
DukeBr  adband
F I T Z PAT R I C K  I N S T I T U T E  F O R  P H O T O N I C S  /  D U K E  U N I V E R S I T Y

20
16

   
 V

O
LU

M
E

 9
   

 IS
S

U
E

 1

Digital Optics and Algorithms  
F O R  A R T  C O N S E R V A T I O N

FACULTY  

HIGHLIGHT:
Jungsang Kim, p.12



3

PA R T I C I PAT I N G  D E PA R T M E N T S  A N D  I N S T I T U T I O N S

121 Faculty Members     |  37 Participating Departments

Anesthesiology
Art History
Biology
Biomedical Engineering (BME)
Cell Biology
Chemical Biology
Chemistry
Civil and Environmental Engineering (CEE)
Computer Science
Dermatology
Electrical and Computer Engineering (ECE)
Gastroenterology
Geriatrics
Literature

Mathematics 
Mechanical Engineering and Materials Science 

(MEMS)
Microbiology
Molecular Genetics
Neurobiology
Neurosurgery
Oncology 
Ophthalmology
Orthopaedic Engineering
Pathology 
Pediatrics 
Philosophy
Physics

Radiation Oncology
Radiology
Surgery 
Center for Applied Genomics and Precision 

Medicine
Center for Genomic and Computational Biology
Center for Metamaterials & Integrated  

Plasmonics
Duke Comprehensive Cancer Center
Duke Human Vaccine Institute
Duke Immersive Virtual Environment (DiVE)
Nicholas School of the Environment

The 2015 International Year of 
Light, as proclaimed by the United 
Nations, was an exciting, historic 

moment—and the Fitzpatrick Institute 
for Photonics (FIP) recognized this global 
event at its 2015 annual symposium.

Key events included a roster of distin-
guished speakers—including two Nobel 
laureates, Professor Theodor W. Hänsch, 
and Professor John L. Hall, Nobel Lau-
reates in Physics (2005). Dr. Hall and 
his wife, Marilyn Hall, co-creators of the 
Sci-Teks Discovery Program for Kids, also 
helped lead a pre-symposium open house 
to expose the general public to the latest in 

light-based science and technologies.
In addition to lectures from world- 

renowned speakers, the symposium included 
contributed papers and posters by investi-
gators from Duke and other academic and 
industrial institutions. Additional featured 
highlights were the International Year of 
Light poster and technology fair, industry 
booths, themed lab tours and the 2015 
World Photonics Forum of special panel 
sessions on the influence and contribution of 
light-based technologies on science, human 
development and global economic develop-
ment for the next century. The sessions were  
represented by our global community.   n

“Light: Beyond the Bulb” Photo 

Exhibit was displayed at the 

Fitzpatrick Institute for Photonics 

(FIP) public outreach, symposium 

and world photonics forum in  

co-sponsorship with SPIE.

2015 FIP Symposium and  
World Photonics Forum 
March 9-10, 2015 Duke University Durham, North Carolina, USA

Welcome to the Spring 2016 issue of 
BROADBAND, the newsletter of the Fitzpatrick Institute for 
Photonics (FIP).  Due to the dedication and contribution of its 
faculty, students and staff, the FIP has continued to grow in research, 
education, industrial activities and membership. The membership of 
the Institute has increased to 110 faculty members belonging to 37 
departments and institutions from the Pratt School of Engineering, 
the Trinity School of Arts & Sciences, and the Duke School of Medicine.

The year 2015 was special for the photonics community worldwide as the United Nations 
(UN) General Assembly 68th Session proclaimed 2015 as THE INTERNATIONAL YEAR 
OF LIGHT (IYL 2015). Supported by 100 partners from more than 85 countries, the 
“International Year of Light is a global initiative highlighting to the citizens of the world the 
importance of light and light-based technologies in their lives, for their futures and for the 
development of society“ [www.light2015.org/Home.html]. 

To celebrate IYL2015, our institute organized the 2015 World Photonics Forum 
(WPF), which was designed to provide a platform for international researchers in science, 
technology, art and the humanities, and global leaders in management, policy and industry 
to discuss the challenges, contribution and potential of photonics-related activities and 
technologies in the next century. These distinguished guests provided their views, discussed 
and anticipated how photonics will play a critical role by contributing key revolutionary and 
breakthrough technologies, and reviewed how these critical enabling technologies are at the 
heart of the scientific convergence that will define research progress in the 21st century. The 
WPF included several panels on critical and strategic topics of photonics:

    •  �Fundamental Breakthroughs in Light-based Science Technology  
(basic research and applied technologies, convergence of the New Light Age 
where photons replace electrons, etc.)

    •  �Light-based Technologies and Societal Impact and Human Development 
(education, arts, humanities, happiness, entertainment industries, next-generation 
global transportation, etc.) 

    •  �Light-based Technologies on Global Economic Development  
(global health, global interconnectivity, renewable energies, the reshaping of 
geopolitics and global economics, etc.)

