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Maryellen Giger, Editor-in-Chief

The Journal of Medical Imaging 
(JMI) launched in April 2014.

JMI covers fundamental and trans-
lational research and applications 
focused on photonics in medical 
imaging, which continue to yield 
physical and biomedical advance-
ments in early detection, diagnos-
tics, and therapy of disease, as well 
as in the understanding of normal.

JMI is published online and in print, 
with free access to the online ver-
sion through 2015. 

SPIE.org/JMI

Mark Clampin, Editor-in-Chief

SPIE will launch the Journal 
of Astronomical Telescopes, 
Instruments, and Systems (JATIS)  
in mid-2014.

JATIS publishes peer-reviewed 
papers reporting on original 
research in the development, test-
ing, and application of telescopes, 
instrumentation, techniques, and 
systems for ground- and space-
based astronomy.

JATIS will be published online and 
in print, with free access to the 
online version through 2015. 

SPIE.org/JATIS

If you design telescopes, develop  
imaging techniques to detect disease,  
or use light to study the brain,   
SPIE now has the journal for you.

Submit your paper today.

David A. Boas, Editor-in-Chief

Neurophotonics launched  
in May 2014. 

At the interface of optics and 
neuroscience, Neurophotonics 
covers cutting-edge technological 
advances and the impact 
on neuroscience and clinical 
applications.

Neurophotonics is published 
online and in print, with free ac-
cess to the online version through 
2015.

SPIE.org/Neurophotonics
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Attending SPIE events is beneficial to individuals 
and their employers at all stages of a career, 
and conferences are great places to find a role 

model – or become one. 
 Whether your career stage is student, high-level 
manager or educator, or somewhere in between, SPIE 
events provide supplemental learning, professional 
development opportunities, and networking that can 
result in career advancement. 
 SPIE events have benefited me — and my employers 
— at every stage of my career.
 My first SPIE event was the SPIE annual meeting in 
San Diego, CA (USA). SPIE had awarded travel grants to 
a number of us students from the University of Arizona 
Optical Sciences Center. 
 I fell in love with SPIE. I felt at home. It was a 
community of engineers and entrepreneurs who 
respected and even liked each other. I have not 
missed that San Diego 
meeting since. Most of my 
professional mentors and 
collaborators and many 
of my personal friends 
are people I met through 
SPIE.
 When I was a graduate 
student, presentations by leaders in our community 
augmented my education and improved my research. 
Pick any SPIE conference, and you will encounter the 
top people across the international community, the 
full spectrum from basic researchers to industry R&D 
dynamos and clinicians wanting to be in on the leading 
edge of new treatment and diagnostic modalities. Also, 
presenting my results made me a better researcher.

INVOLVEMENT AT MANY LEVELS
 When I took my first job, SPIE conferences and 
exhibitions were how we advertised our capabilities, 
solicited new business, and conducted competition 
research.
 As I moved from an assistant professor, back to 
industry and then to government, presenting and 
publishing proceedings papers continued to mature my 
career. Listening to and reading proceedings made me a 
better employee. However, this is only half of the story. 
Helping organize conferences and reviewing submitted 
papers is an excellent way to stay current. 
 Then there are the networking opportunities and 
hallway conversations. As a student and engineer, I 
learned much from such exchanges. Even today, they 
are a constant source of new opportunities.
 Some of my favorite SPIE symposia memories are of 
attending the awards banquet in San Diego. I enjoyed 
seeing which of my professors would be promoted to 

PRESIDENT’S LETTER

CONFERENCES: 
Full spectrum career lift 

Fellow or presented an award. At the poolside receptions, I 
noticed every Fellow ribbon and wondered what important 
contributions that person had made to our community. I 
aspired to a career that might be Fellow-worthy.

ROLE MODELS AND MENTORING
 As president of SPIE, I have the pleasure to present 
awards and to recognize Senior Members and Fellows. 
Recently, I conferred four Fellow pins at SPIE Photonics 
Europe and eight at SPIE DSS. 
 But my message is not that our award winners, 
Fellows, and Senior Members are just individuals of 
distinction; they are also role models for students and 
junior engineers to emulate. 
 At a recent SPIE Student Chapter Leadership 
Workshop, I joined a discussion on IQ, technical 
knowledge, and emotional intelligence. 
 The facilitators explained that while all of us 

have a basic intellectual 
capacity, which dif fers 
from technical knowledge, 
what really determines 
our professional success 
i s  emot iona l  c apac it y 
(defined as the ability to 
listen to and understand 

the needs of others). 
 In other words, science and engineering are “team 
sports” and success comes to those who can work 
well with others. Fortunately, emotional capacity, like 
knowledge, can be learned and continuously improved.
 I believe three other factors are equally critical to 
success. First is the ability to communicate and second 
is the ambition to communicate. What you know has no 
value if you lack the skill and ambition to communicate 
it to others.
 Third is to know yourself and understand how to 
apply your unique combination of abilities, strengths, 
interests, and ambitions. Unfortunately, most of us, and 
especially students, lack the experience and wisdom 
to see the full range of possibilities to which we might 
apply our talents. It is for this reason that mentors are 
so important to success.
 Just as I have benefited from mentors, someone right 
now could benefit from your mentorship. And it does 
not matter where you are in your professional career. 
You are a role model to someone.
 Hope to see you at SPIE Optics + Photonics in San 
Diego this August. .

H. Philip Stahl 
2014 SPIE President

SPIE events provide supplemental 
learning, professional development 
opportunities, and networking that 
can result in career advancement.

SPIEDigitalLibrary.org

Find the Answer 

Follow photonics industry 
updates from SPIE on 
LinkedIn at linkedin.com/
company/spie

Optics & Astronomy



Not ready for entrepreneurship? 
Become an intrapreneur instead.
BY ANDREA BELZ

INTRAPRENEURSHIP

In 1943, the US Army desperately needed a new 
jet fighter to counter the growing power of 
German jets. The Army went to the Lockheed 

Aircraft Corp. to develop a secret jet that would 
transform the world of American aviation. 
 Led by a young engineer named Clarence 
“Kelly” Johnson, the Lockheed 
team designed and built what 
would become the XP-80 
jet in a mere 143 days. 
T he y  w ork e d  i n  a 
rented circus tent 
beneath the radar, 
a n d  t h e y  w e r e 
not constra ined 
by the rules and 
regulations of the 
larger corporation. 

 They were relentless entrepreneurs working 
around the clock, and they called themselves Skunk 
Works, named after a mysterious and foul-smelling 
place in the Li’l Abner comic strip.
 Fast forward 71 years and Skunk Works is still 
going strong at Lockheed Martin — it is an essential 
division of the company that remains committed to 

innovation and breaking the rules whenever 
it’s necessary to achieve a mission. 

 The Skunk Works story is a classic 
example of what today is being called 
“intrapreneurship,” the idea that 
large corporations must encourage 
risk-taking entrepreneurs within 
their existing structures. Highly 
successful corporations, such as 

Google, Gore, and Boeing, have 
thriving intrapreneur programs. They 

all realize they must continue to push the 
technical and organizational boundaries 

of their enterprises if they are to remain 
competitive. 
 As I look at the landscape of American 
business, I see intrapreneurship as the proving 
ground for a new generation of entrepreneurs. 
We live in a world where innovation has become 
a mantra and wildly successful entrepreneurs 
are treated like heroes. There are countless 
stories of maverick entrepreneurs and their 
successes as well as their failures, but clearly 
not everyone can take the path of Tesla’s Elon 
Musk or Apple’s Steve Jobs. 
 Still, for young engineers who work in large 
companies today, there are limitless 
opportunities to move beyond the 
traditional corporate boundaries 
of developing new products. The 

6 SPIE Professional | JULY 2014

CAREER



your audience. The best communicators know how to assess any 
given audience and use the right methods of persuasion to make 
their case. 
 Intrapreneurs must be able to communicate clearly with members 
of their team and make the case to management that their vision 
is both valuable and viable. 

RESEARCHING THE MARKET 
 Market research allows intrapreneurs to f ind data and 
opportunities linked to the needs of the customer. For engineers 
who are trained to identify and solve problems, this is often a very 
different perspective. 
 How do you read market-research reports? How do you segment 
a market in different ways?
 Some research requires collecting first-hand data, which calls 
for asking prospective customers directly for problems to solve.
 This can be a difficult exercise for an engineer who is not used to 

solving problems in interviews instead of with formulas, 
but it is a critical element – and a teachable skill – 

for those interested in learning how to validate 
new opportunities. Market research skills are 

crucial to getting a product out to the world.

KEEPING SCORE
 Accounting may seem mundane to 
many, but it is essential to the equation 
of intrapreneurship. 
 One of my mentors once gave me a 

valuable lesson. He defined accounting in 
a simple but valuable way: “How can you 

win if you can’t keep score?” 
 Accounting is the way that companies keep 

score, and aspiring intrapreneurs must be able 
to develop budgets and use accounting principles 

to justify their projects and ideas.

INNOVATION IS IMPERATIVE
 The skills that I have outlined are learned and not born, and there 
are many ways to develop them: by working with mentors, attending 
weekend courses, and the age-old method of trial and error. 
 The key to intrapreneurship is the willingness to think outside 
of a traditional job description to the larger needs of the market. 
Intrapreneurs want to create something new, and they leverage 
the diverse resources around them to benefit their organizations.
 For every intrapreneurial venture there will be skeptics who say, 
“But we can’t afford to go in that direction. It’s too risky and we 
don’t know if it will succeed.”
 The answer from intrapreneurs is always the same: “You can’t 
afford not to innovate.” 

–Andrea Belz is a professor at the 
University of Southern California Lloyd 
Greif Center for Entrepreneurial Studies 
and academic director of the Master 
of Science in Entrepreneurship and 
Innovation program at the USC Marshall 
School of Business. She has a PhD in nuclear 
and particle physics, an MBA in finance, 
and a BS in physics. She is president of Belz 
Consulting and an instructor and volunteer 
at SPIE events. .

key is that engineers must understand how to become part of 
intrapreneurial ventures and develop the right skill sets to do so.

5 SKILLS FOR ASPIRING INTRAPRENEURS 
 Five skills that aspiring intrapreneurs must master in order  
to join and ultimately lead innovation programs at their 
organizations are:
• Opportunity creation
• Organizational development
• Communication
• Market research
• Accounting

CREATING BUSINESS OPPORTUNITIES 
 All intrapreneurs have one important thing in common: they are 
always looking at potential new business opportunities and trends 
in the market. Google intrapreneurs looked well beyond search 
engines almost a decade ago and saw the connection 
between people’s desire to communicate and how 
they could leverage Google’s search strengths; 
the result was Gmail. 
 Starbucks has become part of the cultural 
fabric because intrapreneurs realized 
that people wanted more than coffee. 
They wanted a place where they could 
meet or work online independently. 
Starbucks responded with free Wi-Fi and 
an atmosphere conducive to attracting 
people from small businesses.
 Successful intrapreneurs create new 
opportunities for their organizations 
by constantly scanning the markets and 
identifying trends tied to the core strengths of 
their companies.

DEVELOPING EFFECTIVE TEAMS
 The mantra in the world of real estate is “location, location, 
location.” I would argue that the mantra for intrapreneurship is 
“people, people, people.” Effective intrapreneurs must develop 
team-building skills to deliver a project successfully. 
 In the world of sports, successful coaches have the ability to find 
the right mix of players to achieve their goals. Phil Jackson has more 
basketball championship rings than fingers because he found ways 
to create teams of players with varying and complementary skill 
sets. Intrapreneurs need to assess their team members, learn about 
their skills and interests, and determine if their goals are aligned 

with those of the new project. 
 Organizational development is perhaps the most 

challenging task of intrapreneurship. It requires 
assessing how people will work together, and the 

actual team chemistry can’t really be determined 
until the players are on the court, so to speak. Make 

no mistake, there will be successes and failures 
along the way.

PERSUADING THE AUDIENCE 
 Inextricably t ied to team building is 
developing communication skills.
 What many people don’t realize is that 
successful communication is linked to 
understanding and reaching the needs of 
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How do startups start?
So you have what you think is a great idea for a product that 

leverages cutting-edge optical technology and might even 
be a market “disruptor.” But how do you know if it warrants 

launching your own company? And if you decide it does, where do 
you start?
 These are some of the critical questions addressed in industry 
workshops and panel discussions at many SPIE events throughout 
the year. Successful business, financial, and legal experts at these 
photonics industry programs help budding entrepreneurs bridge the 
gap between benchtop research and commercial product development. 
 “Leveraging our strong connections to and knowledge of the 
photonics industry, SPIE has developed a program to meet the 
business, marketing, and education 
needs of our constituents from industry, 
government, and academia,” says 
SPIE Senior Director Andrew Brown. 
Sessions that offer networking and 
valuable insights into photonics-
c enter e d bu s i ne s s  de velopment 
opportunities can help photonics 
professionals expand their companies and products, develop new 
solutions, find new markets, and foster business creation, Brown says. 
 Attendees at several special sessions at SPIE Photonics West in 
February, for instance, received a plethora of tips about financing 
options for startups, protecting intellectual property, and building 
a management team. 
 Life sciences and healthcare ventures are particularly fertile ground 
for investment and economic growth, according to SPIE Senior 
Member Linda Smith, president of Ceres Technical Advisers, who 
moderated a panel of speakers with experience in startup financing 
for those fields. 
 In 2013, a reported $3.6 billion of private placements went to work 
commercializing technology and scaling businesses with core enabling 
technology in biophotonics, she says.

 T he  p a ne l  i nc lude d 
Jim Haack, senior v ice 
president at  C it iba n k , 
who discussed low-cost 
debt options for financing 

“Ask yourself: Am I a scientist/
engineer? Or am I a businessperson 
who is going to make this work?”

Tips for launching a photonics business
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working capital and capital-equipment expenses and Faz Bashi of 
Angel Capital Association, representing early investors who typically 
provide a bridge to venture capital (VC) with up to $1 million at the 
R&D or startup stages. Also providing advice for new entrepreneurs 
were Jonathan Wyler, venture partner at SV Life Sciences Advisers, 
and Jeremy Salesin, vice president of acquisitions at Intellectual 
Ventures. Salesin suggested a financing alternative – licensing your 
IP and partnering with a technology incubator.

FOUNDING ROLE NOT PERMANENT
 Putting together a strong management team, one of the first steps 
in starting a business and attracting working capital, was addressed 

in another session at Photonics West 
where John Dexheimer, president of 
LightWave Advisors of Connecticut, 
had a sobering warning for potential 
entrepreneurs. VC companies can help 
your startup, Dexheimer said, but 
the founder/CEO is often the first to 
go. “You no longer control your own 

company,” he said. “You have a 50/50 chance of being gone.”
 Of 22,000 VC-backed firms in a survey, Dexheimer said, the 
founders of three-quarters had made little else at exit except a salary. 
In non-VC funded companies, the CEO was more likely to survive, 
and financial goals and product milestones were more likely to be 
achieved, Dexheimer said.
 James Schaefer, a certified public accountant at Mark Schaefer 
Associates and an SPIE industry program speaker, echoed that 
warning. “Investors are looking more at the management team than 
the product/idea,” Schaefer said. 
 “If you are head of that team, you have to be able to present yourself 
to the investors so that they are confident you can make this idea/
company work. They want to know how they can make their money 
back with minimal risk.”
 Schaefer added, “You have a concept and an idea, but you have to 
look at it as being a business.” 

