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As my term draws to a close and I write my 
last letter (already?!), I refl ect on issues 
near and dear to most Society members. 

How are we doing in employment? Are we satisfi ed 
with our jobs? How well are we paid compared to 
our peers? 
 How do women’s salaries compare to men’s? 
How do people in industry fare compared to those 
in government or in academia? How do workers 
in different parts of the world compare in salary 
and hours worked? 
 In April, SPIE closed the most comprehensive 
international survey ever of the optics and 
photonics community (drawn from over 6500 valid 
responses from 103 countries). Our article on page 
19 in this issue, “Job satisfaction high, SPIE survey 
says,” covers the basic fi ndings. See spie.org/salary 
for the full report. 

Happy with their jobs
 It is a great pleasure to see so many people happy 
with their jobs and careers as I do know many 
people outside my professional sphere for whom 
work is a chore, only a job, something one does 
only for money and medical benefi ts. Of course, 
we have problems – some of us are between jobs, 
some dislike the steady grind for research results, 
the struggle for tenure, for promotion, for new 
customers or even retaining existing customers. 
But arguably these are the good problems to have 
compared with unemployment or dead-end jobs. 
 Nearly 80% of our survey’s respondents agreed 
or strongly agreed with the statement, “I love my 
work and I feel fortunate to get paid for doing it.” 
Also notable is the very high percentage of workers 
who respect the work of their peers.

Gender equality needed
 One thing that is not so great to read about is the 
gender inequality. When I was a graduate student 
in physics, women made up only 4% of my class. 
In physics, this percentage is growing to the 20% 
range according to data I saw last year from AIP. 
 As a Society, SPIE has 18% women in 
membership and 25% in governance. In recent 
years, we have had three women as president 
(Małgorzata Kujawinska, María Yzuel, and Katarina 
Svanberg). So in membership and governance 
there is some small progress over time, but there 
remains no real reason why it shouldn’t be equal. 
 Likewise for compensation. Sadly, according 
to the survey, the median salary of women 
working in optics and photonics is 36% lower 

PRESIDENT’S LETTER

Respect and fulfi llment derived
from career in optics, photonics

than that for men. 
 It is especially 
s t a rk  i n  some 
places in the world 
such as in the 
Middle East where 
men’s wages are 
140% of women’s. 
Yet in Oceania 
(Australia, New 
Z e a l a n d )  t h e 
difference narrows 
to 9%. 
 On average, our 
workweeks are longer than the fabled 40 hours. 
Workers in Asia report greater than 50 hours is the 
norm. But I think we all know that jobs in optics 
and photonics are not usually by the time clock. 
 The salary breakdown by employer is very 
fascinating. The small group who are self-employed 
do best ($120K per year). 
 Aerospace and semiconductor related disciplines 
both report more than $100,000 per year median 
salaries. Those who work for universities and 
colleges do least well, at less than $60K per year.

Building something useful
 When I was younger and hadn’t yet decided 
on my career, I read an interesting book by Studs 
Terkel, a famous reporter and interviewer for a 
Chicago radio station, entitled “Working.” It is a 
collection of interviews Terkel did with various 
people about their jobs (The book’s subtitle was 
“People talk about what they do all day and how 
they feel about what they do.”).
 One interview I remember was with a stone 
mason. This person seemed the most satisfi ed of the 
group as he actually built useful things that lasted. 
 The basic finding of the SPIE Optics and 
Photonics Global Salary Report, that most people 
who work in optics and photonics love their jobs 
and feel fortunate to have them, is a great sign we 
are building something useful and lasting for the 
future. 

William H. Arnold
2013 SPIE President

° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° °
° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° °
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Advances in eye-tracking technology 
enable communication for the disabled 
and open pathways to innovation.

PHOTONICS FOR A BETTER WORLD

Once mainly a topic discussed by academics, 
advertisers, and behavioral researchers, today 
you can fi nd news about “eye tracking” nearly 

every day all around the world. Eye tracking has been 
heralded as one of the “next big things” for consumer 
products and a technology that could completely 
change how we interact with our world. 

 Eye tracking dates back to early, 
primitive research techniques used 

in the 1800s in human psychology 
and advertising, but the most 
remarkable evolution in the 
technology and its applications 
has occurred just within the 
past decade. Tobii, founded 
in 2001, has pioneered the 
modern concept of eye-tracking 
technology with a disruptive 
approach  t hat  f ree s  t he 
subjects being tracked from the 

equipment. 
 T hi s  brea kt h rough wa s 

possible due to advancements 
in microtechnology and photonic 

devices, including image 
sensors and illuminators, 

combined with a fresh 
approach to hardware and 
software engineering 
t h a t  e n a b l e s  e y e 
tracking without a 
subject-stabilizing 
element, such as a bite 
bar or head gear. 
 T h i s  m a j o r 
milestone allowed 
n e w  k i n d s  o f 
research such as 
analysis of child and 
infant development 
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Advances in eye-tracking techno
enable communication for the d
and open pathways to innovatio

By Henrik Eskilsson 

Photonics
For a Better 
World

and advancements in communications tools for the 
disabled, all with a subject sitting and moving in a 
natural manner in front of a computer. 
 The new eye trackers, in turn, have opened 
pathways for the technology to travel even further 
into new products for more industries and nearly 
endless possibilities for applications. 

Gazing at future applications
 Think of the tasks you do every day. Do you operate 
a vehicle, shop, or use a computer, smart phone, 
tablet, TV, or gaming console? 
 Most likely the answer is yes. In the very near 
future, all of these functions could include eye 
tracking in some capacity. 
 Computers, tablets, and smartphones are not 
just tools we use; they have become extensions 
of ourselves. We live through them in socializing, 
running errands, working, having meetings, etc. As 
eye tracking is integrated into each of these devices, 
consumers may benefi t from greater speed, increased 
productivity, and reduced stress. 
 By using our natural gaze point as part of our user 
controls, we can experience a more effi cient method 
of obtaining and sharing information and eliminate 
an interaction barrier between ourselves and our 
most valued gadgets. 
 Tobii has released a range of augmentative and 
alternative communication solutions that help 
individuals with speech impairments communicate 
and experience a greatly enhanced quality of life.
 Assistive technologies and eye tracking make a 
natural pair to allow people with disabilities to regain 
independence and maintain communication. 
 We’ve already seen industry giants such as Samsung 
and Microsoft introduce eye detection, one of the 
simplest forms of eye tracking, into smartphones. 
However, more robust uses of eye tracking will be 
coming soon for PCs, laptops, and tablets in the mass 
consumer market. 
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 It will also likely extend to other products and 
evolve to give all consumers ways to interact with 
and control their home electronics systems and 
environmental systems for lighting, temperature, 
and security.
 Since gamers have longed for tools that will 
help them have more immersive, personal, and 
fl exible movement and control during play, we 
predict that eye tracking will also soon move into 
the gaming space.
There are virtually unlimited opportunities for 
eye tracking to adopt and integrate fascinating 
new innovations using eye-tracking technology 
to a wide array of products.

Eye tracking in medicine and autos
 As vehicles continue to get smarter and safer, 
eye trackers could offer advanced driver assistance 
and drowsiness detection for accident prevention 
in the automotive industry. Eye tracking provides 
a natural and intuitive look-and-click interface 
that will help auto companies design connected-
vehicle features and infotainment systems that 
reduce driver distraction. 
 Eye tracking can be easily integrated with 
existing auto safety systems, such as lane-departure 
warnings and automatic brake assistance. 
 Ergonomics and medical-imaging control can 
be improved by using gaze interaction with x-rays, 
surgical procedures, and ultrasounds. Imagine if 
surgeons could zoom into images and control 
the computer interface in operating rooms using 
just their eyes. These futuristic concepts are now 
a possibility. 
 Eye tracking can also be a monitoring and 
educational tool, to understand where a doctor 
has been looking and keep track of which areas a 
doctor has analyzed and which have not.
Eye tracking can give government and law-
enforcement teams enhanced methods for data 
protection and security. 
 Gaze interaction can be used to guarantee 
quality of human-operator attention, for example, 
recording and monitoring the real-time attention 
and vigilance of workers scanning bags at airports. 
 Athletic performance can also be optimized 
through eye tracking. Truly understanding what 
contributes to a player’s hand-eye coordination, 

along with studying attentional focus, trajectory 
estimations, and visual search strategies, could 
eventually have a profound impact on how 
athletes and coaches play and train. 
 Recent advancements in sensing technology 
capabilities and the development of easy-to-use 
analysis software have led to an exponential 
growth in the scope and breadth of research 
capabilities. From usability, advertising, and 
shopper research to developmental psychology, 
neuroscience, and nonhuman primate research, 
eye tracking is proving to be an essential, portable, 
and cost-effective tool in gathering critical data. 
 Tobii introduced the first consumer eye-
tracking peripheral earlier this year, and mass-
market peripheral products for computers are 
expected to be available next year. The first 
general consumer products with eye tracking 
embedded and integrated into user-interface 
controls are expected to be available in 2014-2015. 

Simplicity is the challenge
 When you move products and services into new 
markets, there are always challenges. 
 As eye tracking moves closer to commercial 
market adoption, one of the biggest challenges is 
convincing the mass consumer audience (as well 
as investors, media, and industry analysts) that 
the technology is truly as remarkable as promised. 
This is especially true when the concept of gaze 
interaction is something that can only be fully 
understood when people try it themselves in a 
personal demonstration.
 One of Tobii’s goals is to make its eye tracking 
technology work for everyone. This means 
creating solutions that support a variety of 
eye shapes and vision capabilities as well as 
accommodating a broad spectrum of user types.
 Creating a simple eye tracker is … simple, but 
Tobii invests heavily in R&D to ensure it is offering 
the most accurate and precise technology, without 
limiting users. Identifying how eye tracking can 
be successfully and seamlessly integrated into 
numerous applications while making it easy to 
use is both an ongoing challenge and opportunity. 
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About Tobii
Tobii Technology 
(www.tobii.com) was 
founded in 2001 by 
Henrik Eskilsson, its 
current CEO; John 
Elvesjö, CTO; and 
Mårten Skogö, chief 
science offi cer.

The founders sold the 
fi rst Tobii Eye Tracker 
in 2002. 

Since then, the 
company has become 
a global leader in eye-
tracking and gaze-
interaction technology, 
delivering gaze 
solutions and OEM eye-
tracking components 
for computers, games, 
vehicles, and other 
applications. 

Tobii’s eye-tracking 
technology has 
accelerated the 
development of 
gaze interaction in 
personal computing, 
transformed 
research in many 
fi elds, and enabled 
communication for 
thousands of people 
with special needs. 

Based in Sweden, Tobii 
has a global presence 
with offi ces in the 
U.S., China, Germany, 
Japan, and Norway and 
a worldwide network of 
resellers and partners.

Continued on page 8  

The eye gaze provides a very effi cient way of pointing. We do it all the time in interaction with other humans. Eye tracking 
technology enables us to use our gaze in interaction with computers and machines. It’s fast, intuitive and natural.
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Privacy and health concerns
 Other challenges center on privacy and health 
concerns. Will companies be able to monitor 
everything that I’m looking at on the screen? Will 
websites now serve me ads as I look at various 
sections of the screen?
 As eye tracking is integrated into computers, 
consumers will retain just as much control over 
how information about their activities is shared 
as they do today – simply through user control 
settings and security preferences. Eye trackers 
being created for gaze interaction will not have 
the ability to store or analyze the data, and user 
gaze data will not be stored in cookies.
 However, privacy issues are still a concern for 
some. In recognition of these concerns, Tobii has 
developed its technology in a way that prevents gaze 
data from being stored, analyzed, or used in a way 
that violates user privacy, regardless of whether it’s 
a Tobii product or a partner product or application. 

NIR refl ection
Tobii eye trackers 
are based on the 
principle of corneal-
refl ection tracking.

First, one or several 
near-infrared 
illuminators create 
refl ection patterns 
on the cornea of the 
eyes.

Image sensors then 
register the image of 
the user’s eyes. 

Image processing 
is used to fi nd the 
eyes, detect the 
exact position of the 
pupil and/or iris, and 
identify the correct 
refl ections from the 
illuminators and their 
exact positions.

Mathematical models 
of the eye are then 
used to calculate the 
eyes’ position in 3D 
and the point of gaze.

For more information 
on how eye tracking 
works, see: www.
tobii.com/en/gaze-
interaction/global/
eye-tracking. 

PHOTONICS FOR A BETTER WORLD

 Are there safety issues related to using an eye 
tracker? The simple answer is no; the sensors used 
are not harmful to the human eye. Eye trackers 
use near-infrared illumination, similar to what 
is already used in many industrial, scientific, 
consumer, and medical applications and devices. 
Also, all of Tobii’s eye trackers have been approved 
by certifi ed labs according to the international 
standard for different lamps and lamp systems. 

