. effective February 14, 2020, following his 
conviction for sabotaging union activities. 

» Mathew Rekow appointed CTO of Velodyne Lidar, Inc. 
effective February 4, 2020. He succeeds Anand Gopalan who 
has been appointed CEO.

» Weiming Li appointed President & CEO of Source Photonics, 
Inc. effective January 9, 2020. 

» Alastair McInroy appointed CEO of Technology Scotland. He 
succeeds Stephen Taylor who retired at the end of 2019. 

» Christoph Fark appointed President of Heraeus Conamic 
effective August 2019. He was previously Exec. VP, Advanced 
Optics with SCHOTT AG.

» Andreas “Andy” Mattes has been named CEO of Coherent 
effective immediately, and Mark Sobey was named EVP 
and COO. John Ambroseo is retiring from his positions as 
President, CEO, and member of the Board.

FIELD OF VIEW
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FLIR, US, has experienced minimal disruption 
to the supply chain, and has contingency plans 
in place to mitigate potential disruptions as the 
situation evolves. They announced strong demand 
for their thermal cameras to be used in elevated- 
body-temperature screening, and are working to 
ensure that governments, first responders, and 
entities working to mitigate the spread of the 
virus have all appropriate resources.

Intel Corp., US, provided one million units of 
personal protective equipment, including masks, 
gloves, and face shields, from their factory stock 
and emergency supplies and donated them to 
healthcare professionals. Intel also allocated $6 
million for coronavirus relief, to be distributed 
to community foundations and organizations 
that are focused on food security, shelter, medical 
equipment, and small-business support.

II-VI operates in over 60 locations in 18 countries. 
Their website notes that II-VI plays a key role in 
the supply chain for polymerase chain reaction 
(PCR) genetic sequencing instruments that are 
helping to determine the outcome of patient 
testing for COVID-19. 

OptoSigma, US, supplies several critical infra-
structure sectors that are required to maintain 
operations, including transportation, defense, 
energy, healthcare, water, and public works. 
OptoSigma will remain open only to provide the 
critical product and technical support needed for 
those businesses to effectively conduct operations.

ThorLabs, US, believes they have sustainable 
inventory, sufficient to support the continued 
availability of their products for the foreseeable 
future. Current lead times are reflected on their 
website and communicated by customer service 
teams at time of order placement. 

Coherent has not yet experienced supply delays 
and has a business continuity plan in place to 
help mitigate supply issues. Manufacturing in 
California and Connecticut is impacted by stay-
at-home mandates. Additionally, service in Italy, 
France, Spain, Indonesia, and the Wuhan area 
of China have limited ability to help customers 
due to government rules prohibiting movement 
of personnel for nonessential industries. Service 
for essential industries will continue.

* These statements were accurate on 1 April. Due to 
the rapidly evolving situation, product availability 
could change. Check company websites for up-to-
date information.
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Export Control on Artificial Intelligence
Software May Have Unintended Consequences
ON 6 JANUARY 2020, the US Department of Commerce 
Bureau of Industry and Security released an interim final 
rule to control software specially designed to automate the 
analysis of geospatial imagery. The likely intent is to control 
software that can be used for military intelligence gathering 
via satellite, such as aerial imagery to identify objects of inter-
est, or assess disaster or conflict zones. However, companies 
eyeing commercial markets utilizing similar AI technology, 
such as software for autonomous vehicles, should review this 
new control carefully to ensure that it will not impact current 
or future product lines. 

This export control goes into effect immediately through an 
emergency procedure, and establishes a temporary control on 
the item to all destinations except Canada. However, according 
to emergency procedure guidelines, in order for the control 
to stay in place beyond one year, the US must reclassify and 
establish the control on the Commerce Control List (CCL) under 
a specific classification entry. The CCL controls technologies 
that could be used for either a commercial or military purpose. 

In addition to adding this control to US regulation, the US 
intends to propose the new control as an international standard 
via the Wassenaar Arrangement. This means the implications 
of this new control could be felt by any of the 42 Wassenaar 
participating countries, which includes much of Europe. Was-
senaar participating countries vote yearly on whether to accept 
new proposals such as this one. It is unclear at this time if the 
control, or a version of this control, will be accepted by the 
international community that participates.

This new export control applies to geospatial imagery soft-
ware with a graphical user interface that enables the user to 
identify objects. Through the Federal Register, the US gov-
ernment accepted comment on this emergency control to help 
inform what will likely become a permanent control within 
regulations. SPIE provided public comment on behalf of its 
membership and highlighted a few areas of concern regarding 
the current control language. Specifically, that several key terms 
lack definition, including “geospatial imagery,” “deep convolu-
tional neural network,” “rotational normalization,” and “rota-
tional pattern,” which could lead to unintentional confusion or 
overcontrol based on broad interpretation.

Unintentional confusion would increase burden on the 
Department of Commerce, as official requests from industry 
flood in to help clarify their software classifications. As currently 
written, the rule is open to a broad interpretation that could 
capture certain neural network software used in ground-based 
mapping, vehicle localization, and object recognition.

“Geospatial imagery” could be interpreted as relating to any 
data associated with a location including ground-based data 
collected by civil automobiles commonly used for creating 
three-dimensional road maps and associated point clouds.  
Other readers of this regulation may construe the term more 
narrowly and understand “geospatial imagery” to be limited to 
only imagery or lidar point clouds from a satellite, surveillance 
aircraft, or drones. Given the national security sensitivity and 
emergency nature of the control, it seems likely that Commerce 
intended to restrict aerial geospatial imagery analysis software 
rather than ground-based geo-imagery analysis software. 
However, as with any regulation, specificity is critical to ensure 
there is no misinterpretation or reinterpretation by officials in 
future years.

Additionally, ambiguity over the definition and application 
of the terms “rotational normalization” and “rotational pattern” 
may result in confusion or broad control of specific network 
architectures like Rotational Equivariant Vector Field Networks 
(RotEqNet) or Harmonic Networks (H-Nets) that are hard-
coded to address rotation transformations and can be used in 
either supervised or unsupervised neural networks.

Finally, there is also evidence that countries outside of the 
Wassenaar Arrangement control regime are making progress in 
this technology area that may already exceed the control param-
eters described in the temporary control. This is significant 
because Wassenaar strives to only include items that are consid-
ered controllable. If a nonparticipating country is producing the 
technology, it renders the control ineffective and puts companies 
within a Wassenaar participating country implementing this 
control standard at a competitive disadvantage.

To read SPIE’s full comment go to spie.org/AIComment

JENNIFER DOURIS O’BRYAN is the 
SPIE Director of Government Affairs.

FIELD OF VIEW
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CUBESATS ARE THE FLAT-PACK FURNITURE of the space industry. 
Being small and lightweight, they cannot contain much instrumen-
tation, so they are relatively cheap to produce. And, because they are 
placed in low-Earth orbit, which is particularly subject to the drag of 
Earth’s gravity, they have relatively short lifetimes.

While most of the CubeSats currently orbiting Earth are tasked with 
remote sensing and imaging, a CubeSat launched in 2018 called the 
HaloSat has a mission with an astrophysical bent: to measure x-ray 
emission from diffuse sources, like the halo around the Milky Way. 
HaloSat is able to count x-rays from a specific direction and from a 
chosen energy band.

The HaloSat team used three co-aligned silicon drift detectors, the 
output of which is amplified and sent to a signal processing board. The 
on-board electronics quickly store x-ray energy and the counts from 
the three detectors. The detectors themselves have no optics, which 
is a problem because the researchers need to be sure that the x-rays 
come from the targeted source. To solve this problem, the detectors 
were set deep inside the satellite with a collimating tube leading to 
the outside world. Coarse maps of x-ray emission are then built up by 
scanning the satellite’s orientation over the target.

This CubeSat—which is about the size of a large book—has already 
successfully mapped x-ray emissions from the Milky Way and the Crab 
Nebula. Although it will soon be dragged into the Earth’s atmosphere, 
effectively ending its mission, the instrument has been a success. It 
was developed and launched in just two years, and it provided reliable 
data for more than a year. 

The authors of a paper detailing the HaloSat’s design and instru-
mentation note, “The rapid development, integration, and launch 
schedule of 2.5 years for CubeSats is sure to garner more interest in 
the field of astrophysics as both a test bed for new technology, as well 
as a platform for focused missions. HaloSat may be one of the first 
astrophysics CubeSats, but it will not be the last.”

(D. M. LaRocca et al. J. Astron. Telesc. Instrum. Syst. 2020 DOI: 
10.1117/1.JATIS.6.1.014003)

HaloSat:  
One of the First,  
but Not the Last

SOURCES

Let’s Design This 
Differently
STANDARD DESIGN METHODOLOGY for 
photonics begins with a human designer and 
a library of components. The designer uses 
their expertise, a known geometric shape, 
the above library of components, and then 
optimizes and tweaks to improve device 
performance. But this is a labor-intensive 
way to go about it, and doesn’t take into 
account photonic devices with complicated, 
nonintuitive shapes.

But there may be a better way: Inverse 
design is gaining traction among engi-
neers working to develop photonic circuits. 
Whereas traditional circuit design is man-
ual, inverse design uses sophisticated algo-
rithms to automate the design process for 
optical and photonic elements. 

Logan Su, a PhD student in Jelena 
Vučković’s Nanoscale and Quantum Pho-
tonics Lab at Stanford University, explains: 
“The ultimate goal is to have a designer 
input their desired performance metrics and 
simply wait for the algorithm to generate the 
best possible device.”