LAWS ON IP AND TRADE
 SPIE industry programs can also deliver important information 



CAREER

about how to protect your intellectual property and 
on international laws affecting the manufacture and 
trade of photonics devices and photonics-enabled 
products. 
 Speakers at SPIE Photonics Europe, for example, 
raised a warning about the EU regulations RoHS and 
REACH, which are endangering the availability of 
raw materials for high-end optical systems.
 Kerry Scarlott, an attorney with Goulston & Storrs 
(USA), has been a frequent speaker at SPIE DSS and 
Photonics West on the US International Traffic in Arms 
Regulations (ITAR) and other international trade 
regulations that affect the optics and photonics industry. 
 The goal for protecting your IP is to safeguard 
your idea, your company, and its equity, according 
to Ken Itrato, a lawyer with the Faber Group. Talk 
with lawyers and other professionals to put together 
a patent-filing team, he says, but be sure to have 
some sort of agreement with anyone with whom you 
discuss your technology idea. 
 However, many potential investors are hesitant 
to sign a nondisclosure agreement (NDA), Schaefer 
said, because “we don’t want to have to be worried 
about being sued down the road due to inadvertently 
discussing something.”
 The earlier you file for a patent, the better, 
according to Liz Nevis, an IP lawyer and consultant 
with Intermolecular who previously worked as an 
engineer in the laser industry. 
 “If you sit on it too long or disclose too soon, you 
could lose some rights,” she said. “The US gives you 
a year to file for a patent after public disclosure, 
but other countries don’t. So if you are considering 
participating in the world market, you need to keep 
this in mind.”

BUILDING A STRONG TEAM
 Financial and legal advisers to technology startups 
cited the importance of networking and mentoring 
as keys to success at the SPIE Accelerator Forum in 
February, “What Startups Need to be Successful.” 
 Forum moderator Andrea Belz, CEO of Belz 
Consulting and professor of entrepreneurship at 
University of Southern California, said that most 
successful startups bring in a marketing person 
very early.

 “The people part is the hardest part of all,” Belz 
said. “There is a big difference between a group and 
a team.”
 Belz and other panelists at the forum recommended 
asking key questions early on to determine whether 
you have a commercially viable idea or product – 
questions that at first glance may seem to have little 
to do with that idea or product.
 “You have to be solving a problem with a product or 
idea that is unique and has a big enough market and that 
you have the resources to handle,” said Schaefer, who 
has a number of clients involved in technology startups. 
“You have to ask yourself: Am I a scientist/engineer? Or 
am I a businessperson who is going to make this work?”
 Who are your potential customers and how will 
you determine whether your product offers them 
something the competition doesn’t?
 “How are you going to take your product all the 
way through execution to reach those customers?” 
said Ellen McGuirk, CEO and corporate marketing 
strategist with Masterplan Consulting. “You need 
to plot out a course or you can get off track quickly.”
 Nevis also stressed the need for a good marketing 
person. “I have seen a lot of great ideas languish 
because they didn’t have the right person who could 
go out and speak in the language that the right people 
could understand,” she said.

–Mike Hatcher, Kathy Kincade, and Kathy Sheehan 
contributed to this article. .

Startup fast
and repeat
Simon Poole, 
director of 
new business 
ventures for 
Finisar in 
Australia, 
advises 
optics and 
photonics experts who want 
to start their own business 
to “identify the opportunity, 
get into the market fast, and 
iterate.” 

The serial entrepreneur, who 
turned to the commercial 
side of photonics after 
running an academic 
research group for seven 
years, emphasized the 
importance of speed 
in many areas of a new 
business.

Get into the market rapidly 
and quickly terminate 
employees who don’t work 
out, Poole says.

However, it’s also important 
to take the time to hire the 
right people – and to “smell 
the roses,” he says.

Attorney Kelly Scarlott advises optics and 
photonics companies about ITAR and other 
international trade regulations.

SPIE Optics + Photonics will 
have a two-day job fair and 
several photonics industry 
events in August. 

For more information:  
spie.org/OP/special-events/
Industry-Event 
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A JOB IN OPTICS:
Good pay, satisfaction, career 
success matter

CAREER

Aer o spac e sc ient i s t s ,  sem ic onduc tor 
engineers, and those optics and photonics 
professionals who work in Switzerland, the 

United States, and Israel are the most highly paid in 
the industry, a new SPIE salary survey of the global 
optics and photonics industry has found.
 The SPIE 2014 Optics & Photonics Global Salary 
Report also found new insights into how different 
workers view career success; a continuing high rate 
of job satisfaction; and a persistent gender gap in 
salaries, as indicated in three previous surveys.
 The largest such international study of the photonics 
industry found a median salary of US $73,000, with 
salaries widely distributed around this midpoint and 
differences primarily 
driven by country income 
level, employer type, and 
primary job type.
 Median salaries for 
optics and photonics 
workers in Sweden, 
C a n a d a ,  A u s t r a l i a , 
Germany, Netherlands, 
Israel, USA, and Switzerland were more than that, 
with the Swiss median reaching US $124,599. 
 The highest-paid discipline is aerospace, with a median 
income of $116,269, followed by the semiconductor 
sector at $102,567, and illumination at $100,000. Other 
discipline areas that reported salaries higher than the 
overall median included materials, optical design, 
optical systems, and systems engineering or research. 
 Workers in the civil/environmental discipline 
and survey respondents from Ukraine fell at the 
opposite end of the spectrum at $48,000 and $5,701, 
respectively. 

TEAM SUCCESS IMPORTANT
 The SPIE annual salary survey, which is available 
at spiecareercenter.org and with the printed 
copies of this issue of SPIE Professional mailed to 
SPIE members, also asked photonics workers about 
job mobility and their definitions of career success.
 Across the community, from academia to for-
profit organizations to government and military 
institutions, workers say team success is among top 
factors in defining their career success.
 And while the top two career-success factors are 
the same for academic, government, and military 
workers — scientific discovery followed by team 
success — for-profit workers' top two are team success 
followed by the organization's success. The trends 
hold across regions of varying pay ranges as well as 
varying work-week lengths.

Salary report
key findings
•  Workers in the optics and 

photonics industry are 
highly satisfied with their 
jobs overall: 85% enjoy 
their work, while 88% 
respect the work of their 
peers.

• For-profit workers see 
product innovation as 
a key element of career 
success, vs. academic and 
government employees 
who place high value on 
scientific discovery.

•  The work week is long: 
40% of workers in higher-
income Asian countries 
spend 50 or more hours 
per week on the job; 21% 
of Romanian workers 
report working 55 or 
more hours per week, 
the largest percentage of 
any country; and Japan 
follows closely, with 20% 
working 55+ hours per 
week.

•  Some 91% of workers 
in lower-income Asian 
countries expect a raise in 
2014 vs. 58% of lower-
income Europeans.

•  Median salaries are 40% 
higher overall for men 
than for women in the 
photonics industry, with 
the largest gap occurring 
in late career.

 Questions about job mobility showed that North 
Americans are the most frequent job changers; only 
10% of North Americans have worked at the same 
organization throughout their entire careers. By 
comparison, 27% of higher-income Asians said they 
were at the same organization, along with 38% of higher-
income Europeans and 50% of lower-income Asians.

GENDER DISPARITIES TROUBLING
 The study found a slightly wider wage gap between 
men’s and women’s income this year. The 2014 survey 
found that men earn 40% more than women, with 
respective median salaries of $77,000 and $55,169. 
The 2013 report found that median salaries were 

36% overall higher for 
men than women.
 In 2014, women make 
more than men only in 
Latin America and the 
Caribbean where their 
salaries are 10% higher. 
Elsewhere in the world, 
women's median salaries 

range from 11% lower in Oceania to 67% lower in Africa 
and higher-income Asia. In addition to geography, 
duration of employment also factored into the gender 
gap, with the survey finding a 45% wage gap for men and 
women who were employed 30 or more years.
 The gender salary disparity hurts not only women 
looking for rewarding careers, but society as a whole, 
said SPIE CEO Eugene Arthurs: 
 "We cannot afford to continue to discourage 51% 
of the next generation from working to help find the 
vital solutions to the world's challenges in developing 
sustainable energy supplies, improving healthcare, 
ensuring viability of our communication networks, 
and safeguarding our communities," Arthurs said.
 Men outnumbered women in this sur vey, 
comprising 84% of the sample. The wage gaps 
outlined in the SPIE survey are consistent with a 
2012 Nature report that found “Large salary 
disparities persist between male and female  
researchers.”
 The SPIE survey was conducted 
in February, with just over 
6000 va l id responses 
f rom 103 countr ies. 
R e s p o n s e s  f r o m 
countries with less than 25 
survey participants were not 
included.
 D o w n l o a d  t h e  r e p o r t  a t  
spiecareercenter.org. .SPIEDigitalLibrary.org
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Optoelectronics & 
Communications 

Photonics workers in the commercial 
sector say that team success is a 
major factor in determining career 
achievement.
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Green lasers kill lice on farmed fish
In an unusual application, Jenoptik’s Lasers & 

Material Processing division is supplying Stingray 
Marine Solutions of Norway with lasers to combat 

parasites that attack farmed salmon.
 Stingray Marine Solutions is using the JenLas D2.8, 
a doubled-frequency, diode-pumped, thin-disc laser 
that delivers a green beam at 532 nm and is typically 
used in ophthalmology, endoscopy, and other medical 
applications. 
 Stingray Marine installed the laser into a barrel-like 
casing that is submerged into the netted fish pens with 
a camera system that scans the salmon as they swim 
past the device.
 Whenever the system identifies the outer shape of 
the sea lice on a salmon’s skin, a short laser impulse 
destroys the tissue of the parasite without damaging 
the fish. Real-time software specifically adapted for 
this purpose enables the quick reaction. 
 “Optical Sea Lice Treatment is a concept within 

the aquaculture industry that has 
developed from an amazing idea 
into a concrete reality,” according to 
a description provided by Stingray 
Marine. “By combining camera 
vision, advanced software, and laser 
treatment, we can remove even an 
individual sea louse from the fish in 
a gentle and efficient way.”
 Previously, chemicals were the only way to destroy 
the 8- to 12-mm-long parasites that cling to fish skin 
and weaken the salmon. Over time, this leads to damage 
to the ocean chemistry around the fish farms.
 Optical delousing offers a preventive and sustainable 
alternative, according to Stingray. 
 “The goal is to perform continuous delousing in 
order to keep the number of lice down so that fish 
farmers avoid carrying out demanding and inexpedient 
operations.” .

A green laser destroys 
lice without damaging 
the fish.
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SPIE and IYL2015 
 The International Year of Light and Light-based 
Technologies (IYL2015) will not officially begin 
until January 2015, but SPIE and other founding 
sponsors of the global initiative have been busy 
planning a year’s worth of activities to highlight to 
the citizens of the world the importance of light-based 
technologies in their lives, for their futures, and for 
the development of society.
 Well before the 19-20 January 2015 kickoff event 
in Paris, SPIE has organized a photography contest 
that begins in July 2014. The Society will also provide 
additional funding to SPIE Student Chapters for 
outreach during IYL2015 and has issued a call for 
papers for a special section on light’s impact on 
medicine and biology in the Journal of Biomedical 
Optics. 
 The United Nations General Assembly in December 
2013 proclaimed 2015 the International Year of 
Light to promote improved public and political 
understanding of the central role of light in the 
modern world and to celebrate significant scientific 
anniversaries occurring 
in 2015. The initiative 
i s  le d  by  U N E S C O, 
s u p p o r t e d  b y  1 0 0 
par tners f rom more 
t h a n  8 5  c o u nt r i e s , 
a nd c oord i nated by 
the European Physical 
Society (EPS) and the 
International Centre 
for Theoretical Physics 
(ICTP). 
 "An International Year of Light is a tremendous 
opportunity to ensure that international policymakers 
and stakeholders are made aware of the problem-
solving potential of light technology,” said SPIE 
member John Dudley, chair of the IYL2015 Steering 
Committee. Dudley, a professor at Université de 
Franche-Comté and EPS president, added, “We now 
have a unique opportunity to raise global awareness 
of this.”

IYL PHOTO CONTEST
 SPIE Professional magazine is pleased to be 
sponsoring and coordinating a photography contest 
to celebrate IYL2015. The competition for US $4,500 
in cash prizes is open to any photographer in the 
world beginning 1 July.
 Photos showing the vital role that light and light-
based technologies play in daily life will be judged 
on artistry, scientific interest, and technique for the 
top three prizes. A “People’s Choice Award” will allow 
members of the optics and photonics community and 
the general public to decide on a fourth prize in the 
photography contest. 
 In line with the IYL’s goal of raising awareness 

about light-based technologies, SPIE is committed 
to reaching as many citizens of the world as possible 
through the International Year of Light Photo 
Contest.
 SPIE members can encourage friends, neighbors, 
family, and co-workers to photograph light in their 
everyday lives and enter the contest. 
 Judges will include members of SPIE Student 
Chapters from around the world as well as other 
experts in optics, photonics, and photography. 
 Since the top photos will be published on the covers 
of the print edition of the SPIE member magazine in 
2015 and displayed in large format at SPIE Optics + 
Photonics 2015, only print-quality digital files will 
be considered. 
 Submissions w i l l be accepted through 30 
September 2014. See more on the contest rules at 
spie.org/IYL.

SPIE GRANTS FOR IYL
 In addition to the education outreach grants  

that SPIE provides to 
non-profit organizations 
each yea r,  a specia l 
a l l o c a t i o n  o f  g r a nt 
funding specifically for 
the IYL2015 activities of 
SPIE Student Chapters 
has been established.
 An application process 
w il l begin 17 August 
2014, with the first round 
closing by 17 October so 

that awards can be made by December. A second 
round of grants for the IYL will be awarded in 2015.
 "SPIE continually works to raise awareness of 
photonics technology,” said SPIE CEO Eugene 
Arthurs. “We are especially interested in educating 
the world about technologies that bring the world 
clean and energy-efficient lighting, solar power, and 
practical photonic devices for applications such as 
environmental monitoring, disease diagnosis and 
treatment, and water purification.”

IYL IN BIOPHOTONICS
 The Journal of Biomedical Optics plans to celebrate 
the International Year of Light with a special section 
in June 2015 on “Light for Life,” the revolutionizing 
impact of light on medicine and biology.
 Papers will be accepted through 1 October 2014 
on optics and photonics technologies that allow 
for noninvasive disease screening, diagnosis, 
and treatment monitoring and that enable novel 
approaches for disease detection, optical biopsy, or 
surgical guidance such as laser immunology and 
photodynamic therapy.
 A “Hot Topics” session at the 2015 SPIE/OSA 

The focus of IYL2015 is to promote 
improved public and political 
understanding of the central role 
of light in the modern world and 
celebrate significant scientific 
anniversaries occurring in 2015.

Themes for
Year of Light
The International Year of 
Light has four themes for 
2015.

“Science of Light” 
activities will show how 
studying the fundamental 
scientific properties of light 
impacts widely on all fields 
of science, technology, and 
engineering.

“Tools for the Future” 
will highlight examples 
of light as an enabling 
technology in medicine, 
communications, and 
energy. This theme will 
also focus on emerging 
applications in the study 
and preservation of 
cultural heritage.

“Light for 
Development” will 
promote low-carbon-
emission lighting 
technologies such as 
those using solar power 
for environmental 
sustainability and 
improving the quality 
of life in the developing 
world. This theme will 
also stress the need 
for applying photonic 
devices and technologies 
in agriculture, disease 
prevention, and water 
purification.

“Pioneers of Light” 
will draw attention to 
the human stories and 
contributions that have 
been made by major 
figures in science.

SPIEDigitalLibrary.org

Find the Answer 
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European Conferences on Biomedical Optics 
(ECBO) will also be dedicated to the theme 
of “Light for Life,” and those who plan to 
participate in ECBO 2015 are encouraged to 
submit their research to the journal as well.
 Guest editors of the special journal 
section are SPIE Fellows Katarina Svanberg 
(Sweden), a former SPIE president; Rainer 
Leitgeb (Austria); Nirmala Ramanujam 
(USA); and Jürgen Popp (Germany) along 
with SPIE Senior Member Peter Andersen 
(Denmark).
 For more information on the special 
section: spie.org/IYL_JBOcall. 