Eye tracking vs. eye recognition
 It is extremely exciting to see the potential of 
eye tracking across industries come to fruition. As 
more eye-tracking-enabled technology emerges, 
it will be important to understand that not all of 
the types of technology being used – or the end 
effect – are the same. 
 For example, the type of eye tracking being 
integrated into mobile phones today is “eye 
recognition” software in which the device 
responds to whether the user’s eyes are looking 
at it, are open, or are closed. 
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Eye Tracking
t Continued from page 7

Eye tracking step by step
An eye trackers is a device that uses projection patterns and optical sensors to gather data about 
gaze direction or eye movements with very high accuracy. Most eye trackers are based on the 
fundamental principle of corneal-refl ection tracking.

1 2 3

4

5

The eye tracker 
incorporates 
near-infrared 
microprojectors, 
optical sensors 
and image 
processing.

Microprojectors 
create refl ection 
patterns on the 
eyes.

Image sensors register 
the image of the user, 
the user’s eyes, 
and the projection 
patterns, in real 
time.

Image processing 
is used to fi nd 
features of the 
user, the eyes, and 
projection patterns.

Machematical models are used to 
exactly calculate the eyes’ position 
and the gaze point.
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 This enables basic functionality that is very 
different from Tobii’s eye tracking technology 
which enables the user’s gaze point to become a 
selecting device and makes the entire interface 
more responsive to the user. 
 Tobii’s approach and solutions integrates eye 
tracking into systems and applications as a central 
part of the user interface to provide a richer user 
experience, making our most beloved electronic 
devices faster, easier, and more fun to use. 

– Henrik Eskilsson is CEO and co-founder of 
Tobii Technology. Prior to founding Tobii, he 
founded Trampolinspecialisten, a Swedish sporting 
goods trading company, and worked as a project 
manager with Hotsip, a provider of communications 
infrastructure software. Eskilsson has an MS in 
international industrial engineering and management 
from Linköping University (Sweden). 

Community of eye tracking  developers
In addition to being a pioneer in eye-tracking technology, Tobii is actively 
working to build a community of partners and developers to introduce 
gaze interaction to nearly every aspect of daily life.

From Web navigation to computer aided design to gaming and 
entertainment, eye tracking has the potential to enhance the consumer 
experience and increase effi ciency in a myriad of applications.

Tobii has worked with partners to develop wide-ranging commercial and 
research applications.

The Tobii Partner Program, for instance, gives developers tools and 
resources to develop interactive eye-tracking applications. By adding 
Tobii Gaze to existing controls, companies can transform the user 
experience, fundamentally making user and technology interaction faster, 
more intuitive, and more fun. 

As eye tracking is integrated into more applications, Tobii hopes to bring 
a richer user experience to consumers and provide a more natural way to 
integrate our daily lives with technology.
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Adaptive lens 
takes shape as commercial product
By Catherine Zandonella

Technology
overview
TAG Optics’ patented 
technology uses 
piezoelectrics to 
generate sound in 
liquid, resulting in an 
index of refraction 
profi le that behaves like 
a simple aspheric lens 
element. 

However, unlike static 
devices that rely on 
the deformation of a 
surface or interface, 
the TAG Lens is more 
properly thought of 
as a tunable gradient-
index (GRIN) device that 
does not require any 
redistribution of mass 
or liquid to change its 
optical properties. 

The computer-
controlled adaptive lens 
can scan a complete 
range of focal lengths 
in microseconds with 
little to no spherical 
aberration. 

On a late night in February 2011, two 
researchers at Princeton University (USA) 
packed a small object into a box and set it 

out for the morning mail. The engineers had spent 
four years developing a new type of microscope lens 
that focuses in response to sound waves. They were 
sending their invention to their fi rst customer.
 Two years and a lot of hard work later, their 
invention, the TAG Optics Lens 2.0, has a 
customer base spanning the globe, from Japan 
to Germany.
 The lens has won numerous technology awards, 
including a 2013 Prism Award for Photonics 
Innovation in the category of optical components 
and an R&D Magazine “R&D 100 Award.” The 
National Science Foundation recently awarded 
TAG Optics a Small Business Innovation 
Research grant to further develop the technology 
for laser manufacturing and materials processing.
 But the road from university laboratory 
to marketplace was not easy. The story of 
TAG Optics illustrates the roller coaster-style 
journey that new technologies — and their 
inventors — take as they embark on the path to 
commercialization. Its journey demonstrates the 
risks and rewards of entrepreneurship 
and how such experiences can help 

nal

inventors take as they embark on the path to 
commercialization. Its journey demonstrates the
risks and rewards of entrepreneurship
and how suuuuuuuuuchcccccccccccccccccccccccccc  experiences can help

Craig Arnold, 
Christian Theriault 
and David Amrhein 

accept the 2013 Prism 
Award for Photonics 

Innovation for 
TAG Optics.

university professors become better teachers and 
mentors.
 The idea for the TAG Lens began in 2005 
when SPIE member Craig Arnold, then an 
assistant professor in mechanical and aerospace 
engineering at Princeton, offered undergraduate 
Adam Hopkins, also an SPIE member, an 
intriguing senior thesis project: to explore how 
sound can bend and shape a beam of light passing 
through a fl uid. Arnold quickly saw the potential 
for a new type of microscope.
 Hopkins completed his thesis and moved on 
to other projects at Princeton (earning his PhD 
in 2012), and Arnold continued the work with 
subsequent students. By 2007, Arnold and another 
graduate student, Euan McLeod, working with 
postdoctoral researcher Alexandre Mermillod-
Blondin, had created a lens unlike any other: a 
tunable acoustic gradient index of refraction lens.

No moving parts in lens
The lens consisted of a clear silicone-based liquid 
trapped in a barrel-shaped housing containing 
a small speaker capable of 
blasting sound waves into 

the liquid. The sound 
waves created small 

Prism Awards
Finalists for the 2014 
Prism Awards for 
Photonics Innovation 
will be announced in 
November.

The annual competition 
sponsored by SPIE and 
Photonics Media honors 
cutting-edge products 
that break conventional 
ideas, solve problems, 
and improve life through 
photonics. 

The 2014 awards will 
be presented in San 
Francisco during SPIE 
Photonics West.
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Scientifi c conferences and exhibition on optics, 
imaging, and sensing   

Call for Papers
Abstracts due 22 October 2013 — www.spie.org/dss1

DSS2014
Defense+
Security
SPIE DSS

Sensing
Technology+
Applications
SPIE DSS

Conferences & Courses
5–9 May 2014

DSS Expo
6–8 May 2014

Location
Baltimore Convention Center
Baltimore, Maryland, USA

changes in the density of the liquid, altering its index of refraction 
and thereby shaping light as it travels through the lens.
 Most lenses, from the one found in the human eye to the ones found 
in microscopes and telescopes, use moving parts to adjust the focus.
 “Our lens uses a fundamentally different technology,” Arnold 
explains. “There are no moving parts and thus it can focus at 
extremely high speeds in response to 
electronic signals.”
 With the help of Princeton’s Offi ce 
of Technology Licensing, Arnold 
applied for a patent for the invention 
in 2007, but he had little time to 
think about commercializing the lens while teaching, mentoring 
students, and conducting other research.

Creating TAG Optics
 The lens remained a lab project until early 2010 when Arnold, 
recently tenured, began talking about commercializing the lens. 
The idea attracted the interest of a former Princeton student, 
Christian Theriault, who had studied molecular biology, materials 
science and engineering, engineering biology, and mechanical 
and aerospace engineering.
 Theriault was eager to team up with Arnold and take on 
the challenge of converting a laboratory-grade gadget into an 
industrial high-precision lens that electronic device manufacturers 
and medical-imaging companies could use. 

 “I knew there was no other product like this on the market,” 
said Theriault, who, at 25 years old, was “at a point in life where 
I could take risks.”
 Industry seemed eager for the lens as well, judging from the 
response to Theriault’s presentation about applications of the 
technology at an academia-industry partnership meeting in late 

2010. “The next thing you know I got a 
call from someone asking, ‘Where can 
I buy your lens?’” Arnold said.
 A few months later, in January 2011, 
Arnold and Theriault started TAG 
Optics Inc. and the truly hard work 

began. Arnold was on sabbatical that semester, and the two 
worked around the clock to make a prototype lens.
 By February, the two-person company was ready to ship its 
fi rst unit. “I can still remember packing the fi rst lens that we sent 
out,” Theriault said. “It was about 3 am. The package contained 
the lens and an instruction manual that was fi ve lines of text.” 
 Just days later, Arnold and Theriault received an important 
lesson in product development when the customer called to ask: 
“How do you turn it on?”

Into the ‘valley of death’
 The customer’s question illustrates the divide between 

Continued on page 12 

TAG Optics draws its name from 

the tunable acoustic gradient 

index of refraction lens.
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invention and product. Invention is creative and 
dynamic, while product development can seem 
mundane, according to Arnold. “As a university researcher, 
my job was to create fundamental knowledge and new 
technologies,” he said. “I didn’t think about the diffi culty that 
people would have in operating the device.”
 The gap between innovation and product development has 
earned the nickname “the valley of death” because many 
new inventions fail to successfully transition from lab to 
marketplace. Often the problem is fi nding funding to support 
the essential steps of product development, such as building 
a sturdy housing so that the item will not break if dropped.
 Early research on the TAG Lens had been funded by 
government research grants from the U.S. Air Force Offi ce 
of Sponsored Research, but federal guidelines bar the use 
of these funds for product development. Sales of the fi rst 
TAG lenses helped, but the team needed money to try new 
housing materials, new ways of sealing the device, and other 
improvements. “I said to Craig, we cannot sell a product that 
takes a PhD to operate,” Theriault said.
 Just as lack of money started to become an issue, the new 
technology received a much-needed fi nancial boost in spring 
2011: It won fi rst place and a $25,000 prize from Princeton’s 
Keller Center Innovation Forum, in which university-based 
teams compete for funds to support their business plans for 
technologies they’ve developed.
 Throughout 2011, Arnold and Theriault worked long hours 
to improve the lens. Arnold focused on publishable research 
— such as extending the lens’s capabilities. Theriault worked 
on what he called “product-ization” — making sure that the 
lens could survive in the real world where items get dropped 
and temperatures change — in other words, non-laboratory 
conditions. They contracted with external vendors to make an 
aluminum housing and software to control the lens. 
 Another critical infl ux of money arrived in early 2012. The 
Princeton University IP Accelerator Fund, a program designed 
expressly to support development of early-stage products, 
awarded $100,000 to the project.
 By spring 2012, the company launched the next iteration, the 
TAG Lens 2.0., which shipped with a “driving kit” consisting 
of software and electronic components to control the lens. 

And yes, the device featured an “on” 
switch.
 Throughout 2012, customer orders 
arrived, primarily from electronics 
manufacturing companies in Japan, 
Germany, and the United Kingdom. 
“Our business became 24/7,” said 
Theriault, who serves as TAG Optics’ 
CEO. Arnold and Theriault talked by 
phone around midnight every night, 
discussing the orders and refi nements 
to their technology. 
 To fi ll the orders, Theriault hand-
assembled each lens, conducted 
quality control testing, and packed 
them for shipping. That summer, 

the team won the Siemens’ Technology to Business Center’s 
national business and innovation competition.

Finding niche lens market
 Today, Theriault holds in his hand an object roughly the 
size and shape of a spool of thread capped on either end by 
clear glass. 
 Because there are no moving parts, the lens can focus 
thousands of times faster than a conventional lens, Theriault 
said, through its entire range up to 700,000 times per second. 
The next fastest competitor lens can change focus only about 
150 times per second. “We can quickly increase the depth of 
fi eld, or focus through an object, to capture a three-dimensional 
picture in the time it takes to snap a photo,” Theriault said.
 That speed has enabled the technology to fi ll a niche: that 
of high-precision manufacturing of electronic components 
for cellphones, handheld computers, and other technologies. 
The TAG Lens focuses laser light to etch circuit designs into 
silicon or other materials. The electronic controls direct the 
laser to fi re at different focal points in the material with high 
precision and speed.
 Industrial manufacturing has commanded the majority of 
sales so far, but Arnold and Theriault are working on adapting 
the lens for use in imaging-related applications where the lens 
provides technological benefi ts for cancer diagnosis and quality 
control assessments. According to Theriault, the TAG Lens 
could become an integral tool in molecular biology research, 
where its speed will allow researchers to drastically reduce the 
time it takes to acquire images and produce 3D images.

Entrepreneurial — and educational
 Since that long night in 2011 when Theriault and Arnold 
packed the first TAG Lens, the work has been hard but 
extremely rewarding, according to the two researchers. “Our 
motivation for these hours of long work came from the desire 
to see a worthwhile technology succeed and be translated into 
a commercial success,” Theriault said. 
 “As engineers, you want to make a difference,” added Arnold, 
who is now an associate professor, adviser to the SPIE Student 
Chapter at Princeton, and the chief technology consultant at 
TAG Optics.
 Arnold said the experience has helped him become a better 
teacher and mentor. “I can now stand in front of my students 
and teach them from fi rsthand knowledge the steps involved 
in becoming an entrepreneur.” 