Many types of integrated photonics could 
benefit from these algorithm-designed opti-
mizations, from optical interconnects to 
quantum computing. To help enable further 
exploration of this design methodology, the 
Stanford group created an inverse design 
codebase called SPINS to help design an 
assortment of photonic devices, and is now 
making it available for other researchers to 
use. They hope SPINS will help researchers 
explore different design methodologies to 
find fabricable optical and nanophotonic 
structures.

Download SPINS: github.com/stanford-
nqp/spins-b

(L. Su et al. Appl. Phys. Rev. 2020 DOI: 
10.1063/1.5131263. The authors presented 
related inverse design research at SPIE  
Photonics West and Optics + Photonics.) 



PHOTONICS FOCUS MAY/JUNE 202018

The blue lines mark degrees of 
elevation above the horizon; green 
and red dots are satellites. Red dots 
are the ones most likely to interfere 
with telescope observations.

Will Someone Please Turn Out  
the Lights?
PRIVATE SPACE COMPANIES, including SpaceX, Amazon, and 
OneWeb, are developing satellite constellations for commercial 
use that will ultimately amount to over 26,000 additional sat-
ellites in the sky. Because those satellites will reflect the light 
of the sun while in orbit, astronomers are concerned that the 
additional light in the night sky will interfere with observations 
from sensitive ground-based telescopes.

To investigate the issue, the European Southern Observa-
tory (ESO) commissioned a study to determine the impact 
of all those new satellites. They found that ESO’s Very Large 
Telescope (VLT) and Extremely Large Telescope (ELT) would 
be moderately affected by these new satellite constellations, 
especially for longer exposures and those taken during 
twilight hours. Observations conducted later at night would be 

less affected, as the Earth’s shadow makes the satellites invisible. 
Though the study mostly focused on ESO telescopes, like 

VLT and ELT, they noted that wide-field surveys, like the Vera 
C. Rubin Observatory in Chile, could fare much worse, with up 
to 50 percent of exposures affected by the light from additional 
satellites. Because wide-field survey telescopes quickly scan 
large parts of the sky, generate enormous amounts of data, 
and help identify observation targets for other observatories, 
the astronomy community does not want these instruments 
to be blinded.

The impact on observations from radio, millimeter, and 
submillimeter observatories still needs to be studied.

(O. R. Hainaut and A. P. Williams, Astron. Astrophys. 2020 
DOI: 10.1051/0004-6361/202037501.)
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Back to the Beginning  
of Cosmic Rays

So, Qubit, 
What are Your Weaknesses?

SOURCES

DO YOU KNOW WHERE COSMIC RAYS COME FROM? Neither do 
physicists. Cosmic rays—made up of protons and atomic nuclei—are 
zooming through space, but because of the charged nature of the 
particles, their paths are easily bent and scattered by magnetic fields, 
making them hard to trace. And magnetic fields are everywhere in 
the Universe.

Gamma rays, on the other hand, are not affected by magnetic fields, 
and physicists are pretty sure that gamma rays are the product of 
a collision between cosmic rays and other particles. Which means 
that a high-energy gamma ray is a decent indicator that a cosmic 
ray was there, and they may help researchers infer where and how 
those cosmic rays were created.

The High-Altitude Water Cherenkov (HAWC) Gamma-Ray 
Observatory in Mexico allows physicists to scan the sky for very 
energetic gamma rays—the higher the energy, the more likely those 
gamma rays were created by cosmic ray phenomena. In a recent 
paper, researchers reported the discovery of nine new gamma ray 
sources, which is the first catalogue of gamma ray sources in this 
high-energy range.

Just how energetic are these rays? About ten times greater than 
the most energetic gamma rays that can be created with particle 
accelerators on Earth. And, interestingly, those newly identified 
sources are all located near pulsars. So are pulsars—the dense, 
highly magnetic nugget of material leftover after a star’s explosive 
demise—part of the answer to the origin of cosmic rays? 

(A.U. Abeysekara et al. Phys. Rev. Lett. 2020 DOI: 10.1103/Phys-
RevLett.124.021102)

ANYONE WHO HAS BEEN THROUGH the interview 
process has probably been faced with the question: 
“What are your weaknesses?” A good interviewee 
knows that their greatest weaknesses can become 
strengths.

Physicists in the MIT Quantum Engineering Group 
suspected the same might be true for a very specific 
type of qubit. Defects in diamonds called nitro-
gen-vacancy (NV) centers hold electrons that can be 
manipulated by light and microwaves. In response, 
the defect emits photons that can carry quantum 
information. The problem is that these NV centers 
are surrounded by other defects that have different, 
less well-understood spin properties, or “spin defects.” 
When the qubit interacts with those other defects, 
the qubit loses its coherent quantum state and, like a 
spinning coin that hits a wall, everything falls apart. 

But what if the exact location of those spin defects 
could be pinpointed, then harnessed…and made into 
qubits themselves? That’s what researchers from MIT 
have done. “Let’s not ignore these spin defects, which 
could cause faster decoherence,” says author co-lead 
Won Kyu Calvin Sun. “Let’s learn about them, charac-
terize their spins, learn to control them, and ‘recruit’ 
them to be part of the quantum system.” 

By pulsing the NV center with a microwave, they 
were able to characterize both the defects and their 
interaction with the NV to pinpoint the defect loca-
tions. Another sequence of pulses of green light and 
microwaves puts the qubits in a quantum state, and 
yet another sequence of pulses briefly entangles—then 
disentangles—them. “Once we figure out the spin of 
the unknown defects, and their interactions with the 
NV center, we can start controlling their coherence,” 
Sun says. “Then, we have full universal control of our 
quantum system.”

(A. Cooper et al. Phys. Rev. Lett. 2020 DOI: 10.1103/
PhysRevLett.124.083602. Foundational research 
presented at SPIE Optics + Photonics.)

Photo Credit: J. Goodman (above); Christine Daniloff, MIT (right)
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WHEN JERRY NELSON WAS BORN on 15 January 1944, 
the world’s biggest and best telescope was the 100-inch 
Hooker Telescope atop Mount Wilson. Nearby, the still- 
incomplete mirror destined for the Hale Telescope on 
Mount Palomar was waiting out World War II on the 
Caltech campus in Pasadena, California. The 200-inch 
Hale Telescope mirror would not see first light until Nelson 
was five years old, and it would remain the world’s premier 
telescope until 1993, when it was displaced by the first of 
two 10-meter Keck Telescopes, which Nelson designed.

Nelson was the first child to go to college from Kagel 
Canyon, an unincorporated area north of Los Angeles. He 
picked up an interest in machinery from his father, who 
developed tools for Lockheed. He attended Caltech in Pas-
adena as an undergraduate, where he majored in physics 
and worked part time in the machine shop and building 
a 1.5-meter infrared telescope. After earning a doctorate 
from University of California at Berkeley, he was doing 
experiments in high-energy physics and astrophysics at 
the Lawrence Berkeley National Laboratory in the 1970s 
when astronomers began talking about building telescopes 
bigger and better than Hale.

Nelson and his Caltech classmate Terry Mast had 
spent endless hours thinking about giant telescopes. 
They thought Hale was about as big as a monolithic mir-
ror could get, and thought the best way to build bigger 
telescopes was to assemble them from smaller segments. 
Soviet astronomers were at the time building a six-meter 
monolithic telescope in the Caucasus Mountains, but that 
was only a little bigger than Hale. It pioneered the use of 
computer-controlled altazimuth mounts when it saw first 
light in 1975, but it never became a discovery machine like 
the Palomar Observatory.

US astronomers had even bigger ambitions. In the 
summer of 1975, Leo Goldberg, director of the Kitt Peak 
National Observatory in Arizona, proposed building a new 
giant: a 25-meter Next Generation Telescope. Goldberg had 
great hopes for a new segmented mirror technology called 
PALANTIR, an acronym that also refers to the “seeing 

LUMINARIES

Piecing Together 
the Puzzle of Large 
Mirror Telescopes
Jerry Nelson’s segmented approach  
to building large telescope mirrors  
revolutionized astronomy

stone” in  J. R. R. Tolkien’s Lord of the Rings, but the National Science 
Foundation turned down his proposal as unpromising. 

The University of California had its own ambitions, and in 1977 
asked a five-member team to develop plans for the university to build 
a 10-meter telescope. It included Nelson and professors from the 
Berkeley, Los Angeles, San Diego, and Santa Cruz campuses. Their 
first thought was to supersize the monolithic Hale telescope design, 
but when they added up the numbers the total came in over $1 billion. 
Nelson suggested instead fabricating the big mirror with segments 
that could be assembled into a single smooth surface, and his idea 
wound up on a list of alternatives to be studied over the next two years. 

Although a segmented mirror would be a more complex structure 
than a monolith, Nelson argued that fabricating many small mirrors 
and fitting them together would be much cheaper and easier. He, 
Mast, and a small group of others designed a mosaic of 36 hexagonal 
mirrors, each 1.8 meters wide, 3.5 centimeters thick, and weighing 
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1980 the university agreed to spend over a million 
dollars to develop the concept far enough for them 
to raise money for the telescope.

Meanwhile, Geoffrey Burbridge had become direc-
tor of Kitt Peak and revived interest in a 15-meter 
version of the National New Technology Telescope 
that seemed more achievable than Goldberg’s ear-
lier proposed 25-meter version. Nelson’s segmented 
mirror technology competed for the project with the 
University of Arizona’s multiple-mirror approach, 
which demonstrated success in 1979 with the 4.5-
meter Multiple Mirror Telescope. Nelson’s segmented 
approach won, but once again, the telescope was not 
funded.