RAISING GLOBAL 
AWARENESS 
 In addition to SPIE and EPS, founding 
sponsors of IYL2015 are The American 
Institute of Physics (AIP); the American 
Physical Societ y (A PS); the Deutsche 
Physikalische Gesellschaft (DPG); the IEEE 
Photonics Society; the Institute of Physics 
(IOP); the lightsources.org International 
Network; and the Optical Society (OSA).
 The ICTP will act as Global Secretariat, and 
Philips Lighting announced earlier this year 
that it would be a patron sponsor.
 Philips will support a key IYL2015 program 
focusing on energy-efficient solutions for 
over 1.5 billion people around the world for 
whom nighttime means either darkness or 
the dim glow of an unhealthy kerosene lamp 
or candle. 
 With specific emphasis on the impact this 
has on educational opportunities, Philips 
will participate in the "Study after Sunset" 
program to promote the use of portable 
solar-powered, high-brightness LED lanterns 
in regions where there is little or no reliable 
source of light.
 Philips’ participation will help illustrate 
“the potential for solid-state lighting to bring 
the lighting revolution to millions in the 
developing world and reduce the need for new 
power sources in the developed world,” said 
SPIE President H. Philip Stahl, who serves 
on the IYL Steering Committee. 
 At SPIE Photonics Europe in April, Dudley 
urged his colleagues to become involved in 
any way they can to spread the word about 
all the possibilities light can bring to society, 
especially in developing countries. Advances 
in light-based technology are crucial for 
sustainable development, he noted. They 
open up new educational horizons, preserve 
cultural heritage, and address issues of 
climate change.
 "Study after sunset is not possible in many 
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Rural Cambodians make use of a MoonLight, a solar-powered lantern designed to replace 
the often-dangerous kerosene lamps that are typically found in villages throughout 
Cambodia and the developing world. The Kamworks lantern uses energy-efficient LED 
bulbs and is powered by a small solar cell.

Continued on page 14  
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Photo Contest
SPIE Professional magazine, which is sponsoring and coordinating the International 
Year of Light (IYL) Photo Contest, invites submissions of photographs showing the 
vital role that light and light-based technologies play in daily life.

The IYL is a celebration of the crosscutting discipline of science that has 
revolutionized medicine, astronomy, and clean energy; opened up international 
communication via the Internet; and continues to be central to linking cultural, 
economic, and political aspects of the global society.

The photo contest to celebrate IYL begins 1 July 2014 and will close on  
30 September 2014. Prizes will be awarded in 2015, and winning photographs  
will be published in SPIE Professional.

Judges knowledgeable in light-based technologies and photography will award a top 
prize of US $2,500, a second prize of $1,000, and a third prize of $500. In addition, 
members of the optics and photonics community and the general public will vote on 
awarding a “People’s Choice” prize of $500.

Photographers of all ages and from around the world are eligible to submit a 
maximum of two photos that show light or a light-based technology used in everyday 
life. Photos are not required to be scientific but they should hold some scientific 
interest and/or communicate the International Year of Light theme.

In addition to scientific interest, judges will also evaluate photos on creativity, 
artistry, and overall appeal. Minimal digital enhancement will be permitted.

Since the top photos will be published on the covers of the print editions of the SPIE 
member magazine in 2015 and displayed in large format at SPIE Optics + Photonics 
2015, only print-quality digital files will be considered. Files smaller than 5 MB will not 
be accepted.

More on the contest and rules: spie.org/IYL.

PHOTONICS FOR A BETTER WORLD
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Maintain your competitive 
edge with training at  
SPIE Optics + Photonics 2014
17–21 AUGUST 2014

COURSE TECHNOLOGY TRACKS
-  Optical Design and Systems Engineering
-  Optomechanics and Optical Manufacturing
-  Advanced Metrology
-  Atmospheric and Space Optical Systems
-  Detectors and Imaging Devices
-  Illumination Engineering
-  NanoEngineering
-  NanoScience
-  Photonic Devices and Applications
-  Remote Sensing
-  Signal, Image, and Data Processing
-  Solar Energy + Technology
-  X-Ray, Gamma-Ray, and
-  Particle Technologies

NEW COURSES INCLUDE
SC1140 Surface Nanoplasmonics
SC1143 Component-Level Calibration: Sources, Detectors, 

and Measurement Hardware
SC454 Fabrication Technologies for Micro- and Nano-Optics
SC1085 Optomechanical Systems Engineering
SC218 Advanced Composite Materials for 

Optomechanical Systems
SC781 Optomechanical Analysis

Register today  
www.spie.org/opcourses

34•SPIE COURSES  
& WORKSHOPS

SPIE STUDENT MEMBERS 
GET 50% OFF COURSES—
SEE DETAILS ONLINE 

IYL2015 light anniversaries

The year 2015 represents 400 years since France's Salomon 
de Caux invented a prototype solar-driven engine in 1615.

IYL2015 will also celebrate these anniversaries:

• In 1815, Augustin Jean Fresnel published his first work 
introducing the theory of light as a wave.

• In 1865, James Clerk Maxwell rigorously described the 
electromagnetic theory of light.

• In 1915, the theory of general relativity developed by David 
Hilbert and Albert Einstein showed how light was at the 
center of the very structure of space and time.

• In 1965, Arno Allan Penzias and Robert W. Wilson 
discovered the cosmic microwave background, an 
electromagnetic echo of the very creation of the universe.

Top scientists to celebrate IYL2015
The opening ceremony for the International Year of Light will 
be held 19-20 January 2015 in Paris.

The kickoff event will feature talks by several optics and 
photonics luminaries, including Nobel Laureate and former US 
Energy Secretary Steven Chu.

SPIE Fellow Charles Townes, who received a Nobel Prize 
for his pioneering work with masers and lasers recorded a 
greeting that can be seen on SPIE.TV. 

SPIE AND IYL2015

t Continued from page 13

countries,” he said. “Let's help bring light to the entire world."
 See an SPIE Newsroom video with Dudley at spie.org/IYLDudley1.

GET INVOLVED
 There are many ways for you to get involved in the IYL2015 
celebration. 
 Enter the IYL Photo Contest. Request an SPIE outreach grant. 
 Contribute to the IYL blog and use #IYL2015 on Twitter. 
 Volunteer to host one of the numerous “Light: Beyond the Bulb” 
exhibits in 2015. This program of international exhibitions for the 
International Year of Light will showcase light-based science in 
museums, cafes, shopping malls, airports, and other public places to 
engage citizens of the world who might not regularly seek out science.
 Organizers and volunteers will have access to a free, online 
repository of high-quality images and resources with which to create 
a “Light: Beyond the Bulb” exhibit showing the scientific, cultural, 
economic, and political aspects of light. The crowd-sourced project 
will be expert-curated for science content and beauty. 
 For more information: iyl.cfa.harvard.edu. 
Here are some other websites to get you started in the celebration:
• IYL2015: light2015.org 
• IYL2015 blog: light2015blog.org
• IYL Photo Contest and updates from SPIE: spie.org/IYL
• EPS: eps.org/light2015 
• Facebook page: facebook.com/IYLight2015 
• @IYL2015 on Twitter: twitter.com/IYL2015 
• IYL posters: www.magic-of-light.org/iyl2015 .

PHOTONICS FOR A BETTER WORLD
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US National Photonics Initiative advances;
your voice will help continue momentum 

An ideal time for US citizens to make their voices heard on the 
importance of photonics is during the month of August, when 
the US Senate and Congress are in recess to allow elected 

representatives to visit with constituents back home.
 SPIE is urging members to v isit 
with their senators and congressional 
representatives during this “constituent 
work” period to make sure legislators 
understand the impact optics and 
photonics have in virtually all districts 
and states.
 “Reach out to your legislators with 
an invitation to visit your organization 
between 4 August and 5 September,” says SPIE President H. Philip 
Stahl. “This is a timely opportunity to showcase your business or 
institution as fertile ground for job creation, entrepreneurial ventures, 
investment opportunities, and economic growth nationwide.”
 Legislators may not be familiar with the role photonics plays in those 
areas, Stahl noted. A site visit to a lab or a demonstration of a new capability 
enabled by photonics is a powerful way to raise awareness, he said.
 “We need to help policymakers understand that photonics as a driver 

for progress in the 21st century is what electronics was in the 20th 
century,” Stahl said. “Without the ability to envision how light-based 
technologies work, it is hard to envision what the future possibilities 
may be for diagnosing and treating illness; ensuring safe and robust 

communication systems; supporting 
safer communities; and producing 
sustainable energy sources, lighting, 
and other devices.”
 Indeed, several developments this 
spring have advanced the goals of the 
National Photonics Initiative (NPI), a 
collaborative alliance seeking to raise 
awareness of photonics and drive US 

funding and investment in key photonics-driven fields. “Let’s keep 
the momentum going,” Stahl said.
 In April, a report prepared by the Fast-Track Action Committee on 
Optics and Photonics (FTAC-OP) for the Committee on Science of 
National Science and Technology Council outlined opportunities for 
federal investment and interagency cooperation in basic and early 

Continued on page 18  

NPI

“We need to help policymakers 
understand that photonics as a driver 
for progress in the 21st century is what 
electronics was in the 20th century.”

www.spie.org/proceedings Proceedings

Publish your work in SPIE Proceedings. 
Be found. Be cited. Be remembered.
The SPIE Digital Library has more than 5.3 million visits and 4.3 million downloads  
annually from around the world.

PRESENT TO THE ROOM,  
PUBLISH TO THE WORLD•
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Optical technology makes history in the “Beautiful Game.”

World Cup 2014  
under “Goal Control”

Football fans and players are observing a new goal-line 
technology (GLT) in action at the Fédération Internationale de 
Football Association (FIFA) World Cup™ in Brazil this summer.

 GoalControl-4D, a GLT system from Germany, brings optical 
technology to the playing field with the hope of eliminating the 
sometimes-controversial decisions on goals that can plague the 
“Beautiful Game.”
 FIFA tested GLT systems during tournaments in 2005 and 2007, 
but the systems were dismissed as not accurate enough. After a bad 
call during the 2010 World Cup in South Africa, where a referee 
disallowed a goal that was later proven to be good, GLT was considered 
“no longer an alternative but a necessity," according to FIFA president 
Sepp Blatter.
 In July 2013, FIFA’s rule-making body, the International Football 
Association Board (IFAB), made the historic decision to approve 
the use of GLT in football. Per FIFA’s Testing Manual 2014 for GLT, 
“the objective of goal-line technology is not to replace the role of the 
officials, but rather to support them in their decision-making.” 

THE TESTING PROCESS
 The Swiss Federal Laboratories for Materials Science and 
Technology tested nine GLT technologies over several months in 2011 
and 2012 and chose four companies as final contenders.
 CAIROS and GoalRef, both from Germany, used magnetic fields 
around the goal and a chip inserted into the ball. HawkEye (UK) 
and GoalControl used a 3D imaging system to determine the exact 
location of the ball.
 GoalControl won a tender process (submitting an offer or proposal 
to a prospective buyer) in April 2013 but was subject to further testing 
at the 2013 FIFA Confederations Cup before being signed on for the 
2014 World Cup in Brazil. GoalControl met all FIFA requirements and 
correctly determined all 68 goals during the match. Also important 
to FIFA was the high rate of satisfaction and acceptance by referees 
and officials.
 According to FIFA, the decision to go with GoalControl was 
based on “criteria relating more specifically to the tournaments in 
Brazil, including the company's ability to adapt to local conditions 
and the compatibility of each GLT system in relation to FIFA match 
operations.”

HOW IT WORKS
 The GoalControl-4D system uses 14 high-speed cameras set 
up around the pitch, along the stadium catwalk, in each of the 12 
stadiums. Seven cameras focus on the area directly in front of each 
goal. 
 An image-processing system connected to the cameras tracks 
the movement of all objects on the field and hones in on the ball by 
filtering out players, referees, and other moving objects. The system 
precisely determines and records the ball’s three-dimensional x-, y- 
and z-position so all goals or near-goals can be reviewed.

 Each referee can confirm a goal 
within one second by signals sent 
to his/her wristwatch. The watch 
(right) vibrates and flashes the word 
“GOAL” when the football crosses 
the goal line.
 Replays from conventional TV 
systems can’t always show exactly 
how the ball was positioned relative 
to the goal line when it passes 
through, an issue that has caused 
controversial calls in the past. The 
GoalControl system offers real-time image analysis from seven angles 
without a time delay. TV viewers at home and fans watching giant LED 
screens in the stadium can see the 3D animated-sequence replays.
 With a dedicated technology evaluating each goal as it happens, 
the referee receives clear evidence to aid making the correct call. .
–Karen Thomas, SPIE staff. 

The referee’s watch vibrates 
and flashes the word “GOAL” 
when the ball crosses the 
goal line.

The GoalControl system was thoroughly tested before installation 
in Brazil.

The World Cup was scheduled to begin 12 June as 
this issue of SPIE Professional was being printed. 
The final game of the tournament is 13 July.

Learn more at FIFA.com.

PHOTONICS FOR A BETTER WORLD
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Images courtesy of FIFA
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Photonics for  
a Better World

SHINY QUANTUM DOTS MAY 
TURN HOUSE WINDOWS INTO 
SOLAR PANELS

Quantum dots
for displays
Quantum dots are 
ultra-small bits of 
semiconductor matter 
that can be synthesized 
with nearly atomic 
precision via modern 
methods of colloidal 
chemistry.

Their emission color 
can be tuned by simply 
varying their dimensions. 

Color tunability is 
combined with high 
emission efficiencies 
approaching 100%.

These properties 
have recently become 
the basis of a new 
technology — quantum- 
dot displays — employed, 
for example, in the 
newest generation of the 
Kindle Fire e-reader.

Quantum dots are embedded in the plastic matrix and capture 
sunlight to improve solar-panel efficiency.
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A house window that doubles as a 
solar panel could be on the horizon, 
thanks to recent quantum-dot 

work by researchers at Los Alamos National 
Laboratory in the US in collaboration 
with scientists from University of Milano-
Bicocca (UNIMIB) in Italy.
 Their work, published earlier this year 
in Nature Photonics, demonstrates that 
superior light-emitting properties of 
quantum dots can be applied in solar energy by helping 
more efficiently harvest sunlight.
 "The key accomplishment is the demonstration of 
large-area luminescent solar concentrators that use 
a new generation of specially engineered quantum 
dots," said lead researcher Victor Klimov of the Center 
for Advanced Solar Photophysics at Los Alamos. 
Quantum dots are ultra-small bits of semiconductor 
matter that can be synthesized with nearly atomic 
precision via modern methods of colloidal chemistry.
 A luminescent solar concentrator (LSC) is a photon- 
management device, representing a slab of transparent 
material that contains highly efficient emitters such 
as dye molecules or quantum dots. Sunlight absorbed 
in the slab is re-radiated at longer wavelengths and 
guided toward the slab edge equipped with a solar cell.

LIGHT HARVESTER
 Sergio Brovelli, a faculty member at UNIMIB and 
a co-author of the paper, explained, "The LSC serves 
as a light-harvesting antenna which concentrates 
solar radiation collected from a large area onto a 
much smaller solar cell, and this increases its power 
output. LSCs are especially attractive because in 
addition to gains in efficiency, they can enable new 

interesting concepts such as photovoltaic windows 
that can transform house facades into large-area 
energy-generation units."
 Because of highly efficient, color-tunable emission 
and solution processability, quantum dots are attractive 
materials for use in inexpensive, large-area LSCs. To 
overcome a nagging problem of light reabsorption, the 
Los Alamos and UNIMIB researchers developed LSCs 
based on quantum dots with artificially induced large 
separation between emission and absorption bands, 
known as a large Stokes shift.
 These "Stokes-shift-engineered” quantum dots 
represent cadmium selenide/cadmium sulfide (CdSe/
CdS) structures in which light absorption is dominated 
by an ultra-thick outer shell of CdS, while emission 
occurs from the inner core of a narrower-gap CdSe.
 Los Alamos researchers created a series of thick-
shell (so-called "giant") CdSe/CdS quantum dots, 
which were incorporated by their Italian partners 
into large slabs (sized in tens of centimeters across) 
of polymethylmethacrylate. While being large by 
quantum dot standards, the active particles are still 
tiny, only about hundred angstroms across.