–Catherine Zandonella is communications and outreach strategist 
at the Princeton University Offi ce of the Dean for Research. This 
article, originally published on the Princeton website in July, is 
used with permission and was slightly edited for SPIE Professional. 

TAG Optics 
draws its name from the tunable 
acoustic gradient index of refraction lens.
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t Continued from page 11
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The SPIE Board of Directors has elevated 58 SPIE members 
to the rank of Senior Member for 2013.
SPIE Senior Members are honored for their professional 

experience, active involvement with the optics community and 

SPIE, and/or signifi cant performance that sets them apart from 
their peers.
 The deadline for nominations for 2014 is 2 April 2014.
 More information: spie.org/seniormember
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Inside the new
US patent law
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In 1992, the Polaroid Corp. was luxuriating 
in the spoils of having won one of the largest 
patent battles of the 20th century – resulting in 

a $925 million settlement from Kodak for violating 
patents in instant photography. Naturally, 
Polaroid had every incentive to duplicate the 
processes that had helped them win that battle. 
 On 2 December, 1992, Lynore’s fi rst day as a 
scientist at Polaroid, her supervisor, Dr. Glenn 
Horner, solemnly provided her laboratory 
notebook. He pointed out its number and 
emphasized that it must be signed and witnessed 
on important days. Lynore was to write only on the 
white pages so that there would be a duplicate of 
every entry. When most every page had been used, 
Lynore was to fi le the notebook in the “library” 
and request a new notebook. 
 If the work was deemed commercial, the 
Polaroid scientist would work with in-house 
counsel to draft a disclosure. Eventually a patent 
application would be fi led and if a patent was 
awarded, Polaroid would buy the patent from the 
employee/inventor for $1.
 Twenty-one years have altered Polaroid and the 
US patent system.
 The above procedures 
w e r e  d e s i g n e d  t o 
conform to a patent 
s y s t e m  o r i g i n a l l y 
spelled out in the US 
Constitution in 1782 
and codified in the 
Patent Act of 1952 – a 
first-to-invent patent 
system. The US first-
to-invent patent system 
was the only one of its kind in the world. Then, 
on 16 September, 2011, much of what we thought 
we knew about US patent law changed with the 
Leahy-Smith America Invents Act (AIA), which 
attempts to harmonize US patent law with fi rst-to-
fi le patent systems in the rest of the world. 
 The AIA staggered when changes would be 
rolled out. As of 16 March, 2013, all the changes 
are now in effect for applications containing 
claims with an effective filing date after 15 
March. Patents fi led prior to 16 March, 2013 will 
be grandfathered and treated under the laws in 
effect at the time of fi ling. It is estimated that 
US patents will be subjected to pre-AIA, AIA, 
and even a combination of pre-AIA and AIA 
treatment until 2034.

Changes for patent fi ler
 The US patent system is not truly “harmonized” 
with “first-to-file” patent systems elsewhere. 
Rather, as spelled out in the Constitution, patents 
are awarded to true inventors, and thus the US 
system is now “fi rst-inventor-to-fi le.”

 Proof of inventorship remains a fundamental 
requirement. Misrepresenting inventorship, under 
pre-AIA law, could make the patent invalid. In the 
AIA world, an inventor who is second to invent 
but fi rst to fi le can be awarded the patent. 
 In the pre-AIA days, the gospel was the 
laboratory notebook – numbered, dated, and 
witnessed. In the AIA days, the laboratory 
notebook may be even more important as it may 
be the only item that definitively establishes 
independent invention.
 Pre-AIA, the inventor was the legal applicant 
for a patent. AIA allows for the assignee of the 
inventor’s rights (e.g., the employer) to be the 
applicant. However, you must still keep track of 
those laboratory books, as only a true inventor has 
rights to assign. In addition, the US legal system 
has generous discovery rules that will enable the 
entry of lab notebooks for evidence. 

Defi nition of prior art
 Pre-AIA law includes some geographic and 
temporal limitations on what could be “prior art.” 
Under AIA, the defi nition of prior art has been 

expanded to include 
all public disclosures 
made and all patent 
applications fi led before 
the effective fi ling date 
of the claimed invention 
anywhere in the world 
in any language. While 
there is a small class of 
“exceptions” to when 
public disclosures will 
not be considered prior 

art, the safest practice is to not disclose your work 
before getting a patent application on fi le.
 With this larger pool of prior art, it will 
become more of a challenge for both large and 
small companies to adequately devote time and 
resources for prior art searches and review at the 
time of fi ling with the US Patent and Trademark 
Offi ce (USPTO). When you couple this new 
broader defi nition of prior art with the fact that 
US litigation allows for extensive discovery, in all 
likelihood, you may not learn of damaging prior 
art until your issued patent is being challenged 
in litigation. 
 As an example, a Chinese patent application 
fi led before, but published after, the date of your 
application, even if fi led only in China is now 
considered prior art for a patent application fi led 
in the United States. Our Chinese is not that 
good. How is yours? 
 And Lynore’s Russian is limited to a song about 
concrete mixers. Maybe this is the time for the 

Best mode
of invention
While it is highly 
suggested that 
the “best mode” 
of the invention be 
described in a patent 
application under the 
new U.S. patent rules, 
the failure to disclose 
best mode shall not 
be a basis on which 
the claims can be 
in a post-issuance 
proceedings or held 
invalid in litigation.

The absence of 
describing the best 
mode is rumored 
to have become a 
favorite of patent 
attorneys in having 
claims or patents 
thrown out when the 
validity of a patent is 
challenged. 

In another change, 
an entity now must 
show it has suffered a 
competitive injury as 
a result of false patent 
marking in order to 
sue for recovery of 
damages. 

However, only the US 
government may sue 
for penalties. 

Continued on page 16  

A patent is a privilege granted 
by a government for the right 
to practice a monopoly for 
aalimited time. In exchange, 
the inventor discloses the 
invention in a public forum.
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unabashed plug to network at a future SPIE event 
and fi nd your peers in other countries who can 
help you search the literature in local language. A 
bottle of vodka, a night of singing about concrete 
mixers, may just save your patent.

Changes for patent challengers
 Have you ever read a patent and said to yourself, 
“This is not unique. I was doing this 10, 20, even 
30 years ago. What was the patent examiner 
thinking?” Then you read the references listed 
on the face of the patent and see that a key piece 
of prior art is missing. The inventor, perhaps 
honestly, is new to the fi eld and does not know 
the fundamental literature – or has not been 
attending the SPIE short course on Thin Film 
Coatings given since 1980 and does not have a 
key handout from a past course. 
 Or, the examiner, who has hundreds of 
applications to examine and only limited time 
to do so, just did not understand the nuance of a 
particular reference that someone who practices 
every day would notice in an instant.
 Both pre-AIA and AIA law allow for post-
patent challenges. Ex parte re-examination of 
the patent after issue continues to be an option 
to “challenge” an issued patent in the USPTO, as 
opposed to a courthouse. Ex parte reexamination 
is limited to challenges of a patent’s claims for 
anticipation (35 U.S.C. § 102) or obviousness (35 
U.S.C. § 103) with printed prior art.
 Either the patent holder or a third party 
(frequently anonymously) can submit a request 
for ex parte reexamination to the USPTO. If the 
USPTO decides a patent should be reexamined, 
there is nothing that can be done to stop it from 
proceeding.
 The AIA process  a l so a l lows for  an 
anonymous submission of prior art during the 
patent application process. Third parties have 
approximately six months after publication of the 
application to make the submission. 

Challenge vs. review
 The pre AIA inter partes re-examination, 
where the adverse party is not anonymous, is 
now split into either an inter partes review or a 
post-grant challenge.
 In the past, the inter partes re-examination was 
similar to the ex parte reexamination discussed 
above, where the patent in view of the printed 
publications would be reviewed in the Central 
Reexamination Unit (a unit of specially trained 
examiners). Now, in the inter partes review, 
proceedings go directly to the Patent Trial and 
Appeal Board (PTAB) and may include new 
types of evidence, such as depositions of experts.

 However, what the Patent Offi ce is hoping you 
will do is use the post-grant review (PGR). PGR is 
available for patents that issue from applications 
fi led after 15 March, 2013, and a limited class 
of pre-defi ned patents. Up to nine months after 
such a patent has issued, a patent challenger 
may fi le a request for post-grant review. Unlike 
reexaminations, which are limited to challenges 
under anticipation and obviousness, based on 
printed prior art, a PGR petitioner will be able 
to request cancelation of patent claims “on any 
ground under paragraph (2) or (3) of section 
282(b).” 
 Thus, a post-grant review petitioner can assert 
invalidity of patent claims on any ground, including 
patentable subject matter, utility, enablement, 
written description, and indefi niteness.

Public disclosure and innovation
 Many of the changes enacted in AIA are 
intended to allow the public forum to improve the 
validity of patents, ensuring that the inventions 
are truly unique and non-obvious. Entities wishing 
to avoid drawn-out patent litigation may welcome 
the third party prior art, inter partes review, and 
post-grant review changes.  
 The migration from first-to-invent to first-
inventor-to-fi le is designed to encourage public 
disclosure sooner to gain that protection. Public 
disclosure should encourage more innovation. 
After all, a patent is a privilege granted by a 
government for the right to practice a monopoly 
for limited duration of time. In exchange, the 
inventor discloses the invention in a public forum. 
Only time will tell if the AIA leads to faster 
disclosure and “stronger” patents.
 Until then, you may fi nd Lynore practicing her 

Russian. 

SPIE member Lynore M. 
Abbott is founder of Logical 
Marketing. She has more than 
20 years’ experience developing 
and launching new products for 
companies such as CVI Laser, 
Southampton Photonics, and 

Polaroid where she worked as a project manager for 
fi ve years. She has an SB in material science and 

Patent discounts
and surcharges
Small businesses as 
defi ned by the Small 
Business Act qualify 
for a 50% discount 
off U.S. patent fi ling, 
searching, examining, 
issuing, appealing, and 
maintenance fees under 
new patent rules. Micro-
entities can get a 75% 
discount. 

The US Patent and 
Trademark Offi ce 
(USPTO) defi nes a 
micro-entity as one that 
qualifi es as a USPTO-
defi ned small entity with 
a gross income of not 
more than three times the 
U.S. median household 
income in the previous 
year. 

A micro-entity also must 
not be named on more 
than four previously fi led 
U.S. patent applications 
(unless required to do so 
by previous employment) 
and must not be under 
obligation to assign, 
grant, or convey a license 
or other ownership 
to another entity that 
does not meet the same 
income requirements as 
the inventor.

Patent applications at 
the USPTO have their fi le 
histories electronically 
available to the public as 
soon as the application 
publishes (typically 18 
months after the earliest 
priority fi ling date). 

If you fi le by paper 
instead of electronically, 
the USPTO has a $400 
surcharge.

Inside the new US patent law
t Continued from page 15 “The US patent system is 

not truly “harmonized” with 
“fi rst-to-fi le” patent systems 
elsewhere.”

Continued on page 18 

Patent resources
For a list of references 
and other resources 
related to this article 
on the new US patent 
system: spie.org/
patents2013
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engineering from the Massachusetts Institute of Technology; an 
executive MBA from University of New Mexico; and an MS in 
polymer science and engineering from University of Massachusetts, 
Amherst. She is an active member of the SPIE Corporate and 
Exhibitor Committee and the board of the New Mexico Optics 
Industry Association.

Deborah M. Herzfeld is an attorney at 
Finnegan, Henderson, Farabow, Garrett 
and Dunner in Washington, DC. She has 
more than nine years’ experience in patent 
prosecution and counseling, with an emphasis 
on chemical subject matter in industries 
such as pharmaceut ical s, cosmet ics, 
biofuels, petroleum-based products, catalyst 

technologies, and medical devices. Her practice includes all phases 
of patent procurement, including patent reissues, reexaminations, 
and patent term adjustment challenges as well as counseling for 
pre-litigation portfolio and due-diligence analysis and opinion letters 
on freedom-to-operate, patentability, validity, and infringement. 
She has bachelors’ degrees in English and chemistry from Emory 
University and a JD from University of Virginia.

The authors thank Finnegan partner Erika Harman Arner for 
editorial assistance.

Virtual marking of your products
It is important to detail the patents which cover your 
marketed products, including those covering the 
manufacture of your products. 

This enables your customer to understand the patent 
protection you are providing them and also prevents 
your competitors from unwittingly treading down 
patent-protected avenues of innovation. 

And it is incumbent upon the inventor to properly mark 
the products with patent numbers to clearly indicate 
which patents apply to which products. 