By 1984, however, Nelson’s group had built a full-
scale mirror segment, including sensors and actua-
tors, and demonstrated successful operation of the 
alignment and control system at the Berkeley Lab. 
That success prompted Caltech to join the University 
of California program and the W. M. Keck Foundation 
of Los Angeles to grant $70 million toward building 
a 10-meter telescope on Mauna Kea. Caltech agreed 
to provide the rest of the $94.5 million construction 
funding, with University of California to pay for 25 
years of operation. 

Construction began in 1985 and Nelson was named 
project scientist. Thanks to the choice of a short 
focal length and the use of an altazimuth mount, as 
well as the design of the telescope, it weighs just 298 
tons, about half the Hale Telescope, and the dome 
is smaller. First light for the completed telescope 
came on 24 November 1993. By then a second Keck 
telescope was also under construction; its first light 
came on 23 October 1996. 

Nelson took pains to master the basic principles of 
segmented mirrors, and it paid off. “We were paving 
new ground, so it was essential that we had a very 
deep and fundamental understanding of our design,” 
he said. “This mastery of the underlying principles 
allowed us to efficiently develop the design and the 
hardware, and when there were surprises, to solve 
them.” The primary mirror acts like a continuous 
surface, with less than one percent of incoming light 
slipping through the tiny cracks between segments.

Today, the world’s five largest single-aperture 
telescopes all use segmented mirrors. So do the two 
biggest ground telescopes in development—the 39.3-
meter European Extremely Large Telescope and the 
Thirty Meter Telescope—and the biggest planned 
for space, the 18-segment, 6.5-meter James Webb 
Telescope. Our view of the skies will benefit from 
Nelson’s work for decades to come. 

JEFF HECHT is an SPIE Member and freelancer 
who writes about science and technology. 

about 500 kilograms each that would form a continuous parabolic 
surface when assembled on a frame. The total mass would be about 
that of the Hale mirror, but it would collect light from an area four 
times larger. 

Their approach differed from earlier segmented mirror proposals 
by using new technology to keep all those mirrors in the proper posi-
tions as the telescope went about its observations. They designed an 
active computerized control system, with 168 sensors mounted on 
mirror edges and 108 actuators to adjust positions. Their system 
aligned segments twice a second to within four nanometers. A set of 
passive supports worked in tandem to resist undesired side-to-side 
motions. To produce the special shapes needed to form a parabolic 
mirror, they developed stressed mirror polishing, which deformed 
the mirror blank into a shape that could be polished to a spherical 
surface, then would flex back into parabolic shape when released. 
Nelson’s group built prototypes to show their ideas worked, and in 
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Kilometre Array is set 
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largest big data project in 
the known Universe. Will 
astronomers sink or swim 
in the digital downpour?
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LATE LAST YEAR, AN INTERNATIONAL TEAM of researchers 
used the world’s most powerful supercomputer—Summit—to 
process simulated observations of the early Universe. A mighty 
400 gigabytes of data were processed every single second, equiv-
alent to streaming more than 1,600 hours of standard definition 
YouTube videos a second.

At the time, Professor Andreas Wicenec, director of data inten-
sive astronomy at the International Centre for Radio Astronomy 
Research, said this was the first time astronomy data had been 
processed on this scale. Why? To check that the world’s biggest 
radio telescope, the Square Kilometre Array (SKA), will, once 
built, be able to handle the deluge of astronomical data it will 
generate.

“We’ve learned a lot of lessons from the trial, including how to 
optimize data transfer,” says Wicenec. “And completing this has 
told us that we can deal with the data from SKA when it comes 
online in the next decade. But the fact that we have needed the 
world’s biggest supercomputer to run this test shows our needs 
exist at the very edge of what today’s supercomputers can deliver.”

Without a doubt, SKA is set to be radio astronomy on steroids. 
The entire telescope will be built in two stages, with the first phase 
including 197 radio dishes in South Africa and some 130,000 
low-frequency antennas in Western Australia. Then, the second 
phase will include up to one million low-frequency antennas in 
Australia and some 2,000 radio dishes across all of Africa. Once 
complete, SKA will be able to survey the sky 10,000 times faster 
than any existing radio telescope array.

Not surprisingly, SKA is stretching the principle of radio inter-
ferometry to the limit. Once connected via fiber-optic networks to 
work as a single virtual telescope, its many dishes and antennas 
will have a vast collecting area—yes, one square kilometre—that 
will enable SKA to probe the Universe in unprecedented detail.

Importantly, the array also has a massive frequency range of 50 
MHz to 14 GHz, which will allow it to tackle a remarkably broad 
range of science. The low-frequency antennas in Australia—what 
is called the ‘SKA-Low’ array—will cover 50 MHz to 350 MHz 
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frequencies. Meanwhile, the dishes across 
Africa, called the ‘SKA-Mid’ array, will 
monitor 350 MHz to 14 GHz frequencies.

“[This large frequency range] will enable 
physics exploration spanning the Epoch of 
Reionization, when the first luminous struc-
tures were born, as well as gravity and general 
relativity, through pulsars at the higher fre-
quencies,” highlights Joe McMullin, deputy 
director general and program director of the 
SKA Organisation, and based at the Jodrell 
Bank Discovery Centre, United Kingdom.

Critically, each site is already home to 
‘precursor’ telescopes that have fed into 
SKA’s final design. For example, a 64-dish 
radio telescope array called MeerKAT, in 
South Africa’s Karoo region, will carry 
out ground-breaking science just ahead of 
SKA. And at the same time, the Murchison 
Widefield Array, with its 256 low-frequency 
antenna tiles, and the Australian Square 
Kilometre Array Pathfinder (ASKAP), com-
prising 36 parabolic antennas, are acting as 
precursors to SKA-Low in Australia.

“Many of SKA’s new capabilities are actu-
ally extrapolations of existing technologies,” 
says McMullin. “For example, SKA will 
use the lightweight, stiff dishes we see at 
MeerKAT, but these will be larger and have 
a more precise pointing area to give you 
performance at a higher frequency band.  
The path to SKA has very much relied on 
precursor instruments like this.”

But why radio astronomy? To study the 
Universe, astronomers use the entire elec-
tromagnetic spectrum, because different 
wavelengths of light often reveal different 
astronomical objects. Optical astronomy is 
great for studying stars and galaxies that 
emit a lot of visible light; infrared telescopes 
may be used to study cold dust and relatively 
cool stars; while ultraviolet telescopes can 
identify the hottest, most energetic stars. 

But radio astronomy has a couple of fea-
tures that appeal to astronomers. For start-
ers, radio waves can travel unimpeded by our 
galaxy dust, meaning distant galaxies can 
also be detected. And critically, hydrogen, 
the most abundant element in the Universe 
and a key building block of so many extrater-
restrial objects, emits radio waves. 

As Wicenec points out, “Every part of the 
electromagnetic spectrum tells us some-
thing about the physics that is going on out 
there, but using radio waves we can actually 
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observe the transition of neutral hydrogen 
gas through galaxies, which can provide an 
interesting history of the whole Universe.”

Astronomers are also hopeful that with 
SKA they will eventually be able to answer 
big questions, such as: How were the first 
black holes formed? Was Einstein right 
about gravity? How do cosmic magnets 
stabilize galaxies? And even, are we alone?

“With SKA we’ll be able to try to under-
stand how rocky planets form, detect the 
biochemical signatures of particles, and 
understand the characteristics of exoplanets,” 
says McMullin. “So as well as scanning the 
stars with such high sensitivity, I think the 
strength of exploratory instruments, such as 
SKA, is the breadth of areas we can impact.”

WHILE THE PROMISE OF SKA is nothing 
short of phenomenal, its magnificent scale 
makes it the largest big data project in the 
known universe. The SKA-Low array will 
generate 5 zettabytes (106 petabytes) of 
data every year—an unimaginable volume 
when considering global Internet traffic only 
passed 1 zettabyte for the first time in 2016. 
Meanwhile, SKA-Mid is expected to pro-
duce 62 exabytes of data each year (62 × 103 
petabytes), enough to fill 340,000 average 
laptops every day. SKA project figures also 
estimate that this data flood will be trans-
mitted from each telescope at a blisteringly 
fast 8 terabits per second, signalling the need 
for extreme data processing.

To handle the data deluge, real-time data 
processing will start at so-called central sig-
nal processors, located next to each array of 
antennas and dishes— SKA-Low and SKA-
Mid—to minimize the cost of data transfer. 
Raw telescope data will be sent to these 
processors via a data transport network.

At the central signal processors, high-
speed processors will make sense of the tan-
gle of digitized astronomical signals using 
two key digital signal processing functions: 
correlation and beamforming.

SKA-Low (Top)

SKA-Mid (Middle)

The Summit supercomputer at Oak 
Ridge National Laboratory (Bottom)
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Correlation combines the signals from radio telescopes into 
manageable-sized data packages while ensuring all signals 
are synchronized so that the antennas operate like a single 
telescope. SKA’s Australia-based antennas have no moving 
parts, so beamforming will be used to electronically steer these 
aperture arrays to observe specific regions. Received signals 
will then be combined to simulate a large directional antenna.

Correlation and beamforming are hardly new to radio 
astronomy, but applying these functions to SKA’s massive 
numbers of antennas, is. 

