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ne of OSA’s goals as a global society is to expand our products and services for 
the international optics and photonics community. A key way in which we do 

this is through our meetings and conferences. Increasingly, major meetings are being held 
in developing areas, sponsored or co-sponsored by sister societies in these regions. In Febru-
ary I reported on two Pacific Rim events, the Australasian Conference on Optics, Lasers 
and Spectroscopy/Australian Conference on Optical Fibre Technology, and the Optical 
Society of Korea’s 20th Anniversary Meeting. In September, I’ll attend three meetings in 
South America: Speckle 2010, RIAO-OPTILAS 2010, and the first Latin American Optics 
and Photonics Conference (LAOP).

“Speckle 2010” is the fourth international conference on areas and applications of speck-
le to be held since the series launched in 2000 in Lausanne, Switzerland. Previous Speckle 
conferences were held in 2003 in Trondheim, Norway, and in 2006 in Nimes, France. The 
2010 conference, “Speckle Fields Forever,” will be held September 13-15 in Florianópolis, 
Brazil, on the Island of Santa Catarina. I’m very pleased to have been asked to serve as one 
of the keynote speakers at the conference. I hope to have some time to explore the island’s 
historic architecture and 42 beaches during my stay, but I have no plans to participate in 
the surfing activity that is so popular there.

RIAO/OPTILAS, the 7th Ibero-American Meeting on Optics and 10th Latino-Ameri-
can Meeting on Optics, Lasers and Applications, will take place September 20-24 in Lima 
City, Peru. For the first time, the conference will be associated with the Andean School, 
which will offer a series of tutorials and workshops to give the participants (mainly students) 
the necessary background to profit from the technical talks. The School will also introduce 
students to areas of research in optics and its applications, hopefully motivating them to 
pursue further studies. I’m keenly interested in anything that will encourage student inter-
est in optics and photonics, so I think this is a great development.

LAOP, to be held in Recife, Pernambuco, Brazil, from Sept. 27-30, 2010, will be spon-
sored by OSA and the Brazilian Physical Society. Thanks to its ethanol program, Brazil 
is recognized as one of the most prominent countries in using renewable energies. While 
covering the wide field of photonics from optical communications to biomedical applica-
tions, the LAOP conference will have a special focus on solar energy. Solar energy is under 
development in Pernambuco, and eolic (wind) energy is already in use there. Two major 
Federal universities, Federal Technological Institutes and technological parks are located 
in Recife, so I’m looking forward to interacting with young students and researchers at the 
conference. Anderson S.L. Gomes, chair-elect of OSA’s International Council, is serving as 
the conference general chair. 

In this issue, we continue our year-long celebration of LaserFest with two laser-related 
articles: a feature on laser-based weather control on p. 22, and an article on holography and 
the laser on p. 34. Also, don’t forget to vote in the OSA election! Statements from the can-
didates for OSA vice president and directors at large are on p. 56. I hope you’ll read them 
carefully and cast your vote before the election closes on October 1.

Increasingly, 
major meet-
ings are being 
held in devel-
oping areas, 
sponsored or 
co-sponsored 
by sister  
societies in 
these regions.”

O

“

James C. Wyant
OSA President
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When Is Science Valid?

I read with interest Ken Bald-
win’s Viewpoint piece, titled 
“When Is Science 
Valid?” (OPN, 
April 2010). I 
found myself 
wholeheartedly 
agreeing with 
his initial thesis 
that “science over 
the centuries has 
honed a method-
ology accepted 
by society that 
maximizes the 
reliability of the information 
it produces.” He is certainly 
correct. Th e scientifi c method 
is indeed one of the preemi-
nent achievements of mod-
ern civilization.

However, I take issue in 
the strongest terms with his 
use of climate research as 
an example of the success of 
that method. Th e core of the 
debate over climate research 
is the very fact that a commu-
nity of researchers attempted 
to conduct an end run around 
the scientifi c method, using 
dishonest and unethical tac-
tics in order to manufacture 
a perceived “consensus” for 
political and fi nancial gain. 
Evidence has been presented 
again and again that these 
researchers interfered directly 
with the peer-review process, 
manufactured results, and 
conspired to keep dissent-
ing views out of the scientifi c 
literature and the public eye. 
In this sense, they created the 
illusion of satisfying Baldwin’s 
“checklist for non-experts” 
while committing what 
amounts to scientifi c fraud.

Baldwin states that the 
“minority” that do not support 
the “mainstream scientifi c 
majority on human-induced 
climate change” have yet to 

publish their ideas; this is 
patently untrue. Independent 
research over the past decade 

has called into 
question the 
“certainty” of the 
anthropogenic 
global warm-
ing hypothesis, 
pointing out large 
discrepancies 
between global 
circulation model 
predictions and 
direct observa-
tions (Douglass 

et al. Int. J Climatol. 28[13], 
2008, 1693-1701).

Other research has high-
lighted the largest uncertainty 
in climate models—cloud 
feedback—that can easily 
off set any increase in radia-
tive forcing due to carbon 
dioxide (Soden and Held, 
J. Climate, 19[14] 2006, 
3354-60). Th is and plenty of 
other credible research exists 
in the peer-reviewed literature 
that embodies the scientifi c 
method. However, it is often 
unacknowledged by the media.

If we are to conclude any-
thing from the recent climate 
change controversy, it is that 
the scientifi c method is not 
perfect. Indeed, it is only as 
robust as the intellectual hon-
esty of those who implement 
it. Perhaps it is in need of 
an update. For example, we 
could create a double-blind 
review process that elimi-
nates the authors’ reputations 
from the process and simply 
lets their work stand on its 
own merits. Or perhaps the 
controversy should motivate 
science educators to imple-
ment substantive ethics train-
ing as part of the graduate 
curriculum, similar to what 
is done in the medical and 
legal professions. 

Th e real question is: Do 
such issues arise in climate 
science more than in other 
disciplines, or is it simply that 
climate science is more in the 
public spotlight? 

Moreover, these episodes 
have not changed the overall 
conclusion that anthropogenic 
climate change still explains 
the great majority of data 
currently available. I am not 
an expert on climate science, 
but, like most scientists, I 
understand and endorse the 
way the scientifi c process 
works. It is for that reason 
that I believe in the overall 
robustness of the scientifi c 
system, and that thousands of 
independent colleagues who 
are expert in climate science 
have pursued the same stan-
dards of excellence as other 
scientists in order to arrive at 
this conclusion.

If scientists are to continue 
to contribute to society in a 
meaningful way, we must not 
only all practice the same high 
standards; we must also make 
it clear to the wider com-
munity that this is the case, 
so as to provide society with 
the confi dence to enjoy the 
benefi ts that science creates.

Ken Baldwin
Canberra, Australia

Kenneth.Baldwin@anu.edu.au

Laser Light Shows

I enjoyed Patricia Daukan-
tas’s recent article, titled “A 
Short History of Laser Light 
Shows.” It is an excellent 
account of how the fi rst gener-
ation of laser shows was devel-
oped and gives due credit to 
the medium’s early pioneers, 
especially Mr. Dryer. Th ank 
you for the fi ne narrative.

I’d like to make one point, 
though. Based on some com-
ments, readers may get the 

Overall, however, the 
all-but-dead climate change 
debate is certainly not an 
example of the success of the 
scientifi c method. Rather, it 
is a black eye for the scientifi c 
community as a whole, and 
it would behoove us all to do 
some serious introspection 
about how we can prevent 
similar breaches of scientifi c 
integrity in the future.

Daniel J. Rogers
Bethesda, Md., U.S.A.

danny@dannyrogers.net

THE AUTHOR RESPONDS: 
I welcome my fellow Public 
Policy Committee member 
Daniel Rogers’ commentary 
on my opinion piece “When 
Is Science Valid?” 

Daniel and I are speaking 
off  the same page when it 
comes to calling for vigilance 
in maintaining the integrity 
of the scientifi c process, and 
his suggestion of double-
blind reviewing has some 
merits. I particularly endorse 
his idea that science educa-
tors should include ethics 
training as part of the gradu-
ate curriculum. Such mea-
sures address the obligations 
on scientists that are essential 
to ensuring that science can 
continue to be an eff ective 
contributor to our society.

However, I did not, as 
he claims, hold up climate 
science as an example of 
the success of the scientifi c 
process. Indeed, I used the 
recent criticisms of the IPCC 
as an example of how “human 
idiosyncracies will always 
contribute a (hopefully small) 
degree of error amongst a 
large body of truth.”

Th e fact that these claims 
have eventually been inves-
tigated and addressed shows 
that the system is robust. 

mailto:danny@dannyrogers.net
mailto:Kenneth.Baldwin@anu.edu.au
http://www.osa-opn.org
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impression that the best days 
of laser shows are behind us, 
or that a resurgence of the 
laser show medium awaits 
some unrealized technological 
breakthrough. Nothing could 
be further from the truth. 
The laser show medium is in 
the midst of a renaissance, 
thanks to a new generation 
of laser companies that have 
brought renewed vigor to a 
fading industry. These second 
generation laserists are revolu-
tionizing laser show technol-
ogy and its applications: The 
last three years have seen 
more innovation than the 
previous three decades. 

Some noteworthy examples 
are: 1) the development of 
highly efficient RGB laser 
projection systems that oper-
ate solely on battery power,  

2) the debut of the first high-
fidelity stereoscopic 3-D laser 
projection system, and 3) the 
success of a series of exciting 
K-12 outreach laser shows 
that are presently reaching 
about 1,000 schools per year. 
In short, the future of laser 
shows is a bright one.

Christopher M. Volpe
President, Prismatic  

Magic Laser Programs
chris@prismaticmagic.com

A Profile of Hermann  
von Helmholtz

I enjoyed reading the bio-
graphical article on Helm-
holtz by Barry R. Masters 
(OPN, March 2010). The 
article was very informative. 
I would like to share some 
of my own knowledge about 
this optical pioneer. 

Prototype

König, Henry Augustus 
Rowland, A.A. Michelson, 
and Michael Pupin. A Google 
search leads to 169,000 results 
for the Helmholtz equation. 
There is even a topic by the 
name “Helmholtz optics.” In 
fact, I contributed an article 
on wavelength-dependent 
modifications in Helmholtz 
optics in the January 2005 
International Journal of Theo-
retical Physics.

Sameen Ahmed Khan
Salalah, Sultanate of Oman

rohelakhan@yahoo.com

For most of us, the name 
of Helmholtz is synonymous 
with the equation named 
after him: ,2y+k2y=0. 
While in Berlin, Helmholtz 
also became interested in 
electromagnetism. He tried 
to derive Maxwell’s electro-
magnetic field equations from 
the least action principle. In 
1879, he suggested that his 
student, Heinrich Rudolf 
Hertz, test experimentally 
the assumptions underlying 
James Clerk Maxwell’s theory 
of electromagnetism. 

In 1888, Hertz became 
famous as the first to demon-
strate electromagnetic waves. 
Other students and research 
associates of Helmholtz at 
Berlin included Max Planck, 
Heinrich Kayser, Eugen Gold-
stein, Wilhelm Wien, Arthur 

mailto:chris@prismaticmagic.com
mailto:rohelakhan@yahoo.com
mailto:opn@osa.org
http://www.optimaxsi.com
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researchers saw fine microstructure and 
nanostructure in the grooves.

The researchers tested the sample’s wet-
ting properties using water, acetone and 
methanol. When they oriented the sample 
horizontally and dropped 3 µL of water 
on the surface, the water traveled rap-
idly along the microgrooves and became 
slowly perpendicular to them. Droplets on 
the untreated silicon surface beaded up.

When they turned the sample so the 
grooves ran vertically, the supercapillary 
action caused water to quickly rise up the 
grooves. If this effect can be used to cool 
microchips, it could allow computers to 
run faster, because liquid could cool more 

Designing photovoltaic concentrators is a 
balancing act. The optic must concentrate a 

lot of light, the intensity must be uniform, and the 
design should have few elements. Pablo Benítez 
and others from the Universidad Politécnica de 
Madrid (Spain) and LPI (Altadena, Calif., U.S.A.) 
recently reported a concentrator design comprised 
of a Fresnel lens and a refractive secondary ele-
ment that fulfills many of these requirements. Their 
primary element is a multisectioned Fresnel lens 
(left), and the secondary element (right) is molded 
glass that includes a ring designed as a holder.

The article (Opt. Express 18(S1), A25) was 
published in the inaugural issue of Energy Express, a special bi-monthly supplement 
to Optics Express. The new journal will focus on the impact of light on sustainable 
energy development and green technologies.

A   laser surface treatment dramati-
cally changes the wetting qualities 

of silicon, with potential applications in 
microfluidic lab-on-a-chip technologies 
and electronic cooling.

The technique, developed by A.Y. 
Vorobyev and Chunlei Guo at the Univer-
sity of Rochester, uses high-intensity fem-
tosecond laser pulses to create tiny grooves 
in the surface of silicon (Opt. Express 
18, 6455). When liquid is introduced, 
a supercapillary effect speeds its spread 
along the grooves—even against gravity. 

Fluid control is a challenge for micro-
fluidic systems, since the capillary effect 
applies to open surface grooves, and 
usually it is stronger in tubes. However, 
says Guo, “in our study, we turned our 
surface grooves superhydrophilic,” so 
they exhibit much stronger capillary 
action than a closed tube with a typical 
silicon surface.

The researchers used a Ti:sapphire 
laser system generating 65-fs pulses and a 
100-µm-diameter laser spot to create tiny 
grooves on the surface of a single-crystal 
phosphorus-doped piece of silicon. They 
scanned the sample across a beam to 
produce a 22-mm-long microgroove. 
Then they translated the sample 100 µm 
to one side and started scanning another 
groove, until they had a 22- 3 11-mm-
square sample. The microgrooves have 
an average depth of about 40 µm. The 

Superwicking Silicon
efficiently than air. Guo 
says, “We may break the 
hurdle of silicon cooling 
by using liquid coolants.”

Costas Fotakis, director of the Insti-
tute of Electronic Structure and Laser 
(IESL) at FORTH (Foundation for 
Research and Technology-Hellas) and 
professor of physics at the University of 
Crete (Greece), says, “This paper repre-
sents a benchmark contribution to silicon 
microfluidics and extends the possibili-
ties for novel applications in materials 
which are micro/nano processed by 
ultrafast lasers.”

— Yvonne Carts-Powell

DID YOU KNOW?

A water droplet 
applied to a laser-
processed silicon 
surface sprints 
upward, drawn by 
an unusually strong 
capillary effect. 

J. Adam Fenster/University of Rochester

Chunlei Guo in his 
lab at the University 

of Rochester. 

Pablo Benítez et al., Universidad  
Politécnica de Madrid and LPI

http://www.osa-opn.org
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deposition to make 100-nm-thick 
polymer electrodes, then deposited the 
organic photovoltaic layer on top. After 
multiple foldings, the device maintains 
its initial performance. New deposition 
methods are being developed to fab-
ricate solvent-free polymer thin films. 
These, combined with inorganic materi-
als, may create efficient and environmen-
tally stable photovoltaics.

During a lab tour, Vladimir Bulovic, 
science director of the Eni-MIT Solar 
Frontiers Center, showed off solutions of 
colloidal quantum dots, bits of silicon 
roughly 5 nm in diameter. The dots were 
excited by ultraviolet light and emitted 
at different colors in the visible, depend-
ing on size. This ability to manipulate 
the absorption and emission spectra 
of quantum dots is could be useful for 
photovoltaic cells.

Bulovic also showed an LED light 
bulb, which incorporates a thin film 
of quantum dots. The bulbs, sold by 
Nexxus Lighting, hit the market in June. 
The brightness of an 8-W LED bulb was 
comparable to a 75-W incandescent, and 
the color quality was better.

A new center at the Massachusetts 
Institute of Technology (U.S.A.) is 

dedicated to developing solar technolo-
gies that push the envelope in efficiency.

The Eni–MIT Solar Frontiers Center, 
which formally opened in May, provides 
researchers with resources for investigat-
ing the electronic nature and nanostruc-
ture of new devices. It brings together 
research on photovol-
taics that use quan-
tum dots and new 
deposition methods, 
bio-inspired hydrogen 
production methods 
and more effective 
solar thermal col-
lectors. The alliance 
between Eni S.p.A 
and MIT for the next 
five years involves a 
financial commitment 
from Eni for $50 mil-
lion, equally distribut-
ed between the Solar 
Frontiers program and 
the MIT Energy Initiative.

At the center’s opening, Paolo Scaroni, 
chief executive officer of Eni, said that 

his company 
foresees the 
end of hydro-
carbon use for 
energy. The 
company wants 
to support solar 
energy but finds 
current technol-
ogy is inefficient 
and expensive. 

The lab is doing things differently: 
Since the alliance between Eni and MIT 
began in February 2008, significant 
research has included construction of an 
ultra-flexible solar cell; advances in the 
production of virus-based metal contacts 
for solar cells; development of solar cells 
that mimic the photosynthetic process; 
and progress in understanding how pho-
tosynthesis splits water molecules.

There are two shared labs at the center: 
one for activity characterization (includ-
ing an 100-fs-pulse Ti:sapphire laser) and 
another for duration tests and realiza-
tion phases. In addition to funding from 
Eni, the center receives money from U.S. 
National Science Foundation grants—
including $2 million for equipment.

Karen Gleason’s group demonstrated 
a solar cell deposited on paper. They 
first used oxidative chemical vapor 

Pushing the 
Frontiers of 
Solar Tech

Vladimir Bulovic (right), science director of the 
Eni-MIT Solar Frontiers Center, shows Paolo 
Scaroni, CEO of Eni, a comparison between a 
75-W incandescent bulb and LED bulbs that 
use large-area quantum-dot thin films. 

Justin Knight, MIT

Yvonne Carts-Powell (yvonne@nasw.org) is a 
freelance science writer who specializes in optics 
and photonics. 

Nexxus

Justin Knight, MIT

An LED light bulb incorporates a thin 
film of quantum dots, which shape its 
emission spectrum.

Pablo Benítez et al., Universidad  
Politécnica de Madrid and LPI
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Launching  
a Column— 
and a Career
Yanina Schevchenko

Whether you’re writing a Ph.D. thesis, managing a magazine, or embarking on a new career, 
getting started is always the hardest part. We’re pleased to introduce this new column to 
serve as a resource to our readers who are in the process of making a career transition.

OPN’s new “Career Focus” column 
is mainly intended to serve as a 

resource to one of OSA’s fastest-grow-
ing groups of members—its students 
and recent graduates. The number 
of OSA student chapters has grown 
astronomically, from 27 in 2005 to 
182 in 2010. In addition, within the 
past couple of years, OSA has launched 
an initiative to create a special category 
of membership for individuals who 
have recently graduated and are just 
entering the workforce. Altogether, 
about 28 percent of OSA members fall 
into the category of either students or 
young professionals. 

In a broader sense, though, we 
believe this column will be relevant 
to all of OPN’s readers. In a diverse 
membership that consists of research-
ers, engineers, entrepreneurs, educators 
and students, there are relatively few 
things that we all have in common. 
Having a career is one of them. Regard-
less of age or position, everyone needs 
to be aware of employment trends; how 
to find and keep positions in their field; 
and how to chart a path forward—
whether that includes finding your first 
job or postdoc, starting a business, or 
getting tenure. 

of 2010. In April, for example (the most 
recent month for which data were avail-
able), the number of online opportunities 
increased across all categories of scien-
tists, engineers and related occupations 
for the first time since January. The 
blog states that job postings for the life, 
physical and social sciences increased by 
nearly 6 percent that month. (The post 
can be found at http://blogs.sciencemag.
org/sciencecareers/2010/05/scienceengi-
neer-2.html.)

Another challenge for anyone navigat-
ing a career is finding a way to stand out 
in the brave new world of information 
overload. With the widespread avail-
ability of Facebook, Twitter, LinkedIn, 
blogs and other social media tools, there 
are more opportunities than ever for 
networking and engaging the interest 
of employers. But there are also endless 
chances for missteps, as people try to 
create—for the first time—digital identi-
ties that merge both their personal and 
professional lives. 

Our vision

The idea for OPN’s new Career Focus 
column came from the realization among 
OPN’s staff—and the editorial advisory 

Thinkstock

Challenges and opportunities
Today’s job seekers face a number 
of unique challenges. Although the 
economy is showing some signs of 
rebounding, the job market is lagging 
well behind. Still, there is reason for 
optimism. According to the Science 
Careers blog, which tracks employment 
trends in the sciences based on data from 
a private research institute, the science 
and engineering markets have been 
steadily improving since the beginning 
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committee that oversees the magazine—
that they wanted to recognize the grow-
ing presence of OSA’s younger members 
with a formal space in the publication. 
Over the past six months or so, the staff 
noticed that they kept receiving submis-
sions and ideas from students and young 
professionals—tangible proof that the 
next generation of OSA members is here 
and fired up. 

In the January issue of OPN, for 
example, Yoshitomo Okawachi wrote an 
article about how optical scientists can 
use social networking sites to follow the 
latest developments in their field and to 
advance their careers. And the February 
and June education 
columns featured 
articles on IONS—
OSA’s Global Network 
of Students—and 
an outreach effort to 
North Uganda  
that was conducted  
by the Napoli  
Student Chapter.

You will continue 
to see OSA’s next 
generation reflected 
throughout all of 
OPN’s pages. And 
now, in addition, this 
new column will be written and orga-
nized principally for those starting out 
on their career paths. When I first heard 
about the opportunity to help manage 
this column through Carlos López-
Mariscal, a friend of mine who also 
serves on OPN’s editorial advisory com-
mittee, I was enthused and intrigued. As 
a Ph.D. student at Carleton University 
in Ottawa, I am myself in the process 
of figuring out what will be next for me 
after graduation. What better way to 
explore my options!

So far, I have been working with 
OPN’s managing editor Christina Folz 
and an ad hoc committee of young pro-
fessionals to plan content for the new 
column. Here are some of the ideas we’d 
like to pursue: 

c Internships and their benefits for 
undergraduate and graduate students

c The ins and outs of the  
peer-review process

c The importance of mentors

c Your post-Ph.D. career options 

c How to manage your online  
reputation, and

c Student start-ups.

Call for ideas
But we need your help to move forward. 
It takes time to generate the ideas and 
contacts needed to publish authoritative-
ly in new areas, so we would like to ask 

if you are willing to 
contribute an article 
about career-related 
issues or if you know 
anyone who would be 
interested. We would 
love to hear your ideas 
and suggestions. Let 
us know if you’d like 
to get involved! We’re 
looking for articles 
between 900 and 
1,100 words with  
1-3 graphics.

And we don’t want 
our impact to end 

with the print magazine. We are, after 
all, the digital generation. OPN is also 
very interested in hosting one or more 
career-related blogs in association with 
this new column. Would you or one of 
your friends be interested in sharing your 
perspectives and concerns on launching 
and managing your scientific career? 

I can be reached by e-mail at 
yshevch2@connect.carleton.ca. Since 
writing is an integral aspect of career 
growth, I hope you’ll think about 
contributing an article. This is a great 
opportunity to start learning and mak-
ing a name for yourself. I look forward 
to working with you, and working for 
you, to make Career Focus a vital career 
resource for everyone at OSA. t

Yanina Schevchenko (yshevch2@connect.carle-
ton.ca) is a Ph.D. candidate in photonic systems 
at Carleton University in Ottawa, Canada.

In a diverse member-
ship that consists of 
researchers, engineers, 
entrepreneurs, edu-
cators and students, 
there are relatively few 
things that we all have 
in common. Having a 
career is one of them. 
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The U.S. Defense Department wanted 
to improve radar when it funded the 

research that led to the invention of the 
laser 50 years ago. No government official 
or scientist then had visions of supermar-
ket bar codes, DVDs or laser-assisted eye 
surgery. The laser’s enormous impact on 
the world economy makes a powerful 
argument for government-funded research 
today, scientists and a business executive 
told members of Congress at an April 28 
briefing titled “Forum on Innovation: 
Technology, Lasers and Jobs.”

“What would happen if all lasers 
stopped working?” Thomas Baer asked 
at the Capitol Hill event hosted by the 
Congressional Research and Develop-
ment Caucus. He went on to explain 
what did happen when one laser-enabled 
industry, telecommunications, failed 
suddenly in San Jose, Calif., the capital 
of Silicon Valley.

“All telephone land lines died,” said 
Baer, OSA’s immediate past president 
and executive director of the Stanford 
Photonics Research Center. “All cell 
phone traffic went down. The Internet 
went down. No 911 calls could be made. 
All financial transactions stopped.”

Television and radio signals were 
disrupted, he added. Sequenced traffic 

developed through “a true partnership 
of industry, academics and the federal 
government. You have to have all three 
in place for the thing to work.” Lasers 
are used for medical treatments a million 
times a month and for diagnosis a half-
million times, Jansen said. 

The public is familiar with laser 
surgery to correct eyesight. Most people 
probably don’t know the many other 
ways that lasers are used to identify and 
treat illness. For example, laser-enabled 
optical coherence tomography provides 
resolution that is 100 times higher than 
MRIs or CT scans. Lasers are used to 
measure glucose in diabetics and to 
identify brain tumors. During brain 
surgery, laser-enabled imaging reveals 
the boundaries of a tumor more accu-
rately than other methods, he said. As 
a result, the surgeon is more likely to 
remove the entire tumor, reducing the 
likelihood of cancer recurrence.

Because lasers are so precise, they can 
diagnose and treat at less cost and with less 
pain for patients than standard methods, 
Jansen said. Lasers are also used for the 
precision manufacturing of medical devices.

The U.S. military has found uses for 
lasers that extend far beyond the initial 
search for more accurate radar, according 

signals ceased functioning. Credit card 
purchases couldn’t be verified. ATMs 
stopped dispensing cash. 