As products get smaller and parts are interchanged, 
it can become diffi cult for manufacturers to be in 
compliance and be cost effective. In addition, as 
patents expire, it can be expensive to change packaging 
or product molds to remove the expired patents.

Therefore, the America Invents Act allows products to 
be “virtually marked” by maintaining the proper patent 
details on a website and simply marking the products 
with the URL for those details. 

Inside the new US patent law
t Continued from page 16

Join the 
SPIE group on 

Linked In: 
bit.ly/SPIELinkedIn
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Salary report
key fi ndings
• Switzerland offers the 

highest median salary: 
$127,073.

• Ukraine has the lowest 
median salary: $8,125.

• The most highly paid 
workers are in the 
aerospace fi eld, with 
median earnings at 
$113,500. 

• Optics and photonics 
professionals in the 
civil and environmental 
fi elds have the lowest 
median salary: 
$44,510.

• Israelis and 
Portuguese tied for 
high job satisfaction, 
with 94% reporting 
work enjoyment.

• Israelis and Romanians 
have the longest work 
weeks, with 23% 
reporting they work 
55 hours or more per 
week.

Job satisfaction high
SPIE survey says
Job satisfaction is high among a full 85% of 

respondents in the new SPIE salary survey of 
the global optics and photonics community, 

and the trend holds in regions of varying pay 
ranges as well as varying work-week lengths.
 Survey results released in August update 
results from similar surveys in 2011 and 2012 and 
form the largest such international study of the 
industry.
 “I love this industry!” says SPIE Senior Member 
David Aikens, founder and president of Savvy 
Optics (USA). “I don’t know anyone who is 
happier with their choice of careers and industries 
as people doing optical design. What a glorious 
life we have.”
 The survey found that 
median salaries, at $76,000, 
were 4% higher than last year, 
with dif ferences primarily 
driven by country income level 
and employer type.
 “Overall, these are jobs that 
not only pay well but also yield 
quality-of-life satisfaction and 
the ability to make a difference,” 
says SPIE executive director 
Eugene Arthurs. “In addition 
to enjoying their own work, 
optics and photonics professionals 
overwhelming   by 90%   say they 
respect the work of their peers. 
 “The stability in strong salary 
levels as compared to levels across all jobs 
refl ects the continuing strength of the optics and 
photonics sector and the high value that these 
jobs contribute to the economy.” 
 Among continuing trends, aerospace, with a 
median annual income of $113,500, remains the 
highest-paid sector, while the gender gap is still in 
play. Median salaries are 36% overall higher for 
men than women, with the largest gap occurring 
in mid-career.

Women earn less 
 Arthurs noted that the report also stressed 
the need for the industry to continue to work 
toward gender pay equity. “The forward-looking 
photonics sector needs to move beyond the 
historical injustice in this,” he said. “Thorbjørn 
Jagland, secretary general of the Council of 
Europe, has rightly characterized achieving 
gender equality as a legal, economic, and moral 
imperative.”

 Particularly because photonics R&D is necessary 
for solving the many challenges the world 
faces in energy supplies, effective healthcare, 

communications networks, and 
other areas, Arthurs said, “We 
cannot afford to continue to 
discourage 55% of the next 
generation from working to help 
fi nd these vital solutions.”
 In the SPIE survey, Swiss, 
Australian, and Canadian 
r e s p o n d e n t s  e n j o y e d  a 
combination of top pay and 
moderate workload. These 
countries are three of the top 
four in median salary, with 
fewer than 10% of respondents 
working more than 55 hours per 
week. Some 14% of photonics 
workers in the US, second in 
the top pay category, work 55 

hours or more per week.
 The survey did not demonstrate a correlation 
between job satisfaction and either salary or hours on 
the job. Israelis and Portuguese were tied at the top of 
the job satisfaction scale, with 94% saying they enjoy 
their work, yet Israel’s median salary is twice that of 
Portugal, and Israel matches Romania in reporting 
the highest percentage of workers who say they spend 
55 hours or more on the job each week. 
Close behind, 39% of workers in higher-income 
Asia said they work 50 or more hours per week.
 Respondents in lower-income Asia were the most 
optimistic about pay increases in the near term, with 
91% saying they expect to receive raises in 2014.
 The survey was conducted in April, with more 
than 6,500 valid responses from 103 countries.
 The SPIE 2013 Optics and Photonics Global 
Salary Report is being mailed to all SPIE members 
with the print issue of SPIE Professional. For more 
information or an electronic copy of the report: 
www.spie.org/salary. 

“I don’t know anyone who 
is happier with their choice 
of careers and industries 
as people doing optical 
design.”

–David Aikens, Founder and President, 
Savvy Optics (USA)
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LASER TECHNOLOGY ADVANCES AT

UK’s national laser facility 
About the CLF
The Central Laser 
Facility (www.clf.
rl.ac.uk) is operated 
by the Science and 
Technology Facilities 
Council (STFC) at 
Rutherford Appleton 
Laboratory near 
Oxford, UK.

The national facility 
was formed in 1975 to 
provide laser facilities 
for the benefi t of UK’s 
scientifi c community 
with the user program 
commencing in 1977. 

The CLF employs 
about 120 staff and its 
facilities are regularly 
accessed by scientists 
from all over the world.

Its scientists lead the 
HiPER project and 
are key players in the 
European Extreme 
Light Infrastructure 
(ELI) program and 
LaserLab-Europe.

Research on CLF’s 
facilities is supported 
by scientifi c teams, 
both experimentally as 
well as theoretically. 
For instance the 
plasma physics 
experiments carried 
out on Vulcan and 
Gemini receive strong 
support from the in-
house Plasma Physics 
group which provides 
computational and 
theoretical support to 
ensure the effective 
utilisation of its facility 
resource.

With several of the most advanced laser systems in the world, the UK’s 
Central Laser Facility (CLF) has a rich history of innovation and technology 
development, empowering the international community of scientists to 
help solve major economic and societal challenges.

Its specialized instruments have helped scientists map and analyze 
cloud chemistry, understand photosynthesis, and non-invasively see 
through skin and other opaque materials to detect diseases, drugs, 
and explosives.

The shared-use facility based at the Rutherford Appleton Laboratory near 
Oxford enables technology transfer through its spinout companies and is 
also helping to train the next generation of top scientists. It is operated 
by the Science and Technology Facilities Council (STFC).

Now its scientists are leading the international HiPER project to develop 
new concepts in laser fusion energy and pioneering the technique of 
Optical Parametric Chirped Pulse Amplifi cation (OPCPA) to design the 
most powerful and most intense lasers in the world. 

CLF director John L. Collier and STFC senior fellow Pavel Matousek give 
an overview of the facility and its research and development programs.

By John L. Collier and Pavel Matousek

The Central Laser Facility (CLF) in 
the UK houses fi ve systems that are 
regularly accessed by scientists from 

academia and industry. With a total user 
community estimated at more than 600 
scientists, the CLF provides more than 4400 
individual user-access days per year, including 
2700 for PhD students.
 In the last fi ve years, research conducted at 
the CLF has produced more than 500 peer-
reviewed publications, often in extreme areas 
of sciences. 
 The CLF is composed of fi ve major laser 
facilities that enable scientists to study 
computational plasma physics, experiment 
with micro-fabrication and laser microscopy, 
manipulate cells with laser tweezers, and 
perform other experiments.

Vulcan facility 
 The Vulcan facility, one of the most intense 
lasers in the world, has broken records on 

several occasions for producing the highest optical 
intensity ever on a target. It is based on versatile 
Nd:glass chirped-pulse-amplifi cation technology 
delivering beams into two target areas. 
 In its petawatt mode, it generates 1 PW (500 
J/500 fs) beam with a peak intensity of 1021 
Wcm-2. The shots can be fi red every 20 minutes. 
The temporal shape of the long pulse beams can 
be programmed, and frequency doubling crystals 
can be used to generate the second harmonic. 
 The Vulcan facility is used in fusion energy, 
electron and ion acceleration research, laboratory 
astrophysics and plasma physics research.

Gemini complements Vulcan 
 The Gemini facility is a high-power laser based on 
Ti:sapphire chirped-pulse-amplifi cation technology 
delivering a unique dual beam combination of  2 x 
0.5 PW (30 fs, 15 J) on target at a rate of one shot 
every 20 seconds. It can deliver peak intensities 
greater than 1021 Wcm-2 with 10-11 amplifi ed 
spontaneous emission (ASE) contrast. 
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 The capabilities of the Gemini facility balance 
and complement those of Vulcan. 

Artemis beam lines 
 Artemis is a high-repetition-rate Ti:sapphire 
laser system providing a unique combination of 
ultrafast and XUV pulses for studies of ultrafast 
dynamics in atomic, molecular, and condensed 
matter systems. Coherent XUV pulses are 
produced through high harmonic generation 
(HHG) and are synchronized to pump or probe 
pulses from the UV to the far-infrared. 
 One XUV beam line provides widely tuneable 
femtosecond narrowband XUV pulses with 
near transform-limited energy resolution, 
enabling time- and angle-resolved photoemission 
measurements from condensed matter with 
XUV probe pulses. A second broadband 
XUV beamline is used for HHG spectroscopy, 
including measurements of attosecond dynamics 
in molecules. 

ULTRA used for dynamic processes 
ULTRA is one of world’s most advanced 

systems for multi-dimensional time-resolved 
spectroscopy, offering a range of ultrafast 
vibrational techniques. It operates at 10 kHz 
with a multi-beam specifi cation, synchronously 
and independently tuneable from the ultraviolet 
to the deep infrared, providing fs to ms time-
resolved IR, ultrafast 2-dimensional infrared 
spectroscopy, ps to ms time-resolved 2D IR 
spectroscopy, and ps time-resolved resonance 
Raman spectroscopy. 
 ULTRA can operate on samples in the 
solution and solid phases and is used for the 
investigation of dynamic processes in areas 
ranging from fundamental chemistry to 
structural biology. 

OCTOPUS imaging stations 
 The OCTOPUS comprises a collection of 
seven advanced imaging stations driven from a 
central laser hub with more than 20 specialized 
laser systems. Any number of these can be 
simultaneously directed to any of the stations 
for utmost experimental fl exibility. 
 Advanced image processing algorithms are 
used to image real systems in real environments 
in real time, often well below the diffraction 
limit. Applications are mainly in the biomedical 
sciences, covering areas such as research into in-
cell protein structure, cell signalling networks 
in health and disease, virus infection, and plant 
biology. 
 The end stations include multiphoton 
confocal, single photon confocal, single 
molecule, single molecule confocal, and super-
resolution (PALM and STORM) imaging.

Acceleration experiments
 The Vulcan facility has been extensively 
used to investigate and develop the science 
underpinning advanced ignition routes towards 
achieving fusion energy. The achievements 
include the Fast Ignition concept, as proposed 
by Ryosuke Kodama and collaborators in 2001.
 This technique requires much lower implosion 
velocities than conventional central hot-spot 
inertial fusion schemes such as that used at the 
USA’s National Ignition Facility. 
 The CLF has also initiated and led the 
European High Power Laser Energy Research 
(HiPER) initiative to translate the single-shot 
proof of principle of inertial confi nement fusion 
into a program of inertial fusion civil energy 
research, where the process can be repeated 
many times a second to extract desirable energy 
output at ~1 GW level. 
 Several breakthroughs in laser-driven plasma 
based electron accelerators have also come from 
CLF, from the fi rst evidence of wave-breaking 
to the acceleration of mono-energetic electrons 
with energy > 1GeV on Gemini. With the 
advent of 10 PW lasers, bright mono-energetic 
electrons with energy >10 GeV promise to 
become a reality. 
 Laser driven proton and ion acceleration 
experiments are now capable of delivering 
>50 MeV per nucleon. Work on developing 
new acceleration mechanisms exhibiting 
improved beam properties and better energy 
scaling is currently underway. Potential future 
applications include proton therapy for cancer 
treatment. 

Intense x-ray sources
 The high fi elds associated with the focused 
Vulcan and Gemini laser beams have enabled 
the exploration and evaluation of soft and 
hard X-ray production physics as sources of 
secondary radiation. High-harmonic production 
has been studied on both Vulcan and Gemini 
using targets ranging from low density gases to 
solids. A UK team led by Queen’s University of 
Belfast extended these bright sources into the 

Companies
spin out
from CLF
Research at the 
Central Laser 
Facility, along with 
collaboration with UK 
industry, government 
agencies, hospitals, 
and the defense 
industry, has played 
a key role in the 
formation of about 12 
spin-out companies.

One company, Cobalt 
Light Systems, is 
developing unique 
products for analyzing 
chemical materials 
through translucent 
layers (bottles, bags, 
clothes, skin, etc.) 
using Spatially Offset 
Raman Spectroscopy 
(SORS). 

It has developed 
products and 
technologies for 
noninvasive screening 
of bottles for liquid 
explosives for 
aviation security, 
quality control of 
pharmaceutical 
products, and 
scanning of incoming 
raw materials 
noninvasively in 
pharmaceutical 
manufacturing. 

