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Photonics Focus is a new bimonthly print and online magazine 
highlighting optics and photonics technology and industry, 
published by SPIE, and distributed in print to 19,000+ members. 
In addition to the targeted audience of SPIE membership, the 
magazine is distributed at major SPIE Events, including Photonics 
West, Optics + Photonics, and Defense + Commercial Sensing. By 
advertising in Photonics Focus, you will build visibility in the optics 
and photonics community and reach a highly qualified audience.

Because the magazine exists to serve the SPIE mission, we 
include articles to help readers grow in their careers, find new 
jobs, and stay informed about relevant changes in US and 
international policy. Feature articles showcase scientific discovery 
and innovative real-world applications of optics and photonics. 
Photonics Focus also provides important updates about SPIE 
services, upcoming meetings, and community support.
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UK Photonics Industry Adapts to the 
Challenges of Brexit and COVID-19

THE BRITS ARE KNOWN FOR THEIR dry, sarcastic 
sense of humor—so as the country locked down under 
the worldwide pandemic, more than a few were tweeting 
“Bring back Brexit, all is forgiven!”

Yet the photonics industry does not seem to be one 
of those strongly aff ected either way—it has neither the 
pro-Brexit feelings of the fi sheries nor the anti-Brexit 
stance of the banking sector. Rather, it seems to be 
displaying a pragmatic attitude. 

The initial uncertainty felt by UK residents following 
the results of the vote in 2016 has gone through many 
emotional permutations in the years since. Here is a 
quick recap of the events following that vote.

There was the election of the country’s fi rst female 
Prime Minister since Margaret Thatcher a month after 
the vote, the discussion over when she would actually 
"pull the trigger" and set the process in motion, and a 
snap general election in which her party lost its major-
ity, which then meant she could not get her deal with 
the EU through Parliament. She proceeded to step 
down from her position as party leader and Boris John-
son was voted into offi  ce in July 2019. He suspended 
Parliament unlawfully a few months later and then 
announced another General Election for December. In 
this election the Conservatives won a sizeable majority, 
which allowed the party to get the Brexit deal through 

Parliament in January of this year. The UK offi  cially 
left the European Union at midnight on 31 January 
2020, and started an eleven-month transition pro-
cess. At least, that was the plan until COVID-19 hit. 
An extension may be possible, but it would need to be 
agreed upon by 1 July. 

John Lincoln, the chief executive of the Photonics 
Leadership Group in the UK, painted a more positive 
picture of the impact of Brexit on UK photonics than 
the general media have so far presented.

“Industry is fairly fl exible, it takes on board what’s going 
on, it adjusts and fi ts and just gets on with it—it’s what 
we’ve always done and what we’ll always do!” he says.

“That get-on-with-it spirit has been borne out by 
COVID as well. Eighty to ninety percent of photonics 
companies are still manufacturing—maybe not at full 
capacity, but we’re still producing and shipping, and 
that is very heartening.”

In such a high-technology industry as photonics, 
many issues faced by the rest of the country don’t apply. 
Social distancing, for example, which will be the real-
ity for most of the world for a period to come, will be 
fairly straightforward in an environment dominated by 
machinery and a small number of highly skilled workers 
who are already operating in a “clean” environment. 
After all, optics don’t like dirt.

Data Credit: Photonics Leadership Group 2019

£13.5bn
industry value to
the UK economy

69,000
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Industry Updates
M&A
» Thermo Fisher Scientific Inc. to acquire QIAGEN N.V. 

for $11.5B. The transaction is expected to close in the 
first half of 2021.

» United Technologies Corp. and Raytheon Co. have 
completed their merger effective April 3, 2020. The 
combined company is called Raytheon Technologies 
Corp. and is headquartered in Waltham, Massachusetts.

» Cypress Semiconductor was acquired by Infineon 
Technologies AG for $10.1B effective April 16, 2020.

» The following companies have all been acquired by 
II-VI Optical Systems, Inc. between 2018–2019. The 
company changed its name to II-VI Aerospace & 
Defense, Inc. effective April 22, 2020.

- Redstone Aerospace Corp. for $30M 

- Precision Asphere, Inc. for an undisclosed amount 

- Optonicus for an undisclosed amount

» Mellanox Technologies, Inc. was acquired by NVIDIA 
Corp. for $7B effective April 27, 2020.

» Princeton Technology Corp. was acquired by Intervala, 
LLC for an undisclosed amount effective April 27, 2020.

» Savant Systems LLC to acquire GE Lighting for an 
undisclosed amount. The transaction is expected to 
close mid-2020. 