Researchers from SKA’s Central Signal Processor con-
sortium have spent several years developing and testing the 
best signal-processing technologies to handle correlation 
and beamforming at the mighty telescope’s arrays. After 
weighing the processing challenges, manufacturing costs, 
and on-site power limitations of several technologies, the 
researchers settled on platforms of field programmable gate 
arrays (FPGAs) to process massive amounts of data.

Each platform will house several FPGAs—based on either 
Intel or Xilinx processors—as well as memory modules. And 
each SKA-Low and SKA-Mid array will require hundreds of 
these platforms. 

The central signal processors will also need to sift through 
the telescope data to detect signals from astronomical 
phenomena such as pulsars and transient events, including 
supernovae and gamma-ray bursts. To this end, researchers 
have developed novel pulsar search and timing subelements, 
based on a hybrid architecture of graphics processing units 
and FPGAs.

“SKA is going to be groundbreaking,” says Wicenec. “We’ve 
never done anything on this scale before, it’s totally novel and 
we are having to change the way we process data.”

AFTER INITIAL SIGNAL PROCESSING, THE TELESCOPE 
data will be carried along fiber optic networks that span 
hundreds of kilometers, to the science data processor (SDP), 
which for astronomers, is where the real fun will begin.

Here, the endless streams of digits will be transformed into 
data packages and the beginnings of images. These will then 
be distributed to research centers around the world, ready 
to form detailed astronomical images of the sky.

This seriously heavyweight processing is set to take place 
using two supercomputers, supported by millions of CPU 
processors, which is where Wicenec’s Summit supercomputer 
test run comes in. One supercomputer in Cape Town, South 
Africa, will process data from SKA-Mid, while another in 
Perth, Australia, will process data from SKA-Low.

Each computer will be able to process in excess of 100 
petaFLOPS, which is about the same processing power as 
around 6 million laptop CPUs. Image processing will take 
place in several steps, which include removing data corrupted 
by interference from, say, mobile phones or errors in signal 
transport, and then calibrating every single antenna’s signal 
to remove the effects of instrumental variation.

The final image is derived from this refined data. Unlike 
your optical telescope, a radio interferometer, such as SKA, 
cannot obtain an image of the sky directly. So instead, the 
measurements from its antennas are Fourier transformed to 
create a representation of the sky brightness distribution of 
the source. This calculation is repeated over and over again 
to eventually give a true image of the sky. 

The scale of data processing here is unprecedented, but 
necessary. As Wicenec highlights, “The telescopes produce 
data in up to 64,000 channels at the same time, and we will be 
generating monochromatic images for every single channel at 
the same time,” he adds. “Processing this is very challenging.”  

Netherlands Institute for Radio Astronomy (ASTRON) 
researcher Chris Broekema agrees. Working with IBM 
researchers as part of a Dutch-government funded project, 
DOME, he and colleagues developed algorithms and soft-
ware that are being used to ease the formidable data pro-
cessing tasks at SKA’s science data processor. For example, 
they devised a novel algorithm to efficiently transform data 
into a sky image and also used remote direct memory access 
to slash the energy required to process SKA’s data torrent.

Thanks to such efforts, SKA researchers recently nailed 
down the final software and algorithms for the SDP, which 
combined with Wicenec’s latest Summit test run, signals that 
the future of radio astronomy is getting close. 

“Running those tests on the largest supercomputer pro-
vides an indication of the scale of the computing challenge 

Photo Credit: CSIRO
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here, but these are very nice results,” says Broekema. “These [test runs] 
prove that the software architecture we designed in the science data 
processor consortium does scale to the processing capacities required 
by SKA.”

Importantly, Broekema is also confident that the astronomy community- 
at-large can benefit from SKA’s promising big-data-processing results. 
“Radio astronomy is, in general, a very open science, so ways in which we 
figured out these problems here can be used by other telescopes, and hope-
fully vice versa as well,” he says.

CONSTRUCTION ON SKA IS DUE TO START IN 2021. But, perhaps pre-
dictably for the world of astronomy, questions over funding have raised 
doubts on the final construction details, leaving some in the community 
wondering if SKA’s ambitions will have to be scaled back.

Still, those closely involved with SKA are adamant that it is business 
as usual. “We have to be very transparent about what the initial plan is 
and build a path to the full SKA,” says McMullin. “Interferometers are 
inherently scalable and our ambition is clear—to build exactly the original 
design without compromise.”

Likewise, Wicenec remains excited. “One of the great things about radio 
astronomy is that you don’t have to build the entire telescope array to start 
observations,” he says. “The project has a series of array releases planned, and 
even after the first one, which will only be a small percent of the installation, 
we’ll be able to start observations and test the system. Scientists are very 
excited to be finally getting their hands on something like this.”

REBECCA POOL is a science 
and technology writer based in 
Lincoln, United Kingdom.

The Australian SKA Pathfinder 
(ASKAP) is one of SKA’s 
precursor telescopes and 
is operated by Australia’s 
Commonwealth Scientific and 
Industrial Research Organisation 
(CSIRO).
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By William G. Schulz
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GIANTSGIANTS

WHEN ASTRONOMER JOHN M. HILL ARRIVED 
as a new graduate student at the University of 
Arizona, Tucson, in 1979, he was greeted with 
some sage advice: Before choosing an advisor 
from among department faculty, he should wait 
to meet a professor named J. Roger Angel, who 
hadn’t yet arrived on campus for the ritual grad 
student–professor matchmaking. 

Hill took the advice and waited. He didn’t 
know it yet, but when he did meet Angel, the two 
men would embark on a 40-years-and-counting 
professional relationship. Their work, along with 
the work of many other researchers and techni-
cians—helped spur a revolution in the size and 
capabilities of ground-based optical telescopes 
and, in turn, shaped decades of research and 
discovery in astronomy and astrophysics.

Mirrors and mirror-making technology were 
fundamental to this revolution. In the 1970s, 
some 1960s-era surplus satellite mirrors from 
the US Air Force found a new home with a joint 
Smithsonian Institution/University of Arizona 
project called the Multiple Mirror Telescope 
(MMT), which would become the world’s 
third-largest ground-based telescope.

Because the mirrors were originally built for 
outer space, they were made to be lightweight: 
Each low-expansion glass mirror had a honey-
comb-like backing of hollow pockets. The six 
primary mirrors of the MMT were to function 
as separate parallel telescopes. Images from each 
mirror were then combined with other optical 
components to form a single, focused image. 
The effect was that the six 1.8-meter mirrors 
had the same light-gathering power as a single 
4.5-meter mirror. 

Despite the spare parts approach, MMT’s 
multiple mirrors and lightweight honeycomb 
glass proved a historic milestone in the goal to 
build larger ground-based optical telescopes. 

From its dedication in 1979, MMT was able 
to capture and combine light for high-resolution 
imaging both at optical and infrared wave-
lengths. The images it returned were better and 
less blurry than anyone had expected, says Hill, 
who today is technical director of the Steward 
Observatory’s Large Binocular Telescope (LBT) 
on Arizona’s Mt. Graham, as well as a research 
astronomer at the University of Arizona. 

The mirrors for the MMT were initially chosen 
“mostly because they were available,” says Hill. 
But Angel and others soon realized that, more 
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than any other factor, it was the mirrors’ stiff, light-
weight quality—about 80% lighter than conventional 
mirrors of the same size—that so effectively reduced 
blurriness. Glass will deform under its own weight, and 
this had been one of the limiting factors in making any 
ground-based optical telescope larger than 5.1 meters. 

WITH INSPIRATION FROM THE MMT, Angel and Hill 
began experimenting to find a way to build bigger, 
lighter, better telescope mirrors. First, they tried cut-
ting borosilicate glass into precise shapes that could be 
fitted together to make a honeycomb structure for the 
mirror interior. Then, plates of glass could be fused to 
the top and bottom of the structure to make the mirror 
surface. But the work was laborious. “We also could 
not purchase sheets of borosilicate glass larger than 
two meters across,” adds Hill. They needed another 
approach. 

They decided that it would be easier to build a mold 
with the inverse honeycomb structure inside, add the 
glass in broken chunks, and then melt it all in a furnace. 
The ceramic fiber used to make the honeycomb could be 
power washed out of the mirror once everything cooled, 
leaving the mirror 80 percent hollow.

But to get a “fast” mirror—with a focal ratio shorter 
than two— “you would have to grind out tons of glass,” 
Hill says. “Grinding glass is routine, but not trivial.” 

To solve this problem, they decided to mount the fur-
nace on a giant turntable that spins at a certain rate as 
the glass cools. The centrifugal and gravitational forces 
from spinning impart a parabolic shape close enough 

to the finished optical quality that less glass can be used at 
the outset and less glass needs to be ground out to reach the 
finished product. 

The plan from the very beginning was to make eight-meter 
mirrors,” says Hubert “Buddy” Martin, project scientist at Uni-
versity of Arizona’s Richard F. Caris Mirror Lab, of which Angel 
is both the founder and scientific director. The lab started by 
fabricating 1.8-meter mirrors, then 3.5, 6.5, and up to today’s 
maximum size of 8.4-meter mirrors.

They would eventually perfect the process. It takes the 
Mirror Lab about a year to make the lightweight ceramic 
honeycomb structure for a large mirror. It then takes a week 
to melt the glass into the mold, and another three months to 
cool, while spinning, from a temperature of 1200°C to 650°C, 
which is when the glass solidifies. When the temperature is 
within a few degrees of room temperature, the mirror can 
be lifted off the turntable and the mold removed. Finally, 
the mirror is ground and polished to an accuracy of 20 nm. 
This last stage is the “hard part” according to Martin, which 
might be an understatement since the surface generation and 
polishing can take more than two years to complete. After the 
polishing is finished and the mirror is shipped to the telecope, 
a thin layer of aluminum is applied so the mirror will reflect 
90% at the incident light.