The CLF’s most 
recent spinout, 
Scitech Precision, 
supplies micro-
targets for high-power 
laser experiments 
developed originally 
at CLF’s target 
fabrication facilities. 
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UK’s national laser facility

t Continued from page 21

keV region for the fi rst time using the Vulcan laser. 
 At high laser intensities and relatively long 
pulse-duration pulses provided by the Vulcan PW 
laser facility, scientists reported in 2008 observing 
that up to 5% of the electron energy is converted 
directly into synchrotron X-rays and that the peak 
brightness of the X-ray beam is 1017 photons/
(s.mm2.mrad2.0.1% BW) with a critical energy of 
25 keV, starting to approach the output parameters 
of second-generation synchrotron sources. 

Medical and chemical research 
 OCTOPUS confocal and super-resolution 
stations provide information on the interaction 
of drug and probe molecules with cells and 
tissues, with applications in medical therapies and 
diagnostics. Photodynamic therapy is investigated 
using both ULTRA (chemistry underlying the 
process) and OCTOPUS (behaviour of therapeutic 
agents in cells and tissues). 
 OCTOPUS stations are also in use developing 
techniques to understand, from a systems biology 
viewpoint, the function of drugs at the molecular 
level in diseases like cancer, osteoporosis, and 
neurological disorders. Researchers are also using 
OCTOPUS to study the structural dynamics of 
protein folding in Alzheimer’s and motor-neuron 
disease and to understand how DNA is damaged 
and repaired.
 Researchers at the CLF also invented and 
support development of Spatially Offset Raman 
Spectroscopy (SORS), which could probe deep 
within tissues for noninvasive cancer and bone 
disease diagnosis.
 The ULTRA infrared station is used to investigate 

chemical reactions in solution on the picosecond 
and femtosecond timescales. A success reported 
in 2011 was the elucidation of reactions of CN 
radicals; comparisons with the gas phase revealed 
subtle, yet important differences due to interactions 
with the solvent. 
 A novel technique for mapping energy transfers 
within molecules, giving an instantaneous snapshot 
of electron interactions and types of couplings, was 
developed on Artemis by Ian Mercer. The technique 
of angle-resolved coherent (ARC) wave-mixing uses 
broadband light from a hollow fi ber source in a new 
twist on four-wave mixing. 
 ARC measurements of a photosynthetic protein 
from purple algae showed peaks due to energy 
transfer in and between different pigments in the 
protein. The work confi rmed evidence of strong 
coherent coupling in the protein and revealed the 
time-ordering of transition energies.

OPCPA developed in UK
 The CLF pioneered the technique of Optical 
Parametric Chirped Pulse Amplifi cation (OPCPA) 
for the generation of extreme peak powers and 
intensities in excess of 1 PW. The concept gets 
around the issue of limited temporal compressibility 
of typically spectrally narrow high-power laser 
beams. 
 This opens a new route to very high peak-power 
laser systems (>100 PW). The concept was quickly 
adopted as the pre-amplifi er of choice for high-
energy petawatt laser systems around the world.
 At CLF, OPCPA is used as the front end for the 
Vulcan Petawatt beam line and forms the basis of 
a project to upgrade the Vulcan High Power Laser 
facility to ~10-20 PW peak power, providing unique 

CLF tweezers
The CLF has 
developed several 
highly specialized 
optical traps, or 
“tweezers,” that are 
used for holding and 
manipulating objects 
such as bacteria, 
protein crystals, 
cells, or micron-sized 
beads. 

Their applications 
include measuring 
pico-Newton forces 
within cells either 
through direct capture 
or by using laser-
controlled nanoprobes 
in environmental 
and physical science 
research. 
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Education and 
Training from SPIE
Whether you have unique challenges to solve, 
new hires to train, or are exploring new technical 
areas to expand into, courses from SPIE can help. 
These technical courses provide focused training 
on relevant topics from expert instructors in 
industry and academia.

Training is available in a variety of formats to fi t 
your needs:

• Live courses at SPIE events

• Custom In-company courses 
delivered at your facility

• Online Courses

• Courses on DVD

SPIE is always looking for new 
instructors and new topics.
For more information: 

www.spie.org/education

spie.org/education

access to focused intensities of >1023 Wcm–2. 
 When completed, this will represent the most powerful and 
most intense laser in the world. It will be capable of investigating 
some of the new areas of extreme physics including high-
energy density plasma physics promoted to a completely new 
and uncharted territory where the effects of QED in a plasma 
environment start to play a signifi cant, if not a dominant, role. 

Development of DiPOLE
 Development of the next generation of effi cient laser sources 
is key to realizing many of the conceptual applications developed 
on high-power lasers. Due to the inherent ineffi ciencies of the 
existing fl ash-lamp pumped-laser technology, high-energy laser 
systems (>10 J) are broadly limited to pulse periods of tens of 
seconds. 
 In contrast, laser diodes offer high electrical effi ciency, a low 
divergence output giving effi cient pump radiation coupling and an 
output spectrum which can be tuned to the absorption region of 
the laser medium. The resulting overall effi ciency of such a source 
is typically greater than 10%, compared to 0.1% for traditional 
fl ash-lamp-driven systems. 
 This opens up new opportunities combining high peak power 
with high average power. In this area, the CLF is developing a 
system, Diode Pumped Laser for Optical Experiments (DiPOLE) 
with architecture inherently scalable in single beams to energies 
beyond 1 kJ at repetition rates above 10 Hz. Such technology 
promises to open a host of new applications such as security 
screening of containers, healthcare imaging, and oncology. 

–John Collier joined the Central Laser Facility (CLF) at Rutherford 
Appleton Laboratory (UK) in 1995 and has been director since 2009. 
He has a PhD in laser physics from University of Swansea where he 
is presently an honorary professor. 

–Pavel Matousek is an STFC senior fellow at the Central Laser 
Facility, where he has worked for more than 20 years, primarily, in 
the areas of advanced vibrational spectroscopy, nonlinear optics and 
high-power lasers. He is also a founding director and chief scientifi c 
offi cer of Cobalt Light Systems and a visiting professor at University 
College London. He has MSc and PhD degrees in physics from the 
Czech Technical University in Prague.
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Dispersion curves with graphene
By Akhlesh Lakhtakia

TECHNOLOGY R&D

Typically, all three eigenvalues of the 
relative permittivity tensor of a dielectric 
material have positive real parts. Suppose 

that dissipation in such a material is small enough 
to be ignored. Plane waves refracted from air 
into that material can be classified as either 
propagating or evanescent. When the air/material 
interface is periodically corrugated, only a few of 
the refracted plane waves are of the propagating 
type, while the number of evanescent refracted 
plane waves is denumerably infi nite. 
 But if one of the three eigenvalues has a 
negative real part, then it is possible for the 
number of propagating refracted plane waves to be 
denumerably infi nite and that of the evanescent 
refracted plane waves to be fi nite (and small). In 
other words, the dispersion curve can change from 
elliptic to hyperbolic, with consequences that 
excite electromagnetics researchers.
 In a recent paper published in the Journal 
of Nanophotonics, SPIE members Mohamed A. 
K. Othman and Filippo Capolino, along with 
Caner Guclu of the University of California, 
Irvine theoretically demonstrate that periodically 
layered graphene-dielectric are capable of 

exhibiting both types of dispersion curves as well 
as the transition from one kind to the other, in 
the far- and the mid-infrared spectral regimes. 
 The transition can be managed using a quasi-
electrostatic biasing fi eld, they report in “Graphene–
dielectric composite metamaterials: evolution from 
elliptic to hyperbolic wavevector dispersion and the 
transverse epsilon-near-zero condition.”
 Plane waves with negative phase velocity (i.e., 
phase velocity casting a negative projection on 
the time-averaged Poynting vector) can propagate 
inside this composite material.
 As these phenomena are possible without an 
underlying resonance, attenuation can be very weak. 
 Applications to sub-wavelength imaging and high-
resolution sensing should make experimentalists 
very interested in the graphene-dielectric composite 
multilayers. Othman and his co-authors indicate 
that as few as 10 periods should suffi ce. They offer 
thin layers of graphene interleaved with hexagonal 
boron nitride layers as candidates.
 Source: http://dx.doi.org/10.1117/1.JNP.7.073089  

–SPIE Fellow Akhlesh Lakhtakia is editor-in-chief of 
the Journal of Nanophotonics.

Hands on telescopes: 
Teaching science to kids

A recent open-access article in Optical 
Engineering reports on a successful 
teacher-training program in the United 

States that utilized the Hands-on Optics (HOO) 
Terrific Telescopes curriculum and improved 
understanding of optics and photonics among 
middle-school students.
 The Turning Eyes to the Big Sky project, funded 
in part by an SPIE Education Outreach grant and 
led by SPIE member Ryan Hannahoe, successfully 
integrated science-related technology into eight 
middle-school classrooms in southwestern Montana 
during the 2010-2011 school year, placing telescopes 
in the hands of more than 150 students.
 Students improved their understanding of light 
and optics concepts in all classrooms, according 
to “Teaching and learning geometric optics in 

middle school through the Turning Eyes to the 
Big Sky project,” coauthored by Hannahoe; 
Montana State University assistant professor 
Mary J. Leonard; SPIE member and Montana 
State grad student Gustave Nollmeyer; and SPIE 
Fellow Joseph A. Shaw, director of the university’s 
Optical Technology Center.
 The project provided training to eight teachers, 
assisted them in adapting and supplementing the 
Terrifi c Telescopes curriculum to the classroom, 
and assessed student learning outcomes and 
attitudes about science careers.
 “More middle-school students thought about 
becoming scientists after their experience,” the 
researchers write. 
 Source :  ht t p : / / d x.doi.org /10.1117/1.
OE.52.6.069001 
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New: Journal of 
Medical Imaging
A new photonics journal 
from SPIE, the Journal of 
Medical Imaging, will launch 
in 2014 to cover fundamental 
and translational research 
and applications in medical 
imaging.

The scope of the Journal 
of Medical Imaging (JMI) 
will initially match that of 
the annual SPIE Medical 
Imaging symposium. Topics 
will include imaging physics, 
tomographic reconstruction 
algorithms (such as those 
in CT and MRI), image 
processing, computer-aided 
diagnosis, visualization and 
modeling, image perception 
and observer performance, 
technology assessment, 
ultrasonic imaging, image-
guided procedures, and 
digital pathology. 

The new journal “gives the 
fi eld of medical imaging, 
which continues to be more 
and more interdisciplinary, 
a home for scientifi c 
presentation, discussion, 
review, and archiving,” 
says Maryellen L. Giger, 
professor of radiology at 
University of Chicago, who 
has been appointed editor-
in-chief.

All authors, whether or 
not SPIE Medical Imaging 
attendees, are invited to 
submit articles.

JMI will be published in print 
and online in the SPIE Digital 
Library, with the online 
version freely available in the 
fi rst year. 

More information: 
spie.org/JMI.

RECOMMENDED READING 

Faster than a speeding bullet
Digital streak camera captures full-color photographs of high-speed objects.

By Eddie L. Jacobs

If you are over the age of 50, the phrase “faster 
than a speeding bullet” conjures up images 
of Superman. If you are younger than 50, 

perhaps you have visions of Neo dodging bullets 
in the Matrix. 
 Regardless, imaging at speeds “faster than a 
speeding bullet” and beyond has been a challenge 
for engineers and scientists. But those who have 
taken on the challenge have found both physical 
insight and beauty in the process. 
 The fl ash images that Harold “Doc” Edgerton 
created of a bullet piercing an apple and, more 
recently, Ramesh Raskar’s videos of “bullets” of 
light being scattered by water in a plastic bottle 
are cases in point. 
An article published in Optical Engineering 
in August, “Digital synchroballistic schlieren 
camera for high-speed photography of bullets and 
rocket sleds,” describes a method for imaging fast-
moving objects using conventional color CCD 
technology. 
 Authors Benjamin Buckner and Drew 
L’Esperance, senior scientists at MetroLaser, 
summarize the various approaches to high-
speed imaging with streak cameras, which 
were traditionally fi lm based, and the need and 
challenges of a digital solution. The authors 
then describe an innovative solution to these 
challenges that fi ts within existing off-the-shelf 
technology. 
 Buckner and L’Esperance use a galvanometer-
based mirror system to produce the streak image 
on a high-quality color CCD. 
 Although the system is limited to F/10 or slower, 
the extra light needed for good-quality imaging 
was available through conventional fl ash systems. 
 Scan control of the mirror is critical and 
accomplished by a modest single board computer. 
Example imagery of shotgun pellets and a rocket 
sled are shown.

 This well-written article clearly explains the 
technique at a level that both experts and non-
experts in high-speed imaging can understand. 
 Source :  ht t p : / / d x.doi.org /10.1117/1.
OE.52.8.083105 

–SPIE Fellow Eddie Jacobs of University of Memphis 
is a member of the Optical Engineering editorial 
board.