All this happened because just one sec-
tor of the economy shut down. If all lasers 
stopped working, Baer noted, much of 
the economy would be disrupted. Lasers 
affect between a third and a half of the 
U.S. gross domestic product, he said.

Democratic Rep. Rush Holt of New 
Jersey, a physicist and the R&D Caucus 
co-chair, said the story of the laser is the 
best case study of the value of government 
investment in research and development.

E. Duco Jansen, of Vanderbilt Uni-
versity, and Mike Rinn, of the Boeing 
Co., described the laser’s impact on 
medicine and the military. Jansen, a 
professor of biomedical engineering and 
neurological surgery, said that medi-
cal applications of the laser have been 

Lasers are used for 
medical treatments a 
million times a month 
and for diagnosis a 
half-million times.

POLICY | MATTERS
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Lasers’ Reach Far Exceeds Initial Grasp
Tom Price

Initially called the “solution in search of a problem,” the laser has become the 
perfect demonstration of the long-term value of government-funded research.
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to Rinn, vice president and director of 
Boeing’s airborne laser program. Lasers 
are deployed to identify and illuminate 
hard-to-find targets, he said. They guide 
bombs and missiles to those targets with a 
precision that reduces collateral damage.

Scientists envision laser weapons that 
could damage components of enemy 
weapons in order to lessen their impact. 
Researchers are attempting to develop 
instruments with powerful laser beams 
that could destroy enemy weapons by 
burning or exploding them or by causing 
them to disintegrate. Once deployed, 
such a laser would offer extreme preci-
sion and low cost per shot, Rinn said.

One of the best-known of these 
attempts is the program that Rinn runs. 
The goal is to place on an airplane lasers 
that can illuminate and destroy ballistic 
missiles shortly after launch. Boeing’s 
airborne laser shot down two missiles in 

tests in February, Rinn said. The pro-
gram has also spun off some technologies 
that are useful to civilians, such as adap-
tive optics for astronomers.

The laser’s history demonstrates that 
government-funded research “results 
frequently in the creation of technology 
that leads to the establishment of whole 
new industries and economic prosperity, 
although it’s often not obvious when the 
funding is granted,” Baer said.

Americans invented the laser, even 
though Europeans had done important 
work in the area, because “the United 
States was investing in research heavily at 
the time, in the midst of the Cold War, 
right after Sputnik,” he said. Europe and 
Asia, meanwhile, were recovering from 
the devastation of World War II, which 
hit them harder than it hit the Americas.

Promising current laser research  
is exploring the feasibility of fusion 
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energy and investigating nuclear energy 
and nuclear explosions to make the U.S. 
nuclear weapons stockpile safer, Baer said.

In addition to funding research, Baer 
said, the U.S. government should sup-
port more effective transfer of scientific 
discoveries into commercial applications.

American companies tend to be more 
focused on short-term product develop-
ment than on capitalizing on the longer-
term promises of university research, he 
said. Several other countries are paying 
more attention to how government can 
foster that technology transfer, Baer said.

“We need to do it for competitive 
reasons because other governments are 
doing it,” he said. “It is an effective way 
to create a competitive economy.” t

Tom Price (ThePricesWrite@yahoo.com) is a 
Washington-based journalist who focuses on 
government, politics, technology, business and 
education.
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ONLINE EXTRA: View presentation slides from E. Duco Jansen and Mike Rinn and an educational handout about laser applications.
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Evaluating System 
Performance:

Between a 
“ROC” and a 
Hard Place 
Brett D. Guenther

When Emerson wrote, “Build a bet-
ter mousetrap, and the world will 

beat a path to your door,” he likely had 
no idea how complicated that simple idea 
could become. What constitutes “better” 
to today’s engineer is often a matrix of 
conflicting parameters and concerns 
ranging from functionality to market-
ing. The engineer must sift through this 
complexity and decide how well any new 
device can actually solve a problem. 

This article discusses a complex sensor 
system that captures medical prescription 
errors using Raman spectroscopy. The 
“how well” question is answered with an 
applied analysis—the receiver operating 
characteristics (ROC) curve. 

Raman spectroscopy

When monochromatic light passes 
through a material, it is scattered mostly 
at the same wavelength as the source (elas-
tic scattering). However, depending on the 
medium, a small portion (about 1 photon 
per 10 million) of the light is also scattered 
into wavelengths shorter and longer than 
the source (inelastic scattering). 

Raman scattering, which is a form 
of inelastic scattering, occurs when a 
photon interacts with the vibrational 

molecule scatters differently based on its 
particular structure and bonds. Ana-
lytical chemists use Raman to probe 
molecular structure, concentration and 
reactions, but the potential applications 
are endless, and usually only limited by 
cost, convenience and the knowledge 
required to analyze spectra. 

Breakthroughs in technology have 
stimulated efforts to move Raman from 
the lab into the hands of new users. 
Recent improvements in CCD technol-
ogy, gratings, filters, optical packaging, 
lasers and other components have all 
contributed to smaller, more rugged 
Raman devices that are well suited for 
new environments. However, one of 
the more interesting developments for 
Raman spectrometers in recent years 
comes from embedded algorithms that 
automate the analysis and interpretation 
of the spectroscopic information.

Users may want to know something 
about a sample but have no interest in 
its Raman spectra. For example, the 
operator may simply want to confirm 
that a substance is what he or she thinks 
it is. The simplicity of this binary answer 
comes at the expense of engineering and, 
since no device is perfect, there will be 
rare instances where the device is wrong. 

or rotational energy of a molecule. The 
photon exchanges energy with the 
molecule in one of two ways. When 
the photon transfers some energy to 
the molecule, it is scattered at longer 

wavelengths (Stokes), and, when it gains 
energy from the molecule, it is scattered 
at shorter (anti-Stokes) wavelengths. 
Since Raman scattering relies on the 
interaction between the photon and a 
molecule’s polarization, it is rapid and its 
wavelength shift is not dependent on the 
excitation wavelength.

Raman spectra can be used as a 
fingerprint for a molecule, since each 

How can engineers use a receiver operating characteristics curve 
to assess the functioning of a complex sensor system? 

One of the more interesting 
developments for Raman 
spectrometers in recent 
years comes from 
embedded algorithms 
that automate the analysis 
and interpretation of the 
spectroscopic information.

Thinkstock
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One challenge in creating such a device 
is in understanding its accuracy, as illus-
trated in the following practical example.

Prescription verifi cation
Pharmacists face ever-increasing demands 
to process more prescriptions without 
sacrifi cing accuracy. As the popula-
tion ages, the number of prescriptions 
dispensed in the United States is growing 
rapidly, estimated at 3.9 billion in 2009. 
Manual prescription verifi cations (visual 
inspections) are subjective and therefore 
prone to error. According to a 2003 study 
published in the Journal of the American 
Pharmacists Association, the overall error 
rate for dispensing pharmaceutical medi-
cations was an alarming 1.7 percent. 

Prescription errors can have devas-
tating consequences. According to the 
Institute of Medicine, at least 1.5 million 
Americans are injured by medication 
mistakes each year. Raman spectroscopy 
off ers a solution: It can provide phar-
macists with a quantitative verifi cation 
process while prescriptions are being dis-
pensed. However, pharmacists will only 
adopt a sensor that fi ts seamlessly into 
their workfl ow, covers their workload 
suffi  ciently, adapts to the ever-changing 
landscape of available drugs, and, most 
important, performs accurately. It is 
vital, therefore, for the engineer to under-
stand the performance tradeoff s of the 
sensor system. 

A company called Centice Corp. has 
developed its “PASS Rx” system, which 
uses Raman spectroscopy to verify that 
the pills in a bottle match the prescrip-
tion label. Th e pharmacist scans the pre-
scription’s bar code and places the bottle 
into the PASS Rx device. Th e device 
positions the bottle, acquires a spectrum, 
analyzes the spectrum, and assesses 
whether the contents of the bottle match 
the prescription label. To answer this 
question, the Raman spectrum is fi rst 
processed before applying the classifi er to 
make the fi nal yes/no determination. 

Th e processing steps help to remove 
variation caused by the pill bottle’s 
spectrum and fl uorescence as well as 
the diff erences caused by the size and 
type of the container, the kind of pill, 

and the quantity of medication. After 
gathering and processing the spectra, the 
classifi er scores the measurement relative 
to a threshold. If the score signifi cantly 
exceeds the threshold, the sensor may 
confi dently say that the drug inside the 
bottle and the label match. 

ROC curve analysis 
Consider two experiments to measure 
the performance of the PASS Rx system. 
In the fi rst, PASS Rx is repeatedly 

tested with correctly dispensed prescrip-
tions. Th e classifi er score for each test is 
calculated and compared to a threshold 
in order to assess whether there is a 
dispense (fi ll) error. Th e second experi-
ment is similar; however, here the system 
is tested exclusively with prescription 
errors. (Th e actual error case experiments 
are complicated by diff erent manufactur-
ers and strengths for the same drug, but 
these details are not considered here.) 
Based on these two experiments, there 

The PASS Rx system uses Raman spectroscopy to verify the accuracy of pharmaceu-
tical prescriptions. 

[ The Centice PASS Rx smart sensor ]

The spectrum of lithium carbonate before and after calibration and processing.
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Threshold

Classifi er score

are four possible outcomes for each test, 
as summarized in the table below. Th e 
rates (probabilities) of each outcome for 
our two experiments may be defi ned as:

c Sensitivity = TP/(TP+FN) = Prob-
ability that a prescription error is 
caught.

c Specifi city = TN/(FP+TN) = Prob-
ability that a properly fi lled prescrip-
tion is verifi ed as such.

c 1-Specifi city = FP/(FP+TN) = Prob-
ability of a false alarm. 

c 1-Sensitivity = FN/(TP+FN) = Prob-
ability that a prescription error is 
missed.

Rates depend on the threshold level. 
In an ideal case, the two distributions 
shown in the fi gure above have very lit-
tle overlap and the probability of receiv-
ing a correct answer from the device 
with a well-placed threshold approaches 

alarm would be equal to the chance that 
they catch an error no matter where the 
threshold was set!  

Th e receiver operating characteristic 
(ROC) curve was derived to help the 
engineers view the overlap of these two 
distributions for all threshold levels in 
one convenient graph. It is computed 
by plotting the sensitivity rate versus 
the false alarm rate (1-Specifi city) for 
each threshold level from minus infi n-
ity to plus infi nity. As shown in the 
fi gure in the center of the page, in the 
case of zero discrimination (overlapping 
distributions), the classifi er is a straight, 
unit-slope line (red line). For near perfect 
discrimination (very little overlap in the 
two distributions), the curve approaches 
the upper left corner of the graph, which 
represents the optimal threshold value 
(TP=100%, FP=0%). 

Th e beauty of ROC curves is that 
they make no assumptions about the 
shape of the test distributions or the 
absolute level of the threshold. Th ey are 
versatile and useful for any binary classi-
fi er, providing a means whereby diff er-
ent systems may be compared. Families 
of ROC curves may be presented on a 
single chart to graphically illustrate the 
change in performance for a range of 
other variables (e.g., pill quantity, laser 
power, exposure time, etc.). 

Engineers can use ROC curves to 
set the threshold based on many factors, 
including nontechnical aspects such 
as user perception. For example, it is 
typically more important to the phar-
macist that the false negative rate is very 
low, even if that means that dealing with 
more false positives (false alarms)—but 
not to the point where the pharmacist is 
continually plagued with repeat measure-
ment or manual inspection requests. Th is 
delicate balance is helped tremendously 
by a thorough understanding of ROC 
curves. In general, ROC curves can 
guide engineers, customers and manage-
ment to a good visual understanding of 
system tradeoff s. t

Brett D. Guenter (bguenther@centice.com) is 
a principal engineer  at Centice Corporation in 
Morrisville, N.C., U.S.A.

[ Overlapping population curves of two experiments on the classifi er ]
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100 percent (i.e., the sensitivity and 
specifi city = 100 percent). However, if 
both score distributions were identical 
(with overlapping means), the chance 
that the pharmacist receives a false 
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[ Classifi er scenarios ]

No—verifi ed

True positive (TP)

False negative (FN)

Dispensed correctlyDispensed error

True negative (TN)

False positive (FP)

Sensor—fi ll error?

[ ROC curve ]

True positive
False positive
False negative
True negative
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W e have all been enriched by the 
works of Greek philosophers, 

poets and artists. Ancient thinkers have 
pondered the logic of mathematics, the 
concept of motion, and the nature of 
the universe, matter, mind and body. 
Today, on the lovely island of Crete in 
Greece, Greek and foreign scientists are 
working in modern institutes to enhance 
our understanding of physics, chemistry 
and biology through laser physics and its 
myriad applications.  

In December 2009, I visited the 
Institute of Electronic Structure and 
Laser at the Foundation for Research and 
Technology-Hellas (IESL-FORTH). My 
host was Costas Fotakis, the Institute 
director and a professor of physics at the 
University of Crete. On my trip, I wanted 
to learn about the Cretan approach to sci-
entifi c research and to access the quality 
and diversity of the research programs. 
I was also interested in meeting with 
students, post-doctoral scientists and 
their mentors, and I planned to present 
a series of lectures on nonlinear optical 
microscopy, resonance energy transfer, 
the infl uence of culture on the develop-
ment of scientists, and the responsible 
conduct of research.  

mountain ranges (up to 2,452 m high) 
that transverse the length of Crete. From 
the windows of the buildings at FORTH, 
I could see snow-capped mountains, the 
white sandy beaches of the northern coast 
and the deep blue Mediterranean Sea. 
Th e buildings of FORTH are surrounded 
by hills with olive trees and abundant 
fl owers. Crete maintains its dialect of 
Cretan Greek, Cretan wine and many 
indigenous dances and passionate music. 
Th e historical record begins with the 
Bronze Age Minoan civilization (2700 
to 1450 B.C.) and encompasses many 
periods that left their cultural infl uences 
on Crete: Classical, Hellenistic, Roman, 
Byzantine and Arab.

Th e white cluster of buildings that 
comprise FORTH is located near Her-
aklion, the capital of Crete. Altogether, 
it contains seven institutes. As a collab-
orative project with funding from both 
the Greek government and the European 
Union, FORTH permits the exchange 
of Greek and EU scientists. 

What sets IESL apart

Costas Fotakis, an OSA Fellow and the 
2004 recipient of the OSA Leadership 

C. Fotakis

Courtesy of Costas Fotakis

In addition, I had the opportu-
nity to visit the medical school at the 
University of Crete. In the department 
of ophthalmology, I observed a surgical 
procedure to alter the refractive power 
of the eye with an implanted lens. I also 
visited laboratories where vision scien-
tists are using adaptive optics to image 
retinal photoreceptors. 

About Crete and IESL-FORTH
Th e beautiful island of Crete, the largest 
Greek island, is situated in the Mediter-
ranean Sea, halfway between Africa and 
the mainland of Greece. Th ere are large 

Lasers in Crete:
OSA Fellow Visits IESL-FORTH 
Barry R. Masters IESL-FORTH

Crete, Greece

Costas Fotakis (IESL director) 
and Barry R. Masters.

OSA Fellow Barry Masters describes his trip to the beautiful island of Crete, where 
he met with colleagues from the Institute of Electronic Structure and Laser at the 
Foundation for Research and Technology-Hellas.

GLOBAL | OPTICS
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Award, is the guiding force of the IESL. 
He sets the standard for the institute and 
makes it work as an integrated commu-
nity of students, workers and mentors. 
The equipment in the IESL laboratories 
is similar to what I have seen in advanced 
laser research laboratories in the United 
States and Europe. When I perused the 
publications from various laboratories at 
IESL, the high quality of the research at 
IESL was evident. I was impressed by the 
friendly spirit of group cooperation in 
the IESL, as well as by the work ethic of 
the highly motivated students, adminis-
trative personnel and scientific mentors 
and group leaders. 

What sets the IESL apart from other 
laser research centers is the scope of 
its research. It covers a wide spectrum 
that includes laser development, pulse 
shaping, photonics, theoretical physics, 
metamaterials and applications. There 
is a strong culture of interdisciplinary 
studies in physics, chemistry and biology. 
The lab differs from other laser institutes 
in that it possesses a very strong theo-
retical component in laser interactions, 
photonics, materials and devices. Similar 
labs outside of Crete tend to focus their 
efforts on biomedical applications with 
little research into fundamental experi-
mental and theoretical laser physics. 

My own interests directed me to the 
groups that are researching secondary 
sources, nonlinear THz optics, intense 
laser beam filamentation and biomedical 
applications, nonlinear microscopy, tis-
sue engineering, in vivo optical imaging, 
sensors, nonlinear lithography and mate-
rials nanoprocessing. There is a strong 
collaboration between FORTH and the 
adjacent Institute of Molecular Biology 
and Biotechnology. 

During a brief visit to Athens, I was 
shown the applications of novel custom-
ized laser cleaning of encrusted pollu-
tion from sculptures of the Parthenon, 
the Erechtheion and the West Frieze. 
Excimer lasers are used for removing 
polymeric over-layers from painting; 
this work is of immense importance to 
the preservation of our cultural heritage 
through art. The laser is a Q-switched 
Nd:YAG that emits at the fundamental 

(1,064 nm) and the third harmonic 
(355 nm); two laser beams are used 
simultaneously with their pulses in 
temporal and spatial overlap.

Challenges for foreign-trained 
Greek scientists
Many talented men and women obtain 
undergraduate degrees in the sciences 
at Greek universities and then travel 

abroad to Europe or the United States for 
graduate studies and postgraduate work. 
During my visit, I met several scientists 
who completed graduate or postgraduate 
training at MIT or Harvard. Unfortu-
nately, these individuals face a dearth of 
faculty and industrial positions in Greece. 
Of course, the worldwide recession 
and the severity of the Greek economic 
crisis exacerbate the problem. With the 
exception of FORTH, there are very few 
laboratories and institutes that provide 
world-class lab facilities and a nurturing 
community of scientists. 

Moreover, the minimal research 
opportunities in the private sector can-
not accommodate the large number of 
Greek scientists seeking industry posi-
tions. Hopefully, further development of 
private corporations in Crete’s Science 
and Technology Park—which aims to 
commercialize the intellectual property 
developed at FORTH—could provide 
new opportunities for Greek scientists 
who wish to return to Crete. 

At the end of my trip, I visited the 
department of physics in the Aristotle 
University of Thessaloniki. E.D. Vani-
dhis, a professor in the department, 
hosted my visit to the laboratories that 
are used for teaching and research in 
modern optics. 

IESL is a special research institu-
tion. It is a bright light for Greece and 
the world. t

Barry R. Masters (brmail2001@yahoo.com) is a 
Fellow of AAAS, OSA and SPIE. He is with the 
department of biological engineering at the Mas-
sachusetts Institute of Technology in Cambridge, 
Mass., U.S.A.
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Laboratory for ultrashort, nonlinear 
laser interactions and sources.

Electron micrograph of nano- 
fabricated valve for human veins.

70 mm

A marble sculpture from the Acropolis 
in Athens that was partially cleaned with 
a laser treatment developed at IESL- 
FORTH. The black regions are untreat-
ed; light tan areas have been cleaned.
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Kasson Stanford Gibson
1939-1941

Born in 1890, Kasson Stanford Gibson 
received his education at Cornell. In 

1916, he joined the 
National Bureau of 
Standards (NBS), 
where he remained 
until his retirement 
in 1955. He was a 
world authority on 
spectrophotometry. 
One of his most im-
portant contributions 
was an article, titled 
“Visibility of Radi-

ant Energy,” which was written with 
Edward P.T. Tyndall and published as a 
scientifi c paper of the Bureau of Stan-
dards in 1923. (Th at paper is described 
in detail in a 2001 article by Jonathan 
E. Hardis entitled “Visibility of Radiant 
Energy.” It is available through NIST at 
http://nvl.nist.gov/pub/nistpubs/sp958-
lide/025-027.pdf.) 

Th is classic paper from 1923 reports 
the results of one of the most enduring 
projects ever undertaken at NBS—

photometric units of measure. In addi-
tion to that work, he made important 
contributions to the design of optical 
fi lters for transforming radiation from 
incandescent lamps to simulate natu-
ral daylight. He headed the work on 
photometry and colorimetry at NBS 
from 1933 until his retirement in 1955, 
publishing more than 100 papers in spite 
of his administrative responsibilities. 

Gibson served as president of OSA 
from 1939 to 1941. He also later served 
as secretary from 1957 to 1959. He was a 
Fellow of the American Physical Society, 
the Illuminating Engineering Society 
and the American Association for the 
Advancement of Science. He died in 
1979 at the age of 89. 

Archie Garfi eld Worthing 
1941–1943 
Archie Garfi eld Worthing was born 
on February 6, 1881, in LeRoy, Wis., 
U.S.A. After fi nishing high school, 
he taught in a grammar school for 
two years to earn money for college. 
He obtained his B.A. degree from the 
University of Wisconsin in 1904. He 

research into the physical description 
of human vision. Gibson and Tyndall 
were neither the fi rst nor the last to study 

the visibility of light, but their work is 
perhaps the most notable for its thor-
oughness, timeliness and impact. Th e 
principal result of this work was the “vis-
ibility curve,” a quantifi ed model of how 
well a typical person can see the diff erent 
wavelengths (colors) of light. 

Today this model function, which 
is essentially unchanged, underlies all 
physical measurements of photometric 
quantities and their interpretation in 

Presidents 
of the 
Early 1940s 
John N. Howard

Meet two 20th century OSA leaders—one who helped lay the foundation 
for the study of light visibility and another who developed the tungsten 
fi lament lamp.

OSA Historical ArchivesOSA Historical Archives

Kasson S. Gibson Archie G. Worthing

John  Howard

Gibson and Tyndall were 
neither the fi rst nor the 
last to study the visibility 
of light, but their work is 
perhaps the most notable 
for its thoroughness, 
timeliness and impact.
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then taught physics for five years at 
Wisconsin and at Iowa to earn money 
for graduate school, completing a Ph.D. 
at the University of Michigan in 1911. 

Worthing took a job at the newly 
created laboratory of the National Lamp 
Works (later called the GE Nela Park 
Laboratories) in Cleveland in 1911. Dur-
ing World War I, the Laboratory was 
asked to develop an artificial light unit 
for signaling in the daytime in places 
where the operator would be seen against 
a bright sky background. Later an addi-
tional request came for a 6-volt, 2-ampere 
lamp for use in a trench-signaling unit 
designed by Major Mendenhall and the 
Lynn Works of General Electric Com-
pany; it would supplant the unsatisfac-
tory unit then in service. 

Practically all of Worthing’s time—
as well of that of his colleagues Drs. 
Forsythe and Lorenz—was devoted to 
these problems in light signaling for a 

period of 10-12 months. The team de-
veloped a 2-ampere, 6-volt, G-12 D.C. 
bayonet S-4 filament Mazda C lamp 
for the trench signal unit for Major 
Mendenhall by the Lamp Development 
Laboratory and Worthing; the Lynn 
Works of the General Electric Co. sup-
plied the lamps for 300 units.

A large part of the work published by 
Worthing at Nela Park produced impor-
tant technical data so that the tungsten 
filament lamp could attain the promi-
nent place in lighting that has endured 
since about 1909. He continued to add 
to that wealth of information after he 
left Nela Park in 1925 and settled down 
as head of the physics department at the 
University of Pittsburgh. 

He was active in the American As-
sociation of Physics Teachers (where 
he served as president in 1941); he was 
a Fellow of the American Physical 
Society; and he was an engaged member 

of the Optical Society (president, 1941 
to 1942). His papers in JOSA mostly 
pertained to measurements of blackbody 
radiation and to the radiation emitted 
by incandescent tungsten. In 1948, he 
wrote a text on heat in collaboration with 
D. Halliday. In 1948, he also wrote a 
monograph on Temperature, its Measure-
ment and Control. He died in Pittsburgh 
on July 30, 1949.

At a memorial service, Worthing’s 
colleagues pointed out that he had a 
passion for accuracy and that he paid 
meticulous attention to detail. In his 
teaching of physics, his goal was to 
ensure that every student had compre-
hended all the material that was being 
taught. Worthing strived to improve his 
students’ ability to think through prob-
lems clearly. t

John N. Howard (johnnelsonhoward@gmail.com)  
is the founding editor of Applied Optics and retired 
chief scientist of the Air Force Geophysics Laboratory.
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Jérôme Kasparian, Ludger Wöste and Jean-Pierre Wolf

Laser-Based 
Weather Control

The far-fetched concept of weather control just might be in 
our scientifi c forecast. Researchers are making progress 
in using ultrashort laser pulses to create lightning and cue 
cloud formation, with potential applications in agriculture, 
public safety and beyond. 

f global warming or stratospheric ozone depletion have taught us any-
thing, it’s that humankind can profoundly infl uence the Earth’s climate 
and environment. So far, our impact on the climate has been largely an 
unintended consequence of our use of fossil fuels. But what if scientists 
could alter the weather on purpose? Purposeful local weather modula-

tion—as well as broader attempts to “geo-engineer” climate change—are topics 
that are being intensively debated within the scientifi c community and to some 
extent among the public. 

Such a possibility could imply invaluable economical and social consequences. 
For example, imagine if lasers could be used to stimulate the formation of rain 
clouds in drought-stricken areas or if lightning studies could help engineers 
to create safer airplanes or power lines that can withstand lightning strikes. 
Indeed, rain and lightning, with their far-reaching implications for agriculture 
and public safety, are the weather-modulation methods that our team and other 
physicists have focused on most intensively to date.  

tion—as well as broader attempts to “geo-engineer” climate change—are topics 
I
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Cloud of water droplets gener-
ated in a cloud chamber by laser 
fi laments (in red). The cloud 
is demonstrated through the 
scattering of a green laser beam 
collinear to the fi rst one.