–Matt Peach, optics.org .

applied research in optics and photonics. Among the committee’s seven 
recommendations were setting up a photonics device “foundry” for 
academic users and small businesses; developing devices at “exotic” 
wavelengths beyond the infrared and visible range; and creating new 
components operating at extremely low light levels and powers.
 In May, the National Institute of Standards and Technology (NIST), 
through its Advanced Manufacturing Technology Consortia Program 
(AMTech), awarded $500,000 to the University of Rochester's Center 
for Emerging and Innovative Sciences (CEIS) to lead development 
of a national roadmap for photonics. The Consortium for Integrated 
Photonic Systems Manufacturing and several other high-tech projects 
also received AMTech grants.
 In June, the Department of Defense (DoD) took a first step 
toward a possible new photonics-focused, public-private Institute 

US NATIONAL PHOTONICS INITIATIVE
t Continued from page 15

of Manufacturing Innovation (IMI) as part of the National Network 
for Manufacturing Innovation (NNMI) when it issued a Request for 
Information (RFI) that included photonics as one of six technical 
areas of interest for a new IMI.
 However, since photonics is only one of six competing technologies 
being considered, it is crucial that the photonics community respond 
to the RFI.
 "Those of us in the community, whether in government, academia, 
or industry, are well aware of the importance of these technologies in 
everyone's lives,” Stahl says. “Right now, it is vital to communicate 
those impacts to the DoD."
 The DoD will accept comments on the RFI through 14 July.
 For more information on the RFI, NPI, and/or visiting your 
legislator during the August recess, visit spie.org/NPI. . 

In a new SPIE.TV video, 
Lawrence Berkeley 
National Lab director Paul 
Alivisatos demonstrates 
the Kindle Fire 
quantum-dot display.

spie.org/LBL
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2015 
PHOTONICS 
WEST•
Call for Papers.
Submit Abstracts
by 28 July 2014
www.spie.org/pw2015

Conferences & Courses: 7–12 February
BiOS Expo: 7–8 February
Photonics West Expo: 10–12 February

The Moscone Center
San Francisco, California, USA

Photonics for
a better world
SPIE Professional launched 
its “Photonics for a Better 
World” series in the SPIE 
member magazine five 
years ago.

Do you have a question 
or comment about these 
articles? 

Do you have a story to 
contribute about how 
optics and photonics 
technologies benefit 
humanity? 

Write to us at 
spieprofessional@spie.org.

Read more articles and 
blog posts celebrating the 
many ways that optics and 
photonics are applied in 
creating a better world:

• spie.org/betterworld
• PhotonicsforaBetter 

World.org

HOW DOES YOUR GARDEN GLOW?
NASA's OCO-2 seeks answer

Satellite instruments have serendipitously 
given climate researchers at NASA and other 
institutions an unexpected global view from space 

of a nearly invisible fluorescent glow that sheds new light 
on the productivity of vegetation on land. Previously, 
global views of this glow from chlorophyll were only 
possible over Earth’s ocean, using NASA’s Moderate 
Resolution Imaging Spectroradiometer (MODIS) 
instruments on NASA’s Terra and Aqua spacecraft.
 When the Japanese Greenhouse Gases Observing 
SATellite (GOSAT), known as “IBUKI” in Japan, 
launched into orbit in 2009, its primary mission was 
to measure levels of carbon dioxide and methane, 
major heat-trapping greenhouse gases. However, 
NASA researchers, in collaboration with Japanese 
and other international colleagues, found hidden in 
the data fluorescence from chlorophyll, which was 
contained within plants. 
 Although scientists have measured fluorescence in 
lab settings and ground-based field experiments for 
decades, these new satellite data provide the ability 

to monitor solar-induced chlorophyll fluorescence 
on a global scale, opening up a world of potential 
new applications for studying vegetation on land. 
 Read more about the OCO-2 mission in the online 
edition of SPIE Professional. .

The swirling turquoise colors seen in the deep blue 
waters are the result of millions of the tiny plant-
like organisms floating in the North Sea, captured 
by NASA’s Terra satellite using MODIS.
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The global electricity infrastructure is being 
transformed. Just as computer chips and cell 
phones have brought about the information 

revolution, power generation by photovoltaic (PV) 
solar panels is revolutionizing energy production 
around the world.
  The progress in PV technology over the last four 
decades has been phenomenal. By the end of 2012, the 
global, cumulative, installed solar PV capacity topped 
the 100-gigawatt (GW) mark and is expected to reach 
the 200 GW milestone in 2015. In the next eight to 10 
years, the cost of PV electricity generation and storage 
is expected to reach $0.02 per kilowatt hour (kWh). 

 Based on current trends in the reduced costs of 
installed PV systems and batteries, it is evident that 
local generation of direct current (DC) power by PV 
technology will emerge as a dominant source of low-
cost energy in the 21st Century.

NEW TYPES OF ELECTRICITY GRIDS
 One hour of incident solar energy, used as a free 
fuel and source of sustainable energy, is equal to all 
of the energy used in one year on Earth. 
 The aging electric-grid infrastructure around 
the world today is dominated by large, centralized 
alternating current (AC) power generation, high-
voltage AC transmission, and medium-voltage AC 
distribution.
 This infrastructure can be replaced by more 
energy-efficient and low-cost microgrids, a small-
scale version of the main grid that could connect or 
disconnect with the larger grid, and nanogrids, which 
could generate, store, and distribute power without 
connectivity to the main grid. 
 The use of AC power to service DC loads results in 
a significant amount of energy loss. However, most 
of the electric load is spent on cell phones, laptops, 
air conditioners, light sources, home appliances, and 
other devices that operate on DC power.
 Solar panels produce DC power. Electricity-
storage devices (e.g., batteries and capacitors) store 
electricity in its DC form. Replacing AC electricity 
with DC electricity will save a substantial amount 
of energy normally lost in unnecessary conversions 
from DC to AC and vice versa.  

CHEAPER, CLEANER FUEL
 Reducing energy costs is particularly critical for 
the manufacturing industry, which, in some cases, 
spends as much as one-third of its operating cost 
on electricity. Microgrids and nanogrids that would 
cover a small town or a few dozen homes could 
capitalize on the advancements in power electronics, 
low-power electronics, computation, communication, 
and local-power generation by PV.
 Today in many parts of the world, PVs generate 
electricity without subsidies and are cost competitive 
compared to the electricity generated by heavily 

Opportunities and challenges  
for PV device design 

By Rajendra Singh

20 SPIE Professional | JULY 2014



 21JULY 2014 | SPIE Professional

subsidized fossil-fuel sources and 
nuclear reactors.
 Approximately 2.5 billion people in 
the developing world rely on biomass 
(fuel from wood, charcoal, and animal 
dung) to meet their energy needs for 
cooking and other daily necessities. 
The continued decrease in the cost of 
PV-generated electricity is now making 
it possible to provide electrical energy 
to those 2.5 billion people entirely by 
PV-generated DC electricity within the 
next five years.
 So PV technology combined with a DC 
energy-distribution system will provide 
badly needed clean alternatives to dirty 
sources of fuel. 
 In contrast to developed economies, 
where replacing an aging electricity 
infrastructure is a challenge, developing 
and/or underdeveloped economies 
have no such infrastructure, and 
implementing a new low-cost, DC-
power-system infrastructure is a much 
easier proposition. A PV-based DC 
nanogrid is the most practical low-cost 
method of providing cost effective electricity to such developing 
societies worldwide. In addition, the market size is huge and the 
societal implications are monumental. 
 The United Nations and World Bank, along with developed, 
developing, and underdeveloped countries, need to work together 
to invent new real or virtual business models that are vertically 
integrated and take out as many middlemen as possible. Since 
underdeveloped countries do not have the technology or capital to 
manufacture PV systems, a new business model could combine the 
purchasing power of those countries into a single entity, and the 
developed or developing economies would get a huge market share 
without much investment in marketing. 

PV DEVICE DESIGN
 With the current status of PV technology, there are misconceptions 
about the efficiency of solar cells. The efficiency of current commercial 
non-concentrator PV modules is in the range of about 12 to 22 %. The 
most important factor is the cost ($/watt) of PV modules. 
 The efficiency of PV systems directly affects the amount of land 
needed for their installation and also has a minor impact on the cost 
of other components of the systems. 
 Currently, more than 90% of the PV market is based on low-
efficiency bulk silicon solar cells due to their lower relative cost. 
 Since 2006, the thin-film PV module market has been declining 
and will continue to decline. Today, the only research direction that 
currently holds promise for further reduction of PV module cost is 
a multi-junction architecture consisting of a silicon solar cell and 
abundant-material-based thin-film solar cell because it is the only 
possibility that meets manufacturing requirements. 
 The schematic diagram, above, shows a two-junction, four-
terminal device architecture that we describe in our 2013 paper, 
“Making Solar Cells a Reality in Every Home: Opportunities and 
Challenges for Photovoltaic Device Design” (dx.doi.org/10.1109/
JEDS.2013.2280887). 
 There are a number of opportunities where the optical community 

can play a major role in further reducing 
the cost of PV modules. However, to 
significantly reduce the manufacturing 
cost, researchers must prove these 
concepts at laborator y sca le w ith 
efficiency much higher than their lower-
efficiency commercial counterparts.
 Light-management concepts (e.g. 
plasmonics) that are not used in current 
commercial PV modules must be proven 
either using a device architecture shown 
in figure 1 or thin-film solar cells used for 
building integrated PVs. 
 Advanced process control based on 
low-cost optical devices can reduce 
the difference between the efficiency 
of laborator y-scale solar cel ls and 
commercial thin-film PV modules. 
 The success of concentrator solar cells 
in terrestrial applications remains an 
engineering challenge for the modern 
optical engineer. 

–SPIE Fellow Rajendra Singh, director 
of the Clemson University (USA) Center 
for Silicon Nanoelectronics and the D. 

Houser Banks professor in the Holcombe Department of Electrical 
and Computer Engineering, is the recipient of the 2014 SPIE 
Technology Achievement Award. With over 35 years of industrial 
and academic experience, he is a leading expert in PV devices and 
manufacturing of semiconductors and PV modules. In April, he 
was honored by US President Barack Obama as a White House 
“Champion of Change for Solar Deployment” for his leadership in 
advancing solar energy with PV technology. His PhD in physics is 
from McMaster University (Canada). .

PV pioneer Rajendra Singh receives
SPIE Technology Achievement Award
Rajendra Singh, director of the Center for Silicon Nanoelectronics 
at Clemson University (USA), is the 2014 recipient of the SPIE 
Technology Achievement award in recognition of his efforts in the 
elucidation and exploitation of photonic effects in rapid thermal 
processing (RTP) for semiconductor manufacturing and his 
technical leadership of photovoltaic technology. 

Singh pioneered RTP of silicon, which has been critical to reducing 
the thermal budgets of furnace processing, reducing costs and 
production timelines. The RTP-related semiconductor equipment 
manufacturing industry is valued at over $1 billion per year. 

His innovations also include the development of (rapid) 
photothermal processing where light (typically ultraviolet) is used in 
concert with heat to facilitate annealing.

SPIE Fellow John Ballato, director of the Center for Optical Materials 
Science and Engineering Technologies (COMSET) at Clemson and 
the university’s vice president for economic development, called 
Singh, “not only a pioneer, but a visionary,” noting that Singh 
“predicted 30 years ago that silicon would remain the dominant 
photovoltaic material, which has proven to be true.” 
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External electric circuitry combines the electricity 
generated separately by the two junctions.
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Schematic of the proposed two-junction, four-
terminal solar cell above. 
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Pramod Rastogi
DENNIS GABOR AWARD 

SPIE Fellow Pramod Rastogi of the Federal 
Inst itute of Technology (ETH Zürich) in 

Switzerland received the 2014 Dennis Gabor Award 
at SPIE Photonics Europe in April in recognition 
of his outstanding accomplishments in diffractive 
wavefront technologies.
 Rastogi was honored for his groundbreaking 
research in the development of high-resolution and 
multi-component parametric phase formulation 
methods for the simultaneous estimation of multiple 
phases and their derivatives from holographic 
interference patterns.
 “I consider Rastogi one of the undisputed leaders 
in the field of holography and optical metrology,” said 
SPIE Fellow Pietro Ferraro of the Istituto Nazionale 
di Ottica (Italy). 
 Rastogi has served as symposium, conference, and 
session chair at SPIE events, and he authored an extensive 
trilogy dedicated to optics in Switzerland in three 1995 
issues of the SPIE journal Optical Engineering. He 
is also co-author of the 1996 SPIE Milestone Series 
book, Selected Papers on Electronic Speckle Pattern 
Interferometry, and has edited several notable books 
on optical metrology, including holography.
 “The numerous books authored/edited by Professor 

SPIE President H. Philip Stahl (left) presents the 
Dennis Gabor Award to Pramod Rastogi.

Rastogi will influence the future development of 
optical metrology techniques,” said SPIE Fellow 
Mahendra Kothiyal of the Indian Institute of 
Technology, Madras.
 His commitment to science and technology in 
building bridges at the institutional and international 
levels is reflected in the active role he played in laying 
groundwork for Switzerland’s collaboration with the 
Indian institutions of science and technology and serving 
as scientific adviser in a delegation accompanying the 
Swiss president’s 2003 visit to India. .

Jeff Squier
HAROLD E. EDGERTON AWARD 

SPIE member Jef f Squier of the Colorado 
School of Mines (USA) is the recipient of the 

2014 Harold E. Edgerton Award in recognition of 
his seminal contributions to femtosecond lasers 
and amplif iers, laser f i lamentation, ultrafast 
spectroscopy, femtosecond micromachining, 
ophthalmic procedures with ultrafast lasers, and 
high-speed nonlinear optical microscopy.
 “Working with Jeff was like watching an optics 
magician work miracles even though we knew it was 
based on his rigorous training in femtosecond-laser 
technology, combined with keen intelligence and a 
driving curiosity to explore new frontiers in optics,” 
said Paul Wiseman of McGill University (Canada), 
who worked with Squier at University of California, 
San Diego (USA). “Jeff is not just a brilliant scientist, 
but also a very supportive mentor who really cared 
for the people who worked for him.”
 His scientific achievements include demonstrating 
the first ti:sapphire-based regenerative amplifier for 

high-energy, ultrashort-
pulse generation at the 
University of Rochester 
(USA). His work at UC  
San Diego featured the 
f irst demonstration of 
t i m e - r e s o l v e d  x- r a y 
d i f f r a c t i o n  u s i n g  a 
femtosecond-laser-produced plasma source and 
pioneering studies of multiphoton microscopy 
for bioimaging. Squier also made signif icant 
contributions to nonlinear optical imaging by 
introducing a method to simultaneously capture 
nonlinear optical images from multiple depths. 
 Squier served on the program committee for 
the Commercial and Biomedical Applications of 
Ultrafast Lasers conference at SPIE Photonics West 
for several years. He has also served on the SPIE 
Awards Committee and has been published in the 
SPIE Journal of Biomedical Optics. .

Arizona student
wins Kidger
scholarship

SPIE member Brian 
Wheelwright will 
receive the 2014 
Michael Kidger 
Memorial Scholarship in 
Optical Design.

Wheelwright is a 
third-year PhD student 
at the College of 
Optical Sciences, 
University of Arizona 
(USA), and a graduate 
research associate 
in the Steward 
Observatory Solar 
Lab, which performs 
research in the field 
of concentrating 
photovoltaics (CPV).