Unprocessed image of a rocket sled acquired 
by a streak camera and illuminated by an Xe 
electronic fl ash unit.

Background-subtracted streak image of a 
12-gauge, 00 buckshot round fi red at 354 m/s. 

Making mathmore fun 
How do we make mathematics, physics, 
chemistry, and engineering more interesting for 
young people?

That’s the question posed in a recent editorial by 
Ron Driggers, editor-in-chief of Optical Engineering.

Driggers recently asked his 14-year-old daughter 
about her lack of interest in a college major or a 
career in mathematics and optical engineering.

“She thinks mathematics are hard, tedious, and 
‘if you make a mistake, the whole problem goes 
wrong,’” Driggers writes. “That is, there is not 
much room for error.”

Driggers says our community needs to fi gure 
out ways to make math more fun for young 
people and raise awareness about how optical 
engineers can make a difference in the world. 

Read more in the SPIE Digital Library: 
http://dx.doi.org/10.1117/1.OE.52.8.080101 
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OCT used to assess burn scars
By Ruikang Wang

TECHNOLOGY R&D

SPIE 
launches
new journal
SPIE will launch 
the Journal of 
Astronomical 
Telescopes, 
Instruments, 
and Systems 
(JATIS) in 2014. 

The new journal 
responds to the 
need expressed by 
the astronomical 
instrumentation 
community for 
a high-quality, 
peer-reviewed 
journal focusing 
on technologies 
covered in the 
astronomy programs 
at SPIE Optics 
+ Photonics and 
SPIE Astronomical 
Telescopes and 
Instrumentation.

Researchers from the Optical + Biomedical 
Engineering Laboratory (OBEL) at the 
University of Western Australia are 

developing a better way to help doctors understand 
burn scars using optical coherence tomography 
(OCT). 
 In a Journal of Biomedical Optics paper published 
in June, Yih Miin Liew and colleagues show a new 
technique to look at what is happening under the 
skin and understand the healing process.
 Burns from fi re, hot liquid, friction, radiation, 
and chemicals are very common, with fi re-related 
burn injury, alone, affecting nearly 11 million people 
annually. The cosmetic and psychological effects 
of burn scarring can also be very traumatic, and 
identifying the best treatment for a specifi c scar is 
a critical but diffi cult task.
 “Current assessment techniques,” says Liew, a 
PhD student, “can be quite subjective, making it 
diffi cult to identify if the scar is improving and also 
making it more challenging to identify pathological 
scarring early.”
 Working in conjunction with the burns unit at 
Royal Perth Hospital, Liew has been using OCT to 
create images of the network of vessels interlaced 
throughout the scar that play a critical part in scar 
healing. By measuring the rate at which the speckle in 
the OCT images decorrelates, Liew was able to identify 
both the location and the depth of the blood vessels. 
 To allow doctors to better assess the scar, she has 
developed automated quantifi cation algorithms to 
analyze these images, calculating both the average 
density of vessels and the vessel diameter.

Quantifying blood vessels
 “We compared scars with corresponding 

healthy skin on the same patient and found that 
pathological scars have more blood vessels and the 
vessels tend to be larger,” Liew says. “We believe 
that a high proliferation of blood vessels drives the 
over-production of collagen. 
 “The blood vessels cause the scar to appear red, 
and the excess collagen causes the skin to be raised,” 
she says, “making it appear very different to normal 
skin. The imaging is allowing us to quantify the 
processes that occur in these sorts of pathological 
scars.”
 Her preliminary clinical measurements found the 
median diameter of superfi cial vessels (to a depth 
of 600µm) in scars to be 34µm, compared to 23µm 
in normal, healthy skin. The average density of 
vessels in scars is also higher (38%) than normal 
skin (22%).
 By developing automated techniques to quantify 
the blood vessels in the scar, Liew hopes to give 
doctors an objective way to assess the state of the 
scar. Such a technique could potentially be used 
for longitudinal assessment of scars, allowing early 
assessment of whether a particular treatment is 
promoting scar healing, and helping guide doctors 
to choose better treatments.
 Coauthors of the paper, “In vivo assessment of 
human burn scars through automated quantifi cation 
of vascularity using optical coherence tomography,” 
are SPIE Fellow David D. Sampson, who heads 
OBEL; Fiona M. Wood, a plastic surgeon; Robert 
A. McLaughlin; and Peijun Gong.
 S ou r c e :  ht t p : / / d x .d o i .o r g /10.1117/1.
JBO.18.6.061213 

–SPIE Fellow Ruikang K. Wang is a member of the 
Journal of Biomedical Optics Editorial Advisory 
Board.

At right is the depth-resolved image of the blood vessels within a small section of a scar on a 
patient’s forearm, at left. Scale bar indicates 0.5 mm. Color bar indicates physical depth in microns.



 27OCTOBER 2013 | SPIE Professional

MEMBERSHIP



28 SPIE Professional | OCTOBER 2013

CAREERMEMBERSHIP

` ` ` ` ` ` ` ` ` ` ` ` ` ` ` ` ` ` ` ` ` ` ` ` ` `
SPIEDigitalLibrary.org/JARS

Open access to your 
article by paying low 
voluntary page charges
spie.org/JournalsOA 

AGM Report



 29OCTOBER 2013 | SPIE Professional

MEMBERSHIP

Advances in applications of photonics, optics, 
lasers, and micro/nanotechnologies

Call for Papers
Abstracts due 4 November 2013
www.spie.org/pe1

Photonics
2014

Conferences & Courses
14–17 April 2014

Exhibition
15–16 April 2014

Location
Square Brussels Meeting Centre
Brussels, Belgium
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Optics Outreach: Hundreds of attendees at SPIE Optics + Photonics gathered for the fourth annual SPIE Optics Outreach 
Games in August. Nearly 20 student groups showcased the engaging demonstrations that they use to bring the wonder of the 
science of light to schools and the general public. The top teams receiving awards from SPIE President William Arnold, at left, 
were from Universidad Autónoma de Nuevo León (Mexico) in fi rst place and recipient of the People’s Choice Award) Centro de 
Investigaciones en Óptica (Mexico) in second place; and Vanderbilt University (USA) in third place. To see video presentations of 
the 2013 SPIE Optics Outreach Games: spie.org/x102586.xml

Crazy lasers sighted;
Optics in the Outback

Two students from the Sydney University SPIE Student 
Chapter spent five days travelling throughout rural 
Australia in March for a public outreach initiative dubbed 

“Optics in the Outback 2013.” The program, funded by an SPIE 
Education Outreach grant, aims to provide rural school students 
with a basic, but engaging, introduction to optics through 
interactive demonstrations otherwise not accessible to them. 
 Following the widespread success of the program in 2011, 
a much more intensive schedule was followed for the 2013 
incarnation and carried out by PhD students Stephanie Crawford 
and Tomonori Hu, both at the university’s Centre for Ultrahigh 
Bandwidth Devices for Optical Systems (CUDOS). 
 They visited two schools per day for four straight days, starting 
with a morning session with 50 senior science students at Nowra 
High School in New South Wales and then travelling throughout 
southern New South Wales in a great 1000km clockwise loop. 
Other stops included Ulladulla, Bateman’s Bay, Narooma, Bega, 
Eden, Yass, and Young before their fi nal stop at Orange High 
School. 
 Over the week, the program reached more than 350 students 
in 12 separate groups of students who ranged in age from 12 to 17.
At each school, Crawford and Hu gave topical presentations on 
recent scientifi c advancements such as:
• Crazy Lasers: How Do They Work and What Do We Do With 

Them?
• Harry Potter and the Metamaterial Invisibility Cloak 
• Optical Communications: How Light Powers the Internet?
 Their presentations were coupled with large-scale interactive 
demonstrations, made possible with the aid of students from 

Un ive r s i t y  o f 
Macquarie. The
demonstrations
included a ‘laser 
m a z e ’  a n d  a 
‘laser telephone’ to 
emphasize the use of 
light for communicating 
information.
 The pair lef t packages of 
educational optics kits as gifts to aid the teachers who 
enthusiastically indicated interest in having the program 
return in the future for the next group of students to enjoy the 
educational show. 
 The outstanding success of the program was summarized in 
the words of one student, “This has totally changed what I want 
to be when I grow up, everything. Forget about it; I want to be 
a physicist!”  

Stephanie 
Crawford and 
Tomonori Hu 
at Nowra High 
School in South 
Wales.
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NPI champions receive
SPIE President’s Award 

SPIE Fellow and past President Paul 
McManamon along with SPIE 
Fellow Alan Willner received the 

SPIE President’s Award at SPIE Optics 
+ Photonics in August for co-chairing 
the U.S. National Research Council 
committee that issued the landmark 2012 
report, “Optics and Photonics, Essential 
Technologies for Our Nation.”
 The report led to the launch earlier 
this year of the National Photonics 
Initiative, a collaborative alliance among 
industry, academia, and government to 
raise awareness of photonics and drive 
US funding and investment in fi ve key 
photonics-driven fi elds.
 SPIE and the OSA are founding 
sponsors of the NPI, playing leading roles 
in bringing attention to the report and the need for 
action to meet its “grand challenges” in advanced 
manufacturing; communications and information 
technology (IT); defense and national security; 
energy; and health and medicine. Other NPI 
sponsors include the American Physical Society 
(APS), the IEEE Photonics Society, and the Laser 
Institute of America (LIA).
 McManamon is owner of Exciting Technology, 
a consulting company; technology director of the 
Laser and Optical Communication Institute at the 
University of Dayton; and retired chief scientist 
for the Sensor Directorate at the U.S. Air Force 

Nominations
for 2014
SPIE awards
SPIE presents several 
awards that recognize 
outstanding individual 
and team technical 
accomplishments and 
meritorious service to 
the Society.

Nominations for an 
SPIE Award may 
be made through 
1 October of any 
given year and are 
considered active for 
three years from the 
submission date. The 
only exceptions are 
for the Early Career 
Achievement Award 
and the Joseph W. 
Goodman Book 
Writing Award.

Alan Willner, left, accepts the 2013 SPIE President’s 
Award with Paul McManamon, center. SPIE President-
Elect H. Philip Stahl is at right.

SPIE Directors’ Award to Andresen 

Research Laboratory at Wright-Patterson Air 
Force Base. McManamon, who is a judge for the 
2014 Prism Awards for Photonics Innovation, 
has a PhD in physics from Ohio State University.
 Willner holds the Steven and Kathryn Sample 
chair in engineering at University of Southern 
California. He is a member of the Defense 
Sciences Research Council and founder and 
CTO of Phaethon Communications, a company 
acquired by Teraxion. His PhD from Columbia 
University is in electrical engineering.
 The names of previous recipients of the 
SPIE President’s Award can be found at 
spie.org/x3074.xml  

SPIE member Bjørn F. Andresen, senior 
physicist at Acktar (Israel) has received 
the SPIE Directors’ Award for his 

many years of service to SPIE, particularly 
for organizing and developing the Infrared 
Technology and Applications (IRT&A) 
conference, part of SPIE Defense, Security, 
and Sensing (DSS). 
 The Directors’ Award is presented annually to an individual 
who, according to the Board of Directors, has rendered a 
signifi cant service of outstanding benefi t to the Society.
 In 1986, the late Irving J. Spiro, who created the IRT&A 
conference in 1975, traveled to Israel to give a course on 
IR technologies and applications, where he met Andresen. 
Spiro invited Andresen to organize and chair a session titled, 
“Infrared in Israel” at the IRT&A conference the following 
year. Andresen joined the IRT&A conference as a committee 
member and session chair until 1991, when he became 
conference chair.

 In 1993, Andresen separated spaceborne applications from the 
IRT&A conference and co-chaired the “Infrared Spaceborne 
Remote Sensing” conferences over the next 10 years. He has 
also served as adviser for IR short courses at DSS. 
 “Since its inception, the SPIE Infrared Technology and 
Applications conference has brought together thousands of 
outstanding scholars from throughout the globe to present a 
broad range of topics covering aspects of infrared technology,” 
says SPIE Past President Eustace Dereniak. 
 “The success of the conference can be directly attributed to 
Bjørn F. Andresen, who has worked tirelessly to organize and 
implement a fi rst-class conference featuring worldwide, state-
of-the-art science and research. He has put together a premiere 
array of talks by a wide variety of leading experts in the fi eld.”
 Andresen leads an Acktar team attempting to quantify the 
improved system performance of Acktar’s black coatings for 
stray light elimination over the full UV to LWIR spectrum.
 The award was presented by SPIE President William Arnold 
in August at SPIE Optics + Photonics in San Diego.  
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TNO researchers awarded Kingslake Prize
for night vision images mapped in color

The 2013 Rudolf 
Kingslake Medal
and Prize has

b e e n  a w a r d e d  t o 
Alexander Toet and 
Maarten Hogervorst 
o f  T NO D efence , 
Security, and Safety 
(Netherlands). 
 Toet, an SPIE Fellow, 
and Hogervorst, an 
SPIE Senior Member, 
are receiving the award 
for their open access 
paper, “Progress in color 
night vision,” published 
in the January 2012 

edition of Optical Engineering. 
 The annual prize is awarded for the 
journal’s most noteworthy original paper 
on theoretical or experimental aspects 
of optical engineering.
 The winning paper presents an overview of Toet and 
Hogervorst’s progress in achieving both color constancy and 
computational simplicity by applying a statistical mapping 
approach in a color look-up-table framework. The paper also 
details current state-of-the-art techniques of color image fusion 
for night-vision applications. 
 “The sample-based color transfer method is specifi c for different 
types of materials in a scene and can be easily adapted for the 
intended operating theatre and the task at hand,” Toet and 
Hogervorst write in the article. The method “is highly suitable 
for real-time implementations,” the researchers say.
 Tomasz Tkaczyk, chair of the Kingslake Award committee, 
said committee members were impressed with the “rigorous 
analysis of algorithms and imaging results” and the comparison 
of techniques. “It provides a comprehensive guide of color night 
vision methods to the optical community,” Tkaczyk said.