» Maxar Technologies completed its sale of MDA 
Systems Ltd. to Northern Private Capital for $765M 
effective April 8, 2020. MDA now operates as a private, 
independent company headquartered in Canada. 

» AMERGINT Technologies Holdings, Inc. acquired 
the space-based optics business of Raytheon 
Technologies, effective April 20, 2020, and also 
Tethers Unlimited, Inc. effective May 6, 2020.

Executive Updates
» Marillyn Hewson stepped down as CEO of Lockheed 

Martin Corp. effective June 15, 2020. She will be 
succeeded by current Board Member James Taiclet. 

» Alexander Cartwright was appointed President of 
University of Central Florida effective April 3, 2020.

» Kazuto Ogawa was appointed President and CEO of 
Canon U.S.A., Inc. effective April 1, 2020.

» Brice Hill appointed Executive VP and CFO of Xilinx, 
Inc. effective April 9, 2020.

» Jiro Ushio, founder of Ushio Opto Semiconductors, 
Inc. has stepped down from his role as chairman 
effective May 13, 2020. At age 89, he remains with the 
firm as a consultant. 

» Damian Towns was appointed CFO and corporate 
secretary of Photon Control Inc. effective May 12, 2020. 
He succeeds Daniel Lee who stepped down to pursue 
other opportunities. 

» Neil Brinker was promoted to president of Advanced 
Energy Industries, Inc. effective May 20, 2020. He will 
also continue in his role as COO. 

» Alan Faichney was appointed CEO of UniKLasers Ltd. 
effective May 19, 2020. He succeeds Fedor Karpushko 
who is now CTO.

FIELD OF VIEW
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The initial concerns thrown up by Brexit, such as the free 
movement of people between member states, the exchange 
rate of the Euro and the pound, and access to EU funding 
and research programs, have also not proven to be enormous 
barriers.

“Photonics is a very global industry, we care about global 
travel. I asked members whether European travel restric-
tions need to be eased or global travel restrictions—and 
the answers were very interesting in the context of Brexit,” 
John added.

Lincoln found that respondents were much more keen to 
lift international travel restrictions. Had they indicated it 
was more important to lift European travel restrictions, that 
would have indicated that Europe was a more important 
market than the global one and so leaving the EU would be 
more problematic.

“Brexit forces us to think about multiple suppliers—would 
you rather minimize cost for exclusivity or minimize risk 
with diversity of supply chain? One of the impacts we can 
see from COVID is that minimizing risk begins to take as 
much precedence. The whole focus on economic patriotism 
would have also have had that effect—we were already 
seeing that trend. It provides big opportunities in innovation 
if you can make something economically in fi ve diff erent 
places around the world instead of in one big, ultraeffi  cient 
factory.”

Even concerns around access to funding programs appear 
to have been assuaged. 

The UK government has stated: “Under the Withdrawal 
Agreement, the UK will continue to participate in pro-
grammes funded under the current 2014–2020 Multiannual 
Financial Framework (MFF) until their closure. This means 
that the vast majority of programmes will continue to receive 
EU funding across the programme’s lifetime. In many cases, 
funding will continue until after 2020 and the end of the 
transition period.”

As for the removal of the right to free movement of people 
between European countries, some argue it will have a det-
rimental eff ect on recruitment in mainland Europe, while 
others argue the international talent pool has become more 
accessible under a new immigration points system.

Javid Khan, chief executive of Holoxica Ltd, a Scottish 
company specializing in holographic 3D visualization 
including digital holograms and video displays, said both 
COVID and Brexit present challenges.

“I would defi nitely like to see the Brexit transition delayed 
to take into account the impact of COVID-19,” he said.

So as circumstances remain fl uid, the impact of both 
Brexit and the coronavirus remains to be seen. We shall 
hope that the pragmatic attitude displayed so far prevails. 

KIM MCALLISTER is a freelance business and broadcaster on 
BBC Radio Scotland. She also has an eight-part podcast called 
Edinburgh: Space Data Capital, which is available on Spotify. 
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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 

IN DATA By Rebecca Pool
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IN DATA
THE SQUARETHE SQUARE

Kilometre Array is set 
to be the world’s biggest 
radio telescope and the 
largest big data project in 
the known Universe. Will 
astronomers sink or swim 
in the digital downpour?

DROWNING

 Photo Credit: Naomi McClure-Griffiths, CSIRO (ASKAP)/Shutterstock

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.” 

BANDWIDTH

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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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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LUMINARIES

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 

Each issue highlights a person or institution who profoundly

influenced the course of optics and photonics technology.
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