This scholarship is 
supported by the 
Michael Kidger 
Memorial Scholarship 
Fund with additional 
support in 2014 from 
Qioptiq, in memory of 
optical designer David 
Lingwood. 
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Matthew ‘Chuck’ Rimmer
A.E. CONRADY AWARD 

More SPIE awards
Read more about SPIE annual awards on pages 24-28 and online at spie.org/awards.
Information about the recipients of the 2014 SPIE Britton Chance Biomedical Optics Award, the 
SPIE Biophotonics Technology Innovator Award, and the Frits Zernike Award were published in the 
April issue of SPIE Professional.

SPIE member Matthew “Chuck” Rimmer, retired 
chief scientist with Optical Research Associates 

(now Synopsys) (USA), is the recipient of the 2014 A.E. 
Conrady Award in recognition of his contributions to 
optical design algorithm development, including his 
work in the area of wavefront differential tolerancing.
 Rimmer has played a central role in the development 
of optical-design software for 50 years, said SPIE 
Fellow David Williamson of Nikon Research Corp. 
(USA). “His work permeates the Code V optical design 
program, which is widely considered to be the most 
accurate and powerful commercial software.”
 Rimmer has been an influential theoretician and 
algorithm developer for optical design and analysis 
software since the beginning of computer-aided 
simulation. He is best known for his clarification and 
programming in Fortran the fifth-order transverse 
aberration coefficients of Buchdahl, which have since 
become the basis for computing the wave-aberration 
coefficients of H.H. Hopkins.

 R immer wa s a key 
resource for the optical 
de s ig n  a nd a n a l y s i s 
tools in Itek’s CORONA 
program, although much 
of his work at Itek was 
unpublished. His most 
widely recognized contributions to the field have 
been through Synopsys’ Code V software, including 
modulation-transfer-function (MTF) optimization 
and tolerancing features, computer-aided alignment, 
relative illumination calculations, raytracing through 
inhomogeneous media, and partially coherent imaging.
 “Chuck was always so clever and fast at these 
developments and so modest that he never received 
the recognition he deserved,” said SPIE Fellow James 
Wyant of University of Arizona (USA). “He deserves 
an award such as the SPIE Conrady Award.”
 Rimmer has taught student courses at SPIE events, 
including Optical MEMS for Lightwave Networks. .

James Bock
GEORGE W. GODDARD AWARD

James Bock, a principal scientist at NASA’s Jet 
Propulsion Laboratory and a professor of physics 

at the California Institute of Technology (USA), is 
the 2014 recipient of the SPIE George W. Goddard 
Award in recognition of his development of sensitive 
bolometer arrays for studies of distant, dusty galaxies 
and cosmic microwave background radiation. 
 The instruments have been used on the Spectral 
and Photometric Imaging Receiver (SPIRE) on the 
Herschel Space Telescope, on the High Frequency 
Instrument (HFI) on the Planck Surveyor spacecraft, 
and a radiotelescope at the South Pole.
  Measurements from the Background Imaging of 
Cosmic Extragalactic Polarization 2 (BICEP2) at the 
South Pole led to NASA’s announcement in March 
that it had detected the earliest signals from the Big 
Bang, telltale patterns of gravitational waves in the 
primordial microwave radiation.
 “Although the field of astronomical instrumentation 
development is full of bril liant minds, I can 
think of no one more deserving of this award 

than Professor Bock,” 
said Jason Glenn of the 
Center for Astrophysics 
and Space Astronomy at 
University of Colorado at 
Boulder (USA). “He has 
led the development of a 
generation of detectors 
for submillimeter and 
millimeter astronomy that have led to fundamental 
cosmological measurements, with numerous spinoffs 
into other areas of astrophysics.”
 Bock developed and refined the “spider-web 
bolometer,” a sensit ive detector used in the 
millimeter-wave through far-infrared wavelength 
bands. 
 “The precise measurements of the structure of 
the cosmic microwave background, which Jamie’s 
spider-web bolometers have made possible, have been 
instrumental in ushering in a new era” of cosmology, 
said Michael Werner of JPL .

Georgia Tech
researcher 
named
Guenther Fellow 

Georgia Institute of 
Technology researcher 
and science education 
advocate Ariel Marshall has 
been selected as the 2014-
2015 Arthur H. Guenther 
Congressional Fellow.

Marshall will serve a 
one-year term working 
as a special legislative 
assistant on the staff of a 
US congressional office or 
committee in Washington, 
DC.

Marshall, who expects 
to receive her PhD in 
chemistry this summer, 
focuses her research on 
the structural, electronic, 
and optical properties 
of organic, conjugated, 
small-molecule and 
polymer systems with 
promising applications in 
electronics, photonics, and 
photovoltaics.

In 2013, she examined 
policies pertaining to 
renewable energy and 
education in science, 
technology, engineering, 
and math (STEM) and 
received the Graduate 
Certificate of Public Policy 
from the School of Public 
Policy at Georgia Tech.

As a Guenther 
Congressional Fellow, 
Marshall said she hopes to 
work on issues pertaining 
to renewable energy and 
education.

SPIE and OSA sponsor the 
fellowship program to bring 
science and engineering 
perspectives to Congress.
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Rutgers’ James Harrington
SPIE Gold Medal recipient honored for pioneering research  
in fiber optics and IR optical materials.

James Harrington’s 30 years of pioneering R&D in specialty 
fiber optics and IR optical materials has been difficult and 
distinguished, but often unrecognized, according to SPIE Fellow 

M. J. Soileau, vice president of research and commercialization at the 
University of Central Florida (USA).
 Harrington’s work has led to the development of IR transmissive 
fiber optics and similar applications in spectroscopy, laser power 
delivery, medicine, chemical and thermal sensing, and defense. 
The hollow-glass waveguides (HGW) he developed more than a 
decade ago with students at the Rutgers University Laboratory for 
the Development of Specialty Fiber Optics (USA) are one of the 
university’s most actively licensed technologies.
 In recognition of his innovative work, Harrington will receive the 
2014 SPIE Gold Medal at SPIE Optics + Photonics in August. 
 Harrington, an SPIE Fellow and the 2002 SPIE president, is also 
being honored for growing single-crystal sapphire fibers using a 
laser-heated pedestal and for developing diffusing-tip silica fibers 
for photodynamic therapy and prostate surgery and IR fibers for use 
in military-warning receivers.  
 Harrington’s work “has been a major factor in the successful 
application of infrared lasers to medicine and national defense,” 

Soileau notes.
   The HGWs are a perfect example of that. 

An attractive alternative to other solid-core 
IR fibers, they have a relatively simple 

structure and potential low cost. A key 
feature of HGWs is their ability to 

transmit wavelengths well beyond 20 
µm and their air core, which allows 
for high-power laser delivery. 
 HGWs were originally intended for 
the delivery of CO2 laser radiation 

in laser surgery, but they have found 
use as fiber links in spectroscopic and 

thermometric applications, such as the 
identification of chemical species and the 

measurement of temperature radiation. 

SAFEGUARDING DUAL-USE TECHNOLOGIES 
 In 2005, Harrington received a Jefferson Science Fellowship from 
the US State Department and worked for one year as a science adviser 
in the Bureau of International Security and Nonproliferation. There he 
assisted in establishing controls for dual-use technologies such as lasers 
and detectors, which are used in both military and commercial goods.
 In an interview with Rutgers Magazine, Harrington pointed out 
that laser-equipped machines that carve contact lenses could, with 
slight modifications, be used to shape missile parts.
 “Before licensing these kinds of technologies for export, the 
government needs to ensure safeguards to block such modifications,” 
he said. 
 Other technologies Harrington reviewed for the State Department 
included photodetectors, such as those used in night-vision cameras, 
and superconductors used in scientific instrumentation and high-
energy physics research.
 After returning to Rutgers, Harrington remained a State 
Department consultant for another six years, as stipulated by the 
fellowship program.

The hollow-glass waveguide as it 
appears within the femtosecond 
laser amplifier system.

Sapphire fiber.
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Rutgers’ James Harrington
SPIE Gold Medal recipient honored for pioneering research  
in fiber optics and IR optical materials.

Rutgers' LHPG System

SERVICE TO SPIE, IR COMMUNITY
 Over the years, Harrington has served in many SPIE leadership 
roles, including on the Board of Directors; the Ethics Committee; and 
the Publications and the Engineering, Science, and Technology Policy 
(ESTeP) committees, which he chaired for several years.
 Harrington has also served as a SPIE course instructor, SPIE 
Student Chapter adviser, and editor for the SPIE Press Tutorial Text 
series. 
 “Jim has a great understanding of SPIE that has developed during 
his many years of service and his views always reflect a rational and 
well-thought-out perspective,” says SPIE Fellow and Board Member 
John Greivenkamp of the University of Arizona (USA). “Jim has had 
significant impact on SPIE and this impact continues even though it 
has been a few years since his term as SPIE president.”
 In the early 1990s, Harrington became an SPIE representative to the 
International Commission for Optics (ICO). In 2008, the same year 
he received the 2008 SPIE Directors’ Award, he was elected treasurer 
of the ICO, a position he maintains today. 
 In the 1980s, Harrington helped organize the first conference on IR 
fiber optics at an SPIE meeting in California (USA). The conference 
continues today, having morphed into "Optical Fibers and Sensors for 
Medical Diagnostics and Treatment Applications" at Photonics West. 
 “I will always remember the warm welcome and support that we 
received from SPIE,” he says. “And it is still true after all these years.” .
–Karen Thomas, SPIE staff. 
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Cristina Solano
SPIE EDUCATOR AWARD 

Shalaev, Cai
to receive
Goodman Award
for book writing 
SPIE Fellow Vladimir 
Shalaev and Wenshan Cai 
are the 2014 recipients of 
the Joseph W. Goodman 
Book Writing Award for 
Optical Metamaterials: 
Fundamentals and 
Applications, published 
by Springer Press in 2010.

The authors will accept 
the award in August at 
SPIE Optics + Photonics.

The Goodman Book 
Writing Award, co-
sponsored by SPIE and 
OSA, is a biennial award 
funded by Joseph and 
Hon Mai Goodman to 
recognize authorship of 
an outstanding book in 
the field of optics and 
photonics. 

Shalaev is the 
scientific director for 
nanophotonics at the 
Birck Nanotechnology 
Center and a 
distinguished professor of 
electrical and computer 
engineering at Purdue 
University (USA). 

Cai is an associate 
professor in electrical and 
computer engineering 
and materials science 
and engineering at the 
Georgia Institute of 
Technology (USA).

SPIE Senior Member Cristina Solano of Centro 
de Investigaciones en Optica (CIO) in Mexico 

is the recipient of the 2014 SPIE Educator Award in 
recognition of outstanding contributions in optics 
education and outreach.
 “Cristina has truly championed reaching out to 
children and teenagers through science by organizing 
workshops, lectures, editing books, and many other 
volunteer activities,” said Marta de la Fuente, an SPIE 
Senior Member and chair of the SPIE Scholarship 
Committee. “This self less work personifies the 
dedicated scientist/educator who gives back to the 
community.” 
 Solano has held several roles at CIO and was 
responsible for the creation of the center’s science 
museum in 2007. She is currently outreach activities 
coordinator and leads the center’s Science Club for 
kids aged 5 to 15. The club’s workshops has expanded 
to rural public schools in Mexico and last year 
reached 3000 students ages 10-12. 
 At the college level, Solano has directed five 

P h D  t h e s e s  a n d 
dozens of master’s and 
undergraduate students 
in their research work. 
 S o l a n o  s e r v e s  o n 
t h e  S P I E  E d u c a t i o n 
Committee, Scholarship 
C o m m i t t e e ,  a n d 
subcommittees for SPIE 
E d u c a t i o n  O u t r e a c h 
G r a n t s  a n d  S e n i o r 
Member election. She is a program committee 
member for the Optics Education and Outreach 
conference at SPIE Optics + Photonics 2014 and has 
judged several SPIE student events, including the 
SPIE Optics Outreach Games.
 “Cristina cares deeply about photonics education, 
and I've seen it most in her dedication to photonics 
outreach to bring more young people into our field,” 
said SPIE Senior Member Marc Nantel, chair of the 
SPIE Education Committee. .  

Jeremy Munday
SPIE EARLY CAREER ACHIEVEMENT AWARD 

Jeremy Munday, an assistant professor at the 
University of Maryland (USA), is the recipient 

of the 2014 Early Career Achievement Award in 
recognition of his innovative experimental and 
theoretical work on photonic engineering for solar-
energy devices and Casimir forces.
 “Jeremy is an outstanding talent with a proven 
track record of accomplishment in fundamental 
and applied science,” said Harry Atwater of the 
California Institute of Technology. Munday has “the 
intellectual capacity, presence, and energy to define 
new scientific frontiers,” Atwater said, especially in 
renewable energy.
 Mu nd ay ’s  sem ina l  ex per i ment ,  t he f i r s t 
experimental demonstration of a repulsive Casimir 
force, was featured as a cover article in Nature in 
2009. This led him and his colleagues to consider 
how this phenomenon could be applied to ultra-low- 
static friction devices and sensors and to consider 
how rotations and torques could be generated by 

quantum f luctuations 
b e t we en a n i s ot r opic 
mater ia ls.  That work 
has been cited over 450 
times in peer-reviewed 
journals.
 In the field of solar- 
e n e r g y  c o n v e r s i o n , 
Munday was one of the 
pioneers of incorporating 
photonic and plasmonic 
elements in photovoltaic converters. 
 Munday received the 2012 NASA Early Career 
Faculty Space Technology Research Award for 
creative applications of metamaterials to space 
technology, specifically in solar sails. Munday and 
Atwater were among authors receiving an SPIE Green 
Photonics Award at Photonics West in 2012 for a paper 
on renewable-energy generation. .

MEMBERSHIP

CORRECTION:
SPIE Professional published an incorrect photo of new SPIE Fellow Stephen Payne in 
the April issue. The correct photo is left. We regret the error.
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SPIE Fellow Rajpal Sirohi of Tezpur University 
(India), whose first PhD student in 1970 at the 

Indian Institute of Technology was the late Chandra 
S. Vikram, is the recipient of the 2014 Chandra S. 
Vikram Award in Optical Metrology.
 SPIE established the Vikram Award to honor 
the expert in speckle metrology, holography, 
interferometry, and optical logic shortly after he 
died in 2007.
 Sirohi and Vikram published a dozen papers 
together on phase amplif ication using phase 
holograms, exposure reduction, and effect of non-
linearity on hologram efficiency.
 Sirohi, who is being recognized for his contributions 
to applied optics, is a senior editor of the SPIE 
journal, Optical Engineering, and has served on SPIE 
education, membership, and conference program 
committees. 
 “Sirohi’s research work in different areas of metrology 
and involvement in education together with his 
successful management career is highly recognized 

worldwide,” said SPIE 
Fellow Hans Tiziani of 
University of Stuttgart 
(Germany), who received 
the Vikram Award in 2012.
 Sirohi was awarded 
m e m b e r s h i p  i n  t h e 
International Order of 
Holo-Knights in 2005, 
and he received the SPIE 
Dennis Gabor Award in 
2009, the Humboldt Research Award in 1996, and the 
International Commission for Optics’ Galileo Galilei 
Award in 1995. He was previously a Distinguished 
Scholar at Rose-Hulman Institute of Technology 
and professor at the Indian Institute of Technology.
 “Professor Sirohi is very clearly recognized as 
extraordinary and holds international prominence 
among the world’s leading experts in our field,” added 
Ryszard Pryputniewicz of Worcester Polytechnic 
Institute (USA). .