Hogervorst

Toet

 Toet, a senior researcher at TNO, received his PhD in physics 
from University of Utrecht (Netherlands) in 1987, where he 
worked on visual spatial localization (hyperacuity) and image 
processing. At TNO, he investigates multimodal image fusion, 
image quality, computational models of human visual search and 
detection, and the quantifi cation of visual target distinctness.
 Hogervorst is a research scientist at TNO where his current 
projects include visual information processing, electro-optical 
system performance, search and target acquisition modeling, 
image quality assessment, image enhancement, information 
fusion, color imaging, EEG, and human factors of camera 
surveillance systems. He received his PhD in physics from 
University of Utrecht in 1996 for his work on visual perception. 
 The award was presented at SPIE Optics+Photonics in 
San Diego. The paper can be found in the Digital Library: 
http://dx.doi.org/10.1117/1.OE.51.1.010901   

A fi gure from the Optical Engineering article shows two soldiers in a village. 
Researchers used various image processing techniques ranging from the visual night 
time image in the upper left (a) to the fused and recolored image in the lower right (f).

International Collaboration
SPIE President William Arnold (seated) signs a Memo of 
Understnading about information exchange and cooperstive 
activities between SPIE and the Australian Optical Society 
(AOS). Benjamin Eggleton, a past president of the AOS, is 
picturwed at right.
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New Books from SPIE

 

Ocean Sensing and Monitoring: 
Optics and Other Methods
Weilin Hou
This introductory text presents the major optical 
ocean sensing techniques. Dr. Hou has written 
this book for professionals and managers, as 
well as students who are interested in exploring 
career paths in remote sensing of the ocean or 
ocean engineering. 

The text covers the main branches of ocean 
research; basic optical properties of the 
ocean; platforms and instrumentation, from 
research vessels to unmanned underwater 
and aerial vehicles, moorings and fl oats, and 
observatories; as well as underwater and remote sensing topics.

Vol. TT98
SPIE Member $62 / Nonmember $73

Windowed Fringe Pattern Analysis 
Qian Kemao
This book provides solutions to the challenges 
involved in fringe pattern analysis, covering 
techniques for full-fi eld, noncontact, and high-
sensitivity measurement. The primary goal of 
fringe pattern analysis is to extract the hidden 
phase distributions that generally relate to 
the physical quantities being measured. Both 
theoretical analysis and algorithm development 
are covered to facilitate the work of researchers 
and engineers. The information presented is 
also appropriate as a specialized subject for 
students of optical and computer engineering.

Vol. PM239
SPIE Member $56 / Nonmember $66

Optical Imaging and Aberrations, 
Part III: Wavefront Analysis
Virendra N. Mahajan
This is Part III of a series of books that 
has evolved out of Vini Mahajan’s work 
and lectures over the years on wavefront 
analysis as applied to optical design and 
testing. In this book, he focuses on the use 
of orthonormal polynomials that represent 
balanced classical aberrations in optical 
imaging systems with pupils of various 
shapes.

From the foreward by James C. Wyant:

“Vini [Mahajan] is an excellent writer with the “Vini [Mahajan] is an excellent writer with the 
gift of writing complex topics in a simplifi ed, gift of writing complex topics in a simplifi ed, 
yet rigorous, manner....Both students and experienced optical engineers yet rigorous, manner....Both students and experienced optical engineers 
and scientists who have a need for wavefront analysis of optical systems and scientists who have a need for wavefront analysis of optical systems 
will fi nd [this book] to be extremely useful.”will fi nd [this book] to be extremely useful.”

Vol. PM221
SPIE Member $78 / Nonmember $92

Coming soon

Special Book Set — 20% off individual pricesial Book Set

Optical Imaging 
and Aberrations: 
3-Volume Set 
Virendra N. Mahajan
Vol. PM911
SPIE Member $197 (full price $246)
Nonmember $232 (full price $290)

Read details and sample pages: www.spie.org/books

Optical Satellite Data Compression 
and Implementation
Shen-En Qian
This book provides a global review 
of optical satellite image and data 
compression theories, algorithms, and 
system implementations. Consisting 
of nine chapters, it describes a variety 
of lossless and near-lossless data-
compression techniques and three 
international satellite-data-compression 
standards. The author shares his 
fi rsthand experience and research 
results in developing novel satellite-data-
compression techniques for both onboard 
and on-ground use, user assessments of the impact that data 
compression has on satellite data applications, building hardware 
compression systems, and optimizing and deploying systems. 
Written with both postgraduate students and advanced professionals 
in mind, this handbook addresses important issues of satellite data 
compression and implementation, and it presents an end-to-end 
treatment of data compression technology. 

Vol. PM241
SPIE Member $78 / Nonmember $92

Optical Satellite Signal Processing 
and Enhancement
Shen-En Qian
This book gives a global review of optical 
satellite image processing theories, algorithms, 
and system implementations. Consisting of 
14 chapters, it describes a variety of types 
of spaceborne optical sensors and their 
performance measurements. The author shares 
his fi rsthand experience and research outcomes 
in developing novel signal processing solutions 
to handle satellite data and to enhance the 
satellite sensor performance and the know-how 
for optical satellite data generation, onboard data 
compression and its implementation strategy, data formatting, channel 
coding, calibration, and various image processing technologies.  Written 
with both postgraduate students and advanced professionals in mind, this 
useful handbook addresses the current lack of literature about satellite-
based optical imaging and presents a rigorous treatment of the broad array 
of technologies involved in the fi eld.

Vol. PM230
SPIE Member $89 / Nonmember $105
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2013 SPIE scholarship recipients

SPIE awarded $351,000 in education 
scholarships this year to 139 outstanding 
individuals, based on their potential for 

long-range contribution to optics and photonics 
or a related discipline. 
 Six students shared the top scholarships.
 Xiaohang Li, a PhD student 
in  elect r ica l  a nd computer 
engineering at Georgia Institute of 
Technology (USA), was awarded 
the SPIE D.J. Lovell Scholarship, 
the Society’s largest and most 
prestigious scholarship. 
 Li’s research focuses on growing 
high-quality InAlGaN semiconductor materials 
for ultraviolet devices such as laser diodes, LED, 
and detectors using a metal-organic chemical 
vapor deposition (MOCVD) system. 
 Li, who thanked his faculty adviser, Russell 
Dupuis, plans to use the funds to further his 
research in semiconductor materials.
 Kishore Padmaraju was awarded 
the John Kiel  Schola r ship, 
the second largest scholarship 
sponsored by SPIE .  A PhD 
candidate in electrical engineering 
at Columbia University (USA), 
Padmaraju is conducting research 
on the use of silicon photonics for 
next-generation optical interconnects. 

 “The most valuable insights in my research 
have come from directly interacting with fellow 
researchers,” Padmaraju says. He plans to use his 
scholarship to travel to SPIE conferences and 
share his research to broaden his network within 
the optics and photonics community.
 Christopher Collier is receiving 
the SPIE Laser Technology, 
Engineering, and Applications 
Scholarship. A PhD student at the 
University of British Columbia 
(Canada), Collier is studying 
optical design and engineering.
 Coll ier’s  cur rent research 
involves optical sensing in digital microfl uidics.

 “I hope to bring about signifi cant technological 
advancements in lab-on-a-chip optical diagnostic 
systems,” Collier says. 
 Dmitry Reshidko is receiving the 
Optical Design and Engineering 
Scholarship. Reshidko recently 
completed his first PhD year at 
the College of Optical Science at 
University of Arizona. Reshidko 
was inspired to study optical 
engineering by his father’s work in 
optical design.
 Reshidko’s latest project involves building 
an ultra-thin imaging camera, which will be 
integrated with an innovative image-processing 
algorithm.
 “The scholarship will give me more fl exibility in 
this exciting new project,” Reshidko says. “It will 
help purchase a powerful workstation to speed up 
the optimization process during intensive optical 
design tasks.”
 The Optical Design and Engineering 
scholarship was established in memory of Bill 
Price and Warren Smith.

Two win BACUS award
 Bei Yu and Jhih-Rong Gao, both 
from the University of Texas at 
Austin (USA), were awarded the 
BACUS Photomask Scholarship, 
sponsored by BACUS, the SPIE 
Photomask International Technical 
Group.
 Yu’s PhD work has included Triple 
Patterning Lithography (TPL) mask 
synthesis and automatic design for 
e-beam lithography (EBL). Yu plans 
to use the scholarship to support his 
research and attend conferences.
 “I stand up for my belief in 
becoming a professional engineer 
and making contributions to the fi eld,” Yu says. 
“I fi rmly believe that I have already been well 
prepared.”
 Gao’s PhD research is aimed at improving the 
yield of double patterning processes by upfront 
design modifi cations.
“This scholarship will support my participation at 
important conferences where I can learn the most 
up-to-date technologies and share my research 
fi ndings,” Gao says.
 For a complete list of the 2013 SPIE scholarship 
winners and more information on SPIE’s 
scholarship program, visit spie.org/scholarships. 

Kidger 
Scholarship
Tamer Tawfi k Elazhary, 
a PhD student in the 
College of Optical 
Sciences at University 
of Arizona (USA) has 
been awarded the 2013 
Michael Kidger Memorial 
Scholarship.

Elazhary is also a 
graduate research 
associate at the 
university’s Large Optics 
Fabrication and Testing 
group, which develops 
technologies for optical 
testing and fabrication of 
large optical components 
and systems.

“I’m aware that lens 
design is a part of a 
bigger picture,” Elazhary 
says. “I’m keen to explore 
broader areas of optical 
imaging, so I’m taking 
classes in different 
areas of optics. I know 
there is no upper limit to 
knowledge and I’ll always 
be seeking it!”

The Kidger Scholarship 
Award was presented at 
SPIE Optics + Photonics 
in August by Tina 
Kidger of Kidger Optics 
Associates (UK) pictured 
at left above. SPIE 
President William Arnold 
is at right.

“The most valuable insights 
in my research have come 
from directly interacting with 
fellow researchers.”

–Kishore Padmaraju,
John Kiel Scholarship recipient
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Neurophotonics added to 
Photonics Europe event

Abstracts for SPIE Photonics Europe 2014, 
which will introduce neurophotonics as 
a new topic, will be accepted through 4 

November.
 “Optical microscopy methods are fast becoming 
central to neurobiological research, leading to 
fascinating research discoveries and stimulating 
conceptual advances, some of which will be 
presented at Photonics Europe,” says Jürgen 
Popp, co-chair of Biophotonics: Photonic 
Solutions for Better Health Care, the conference 
that will include reports on the latest research 
developments in neurophotonics. 
 SPIE Photonics Europe returns to Brussels 14-17 
April 2014, along with 2000 leading optics and 
photonics researchers and innovators who share 
their latest R&D in micro/nanotechnologies, 
organic and biophotonics, photonic components, 
lasers, quantum optics, and industrial applications.
Application of light-based technologies for 
stimulating neural activity in the peripheral 
and central nervous system using different 
wavelengths from the UV through the IR has 

seen tremendous interest in the past few years.
 Developers of optogenetics, for instance, 
received Denmark’s €1 million annual Brain 
Prize in March. The EC-sponsored Human 
Brain Project is preparing for its inaugural event 
in October, and the Brain Research through 
Advancing Innovative Neurotechnologies 
(BRAIN) Initiative is being scoped by a working 
group of the US National Institutes of Health 
with an eye on securing funding in the fi scal 
2014 budget.
 In addition to conferences, Photonics Europe 
offers workshops, seminars, and a product 
exhibition. The event serves as a platform for 
updates on Horizon 2020, the EU’s Framework 
Program for Research and Innovation throughout 
2014-2020.
 An Innovation Village provides exposure 
for new products developed by universities and 
research centers, and the European Village 
showcases projects of EC initiatives, Networks of 
Excellence, and other consortia.
 More information: spie.org/pe. 