Cloud of water droplets gener-
ated in a cloud chamber by laser 
fi laments (in red). The cloud 
is demonstrated through the 
scattering of a green laser beam 
collinear to the fi rst one.

ated in a cloud chamber by laser 
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distances up to a few kilo-
meters from the laser source 
by an adequate choice of the 
laser parameters, and then 
directed to any position in the 
atmosphere by sweeping the 
beam using a steering mirror. 

The Teramobile:  
A TW laser for field 
experiments
Atmospheric research using 
laser filaments requires a laser 
source that provides high-
intensity ultrashort pulses 
on-site for field campaigns. 
Outdoor operation constitutes 
a challenge for ultrashort-
pulse lasers because of the 
limited available space and 
environmental requirements 
(e.g., the need to use a clean 
room and to have a stable 
temperature and humid-
ity level). We addressed this 
challenge within the French-
German-Swiss Teramobile 
consortium by involving five 
groups at the Universities of 
Lyon (J.-P. Wolf and J. Kas-
parian), Jena (R. Sauerbrey) 
and Geneva (J.-P. Wolf), 
Free University of Berlin 
(L. Wöste), and the École 
Polytechnique near Paris (A. 
Mysyrowicz). 

The Teramobile laser is based on the classical CPA 
(chirped pulse amplification) technique, in which pulses are 
stretched temporally before being amplified. This is done in 
order to prevent damage to the amplification chain. After 
amplification, the pulses are recompressed to their initial 
duration before being launched into the atmosphere.

What makes Teramobile unique is its compact design  
(3.5 3 2.2 m), which allowed its integration in a standard 
20-foot freight container that offers only 10 m2 laboratory 
surface for outer dimensions of 6 3 2.4 3 2.6 m. It provides 
350 mJ pulses in 70 fs, corresponding to a peak power of 5 TW, 
centered at a wavelength of 800 nm, at a repetition rate of  
10 Hz. Moreover, the compressor is adapted to impose a 
chirp to the pulses in order to precompensate group-velocity 
dispersion (GVD) in air. 

This feature, combined with a sending telescope with variable 
focal length, allows us to control both the length and the onset 

[ Filamenting beam on a screen ]

Colored conical emission is clearly visible around the fila-
ment (white center).

[ Mechanism of filamentation  ]The advent of ultrashort 
laser pulses and the discov-
ery of self-guided ionized 
filaments (by Braun et al. 
in 1985) opened new per-
spectives in the domain of 
weather modulation, espe-
cially through Teramobile, an 
international project initi-
ated jointly by the National 
Center for Scientific Research 
in France and the German 
Research Foundation. Tera-
mobile allows researchers to 
use the first mobile terawatt 
laser in the world for atmo-
spheric studies. It enabled us 
to conduct outdoor experi-
ments of self-guided ion-
ized filaments for real-scale 
atmospheric testing.

Filamentation of 
ultrashort laser pulses

Filamentation results from 
the propagation of ultrashort 
intense laser pulses in the air. 
At high incident power (tens 
of GW to TW) and intensi-
ties, the air cannot be consid-
ered linear anymore. Rather, 
it is a nonlinear medium 
that allows the formation of 
“self-guided filaments.” This 
process is initiated by Kerr 
self-focusing. At a high power, 
the refractive index of the air varies with the incident laser 
intensity: n(I) = n0 + n2 •I, where n2 ≈ 3 3 1019 cm2/W is its 
nonlinear refractive index, related to nonlinear polarizability. 

Since the intensity profile of the beam is generally bell-
shaped, the Kerr effect generates a refractive index profile that 
behaves like a series of lenses with shorter and shorter focal 
lengths. If the incident power exceeds a so-called critical power 
(a few GW in air at a wavelength of 800 nm), the Kerr lens 
overcomes diffraction and the beam energy tends to concen-
trate on its axis. The local intensity is then sufficient to ionize 
the air up to an electron density of 1014 to 1015 cm3. 

The negative contribution of the free electrons to the refrac-
tive index, as well as negative higher-order Kerr indices, bal-
ances the self-focusing. The resulting dynamical balance guides 
light over distances that largely exceed the Rayleigh length, up 
to hundreds of meters in the atmosphere. These ionized light 
strings, which are electrically conducting, can be generated at 

Kerr “lens”: n=n0 + n2 l(r)

Plasma channel

Plasma + saturation of  
Kerr effect: diverging “lens”Intensity  

profile
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position of the fi laments. 
Th e Teramobile container 
includes a comprehensive 
optics laboratory that has air 
conditioning, power supplies 
and a lidar (light detection 
and ranging) remote sensing 
system—in addition to the 
laser itself and thermal and 
mechanical protections from 
outside perturbations.

Filament-assisted water 
condensation in 
the atmosphere
A century ago, Lord C.T.R. 
Wilson observed the eff ect 
of charges on the condensa-
tion of vapors in saturated 
conditions. Wilson noted the condensation of droplets along 
the trajectory of cosmic rays in a so-called “cloud chamber.” 
In this experiment, the charges initiate condensation nuclei, 
which will further grow in the saturated atmosphere of the 
condensation chamber. Laser fi laments can be expected to have 
an even stronger eff ect, since they produce at least 106 times 
more charges than cosmic rays do. Th ey are therefore excellent 
candidates to assist in the condensation of water droplets in 
saturated atmospheres. 

Indeed, we observed that introducing fi laments in a cloud 
chamber saturated with water vapor results in the spectacular 
condensation of a cloud, which is very well visible with the 
bare eye. Surprisingly, the same eff ect can also be seen in sub-
saturated conditions. Such unexpected droplet stability and 
growth, in spite of relative humidity that is insuffi  cient to bal-
ance the surface tension, is the sign of a specifi c mechanism 
at play in the context of laser-induced water condensation. 
We expect that this mechanism implies both photochemistry 
initiated by the high intensity of the incident laser pulses and 
oxidative chemistry due to the concentration of electrons up 
to 1015 cm-3. 

Th ese processes promote the formation of O3 as well as 
•OH radicals, which will in turn generate hygroscopic H2SO4 
and HNO3 condensation nuclei from the SO2 and nitrogen of 
the atmosphere, respectively. Th ese hygroscopic particles then 
grow, forming cloud condensation nuclei, which are chemically 
stabilized, even in sub-saturated atmospheres. Th ey can there-
fore further expand into the droplets that we have observed 
experimentally. Th e laser-generated charges can also contribute 

to the formation of lar-
ger droplets by promot-
ing the coalescence of the 
smaller particles bearing 
opposite charges.

Th ese mechanisms, which 
trigger laser-induced nucle-
ation in sub-saturated atmo-
spheres, are not restricted to 
laboratory experiments. We 
have also observed con-
densation in the real atmo-
sphere. For that purpose, 
we launched the Teramobile 
beam vertically into the 
atmosphere over the city of 
Berlin, Germany. We used a 
second, low-power laser beam 
as a probe overlapping with 
the fi laments and detected its 

backscattering in a lidar confi guration. Although the atmo-
sphere was sub-saturated (90-93 percent relative humidity), 
switching the Teramobile laser on increased the backscatter-
ing from the fi laments by a factor of 20. Th is eff ect can be 
unambiguously attributed to the formation of new particles 
and demonstrates the eff ect of the laser. 

Lightning control
Filaments are not the only source of electrifi cation at play in 
the clouds. Due to internal air mass movements (especially 
convection), particles such as water droplets or ice crystals 
undergo collisions at speeds up to 20 m/s, in which they get 
charged. Th e segregation of diff erent particle types within 
separate clouds regions results in overall electric fi elds across 
the cloud. Th e infl uence of these charges also initiates fi elds 
up to 10 or 15 kV/m at ground level and 50 kV/m several 
hundreds of meters above. Such huge fi elds are at the root of 
lightning—one of the most spectacular and potentially destruc-
tive atmospheric phenomena known to humans. 

A lightning discharge begins with the elongation of cloud 
water droplets into ellipsoids, which enhances the electric fi eld at 
their ends, initiating corona discharges. Th ese discharges connect 
and form an ionized channel, or leader, which proceeds by steps 
of several tens of meters, separated by idle times of 50 to 100 µs. 

During its propagation, the leader can split into several 
branches. When one reaches close to the ground, an ascend-
ing leader is generated from a tree, building, mountain or other 
elevated point and progresses towards the descending leader. 

We observed that introducing fi laments in a cloud chamber saturated with 
water vapor results in the spectacular condensation of a cloud, which is very 
well visible with the bare eye. 
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[ Teramobile, the mobile femtosecond terawatt laser ]
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When they connect, a cur-
rent up to several hundreds 
of kilo-amperes fl ows from 
the ground to the cloud: 
Th e so-called return stroke, 
which lasts from a few 
tenths of a second to a few 
seconds, constitutes the vis-
ible and audible part of the 
lightning strike. 

Since stepped leaders 
are typically 10 m long, 
it would not be realistic 
to fully reproduce the 
mechanism of lightning in 
the laboratory. Even fi eld 
experiments are challeng-
ing, given the random 
character of lightning and 
the need to accumulate 
reproducible data. 

Researchers have devel-
oped a technique to trigger 
lightning on demand by 
launching a rocket that 
pulls a thin metallic wire 
toward thunderclouds. 
Th e rocket and its wire act 
like a lightning rod, which 
triggers the lightning strike 
and guides it to the ground. 
A more realistic eff ect can 
be obtained by limiting the 
metallic section of the wire 
to a few tens of meters, so 
that the discharge hitting the ground is very close to the 
natural one. 

However, the number of rockets available during a thun-
derstorm is limited by the launch pad, which can host 5 to 
10 rockets in typical facilities and cannot be refi lled before 
the end of the thunderstorm. Furthermore, the success rate 
depends strongly on the instant when the rocket is launched. 
A continuously operating technique to trigger lightning 
would therefore be highly desirable. Lasers have very early 
been identifi ed as candidates for this purpose. Th e fi rst tests 
were performed almost as soon as high-power lasers were 
available in the 1960s.

Th ese experiments, which used “long” laser pulses of 
several nanoseconds or more, were not successful. Th e 
leading edge of the pulse ionizes the air and accelerates the 
free electrons, resulting in avalanche ionization and fi nally a 
dense plasma that absorbs the trailing edge of the pulse. As 
a consequence, a large part of the pulse energy is lost, so 
that the generated plasma column is limited to a few meters 
in length. 

In contrast, ultrashort 
(sub-100 fs) laser pulses are 
too short to initiate electron 
avalanches. Th e electron den-
sity therefore stays lower than 
in the case of “long” pulses, 
and the plasma remains 
transparent to the laser pulse. 
As a consequence, ionized 
self-guided fi laments can 
exceed 100 m in length. 

Using the Teramobile laser 
system, we fi rst demonstrated 
their capability to trigger 
high-voltage discharges. By 
connecting two electrodes 
that were several meters 
apart, the laser fi laments 
reduced the breakdown volt-
age by 30 percent, triggering 
the discharge in conditions 
that would not have allowed 
them without the laser. 
Furthermore, these triggered 
discharges are guided along 
the laser fi laments rather 
than following the erratic 
path typical of a classical 
electric discharge. 

Getting through 
stormy weather
Besides the fact that the 

mechanism of meter-scale discharges in the laboratory is 
not fully representative of real lightning, two conditions are 
required to extend the above laboratory results on megavolt 
discharges to the real atmosphere.

First, laser fi laments must propagate through the turbulent 
medium of the thundercloud and even through rain. Th is is 
made possible because the fi lamentation process is particularly 
robust. Filaments do not bear the whole energy of the laser 
beam. Th ey are surrounded by a “photon bath” that regener-
ates them if they have been blocked by an obscurant such 
as a water droplet. We observed that this mechanism allows 
fi lamentation to be transmitted even through dense clouds. 

Similarly, atmospheric turbulence does not block fi lamen-
tation because refractive index gradients due to atmospheric 
inhomogeneities are too weak to block the dynamic balance 
at play in the fi lament. Furthermore, fi laments transmitted 
through perturbed atmospheres retain their main properties. 
In particular, we have shown that they can still trigger high-
voltage discharges under an artifi cial heavy rain.

Second, the lifetime of the plasma generated by the laser 
lies in the microsecond range. At a speed close to 1 m/µs, 

The mechanism of lightning initiation [                                          ]

Left to right: Formation of a stepped leader; initiation of an 
ascending leader; return stroke. 
From Science 5, 109-22 (2010)
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the discharge can only 
propagate over a few meters 
before the plasma vanishes. 
Th is propagation distance 
defi nes the useful length of 
the fi lament. A second laser 
could extend it by keep-
ing the plasma active: We 
signifi cantly increased the 
rate of discharge triggering 
by launching a nanosecond 
YAG laser pulse of moderate 
energy (400 mJ) after the 
Teramobile pulse and col-
linear to it. 

Th ese encouraging results 
apparently stem from a 
retroaction loop between 
the reduced attachment 
effi  ciency of the electrons 
at high temperature on one 
side, and the increased Joule 
eff ect in the ionized fi la-
ment inside the electric fi eld 
between the electrodes on 
the other side. Substantial 
modelling work is in prog-
ress to better understand the 
mechanisms at play and to optimize the process.

Based on our successful results at the laboratory scale, 
we organized a fi eld campaign during the summer of 2004 
at the Langmuir Laboratory of the New Mexico Tech, on 
South Baldy peak (3,200 m altitude). Th is permanent station 
dedicated to lightning studies is equipped with a network of 
radiofrequency antenna capable of locating the electric activ-
ity of clouds with nanosecond-precision date stamping. 

Th e network detected micro-discharges synchronized 
with the pulses from the Teramobile laser, showing that the 
conducting fi laments generated by the laser pointed toward 
the thundercloud have behaved like a metallic tip directed 
towards a loaded electrode: Th ey have initiated corona dis-
charges at their tip. Our result provides observable evidence 
that allows us to optimize the laser parameters in future fi eld 
campaigns. It therefore constitutes a signifi cant step toward 
the control of lightning by lasers. 
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ONLINE EXTRA: Visit www.osa-opn.org for video of the 
Teramobile laser initiating cloud condensation.

Th is technique would 
not only allow us to trigger 
lightning on demand so 
that we could characterize 
it, but it may also ultimately 
allow us to protect critical 
facilities such as airports 
or power plants against the 
so-called indirect eff ects of 
lightning—in other words, 
the electromagnetic per-
turbations induced by the 
transient current conducted 
to the ground by the earth-
ing cable of the lightning 
rod. Th ese eff ects could be 
avoided by guiding light-
ning away from the facility 
using a laser that would 
itself be protected by a 
Faraday cage or a grounded 
metallic steering mirror.

In conclusion, the recent 
progress of the ultrashort-
pulse laser technology could 
greatly facilitate the practi-
cal applications of these 
results and techniques. 

Although lighting control or triggering rain on a real scale 
remain science fi ction for now, the spectacular results that 
the Teramobile team has achieved, both in the laboratory and 
in the atmosphere, have brought these dreams of humankind 
closer to reality. t

Jérôme Kasparian (Jerome.Kasparian@unige.ch) and Jean-Pierre Wolf are 
with Teramobile, GAP Biophotonics in Geneva, Switzerland. Ludger Wöste 
is with Teramobile, Institut für Experimentalphysik, Freie Universität Berlin, 
Arnimallee in Berlin, Germany.

A lightning discharge begins with the elongation of cloud water droplets into 
ellipsoids, which enhances the electric fi eld at their ends, initiating corona 
discharges. These discharges connect and form an ionized channel.

Free (top) and guided (bottom) high-voltage discharges. The high-
voltage electrode (spherical, on the left) represents the cloud, while 
the plane electrode (right) is grounded. 
From J. Kasparian et al. Science 301, 61 (2003).
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Recent advances in optical data storage have led 
to the development of a fi ve-dimensional device 
that could hold up to 2,000 times more data than a 
conventional DVD. These authors discuss this and 
other milestones on the road to multi-dimensional 
optical memory with petabyte capacity. 
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Bit-by-bit optical data storage. Inset: Bits are pre-recorded by a photoinduced physical 
or chemical change in a recording medium. Information is retrieved back by detecting 
the intensity variation of a reading beam when the optical disc is scanned.

ptical data storage has led to revolutionary advances in informa-
tion technology and storage. One of the challenges in this fi eld is 
to meet the rapid growth in demand for storage capacity. Bit-by-

bit optical data storage systems such as compact discs (CDs), digital video discs 
(DVDs) and Blu-ray discs (Blu-rays) have emerged as compact, portable devices 
that have high memory density and high resistance to intense electromagnetic 
radiation. Given its high tolerance to vibration and robust reliability, bit-by-bit 
optical storage has been shown to be superior to holographic memory. 

Each technological breakthrough comes with a new expansion of the storage 
capacity but also with its own limitations. Bit-by-bit optical data storage uses 
photons to introduce a localized physical or chemical property change—such 
as photoinduced fl uorescence or refl ectance modulation—as information stor-
ing processes. When an optical disc is scanned, pre-stored information can be 
retrieved back by detecting the intensity variation of the reading beam; the “on” 
or “off ” state corresponds to a “1” or “0.” 
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Evolution of optical data storage systems
Two-dimensional systems 
Compact discs, the first-generation optical data storage devices, 
emerged in the 1980s. They use a focused laser beam to induce a 
localized change within a two-dimensional (2-D) layer near the 
surface of a recording medium. The information occupies less 
than 0.01 percent of the volume of a CD. Due to the limitation 
of the recording wavelength and the numerical aperture 
(NA) of the recording lens, the maximum 
data capacity of the first-generation opti-
cal data storage systems is approximately 
650 to 750 megabytes (1 MB = 1 million 
bytes; 1 byte = 8 bits) for each CD. 

The development of DVDs was aimed 
at breaking this limit. DVDs marked the 
beginning of the second generation of opti-
cal data storage technology. Because of the 
diffraction-limited feature after the beam 
passes through the objective, the resolution 
of such a system can be written as r = 0.61 
* l/NA, where l is the wavelength and NA 
is the numerical aperture of the objective. 
This technological development involved 
the recording of information while reducing 
the recording wavelength to 650 nm and 
increasing the NA of the recording lens to 0.6. 

The diffraction-limited resolution of the DVD system has 
been improved 40 percent compared to the CD technique, 
therefore greatly enhancing storage density to 4.7 GB/disc. 
Blue DVDs, or so-called Blu-rays, operate at a much shorter 
wavelength of 405 nm. They also increase the NA to 0.85, 
allowing more information to be stored in the same area with 
a smaller focal spot size. Therefore storage capacity has been 
greatly expanded to 23.5 GB/disc.

Three-dimensional systems 
In a 2-D optical data storage system, where information is 
recorded only in one layer inside the medium, 99.99 percent 

[ Optical setups and optical discs ]

of the volume of the optical disc has not been used. Research-
ers have pursued further research to explore the feasibility of 
three-dimensional (3-D) optical data storage, such as double-
layer DVDs and double-layer Blu-ray discs. 

Some have tried adding an axial dimension, where informa-
tion is recorded in the x-y-z space. However, when a recording 
beam is focused deep into the volume of an optical medium, 
scattering loss occurs. The shorter the wavelength, the stronger 

the loss. The energy cannot be delivered 
efficiently for multilayer recording. In 
addition, it is very difficult to manufacture 
three-layer DVDs or Blu-Ray discs. 

This challenge has spurred the revolu-
tionary idea of two-photon (2P) excitation 
by an infrared femtosecond (fs) pulsed 
laser beam with a pulse width of 100 fs. 
Due to its highly confined properties and 
high efficiency of penetration into the vol-
ume of a recording medium using infrared 
beams, the information can be recorded in 
multiple layers of the recoding medium. 
This approach is sometimes called 3-D 
CD technology. 

The 2P excitation technique has been 
widely applied to a variety of materials 

for high-density memories, including photopolymerizable 
materials, photochromic materials, photorefractive materi-
als, photobleaching materials, void-fabricatable materials and 
nanoparticles dispersed materials. The important milestones 
that scientists have achieved toward the development of high-
density 3-D storage systems are summarized in the table on 
the facing page.

In a 1989 study in the journal Science, researchers described 
introducing the 2P excitation technique into 3-D optical 
data storage with two orthogonal beams intersecting inside 
the focuses of two objectives. The elegance of this approach 
is highly localized recording and random access to data. 

In a 2-D optical data 
storage system, 
where information 
is recorded only 
in one layer inside 
the medium, 99.99 
percent of the volume 
of the optical disc has 
not been used. 

l = 780 nm
NA = 0.45

l = 650 nm
NA = 0.6

l = 405 nm
NA = 0.85

l = 900 nm
NA = 1.4

0.7 GB 4.7 GB 23.5 GB 298 GB

CD DVD Blue DVD 3-D CD
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However, the recording and reading system was quite compli-
cated for the implementation of 3-D storage devices. 

Researchers reached an important milestone in the single-
beam 2P recording the following year. Th ey found that the 
2P absorption occurs inside the tight focus of a single objec-
tive of a large NA instead of two. Since 2P 
absorption is a highly nonlinear process, 
a high-power pulsed laser is generally 
required to facilitate the 2P process. Th is, 
of course, signifi cantly increases the cost for 
the device application. Another important 
milestone is the discovery that 2P-induced 
3-D recording can be introduced using a 
high-power continuous wave (CW) laser in 
photochromic and photorefractive mate-
rials as a replacement for a femtosecond 
pulsed laser.

Th ere has been intense research interest 
in developing various 2P-induced optical 
recording mechanisms—not only perma-
nent ones such as photopolymerizing, photobleaching and 
photofabricating voids, but also rewritable ones, including 
photorefractivity and photochromism. In 1998, researchers 
introduced a rewritable 2P-induced recording in photorefrac-
tive crystals. 

Later, Day et al. discovered a 2P-induced polymeric pho-
torefractivity, achieving the world’s fi rst erasable 3-D device 
with a density of 5 Gbits/cm3. In particular, this group dis-
covered a polarization-sensitive polymeric photorefractivity in 
polymer-dispersed liquid crystal materials through a 2P-induced 
reorientation mechanism. Th is discovery builds the conceptual 
foundation for multi-dimensional optical storage. 

Th e highly confi ned 2P fl uorescence enhancement allows 
rewritable 3-D optical data storage up to 205 Gbits/cm3. 

Th is result is equivalent to 50 times the current DVD capac-
ity. It was the world’s highest 3-D data storage density until 
2008, when Walker and colleagues developed a photochromic 
polymer-based 3-D disc with a capacity of 1,000 GB/disc, as 
reported in a 2008 issue of Nature Photonics. In their system, 

the total number of layers is 200, and the 
capacity of each layer equals 5 GB.

Multi-dimensional systems 

Th e storage capacity of 2P-excitation-based 
3-D optical memory is still limited by the 
resolution of recorded bits, which is in turn 
confi ned by diff raction. Th e limit of 3-D 
storage capacity is approximately 3.5 Tbits/
cm3, as predicted by the diff raction theory 
after aberration correction is considered for 
an objective of NA=1.4. Th e ever-increasing 
demand for more data capacity is compel-
ling the development of multi-dimensional 
optical data storage.

Th e idea behind multi-dimensional optical data storage is 
to multiplex multiple states of information in the same 3-D 
spatial region of a recording medium. Th e information can 
be encoded into additional physical dimensions of the writing 
beam, such as spectra or polarization, and then individually 
addressed. Th e ground-breaking techniques of polarization and 
spectral encoding are the core of third-generation optical data 
storage. Th ese approaches, which are not limited by the spatial 
resolution of recorded bits, allow capacity to be expanded by 
orders of magnitude.

In 2007, Li et al. reported in Optics Letters that the world’s 
fi rst erasable four-dimensional (4-D) optical data storage 
device adopted the polarization-encoding technique. Th e 
two-state information was multiplexed in the two polarization 

states of the writing beams. 
Th rough the 2P-induced 
re-orientation of azo dyes 
inside a photopolymer, 
the researchers recorded 
a polarization-sensitive 
refractive-index change in 
the volume of a recording 
medium and retrieved it 
back individually. How-
ever, the realization of 4-D 
memory in such materials 
is limited by the weakness 
of 2P-absorption effi  ciency 
of azo dyes. Th is restriction 
has spurred a revolutionary 
idea: the 2P-induced photo-
reaction of nanoparticles. 

When sizes shrink to the 
nanometer scale, intriguing 

[ Major achievements towards the development of 2P-induced 3-D optical data storage ]

The idea behind 
multi-dimensional 
optical data storage 
is to multiplex multiple 
states of information 
in the same 3-D 
spatial region of a 
recording medium. 

Group Year Achievements Density

Parthenopoulos  1989 Demonstration of 2P-induced 3-D storage 
et al.  with a two-beam approach  --

Strickler et al. 1991 Demonstration of 2P-induced memory 
  with a single-beam approach --

Glezer et al. 1996 2P-induced 3-D voids recording in silica 17 Gbits/cm3 

Kawata et al. 1998 Rewritable 2P recording in a photorefractive crystal 33 Gbits/cm3

Gu et al. 1999 Realization 2P recording using a CW laser 3 Gbits/cm3

Day et al. 1999 Rewritable 2P recording in a photorefractive polymer 5 Gbits/cm3

Kawata et al. 2000 2P recording in photochromic materials 
  by a confocal refl ection microscope --

McPhail et al. 2002 Polarization-sensitive 2P recording in polymer 
  dispersed liquid crystal materials 205 Gbits/cm3

Day et al. 2002 2P-induced voids recording in polymers 2 Gbits/cm3

Walker et al. 2007 2P-induced photochromic recording in a multilayer disc 250 GB/disc

Walker et al. 2008 2P-induced photochromic recording in a 200-layer disc 1,000 GB/disc
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optical properties of nanoparticles emerge, such as a large 2P 
sensitivity, wavelength-tunable absorption and emission over 
their sizes, and a sharp polarization sensitivity, depending on 
their shapes. With the significantly enhanced 2P sensitivity, 
2P-induced 3-D recording can be efficiently implemented 
using quantum dots as the energy transfer donors. 