J. Scott Tyo
G.G. STOKES AWARD 

MEMBERSHIP

SPIE Fellow J. Scott Tyo, a professor of optical 
sciences and electrical and computer engineering 

at University of Arizona (USA) is the recipient 
of the 2014 G.G. Stokes Award in recognition of 
his contributions to the theory of polarimeter 
optimization, the characterization and calibration of 
polarimeters, and to the understanding of microgrid 
polarimeter data processing. Most modern thought 
in these areas is influenced by his contributions to 
the field. 
 José Jorge Gil of Universidad de Zaragoza (Spain), 
recipient of the 2013 Stokes Award, called Tyo “an 
essential figure and a world reference in all scientific 
forums concerning polarimetry.” 
 Gil cited Tyo’s “exceptional set of contributions 
in this field, covering both the design of original 
instruments, which combine the most advanced optical 
technologies, and the latest techniques of exploitation 
of polarimetric measurements with applications in the 
optical range as well as in remote sensing.”

 Tyo is the adviser to 
the SPIE Student Chapter 
at UA and has served on 
program committees at 
SPIE DSS and SPIE Optics 
+ Photonics. He was a 
fellow of the University 
of Arizona’s Academic 
Leadership Institute in 
2011-2012 and received 
the US Defense Intelligence Agency Chief Scientist’s 
Award for Excellence in 2007.
 “Tyo can best be described as a ‘fireball’ in research 
and scholarship,” said SPIE Fellow and past SPIE 
President Eustace Dereniak. “His capability to 
implement the physics/optics theories into the 
practical domain is uncanny and creative. Most 
people do not have the capability to both develop 
new theories and implement these theories into 
practice.” .
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Nominate a 
colleague
for SPIE awards 
SPIE presents several 
annual awards that 
recognize individual 
and team technical 
accomplishments in 
optics and photonics and 
service to the Society.

Nominations may be 
made through 1 October 
and remain active for 
three years from the 
submission date, except 
for the SPIE Early Career 
Achievement Award 
and the Goodman Book 
Writing Award. 

Nominations must be 
accompanied by:

• Nomination form

• Citation stating the 
accomplishments of 
nominee

• Description of the 
significant aspects of 
nominee's career

• Curriculum vitae 
listing educational 
background, positions 
held, publications, 
awards, honors, 
activities, and offices 
held within SPIE

• At least two letters of 
reference, not from the 
nominator

For more information: 
spie.org/awards. 

Rajpal Sirohi
CHANDRA S. VIKRAM AWARD 
IN OPTICAL METROLOGY

SPIE awards banquet 20 August
SPIE President H. Philip Stahl will present the 2014 Society  
awards Wednesday, 20 August, at the annual awards banquet  
in San Diego, CA (USA).

Tickets to the 7:30 pm event cost $90 and can be purchased  
with registration or on site at SPIE Optics + Photonics.
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16 nonprofits receive  
SPIE education outreach grants

Venkataramana Kalikivayi, an optometrist and 
SPIE Student Member, provides vision services to 
disadvantaged children in India during the SPIE 
Student Chapter School Outreach Activity Program 
(SOAP).

IYL2015 grants
from SPIE 
SPIE will offer SPIE 
Student Chapters grants 
specifically for outreach 
activities during the 
International Year of 
Light in 2015 (IYL2015). 

Applications for the first 
of two rounds of IYL2015 
grants will be due 17 
October 2014, and the 
first group of awards will 
be made in December.

More information is 
available at SPIE.org/
IYL. Also see page 12 for 
information on SPIE-
sponsored activities and 
materials for IYL2015.

SPIE has awarded over $59,000 in education 
outreach grants to 16 organizations in 11 
countries in the first round of SPIE education 

outreach funding for 2014. 
 The awards were made to six SPIE Student 
Chapters, an astronomy club, a summer camp, 
science centers, holographic arts center, and other 
nonprofit organizations that conduct optics- and 
photonics-related education outreach projects. 
 The SPIE Student Chapter at the Indian Institute 
of Technology Madras in India, for instance, will use 
its SPIE education outreach funding to provide eye 
checkups and prescription eyeglasses to economically 
disadvantaged children. 
 Chapter members did just that in Chennai last 
December for 150 6th- to 8th-grade students and 
provided free spectacles to nearly half of the youth 
who needed vision correction. 
 Northwestern Michigan College plans to use 
its SPIE funding to help purchase an optical table 
needed for photonics seminars for high-school 
students and teachers in Michigan. 
 The award winners so far this year, and the projects 
they plan, are:
• Center for the Holographic Arts (USA), to establish 

an education outreach workshop program in the 
New York area using holography to teach students 
about light, optics, and photonics. 

• Engineering School of Communication of Tunis 
(Sup’Com) (Tunisia), for supplies and materials 
necessary to present optics and photonics outreach 
events to students and teachers.

• Huntingtown High School Astronomy Club (USA), 
to purchase materials necessary to complete a 
3-phase STEM project centered on optics and the 
observation of celestial objects by the Astronomy 
Club students. 

• Indian Institute of Technology Madras SPIE 
Student Chapter (India), to raise optics and 
photonics awareness among schoolchildren and 
provide vision screening.

• Indiana University of Pennsylvania (USA), to 
partially support outreach activities related to the 
Electro-Optics and Laser Engineering Technology 
summer camps.

• Nicolaus Copernicus University SPIE Student 
Chapter (Poland), to organize several outreach 
events promoting optics and photonics to high-
school students.

• Northwestern Michigan College (USA), for 
outreach and to help buy materials to recruit high-
school students into photonics programs.

• Osaka University SPIE Student Chapter (Japan), 
to raise awareness and interest in optics and 
photonics.

• Pratt Institute (USA), to provide materials for the 
"Focusing on Strings" outreach project for K-12 
students.

• Puerto Rico Photonics Institute, Universidad 
Metropolitana (Puerto Rico), to demonstrate optical 
phenomena for students and the general public.

• St. Petersburg State University of Aerospace 
Instrumentation SPIE Student Chapter (Russian 
Federation), for optics or photonics education 
outreach activities to pre-college students.

• Taras Shevchenko National University of Kyiv SPIE 
Student Chapter (Ukraine), to partially support the 
15th International Young Scientists Conference on 
Optics and High Technology Material Science to 
learners aged 14 to 18.

• Universidad Autonoma de Nuevo Leon SPIE 
Student Chapter (Mexico), for materials supporting 
optics and photonics workshops for all ages.

• University of St Andrews (UK), to partially support 
the "Seeing Life Through a New Light" outreach 
program.

• University of the West Indies, Mona (Jamaica), to 
stimulate interest in optics and to encourage high-
school students to pursue degrees and careers in 
the optics or photonics field.

• Whitman-Hanson Regional High School (USA), to 
partially support science night at the Massachusetts 
school and to promote optics and photonics to 
parents and K-5 students.

 This first round of 2014 grant awards was for 
groups that had applied by 31 January. The second 
round of awards for 2014 has closed for submissions, 
and grant winners will be announced later this year. 
 The next deadline for grant applications is 31 
January 2015.
 More information: SPIE.org/outreach. .SPIEDigitalLibrary.org
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Candidates for SPIE 2014 election

.

The SPIE 2014 election, conducted by electronic 
voting, continues through 6 August for members 
to select four new directors and vote on 

candidates for vice president and secretary/treasurer.
 The candidates for vice president are SPIE Fellows: 
• Glenn D. Boreman, University of North Carolina 

at Charlotte (USA)
• Seung-Han Park, Yonsei University (Republic 

of Korea) 
 Boreman is director of the 
Center for Optoelectronics & 
Optical Communications at UNC, 
professor emeritus at University 
of Central Florida, and cofounder 
and chairman of Plasmonics Inc. 
His research interests are in IR 
detectors, systems, antennas, 
and frequency-selective surfaces; 

image-quality characterization; and modulation 
transfer function. He has served on the SPIE Board 
of Directors; the Education, Publications, and 
Kingslake Award committees; and the Editorial 
Advisory Board for SPIE Press. His PhD in optical 
science is from University of Arizona.

 Park is director of the Pioneer 
Research Center for Neuro-
Science & Technology, chairman 
of Yonsei Strategic Initiatives, 
and professor of physics at 
Yonsei University. His technical 
interests include surface plasmon 
photonics, confocal microscopy, 
near-field optics and photonics, 

and nonlinear pump-probe spectroscopy. Park has 
served on the SPIE Symposia, Publications, Strategic 
Planning, Education, and the Engineering, Science 
& Technology Policy committees. His PhD in optical 
science is from University of Arizona. 

 The candidate for secretary/
treasurer is SPIE Senior Member 
Gary Spiegel. Spiegel, recently 
retired as senior vice president 
of Newport Corp. (USA), has 
been a member of the SPIE 
Financial Advisory Committee 
s i nc e  20 0 7.  H i s  te c h n ic a l 
activities and interests include 

opto-mechanical systems for research and industrial 
applications, precision manufacturing, technical 
management, and the business of optics. His BA in 

industrial marketing is from Baruch College, City 
University of New York (USA).
 For director, the candidates are:
• Julie Bentley, University of Rochester (USA)
• Marc Himel, Jenoptik Optical Systems (USA)
• Brian Lula, PI (Physik Instrumente) (USA)
• Kristen Maitland, Texas A&M University (USA)
• Craig Olson, L-3 Communications (USA)
• Wolfgang Osten, Institut für Technische Optik 

(Germany)
• Andrew Rakich, European Southern 

Observatory (Germany)
• Richard Youngworth, Riyo (USA)
 SPIE directors serve three-year terms and officers 
serve for one year.
 Election results will be announced at the SPIE 

Boreman

Park

Spiegel

Bentley

Maitland

Youngworth

Himel

Olson

Lula

Osten

Rakich

annual general meeting at SPIE Optics + Photonics in 
San Diego (USA) 19 August. 
 To view election candidate statements, visit spie.
org/2014statements. Videos of the vice-president 
candidates are at spie.org/2014VPvideos.
 For more information about leadership and 
governance at SPIE, email governance@spie.org or 
visit spie.org/leadership. .

ELECTION•
Previously 
elected officers 
for 2015

SPIE President 
Toyohiko Yatagai, 
director of the Center 
for Optical Research 
and Education at 
Utsunomiya University 
(Japan) 

SPIE President-Elect 
Robert Lieberman, 
president and CTO 
of Intelligent Optical 
Systems (USA)
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The SPIE Awards Program is not only one of the most prestigious ways the Society recognizes 
excellence, but also one of the longest running SPIE Programs. Since 1959, SPIE has honored the 
best in optics and photonics for their significant achievements and contributions in advancing 
the science of light.

NOMINATE A
COLLEAGUE

www. spie.org/awards for details.

Honor your  
coworkers with  
an SPIE Award

TECHNOLOGY R&D

SPIE launches Neurophotonics 

Th e  n e w e s t  S P I E  j o u r n a l , 
Neurophotonics, began publishing 
on the SPIE Digital Library at the 

end of May.
 Neurophotonics, one of three new 
journals that SPIE is introducing this 
year, was launched to recognize the 
advanced optical methods that are 
driving a revolution in the neurosciences, 
says SPIE member David Boas, editor-
in-chief.
 Boas, of Massachuset ts General 
Hospital (USA), the teaching hospital 
of Harvard Medical School, writes in 
the first issue’s editorial that optical 
methods and applications for imaging 
and manipulation of brain structure and 
function are growing rapidly and are 
advancing our understanding of brain 
phenomena. They include electrical 

excitability, neuroglial partnership, neurovascular signaling, metabolic activity, 
and hemodynamics in health and disease.
 “Neurophotonics provides a highly visible focal point to facilitate and 
accelerate the rapidly expanding impact of this discipline,” Boas says. “A key 
goal is to foster a greater awareness and interaction among the photonics, 
neuroscience, and clinical communities that ref lect the diversity of the 
discipline.”

 Papers submitted for peer-review to date span the 
journal’s scope, covering topics such as functional near-
infrared spectroscopy, optogenetics, photoacoustics, optical 
coherence tomography, laser speckle contrast imaging, 
neural stimulation, energy metabolism, Alzheimer’s disease, 
and calcium dynamics.
 A collection of articles in the first issue is dedicated to the 
US BRAIN Initiative (Brain Research through Advancing 
Innovative Neurotechnologies) and explores the impact 
that optics and photonics will have on understanding how 
the brain works.
 Upcoming special sections will focus on causal control 
of biological systems with light as well as light microscopy 
of connectivity. In addition, a special section honoring 
neurophotonics pioneer Lawrence Cohen is being organized 
for the July 2015 issue of Neurophotonics. Manuscripts are 
due 1 October. 
 Neurophotonics will be published quarterly at first, 
increasing in frequency as the journal grows, with each 
article published online immediately after acceptance. And 
like articles in the Journal of Astronomical Telescopes, 
Instruments, and Systems, and the Journal of Medical 
Imaging, articles in Neurophotonics will be freely available 
online through the end of 2015.
 More information: neurophotonics.
spiedigitallibrary.org .
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By Hans I. Bjelkhagen

TECHNOLOGY R&D

Se l w y n  L i s s a c k  r e p o r t e d  o n 
holographic art pieces by Salvador 
Dalí in the January 2014 issue of 

SPIE Professional. The Swedish artist Carl 
Fredrik Reuterswärd is another established 
artist who created several of the earliest 
holographic art pieces. 
 Reuterswärd, perhaps best known for 
his Non-Violence sculpture, a revolver tied 
in a knot that he made as a peace symbol 

following the 1980 
murder of John 
L e n non ,  b e g a n 
experimenting 
with lasers in his 
art in the 1960s. 
W o r k i n g  w i t h 
SAVEN AB, a laser 
company owned 
by Per-Ove Stopp 
in Sweden, Nils 

Abramson at the Royal Institute of Technology 
(RIT) in Stockholm, and Nils-Robert Nilsson 
at Uppsala University, Reuterswärd’s early 
laser art included the scene decorations for 
Ferruccio Busoni’s Doctor Faust at the Opera 
House in Stockholm and the very first Kilroy 
laser transmission holograms. 
 I was one of Abramson’s students when, in 
1972, I began working with Reuterswärd on 
his holograms. I cooperated on most of his 
hologram art pieces during the 1970s. 
 Reuterswärd created early of f-a x is 
transmission holograms with me and later 
also reflection holograms. These holograms 
were recorded at the holographic laboratories 
at RIT and at Lasergruppen Holovision AB 
(LHAB) in Stockholm. 

SMOKE WITHOUT FIRE 
 Reuterswärd’s holograms include a 
large-format art transmission hologram, 
Smoke Without Fire or Gateaux Gabor. This 
hologram, which portrayed a candle-lit 
birthday cake, was made as a tribute to 1971 
Nobel Laureate and holography inventor 
Dennis Gabor.

 This is a nice example of how an interference 
pattern in a hologram could be used by an 
artist. Reuterswärd was able to visualize the 
heat from the burning candles through the 
recorded interference pattern in space. The 
heat above the candles created a tremendous 
3D “smoke” pattern above the cake. 
 For stability reasons, the cake was made 
of wood, with white silicon sealant serving 
as whipped cream. 
 During the hologram recording exposure, 
the light emitted from the 30 candles (mainly 
in the yellow-red region of the spectrum) did 
not fog the green-sensitive 8E56 Agfa plate, 
which was exposed using a 514.5nm argon-
ion laser wavelength. 
 After the plate was positioned in the plate 
holder, it was covered by a black cloth, the 
candles were lit, and the black cloth was 
removed slowly to avoid air turbulence in 
front of the plate. Then the exposure took 
place. 
 In another hologram, Cross Reference, 
Reuterswärd posed as Salvador Dalí, shaping 
his moustache to form the letters C and R, the 
initials of both the work and Reuterswärd’s 
first and last names.
 Read more about Reuterswärd’s holograms 
at spie.org/CFRholo.