WHILE THE SPIN-CASTING APPROACH TO BUILDING  
giant mirrors has proven a success, there is an alternative 
approach to building large telescopes that involves using many 
smaller mirror segments fitted together to create a large one, 
with each mirror controlled by actuators to maintain their 
optics as a whole. This segmented mirror technology will 

Blocks of Ohara low-
expansion E6 glass 
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GMT mirror 5.
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The Mirror Lab’s large, lightweight mirrors are also part of a 
novel concept to create so-called turnkey observatories, which 
are high-powered scientific instruments that are affordable to 
single research institutions or small groups of institutions.

A scientist “shouldn’t spend their life building a research instru-
ment,” says Steward Observatory Associate Director, Jeffrey 
Kingsley. Given the capabilities of the Mirror Lab and possibilities 
for siting at existing observatories, he and colleagues began to ask 
whether it would be possible to put together, within five years of an 
order, a 6.5-meter mirror optical-infrared observatory. 

The answer appears to be yes. They have plans to build the 
first turnkey observatory on Arizona’s Mt. Lemmon, which has 
superior observing conditions and existing infrastructure. A fixed 
price of about $60 million, and $1 million per year in operating 
costs, would be affordable to many research institutions, with 
the help of government and philanthropic funding, says Kingsley.

AS FOR THE SCIENCE, MIRRORS FROM THE MIRROR LAB ARE 
expected to help discover habitable planets around nearby stars, 

be used for the Extremely Large Telescope being 
planned for the European Southern Observatory 
in Chile.

So which is better: monolithic spun-cast mirrors 
built on a lightweight honeycomb structure, or seg-
mented mirrors? “They’re two different approaches 
to achieve the same goal,” says Hill, “which is a 
telescope that regularly produces images as sharp 
as nature allows. With large honeycomb mirrors, 
you invest a lot in the mirror and your reward is a 
guaranteed smooth wavefront over the largest pos-
sible aperture and the smallest possible number of 
elements to control.” 

The spun-cast borosilicate telescope mirrors 
pioneered by Angel, Hill, and colleagues have led 
to some of the biggest ground-based telescopes 
ever built, such as the 6.5 meter Baade and Clay 
telescopes built by the Carnegie Institution at Las 
Campanas, and the twin 8.4-meter mirrors of the 
LBT on Mount Graham that have the combined 
observing power of a single 11.8-meter mirror. 

Mirror Lab staff review the 
glass placed in the mold, 
checking for space for the 
last few pieces of glass for 
GMT mirror 5.



THE SPUN-CAST BOROSILICATE TELESCOPE MIRRORS 

HAVE LED TO SOME OF THE BIGGEST

GROUND-BASED TELESCOPES 

EVER BUILT. 



PHOTONICS FOCUS MAY/JUNE 202032

capture unparalleled images of star for-
mation, help determine what dark matter 
exists in the universe, and power sky surveys 
that will reveal more about galaxy forma-
tion and the large-scale structure of the 
Universe. In combination with specialized 
adaptive optics systems and cameras, future 
telescopes—notably the Giant Magellan 
Telescope (GMT) and the Vera C. Rubin 
Observatory—will capture information 
about the Universe that can’t be obtained 
with existing ground-based systems. Both 
are scheduled to come online in the 2020s.

In a finished telescope, “you want to 
collect light as efficiently as you can,” says 
GMT Project Manager James Fanson. 
“Monolithic mirrors reduce the number of 
edges, so you get a very clear pupil on the 
telescope and good, high-contrast images 
as a result.”

The GMT will consist of six off-axis 
8.4-meter mirrors that surround a central 
on-axis mirror to form a single optical 
surface 24.5 meters in diameter with a 
total collecting area of 368 square meters. 
In fact, the GMT mirrors will collect more 
light than any telescope ever built, with a 
resolving power 10 times greater than the 
Hubble Space Telescope. Light from the 
Universe will first reflect off GMT’s seven 
primary mirrors, then reflect again off seven 
smaller secondary mirrors, and finally, 
down through the center primary mirror 
to the telescope’s charge-coupled device 
imaging cameras.

In addition to reducing weight, Fanson 
says that the honeycomb structure on the 
back of the GMT’s mirrors will help pre-
vent visual distortion from temperature 
differentials, such as might happen when a 
mirror is opened to the night sky with much 
lower ambient temperatures than inside the 
telescope dome. With the spin-cast mirrors, 
air can be circulated throughout the night 
through the back of the mirror and “you can 
keep the mirror at the same temperature as 
the atmosphere,” he says. 

One of the telescope’s many science objec-
tives, Fanson says, “is to study the very early 
universe, for example, galaxy formation 100 
to 500 million years after the Big Bang.” 
The light from that early in the universe is 
shifted to the near infrared, and the GMT’s 
light-gathering ability will be critical to cap-
turing those wavelengths. “It’s a key aspect 
of what we want this scope to do.”

Other work by the GMT will include the search for planets outside 
our solar system that could support life. Because the reflected light from 
these planets is faint and often drowned out by their host stars, the GMT’s 
light-collecting power will be critical in finding and learning more about 
these other worlds.

The science goals of the Rubin Observatory, whose primary and ter-
tiary mirrors were created by the Mirror Lab, are quite different. Steven 
M. Kahn, director of the Rubin Observatory, describes his facility as a 
“unique telescope designed to survey the sky with a wide field of view.” 

Indeed, starting sometime in 2021, it will commence imaging the entire 
Southern Hemisphere of sky every three nights for ten years to deliver a 
200 petabyte set of images and data products to answer some of the most 
pressing questions about the structure and evolution of the Universe. 
Among them: understanding dark matter and dark energy, hazardous 
asteroids and the remote solar system, the transient optical sky, and the 
formation and structure of the Milky Way Galaxy.

Kahn says the Mirror Labs’ stiff, lightweight, and highly accurate 
mirrors are essential to the observatory’s mission and ability to operate. 
Because the mirror has such a low focal ratio of 1.2 and a very wild field of 
view, eliminating possible distortions on the mirror is critical. The survey 
nature of the Rubin Observatory mission means the telescope will move 
every few seconds whenever it is operating and, from its perch atop Chile’s 
Cerro Pachon, its mirrors will have to be continuously monitored and kept 
near the very cold ambient outside temperatures. Chromatic aberrations, 
distortions caused by temperature differences, telescope movement, and 
more can all impact image quality.

As “first light” approaches for the Rubin Observatory—and later, the 
GMT—the Mirror Lab will have provided the largest individual mirrors 
possible for two of the largest ground-based telescopes ever built.  After 
that, Mirror Lab scientists say it’s hard to make any prediction about 
where giant telescopes and mirror-making technology may go. But it’s 
safe to say that the engineering process designed by the Mirror Lab will 
influence the direction.

WILLIAM G. SCHULZ is a freelance science journalist in Washington, DC, 
who regularly covers optics and photonics research.

The mirror spins while it cools, which is 
where the technique gets its name.



Photo Credit: Giant Megellan Telescope
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CELEBRATING  
THE HISTORY OF 

THE LASER
The year 2020 marks 60 years since the 

construction and firing of the first laser.  

SPIE pays tribute to the many scientists and 

engineers who have changed lives with the 

development of this technology.

spie.org
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A new generation of ‘extremely large’  
telescopes is being built in earthquake- 
prone areas. How will engineers protect  
these massive machines? 

ON
SHAKY 
GROUND

By Bob Whitby 

ALTITUDE IS AN ASTRONOMER’S  
delight. At elevation there’s less atmo-
sphere to distort starlight and absorb 
infrared energy. Mountaintops tend to 
have unobstructed 360-degree views of 
the sky and aren’t compromised by light 
pollution. Some of the best, in astronom-
ical terms, are dry and barren with few 
cloudy nights.

Building at height seems like an obvi-
ous choice now, but before the Lick Obser-
vatory was constructed at 4,209 feet atop 
Mt. Hamilton in San Jose, California, in 
1888, cities were the preferred placement 
for permanently occupied installations. 
(Lick, an eccentric businessman seeking 
immortality, wanted to build a telescope 
“larger and more powerful than any 
existing” in downtown San Francisco 
until George Davidson, president of the 
California Academy of Sciences and a 
trusted adviser, convinced him of the 
advantages of altitude.)     

Today, the Chilean Andes and Mauna 
Kea, a dormant volcano in Hawaii, are 
two of the best sites in the world for 
ground-based astronomy. And there’s a 
building boom at both: a new generation 
of extremely large, extremely complicated, 
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The seismically 
active summit  
of Mauna Kea is 
home to 13 working 
telescopes.



Photo Credit: Frank Ravizza, CC BY-SA 4.0

EARTHQUAKES HAVE ALWAYS BEEN A  
consideration for observatories in seismically 
active areas. Observatories are, first and fore-
most, buildings that have to remain standing 
after an earthquake, and no astronomer wants 
a telescope down for repairs.

But “legacy” observatories—famous names 
such as Keck, Gemini, Subaru, the Very 
Large Telescope—are of another era, said 
Frank Kan, a seismic analyst and princi-
pal investigator with the engineering firm 
Simpson Gumpertz & Heger. “Being smaller 
meant they were lighter and cheaper,” said 
Kan. “The design philosophy was to make 
them as strong and stiff as possible while 
incorporating safety measures, designing 
them with sturdy concrete piers anchored 
into solid rock.”