To this end, rod-shape semiconductor nanoparticles 
have been incorporated into photopolymers to introduce a 
polarization-sensitive energy transfer, therefore enabling the 
world’s first nanoparticle-enabled polarization-sensitive 4-D 
optical data storage device. On the other hand, when the sizes 
of metallic nanoparticles shrink, their absorption and scatter-
ing cross-sections can be significantly enhanced at the surface 
plasmon resonance wavelength. These appealing properties 
make nanoparticles suitable to fulfill the application in both 
spectral and polarization encoding techniques with higher 2P 
sensitivity and less cross-talking. 

When photoexcited at the surface plasmon resonance 
wavelength, the nanorods can raise the temperature above the 
melting point and re-shape into spheres. As a consequence of 
the shape change, surface plasmon bands are blue-shifted. This 
phenomenon can be used as a permanent recording mecha-
nism, and it contributes a key technique for spectral encoding 
that uses nanorods of different sizes. In a 2009 Nature article, 
Zijlstra and colleagues demonstrated that gold nanorods, 
combined with the sharp 2P-induded polarization sensitivity, 
enable information to be recorded in five dimensions. 

Future exploration
According to the global data storage market projection by the 
International Data Corporation, the amount of information that 
can be captured has been increasing explosively—six-fold within 
every four years. In the near future, the information generated 
each year will much overwhelm available storage capacity. 

The urgent demand for more capacity compels the devel-
opment of ultra-high-density storage devices. The major 
achievement of 5-D optical data storage marks the beginning 
a journey to the new era of multi-dimensional petabyte optical 
memory systems (1 exabyte = 1,000 petabytes; 1 petabyte = 
1,000 terabytes)—which are equivalent to 10,000 times the 
current DVD capacity. 

These multi-dimensional optical data storage devices are 
called multi-dimensional CD (MD CDs). They should emerge 
within the next 5-10 years. If successful, this new technol-
ogy will underpin every sector of our modern life, with roles 
in remote education, portable banking, global e-security and 
telemedicine. It will also lead to enormous economic benefits. 

Multi-dimensional optical drives
In the future, we hope to see the development of a multi-
dimensional optical drive that is not only compatible with the 
current DVD and Blu-ray discs, but also able to record and 
read polarization and spectral information. The signal noise 
ratio and bit error rates of multiplexed data decoding should 
be tested. The writing and reading speeds can be optimized 
to make large-scale petabyte capacity feasible, provided that 
parallel binary optics can be adopted.

Engineering of multi-dimensional  
point spread function
In a 3-D optical system, the point spread function is consid-
ered only in the x-y-z spatial dimensions. However, for a 5-D 
optical system, the point spread function must be engineered 

[ Global data storage market projection ]

[ 5-D optical data storage ]

Source: Extracted from International Data Corp. 

Information bits are polarization- and spectra-multiplexed in 
multiple layers inside the medium. (Center) One recorded layer 
indicated by the red dashed line is addressed using a ran-
domly polarized broad band source. (Right) The multiplexed 
information can be individually addressed with correspond-
ing polarization (indicated by the arrow) and wavelength, as 
illustrated in the right column.
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to incorporate not only the spatial dimensions but also spectral 
and polarization distribution. To realize spectral encoding 
in the volume of a recording medium, researchers must use 
a broadband source such as a supercontinuum source as the 
excitation source. 

Due to the nature of dispersion, the 
focus of a broadband source will split 
when it propagates through the disper-
sive medium. To maintain the intensity 
distribution of the focus in the whole 
volume of the recording medium and 
remove the aberration effect, one must 
engineer the point spread function of a 
broadband source by providing spectro-
scopic compensation. 

In addition, owing to their vectorial 
properties, the electric field will depolar-
ize into three components—Ex, Ey and 
Ez—in the tight focus of an objective 
with a large NA. The three electric-field 
components of the point-spread function 
can be engineered individually with a 3-D 
polarizer. This will enable information to be encoded in the 
polarization states of the writing beam; it will be added three-
dimensionally inside the focus instead of only being multi-
plexed in the x-y plane. Therefore, this effort can significantly 
expand the number of multiplexed channels. 

Further, the point spread function can also be engineered 
to split the single focus into multiple ones using phase modula-
tion technology to engineer the input phase. This effort can 
lead to an efficient solution to address the recording and read-
ing speed associated with the bit-by-bit data storage.

Breaking the diffraction-limited barrier

Although the capacity of 5-D optical data storage is poten-
tially much larger than that of 3-D systems, the focus spot size 
is still confined in the x-y-z spatial region by the diffractive 
nature of light. For a given number of multiplexed channels, 
the storage capacity is mainly restricted by the spatial resolu-
tion of the optical system. Therefore, breaking the diffraction 
limitation to achieve a superresolution focus spot size is of sig-
nificance to petabyte 5-D optical data storage. There have been 
several approaches to break the diffraction-limited barrier of a 
light beam, including far-field stimulated emission depletion 
(STED) and superlens methods. 

In a typical STED system, one beam can be used to 
activate the recording, while another deactivates the record-
ing. By spatially shaping the overlapping of the two beams, 
one can achieve a superresolution focus spot size of l/20. 
Combining the STED method with spectral and polarization 
encoding techniques can significantly expand the current 
storage capacity.

An alternative approach to achieving a focus spot size 
below the diffraction-limited barrier is to collect the evanes-
cent waves and propagate into a far-field region. This idea has 
led to the superresolution achieved in materials of negative 

refractive-index, which is called the superlens 
effect. With metamaterials, researchers have 
realized far-field superlenses for imaging sub-
diffraction objects. Designing and developing 
such a far-field superlens for applications in 
5-D optical data storage will be one of many 
promising future explorations. The lens would 
be capable of focusing a superresolution spot 
in the far field.

Beyond five dimensions

Apart from the physical dimensions in the 
spectral and polarization domains, an optical 
beam also possesses orbital angular momen-
tum. This physical dimension can be adopted 
to encode information. When successful, it 
can provide the sixth dimension for optical 

data storage, thereby resulting in a further expansion that will 
help fill our insatiable need for data storage. t

The authors thank the Australian Research Council for its support, as 
well as the current and previous team members for their contributions, 
including Daniel Day, Dennis McPhail, Xiangping Li, Peter Zijlstra, 
James Chon, Kyongsik Choi, Craig Bullen, Joel Van Embden , Shuhui 
Wu and Richard Evans.

Min Gu (mgu@swin.edu.au) and Xiangping Li are with the Centre for 
Micro-Photonics, Faculty of Engineering and Industrial Sciences, 
Swinburne University of Technology, Hawthorn, Victoria, Australia.Member

[ References and Resources ]

>> D.A. Parthenopoulos and P.M. Rentzepis. “Three-dimensional opti-
cal storage memory,” Science 245, 843-5 (1989).

>> K. Buse et al. “Non-volatile holographic storage in doubly doped 
lithium niobate crystals,”  Nature 393, 665-8 (1998).

>> M. Gu. Advanced Optical Imaging Theory, Springer-Verlag, 2000.
>> A.S. Van De Nes et al. “High-density optical data storage,” Reports 

on Progress in Physics 69, 2323-63 (2006).
>> S. W. Hell. “Far-field optical nanoscopy,” Science 316, 1153-8 

(2007).
>> X. Li et al. “Rewritable polarization-encoded multilayer data storage 

in 2,5-dimethyl-4-(p-nitrophenylazo)anisole doped polymer,” Opt. 
Lett. 32, 277-9 (2007).

>> Z. Liu et al. “Far-field optical hyperlens magnifying sub-diffraction-
limited objects,” Science 315, 1686 (2007).

>> E. Walker and P.M. Rentzepis. “Two-photon technology: A new 
dimension,” Nat. Photonics 2, 406-8 (2008).

>> X. Li et al. “Quantum-rod dispersed photopolymers for multi-dimen-
sional photonic applications,” Opt. Express 17, 2954-61 (2009).

>> N. Li et al. “Achieving l/20 resolution by one-color initiation and 
deactivation of polymerization,” Science 324, 910-3 (2009).

>> P. Zijlstra et al. “Five-dimensional optical recording mediated by 
surface plasmons in gold nanorods,” Nature 459, 410-3 (2009).

For a 5-D optical 
system, the point 
spread function 
must be engineered 
to incorporate not 
only the spatial 
dimensions but also 
spectral and polar-
ization distribution. 
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Lloyd G. Cross/Courtesy of the MIT Museum

Jeff Hecht 

The invention of the hologram actually predates that of the 
laser, but they both came of age during the technological 
boom of the 1960s. Holography has not matched the 
growth of some laser applications, but if you look in your 
pocket or purse, you will find it is alive and well.

HOLOGRAPHY HOLOGRAPHY 

(Above) Mini Kiss II, 1975. Holographic stereogram of Pam Brazier. When the viewer stands to the left of 
the hologram, her right profile is visible. As the viewer moves from left to right, she blows a kiss and then 
winks. When the viewer reaches the right side of the hologram, her left profile is visible.

and the Laser
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Reprinted by permission from Macmillan Publishers Ltd: Nature ©1948

Dennis Gabor’s first hologram from his May 15, 1948, Nature article. (a) Original micrograph, 1.4 mm diameter. (b) Micrograph, 
directly photographed through the same optical system used for the reconstruction. (c) Interference diagram obtained by project-
ing the micrograph on a photographic plate with a beam diverging from a point focus. (d) Reconstruction of the original by optical 
synthesis of the original.

A lthough holography has long been closely identified with lasers, 
Dennis Gabor made the first hologram a dozen years before Theodore 

Maiman made the first laser. After several years of experiments failed to make 
holography practical, Gabor largely abandoned the field, and most work had ceased 
by the time of Maiman’s laser. Then, the development of continuous wave lasers 
gave holography the coherent light source it needed, allowing Emmett Leith and 
Juris Upatnieks to reinvent and successfully launch holography.

Gabor was trained in electrical engineering but fascinated by physics, and he 
spent his career in research and development. Born in Hungary in 1900, he worked 
in Germany after earning a Ph.D. from the Technical University of Berlin. He 
moved to Britain when Hitler came to power. He invented holography in 1947 
while working at the research laboratory of British Thomson-Houston Company 
in Rugby. The idea came to him while waiting for a tennis court on Easter. He was 
wondering how he could improve the resolution of electron microscopes, which had 
been limited to a few nanometers at the time.

With the imperfections in electron optics limiting resolution, Gabor recalled 
later, “Why not take a bad electron picture, but one that contains the whole infor-
mation, and correct it by optical means?” He originally envisioned illuminating 
an object with a beam of coherent electrons. The pattern of interference between 
electrons scattered from the object and those not deflected would record phase and 
intensity of the electron wavefront. Recording the interference pattern and illu-
minating it with coherent light would reconstruct the wavefront of the scattered 
electrons, generating a high-resolution image of the object. 

A sister company, Metropolitan Vickers, made electron microscopes, so manag-
ers okayed Gabor’s project. Lacking a way to record electron interference patterns, 
Gabor started by using light as a model, although he had not worked with optics 
before. At the time, the best available source of coherent light was a high-pressure 
mercury lamp, but its coherence length was only 0.1 mm. Filtering the output 
through a 3-µm pinhole left only enough light to make 1-cm holograms of 1-mm 
transparencies, but illuminating them yielded recognizable images. 

A
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It was a small start, but one that pointed toward three-
dimensional imaging. In a microscope, Gabor saw “one plane 
after another of extended objects...just as if the object were 
really in position.” His report in the May 15, 1948, Nature 
gathered considerable attention and helped him land a profes-
sorship at Imperial College in London, where he continued his 
research. Others soon followed his lead. 

However, progress was slow. Low coherence of avail-
able light sources limited imaging to small transparencies. 
Moreover, the coherent light and the light scattered from the 
transparency followed the same paths in Gabor’s design, so 
illuminating the hologram reconstructed a pair of images in 
the line of sight, one in focus and one out of focus. Th e twin 
image problem degraded holographic images and discouraged 
developers. By the mid-1950s, Gabor and most others had 
largely abandoned holography. 

Optical signal processing 
About that time, Emmett Leith was planting the seeds of a 
holographic revival at the University of Michigan’s Willow 
Run Laboratory. A native of Detroit, Leith had taken optics 
courses as a physics major at Wayne State University and 
joined the lab staff  in 1952 after receiving a master’s degree. 
Established in 1946 as a military research arm of the univer-
sity, Willow Run in 1953 began a major project in the hot, 
new—and highly classifi ed—fi eld of synthetic aperture radar. 

Th e idea was to scan a small antenna over a large area, 
building up an image with the high resolution possible only 
with a much larger antenna. Flying the antenna pointing

[ Spectrum of a hologram ]

[ Wedge technique for producing a two-beam hologram ]

The two sidebands in a communication signal or 
in-line hologram. 

Adapted from E. Leith and J. Upatnieks, J. Opt. Soc. Am. 52(10), 1127 (1962).

out the side of a plane could collect the data in a series of 
strips, but the trick was converting the raw data into a three-
dimensional map.

In 1954, Leith was assigned as a junior engineer to the project 
headed by Lou Cutrona and Wes Vivian. Some months later, 
Russell Varian, one of the brothers who founded Varian Asso-
ciates, suggested processing the radar data optically. Th e appeal 
was that focusing an image through a lens produces a Fourier 
transform of the image in the focal plane of the lens. Fourier 
transforms were vital for analyzing the huge volumes of radar 
data, and the electronics of the time weren’t up to the job.

Leith and Wendell Blikken fi rst designed a complex 
incoherent optical system for the task. Initially it didn’t seem 
promising, but they soon improved it. “Th e biggest advance 
came when we began looking into coherent light, and many 
of the problems just melted away,” Leith recalled later. At 
the time, in 1955, mercury lamps were still the best available 
coherent sources, but their requirements were modest—only a 
line source of monochromatic light because they were process-
ing signals in one dimension. Eventually they realized a point 
source of white light could give essentially the same benefi ts, 
if the optics focused all the light from the point source onto 
another point. 

While developing the theory of their optical processing sys-
tem in September 1955, Leith realized that the diff racted light 
waves produced by illuminating the data record were optical 
replicas of the original radar, but with optical rather than radar 
wavelengths. Th at led to a theory that mirrored Gabor’s wave-
front reconstruction approach, but shrank the long radio waves 
to shorter optical wavelengths rather than stretching the short 
de Broglie wavelength of electrons to the optical domain. 

Yet Leith knew nothing about other work on holography 
until October 1956, when he discovered a paper by Paul 
Kirkpatrick and Hussein M.A. El-Sum in the Journal of the 
Optical Society of America. He was stunned that others had 
already developed many of his concepts, although not the 
radar application. 

It took time to make optical processing a success. Th e fi rst 
eight test fl ights failed to produce usable data. But Leith and 
the Willow Run group perfected the technique, and by 1960 it 
was the standard way to handle synthetic aperture radar. It was 
so successful that the military classifi ed it, keeping the details 
under wraps for years. 

Off-axis holography
Holography intrigued Leith, but optical processing kept him 
too busy to do experiments until 1960, when Willow Run 
hired Juris Upatnieks as a new research assistant in the optics 
group. Born in Latvia in 1936, Upatnieks fl ed with his family 
when Soviet troops occupied Latvia in 1944. He spent years as 
a refugee in Germany before the family immigrated to the U.S. 
in 1951. He had a fresh degree in electrical engineering from 
the University of Akron (Ohio), but lacked a security clearance. 
While he waited for the paperwork, Leith put him to work on 

The object is placed in the lower part of plane P1; the holo-
gram is recorded at plane P2.

Adapted from E. Leith and J. Upatnieks, J. Opt. Soc. Am. 53(12), 1377 (1963).
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an unclassified project, making Gabor-style holograms. Despite 
Upatnieks’ lack of optics experience, he succeeded. The recon-
structed images were fascinating, but they suffered from the 
same twin-image problem as Gabor’s originals. 

Leith had developed a theory of holography based on the 
concept of a signal modulating a carrier frequency that is a 
basis for radio communications. The coherent input light that 
did not illuminate the object was the carrier, and the light 
scattered by the object was the signal. In a simple modula-
tion system, combining a low-frequency signal with a higher-
frequency carrier produces two side bands, the sum and 
difference frequencies, one above the carrier frequency and 
one below. In holography, the twin images were the two side 
bands produced by in-line Gabor holography. 

The challenge in holography was to eliminate one of the 
side bands, leaving a single clear reconstructed image. Leith 
thought he could do that by separating the object and refer-
ence beams, so they reached the photographic plate record-
ing the hologram at different angles. But separating them in 
practice was difficult, and Upatnieks’ experiments did not yield 
reasonable holograms of the transparencies they were using 
until he came up with an optical trick in the spring of 1961. 

He directed a single line from a mercury-vapor lamp at a 
diffraction grating and selected two different orders of dif-
fracted light. One became the reference beam, aimed directly 
at the plate recording the hologram. The other became the 
object beam, aimed at the object so it would scatter light 
toward the plate. 

The trick worked, yielding the first off-axis hologram. 
Further experiments showed that separating the two beams by 
a large enough angle produced results that confirmed a refined 
version of Leith’s theory. Leith described the results at the Opti-
cal Society’s October 1961 meeting in Los Angeles and submit-
ted a paper to the Journal of the Optical Society of America. 

By then the project was on hiatus. Upatnieks, who had 
enlisted in the Reserve Office Training Corps (ROTC) in col-
lege, was called to fulfill his military obligations in May 1961. 
He didn’t return to Willow Run until November 1962. As 
soon as he did, he returned to holography. 

The new round of experiments started with a mercury lamp, 
but much had happened in the young world of lasers in the 18 
months Upatnieks spent on duty. Bell Labs had developed the 
red helium-neon laser, and Spectra-Physics and Perkin Elmer 
had teamed to produce the first commercial version. The lasers 
were just starting to reach labs, but another optical specialist 
at Willow Run, Anthony VanderLugt, had a three-milliwatt 
model he was using in image-recognition experiments. It was 
a wonderful new toy, VanderLugt was working close by, and 

inevitably, as Upatnieks says, “We kind of talked him into 
letting us borrow his beam. We put a mirror in his room, and 
bounced the beam off to our setup.”

Their simple setup was based on a standard optical bench. 
They expanded the laser beam and split it by passing it through 
a wedge prism resting vertically on top of their object, a pho-
tographic transparency. The object-beam light went straight 
through the transparency, but the prism bent the reference beam 
down at 5 to 10 degrees, so the two overlapped, recording a 
hologram on a photographic plate. Recording good holograms 
required extra-flat glass photographic plates that Eastman 
Kodak had developed for spectroscopy. Exposure was very slow, 
making the higher intensity of the laser beam an important 
advantage over the fainter light from the mercury lamp. 

The results presented at the March 1963 OSA meeting in 
Jacksonville, Fla., showed a dramatic improvement over the 
earlier mercury-lamp holograms. In the version published in 
the December 1963 issue of JOSA, it’s hard to tell an original 
1.5-cm slide with clear lettering from a holographic reconstruc-
tion. Holographic reconstructions of slides of a child in an 
outdoors scene and an adult portrait are speckled but clear. 

Initially, switching to the laser had disadvantages as well 
as advantages. The speckle inevitable with lasers is noise in 
the reconstructed images. Mercury lamps could also record 
holograms, but the higher power and longer coherence length 

Courtesy of Juris Upatnieks

“The biggest advance came when we began looking into coherent 
light, and many of the problems just melted away,” Leith recalled.

Emmett Leith and 
Juris Upatnieks  
in 1965.
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of the laser made experiments easier. More important in the 
long run, the laser opened a new horizon for holography that 
mercury lamps couldn’t reach—recording fully three-dimen-
sional objects. 

Three-dimensional holography
Strictly speaking, photographic transparencies are three-
dimensional because they have a finite thickness. The reference 
and object beams in the first Leith-Upatnieks laser holograms 
traveled nearly identical paths, so, with sufficient care, filtered 
mercury lamps were coherent enough to record holograms. In 
principle, lamps might even have been used to record holo-
grams of thicker transparent three-dimensional objects. 

However, most three-dimensional objects are opaque, and 
opaque objects required more coherent light and posed a much 
bigger challenge. Leith and Upatnieks spent a couple of days 
in July 1963 trying to make laser holograms of reflective 3-D 
objects, but they failed. Busy with other work, they didn’t 
return to 3-D holography for months. 

That return was largely in response to reporters who called 
Leith after their first report on laser holography appeared in the 

December JOSA, asking what might come next. “He offhand 
mentioned that 3-D objects could be recorded and they would 
be three-dimensional, and no one believed it,” Upatnieks recalls. 
“Since Emmett said it would be done, we had to show it,” and 
they went back to the lab, determined to succeed. 

Officially, they were still working on the radar project. 
Transparent holography offered insight into ways to improve 
optical processing of radar data, but 3-D holography did not. 
Fortunately, it was a time before military contracts tightly 
directed research. “The subject was interesting, and the 
sponsors weren’t picky if you didn’t stay exactly on the task,” 
Upatnieks says. The university also provided some support for 
the 3-D project. 

They faced tough technical problems. Early lasers often 
drifted into multimode operation, with coherence length too 
short for 3-D holography. Stability requirements were much 
more stringent because vibrations of reflective objects changed 
path lengths much more than those of transparent objects, 
making it hard to record holograms. They tried to record 
holograms of simple objects laying around the lab, such as an 
aluminum block, a microscope objective, and wire figure, but 
the results were poor. They needed to isolate their optics from 
wavelength-scale vibrations that blurred interference patterns.

Fortunately, they already had a massive granite optical 
bench, which they had been using to build a Mach-Zender 
interferometer. Recording holograms on the granite bench 
greatly improved image clarity, but they were disappointed 
that they didn’t see the more dramatic difference they expected 
from a truly three-dimensional image. Then they realized the 
problem: They were recording images of objects only about an 
inch across, too small to give enough parallax for the eye to see 
the image as three-dimensional.

Recording holograms of larger objects on 4- by 5-in. plates 
showed what they wanted—something completely new. The 
reconstructed image looked exactly as the object appeared 
when illuminated by laser light. “It was incredible, just totally 
incredible, the one thing that excited us most,” Leith recalled. 

Their first image was a pile of loose objects they had col-
lected in the laboratory; it looked like a pile of junk, interesting 
only because it was a hologram. But as they refined their tech-
nique, they came upon an iconic object that made a striking 
hologram—an HO-gauge toy train that they borrowed from 
a technician. Eventually, the lab paid him for it, and Leith 
and Upatnieks filled it with epoxy and glued it to the tracks to 
stabilize it. They recorded more holograms, refining their tech-
nique and testing other off-axis configurations for combining 
the reference and object beams. They found they could record 
two holograms on the same photographic plate mounted at dif-
ferent angles, and then reconstruct the two holographic images 
separately without crosstalk by illuminating the plate at the 
proper angles. 

Visitors streamed through the lab to see the holograms, but 
the floodgates opened in April at OSA’s 1964 spring meeting. 
Upatnieks presented a 15-min. paper on Friday afternoon, the 

First attempt at 
a 3-D hologram, 
December 1963. 
Camera focused at 
rear of hologram in 
top image and at 
foreground below.

Courtesy of Juris Upatnieks
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last day of the meeting, titled “Lensless, Three-Dimensional 
Photography by Wavefront Reconstruction,” but the talk 
couldn’t match a demonstration. 

Leith and Upatnieks brought a 4- by 5-inch hologram, 
which they had arranged to display in a hotel suite where 
Spectra-Physics was showing a helium-neon laser. Attendees 
thronged the hotel, lining up in the hall to see the hologram. 
They stood and studied the holographic toy train floating in 
space. Although they were optical scientists, Leith recalled that 
they instinctively looked around to see if a trick optical system 
was projecting an image of the train hidden somewhere in the 
room. “I think that was the high point in the dissemination of 
holography,” he recalled. 

He had picked his audience well. The optics world was 
enchanted by the true 3-D reconstructions. Many went back 
to their own labs and tried to make their own holograms, 
but it wasn’t easy. Most failed on their first try, and then they 
called Leith and Upatnieks asking for help. “Those calls kept 
us quite busy for a while, but that was how holography took 
off,” Leith said. 

The holography boom

Enthusiasm spread fast, as it had for the laser just a few years 
earlier. The 1960s were boom years for technology; anything 
seemed possible, even flying to the moon. Like the ruby laser, 
holographic imaging could be duplicated in a well-equipped 
optics lab. Could this be the problem that the laser was search-
ing to solve?

Bill Bushor, the founding editor of Laser Focus, thought so. 
He devoted a quarter of his first issue, dated January 1, 1965, 
to an article on “3-D lasography—the month-old giant.” It 
heralded Leith and Upatnieks’ paper in the November 1964 
JOSA. That paper, he wrote, “has generated more interest 
among scientists and laymen alike than any other development 
since the introduction of the laser in 1960.”

It took some time to decide what holography was. To some 
it was wavefront reconstruction. To others it was lensless pho-
tography. Scientific American called its June 1965 article “Pho-
tography by Laser” and displayed two holographic chess pieces 
and a spreading laser beam on its cover. Leith and Upatnieks 
used “hologram,” a term coined by Gabor, and eventually it 
was modified to holography. 

By any name, holography clearly had potential. It was a 
big step beyond 3-D comics and films viewed through red 
and green cellophane lenses in cardboard glasses. Holographic 
images shimmering in mid-air looked eerily real; people 
instinctively reached out and tried to touch them. 