SPIE Sensing Technology + 
Applications debuts in May 2014
Copy to come on the new DSS symposium.

Funding and
cameras at
SPIE Optifab
SPIE President-
Elect H. Philip Stahl 
will discuss NASA 
funding in one of two 
plenary sessions at 
SPIE Optifab, held in 
Rochester, NY, 14-17 
October.

Stahl, senior optical 
physicist at the 
Marshall Space Flight 
Center, will discuss 
NASA funding for 
optical fabrication and 
testing technology 
development.

Steven Sasson, a 
retired Eastman 
Kodak project 
manager, will give a 
talk on the fi rst digital 
camera as the second 
plenary speaker.

More information: 
spie.org/optifab.xml

^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^

SPIEDigitalLibrary.org/JM3 

Open access to your 
article by paying low 
voluntary page charges
spie.org/JournalsOA 
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With the introduction of  a new 
virtual symposium on translational 
biophotonics research, SPIE Photonics 

West 2014 will now have six symposia in San 
Francisco, CA (USA), 1-6 February.

 The new symposium, Translational Research, 
will highlight papers from BiOS that show how 
photonics technologies, tools, and techniques can 
meet global challenges in healthcare, especially in 
the areas of cancer, heart disease, and neurological 
disease. Papers submitted in these areas are 
eligible for Best Paper awards.
 SPIE Fellow Bruce J. Tromberg, 
director of the Beckman Laser 
Institute and Medical Clinic at 
University of California, Irvine 
(USA), will serve as symposium 
chair. A specialist in laser radiation 
and tissue interaction, Tromberg 
developed photon migration to analyze the effects 
of laser energy on tissue.
 Translational Research joins BiOS, LASE, 
OPTO, MOEMS-MEMS, and Green Photonics 
as well as two exhibitions, a job fair, the Prism 
Awards for Photonics Innovation, and numerous 
educational courses that make SPIE Photonics 
West the largest and most infl uential meeting 
of the year.
 The week-long event at the Moscone Center is 
expected to have more than 4500 presentations 
on such topics as new biophotonic treatments for 
brain imaging, disease diagnostics, and therapy; 
green photonics for sustainable energy solutions, 
laser innovations for industrial manufacturing 
and 3D printing; and new micro-displays.
 In addition, the fourth annual SPIE Startup 
Challenge will be held 5 February, with winners 
of the best company pitch receiving cash awards 
and sponsorship to attend an entrepreneurship 
training program. Jenoptik returns as founding 
partner for the Startup Challenge, with TRUMPF 
and Open Photonics confi rmed as supporting 
sponsors as of early September.

Supercontinuum anniversary
 Also new at BiOS for 2014 is a series of special 
sessions commemorating the 45th anniversary 
of the discovery of supercontinuum generation 
and applications. 

New virtual symposium
at Photonics West 2014

 Part of the Optical Biopsy conference, the 
anniversary event on Wednesday, 5 February, 
will feature innovative works in non-invasive 
spectroscopic methods to detect the onset and 
progression of disease. Topics covered include 
optical techniques and novel approaches to 
diagnose tissues changes such as in vivo and 
ex vivo fl uorescence spectroscopy, Stokes shift 
spectroscopy, spectral imaging, and Raman 
spectroscopy. Compact smart spectral explorers, 
multi-spectral imagers, coherence effects, and 
hyperspectral imaging will be also be highlighted.
 Chairs for the Supercontinuum Anniversary 
are Robert Alfano of City College of New York 
(USA), co-discoverer of the supercontinuum 
white light source, and Stavros G. Demos of 
Lawrence Livermore National Lab (USA).

BiOS 
 The BiOS technical program will include 
2000 presentations on photonic therapeutics 
and diagnostics; clinical technologies and 
systems; optogenetics, tissue optics, laser-tissue 
interaction, and tissue biomechanics; biomedical 
spectroscopy, microscopy, and imaging; and nano/
biophotonics. Technical topics include enabling 
technologies for treatments of cancer, stroke, 
epilepsy, vision loss, and more. Three conferences 
will focus on the understanding and diagnosing 
of maladies of the brain.
 A new BiOS conference on “Optical 
Elastography and Tissue Biomechanics” will cover 
subjects such as biomedical optics, biophotonics, 
and biomechanical methods and technologies.
 Chair s  for  BiOS 
a r e  S PI E  F e l l o w s 
James  Fujimoto  o f 
Massachusetts Institute 
of Technology and R. 
Rox Anderson, director 
of the Wellman Center 
for Photomedicine at Massachusetts General 
Hospital. 

OPTO 
 At OPTO, a new conference, “Next-Generation 
Optical Networks for Data Centers and Short-
Reach Links,” will focus on the next-generation 
optical data center networks and short reach 
links for high data-rate communication. Recent 
technological advances in optical short reach 
transmission systems, network equipment, 

Innovators
compete for
Prism Awards
Introduced in 2008, 
the Prism Awards for 
Photonics Innovation 
recognize the most 
innovative technologies 
in the optics and 
photonics industry. 
This international 
competition recognizes 
cutting-edge products 
in 11 categories that 
break conventional 
ideas, solve problems, 
and improve life through 
photonics.

Awards will be made 5 
February during SPIE 
Photonics West for 
innovative products, 
processes, devices, 
systems, instruments, 
and technologies that 
are newly available on 
the open market in the 
following categories:

• Advanced 
manufacturing

• Defense and security

• Detectors, sensing, 
imaging, and cameras

• Energy

• Industrial lasers

• Scientifi c lasers

• Other light sources

• Life sciences and 
biophotonics

• Optics and optical 
components

• Test, measurement, 
metrology 

• Information and 
communication
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and modules and components for data center 
application will also be featured.
 Plenary speaker and SPIE member Michal 
Lipson of Cornell University (USA) will give 
a talk on silicon and nanophotonics. Lipson’s 
research focuses on novel on-chip nanophotonics 
devices. She has pioneered several of the critical 
building blocks for silicon photonics, including 
GHz silicon modulators.
 Symposium chairs 
for OPTO are SPIE 
F e l l ow s  D av i d  L . 
Andrews of University 
of East Anglia Norwich 
(UK) and Alexei L. 
Glebov of OptiGrate 
Cor p.  (USA).  Co-
chairs are SPIE Fellow 
Shibin Jiang of AdValue 
Photon ic s .  (USA) 
and Jean Emmanuel 
Bro qu i n  o f  IMEP-
LAHC (France).

MOEMS-MEMS
 The MOEMS-MEMS symposium focuses on 
optical MEMS, nano-fabrication, microfl uidics, 
commercialization, device and system reliability, 
adaptive optics, and digital micro mirror device 
(DMD) technology. This symposium also provides 
a forum for presentations on bioMEMS, device 
miniaturization that supports biomedical and 
life sciences programs to revolutionize medical 
sciences and improve human life.
 Plenary speakers for MOEMS MEMS are: 
• SPIE member John Rogers of University of 

Illinois at Urbana-Champaign (USA)
• Roger Howe of Stanford University (USA)
• Cornelia Denz of Westfälische Wilhelms-

Universität Münster (Germany)
 Symposium chair 
for MOEMS-MEMS is 
David Dickensheets 
o f  Mont a na  St ate 
Univer sit y  (USA). 
Holger Becker, cofounder 
of microfl uidic ChipShop 
(Germany), is co-chair; 
SPIE Fellow M. Edward 
Motamedi of Revoltech 
Microsystems (USA) is 
the founding chair; and 
Steering Committee 
chair is SPIE Fellow Rajeshuni Ramesham of Jet 
Propulsion Laboratory (USA).

LASE
 Conferences at LASE 2014 will showcase 
the latest fundamental and applied research 

on new laser sources and applications. Topics 
include basic laser device and materials research, 
semiconductor lasers and LEDs, device and system 
engineering for emerging nanotechnologies, 
microelectronic, photonic, and industrial laser 
manufacturing, 3D printing, and free-space 
communications.
 Highlights include laser conferences on fi ber, 
solid state, disk, and ultrafast lasers plus the 
world’s largest concentration of semiconductor 
laser/LED content. Applications include lasers 
for 3D printing, free-space communications, and 
industrial and biomedical use.
 At the LASE plenary session, SPIE Fellow Koji 
Sugioka of RIKEN (Japan) will discuss femtosecond 
laser 3D micromachining and its applications to 
biochip fabrication; Photonics 21 president 
Michael Mertin of JENOPTIK (Germany) will 
talk about Photonics21 and give perspectives from 
the European photonics industry; and Michel 
Meunier of Ecole Polytechnique de Montréal 
(Canada) will speak on ultrafast laser processing 
of nanomaterials.
 Symposium chairs for 
LASE are SPIE Fellows 
Andreas Tünnermann 
o f  F r au n hofer-IOF 
(Germany) and Friedrich-
Schiller University, Jena 
(Germany), and Bo Gu 
of Bos Photonics (USA). LASE 
symposium co-chairs are SPIE Fellow 
Yongfeng Lu of University of Nebraska 
Lincoln (USA) and Guido Hennig of 
Daetwyler Graphics (Switzerland).

Green Photonics
 The Green Photonics virtual symposium highlights 
the latest photonics and optoelectronic tools and 
materials that will reduce power consumption, 
enable cleaner manufacturing, and create new energy 
generation for a broad range of applications.
 Papers from all areas of SPIE Photonics West 
featuring technologies that impact energy sources, 
energy effi ciencies, sustainability, conservation, 
and other “green” focused components will be 
eligible for the Green Photonics Best Paper 
Awards.
 Program tracks for this interdisciplinary 
symposium include solid-state lighting and 
displays, laser-assisted manufacturing, micro/
nano-fabrication, renewable energy generation, 
fusion, and photovoltaics.
 Symposium chai r  i s  SPIE 
Fellow Stephen Eglash of Stanford 
University. 

Exhibitions
The BiOS Expo at SPIE 
Photonics West will be 
held 1-2 February 2014.

The kickoff exhibition 
will feature the latest 
technologies from 
235 suppliers in the 
biomedical optics and 
photonics industries.

More than 1200 
companies 
and photonics 
organizations will be on 
hand for the opening 
of the Photonics West 
exhibition on Tuesday, 
4 February, in the 
Moscone Center. 

The free SPIE job 
fair will be held in 
the South Hall 4-5 
February.

Conferences and the 
exhibition end on 
Thursday, 6 February.

Connecting in 
San Francisco
Watch for news about 
SPIE Photonics West 
2014 in the coming 
months.

• On the web: 
spie.org/pw2014 

• Twitter: Follow @
SPIEtweets and @
PhotonicsWest and 
use the hashtag, 
#PhotonicsWest
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Find detailed information about SPIE conferences at: www.spie.org/conferences

Advertiser 
Index

American 
Elements Cover 4 
www.americanelements.
com 

Applied Optics
Research Cover 2
www.aor.com 

DRS Technologies, 
Inc. 17
www.drs.com

LaCroix Optical Co. 9
www.lacroixoptical.com

Optimax Systems, 
Inc. 3
www.optimaxsi.com

Photon Engineering 27
www.photonengr.com

PI 
(Physik Instrumente)  35
www.pi-usa.us

Software 
Spectra, Inc. 2
www.sspectra.com

South Univ. of Science 
and Technology of 
China 4
www.sustc.edu.cn

Synopsys Cover 3
www.synopsys.com

More events and due dates
Check your monthly SPIE Member E-News for Web links to the items below.

Advertise 
Here!
Build visibility in the 
optics and photonics 
community by 
advertising in SPIE 
Professional magazine, 
the easiest and most 
reliable way to reach the 
18,000 members of SPIE.

Advertisers reach 
readers of both the print 
and online editions.

Contact Lara Miles 
at laram@spie.org for 
details.

2013 2014
Optifab
14 - 17 October
spie.org/ofb2013 1-6 February 2014

spie.org/pw2014

  
23-27 February 2014
spie.org/al2014

8 - 11 December 2013
spie.org/au2013 2-6 February 2014

spie.org/ei2014

  
9-13 March 2014
spie.org/ss2014

15-20 February 2014
spie.org/mi2014

 
5-9 May 2014
spie.org/dss2014

SPIE events
Create your schedule with the SPIE Conference App for iPhone and 
Android. The mobile app is available at spie.org/mobile and at the 
Android Market and AppStore. 

2014 
31 January:  Applications due for an SPIE 

Education Outreach grant 
(http://spie.org/x36692.xml)

2013 
1 October:  Nominations due for SPIE Annual 

Awards
21 October:  Abstracts due for SPIE Defense 

+ Security and SPIE Sensing 
Technology + Applications 2014

4 November: Abstracts due for SPIE Photonics 
Europe 2014

3 December: Abstracts due for SPIE 
Astronomical Telescopes and 
Instrumentation 2014
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