Primarily, they adhered to building codes 
which typically allow a degree of inelasticity 
in design as a means of absorbing energy. 
“So a building may not return to its original 
shape, it may be highly deformed after an 
earthquake,” said Kan.

Yes, a telescope is a building. But it’s also 
much more. “This is a gray area,” said Kan. 
“Is it a building or is it a machine?”

and extremely expensive visible- and near-
infrared-light observatories, uncreatively 
referred to as “extremely large telescopes,” 
are in planning or under construction.  
The Extremely Large Telescope (ELT) and 
the Giant Magellan Telescope (GMT), both in 
Chile; and the Thirty Meter Telescope (TMT) 
on Mauna Kea are the three largest. 

Excellent though these sites may be, Chile 
and Hawaii share a downside: earthquakes. 
The strongest quake in modern history, a 
9.5 on the Richter Scale, hit southern Chile 
in 1960, killing more than 1,600 people 
and creating a tsunami that raced across 
the Pacific and swamped coastlines in New 
Zealand, Japan, and the Philippines. Hawaii 
averages ten earthquakes a year of magni-
tude four or greater due to volcanic activity, 
plate tectonics, or the f lexing and bending 
of the earth’s crust. There’s no free lunch, 
astronomically speaking.

Protecting these new mega-obser va-
tories from the capricious sites they ’ l l 
inhabit is a challenge made more com-
plicated by the nature of the telescopes 
themselves. To mitigate the risk, design-
ers are employing techniques that have 
been proven in civil engineering but are 
untested in astronomy.  

Photo Credit: Frank Ravizza, CC BY-SA 4.0
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It’s a distinction with a difference, apparent now that leg-
acy telescopes have been through a few earthquakes. On 15 
October 2006, a magnitude 6.7 quake and a 6.0 aftershock 
a few minutes later, struck Hawaii, knocking out power in 
Oahu and causing $120 million in infrastructure damage on 
the Big Island, where Mauna Kea is located. It was the larg-
est earthquake since telescopes were built on the dormant 
volcano’s summit.

With the exception of minor damage to office facilities— 
books knocked off shelves, fallen ceiling tiles, damaged desk-
top computers, etc.—most of the 13 observatories on the sum-
mit were unscathed and quickly back on science. Two of the 
larger telescopes weren’t quite as lucky. Gemini North, which 
has a twin in Chile that rode out a large earthquake in 2015, 
was down for 26 days due to a failure in the secondary mirror 
system. And the W. M. Keck Observatory’s two telescopes lost 
about five weeks of science due to damage of azimuth encoders, 
which helps determine their exact orientation, bent seismic 
restraints that kept the telescope from jumping off its track, 
and damage to other equipment.

Kan studied the damage to Keck and later recommended 
seismic retrofitting to prevent future earthquake damage. 
“We used site-specific seismic and applied it to our model 
and found out that if we don’t do any upgrades the telescope 
is vulnerable to damage.”

THE NEW GENERATION OF EXTREMELY LARGE TELESCOPE 
observatories differ from one another significantly in design, 
but share a common feature legacy telescopes lack: isolation 
between the telescope itself and the pier anchoring it to the 
earth. The size and weight of these instruments necessitates it.

“We believed we could resolve our seismic challenges without 
an extreme measure of seismic isolation,” said GMT project 
designer Dave Ashby. “It’s actually a pretty compact design. 
However, once we actually started to explore the risk exposure 
in a quantitative way, we rapidly came to the conclusion that 
that wasn’t practical.”

In this case compact doesn’t mean small. The GMT, under 
construction at Las Campanas Observatory in Chile’s Atac-
ama Desert, is 48 meters from the base of the pier to the top 
of the secondary mirror support. Each of the seven 8.4-meter 
primary mirrors weigh 17 metric tons. The telescope itself is 
enclosed in a 22-story dome.

It’s similar in design to the Large Binocular Telescope in 
southeastern Arizona, which Ashby also worked on. But the 
LBT isn’t in a seismic hot spot, so it’s not designed to withstand 
a big earthquake.

At a cost of more than $1 billion and 16 years to build, GMT 
designers have no such luxury. To better understand their 

Photo Credit: ESO

Diagram of 
the European 
Extremely 
Large 
Telescope. 
The vertical 
gold supports 
at the bottom 
are the seismic 
isolators.
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location, they modeled earthquakes on a continuum, from events 
small enough to go unnoticed to a “survival-level earthquake” during 
which the goal is avoiding collapse. They wanted to understand the 
probability density of peak ground acceleration levels possible in a 
broad range of quakes to quantify how the telescope would respond. 
“All of this is a probabilistic treatment to understand what kind of 
risk exposure we actually have,” said Ashby.

GMT designers settled on friction pendulum bearings, which 
consist of top and bottom plates separated by a slider, to isolate their 
telescope from the ground. Both the slider and the bottom plate it 
moves on are concave, inducing a pendulum-like movement when 
the ground moves. Common in civil engineering, friction pendu-
lum bearings range from about 3-feet in diameter to the 13-foot- 
diameter bearings, the world’s largest, that seismically isolate the  
Benicia-Martinez bridge near San Francisco. 

“They’re very simple devices that provide many different func-
tions,” said Ashby. “They provide the actual mechanical isolation 
like a bearing, they provide return force like a spring, and they 
also dissipate the energy of the earthquake. To provide those three 
functions in a simple device is, I think, a relatively impressive feat.”

So equipped, the GMT should withstand a survival-level event, 
which on Las Campanas has a return time of 2,475 years, meaning a 
quake strong enough to put the telescope’s structure to the ultimate 
test will happen at that time interval on average.

The TMT, proposed on Mauna Kea but currently on hold due to 
protests at the building site, incorporates 492 actively controlled 
mirror segments into a 30-meter, 121-metric-ton goliath. 

To seismically isolate the TMT, engineers incorporated four vis-
cous fluid dampers arrayed in a horizontal plane where the telescope’s 
azimuth ring—the track that enables horizontal rotation—meets 
the pier. These are similar to shock absorbers on a car on a grand 
scale. The idea is fairly simple: Fluid, typically silicone oil, is held 
in a pressurized chamber divided internally by an orifice. One end 
of the damper is connected to a piston that forces the fluid through 
the orifice when movement occurs, converting dynamic energy into 
heat, which is dissipated by the damper itself.

Masao Saito, manager of the TMT’s telescope structure team, said 
the system is designed to survive a 1,000-year-return level quake. 
“There’s a very stringent requirement of the telescope structure about 
a seismic event,” said Saito. “The lifetime of the TMT is 50 years, so 
in a 1,000-year return there is a two percent chance that we may be 
hit with such a gigantic earthquake.”

And then there’s the ELT, “the world’s biggest eye on the sky,” 
under construction on Cerro Armazones in the Atacama Desert. 
Its 39-meter mirror, close to half the length of a soccer field, will be 
made up of 798 smaller mirrors that can actively adapt to conditions 
1,000 times per second. It will gather more light than all 8–10 meter 
legacy telescopes on the planet combined.

Like the other two mega-projects, the ELT incorporates seismic 
isolators into its foundation. These allow up to 30 centimeters of 
horizontal movement. Unlike the others, ELT designers are also 
planning to temper the vertical acceleration associated with earth-
quakes with 80 “shock absorbers” built into the hydrostatic pads of 
the telescope’s azimuth ring.

Vertical damping is more difficult to achieve, and no off-the-shelf 
solution exists for a machine this size. But ELT engineers had a bit of 

relevant experience to pull from. The Atacama Large 
Millimeter/submillimeter Array, or ALMA, designed 
and built by the ELT’s parent organization, the Euro-
pean Southern Observatory (ESO), is a series of mobile, 
100-metric-ton antennas moved on 14-wheeled trans-
porters. Doing so on unpaved desert roads subjects the 
delicate antennas to potentially damaging road shocks, 
so each wheel is vertically damped.

ESO engineer Max Kraus explained the system, 
and how it might be adaptable to the ELT, in a blog 
post on the observatory’s website. “The goal of the 
system is to limit the forces transmitted from the 
road to the antenna by changing the oil volume in 
the hydraulic cylinders that connect the wheels and 
transporter frame—essentially, the system absorbs 
the shock before it reaches the antenna. If configured 
correctly, it doesn’t need to be linked to an active 
sensing system. We realized that if we could also 
develop the ELT seismic damping technology with-
out using an earthquake detection system located at 
a large distance from the ELT site, it would simplify 
the process and avoid expenses and risks.”   

THE CHALLENGE OF BUILDING BEHEMOTH 
observatories in astronomically exquisite places that 
could destroy them is fundamentally about mitigating 
risk. Telescopes are both massive and delicate, powerful 
and finely tuned. Each is thousands of tons of weight 
moving precisely in two planes, aligned exactly with 
the stars. To operate correctly, an observatory’s founda-
tion must be absolutely stiff, resisting wind loads and 
nuisance tremors, until the exact moment it needs to be 
flexible. Then when the shaking is over, all that slewing 
mass has to return, or be returnable, to its exact position 
in order to get back to doing science. Bent or broken 
machinery would be a setback. Damaged mirrors could 
take years to replace, and would be a catastrophe. 

“There is no industry data to provide stiffness of these 
bearings in these conditions,” said the GMT’s Ashby. 
“We just actually completed tests to directly measure 
the stiffness of these bearings in these conditions. We 
selected a set of prototype bearings and we did a series 
of rigorous tasks that include nominal seismic isolation 
performance to explore how they would impact normal 
operation. We’ve convinced ourselves at this point that 
they pose no increased risk in that respect.”