Denisyuk reflection holograms
The holographic boom brought a burst of innovation, includ-
ing a different type of hologram invented by Yuri Denisyuk 
at the Vavilov State Optical Institute in the Soviet Union. 
Denisyuk’s early work bore striking parallels to Leith’s, but it 
never got beyond experiments with mercury lamps.

After receiving his first degree in engineering at age 27 in 
1954, Denisyuk started working on military projects at Vavilov. 
Bored after a few years designing conventional optical systems 
for the Soviet navy, he obtained permission to work on a “kan-
didat” thesis, which he continued on his own after the death of 
the Vavilov scientist who had been supervising his work. 

He also realized the potential of wavefront reconstruction 
but devised a different approach, in which a laser beam illumi-
nated an object through a photographic plate, with the reflected 
light interfering with the input (reference) beam in the plane of 
the emulsion to produce a hologram. Reflecting light from the 
surface—rather than transmitting a laser beam through the 
hologram—reconstructed the image. 

Denisyuk later said he got the idea of reflective imaging from 
Russian science fiction stories. However, his technical inspira-
tion was the ingenious color photography technique that French 
physicist Gabriel Lippmann devised in the late 19th century, 
based on forming interference patterns in emulsions backed by 
a layer of mercury, then viewing them in diffuse light. 

Starting in 1958, Denisyuk did extensive theoretical analy-
sis and experimented with mercury lamp sources. He enlisted 
a colleague, Rebekka Protas, to develop special high-sensitivity 
emulsions but had to halt his experiments in 1961 when he 

As they refined their technique, they came upon an iconic object that made 
a striking hologram—an HO-gauge toy train, borrowed from a technician. 

The iconic photo of the 
holographic toy train.

Courtesy of Juris Upatnieks
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finished his degree. He published two papers in Russian in 
1962, but they were overlooked even after being translated into 
English a year later. 

Crucially, Denisyuk holograms did not require coherent 
light to reconstruct the image; bright white light sufficed, as 
with Lippmann photography. While experimenting with new 
ways of combining reference and object beams, three American 
labs independently produced Denisyuk holograms within a 
few months in 1965. They stumbled upon white-light recon-
struction by accident. At Willow Run, Upatnieks was carrying 
a developed plate back from the processing lab, which was in 
another building, when he glanced down and was amazed to 
see that sunlight scattered from the hologram had reconstruct-
ed an image. Only later did Leith realize that Denisyuk had 
predicted white-light reconstruction. 

Imaging applications
The first round of the holographic boom focused on imaging 
applications. In the summer of 1965, Matt Lehmann, Joseph 
Goodman and David Jackson of Stanford University dem-
onstrated the world’s first holographic movie, featuring steel 
balls and a watch. The movie was short, and the image had to 
be viewed by peering into a small black box, but it echoed the 
birth of motion pictures in the late 19th century. 

Yet early experiments also revealed technical problems. 
Image size was limited by coherence length and optics size. 
The full three-dimensional effect was visible over only a lim-
ited angle and depended on proper illumination. And holo-
graphic images glittered with laser speckle. 

A major imaging advance came in 1969, when Steve Benton 
invented the “rainbow” hologram at the Polaroid Corpora-
tion. Trying to produce brighter images, he decided to make 

reflection holograms that displayed depth only in the horizon-
tal plane of the separation between our eyes that yields parallax 
and the sense of distance. 

Unlike true Denisyuk holograms, Benton’s design diffracts 
the whole visible spectrum, with different wavelengths spread 
across a range of angles. This makes rainbow holograms much 
easier to see under normal lighting than other holograms, and 
they have become the most widely used type. They can be 
embossed onto metal films, allowing their use on book covers, 
packaging, credit cards and some types of currency. 

Lloyd Cross developed a variation on rainbow hologra-
phy, which offered an illusion of motion in the early 1970s 
in San Francisco. He produced them in a two-stage process. 
First, he took conventional photographic transparencies as he 
moved around a person or object, then he recorded rainbow 
holograms of the series of transparencies as successive narrow 
stripes on film. Finally, the film was mounted in a 120-degree 
arc or a 360-degree cylinder. 

The viewer’s eyes saw different frames, giving the parallax 
that the brain interprets as depth. If the model moved between 
frames, a viewer saw the movement while moving around the 
curved hologram. Cross formed a company called Multiplex to 
make the holograms; the best known one shows Pam Brazier 
blowing a kiss to the viewer. (See image series on p. 34.)

The Nobel Prize
In October 1971, when the holographic image boom was in 
full flower, Dennis Gabor received the Nobel Prize for “his 

Crystal Beginning, 1977. White light transmission hologram. A series of lines made up of dots seems to travel towards 
the viewer, as though one is traveling through space, or in the middle of an exploding supernova. Colors of the dots/
lines change, depending on the position of the viewer. (Right) Hologram of Stephen Benton.
W.R. Houde-Walter, S.A. Benton, H.S. Mingace Jr./Courtesy of the MIT Museum

ONLINE EXTRA: To see a video of Lloyd Cross’s Kiss II 
hologram, please visit www.osa-opn.org.
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invention and development of the holographic method.” Like 
many Nobels, the choice was controversial. American scientists 
were surprised that Leith and Upatnieks did not share the prize 
for having essentially revived holography from the realm of 
dead ideas by solving the twin image problem and using lasers. 

In his book Holographic Visions, science historian Sean 
Johnston points the blame at George W. Stroke, a European-
born physicist who joined the University of Michigan faculty 
in 1963, where he started a holographic program on the main 
campus that came to compete with Leith’s group at Willow 
Run. Stroke claimed his work was more important that Leith’s, 
but lost a power struggle at Michigan and left the university 
in 1967, Johnston writes. Then he argues that Stroke tried to 
influence the Nobel committee.

Yet Susan Gamble, a holographer who wrote a doctoral 
dissertation on the history of science at Cambridge University, 
argues that a different type of politics was involved. Willow 
Run, known by a series of names over the years, was funda-
mentally a military research laboratory, and Leith and Upat-
nieks were mainly engaged in military work. 

Students had protested Michigan’s involvement in military 
research, and by 1971 opposition to the Vietnam war was 
strong in Europe as well as within the U.S. student population. 
Could the Nobel committee have decided that they would 
send the world the wrong message by giving a Nobel for work 
done under military contracts? It’s a plausible argument. 

Holography today

If some optical Rip Van Winkle from 1970 woke up today 
after his long nap, he might ask: Whatever happened to holog-
raphy? It has not lived up to its great expectations, but in that 
it has plenty of company. We in optics may be spoiled by the 
tremendous growth of fiber-optic communications and laser 
technology. Holography is still alive, but it has not kept up 
other areas of optics. 

Holography has moved out of the spotlight. The Hologra-
phy Museum, founded in 1977 during the heyday of holo-
graphic art, went bankrupt in the early 1990s and sold its 
collection to the MIT Museum. Many artists have moved on 
to other things, but lately the noted artist James Turrell has 
turned to holography, in a series of 1- to 2-m pieces produced 
with Holographics North. 

Yet holographic displays are far from dead, says holographer 
and consultant Michael Wenyon. He cites Zebra Imaging in 
Austin, where former associates of Benton’s do cutting-edge 
holographic imagery. The company has sold the Pentagon 
thousands of their holographic geospatial maps for tactical 

planning. Last year it made the Inc. 500 list of fastest-growing 
small companies. 

Embossed rainbow holograms are mass-produced for a 
wide range of applications in packaging, displays and security. 
The most familiar examples in the United States are on credit 
cards, but look closely and you can find holograms used in 
tamper-resistant packages. Some countries, including Britain 
and Australia, use holograms on currency to foil counterfeit-
ers. The International Hologram Manufacturers Association 
(www.ihma.org) serves the industry and counts 90 members. 

Holograms also are used in industry, often in ways that go 
unrecognized, says Wenyon. Reflectors used to brighten the 
faces of Timex watches are holograms. Upatnieks developed a 
holographic gunsight, sold by a company called EOTech, which 
projects a reticule in a field of view large enough for a soldier to 
see the area around the target. Some holograms are used as opti-
cal components; others are being developed as solar collectors. 

We may never watch wide-screen movies in glorious 
holovision, but who would have thought we would carry 
holograms in our pockets or have them collect sunlight to 
generate electricity? t

Jeff Hecht (jeff@jeffhecht.com) is a science and technology writer 
based in Auburndale, Mass., U.S.A. Member

If some optical Rip Van Winkle from 1970 woke up today after his 
long nap, he might ask: Whatever happened to holography? 
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Cosmetics have come a long way from the days of thick 
creams and pancake powders. Using optically complex 
pigments and particles that scatter light, today’s cosmetic 

scientists and designers have engineered sophisticated 
new products that enhance people’s features rather 

than cover up their skin. 

osmetic products—foundation, eye shadow, blush, mascara and 
lipstick—carry with them the promise of transformation. Every 
morning around the world, millions of people open small tubes, 

jars and plastic cases in an effort to accentuate their features, rewind the clock, 
or simply express themselves in unique ways.

But how do cosmetics create their illusory effects? If you open nearly any 
magazine, you’ll find ads for these products featuring slick, pseudo-scientific 
language and illustrations that would make most researchers wince. But 
the truth is that a tremendous amount of real science—both optics and 
chemistry—goes into cosmetic development. Modern makeup is a care-

fully formulated mixture of pigments, minerals, polymers, waxes and/or 
water. In recent years, scientists have been creating optically complex 

pigment particles designed to enhance the wearer’s own skin rather 
than cover it up.

When we look at a woman wearing cosmetics, we see the light 
reflected off of her face—but it’s not reflected from a single sur-

face like a mirror. Rather, the impinging light travels through 
multiple layers: the makeup, the epidermis (the skin’s outer 

layer), the dermis (middle layer) and the underlying subcuta-
neous tissues. 

To further complicate matters, many portions of the skin 
have their own pigments or colors associated with them. The 

epidermis, for example, contains varying levels of the brown 
pigment melanin, while the dermis has a reddish hue due to 

blood vessels. Collagen, a component of the skin found in the 
dermis, tends to yellow as a person ages.

C
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[ Layers of the epidermis ]

Makeup is applied to the stratum 
corneum, the outermost layer.

Each of the skin’s layers, including 
the makeup, transmits, absorbs and 
reflects part of the light that falls on 
it. The reflected light exits through a 
different point from where it entered. 
These subsurface scattering effects allow 
us to distinguish living humans from 
mannequins and crash-test dummies; 
computer graphics specialists use sophis-
ticated modeling algorithms to emulate 
this kind of light scattering when they 
develop realistic humanoid characters for 
Hollywood blockbusters.

Cosmetic scientists, however, must 
work with micron-sized particles of real 
material instead of pixels. Following the 
demand of modern customers for the 
“natural” look in makeup, they have been 
creating composite particles that scatter 
light, blurring skin imperfections instead 
of covering them with opaque pigments. 
Researchers are also seeking new ways to 
add iridescence to cosmetics by borrowing 
ideas from naturally occurring substances 
and photonic crystal technology.

The basics: pigments,  
dyes and lakes

Pigments are inorganic, insoluble materi-
als that are ground into fine particles and 
suspended in liquid. Two of the most 
common cosmetic ingredients are simple 
mineral pigments: iron oxide (either 
FeO, which is black, or Fe2O3, which 
is reddish-brown) and titanium dioxide 
(TiO2, which is white).

To impart color to the skin, most 
pigment particles should be around 3 to 
5 µm in diameter, said Nick Morante, an 
independent color consultant who oper-
ates a cosmetic formulation laboratory in 
Holbrook, N.Y. (U.S.A.). Although zinc 
oxide and titanium dioxide are both white 
pigments, when they are ground down 
to particle diameters of less than 1 µm, 
they lose their color value but still act as 
a sunscreen by absorbing, reflecting and 
scattering ultraviolet light. The product 
may look white when coming out of the 
bottle or tube, but once the user spreads it 
on his or her skin, it looks transparent.

Dyes, which are soluble in liquids, 
are mainly used in cosmetics in the form 

Following the 
demand of modern 
customers for the 
“natural” look in 
makeup, cosmetic 
scientists have been 
creating composite 
particles that scatter 
light, blurring skin 
imperfections instead 
of covering them with 
opaque pigments. 

of “lake pigments,” which are a sort of 
hybrid between dyes and pigments. To 
make a lake, the dye is precipitated onto 
the surface of an inert insoluble binder, 
such as aluminum oxide (alumina) or 
calcium sulfate. The process makes it 
easier to incorporate liquid dye colors 
into dry or waxy cosmetic products.

In the United States, the Food and 
Drug Administration (FDA) regulates 
the coloring agents that go into cosmet-
ics. There are lots of unregulated ingredi-
ents that manufacturers can use so long 
as they are generally regarded as safe. 
However, colors are controlled because 
they have a poisonous history.

Before the 20th century, cosmetic 
colors could be downright toxic. For 
example, noble ladies of the 16th cen-
tury whitened their skin with Venetian 
ceruse, a mixture of mercury and lead. 
Arsenic oxide was used as a white face 
powder in the 18th and 19th centuries. 
Kohl, a nearly black eye makeup known 
since ancient Egypt, was originally 
made with ground-up galena, which is 
lead sulfide.

Nowadays, the cosmetics indus-
try bends over backwards to ensure 
safety and keep public confidence in its 
products, said Robert Y. Lochhead, a 
professor of polymer science at the Uni-
versity of Southern Mississippi (U.S.A.). 
Lochhead serves as the 2010 president of 
the Society of Cosmetic Chemists, a U.S. 
professional organization.

Foundation: the look  
and the feel
All ingredients of each cosmetic product 
must interact well with each other. If 
pigments don’t mix easily with the non-
coloring components, the product might 
cover the skin unevenly, wear off quickly 
or feel uncomfortable on the face.

Foundations are the flesh-toned 
substances that cosmetic users apply all 
over their face to even out skin tone and 
de-emphasize fine wrinkles. The first 
mass-market foundation, Max Factor 
& Company’s Pan-Cake, debuted in 
the late 1930s. It consisted of pigments 
mixed with a base of talc, or hydrated 
magnesium silicate, and the wearer 
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granulosum
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used a wet sponge to apply a coating of 
makeup to the face.

Pan-Cake is still manufactured today, 
and “pancake makeup,” generically, 
has its place in the worlds of theater, 
film and photography. Other types of 
opaque makeup, such as Dermablend, 
are thick creams used to hide skin prob-
lems such as birthmarks, vitiligo, scars 
and pigment disorders. Although cos-
metic companies have worked to improve 
their products over the years, heavy 
makeup, with its matte finish and high 
mineral-oxide content, can still produce 
a theatrical, artificial look if not applied 
carefully. Most foundations today come 
in liquid, pressed powder or lightweight 
cream formulations.

Starting in the late 1940s, cosmetic 
companies developed liquid foundations 
that were emulsions of oil in water. They 
tended to separate easily and felt cold to the 
touch, said Lochhead. About 25 years ago, 
scientists developed inverse silicone emul-
sions, with water droplets and pigments 
dispersed in light silicone oils. However, 
the existing pigments were incompatible 
with the new water-in-oil formulation, 
because they were designed for bases of 
water, not oil. That led to the development 
of hydrophobic pigments whose particles 
have a smooth coating of silicone.

It’s important to get the pigments and 
any other solid ingredients distributed 
evenly over the skin. Any flocculation 

or aggregation of the pigments will ruin 
the makeup’s optical effects. “You’d look 
like you just painted your face with wall 
paint, and that’s not what people want,” 
Lochhead said.

According to Zoe Draelos, a research 
and clinical dermatologist in High 
Point, N.C. (U.S.A.) and a consult-
ing professor of dermatology at Duke 
University School of Medicine, the size 
of the particles and their concentration 
in the facial foundation determine how 
much it covers. “Sheer” foundation is a 
moisturizer tinted with iron oxide and 
titanium dioxide, designed to add a bit 
of cover but not to cover skin defects 
such as pimples. Other sheer founda-
tions are powdered mixtures of iron 
oxide with talc and kaolin. Translucent 
makeup allows for some skin tones to 
pass through the makeup.

Age-defying illusions
As baby boomers age, cosmetic manu-
facturers are coming out with products 
that claim to hide wrinkles—without 
being obvious about it. Old-style makeup, 
consisting of physical blends of elastomers 
and metal-oxide pigments, can phase-
separate on the skin, with the pigments 
collecting in the fine lines and wrinkles—
emphasizing the skin’s flaws within just a 
few hours after makeup application.

While surveying recent trends in 
U.S. patent applications for cosmetic 

The U.S. Food and Drug Administration (FDA) carefully con-
trols the coloring agents used in foods, drugs and cosmetics. 
(Certain pigments derived entirely from natural sources, such 
as iron oxide and titanium dioxide, are exempt.) The coloring 
agents must be approved for safety and the amount that can 
be used. Some can be used anywhere on the face and body; 
others cannot be used around the mouth and the eyes.

The U.S. Federal Food, Drug and Cosmetic Act—also 
known as Title 21, Part 74 of the Code of Federal Regula-
tions—specifies the formulation of each permitted coloring 
agent and its allowable uses. Colors with “FD&C” preceding 
their numbers are approved for foods; “D&C” signifies sub-
stances that are only allowed in drugs and cosmetics.

Ever wonder why the cosmetics industry pushes bold red 
one year, then pink the next year and orange tones the year 
after that? Color palettes vary depending on the amount of 

The Regulation of Cosmetic Colorants
dye produced each year. The major cosmetic lines will come 
out with similarly colored products, despite the carefully 
worded shade names and the glossy marketing photos.

The European Union (EU), China, Japan and other devel-
oped countries have their own analogs of the FDA. For exam-
ple, the EU’s Cosmetics Directive lists approved, banned 
and restricted ingredients, including colorants, for products 
sold in its member nations. There are some differences in the 
permitted pigments and sunscreen ingredients between the 
FDA and the EU.

The largest cosmetic companies use ingredients that are 
accepted in all countries because they want to market the 
same product worldwide. “If you buy a Revlon lipstick, it’s 
going to be the same everywhere, and that is the advantage 
of large global brands over small niche brands,” said Zoe 
Draelos, a North Carolina (U.S.A.) dermatologist.

It’s important to 
get the pigments 
and any other solid 
ingredients distributed 
evenly over the skin. 
Any flocculation or 
aggregation of the 
pigments will ruin  
the makeup’s  
optical effects. 
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colorants, Lochhead and a graduate 
student, Laura Anderson, found that sci-
entists are developing composite makeup 
particles that diff ract, refract and refl ect 
light off  the wearer’s skin, rather than 
covering the skin with an opaque barrier. 
Not only do these particles let the natu-
ral skin color pass through to the outside 
world—albeit with enough blurring to 
hide small surface imperfections—but 
they can even produce new hints of color 
for a radiant glow.

Th e diagram below illustrates what 
happens when light hits one of these 
coated mineral particles, shown in 
cross-section. According to Morante, 
the particles—which are no larger than 
10 µm in diameter for optimum feel 
and performance in the makeup—scat-
ter light away from the eye so that the 
small wrinkles aren’t apparent.

Some foundations, according to 
Lochhead, contain tiny alumina plate-
lets, some treated with metal oxides and 
others coated with silica spheres. Th ese 
structures bounce the light around inside 
the wrinkle—total internal refl ection—
and soften the look of the wrinkle with-
out the use of opaque pigments.

Simple light refl ections are another 
way to hide wrinkles. Since the wrinkle 
is depressed from the skin surface, light-
refl ective particles at the base of the 
wrinkle will make the crevasse refl ect 
more light. “Th at will make the wrinkle 

Younger cosmetic wearers may have 
more blemishes than wrinkles, and 
composite particles can help them too. 
Researchers at Avon Products Inc., 
according to their patent application, 
embedded sub-micron-sized alkyl silane-
treated titanium dioxide particles into 
silicone gels. Th e embedded particles 
increase the refractive index of the gel, 
which then scatters incoming light away 
from the blemish underneath.

Another blemish-hiding makeup for-
mula uses two kinds of 10- to 20-µm-wide 
alumina platelets: one treated with metal 
oxides and the other covered by titanium-
coated spherical silica. “Together, the 
two diff erent platelets form the mosaic, 
which gently refl ects light and matches 
the natural color of the skin,” wrote the 
team from Color Access Inc. of Melville, 
N.Y. (U.S.A.), which patented the idea. 
Still other concealers described in patent 
applications use tiny glass beads or plate-
lets coated with nylon or even silver.

Iridescence and pearlescence
Glass and mineral cosmetic particles 
can be coated with titanium dioxide 
and other substances to produce irides-
cence, or colors that appear to change 
with the angle of view. When applied to 
the skin, such particles form a semi-
transparent layer that creates phase-
shifting and interference eff ects, and 
some wavelengths of light are attenu-
ated more than others. Iridescence 
happens in nature—in pearls, mollusk 
shells, butterfl y wings, peacock feathers 
and some insect exoskeletons.

Pearlescent pigments are generally 
shaped like fl akes instead of spheres. 
Originally, tiny platelets of mica were 
coated with metal oxides with a higher 
refractive index than the mica substrate. 
Since natural mica tends to be some-
what irregular and can scatter light too 
much, cosmetics companies have been 
making artifi cial platelets of materials 
such as borosilicate.

Color researchers manipulate the 
types of substrates and coatings to 
enhance the refl ection and interference 
of certain wavelengths. At L’Oréal, 
scientists have attempted to create 

Glass and 
mineral cosmetic 
particles can 
be coated with 
titanium dioxide and 
other substances to 
produce iridescence, 
or colors that appear 
to change with the 
angle of view.

[ Cross-section of hypothetical makeup particle ]
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Cosmetics made of multilayered particles refl ect and transmit diffuse light to conceal 
wrinkles or impart different colors to observers at different viewing angles. (Inset) 
Cosmetic-grade pigment of TiO2-coated mica particles.
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appear less deep, and it will fool the eye 
into thinking that the skin surface is 
more even than it is,” she said.

“It is very much an optical illusion,” 
Draelos said. “You can create some very 
interesting optical eff ects with very small 
particles of pigment.”

http://www.osa-opn.org
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iridescence by depositing ordered lat-
tices of monodisperse particles onto a 
film-forming polymer on top of keratin 
(skin or fingernails). The particle layers 
would act like a photonic crystal.

It’s all in the colors
Large cosmetic firms have huge com-
puterized machines that select tiny 
quantities of pigments and mix them 
robotically. According to Draelos, an 
experienced color designer can order up a 
hundred different shades and then select 
the ones that will form the company’s 
color palette for the coming season.

Color artists use the principle of 
blending complementary colors. For 
example, a woman who wants to neu-
tralize her reddish skin tone looks best 
with makeup that contains tiny green 
particles. Green, a complementary color 
to the red, would make the skin appear 
brown or tan.

Likewise, someone with a purplish 
skin lesion could cover up flaws with 
makeup with a yellowish tint. A bluish 
tint in “color-lightening” lipstick will 
help a person avoid the dreaded “yellow 
teeth” look. The blue and red pigments 

Simple light reflec-
tions are another 
way to hide wrinkles. 
Since the wrinkle is 
depressed from the 
skin surface, light-
reflective particles 
at the base of the 
wrinkle will make 
the crevasse reflect 
more light. 

[ Characteristics of metallic pigments: Reflection and scattering of light ]

Directional reflection and scattering

tints to hide specific skin problems, 
Morante said. “But you have to know 
how to use them so that you don’t walk 
around looking like Herman Munster.”

Can science quantify our subjective 
perceptions of facial coloration? Accord-
ing to Lei Huang and colleagues at Uni-
lever, we get our idea of “healthy” skin 
color from the absorption spectrum of 
hemoglobin in the bloodstream. Spectral 
reflectance of the skin has a “hemoglobin 
dip” centered around 550 nm. On the 
CIELAB L*a*b* color space scale (black 
to white, green to red, blue to yellow), 
Huang’s team defines light skin tones as 
those with L* values between 55 and 70 
and dark tones as those with L* measure-
ments of 35 to 55. 

The researchers developed a makeup 
containing polysaccharide beads loaded 
with enough titanium dioxide and red 
iron oxide that the product itself falls 
outside the desired skin-tone range, but 
when applied to the skin gives the skin 
a lowered spectral reflectance in that 
“healthy look” 550-nm range.

Some cosmetics companies specialize 
in limited skin-tone palettes. One might 
emphasize orange-tinted makeup for 
Caucasian teenagers who want to look 

Metallic gloss effect pigments

Ideal mirror: 100% directional reflection Ideal matte surface: 100% scattering

Pearlescent gloss effect pigments

will combine to yield a burgundy shade 
that makes the teeth appear whiter.

“By allowing the optics of the eye 
and light reflection to play with colors, 
you can basically enhance certain color 
perceptions by the eye and on the other 
hand decrease certain color perceptions 
by the eye,” Draelos said.

Using that principle of subtractive 
color, cosmetic companies make opaque 
concealers with green, violet and yellow 

ECKART GmbH

(Left) Metallic-effect pigments reflect light directionally, like a mirror. In cosmetics, their use is primarily in nail polish, and total reflec-
tance is about 90 percent rather than the ideal 100 percent. (Center) Absorption pigments scatter light in all directions, resulting in an 
even matte look. (Right) Pearlescent pigments reflect only part of the white light that enters them, giving an appearance of color that 
depends on the location of the observer.

Absorption pigments
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[ Natural mica vs. synthetic borosilicate ] [ Microscopic comparison of substrates ]
Natural mica Borosilicate

Layered structure, 
thickness deviation

Scanning electron microscope images of natural mica and synthetic 
borosilicate substrate particles reveal the more regular structure of the 
latter. Fewer steps and edges on the borosilicate fl akes give them better 
refl ectivity once they are coated with other substances.