– SPIE Fel low Han s 
I .  B j e l k h a g e n  o f 
Hansholo Consulting is 
professor emeritus of 
interferential imaging 
sciences at Glyndŵr 
Un i v e r s i t y,  C e n t r e 
for Modern Optics, in 
North Wales (UK). He 

has a PhD from the Royal Institute of 
Technology in Stockholm (Sweden) and has 
worked in the field of color holography and 
holographic recording materials for many 
years. He chairs the Practical Holography 
Conference at SPIE Photonics West and is 
chair of the SPIE Holography Technical 
Group. . 

Non-Violence outside 
UN headquarters.

Reuterswärd and Bjelkhagen with the 
Gabor cake.

Reuterswärd lights the cake candles in the 
recording setup, which included a white 
background behind the cake.

A photo of the Smoke Without Fire 
transmission hologram. 
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Journal of Medical Imaging
debuts on SPIE Digital Library 

The new SPIE Journal of Medical Imaging 
(JMI) began publication in April, and all 
articles will be freely available through 2015 

on the SPIE Digital Library.
 Among the first to be published in the inaugural 
issue are articles on image processing for computed 
tomography, the evaluation of digital fundus 
images, and multiframe registration of real-time 3D 
echocardiography.
 “The response to our initial call for papers in 
October 2013 has been extraordinary,” said SPIE 
Fellow and Board Member Maryellen Giger, the new 
journal’s editor in chief.
 In an editorial introducing the journal, Giger noted 
that the medical-imaging community, who come from 
academia, industry, government labs, and medical 
institutions, have varying publication needs. In 
particular, the approximately 1200 attendees of the 
annual SPIE Medical Imaging symposium, she said, 
“have repeatedly voiced the need for a peer-reviewed 
avenue for the research they present at the conference.
 “Having both the proceedings of the conference 
and now this peer-reviewed Journal of Medical 
Imaging will fulfill these multiple needs.” 
 Both the journal and the symposium cover such topics 
as tomographic reconstruction algorithms, computer-
aided diagnosis, visualization and modeling, imaging 

i n f o r m a t i c s ,  i m a ge 
perception and observer 
performance, ultrasonic 
i m a g i n g ,  i m a g e -
g u ide d pr o c e du r e s , 
robotic interventions, 
digital pathology, and 
biomedical applications 
in molecular, structural, 
and functional imaging. 
The fundamental and 
translational research 
and applications continue to yield physical and 
biomedical advancements in early detection, 
diagnostics, and therapy of disease.
 The journal will also have special sections, letters, 
book reviews, and highlights from the annual 
symposium.
 The first special section to be published later this 
year will honor the late Robert F. Wagner, a pioneer 
in medical imaging and a founder of the SPIE Medical 
Imaging symposium. Guest editors are SPIE Fellow 
Kyle Myers and Weijie Chen from the US Food and 
Drug Administration, where Wagner spent most of 
his career. 
 The journal is available at medicalimaging.
spiedigitallibrary.org. . 

Max Planck Society contributions 
to SPIE journals to be open access

SPIE journal
to explore
solar cells,
conversion
The Journal of 
Photonics for Energy 
is seeking papers for 
upcoming special 
sections on solar cells 
and novel materials 
for solar-energy 
conversion.

Submissions are due 
15 August for a special 
section on the science 
and technology of 
solution-processable 
organic solar cells 
(OPVs). Another special 
section will focus 
on hybrid organic-
inorganic solar cells, 
with submissions due 15 
September.

Submissions are due 
30 September for a 
special section on novel 
materials, designs, 
technologies, and 
concepts for solar-
energy conversion.

More information:  
spie.org/jpe

Giger

Research articles by authors at Max Planck 
Society institutes that are published in 
SPIE journals will be open access per a 

new agreement with SPIE under which Max Planck 
will pay open-access fees for articles submitted by 
researchers at its institutes to any of the 10 SPIE 
journals.
 SPIE journals are part of the SPIE Digital 
Library, which contains more than 400,000 articles 
from SPIE peer-reviewed journals, conference 
proceedings, and books. Abstracts are freely 
searchable, and an increasing number of full journal 
articles are published with open access.
 "As a not-for-profit educational society with the 

goal of disseminating knowledge as broadly as 
possible, we are delighted that the Max Planck Society 
has chosen this way to participate in our open-access 
program," said Eric Pepper, director of publications 
for SPIE.
 "We highly value our long-standing relationship as 
a publisher with researchers in optics and photonics 
at Max Planck Institutes, and look forward to being 
able to provide that important work even more 
broadly. We congratulate the Max Planck Society 
for this generous support of our shared mission 
to propagate scientific knowledge throughout the 
world."
 For more information: SPIE.org/oa .SPIEDigitalLibrary.org

Find the Answer 

Defense & Security

TECHNOLOGY R&D



 33JULY 2014 | SPIE Professional

EDITOR’S RECOMMENDATION

Combining elastography and OCT
A simple pulse-compression scheme improves the accuracy of tissue stiffness maps.

By Lihong Wang 

Researchers at University of Washington 
(USA) have developed a new diagnostic 
procedure combining elastography and 

optical coherence tomography (OCT) that improves 
the accurate assessment of in vivo tissue stiffness, 
often an indicator of disease.
 E la stog raphy a ims to noninva sively a nd 
quantitatively assess the mechanical properties 
of soft tissues to complement structural imaging. 
Extensive research has been conducted in the past 15 
years to develop elastography methods based on OCT. 
With its micron-scale resolution and submicron-
scale sensitivity, OCT is envisioned in particular 
for elastography of ocular tissues but could also be 
applied to skin layers or vascular walls.
 The Ruikang K. Wang and Matthew O’Donnell 
research groups at UW have implemented transient 
elastography using phase-sensitive OCT to track 
propagating shear waves in soft tissues. They estimate 
the shear wave speed at each point of the imaging 
region to reconstruct maps of tissue stiffness, which 
are good indicators of pathological states.
 In “Shear wave pulse compression for dynamic 
elastography using phase-sensitive optical coherence 
tomography,” an open-access article published in 
January in the Journal of Biomedical Optics, Thu-
Mai Nguyen and her colleagues report on the use 

Figure 1: Displacement field in a 0.5%-agar 
phantom resulting from a chirp excitation before 
(a) and after (b) compression, displayed at 
different instants. The shear wave is induced from 
the left side of the phantom and propagates to the 
right. Bottom plots show temporal profiles of the 
displacements at one given location.

Figure 2: B-mode image 
(a) and shear modulus map 
(b) of a heterogeneous 
phantom consisting of a 
1%-agar background and 
a 2%-agar inclusion. The 
dashed line delineates the 
inclusion. The shear modulus 
is estimated to be 5.00 ± 
0.19 kPa and 14.81 ± 5.12 kPa 
for the background and the 
inclusion respectively.

Related reading
Shaozhen Song, 
et al. "Shear wave 
elastography using 
phase sensitive optical 
coherence tomography," 
Proceedings of 
SPIE 8934, 89340U 
(2014). http://dx.doi.
org/10.1117/12.2040033

of coded excitations to 
obtain high signal-to-
noise ratio shear waves 
and enhance the spatial 
resolution and accuracy 
of the stiffness map. 
 The research team used 
a piezoelectric actuator to 
induce propagating shear waves in tissue-mimicking 
phantoms. A milliseconds-long, linear-frequency-
modulated signal (chirp) drove the actuator and 
resulted in a broadband shear wave, from 1 to 5 kHz. 
 A phase-sensitive, spectral-domain OCT setup 
tracked and recorded the displacements. In a 
post-processing phase, “pulse compression” of the 
displacement field was performed using an inverse 
filter designed to compress all the energy spread 
in the chirp into a short, localized, high-energy 
mechanical pulse. 
 Figure 1a shows snapshots of the propagation of the 
linear-frequency-modulated shear wave. Figure 1b 
shows the same displacement field after compression. 
A gain of more than 12 dB was obtained through the 
compression.
 The local shear-wave propagation speed was then 
determined from the compressed displacement field 
using a time-of-flight algorithm. This yielded a map 
of the tissue shear modulus using the relationship  
µ = ρv2 where ρ is the tissue density and v is the shear 
wave propagation speed. 
 Figure 2 shows the results obtained in a phantom 
containing a stiff inclusion that appears on the 
stiffness map with a high contrast. 
 The article reports that the pulse compression 
approach has advantages over convent ional 
monochromatic excitations because the signal-to-
noise ratio of the detected shear wave is improved. In 
addition, the compression ensures a spatio-temporal 
localization of the shear wave, allowing the filtering 
out of artifacts caused by multiple reflections of the 
shear wave in highly heterogeneous tissues. 
 Combined together, these two effects lead to a 
better estimation of tissue stiffness in terms of 
accuracy and spatial resolution. The authors are now 
conducting studies on replacing the actuator with a 
non-contact shear source for clinical investigations.
 Source: http://dx.doi.org/10.1117/1.
JBO.19.1.016013

–SPIE Fellow Lihong Wang is editor-in-chief of the 
SPIE Journal of Biomedical Optics. . SPIEDigitalLibrary.org
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2014 
OPTICS + 
PHOTONICS•
Register Today.
www.spie.org/op2014

Conferences & Courses: 17–21 August 2014
Exhibition: 19–21 August 2014

San Diego Convention Center 
San Diego, California, USA

The latest research in optical engineering and applications, 
nanotechnology, solar energy, and organic photonics

SPIE Photonics Europe shines light
on growing markets, research advances
SPIE Photonics Europe in April served up a daylong program 

of executive briefings on commercialization opportunities 
and challenges of photonics technologies as well as some 

1200 presentations and technical reports on the latest in silicon 
photonics, nanophotonics, neurophotonics, biophotonics, 3D printing, 
hyperspectral imaging, and many other photonics technologies.
 The weeklong event in Brussels also hosted the Photonics 
Innovation Village as part of an 80-company exhibition and featured 
talks by representatives of the European Commission’s Photonics 
Unit, Horizon 2020, and from the chair of the International Year of 
Light 2015 (IYL2015) initiative. 
 Among the awards that were presented 
were the SPIE Britton Chance Biomedical 
Optics Award to Brian Wilson of the Princess 
Margaret Cancer Centre and Technical 
Institute at University of Toronto (Canada) 
who gave a talk on emerging nanotechnologies 
for improvements in endoscopy, and the SPIE 
Dennis Gabor Award to Pramod Rastogi 
(Swiss Federal Institute of Technology) in 
recognition of outstanding accomplishments 
in diffractive wavefront technologies.
 In addition, SPIE student members won 11 of 18 Best Student Paper 

Awards at Photonics Europe, and six research 
teams with new photonics applications and 
products received cash prizes in the Photonics 
Innovation Village competition. The Photonics 
Innovation Village was organized by the Vrije 
Universiteit Brussel (VUB) and is aimed 
at encouraging the transfer of optics and 
photonics R&D into new and useful products. 
 The top prize in the category of "Best 
Innovation by an Individual Researcher" 
went to Josep Carreras from LEDMOTIVE 
Technologies in Spain, for "Ledmotive®: A light engine with full 
spectral control." 
 SPIE student member Gary Stevens and his UK team earned 
a first-place prize for "Best Innovation by a Multilateral Project, 
Organisation or Company” for MINERVA, their project for "Mid- to 
near-IR spectroscopy for improved medical diagnostics." 
 Winners each received €1500, and first and second runners-up 
received €500 each.

TECHNICAL AND EDUCATIONAL TALKS
 Technical talks by “Hot Topics” speakers covered the “butterfly effect” 
in laser-diode dynamics (Marc Sciamanna of Supélec in France); 

Wilson

Rastogi

TECHNOLOGY R&D



 35JULY 2014 | SPIE Professional

SPIE is the international society 
for optics & photonics.

Membership

www.spie.org/membership
help@spie.org
+1 360 676 3290

Renew your 
long-term  
investment.

connections between classical nonlinear optics and its quantum 
counterpart in photonics structures (John Sipe of University of 
Toronto); graphene quantum nano-optoelectronics (SPIE member 
Frank Koppens from the Institute of Photonic Sciences in Spain); 
silicon photonics for semiconductor manufacturing (SPIE member 
Michal Lipson of Cornell University in New York); and integrated 
photonics circuits (Raymond Beausoleil of HP Labs in the US).
 Sciamanna’s talk on laser-diode dynamics began with a historical 
review on chaotic behavior and lasers, beginning with Ted Maiman's 
1961 paper that referenced erratic laser output and Edward Lorenz's 
1963 equations that resemble a butterfly when plotted, giving the 
“butterfly effect” its name. 
 Sciamanna also discussed Hermann Haken's work in 1975 connecting 
lasers and chaos, which led to the understanding that instability of 
laser output is driven by high pump power and high losses in the cavity.
 The behavior of diode lasers as damped nonlinear oscillators was 
not expected to demonstrate chaotic behavior. However, work from the 
1980s through 2013 demonstrated that one could drive optical chaos 
by current modulation, optical injection, and optical feedback means.
 Sciamanna explained the nature of this behavior in laser diodes 
and the role of polarization switching and mode hopping as well as 
the importance of non-orthogonal, elliptically polarized states in 
understanding the deterministic chaos being observed.
 The final portion of his presentation covered how to apply and 
optimize the phenomena to random-number generators.
 Also in the Hot Topics sessions, SPIE member John Dudley, chairman 
of the IYL2015 steering committee and president of the European 
Physical Society, detailed the steps that led a partnership of over 100 
scientific societies and organizations from more than 85 countries 
to successfully have the United Nations declare the year 2015 the 
International Year of Light and Light-Based Technologies.
 IYL2015 will raise public and international political awareness 
of the importance of light for the future of global society. Stating 
that photonics is the "window to the universe," Dudley urged his 
colleagues to become involved any way they can to spread the word 
about all of the possibilities light can bring to society. For example,  
"Study after sunset is not possible in many countries,” he said. “Let's 
help bring light to the entire world.”

PHOTONICS PUBLIC-PRIVATE PARTNERSHIP
 Wolfgang Boch, the newly appointed head of the Photonics Unit of 
the European Commission (EC), provided an overview of Horizon 
2020, the European research and innovation program, and the 
Photonics Public-Private Partnership (PPP) in particular. The PPP will 
play an essential role in determining the priorities for future funding 
rounds involving optics and photonics technologies.
 Efforts involving the PPP will focus on solutions for society's 
challenges such as health and aging, energy, and climate, Boch noted. 
 "A key enabling technology with enormous economic potential, 
photonics has [already] achieved broad recognition in Europe," Boch said. 
 "Photonics is central to driving innovation in the 21st century,” he 
added. “To exploit Europe's full potential in photonics, collaboration 
along the value chain and networking is crucial. The PPP with its 
working groups is open to all. Get involved," he urged.
 Leading off the week in Brussels, Margaret Ledwith and Frances 
Mitchell from Innovation Academy University College in Dublin 
facilitated a lively workshop for some 70 SPIE Student Chapter 
leaders focused on rethinking leadership in the 21st century. Chapter 
members from as far away as Cameroon, Pakistan, and Colombia 
focused on developing key skills to become just that new type of leader.
 For more on SPIE Photonics Europe, visit spie.org/EPE14news. .

TECHNOLOGY R&D
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SPIE Optics + Photonics 2014 
Talks on the future of wearable optics, fusion 

energy, and the search for habitable worlds in 
space will kick off the plenary sessions at SPIE 

Optics + Photonics 2014.
 The annual event, 17-21 August, in San Diego, CA 
(USA), opens with three symposium-wide plenary 
talks updating the progress of revolutionary, 
photonics-enabled projects, including in outer and 
virtual space.
 In the outer space category, Robert T. Pappalardo 
of the Jet Propulsion Lab at California Institute of 
Technology (USA), will discuss the proposed Europa 
Clipper mission. NASA is considering placing a 
spacecraft in orbit around Jupiter’s moon Europa 
to investigate whether it has liquid water or other 
signs of habitability. The possible payload of scientific 
instruments includes radar, infrared spectrometers, 
topographic cameras, mass spectrometers, and other 
imaging devices.
 Babak Parviz of Google X (USA) will cover 
the background and reasoning behind Google’s 
development of the Glass plat form and new 
opportunities that may arise in the wearable market.
 SPIE member Mike Dunne of Lawrence Livermore 
National Laboratory (USA) will give a third plenary 
talk on Sunday, 17 August. Dunne will update 
attendees on the National Ignition Facility’s (NIF) 
goal of bringing star power to Earth, including the 
results of a NIF experiment this year that resulted 
in fusion energy output more than double the laser 
energy input.
 Fourteen more plenary presentations throughout 
the week will include talks on nanoscale engineering, 
photovoltaic technology, image processing, organic 
bio-devices, and optical imaging.
 Attendees to Optics + Photonics 2014 will have 
access to 3,100 papers covered by four symposia: 
NanoScience + Engineering, Solar Energy + 
Technology, Organic Photonics + Electronics, and 
Optical Engineering + Applications.