It’s uncharted territory, but so is the Universe these 
telescopes will explore—as  long as the engineers can 
protect the machine. Ashby summmed up what’s at 
stake:  “It’s not much of a telescope if you break your 
mirrors.”

BOB WHITBY is a science writer based in Fayetteville, 
Arkansas.
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LETTER FROM THE PRESIDENT

Connect with  
Your Community2020 
I HOPE THIS MESSAGE FINDS YOU, YOUR FAMILIES, AND YOUR COLLEAGUES 
healthy and in good spirits.  

These are truly uncharted waters for us all, in both our personal and professional 
lives. 

In response to the COVID-19 pandemic, SPIE has, for the first time in history, 
canceled events. Our conferences feel like family gatherings to many of us, and we 
will all miss the reunions with our colleagues and the opportunities to create new 
friendships. Please remember to reach out in other ways to keep your community 
vibrant and connected. 

One way to connect with your community is by nominating a colleague for an SPIE 
Award. Started in 1959, SPIE Awards have honored the best in optics and photonics 
for their significant achievements and contributions in advancing light-based research 
and technologies and for their service to the community. We currently have 22 awards 
that span the full breadth of our Society, and we continue to add new awards.

In today’s digital-first world of social media, it is easy to give immediate thanks, 
recognition, and congratulations. Perhaps too easy: while everything is forever on 
the internet, a Twitter shout-out seems somewhat fleeting as it moves further and 
further down the page with each new tweet.

In contrast, SPIE Awards are presented just once a year, and each award requires 
a significant and deliberate effort by many volunteers. A nomination must state the 
accomplishment of the individual, provide a narrative on its importance, and evaluate 
their impact on the community and the Society. A nomination must be supported 
by two to five letters of reference. Once the nominations are submitted to the SPIE 
Awards Committee, a separate subcommittee is established for each award and 
the nomination packages are carefully evaluated. The final list of awardees is then 
approved by the SPIE Board of Directors.

No one wins an SPIE Award by accident, and I think this is what makes SPIE 
Awards so special. While some awards recognize a specific accomplishment, many 
recognize an individual’s body of work often spanning their entire career. These 
awards mean a great deal to the recipient as an affirmation by their peers—that they 
have done something truly special and important. They are a huge shout-out from 
all of us! As the recipient of the 2017 SPIE Maria J. Yzuel Educator Award, I can 
personally attest to the pride, gratification, and even validation experienced though 
this recognition.

I urge you to help identify colleagues who are deserving of this recognition, and get 
a nomination package started. It is simply a good thing to do, and you will feel good 
doing it! As a society that honors diversity and inclusion, we welcome opportunities 
to recognize underrepresented groups. The nomination deadline for the 2021 SPIE 
Awards is 1 June 2020, and details can be found on spie.org/awards.

Recognizing the outstanding accomplishments and contributions of members of 
our community is an important responsibility for all of us.

JOHN E. GREIVENKAMP  

2020 SPIE PRESIDENT, president@spie.org
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SPIE
Deadlines and Events

May
 13: Abstracts due for SPIE/COS Photonics 

Asia

 13: Abstracts due for SPIE Remote Sensing

 13: Abstracts due for SPIE Security + 
Defence

 13: Abstracts due for SPIE Space, Satellites + 
Sustainability (S3)

 16: International Day of Light 

 16:  SPIE International Day of Light Photo 
Contest opens

 16: 60th Anniversary of the Laser

 18: Manuscripts due for SPIE Astronomical 
Telescopes + Instrumentation

 27: Abstracts due for SPIE Future Sensing 
Technologies 

June
 1:  Nominations due for SPIE Awards

 22: Voting opens for the SPIE 2020 election

 27-29: Applied Optics and Photonics China in 
Beijing, China

July
 15: Abstracts due for SPIE Photonics West

 15: Abstracts due for SPIE AR, VR, MR

 29: Manuscripts due for SPIE Optics + 
Photonics

August
 5:  Abstracts due for SPIE Medical Imaging 

2021

 10:  Voting closes for the SPIE 2020 election

 23–27: SPIE Optics + Photonics in San Diego, 
California, USA

 24:  SPIE Annual General Meeting in San 
Diego, California, USA

 26:  Manuscripts due for SPIE Photomask 
Technology and Extreme Ultraviolet 
Lithography

 26:  Manuscripts due for SPIE Space, 
Satellites + Sustainability (S3)

 26:  Manuscripts due for SPIE Remote 
Sensing

 26:  Manuscripts due for SPIE Security + 
Defence

Call for Papers
Photonics 

West 
 2021

Present your work at the 
premier event for the 

photonics and laser industries.  

23–28 January 2021 
San Francisco, CA, USA

Abstracts due 15 July 2020

spie.org/pw



SPIE George W. Goddard Award in Space and 
Airborne Optics
SPIE Senior Member Oswald Siegmund of 
University of California, Berkeley in recognition 
of exceptional achievement in optical or photonic 
technology or instrumentation for earth or planetary 
or astronomical science, reconnaissance, or 
surveillance from airborne or space platforms. 

SPIE G. G. Stokes Award in Optical Polarization
SPIE Member Tat ia na Nov ikova of  École 
Poly technique for her research in Mueller 
polarimetry for the development of techniques 
used in predicting and measuring the transfer of 
polarized light through a turbid media, in particular, 
polarized light propagation via atmospheric 
transmission and biological tissue.

SPIE Mozi Award
SPIE Fellow Yuri Kivshar of The Australian 
Nat iona l Universit y,  in recog nit ion of his 
pioneering research in nonlinear metamaterials 
and metaoptics,  and the demonstrat ion of 
efficient metadevices and meta-lenses based on 
all-dielectric Mie-resonant nanophotonics.  

SPIE Rudolf and Hilda Kingslake Award in  
Optical Design
SPIE Fellow John R. Rogers of Synopsys OSG, in 
recognition of a lifetime of dedication to optical 
design, for outstanding service to the academic 
optics community, to the optics industry, and to the 
professional optics societies, and for novel contribu-
tions to the theory of nonaxially symmetric systems, 
tolerancing of optical systems, and imaging systems.  

SPIE Chandra S. Vikram Award in Optical 
Metrology
SPIE Member James E. Millerd of 4D Technology 
Corp. for the invention and commercialization of 
technology for reducing the effects of vibration and 
turbulence in interferometric optical metrology.

SPIE Dennis Gabor Award in Diffractive Optics
SPIE Fellow Pietro Ferraro of Istituto di Scienze 
Applicate e Sistemi Intelligenti “Eduardo Caianiello,” 
in recognition of significant contributions to the 
development of digital holography.  
   

SPIE COMMUNITY NEWS

2020 

SPIE Awards
Announced

Oswald Siegmund

Yuri Kivshar

 James E. Millerd

Tatiana Novikova

John R. Rogers

Pietro Ferraro 

See the entire list of SPIE Award Winners at spie.org/2020awards
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New SPIE Fellows 
Welcomed at 2020 
Photonics West
THIS YEAR, SPIE PROMOTED 72 Senior 
Members as new Fellows of the Society. 
Twenty-two of these new SPIE Fellows 
were welcomed into the SPIE fold at the 
Fellows Luncheon at SPIE Photonics 
West on Monday, 3 February, in San 
Francisco. 

The program also included an In 
Memoriam segment, recognizing Alex-
ander J. Marker, research fellow emeritus 
at SCHOTT North America; Charles 
“Chuck” DeMund, who served on several 
Society committees, including many 
years as SPIE Treasurer, and two terms 
as SPIE President in 1973 and 1974; 
Ravindra “Ravi” Lal, a professor emer-
itus at Alabama A&M University; and 
Roland V. Shack, professor emeritus of 
optical sciences at University of Arizona’s 
Optical Sciences Center and the recipient 
of the 1998 SPIE A.E. Conrady Award in 
Optical Engineering and the SPIE Gold 
Medal in 2004.

Ursula Keller, SPIE Fellow and the 
2020 recipient of the SPIE Gold Medal, 
gave the keynote talk entitled “Inno-
vation in ultrafast or ultrafast innova-
tion?” Her dynamic presentation gave 
an overview of a 30-decade pioneering 
career which has included innovations 
in ultrafast lasers, attosecond science, 
semiconductor physics, and amplitude 
and phase-sensitive measurement from 
the microwave to the optical domain. 

Meet the new SPIE Fel lows at  
spie.org/fellows

SPIE Announces New Space,  
Satellites + Sustainability (S3) 
Meeting for September  
THE CO-LOCATED SPIE Remote Sensing and SPIE Security + Defence confer-
ences will be joined by the new Space, Satellites + Sustainability (S3) meeting 
this year. The meetings—which feature individual conferences and share an 
exhibition—will take place in Edinburgh, United Kingdom, between 20–24 
September 2020.

We face a climate crisis, with associated widespread losses of natural ecosys-
tems and biodiversity. In 2015 in Paris, global leaders agreed on 17 sustainable 
development goals and 169 associated targets to be met by 2030. Satellites pro-
vide a unique ability to support sustainable development with scaled analyses.

Comprehensive coverage of timely scientific topics will be presented, with 
more than 25 countries represented. These events provide a unique opportunity 
for scientists, engineers, program managers, and policymakers from around the 
world to learn about the trends, recent developments, and achievements in the 
areas of remote sensing, security, and defense, while now also highlighting newly 
operational and forthcoming satellite systems. 