Mica fl akes (top) and borosilicate fl akes (bottom), all 
coated with titanium dioxide. The smoother borosilicate 
particles give a brighter, more uniform color distribution 
and a better-looking fi nal product.

sun-tanned, while another line of cos-
metics might emphasize deep reds that 
fl atter African American women. 

Lipstick, eye shadow 
and mascara
Lipsticks were originally made of wax 
crystals that are similar to wax polishes 
made for shoes and cars, Lochhead said. 
In recent decades, lipstick formulators 
have added polymers for more stability 
and tiny silicone resin cushions to reduce 
the likelihood that lip color will come off  
on coff ee cups and shirt collars.

Today, lipsticks contain blends of red, 
yellow and blue lake pigments, some-
times with a dash of titanium dioxide to 
lighten reds into pinks. Synthetic “pearl-
izing” agents, such as bismuth oxychlo-
ride, give a frost or shimmer to the color. 
Lip glosses contain less wax and more oil 
than solid-stick lip colors.

Mascara must separate the eyelashes 
as well as color them. It needs to be as 
glossy and dark as the cosmetic scientist 
can make it, and its pigments must be 
compatible with polymers that have high 
extensional viscosity, so that the mascara 
forms a cylindrical fi lm that adheres to 
the keratin in eyelashes.

However, the U.S. FDA gives research-
ers a limited choice in safe pigments for 
use on eyelashes because of their proxim-
ity to the eyes’ mucous membranes, 

Looking ahead
According to Lochhead, “Th e reason 
people don’t think there’s science in there 
is that [cosmetics are] commonplace,” he 
added. “People think that because they’re 
so common, they can’t be very sophisti-
cated scientifi cally.”

Researchers are continuing to develop 
new composite colorants that diff ract and 
scatter light without drawing attention 
to themselves. Photonics, the ultimate 
enabling technology, will undoubtedly 
help millions more people to put their 
best face forward to the world. t

Patricia Daukantas (pdauka@osa.org) is the 
senior writer/editor of Optics & Photonics News.
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Lochhead said. Another caveat for 
mascara formulators is that, in the high 
humidity at the eyelash level, the bot-
tom of each lash shaft swells more than 
the tip, producing the characteristic curl 
away from the eye. Completely water-
proofi ng the lashes would bar water 
vapor from absorption into the lashes—
which would droop unattractively.

Eye shadows are pressed powders 
consisting of lake pigments, mineral 
pigments, mica and synthetic pearlescent 
minerals. “Th at’s where the colors get 
more exotic and more interesting,” Drae-
los said. Glittery eye shadows also have 
larger particle sizes than foundations, and 
the larger particles scatter more light.

Microscopic view of 
uncoated substrates 
(mica vs. borosilicate)
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Homogeneous 
thickness
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Diffraction pattern with an elec-
tromagnetic field wave. Adapted 
from Thomas W. Mossberg’s 
January 2008 After Image. 
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ne of Lord Rayleigh’s profound intuitions was to assume that the elec-
tromagnetic fi eld at a periodically corrugated interface can be represent-
ed on the basis of outgoing waves. Ever since the means for numerical 

modeling became available in the 1960s, the Rayleigh hypothesis has been regarded 
as an approximation at best, and the related method was put away like a museum 
artifact. Th e time has come to revisit this powerful idea.  

What the Rayleigh hypothesis is about
Th e Rayleigh hypothesis concerns the diff raction of light by a periodically corru-
gated interface between two homogeneous media. It simply states that the electro-
magnetic fi eld in the corrugation is composed of waves outgoing from the interface. 
Th ere has been a long-standing debate in the optics community as to whether this 
hypothesis is true or simply an approximation for shallow corrugations. 

O

Rayleigh Was Right:

Alexandre V. Tishchenko

Lord Rayleigh theorized that the electromagnetic fi eld in 
a periodically corrugated interface is composed of waves 
outgoing from the interface. A careful numerical analysis 
suggests that this hypothesis is true well beyond the commonly 
stated limit. Its potential for electromagnetic theory and 
modelling has been overlooked for half a century.

Electromagnetic Fields 
and Corrugated Interfaces

Wikipedia
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The dominant opinion is that it is an approximation whose 
validity limit has even been quantified at h/d < 0.1426  (h being 
the corrugation depth and d its period). Against common sense 
and pretended mathematical proofs, I had the curiosity to test 
the Rayleigh hypothesis numerically. We found that it is exactly 
true up to a corrugation depth of at least 15 times the claimed 
validity limit. After revisiting the rationale of this century-old 
hypothesis, we believe that its rehabilitation will do more than 
just pay tribute to Lord Rayleigh’s intuition. It will reopen an 
unexplored buried path for electromagnetic theory.

A touch of physics and a few simple formulae will permit us 
to grasp the plausibility of the validity of Rayleigh’s hypoth-
esis. Let a plane monochromatic wave incident on a periodi-
cally modulated interface z=a(x)=a(x+d). At the limit of zero 
modulation amplitude, the diffraction product is a single plane 
wave, reflected in the upper medium and refracted in the lower 
medium whose amplitude is simply given by the Fresnel reflec-
tion and transmission coefficients. 

Non-zero corrugation depth generates higher-order dif-
fracted waves whose wave vector projection on the grating 
plane k x

m   are:
     2p      k x

m   = k x
0 + — m.           (1)                                 d

Only a finite number of these waves propagate into the two 
adjacent media, since k x

m  exceeds the wavenumber in each 
medium as from a finite order m, beyond which their field 
decays exponentially with the distance from the grating. In 

accordance with the Floquet theorem (1883), the basis of the 
diffracted waves is complete. This means that the solution in 
the region above and under the corrugation is a superposition 
of reflected and transmitted diffracted waves. 

Solving the diffraction problem amounts to finding the 
complex amplitude of the diffracted waves and to determin-
ing the field in the corrugation. Rayleigh assumed that, within 
the corrugation, the solution in the incident and transmission 
media is a superposition of reflected and transmitted diffracted 
waves, respectively. This allowed him to obtain a simple analyt-
ical solution to the problem of a shallow corrugation. However, 
it left open the question of its validity for larger depth.

In a modern interpretation, the problem can be formulated 
as follows: Are there periodic functions a(x) different from 
a(x)= 0 , for which the Rayleigh hypothesis exactly holds? 
Revisiting this question today is important; the perspective 
of obtaining exact analytic solutions in diffraction problems 
involving a surface corrugation is very attractive for 2-D peri-
odically microstructured surfaces as well as, beyond these, for 
non-periodic microoptical elements. 

Validity of the hypothesis
Let us warp space and express the above corrugation a(x) in 
another, curvilinear coordinate system

       
                         x = x, h = y, z = z 2 a(x).                            (2)

Such transformation is the key idea in the C method, which 
is known to be rigorous in diffraction theory. In the new 
coordinate system, the corrugated interface between the two 
media has become a plane, z = 0, and both dielectric permit-
tivity and magnetic permeability have become periodic tensors 
of coordinate x.  

An important property of transformation (2) is that it 
preserves the translational symmetry of the problem along 
coordinate z. This permits us to represent the solution of the 
diffraction problem by a superposition of Bloch waves (i.e., the 
grating eigenmodes propagating up and down along coor-
dinate z). The correctness of this modal representation is a 
consequence of the completeness of the modal basis.

The combination of coordinate transformation (1) with the 
modal representation leads to the astonishingly simple equa-
tion for the modal field Ym(x)  in an analytical form: 

                               9                                2  Y9m (x)                       Y9m (x)3     2222         2 jbma9(x)4     1  3   2222            2  jbma9(x)4      1 k2 2 b 2
m

 = 0   (3)
  Ym (x)                        

Ym (x)

where bm is the propagation constant of the mode of index m 
along coordinate z. The general solution of equation (3) is eas-
ily found by direct integration in the form

      ———
        Y6

m  (x) = exp 36j x√k2 2 b 2
m

 + jbma (x)4 .             (4)

 Warping space to test the validity  
of Rayleigh’s hypothesis  

(a) Saw-tooth grating as an example of periodically modu-
lated interface. (b) The grating transformed in a curvilinear 
coordinate system.
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The 6 sign in (4) corresponds to the wave propagating 
along and opposite the x axis. 

Despite the rather complicated form of the tensor func-
tions representing the magnetic and dielectric constants in 
the warped space, their ratio remains constant and does not 
depend on the profile function a(x). Therefore, the impedance 
√
—m/e remains constant everywhere in the modulated structure. 

This property is important for understanding the behav-
ior of the modal solution at the vertical interfaces, where the 
profile function derivative a9(x) is discontinuous. One usually 
assumes the existence of two independent solutions at each side 
of the discontinuity and matches them. But constant imped-
ance leads to the absence of any reflection at discontinuities. 

Therefore, the solution with the “plus” sign in (4) is never 
coupled with the solution corresponding to the “minus” sign; 
they represent two independent modes in the grating region. 
This property widens the scope of the analysis to any piecewise 
differentiable function a(x).

Besides, the modal solutions satisfy the periodicity condition

       Y6
m (x+d)= Y6

m(x)exp( jk x
0d)                              (5)

specified by the incident wave. Substituting solution (4) in 
expression (5) and taking into account definition (1), we get 
the modal propagation constants bm

              ————
                     bm = 6√k2 21k x

m 22 .                                     (6)
                                        
The field of each mode π corresponds to one of the  

solutions (4):

 Ym  (x, z) = exp 3 jk x
m  x + jbma(x)6 jbmz 4 .        (7)                

The 6 sign in equations (6) and (7) corresponds to the 
mode propagating upward and downwards along coordinate 
z. Since the interface between the media coincides with the 
coordinate plane in the transformed system, all the modes in 
the lower medium are directed downwards, and all the modes 
in the upper medium are directed upwards (except for those 
modes that represent the incident wave). This is the key to the 
Rayleigh hypothesis: All modes involved propagate outward 
relative to the interface plane or are evanescent.

The transformation back to the original (Cartesian) coordi-
nate system reveals that the field of each mode

     ————
          Ym  (x,z) = exp 3 jk x

m  x 6 jz√k2 21k x
m 22 4                  (8)

                                                   

corresponds exactly to one of the orders diffracted by the cor-
rugation grating without coupling between them. Therefore, 
the exact solution in the lower medium everywhere in the cor-
rugated region is expressed by a superposition of transmitted 
diffracted waves. 

Similarly, the exact solution in the upper medium every-
where, including in the corrugation region, contains only the 
superposition of reflected diffracted waves. As a consequence, 
the Rayleigh hypothesis is valid in the case of the consid-
ered profile a(x). Whereas we showed numerically that the 
Rayleigh hypothesis was true, the above development, which 
resorts to the grating mode representation in the warped 
space, confirms it fundamentally.

The figure above shows field mapping within the corru-
gation of a grating 15 times deeper than the once-believed 
validity limit of the Rayleigh hypothesis under 20 degree  
TE incidence. It illustrates how little evident it is that such 
a complex picture might be created by few diffracted orders. 

[ Diffracted field in sinusoidal grooves ]

Diffracted field in sinusoidal grooves calculated under 
the Rayleigh hypothesis.

There has been a long-standing debate in the optics community as to whether 
Rayleigh’s hypothesis is true or simply an approximation for shallow corrugations.
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Perspectives for electromagnetic theory  
and modeling
The Rayleigh hypothesis has the potential to greatly simplify 
the modeling of diffractive surface corrugations: After all, the 
field solution is known; one just has to calculate the amplitudes 
of the diffracted waves. This is usually done by matching the 
fields at the interface, either directly or in the Fourier space. 
(The method that Rayleigh himself used was an analytical 
Fourier method.)

Computational methods based on the application of the 
Rayleigh hypothesis have not been intensively developed dur-
ing the past 40 years. The common belief was that it cannot 
be the basis for the exact general modeling of actual gratings. 
A remarkable exception is the C method—which is closely 
related with the Rayleigh hypothesis. (In its embodiment, it is 
a numerical Fourier-Rayleigh method.) It is successfully appli-
cable to complex diffraction problems, and it is recognized as 
a reference method for the analysis of metallic gratings with 
smooth profiles. The smoothness of the profile is needed for an 
effective application of the Fourier transform. 

From the above theoretical derivation in the modal space, I 
would expect that alternative methods based on the Rayleigh 
hypothesis, but not using the Fourier transform, will signifi-
cantly expand the class of structures that can be exactly solved. 
These might include the modal expansion, the point-matching 
technique and the T-matrix method. 

The rehabilitation of Rayleigh’s hypothesis is, first of all, a 
fundamental result in diffraction theory. The numerical dem-
onstration of its validity and the given analytic proof are only 
first steps in this direction. Further efforts are needed to exploit 
its practical potential, both in the theoretical exploration of 
the possible expansion of the class of admitted profiles and in 
developing calculation methods that are capable of address-
ing ill-conditioned numerical problems that result from the 
truncation of infinite series. 

Very important in this regard is the possibility given by the 
Rayleigh hypothesis of providing an analytical formulation 
of the solutions up to close to the last step, where numerical 
analysis is finally required to solve a large system, thus avoiding 
the accumulation of errors typical of purely numerical meth-
ods and speeding up the calculation process dramatically.

What comes next
There are obvious needs for more efficient methods for the 
modeling of diffraction and scattering problems, for instance, 

in the real-time resolution of 2-D inverse problems in micro-
electronic process control, in diffractive optics as well as in basic 
research and in plasmonics, biophotonics and nanophotonics. 
The best known and most frequently used methods are the 
finite-difference time domain and the Fourier-modal methods. 

Despite evident progress and remarkable improvements, 
these techniques tend to their limit: Analyzing 2-D periodic 
structures often poses intractable problems because of the 
required memory and computation time, which is increasing 
fast with the number of considered harmonics. Therefore, the 
potential of Rayleigh methods is here extremely attractive prac-
tically as the way is open to a general resolution of diffraction 
problems analytically. 

The Rayleigh hypothesis is not only applicable in the 
context of light diffraction on periodic structures. It can 
further be applied to the exact resolution of single 2-D and 
3-D micro-optical elements such as data-storage microlenses, 
large-aperture Fresnel DOEs, and large reticule features in 
microelectronic steppers for which an exact solution has been 
so far considered to be impossible. The exploitation of this 
potential requires the sustained work of several research groups 
to reopen the path that was closed half a century ago. t

Alexander V. Tishchenko (tishchen@univ-st-etienne.fr) headed the research 
team at the Institute of General Physics Moscow, where he developed ana-
lytical formulations of resonant grating problems on the basis of Rayleigh’s 
hypothesis. He is now a professor at the Hubert Curien Laboratory, Univer-
sité Jean Monnet of Saint-Etienne within the University of Lyon, France.

There are obvious needs for more efficient methods for the modeling of 
diffraction and scattering problems—for instance, in the real-time resolution 
of 2-D inverse problems in microelectronic process control, diffractive optics, 
plasmonics, biophotonics and nanophotonics.
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Technical Group Affi liations
OSA membership includes up to 
� ve free technical group af� liations. 
Participating in a technical group 
ensures that you will receive updates 
on your areas of interest. Technical 
group membership also provides 
online and in-person opportunities 
to network with colleagues around 
the world. To learn more, visit the 
“Membership” section of OSA.org. 

[ OSA Benefi t Highlight ]

OSA Fellow Lectures in Syria
In March 2010, Konstantin Vodopy-
anov traveled to Syria on an OSA Fellow 
travel grant. He gave two lectures at the 
University of Damascus and one at the 
physics department of Aleppo University. 
He covered the history of lasers, photonic 
generation of terahertz waves, and optical 
frequency combs and their spectroscopic 
applications. He was happy to report that 
the physics departments at both institu-
tions have strong programs in optics and 
lasers. He also notes that many young 
women in Syria are interested in study-
ing physics; more than half of the physics 
students he came across were women. � e 
Syrian government generously supports 
education both at home and abroad. 

[ Travel Log ]

[ Policy News ][ Honors and Awards ]

OSA Members Take Capitol
Hill by Storm
OSA members came from all over the 
United States to speak with their senators 
and representatives in Washington, D.C., 
as part of the 15th annual Congressio-
nal Visits Day. � ey discussed science 
policy issues and expressed appreciation 
to Congress for recent appropriations 
actions in the fi scal year 2010 spending 
bill. Twenty-two members and more 
than 270 other scientists, engineers and 
graduate students visited more than 30 
Capitol Hill offi  ces, asking for legislators 
to support the highest possible funding 
levels in fi scal year 2011 for U.S. federal 
science agencies. � ey emphasized that 
maintaining America’s innovative edge 
requires a continued commitment to 
invest in basic research.

Grote Becomes Fellow
OSA President Jim Wyant (right) met 
with James Grote to present his OSA 
Fellow member plaque in April at the 
College of Optical Sciences at the Uni-
versity of Arizona.

Board Member Wins 
IEEE Award
Congratulations to OSA Director at Large 
Masataka Nakazawa, the 2010 winner 
of the IEEE Photonics Society Quantum 
Electronics Award. Nakazawa received 
the award “for seminal contributions and 
leadership in the advancement of optical 
communications and fi ber lasers through 
the invention of the compact erbium-
doped fi ber amplifi er (EDFA).” � e 
award was presented at CLEO/QELS 
2010 in San Jose, Calif., U.S.A.

OSA Members Elected to NAS
Congratulations to all OSA members 
who were recently elected to the U.S. 
National Academy of Sciences (NAS). 
Election to this Academy is one of the 
highest professional distinctions accord-
ed to scientists and engineers. � e newly 
elected NAS members are Terrence 
J. Sejnowski of the Howard Hughes 
Medical Institute and Salk Institute 
for Biological Studies, La Jolla, Calif., 
U.S.A. and David A. Weitz, of Harvard 
University, Cambridge, Mass., U.S.A.

NTT Nabs Innovation Award
NTT Advanced Technology Cor-
poration was recognized at CLEO/
QELS 2010 in San Jose as the winner 
of this year’s CLEO/Laser Focus World 

Innovation Award. � e award honors 
the company for its KTN voltage-con-
trolled laser beam scanner using KTN 
crystals. � e device represents the devel-
opment of a very broad-wavelength-range 
(532-4,000 nm) voltage-controlled laser 
beam scanner with no moving parts. It 
is 100 times faster and 100 times smaller 
than conventional scanners. � e scanner 
can be used for such applications as laser 
radar detection, laser scanning displays 
and laser machining.

Congrats also to honorable mentions 
Femtolasers GmbH for its CEP-stabi-
lized FEMTOPOWER V for few-cycle 
pulse generation; General Photonics 
Corporation for its PMDPro polariza-
tion mode dispersion analyzer for Com-
munications Networks; and TOPTICA 
Photonics AG for its high-power tunable 
laser source for sodium spectroscopy and 
other applications.

Aleppo 
University 
entrance.

Wikimedia Commons

http://OSA.org
http://www.osa-opn.org
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[ OSA Foundation News ]

Lynne Sturtz (lsturt@osa.org) is OSA’s publica-
tions coordinator.

Welcome New Editors
We are happy to announce that the fol-
lowing individuals have become associate 
editors for Optics Express: Javier Garcia-
Monreal of the University of Valencia, 
Xiang Liu of Alcatel Lucent, Niels Asger 
Mortensen of the Technical University 
of Denmark, and Xiang Zhou of AT&T 
Labs. We’d also like to welcome Robert 
Kaindl of Lawrence Berkeley National 
Laboratory and Valdas Pasiskevicius of 
the Royal Institute of Technology as new 
topical editors for JOSA B. Finally, we 
thank Giancarlo Pedrini of Stuttgart 
University for agreeing to serve as a new 
topical editor for Applied Optics.

Welcome also to the new deputy 
editors of Optics Express: John Dudley 
of the Universite de Franche-Comte, F. 
Javier Garcia de Abajo of the Institut 
de Optica, Guifang Li of the University 
of Central Florida, James Leger of the 

[ Publications ]

Galileoscope Program Reaches 
Wisconsin Students
� e OSA Foundation recently hosted a 
special optics program in Milwaukee, 
Wis., U.S.A. Over the course of four 
days, OSA members Carlos López-
Mariscal and Yasaman Soudagar made 
13 presentations to nearly 450 minority 
middle and high school students and 
teachers. � e presentations included a 

demonstration of lenses and their func-
tions and a brief history of Galileo and 
his contributions to science. Each student 
assembled his or her own “Galileoscope.” 
� e program was very well received by 
the students and teachers. Please consider 
supporting the “Galileoscope Challenge” 
or one of the many other OSA Founda-
tion programs by visiting: www.osa-
foundation.org/give.

Volunteers Carlos 
López-Mariscal and 
Yasaman Soudagar 

help students to assem-
ble their Galileoscopes 

at Believers in Christ 
Academy in Milwaukee.

Experiments with 
polarizers.

Irina Zhvania

ILC MSU Student Chapter 
Brings Light to Middle School
� e Student Chapter of the International 
Laser Center at Moscow State Univer-
sity recently used the Optics Suitcase to 
teach roughly 50 seventh- and eighth-
grade students about some fascinating 
properties of light. � ey explained the 
wave nature of light and used a Slinky 
to show the phenomena of polarization. 
Using two polarizers, they demonstrated 
how light can be gradually weakened, 
depending on the angle.

University of Minnesota, Colin McKin-
strie of Alcatel Lucent, and Brian Orr of 
Macquarie University. We thank these 
members of the optics community for 
their support of OSA journals.

New OSA Journal: 
Biomedical Optics Express
OSA is launching a new open access, 
rapid publication journal dedicated to 
research and applications of optics and 
photonics in the life sciences. � e fi rst 
issue will be published in September 
2010. Submissions are welcome on topics 
encompassing theoretical modeling and 

simulations, technology development, 
and biomedical studies and clinical 
applications. For more information, 
visit www.opticsinfobase.org/boe.

Introducing Energy Express
Energy Express is a new and recurring 
bi-monthly supplement to Optics Express. 
Edited by Bernard Kippelen of the 
Georgia Institute of Technology, Energy 
Express will focus on research pertain-
ing to the use of light for sustainable 
energy development, the environment 
and green technologies. Submissions 
are encouraged on research covering the 
role that optics plays in energy effi  ciency 
and sustainability. Submit manuscripts 
to Optics Express. Visit Energy Express at 
www.opticsinfobase.org/ee.

http://www.osa-foundation.org/give
http://www.opticsinfobase.org/boe
http://www.opticsinfobase.org/ee
mailto:lsturt@osa.org
http://www.osa-foundation.org/give
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be networked into the international optics 
community equally and seamlessly. 

This will mean exploring conference 
rotation across the globe—already served 
by three CLEOs—and encouraging topi-
cal meetings and Optics and Photonics 
Congresses to move to optics hotspots 
everywhere. It will include exploring 
online journal access, Internet networks 
and videoconferencing to broadcast optics 
to distant locations in an era of increasing 
climate change impacts. There is a bright 
future for the Optical Society, and it is a 
worldwide future.

Thomas Elsaesser
Max-Born-Institute/Humboldt  
University, Germany

Fifty years after the birth of the laser, 
optics has developed from a sub-field of 
physics into a central area of multidisci-
plinary research. It has generated tech-
nologies with a strong impact on society. 

Kenneth G.H. Baldwin
Australian National University, Australia 

OSA is arguably one of the world’s major 
scientific societies. It has over 15,000 
members—nearly half of whom reside out-
side the United States—and as a result the 
Society is increasingly international in its 
outlook. Significantly, this year, you—the 
membership—will elect an international 
vice president in the lead-up to the OSA 
presidency in 2013.

As an OSA member for the past 20 
years, I have followed its increasing inter-
nationalization with great interest. During 
this time, I have worked closely with many 
colleagues and friends in OSA’s leadership, 
especially during my service on the OSA 
board. There is a strong appreciation of 
the need to embrace optics wherever it is 
found, and indeed the Optical Society (as 
it is frequently being called) can now be 
viewed as a focus for optics worldwide.

However, this increasing international 
role should be seen as complementing, 

rather than replacing, the memberships 
of national optical societies. Indeed, OSA 
should help grow other societies. National 
societies play a leading role in regional 
networking and act as a professional home, 
whereas the Optical Society can be the in-
ternational linchpin and primary publish-
ing house for research in optics.

Key to this will be the burgeoning 
development of OSA student chapters 
as they excite, link and develop the next 
generation of optics practitioners. OSA 
provides the seed around which this new 
generation nucleates to create their own 
networks and collaborations. Such chap-
ters can also double as the student chapters 
of national societies, as has happened in 
Australia. This benefits the local society 
by bringing into the professional fold those 
who will take over the mantle from our 
generation, and most important—through 
OSA—puts them in touch with the rest 
of the world. 

Indeed, when I look back on how I first 
developed my professional contacts, I can 
trace them to the OSA members I met 
when I was a Ph.D. student at Imperial 
College in London. These contacts have 
blossomed to enable me to stand for the 
OSA presidential chain nearly 30 years 
later. I therefore believe that the future of 
the Optical Society lies in developing its 
student chapters further, in concert with 
local optics organizations.

If I am elected, this will be one focus of 
my presidency. Another will be to ensure 
that the same benefits of membership of 
the Optical Society accrue to members no 
matter where they live. Whether you are 
working on photonics in Bangalore, high-
power lasers in Shanghai, quantum optics 
in Paris, ultrafast lasers in Boston or atom 
optics in Canberra, you should expect to 

Candidates for Vice President 

OSA 2011 Election Preview
The OSA election for the 2011 vice president and directors at large opens on July 13, 2010. Please take a few moments to read the 
candidates’ statements and then voice your opinion by voting in this year’s election. You should have received instructions for electronic 
voting or a paper ballot and materials in early July; if you did not receive either of these, please contact OSA at voting@osa.org or 
call +1.202.416.1960. 