BIG POTENTIAL IN SMALL SCIENCE
 The NanoScience + Engineering symposium, 
created in 2007 to recognize the impact of 
nanotechnology in optics and photonics, is one of 
world’s largest and most active nano meetings.
 “Optics and photonics are at the heart of nano 
applications ranging from cancer therapy to self-
cleaning windows,” says symposium co-chair David 
Andrews of University of East Anglia Norwich (UK). 
Andrews, an SPIE Fellow and member of the SPIE 
Board of Directors, says this year’s symposium 
“promises to give a shop window to a wider range 
than ever of cutting-edge research and development.”
 Three plenary sessions will cover developments in 
the world of nanotechnology. 
 S p e a k i n g  o n  c a r b o n  n a n o t u b e s  a n d 
interdisciplinary work in photonics, chemistry, 

materials, processing, SPIE Senior Member Eva M. 
Campo of Bangor University (UK) and University of 
Texas at San Antonio (USA) will provide insights into 
bonding in nanocomposites, offering information 
about the synthesis-structure-property paradigm.
 Covering non-solar uses of silicon, SPIE Fellow 
Philippe M. Fauchet of Vanderbilt University 
(USA) will present the history and most recent 
developments of nanoscale silicon as an optical 
material, placing a special emphasis on active and 
biosensing structures.
 SPIE Fellow Shaya Fainman of University of 
California, San Diego (USA) will discuss the passive 
and active nano devices recently demonstrated by his 
Ultrafast and Nanoscale Optics Group. Applications 
for these devices include photonic switching fabric 
and networks; 3D holography storage; and 3D 
imaging and displays. 

NUMEROUS SPECIAL EVENTS
 Special events include a session on technical 
illumination covering the substantial growth and 
future of solar energy production and a roundtable 
discussion highlighting the SPIE 2014 Optics & 
Photonics Global Salary Report (See page 10 for more 
on the Salary Report). There will be a workshop on 
the care and cleaning of optics; student activities 
and poster sessions; a job fair; and the SPIE Annual 
General Meeting.
 SPIE is also starting the International Year of 
Light (IYL) 2015 festivities early with a “First Light” 
presentation at the welcome reception Monday, 18 
August. Throughout the week, an IYL booth will 
also offer information on getting involved in the 
initiative and details on the International Year of 
Light Photo Contest.

SPECIALTY CONFERENCES
 S e ver a l  c on fer enc e s  w it h i n t he  O pt ic a l 
Engineering + Applications symposium will explore 
the educational, historical, and business aspects of 
optical engineering.
 SPIE Fellow Rongguang Liang will chair the 
conference, “The Nature of Light: Light in Nature” 
covering aspects of light in the natural world and 
the practical and experimental aspects of optics 
in nature, which create fascinating effects such as 
polarization and coloration phenomena. 
 A two-day conference will celebrate the 50th 
anniversary of the Optical Sciences Center (OSC), 
now known as the College of Optical Sciences at 
University of Arizona (UA). 
 The center was founded by Aden Meinel, professor 
emeritus of optical sciences at UA in 1964. SPIE 
Fellow and past SPIE President James Wyant, who 
became the founding dean when the center became 
a college in 2005, will give the keynote presentation 
on what is now one of the world’s leading institutions 

Student events
The SPIE Student 
Chapter Leadership 
Workshop 16 August in 
San Diego, CA (USA) 
will feature a full-day 
program on effective 
career and chapter 
development practices 
along with presentations 
on career skills, optics 
entrepreneurship, and 
publishing. 

The workshop is a 
way for attendees to 
also learn about all 
the benefits of SPIE 
student membership 
such as Student Chapter 
funding, scholarships, 
travel grants, and 
visiting lecturers.

Workshop leaders 
include SPIE Student 
Services staff, Student 
Chapter alumni, 
and professional 
development instructor 
Jean-luc Doumont of 
Principiae (Belgium). 

Other student events 
during SPIE Optics + 
Photonics 2014 include 
the Optics Outreach 
Games on Sunday, with 
prizes for the Student 
Chapters with the 
best optics outreach 
demonstrations, chapter 
exhibits, a lunch with 
the experts, and a social 
mixer from 3:30-5 pm 
Tuesday in the exhibition 
hall.

For more information, 
email students@spie.
org. 
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The SPIE Optics + Photonics Exhibition, 19-21 
August, will include the SPIE Career Center 
Job Fair 19-20 August.

The 2014 SPIE Annual General Meeting will be 
held at 6 pm Tuesday 19 August in connection 
with SPIE Optics + Photonics.

Other member-only events at SPIE Optics 
+ Photonics on 19 August include an SPIE 
Fellows lunch and the members’ reception.

All SPIE Senior Members are invited to a buffet 
breakfast at 8 am Wednesday, 20 August.

for research and education in optical science and 
engineering. 
 Conference chairs are SPIE member Harrison 
H. Barrett, SPIE Fellow and Board Member John 
Greivenkamp, and SPIE Past President Eustace 
Dereniak. 
 In the Photonic Innovations and Solutions for 
Complex Environments and Systems (PISCES) 
conference, SPIE Fellow Akhlesh Lakhtakia and 
Judith A. Todd, both of Pennsylvania State University 
(USA), will moderate a panel discussion on how 
research agendas are being set in light of government 
policies and actions, whether universities and 
research institutes have the right frameworks to 
partner with industry and government, and related 
issues. The discussion will be held Sunday, 17 August.
 The Optics Education and Outreach conference, 
chaired by SPIE Fellow G. Groot Gregory of Synopsys 
(USA), focuses on engaging young people who will 
be the future of optics and photonics. Four sessions 
on enhancing optics curriculum with technology 
and promoting science, technology, engineering and 
math (STEM) education will be held on Wednesday. 

CREATING A MUSEUM OF LIGHT
 The SPIE Women in Optics presentation and 
reception on Monday 18 August will feature Ana 
Maria Cetto of the Instituto de Física, Universidad 
Nacional Autónoma de México speaking on her 
experiences with the establishment and updating 
of a Museum of Light. Opened in 1996 in a colonial 
church building in Mexico City, the Museum of Light 
is now updating many of its exhibits and moving into 
a new facility.
 Cetto, who was on the team of optics and photonics 
leaders who proposed the IYL to the United Nations 
and UNESCO, will also discuss the IYL initiative. 
 “Light matters to all of us,” Cetto says. “It is thanks 
to light that we know our place in the Universe and 
that there is life on Earth. The IYL will create a forum 
for scientists, engineers, artists, poets, and all others 
inspired by light to interact both with each other and 
with the public so as to learn more about the nature 
of light, its many applications, and its role in history 
and culture.” .
–Karen Thomas, SPIE Staff
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Anurag Gupta,  
Google (USA)
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Remote-sensing and security talks
at two SPIE events in Amsterdam

www.spie.org/rs2014 www.spie.org/sd2014

PLAN TO ATTEND IN AMSTERDAM SEPTEMBER 2014

TWO CONFERENCES• 
ONE LOCATION•

Amsterdam RAI Exhibition and Convention Centre 
Amsterdam, Netherlands

Conferences: 22–25 September 2014 
Exhibition: 23–24 September 2014

Top Dutch and US experts in instrumentation development 
for satellite-based imaging systems and in-space operations 
engineering will be plenary speakers at SPIE Remote Sensing 

22-25 September in Amsterdam, and the collocated SPIE Security 
+ Defence will have leading scientists in lithography and image 
processing on its plenary schedule.
 Lisa Huddleston, chief of the Applied Meteorology Unit for NASA’s 
Kennedy Space Center Weather Office, and SPIE member Bart 
Snijders of TNO (Netherlands) will give the plenary talks at SPIE 
Remote Sensing.
 Huddleston has almost three decades of experience with satellite 
remote sensing of the sea surface, data mining, and assessing the 
probability of cloud-to-ground lightning strokes near satellite launch 
sites. Her talk will focus on remote sensing at the Kennedy Center.
 Snijdgers’ talk will cover 50 years of space instrumentation 
development in The Netherlands.
 At the plenary session for SPIE Security + Defence, SPIE member Jos 
Benschop, senior vice president of technology at ASML (Netherlands), 
will give a talk on physics and optics in the semiconductor lithography 
industry while SPIE member Peter de With of Technische Universiteit 
Eindhoven (Netherlands) will discuss image processing and image 
interpretations. 
 Conferences at both events are designed to meet the scientific, 

technical, and business needs of their respective communities.
 SPIE Remote Sensing will have 11 conferences on such topics 
as signal processing, lidar technologies, adaptive optics systems, 
sensors, and other aspects of remote sensing for agriculture, ocean, 
environmental, and atmospheric monitoring.
 SPIE Security + Defence will have an exhibition in the Amsterdam 
RAI Exhibition and Convention Centre 23-24 September. Among 
the topics to be covered in 12 technical conferences are military 
applications in hyperspectral imaging, laser technologies, quantum 
cryptography, optronics, optical and photonics materials for 
security applications, free-space optical communication techniques, 
unmanned/unattended sensors, THz sensors, sensor networks, and 
technologies for optical countermeasures.
 Symposium chair for SPIE Security + Defence is SPIE Fellow 
David H. Titterton of Defence Science and Technology Lab (UK). Co-
chairs are SPIE member Reinhard Ebert of Fraunhofer Institute of 
Optronics, System Technologies and Image Exploitation (Germany) 
and SPIE Senior Member Ric Schleijpen from TNO Defence, Security 
and Safety (Netherlands).
 Symposium chair for SPIE Remote Sensing is SPIE Senior Member 
Charles R. Bostater of Florida Institute of Technology (USA). Co-chairs 
are Snijders and Ulrich Michel of University of Education Heidelberg 
(Germany). .

EVENTS



 39JULY 2014 | SPIE ProfessionalRead details and sample pages:  www.spie.org/books

NEW BOOKS 
FROM SPIE•

Publications

20

Interferometry for Precision 
Measurement
Peter Langenbeck
Vol. TT94 · Print: SPIE Member $56 / Nonmember $66 
 eBook: $48 / $56

Fundamentals of Dispersive Optical 
Spectroscopy Systems
Wilfried Neumann
Vol. PM242 · Print: SPIE Member $56 / Nonmember $66 
 eBook: $48 / $56

Translational Research in Biophotonics: 
Four National Cancer Institute  
Case Studies
Robert J. Nordstrom
Vol. PM246 · Print: SPIE Member $63 / Nonmember $74 
 eBook: $54 / $63

Field Guide to Displacement  
Measuring Interferometry
Jonathan D. Ellis
Vol. FG30 · Print: SPIE Member $36 / Nonmember $42 
 eBook: $31 / $36

Fundamentals of Geometrical Optics
Virendra N. Mahajan
Vol. PM245 · Print: SPIE Member $75 / Nonmember $88 
 eBook: $64  $75

Strength Properties of Glass and 
Ceramics
John W. Pepi
Vol. PM244 · Print: SPIE Member $41 / Nonmember $48 
 eBook: $35 / $41
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EVENTS AROUND THE WORLD

SPIE Event News

FOLLOW SPIE ON: 

JULY 
1:  Applications open for first round of 

SPIE Student Chapter grants for 2015 
International Year of Light projects 

1:  SPIE International Year of Light Photo 
Contest opens

15:  Deadline for nominations for IUPAP 
Young Scientist Prize in Optics

15:  Manuscripts due for special section on the 
control of integrated patterning variance 
in the Journal of Micro/Nanolithography, 
MEMS, and MOEMS 

28:  Abstracts due for SPIE Photonics West 2015 
and IS&T/SPIE Electronic Imaging 2015

31:  Manuscripts due for a special section 
on solid-state lighting in the Journal of 
Photonics for Energy

AUGUST 
1:  Manuscripts due for a special section on 

causal control of biological systems with 
light in Neurophotonics

4:  Abstracts due for SPIE Medical Imaging 2015
6:  Last day to vote in SPIE 2014 election
8-11:  International Symposium on Precision
 Engineering Measurement + Instrumentation
15:  Manuscripts due for special section 

on organic solar cells in the Journal of 
Photonics for Energy 

16: SPIE Student Chapter Leadership Workshop 
17-21:  SPIE Optics + Photonics
17:  SPIE Optics Outreach Games 
18:  SPIE Women in Optics presentation at 

SPIE Optics + Photonics
19:  SPIE Annual General Meeting and 

members’ reception
19-20:  SPIE Career Center Job Fair at SPIE 

Optics + Photonics
19-21:  SPIE Optics + Photonics Exhibition
20:  SPIE annual awards banquet 
25:  Abstracts due for SPIE Smart Structures/

NDE 2015

26-29: ICO-23, General Congress of the 
International Commission for Optics

27-29: Photonics Prague 
SEPTEMBER 
8:  Abstracts due for SPIE Advanced 

Lithography 2015
14-17:  September: SPIE Laser Damage
15:  Nominations due for SPIE Fellows 
15:  Manuscripts due for special section on 

hybrid organic-inorganic solar cells in the 
Journal of Photonics for Energy

16-18: SPIE Scanning Microscopies
16-18: SPIE Photomask Technology 
22-25:  SPIE Remote Sensing and SPIE Security + 

Defence in Amsterdam
23-24: Exhibition at SPIE Security + Defence
25:  UK Optical Design Meeting 
30:  Submissions close for the SPIE 

International Year of Light Photo Contest
30:  Manuscripts due for special section on 

solar-energy conversion in the Journal for 
Photonics for Energy

OCTOBER
1: Nominations due for SPIE Annual Awards
1: Manuscripts due for a special section honoring 

Lawrence B. Cohen in Neurophotonics
6: Abstracts due for SPIE DSS 2015
9-11: SPIE/COS Photonics Asia 
9-10: Invest in Photonics
13-17: SPIE Asia Pacific Remote Sensing 
14-15: International Seminar on Photonics, 

Optics, and Applications
17: Application deadline for first round 

of SPIE Student Chapter grants for 
International Year of Light 2015 projects

31: Manuscripts due for a special section on 
managing and analyzing remotely-sensed 
big data in the Journal of Applied Remote 
Sensing
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A N N O U N C I N G

the SPIE International Year  
of Light Photo Contest

The International Year of Light (IYL) in 2015 is a 
celebration of light and light-based technologies  
that are infused in all cultural, economic, and  
political aspects of our global society.

The SPIE International Year of Light Photo Contest  
is your chance to show the world the vital role that  
light and light-based technologies play in daily life.

Enter the contest
Send us your photo showing how light or light- 
based technologies are used in daily life.

Sponsored by

First prize: US $2,500

Second prize: $1,000

Third prize: $500

People’s Choice Award: $500

Contest will be open from 1 July 
through 30 September 2014. 

Winning photographs will be 
published on the cover of SPIE 
Professional magazine in 2015. 

Details: spie.org/IYL

First Prize: US $2,500

Second Prize: $1,000

Third Prize: $500

People’s Choice Award: $500

Contest will be open from 1 July 
through 30 September 2014. 

Winning photographs will be 
published on the cover of SPIE 
Professional magazine in 2015. 

Details: spie.org/IYL