S3 is organized by the University of Edinburgh and SPIE. This interdisci-
plinary meeting will showcase newly operational and future satellite systems 
supporting sustainability. Advances in the processing of big satellite data will 
be presented alongside novel analytics, including those producing actionable 
sustainability intelligence. 

Topics of interest include:
• Novel sensors used in quantifying sustainability
• Big satellite data analytics supporting sustainability and sustainability 

indicators
• Applications of space technology supporting sustainability
• Industry perspectives: implementation of analyses to support commercial 

demand for sustainability impact and market opportunities
• Success stories of implemented commercial and research projects with a 

strong sustainability focus

More information is available on the S3 event website spie.org/S3
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Two SPIE Members 
Inducted into the 
National Inventors  
Hall of Fame
THIS YEAR THE NATIONAL INVENTORS HALL  
of Fame (NIHF) inducted 22 engineers and  
inventors who hold US patents for highly signif-
icant technology. Founded in 1973, the NIHF’s 
mission is to “honor the people responsible for the 
great technological advances that make human, 
social, and economic progress possible.”

R. Rox Anderson Ming-Jun Li

Celebrating the International 
Day of Light 2020

Two SPIE Members, R. Rox Anderson and 
Ming-Jun Li, joined an eclectic array of new 
inductees, which included the inventors of ibu-
profen, the hard hat, center-pivot irrigation, and 
the sports bra. Previous SPIE Members inducted 
into the NIHF include Arthur Ashkin, Theodore 
Maiman, Charles H. Townes, Rebecca Rich-
ards-Kortum, and Kristina Johnson.

Li was recognized for inventing ClearCurve® 
optical fiber. In 2004, while experimenting with 
new types of optical fiber, Corning colleagues Li, 
Dana Bookbinder, and Pushkar Tandon devel-
oped this bend-insensitive optical fiber that can 
curve and turn without significant signal loss. 
A Corporate Fellow at Corning, Li holds more 
than 200 US patents and shares several awards 
for ClearCurve® optical fiber with Bookbinder 
and Tandon.

The NIHF recognized Anderson for his ground-
breaking developments in laser dermatology 
treatments and procedures including permanent 
hair removal, acne treatment, and tattoo and 
birthmark removal.

Anderson is a dermatology professor at Har-
vard Medical School and director of the Wellman 
Center for Photomedicine at Massachusetts 
General Hospital. In addition to his work with 
these organizations, he has established charitable 
medical treatment facilities in several countries.
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Equality in Science
THE EQUITY, DIVERSITY, AND INCLUSION 
(EDI) presentations and receptions are part of 
an expansive program which, at SPIE Photonics 
West this year, included an executive women’s 
meetup, an LGBTQ+ social, an interactive 
Wikipedia Edit-A-Thon, and a variety of lunch-
time discussion sessions: Equity in Industry; 
Managing Unconscious Bias; Creative, Inclusive 
Cultures; Growth Mindset Leadership; and 
Diversity in the Workplace.

As part of the EDI presentation and recep-
tion at Photonics West, award-winning science 
journalist Angela Saini, the critically acclaimed 
author of Inferior: How Science Got Women 
Wrong and Superior: The Return of Race Science, 
presented the keynote address. 

Drawing from both of her books, Saini spoke 
about gender, race, and power in science, 
addressing issues of structural patriarchy, 
injustice, bias, sexism, and racism that continue 
to inaccurately and misleadingly shape some of 
today’s science. “Journalists play an interesting 
role in society because we are a kind of bridge,” 
she noted. “We’re not really within the sciences, 
we’re not fully outside the sciences. We’re a 
critical voice, as well as working with scientists 
to understand their work and disseminate it 
to other people. My work in particular is to 
understand where science goes wrong and where 
mistakes are made and where bias creeps in.” 

“My journalism is about speaking truth to 
power. For us science journalists, the power that 
we’re speaking to is the scientific establishment, 
it’s actually you. The industry and establishment 
of science holds, even though it may not always 
feel like it, enormous power in shaping our lives 
and how we understand ourselves.”

ON 16 MAY THIS YEAR, communities, individuals, and organiza-
tions alike will celebrate light and light-based technologies during 
the third observation of the International Day of Light (IDL). 

IDL is a global initiative that provides an annual focal point for 
the continued appreciation of light and the role it plays in science, 
culture and art, education, and sustainable development, and in 
fields as diverse as medicine, communications, and energy. 

The International Day of Light occurs recognizes the first  
successful operation of the laser in 1960 by physicist and engineer, 
Theodore Maiman. This year marks the 60th anniversary of that 
event, adding greater significance to this year’s IDL celebrations.

And while in-person gatherings will no longer happen as sched-
uled due to the outbreak of COVID-19, events throughout 2020 can 
still take place with official recognition as an IDL2020 activity. 
The official IDL website offers a list of these events and includes 
all updated details such as dates and locations. Visit lightday.org/
events for more information.

There are also many options for observing IDL virtually on the 
designated day. Organizations can consider online gatherings, 
and share videos, lessons, and educational materials with their 
communities to teach the science of light. Individuals can raise 
awareness of the event by posting images of light in action and 
sharing links to IDL resources. Find videos and images to share 
created as part of a joint effort by SPIE, IEEE Photonics Society, 
and OSA called “See the Light” to help connect IDL celebrations: 
lightday.org/seethelight.

SPIE also offers many such resources to help build your virtual 
online celebration, including a variety of lesson plans that can be 
used in your virtual classroom, factsheets and a PowerPoint pre-
sentation on IDL, educational posters in PDF format, and social 
media graphics to show your support and enthusiasm for IDL 2020 
across multiple social media platforms. Find these resources on 
the SPIE website at spie.org/idlresources.

SPIE will celebrate on 16 May by launching our annual SPIE 
International Day of Light Photo Contest. The contest is held to 
raise awareness about IDL and the vital role that light and light-
based technologies play in daily life. In 2019, photographers from 
Russia, the United States, and Spain were named winners of the 
contest, from more than 1,000 entries depicting the world-of-light 
theme. See the winning photos to the left.
• First Prize (US $2,500) was awarded to Alexey Trofimov of 

Siberia, Russia, for his image ‘Baikal Treasures.’
• Second Prize (US $1,000) was awarded to Kyle Russell Allen 

Graves of Lubbock, Texas, for his image ‘Backlit Tornadic 
Supercell.’

• Third Prize (not pictured, US $500) was awarded to Julio 
Castro Pardo of La Coruña, Spain, for his image ‘A Dream 
Come True.’

• The Technology Prize (US $750) was awarded to Sergio Ruiz 
from Barcelona, Spain, for his image ‘ALBA Synchrotron.’ 
The Technology and Sciences Prize was sponsored by  
lightsources.org

See more entries from last year’s contest as well as winning images 
from previous contests, and learn more about contest details at 
spie.org/idlphoto.



Reflections
A meteor grazed the earth over 
the Dandenong Range National 
Park, Victoria, Australia, in May 
2017.

Photo by Steven Sandner,  
@steven.sandner

Submit your own images of light properties and light-based technology to REFLECTIONS by mentioning  
@SPIEtweets ( ) or @spiephotonics ( ). Submissions can also be sent by email to photonicsfocus@spie.org.



PLAN TO PARTICIPATE IN THESE THREE 
EDINBURGH MEETINGS

21 - 24 September 2020
Edinburgh International Conference Centre, 

Edinburgh, United Kingdom

The international event for engineers and scientists for the 
latest developments in sensing, data and signal analysis, 
optronics, quantum science, and optical technologies.
www.spie.org/sd

The leading international conference for researchers, 
engineers and scientists involved in the latest developments 
of earth observation, next generation satellites, atmospheric 
propagation, and imaging analytics.
www.spie.org/rs

An innovative conference for academia, government and 
industry highlighting newly operational satellite systems 
providing new sensors supporting sustainability intelligence.
www.spie.org/s3

Call for Papers
Share research at Asia’s annual symposium - an international 
forum for new developments in advanced optics and 
photonics technologies.
www.spie.org/pa

11 - 13 October 2020
Beijing, China

SPIE remains committed to advancing light-based research and meeting the needs of our constituents by providing you with a plat-
form for sharing your work while connecting you with the global scientific community. Since the health and safety of our community 
remains our first priority, we are closely monitoring the international COVID-19 situation, and will keep you apprised of any changes 
to our events. Currently, these SPIE events are scheduled to take place as planned. We look forward to seeing you this fall. Find our 
COVID-19 policy online at www.spie.org 

Plan to submit your research.
Abstracts Due 13 May 2020.

Call for Papers

Share your research.

Connect with your 
community.

Abstracts Due 
13 May 2020



Astronomical Telescopes 
+ Instrumentation

2020

PLAN TO PARTICIPATE IN SAN DIEGO –  
NEW LOCATION, NEW DATE. 

13 - 18 December 2020
Manchester Grand Hyatt San Diego, 
San Diego, California, United States

Be part of the most prestigious event for developers of  
ground- and space-based telescopes, supporting technologies,  

and the latest instrumentation 

www.spie.org/as

SPIE remains committed to advancing light-based research and meeting the needs of our constituents by 
organizing this event to reconnect with your professional community. Please join us in San Diego to report 
on project results and to share accomplishments, exchange ideas, and publish your work to a global scientific  
audience. Since the health and safety of our community remains our first priority, we are closely monitoring the international 
COVID-19 situation, and we will update you regarding any changes to our events. Find our COVID-19 policy online at  
www.spie.org.