The election closes on October 1, 2010. Results will be announced at the OSA Annual Business Meeting on Tuesday evening, 
October 26, 2010, in Rochester, N.Y., U.S.A.; they will be available on the OSA website (www.osa.org) by early November.
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community. OSA’s journals are both the 
financial backbone of the organization 
and its main connection to the interna-
tional optics community.

The other hallmark of OSA is its scien-
tific meetings. Maintaining the vitality of 
OSA’s suite of meetings may be the largest 
challenge facing the Society because 
of the economy and travel restrictions. 
Nothing captures the excitement of a new 
research field like face-to-face discussions 
at a conference, and so the growth of the 
meetings needs to be fostered. During 
the optical communications boom, OFC 
was a major revenue source for OSA, and 
the leadership prudently looked after that 
income so that we still enjoy the benefits. 
OFC is once again growing, and it is 
a key meeting for the OSA and for the 
fiber communications community. I was 
impressed with how the OSA leadership 
rejuvenated the Annual Meeting. OSA 
also continues to experiment with how we 
offer small topical meetings, and we will 
be experimenting with offering some con-
ference talks over the web at the upcom-
ing Annual Meeting. 

The global outreach of OSA has 
changed considerably over the past 
decade, most notably in the student 
chapters—more than two-thirds of the 
chapters now reside outside the United 
States. Almost three quarters of the OSA 
journal authors also reside outside the 
United States. The leadership is respond-
ing to the changing demographics. There 
is a concerted effort to find international 
board members and journal editors. I was 
encouraged to see that the scope of OSA’s 
Public Policy Committee is broadening to 
include discussions with non-U.S. govern-
ments. All governments need to appreciate 
the importance of optics research and the 
impact of optics technology in enabling 
the global expansion of optics education, 
research and innovation. 

These core activities of publications, 
meetings and global outreach would be 
my priorities. I have had the privilege of 
working with OSA over the past decade in 
a number of capacities: as the topical editor 
for a journal, a meeting organizer, a volun-
teer on outreach activities with the Mem-
bership and Education Services Council, 
and as a representative in governance as a 
board member. We need to keep finding 
innovative ways to reach the expanding 
global optics community.

Harnessing light for research in a range 
from basic physics to life sciences and for 
new information, imaging and processing 
technologies represents a current world-
wide effort. 

The Optical Society has played a key 
role in this development by covering 
the scientific, technical and educational 
aspects of optics. The peer-reviewed OSA 
journals are instrumental for disseminat-
ing knowledge, and OSA meetings are 
major events, bringing together research-
ers and engineers from all areas of optics 
and from all parts of the world. OSA both 
serves the optics community and takes 
care of the public outreach of optics. It is 
a pleasure and honor for me to take part 
in this endeavor. 

For OSA’s future development, I see the 
following opportunities and challenges:

•	OSA’s commitment to excellence has 
a long tradition and defines a standard 
in scientific publishing. In the ever-
growing stream of manuscripts, OSA 
needs to strengthen its publication policy 
based on peer-review and the promotion 
of new high-quality results. In paral-
lel, the portfolio of topics covered by 
OSA publications needs to be extended 
into rapidly developing fields such as 
biomedical optics, optics-related materi-
als and structure research and energy 
technologies. Attracting new authors and 
reviewers worldwide and combining peer 
review with reasonably short times to 
publication and high production quality 
will remain key challenges. 

•	OSA	membership	combines	academia	
and industry in a rather unique way, 
covering the full range from basic 
research to product marketing. Thus, 
OSA is in a strong position to promote 
new technologies by disseminating 
knowledge establishing personal links 
and facilitating informal interactions. 
OSA’s large meetings should increasing-
ly serve for intensifying this exchange, 
attracting new groups of optics users 
and offering tailored training events 
to them. This will also help to link the 
academic and industry members of OSA 
in a better way.

•	OSA	has	become	a	global	player	with	
membership and leadership from all 
parts of the world. Strengthening OSA’s 
international presence and attracting 
new members in rapidly growing areas 
such as East Asia, Eastern Europe and 

others will be a key issue for the intel-
lectual and economic potential of the 
society. This requires strategic alliances 
with other international and regional 
societies and with local partners. An 
increasing number of conferences 
and other events at non-U.S. locations 
around the world are as important as an 
adequate representation of all geograph-
ic regions in the committees and boards 
of the Society.

•	The	education	of	students	on	all	levels	
is essential for optics to prosper in the 
future. On a global scale, OSA needs to 
further develop resources for students 
and teachers and to promote the interac-
tion of optics experts with students and 
the public, including those in the public 
policy arena. Among other outreach 
programs, new OSA student chapters 
and enhanced networking opportunities 
will be essential.

Donna T. Strickland
University of Waterloo, Canada

OSA looks to lead rather than to adapt 
to new paradigms such as open-access 
journals, while maintaining excellence 
in the traditional core strengths of the 
organization. The world’s two leading 
optics journals, Optics Letters and Optics 
Express, epitomize this strategic vision. 
Optics Express was one of the very first 
open-access journals. It has now proven to 
be a financial asset for the organization. 
With its new Interactive Science Publish-
ing (ISP), OSA reaches new audiences 
that have not traditionally been part 
of the Society, such as the biomedical 
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The outstanding track record 
of OSA in establishing peer-
reviewed journals and develop-
ing new, Web-based journals, 
beginning with Optics Express, is 
an important success. Technical 
publishing is highly competi-
tive, however, and OSA journals 
must now compete with new 
journals for the same submissions. 
Promoting the popularity of our 
journals by including invited 
articles by our OSA awardees and 
Fellows, for example, would help 
to maintain our journals at the 
forefront of optics research and 
enhance their profile and impact.

Our society is global, and it 
reflects the 21st century optical 
community. Maintaining and 
increasing our international 
profile and membership, and the 
services we offer our interna-
tional members, is of increasing 
importance. By collaborating 
with other optical societies and 
professional organizations world-
wide, we should work toward 
effective international meetings 
and conferences that reduce 
redundancy but increase member 
interaction and access.

Douglas W. Hall
Corning Incorporated, U.S.A.

The Optical Society is one of the 
premier technical societies in the 
world, serving its members with 
high-quality peer-reviewed print 
and electronic journals as well as 
vibrant, well-organized general 
and topical meetings in the field 
of optical science and technology. 
The Society has recently focused 
on becoming an international 
organization as well as the clear 
voice of optical science to nation-
al, state and local governments 
in the United States. It does so 
many things well; I would like to 
help the Society do even more for 
its membership and the world.

As is obvious to all OSA 
members, the rate of move-
ment of ideas from academic 
research to product development 
to commercial deployment is 
accelerating. The Optical Society 
has traditionally excelled in sup-
porting its academic stakehold-
ers. In certain optical technology 
areas, such as optical commu-
nications and medical optics, it 
has been extremely successful in 
linking research and commer-
cial development; its technical 
meetings and other events have 
helped members in academia 
understand real-world problems 
that need to be solved. They have 
also educated industrial members 
about concepts getting ready for 
widespread exploitation. 

I would like to see the Society 
perform a similar function in 
other rapidly developing tech-
nologies of major importance 
to the world. An area of special 
interest is solar technology, a field 
in which our members’ optical 
and opto-electronic expertise 
can flourish. To be successful in 
this area, OSA must increase the 
participation of large, medium-
sized, and start-up companies, as 
well as government laboratories 
around the world. OSA must be 
a coherent, consistent and trusted 
voice of the technology to govern-
ments at multiple levels. I feel 
that my experience in industrial 
research and development in both 
telecommunications and in solar 
technology will enable me to help 
the Optical Society to expand 
the strong links it has between 
academia, industry and the gov-
ernment into other fields.

Nan M. Jokerst
Duke University, U.S.A.

OSA plays a critical role in optics 
and photonics today, serving as a 
focal point for networking pro-

fessionals and companies, knowl-
edge dissemination, advance-
ment of optics education, and 
leadership on the evolving path 
of optical science and its applica-
tions in the world. The leadership 
of OSA in optics and photonics is 
both a responsibility and an on-
going challenge. Strong, visionary 
leadership has been a hallmark of 
OSA. As a director at large, I will 
nurture what is best about OSA 
and strive to meet the challenges 
that we face.

What is best at OSA that 
must be grown and expanded? 
First, the core strength of the 
society lies in the people—the 
dedicated, professional volun-
teers and the outstanding staff. 
Second, OSA has the respect of 
the entire international com-
munity for the high quality of 
the technical content from OSA 
publications and conferences. 
Third, OSA is consistently lead-
ing in the formation of seminal 
conferences in new, emerging 
topical areas. Fourth, OSA is in 
a strong financial position. 

These are only some of the 
best qualities of OSA that should 
be enhanced through focusing 
on member recruitment and 
services, retaining excellent 
staff, refusing to compromise 
on technical quality, leading the 
identification of emerging critical 
technologies, and remaining fis-
cally responsible.

What are some of the chal-
lenges that OSA faces that merit 
focus from the Board? First, the 
continued internationalization 
of OSA is critical to the long-
term leadership of the Society 
in optics and photonics. This 
means that OSA needs to reach 
out to countries to: (1) under-
stand what OSA can do to serve 
each particular country—i.e., to 
begin a dialogue to personalize 
our interaction with the optics 
community in each country (we 
will start with a few); (2) collab-
oratively develop, with leaders in 
each country, a tactical (2-3 year) 
and strategic (3-10 year) plan, 
including financial implications, 
for how to meet the needs of the 
optics community in each coun-
try. This could include expanding 

Naomi J. Halas
Rice University, U.S.A.

OSA is an outstanding profes-
sional organization that serves 
its membership extremely well, 
and its members are the primary 
reason for its ongoing success. 
The willingness of so many of its 
members to serve the organiza-
tion has kept it vital, energetic 
and evolving as rapidly as the 
expanding field of optics it rep-
resents. It is an honor to stand as 
a possible candidate for director 
at large, with the opportunity to 
work to make the Society even 
better through new innovations 
and opportunities.

As a researcher and educator 
in optics whose interests span 
many professional societies, I am 
a somewhat unconventional can-
didate for this position; however, 
the interdisciplinary, multiple-
society perspective I would bring 
to this position could be very 
valuable for the OSA community 
as the Society moves forward. As 
we celebrate the 50th anniversary 
of the invention of the laser, we 
are increasingly appreciative of 
the ever-expanding role of optics 
in scientific research, in new 
technologies, and in applications 
that can benefit society. This 
continued expansion is all the 
more impressive given the fre-
quently marginal role of the field 
of optics in the curricula at many 
institutions. The need to make 
optics accessible early, and across 
a wide range of disciplines, is of 
central importance to our future, 
as we train and prepare the next 
generation of OSA members. As 
a society, we can use our Web 
presence even more effectively as 
a resource for optics education, 
which will increase OSA’s global 
presence and impact well beyond 
its current membership.

Director-at-Large Candidates

Three will be elected.

http://www.osa-opn.org
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OSA presentations in a country, 
OSA conference presence, or 
funding educational materials 
for K-12.

The second challenge for OSA 
is to assess information delivery 
via journals and conferences. 
OSA has been visionary with its 
implementation of Optics Express, 
and, as desktop video advances, 
there are similar opportunities—
and challenges—that will face 
our conferences. So strategic 
planning in the areas of confer-
ences and publications, and in 
integrating the financial implica-
tions, will continue to be an 
ongoing OSA challenge. Content 
is king—and OSA has a long 
history of high quality content in 
a critical technology field, so the 
opportunities are strong. 

The third challenge for OSA 
is common to all well-established 
organizations—recruiting new 
members and retaining current 
members, in order to remain a 
vibrant, volunteer-oriented or-
ganization. For OSA, this is also 
coupled to interaction with other 
sister societies. Strategic OSA 
efforts in these areas will dovetail 
with collaborative international 
outreach, educational initiatives, 
and the encouragement of under-
represented groups to science. In 
these areas, OSA is again operat-
ing from a position of strength 
in a vibrant field, and it is well 
prepared to meet the challenges 
that we face.

Eric Mazur
Harvard University, U.S.A.

I began working with lasers as an 
undergraduate in Europe in 1975 
and have been active in optics 
ever since. The past 35 years have 
provided me extensive experience 
in the two main constituencies 
of the OSA membership: I have 
been a member of academia with 

an active research career in optics 
and a part-time entrepreneur in 
the photonics industry. Given 
optics’ increasing role in energy, 
medicine, information technolo-
gy and other important economic 
sectors, linking academia and 
industry is more important than 
ever before. 

I would like to devote part 
of my efforts as director at large 
to strengthening OSA’s role in 
facilitating this link. One way 
is to provide additional oppor-
tunities at national meetings to 
enhance communication and 
collaboration between academia 
and industry. 

As an educator and education 
researcher, I also would like to 
stress the importance of inspiring 
future generations of researchers 
and innovators. Because optics 
cuts across such a wide range of 
disciplines, the societal impact of 
education and outreach efforts by 
OSA can be very significant. 

The digital age provides a 
new avenue for reaching parts 
of the population that could 
not be reached easily before. As 
an avid adopter of new digital 
technologies, I would like to 
expand the OSA’s sphere of 
influence around the world us-
ing these new technologies. The 
aims of this broadened reach are 
to attract the brightest minds to 
the world of optics, to increase 
the participation of women in 
a still mostly male-dominated 
optics world, and to turn OSA 
into a model for the professional 
society of the future.

Finally, OSA’s role of dissemi-
nating research results through 
the publication of premier peer-
reviewed journals is evolving 
quickly due to new opportunities 
created by electronic publishing 
and archiving. OSA has led the 
industry by creating one of the 
first all-electronic peer-reviewed 
journals. Now is the time to 
push for additional changes and 
to explore new ways of combin-
ing electronic dissemination 
with professional networking. 
I would like to see OSA stay at 
the forefront of the academic 
publishing industry through ad-
ditional innovations in the way 

it disseminates peer-reviewed 
information. I am excited to con-
tribute my energy and experience 
to the large and diverse commu-
nity of OSA and the opportuni-
ties that lay ahead.

Jannick P. Rolland
Institute of Optics, University  
of Rochester, U.S.A.

I have been a member of OSA 
for over 25 years, during which 
time I have worked at four U.S. 
universities and throughout 
Europe and Mexico, and I have 
collaborated internationally. 
In that time, the Society has 
faced many challenges as well 
as many opportunities. It is 
interesting to observe that the 
Society faces the onslaught of 
technological challenges armed 
with a small, dedicated, talented 
staff and a talented, motivated, 
and highly interconnected net-
work of volunteers. 

As a community, we are 
working proactively to complete 
the topography of the network, at 
all scales and across all borders, 
while maintaining high stan-
dards of excellence in conference 
organization and journal publica-
tion. We can further capitalize 
on smaller group discussions and 
interactions at topical meetings, 
local chapters and small work-
shops to balance our interactions 
at large meetings. It is incredibly 
exciting to experience the cur-
rent tidal surge of information, 
both in the pace with which 
fundamental research is evolving 
and, perhaps more significantly, 
with how we are being given, 
almost instantaneously and at 
no additional expense besides 
the cost of Internet access, access 
to our past. How exciting it is 
to call on the original works of 
Thomas Young, Lord Rayleigh, 
Airy, Herschel, and countless 

other scientists, both obscure and 
famous, who have brought us to 
where we are today. 

By learning about the accom-
plishments of these luminaries, 
we can obtain a context for 
our own work to advance the 
field that is still in its infancy. 
In integrating with this index 
to the past, some previously 
anonymous people also arise 
to take a deserved place in the 
cycle that is science. The Society 
can play an active role in giving 
global visibility to excellence 
in science, particularly optics. 
As the technology for telepres-
ence emerges, we have a unique 
opportunity to bring the live 
presence of scientists and their 
thoughts as key elements for the 
archives of our future.

Everything is transforming 
around us, driven by commu-
nications. At the 2010 OFC 
meeting, we learned that the 
problem of sending 100Gb/s 
over installed fiber has been 
solved, and the leading providers 
are moving ahead with oppor-
tunities to provide services at a 
rate we cannot imagine within 
the next decade. 

The world is becoming 
instantly global. In my own 
research group, I have 12 emerg-
ing scientists from 12 countries. 
Our commonality is our passion 
for discovery and our com-
mitment to optics and optical 
sciences. OSA enables, promotes, 
interconnects and enlivens our 
communications. Today, instead 
of waiting for a monthly journal, 
I search InfoBase daily for the 
status of research in my fields of 
interest. Rarely does a day go by 
that I do not see a live image of 
colleagues in Asia, Europe, India, 
New Zealand or South America. 
It is an exciting time for science 
and a challenging time for the 
Society to forge a path forward in 
a transformational decade—the 
decade of globalization.

It is my commitment that 
I recognize this is a society of 
volunteers, created a century ago 
to serve, educate and provide 
forums to disseminate the discov-
eries of science, and particularly 
optics, throughout the world. 
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Thermal Imaging Cameras:  
Characteristics and Performance
Thomas L. Williams 
CRC Press, 2009; $80.00 (hardcover).

Thermal Imaging Cameras: Characteristics and Performance is intended for members of the general 
public who are interested in using thermal cameras. It can be divided into three parts. The first consists 
of the first three chapters and represents an introduction to the topic of thermal imaging. It describes all 
components of thermal imaging systems. 

The second, and most important, part of the book includes the next six chapters. The author 
defines the important characteristics of thermal imaging systems and describes measurement tech-
niques. He gives detailed practical information about devices and systems that can be used for testing 
thermal imaging systems. The final chapter reviews the applications of thermal imaging cameras in 
industry, biology and medicine. Anyone with a knowledge of secondary school mathematics should be 
able to understand the text.

Review by Darko Vasiljevic, assistant research professor, Laboratory for Optics and Lasers, Institute of Physics, 
University of Belgrade, Belgrade, Serbia.

Flexible Electronics 
W.S. Wong and A. Salleo, eds.  
Springer, N.Y., 2009; $129.00 (hardcover).

Since the early 2000s, researchers in academia and industry have investigated the possibility of real-
izing flexible electronic device technologies. Flexible circuit technology attracts much attention in the 
electronics industry for portable applications because the flexible substrate can be rolled, bent and 
folded to fit a limited space when required. 

This book is, to date, the most thorough and carefully documented investigation of the materials 
systems and processes that are used to fabricate flexible electronic devices. Such devices can be used 
in applications ranging from flexible solar-cell arrays to flexible organic light-emitting diode displays on 
plastic substrates. Overall, this book is an invaluable source for students and researchers. It showcases 
the fascinating and flourishing area of flexible electronics and provides opportunities to contribute to 
it. I highly recommend this book for graduate courses on the materials and device physics relevant to 
flexible electronics.

Review by Christian Brosseau, OSA Fellow and professor of physics in the physics department at the Université de 
Bretagne Occidentale in Brest, France.

Advances in Electromagnetic Fields in Living Systems: 
Volume 5, Health Effects of Cell Phone Radiation
J.C. Lin, ed.  
Springer, N.Y., 2009; $159.00 (hardcover).

The biological effects associated with cellular mobile telephones and related wireless systems and devic-
es have become a focus of international scientific interest and worldwide public concern. This book pres-
ents a deep, careful amalgamation of a large literature on the health effects of cellular mobile radiation. It 
offers broad coverage of topics such as electromagnetic hypersensitivity, the dosimetry and temperature 
aspects of mobile-phone exposures, and the carcinogenic effect of wireless communication radiation in 
rodents. The care, clarity, depth and scholarship of most of the chapters are admirable. I highly recom-
mend this book as the source for graduates and scientists involved in this area of research.

Review by Christian Brosseau, an OSA Fellow and professor of physics in the physics department at the Université 
de Bretagne Occidentale in Brest, France.

http://www.osa-opn.org
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Quantum Optics
J.C. Garrison and R.Y. Chiao
Oxford Graduate Texts 2008; $90.00 (hardcover). 

This book offers a masterful exposition of quantum optics aimed at graduate students. The authors 
adopt an effective approach of fi rst presenting a basic model to convey the underlying physical 
ideas before getting embroiled in a detailed theoretical treatment. 

The authors use a starred section system to develop the material along two tracks, one intended 
for readers who may approach the book without a fi rm understanding of quantum theory and 
Maxwell’s equations and the other geared toward more advanced readers. Exercises are included 
in all chapters to test the readers’ understanding of the material; the twin-track approach is also 
used here. 

The book embraces the major topics associated with a vast area of knowledge, and it manages 
to include emergent applications in quantum information processing alongside insightful introduc-
tions to fundamental concepts. The book is produced to a very high standard and includes a strong 
reference list.

Review by K. Alan Shore, Bangor University, School of  Electronic Engineering, Bangor, Wales, United Kingdom.

OSA members – visit www.constructionbook.com/handbook-of-optics/ 
and use promo code “CBEHBO9” for a special member discount!

Handbook of Optics, Third Edition 
(Five Volume Set)  

ISBN: 978-0-07-170160-0

Special pricing for OSA members! 

The most comprehensive 
and up-to-date optics 
resource available

and up-to-date optics 
resource available

and up-to-date optics 
resource available

and up-to-date optics 
resource available

Handbook of Optics, Third Edition
(Five Volume Set) 

ISBN: 978-0-07-170160-0ISBN: 978-0-07-170160-0

Handbook of Optics, Third Edition

ISBN: 978-0-07-170160-0ISBN: 978-0-07-170160-0

Handbook of Optics, Third Edition
(Five Volume Set) 

ISBN: 978-0-07-170160-0ISBN: 978-0-07-170160-0

The opinions expressed in the book review section are those of the reviewer and do not necessarily refl ect those of OPN or OSA.
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Recognizing Outstanding Achievement in the  
Optics and Photonics Community
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Miguel A. Alonso, Miguel A. Alonso, University of Rochester, University of Rochester, 
USAUSA

Bernhard U. Braunecker, Bernhard U. Braunecker, Braunecker Braunecker 
Engineering GmbH, SwitzerlandEngineering GmbH, Switzerland

Timothy J. Carrig,Timothy J. Carrig, Lockheed Martin  Lockheed Martin 
Coherent Technologies, USACoherent Technologies, USACoherent Technologies, USA

Hung-chun Chang,Hung-chun Chang,Hung-chun Chang, National Taiwan  National Taiwan 
University, TaiwanUniversity, TaiwanUniversity, Taiwan

Nancy J. Coletta, Nancy J. Coletta, Nancy J. Coletta, New England College of New England College of 
Optometry, USAOptometry, USAOptometry, USAOptometry, USA

Paul D. Corkum, Paul D. Corkum, National Research Council National Research Council 
of Canada, Canadaof Canada, Canadaof Canada, Canada

Yiping Cui,Yiping Cui, Southeast University, China Southeast University, China Southeast University, China Southeast University, China

Luiz Davidovich,Luiz Davidovich,Luiz Davidovich, Universidade Federal do  Universidade Federal do  Universidade Federal do  Universidade Federal do  Universidade Federal do 
Rio de Janeiro, BrazilRio de Janeiro, BrazilRio de Janeiro, BrazilRio de Janeiro, BrazilRio de Janeiro, BrazilRio de Janeiro, Brazil

Michael D. Fayer,Michael D. Fayer,Michael D. Fayer, Stanford University, USA Stanford University, USA Stanford University, USA Stanford University, USA

Ione Fine, Ione Fine, University of Washington, USAUniversity of Washington, USAUniversity of Washington, USAUniversity of Washington, USAUniversity of Washington, USA

Joseph E. Ford,Joseph E. Ford,Joseph E. Ford, University of California San  University of California San  University of California San  University of California San 
Diego, USA

Jesper Glückstad,Jesper Glückstad,Jesper Glückstad, Danmarks Tekniske  Danmarks Tekniske  Danmarks Tekniske 
Universitet, DenmarkUniversitet, DenmarkUniversitet, Denmark

Anderson S. L. Gomes,Anderson S. L. Gomes,Anderson S. L. Gomes,Anderson S. L. Gomes, Universidade  Universidade  Universidade  Universidade 
Federal de Pernambuco, BrazilFederal de Pernambuco, BrazilFederal de Pernambuco, BrazilFederal de Pernambuco, BrazilFederal de Pernambuco, Brazil

Qihuang Gong,Qihuang Gong,Qihuang Gong,Qihuang Gong, Peking University, China Peking University, China Peking University, China Peking University, China

James G. Grote,James G. Grote,James G. Grote, Air Force Research  Air Force Research  Air Force Research 
Laboratory, USALaboratory, USALaboratory, USA

Lakshminarayan Hazra,Lakshminarayan Hazra,Lakshminarayan Hazra,Lakshminarayan Hazra, University of  University of  University of  University of 
Calcutta, IndiaCalcutta, India

Eric G. Johnson,Eric G. Johnson, University of North  University of North  University of North  University of North  University of North 
Carolina at Charlotte, USACarolina at Charlotte, USACarolina at Charlotte, USACarolina at Charlotte, USACarolina at Charlotte, USA

Jin Ung Kang,Jin Ung Kang,Jin Ung Kang,Jin Ung Kang, Johns Hopkins University,  Johns Hopkins University,  Johns Hopkins University,  Johns Hopkins University,  Johns Hopkins University, 
USA 

Guillermo H. Kaufmann,Guillermo H. Kaufmann,Guillermo H. Kaufmann,Guillermo H. Kaufmann,Guillermo H. Kaufmann,Guillermo H. Kaufmann, Instituto de Fisica  Instituto de Fisica  Instituto de Fisica 
Rosario, ArgentinaRosario, Argentina

DaiSik Kim, Seoul National University, Seoul National University, Seoul National University, Seoul National University, Seoul National University, Seoul National University, 
South KoreaSouth KoreaSouth Korea

Frederick A. Kish, Jr.,Frederick A. Kish, Jr., Infinera, USA Infinera, USA

Thomas F. Krauss, Thomas F. Krauss, University of St. University of St. 
Andrews, UKAndrews, UK

Laurens (Kobus) Kuipers,Laurens (Kobus) Kuipers, FOM Institute 
for Atomic and Molecular Physics (AMOLF), for Atomic and Molecular Physics (AMOLF), 
The NetherlandsThe Netherlands

Michael G. Littman, Michael G. Littman, Princeton University, 
USAUSA

Walter Margulis,Walter Margulis, Acreo AB, Sweden

Michel E. Marhic, Michel E. Marhic, Swansea University, UKSwansea University, UK

John C. Mather, John C. Mather, NASA Goddard Space NASA Goddard Space 
Flight Center, USAFlight Center, USA

Toshio Morioka, Toshio Morioka, NTT Network Innovation NTT Network Innovation 
Laboratories, JapanLaboratories, Japan

André Mysyrowicz, André Mysyrowicz, École Nationale École Nationale 
Supérieure de Techniques Avancées, FranceSupérieure de Techniques Avancées, FranceSupérieure de Techniques Avancées, France

Patrick P. Naulleau, Lawrence Berkeley Lawrence Berkeley 
National Laboratory, USANational Laboratory, USA

Johan Nilsson, University of Southampton, University of Southampton, 
UK

Bishnu P. Pal, Bishnu P. Pal, Indian Institute of Technology Indian Institute of Technology 
Delhi, India

Gregory J. Quarles, Gregory J. Quarles, VLOC, Inc., USAVLOC, Inc., USA

Siddharth Ramachandran, Siddharth Ramachandran, Boston 
University, USAUniversity, USA

Nirmala Ramanujam, Nirmala Ramanujam, Duke University, 
USA

Kathleen A. Richardson, Kathleen A. Richardson, Kathleen A. Richardson, Clemson 
University, USAUniversity, USAUniversity, USA

Giancarlo C. Righini, Giancarlo C. Righini, IFAC CNR National 
Research Council of Italy, ItalyResearch Council of Italy, Italy

Austin J. Roorda, Austin J. Roorda, University of California 
Berkeley, USABerkeley, USA

Mark L. Schattenburg, Mark L. Schattenburg, Massachusetts Massachusetts 
Institute of Technology, USAInstitute of Technology, USA

Mark Shtaif, Mark Shtaif, Tel Aviv University, IsraelTel Aviv University, IsraelTel Aviv University, Israel

Gennady Shvets, Gennady Shvets, University of Texas at University of Texas at 
Austin, USA

Jagdish P. Singh, Jagdish P. Singh, Mississippi State Mississippi State 
University, USAUniversity, USA

Narsingh Bahadur Singh, Narsingh Bahadur Singh, Northrop 
Grumman Corporation, USAGrumman Corporation, USA

Igor Smolyaninov, Igor Smolyaninov, BAE Systems, USA

Alfred Douglas Stone, Alfred Douglas Stone, Yale University, USA

Ching-Cherng Sun, Ching-Cherng Sun, National Central 
University, TaiwanUniversity, Taiwan

Richard L. Sutherland,Richard L. Sutherland, SAIC, USA

Takunori Taira,Takunori Taira, Institute for Molecular 
Science, JapanScience, Japan

Markus Edgar Testorf, Dartmouth College, 
USA

Andreas Tünnermann, Fraunhofer IOF, 
Germany

Glenn A. Tyler, The Optical Sciences 
Company, USA

J. Scott Tyo, University of Arizona, USA

Eric Udd, Columbia Gorge Research, USA

Thomas Udem, Max-Planck Institut für 
Quantenoptik, Germany

Victor G. Veselago, A.M. Prokhorov  A.M. Prokhorov 
Institute of General Physics, RussiaInstitute of General Physics, Russia

Ge Wang, Virginia Tech, USAVirginia Tech, USA

Adam Wax, Duke University, USA Duke University, USA

Frank W. Wise,Frank W. Wise, Cornell University, USACornell University, USA

Ulrike K. Woggon,Ulrike K. Woggon, Technische Universität  Technische Universität 
Berlin, GermanyBerlin, Germany

Ping Yang, Texas A&M University, USA Texas A&M University, USA

Jianping Yao,Jianping Yao, University of Ottawa, Canada

Jianjun Yu,Jianjun Yu, NEC Laboratories America Inc., 
USAUSA

Xiaocong Yuan, Nankai University, China

OSA Congratulates the 63 members elevated to the rank of fellow in 2010!  

Fellow nominations information is available from the OSA Awards Office  
(email awards@osa.org or telephone +1 202.416.1960).   

mailto:awards@osa.org
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IN MEMORY 

S ang Soo Lee, an OSA Fellow and 
professor emeritus at the Korea 

Advanced Institute of Science and Tech-
nology (KAIST), passed away on May 
7, 2010, in Korea. He was known as the 
“father of optics” in Korea.

 Lee was the first scientist with a 
Ph.D. in optics in his country, and he 
nearly single-handedly laid the founda-
tion for optical science and engineering 
there. During a career spanning more 
than four decades, he was active as an 
educator, researcher and author. He 
played a central role in establishing the 
Optical Society of Korea (OSK) in 1989, 
and he served as its first president. He 
was also the first president of KAIST 
(1971-1972). 

Lee received a B.S. in physics from 
Seoul National University in Korea and 
a Ph.D. from Imperial College of Science 
and Technology, University of London, 
United Kingdom. From 1960-1970, he 
worked at the Korea Atomic Energy 
Research Institute, first as head of the 
Physics Research Division (1960-1967), 
and then as director (1967-1970). 

After a year as director general of the 
Office of Korea Atomic Energy (1970-

1971), Lee went to KAIST, a newly 
established graduate school of science 
and technology that was fully funded by 
the Korean government. He was named 
professor in the department of physics 
in 1971 and remained in that position 
until 1989. From 1989 to 1991, he again 
served as president of KAIST. 

Lee mentored 50 doctoral and 
more than 100 masters’ degree can-
didates. Many of his former students 
have become leaders in academia, 
government-funded research institutes 
and industry. He published more than 

250 technical papers and authored five 
textbooks, including Wave Optics, Ray 
Optics, Quantum Optics, Geometrical 
Optics and Laser Speckles and Holography. 

Lee served as vice president of the 
Korean Federation of Science and 
Technology Societies (1995-1997), the 
Korean Academy of Science and Tech-
nology (1992-1995), and the Interna-
tional Commission for Optics (ICO) 
(1993-1999). He was a Council Member 
of the Third World Academy of Sci-
ences, and a Council Member of UN 
University, serving as an ambassador for 
the optics community. 

Lee was a Fellow of OSA, SPIE 
and the Korean Physical Society. He 
received many awards and honors, 
including the National Order of Civil 
Merit (the Presidential Medal of Honor 
from the Republic of Korea), the Song-
gok Academic Achievement Prize, the 
Presidential Award for Science, and 
the Medal of Honor for Distinguished 
Scientific Achievement (Republic of 
Korea). In 2006, he was awarded OSA’s 
Esther Hoffman Beller Medal for laying 
the foundation for optical science and 
engineering in Korea. 

Sang S. Lee
1925-2010[ ]

A lfred Josef Thelen, an OSA Fellow 
Emeritus known for his contribu-

tions to optical thin films, died on April 
19, 2010, in Frankfurt, Germany. Thel-
en’s accomplishments included work in 
antireflection coatings, reflection and 
minus filters, edge filters, beam split-
ters, broad- and narrow-bandpass filters 
and polarizers. 

Thelen received his early education 
in Frankfurt. He studied physics at the 
Technical School for Higher Education 
in Darmstadt, where he was a teaching 
assistant in experimental and theoreti-
cal physics and in applied mathematics 
(1949-1955). 

In 1955, Thelen went to Santa Rosa, 
Calif., U.S.A., to work for the Opti-
cal Coating Laboratories Inc. (OCLI). 
He returned to Germany in 1956, just 
long enough to obtain a Ph.D. from 
the University of Karlsruhe (1959). He 
then returned to OCLI, becoming vice 

president for Research and Development 
in 1961. In 1976, Thelen was named 
director and chief of the Thin Films 

Group, where he remained for eight years 
before becoming senior vice president 
and director of technology at OCLI.

Thelen returned to Germany in 1985 
to work as research director at Leybold–
Heräus. In 1990, he became a professor 
at the University of Kaiserslautern. That 
same year, he started an optical thin-film 
interference-coating consulting business 
in Frankfurt. In the mid-1990s, Thelen 
became the European representative for 
the OptiLayer thin film design software.

He was the author of Design of Opti-
cal Interference Coatings (McGraw-Hill, 
1988) and many other publications, 
including book chapters, papers in refer-
eed journals and conference proceedings. 
He also held at least 19 U.S. patents. 

An OSA member for 48 years, Thelen 
served on the Optical Interface Coat-
ings advisory committee. He was elected 
a Fellow in 1962. Thelen is survived by 
two children and five grandchildren.

]Alfred J.Thelen 
1929-2010[
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Celebrate the 50th anniversary  
of the laser by taking part in 

LaserFest 2010!

For details visit: LaserFest.org

The world’s leading science, 
engineering and business 
professionals are part of 
the OSA community, and 
we truly appreciate every 
member’s participation and 
their contributions to the 
optics and photonics field!

OSA provides a wide range 
of benefits to help members 
stay well informed and 
well connected to the field. 
We hope that you take full 
advantage of these very 
special resources.

Thank you  
for being a part  

of the OSA
Member

Community

For details on your  
membership benefits, please visit:  

OSA.org/membership

M ichael S. 
Feld, an 

OSA Fellow and 
professor of phys-
ics at the Massa-
chusetts Institute 
of Technology, 
died on April 
10, 2010, in 
Jamaica Plain, 
Mass., U.S.A., 
after an eight-
year struggle 
with multiple 
myeloma. Feld 
directed the 
MIT George 
R. Harrison 
Spectroscopy 
Laboratory since 
1976. He made 
fundamental 
contributions to laser science, and 
he pioneered devices for early cancer 
detection. 

Much of Feld’s research was 
conducted at the MIT Laser Research 
Facility, a center that he founded in 
1979. His research interests ranged from 
fundamental physics to spectroscopy 
to biomedicine and biomedical 
engineering. In 1973, Feld made 
the fi rst experimental observation of 
superradiance, the collective spont-
aneous emission of an assembly of 
excited atoms. 

In 1987, he began studying the 
radiation of a single, isolated atom in 
an optical resonator. Th at work led to 
the demonstration of enhanced and 
suppressed spontaneous emission and 
radiative level shifts in an open optical 
resonator and the development of the 
single atom laser in 1994.

Feld’s more recent research was in 
laser biomedicine. He directed the Laser 
Biomedical Research Center at MIT, 
where he worked on using fl uorescence 
and Raman spectroscopy to diagnose 
and image diseases via endoscopy and 
optical tomography.

Feld fi rst came to MIT in 1958 as 
an undergraduate. He went on to do 

his Ph.D. there 
under the super-
vision of Ali 
Javan. In 1968, 
he became a fac-
ulty member. He 
was named pro-
fessor of physics 
in 1979 and 
director of the 
Laser Biomedical 
Research Center 
in 1985. In 1994, 
he co-founded 
Newton Labs in 
Woburn, Mass., 
and began work-
ing on medical 
devices that use 
applied physics 
to solve biomedi-
cal problems. 

His son Jonathan is an optical engineer 
at the company.

Feld was elected an OSA Fellow 
in 1976, and he was also a Fellow of 
the Society of Sigma Xi (1976), the 
American Physical Society (1978), the 
American Society for Laser Surgery and 
Medicine (1978), and the American 
Association for the Advancement of 
Science (1989). He received numerous 
other awards and honors, including the 
Th ompson Award (1991), the Vinci of 
Excellence (France, 1995), the Lamb 
Medal of the Physics of Quantum 
Electronics Conference, and the OSA 
William F. Meggers Award (2008).

Feld was active in the MIT com-
munity. He was particularly proud 
of his work to develop a welcoming 
environment for minority students, 
staff  and faculty. One of the students 
he mentored was U.S. astronaut Ron 
McNair, who received his Ph.D. under 
Feld’s supervision and who coached 
Feld in karate. Feld earned a brown belt 
and conducted research in the physics 
of karate. He also enjoyed singing and 
started a music group called the Spec-
tratones, which performed at Spectros-
copy Lab events. He is survived by his 
wife, Alison Hearn, and three children.

[ ]Michael S. Feld  
1940-2010

http://OSA.org/membership
http://LaserFest.org
http://www.osa-opn.org
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Boris P. Stoicheff, an OSA Past Presi-
dent and Fellow Emeritus and an 

emeritus university professor of physics 
at the University of Toronto, died on 
April 15, 2010, in Toronto after a battle 
with multiple myeloma. Stoicheff built 
the first ruby laser in Canada. He was 
renowned for his pioneering contri-
butions to Raman spectroscopy and 
nonlinear optics. He was the first OSA 
member from outside the United States 
to be elected OSA President (1976).

Stoicheff was born in Macedonia, 
then part of Yugoslavia, and emigrated 
to Canada as a child. After earning a 
B.A.Sc. in engineering physics and a 
Ph.D. in molecular physics from the 
University of Toronto, he received a 
Gilchrist Fellowship that enabled him 
to remain in Toronto for a year to per-
form Raman scattering experiments at 
low pressures. Stoicheff then went to the 
National Research Council (NRC) in 
Ottawa, Canada, to continue his work 
on Raman scattering in a lab headed by 
Gerhard Herzberg, who was awarded 
the Nobel Prize in chemistry in 1971. 
Stoicheff later wrote Herzberg’s biogra-
phy, Gerhard Herzberg—An Illustrious 
Life in Science.

Stoicheff remained at NRC from 
1951 to 1964. In 1963, he spent a sab-
batical working with Charles Townes 
at MIT and then joined the University 
of Toronto as a professor of physics. He 
retired in 1989, although he continued 
to perform research.

Throughout his career, Stoicheff 
served on numerous Canadian and 
international technical committees, 
including the board of the NRC, the 
Quantum-Electronics Council, the 
Council of Professional Engineers of 
Ontario, the Ontario Nuclear Safety 
Review Committee, the International 
Union of Pure and Applied Physics, the 
Royal Society of Canada, and the Cana-
dian Institute for Advanced Research. 

An OSA member for nearly 50 
years, Stoicheff was very active in 

Boris P. Stoicheff 
1924-2010

If you would like to make a memorial donation to the OSA Founda-
tion in honor of Michael Feld, Alfred Josef Thelen, Boris P. Stoicheff 
or Sang Soo Lee, please visit www.osa-foundation.org/give.

OSA’s publications efforts. He served 
on the Board of Editors and Publica-
tions Council in the late 1980s and 
early 1990s. He 
also took part 
in several award 
selection commit-
tees. At the time 
of his death, he 
was a member of 
the OSA Presi-
dential Advisory 
Committee. 

Stoicheff was 
elected an OSA 
Fellow in 1964. 
He received OSA’s 
William F. Meg-
gers Award (1981), 
the Frederic Ives 
Medal/Jarus W. 
Quinn Endow-
ment (1983), and 
the OSA Distin-
guished Service 
Award (2002). 

Stoicheff 
received many 
other awards and 

honors. He was appointed university 
professor in 1977 and officer of the 
Order of Canada (1982). He was elected 
Fellow of the Royal Society of London, 
the Royal Society of Canada, and the 
American Physical Society. He was the 
Geoffrey Frew Fellow of the Australian 
Academy of Science and the Foreign 
Honorary Fellow of the American 
Academy of Arts and Sciences, Mace-
donian Academy of Sciences and Arts, 
and Indian Academy of Sciences. He 
was awarded the Centennial Medal 
of Canada, the Gold Medal of the 
Canadian Association of Physicists, 
the Henry Marshall Tory Medal of 
the Royal Society of Canada, as well 
as several honorary degrees. Stoicheff 
was the author and co-author of more 
than 150 papers on lasers, optics and 
spectroscopy.

He is survived by his wife, Joan,  
a son, Peter, two grandchildren, and  
two sisters.

IN MEMORY 

http://www.osa-foundation.org/give
http://www.vortranlaser.com
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The New Portable Optical Backscatter 
Reflectometer 4200 

Luna Technologies, a division of Luna Innovations 
Inc., announces the launch of its Optical Backscat-
ter Reflectometer 4200 (OBR 4200), a new genera-
tion, portable, ultra-high resolution reflectometer 
offering advanced inspection and diagnostic capa-
bilities to manufacturers and installers of fiber optic 
assemblies and short networks. The OBR 4200 
offers 1000x higher resolution than the Optical 
Time Domain Reflectometer (OTDR) and offers an 
unprecedented combination of resolution and sensitiv-
ity for the first time in a portable instrument. Optical fiber 
infrastructure is being deployed more rapidly and widely than 
ever before in applications where the total optical fiber length is 
relatively short (<500 m). 

Luna Technologies | Blacksburg, Va., U.S.A.| +1.540.557.7297
havensl@lunainnovations.com www.lunainnovations.com

Thermo Fisher Scientific Releases GRAMS Suite Version 9.0 
for Managing Spectroscopy Data

Thermo Fisher Scientific Inc. announces the latest release in its GRAMS Suite of 
spectroscopy software, an industry standard solution for visualizing, process-
ing, reporting and managing spectroscopy data. Thermo Scientific GRAMS 9.0 
now delivers enhanced capabilities to meet the needs of scientists engaged in 
a variety of spectroscopic experiments and disciplines. The GRAMS Suite is 
comprised of a collection of complementary and fully integrated applications and 
modules centered on the core GRAMS/AI spectroscopy data processing and 
reporting software. Its advanced processing routines, data comparison and visu-
alization features and ability to handle data from any analytical instrument has set 
the industry standard for spectroscopy software. 

Thermo Fisher Scientific | Waltham, Mass., U.S.A.| +1.781.287.4839
Patricia.mcdermott@thermofisher.com | www.thermofisher.com/informatics

New Radiometer Ensures 
Consistent Light Curing

Although many UV and visible radiometers 
currently available have a wide range of sen-
sitivity in the UVA through visible portions of 
the spectrum, their sensitivity levels may not 
effectively match at the specific narrow band 
frequencies emitted by LED curing systems. 
The new ACCU-CAL 50-LED radiometer 
from DYMAX Corporation addresses this 
condition and offers accurate intensity and 
dosage measurements for LED curing equip-
ment. Consistent light-curing results require 
periodic monitoring of light energy intensity 
and dosage levels. The ACCU-CAL 50-LED 
radiometer is simple to operate and offers ac-
curate measurement of curing energy.  

Dymax  
Torrington, Conn., U.S.A.  
+1.860.626.7649
crebillard@dymax.com  
www.dymax.com

f/1.3, 14.9 mm Focal Length IR Lens  
Assembly for Thermal Imaging 

LightPath Technologies is pleased to introduce 
an f/1.3, 14.9 mm focal length Long Wave Infra-
red (LWIR) lens assembly designed for uncooled 
infrared sensors. These lenses are designed 
as the primary optics for thermal imagers in a 
wide variety of applications including homeland 
security, firefighting, predictive maintenance 
and driver’s vision enhancement systems in 
automobiles. These thermal imaging markets 
have a combined current estimated value of over 
$2.5 billion. This new lens assembly integrates 
LightPath’s Black Diamond molded chalcogenide infrared lenses that are a lower cost 
substitute for high volume diamond-turned Germanium and Zinc Selenide optics. 
The opto-mechanical design combined with the unique material properties of Black 
Diamond glasses provide athermalization for temperature stability from -408C to  
858C without adding additional cost.

Lightpath Technologies | Orlando, Fla., U.S.A. | +1.407.382.4003 x336 
rpini@lightpath.com | www.lightpath.com

mailto:havensl@lunainnovations.com
http://www.lunainnovations.com
mailto:crebillard@dymax.com
http://www.dymax.com
mailto:rpini@lightpath.com
http://www.lightpath.com
mailto:Patricia.mcdermott@thermofisher.com
http://www.thermofisher.com/informatics
http://www.osa-opn.org
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Band Excitation SPM Technique Reveals Unique 
Properties of Nanoscale Materials

The new Band Excitation (BE) technique, co-developed by Oak 
Ridge National Laboratory (ORNL) and Asylum Research, has 
provided clues to the origins of unique properties of materials 
including spin and cluster glasses, phase-separated oxides, 
polycrystalline ferroelectrics, and ferromagnets, that are rooted in 
their highly disordered structures. These behaviors influence the 
scaling properties of the materials, including the thickness of thin 
films at which improved properties manifest. So-called “Rayleigh behaviors” have a direct bearing on the properties of nanoscale 
materials and, eventually, the uniformity of nanoscale devices. The new observations, which were made possible by advances in 
scanning probe microscopy (SPM) at ORNL’s Center for Nanophase Materials Sciences and Asylum Research, may result in the 
rethinking of 100-year-old theories behind the “quanta of nonlinearity” and properties of heterogeneous materials.

Asylum Research Corp. | Raleigh, N.C., U.S.A. | +1.919.861.7420
jennifer@asylumresearch.com | www.asylumresearch.com

Coherent Launches Cost-Effective Green 532 nm Optically 
Pumped Semiconductor Lasers (OPSL) for Bioinstrumentation

Coherent Inc. has expanded their Sapphire family of compact 
CW visible lasers with 532 nm (green) lasers based on the 
company’s unique OPSL technology. Two models 
of the Sapphire 532 are being offered with a 
choice of either 200 mW or 300 mW output. As 
with other Sapphire lasers, these new 532 nm 
lasers provide a high quality TEM00  output 
beam characterized by low noise (0.25% 
rms). Their combination of compact 
packaging (125 mm x 70 mm x 
34 mm) and low power consump-
tion translates into easier integration and lower cost of 
ownership for OEM instrument builders.

Coherent Inc. | Santa Clara, Calif., U.S.A. | +49.451.3000 379
Volker.Pfeufer@coherent.com | www.coherent.com

Fighting Weeds with Laser Technology

No more chemicals for fighting weeds in professional 
gardening! A fully automated unit drives over a field, 
a camera recognizes weeds sprouting up and a laser 
beam takes care of the rest. This science-fiction 
scenario is actually being researched at the Zentrum 
Hannover e.V. (LZH) and the Institute for Biological 
Production Systems (IBPS) at the Leibniz University 
Hannover. The main goal of the project supported 
by the German Research Foundation (DFG) is non-
chemical weed control, one of the main goals of 
ecological and effective plant production. The basic 
idea is similar to flame weeding, in which heat is used to eliminate the weeds. However, 
this method burns out everything under the flame, and it is neither precise enough nor can 
it be automated. In comparison, a laser beam is precise and can be used to hit a sprouting 
weed, not affecting the plants around the weed. And “laser weeding” can be automated.

Laser Zentrum Hannover | Hannover, Germany | +49.511.2788.151
m.botts@lzh.de | www.lzh.de

Optimax Now Using a  
Laser Engraver

Optimax has recently purchased an Epilog 40 
Watt CO2 laser engraver. The work space is 
24” deep x 36” wide and can accommodate 
parts up to 14” high. It is being used as a low 
risk high quality technology for marking preci-
sion optical components. Optimax plans to uti-
lize this instrument for marking part numbers, 
serial numbers, fiducials, and barcodes on lens 
elements. It is also capable of marking anod-
ized aluminum, such as lens barrels as well as 
painted metals. 

Optimax   
Ontario, N.Y., U.S.A.  
+1.585.265.1020 x275
bhilton@optimaxsi.com  
www.optimaxsi.com
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Senior Research Scientist
For Signal and Image Processing

The RDECOM CERDEC Night Vision and Electronic Sensors Directorate, Ft Belvoir, VA, is looking for an Engineer 
or Scientist to serve in a Scientific or Professional (ST) Position as the Senior Research Scientist for Signal and 
Image Processing.  NVESD is located approximately 30 minutes south of Washington, D.C., and is the Army’s premier 
laboratory for the development of next generation electro-optical, infrared and countermine sensor technology.  Over 
400 engineers, scientists and technicians work together in a collaborative environment with co-located customers to 
field the latest EO/IR and countermine technology to the Soldier.  Position is responsible for the development of new 
signal and image processing techniques that extract and optimize information from advanced sensors, optimizing and 
identifying the signal(s) associated with targets/threats while separating them from signals associated with background 
clutter and compression of sensor data for transmission over tactical sensor networks.  The ST position reports directly to 
the Director of NVESD and is expected to identify and solve signal/image processing problems at the strategic level that 
have far ranging impacts to the Army.

The incumbent of this position must have specialized experience in sensor signal and image processing technology.  
ST positions represent the highest level of technical accomplishment and are of very limited number (approximately 
fifty ST positions within the Army).  Typically, applicants for ST positions are expected to have a graduate degree, 
significant research experience, and a national or international reputation in his/her field.  

How to apply:  U.S. Citizenship and ability to obtain a TOP SECRET security clearance is required.  Refer to  
www.opm.gov, job announcement number DA-ST-01-10 for application requirements/process and additional 
information.  Questions should be directed to Mrs. Genie Shires, 703-704-1140, or by email:  
genie.shires@us.army.mil

http://www.opm.gov
mailto:genie.shires@us.army.mil
http://www.engineering.cornell.edu/research/research-centers
http://www.academicjobsonline.org/ajo?joblist---176
http://www.unyherc.org


Far-filled diffraction pattern of a helium-neon laser incident on a 
binary amplitude hologram with an embedded-helical phase, as 

projected by a lens on a black cardboard. The zeroth and first-
order diffractions were overexposed to show the second order. 

Other artifacts were a consequence of the hologram printing 
process (laser printing on an acetate).

— Nath Hermosa 
National Institute of Physics,  

University of the Philippines Diliman

AFTER IMAGE
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