Technical sessions at the WPF and the Outreach Program organized at the WPF are 
highlighted in this special issue of BROADBAND. The IYL celebration underlines the fact that 
we are witnessing a very exciting period in the history of photonic science because there is 
an epochal convergence of many revolutions from the 20th century, such as the quantum 
revolution, the technology revolution and the genomics revolution. Riding on the crest of 
this convergence, light-based technologies influence our lives today in new ways that we 
could never have imagined just a decade ago. As we move into the next century, light will 
play an even more significant role, triggering a revolution in global photonic communications 
linking our entire planet, creating nanoscale biosensors to unveil the inner world of the 
human cell, developing cost-effective medical cures for global health, inventing new energy 
sources and galvanizing human exploration at the frontiers of the universe. 

I invite you to visit our website at www.fitzpatrick.duke.edu to learn more about our 
faculty, research programs and activities. 

I hope you have a successful and enjoyable year.

Tuan Vo-Dinh
Director, Fitzpatrick Institute of Photonics
R. Eugene and Susie E. Goodson Professor of Biomedical Engineering
Professor of Chemistry

D I R E C T O R ’ S  M E S S A G E

Dr. Volker Blum
	 Associate Professor, Mechanical 

Engineering and Materials Science 
Dr. Ingrid Daubechies
	 Professor, Mathematics & Electrical 

and Computer Engineering
Dr. Emily Derbyshire
	 Assistant Professor,  

Department of Chemistry
Dr. Henry Everitt
	 Adjunct Professor, Physics
Dr. Yiyang Gong
	 Assistant Professor, Biomedical 

Engineering
Dr. Steve Haase
	 Associate Professor, Biology
Dr. Jianfeng Lu
	 Assistant Professor,  

Mathematics, Chemistry & Physics
Dr. Paolo Maccarini
	 Assistant Research Professor, 

Biomedical Engineering
Dr. Zhen-Ming Pei
	 Associate Professor, Biology
Dr Xiling Shen
	 Associate Professor,  

Biomedical Engineering
Dr. Marc A. Sommer
	 Associate Professor,  

Biomedical Engineering, Neurobiology
Dr. Tai-Ping Sun 
	 Professor, Biology
Dr. Steve Taylor, MD
	 Assistant Professor,  

Division of Infectious Diseases
Dr. Xiaofeng “Steve” Zhang
	 Assistant Professor, Radiology	

N E W  F I P  FA C U LT Y

http://www.light2015.org/Home.html
http://www.light2015.org/Home.html
http://www.fitzpatrick.duke.edu/sites/fitzpatrick.duke.edu/files/WPF%20Document%20%28093014%29F%20PDF%5B2%5D.pdf
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Robert Lieberman, PhD
President Elect of SPIE President, 
Lumoptix, LLC  
California, USA

Ulderico Santamaria, PhD
Chief, Scientific Laboratories  
of Vatican Museums, Professor 
of Chemsitry for Restoration and 
Material Science, Department of 
Cultural Heritage Sciences,  
Tuscia University  
Viterbo, Italy

David Ward, PhD
Senior Vice President,  
Chief Technology Officer and  
Chief Architect, Development  
Cisco Systems, Inc.
RTP, NC, USA
 
Siavash Yazdanfar, PhD
Manager, Applied Optics Lab  
GE Global Research 
Albany, NY, USA
 
Sponsors
GOLD Sponsor - SPIE
SILVER Sponsor - OSA

CORPORATE AND  
CONFERENCE PARTNERS 

In honor of the momentous 
occasion of the International 
Year of Light 2015, the Fitzpat-
rick Institute for Photonics held 
a contest for non-Duke students 
to qualify for free registration to 
the symposium.  The students 
had to submit a video, sound 
clip or essay to answer the fol-
lowing question “How have light 
technologies positively impacted 
your life?” The winners of the 
competition were:  

1st Place – Kapila Wijayarante, 
University of Virginia

2nd Place – Sam Migirditch, Ap-
palachian State University

3rd Place – Niranjan Sridhar, 
University of Virginia

Honorable Mentions:  
Ben Migirditch, Appalachian 
State University and Wenjiang 
Fan, University of Virginia 
Check out their videos and es-
says on our website:
www.fitzpatrick.duke.edu/fip-inter-

national-year-light-contest

FIP Photonics Pioneer Award
Dr. Theodor W. Hänsch, 2005 Nobel Laureate in Physics 

(jointly with Roy Glauber and John L. Hall) for his con-

tributions to the development of laser-based precision 

spectroscopy, including the optical frequency comb 

technique, presented the keynote lecture at the annual 

Fitzpatrick Institute for Photonics (FIP) Symposium and 

World Photonics Forum held March 9-10, 2015.  During 

the conference, Dr. Hänsch was recognized for his ac-

complishments in the field of photonics and awarded 

the prestigious FIP Pioneer Award.

FIP faculty member Professor Vicky Seewaldt engaging with the World Photonics Forum panel.

Plenary Speakers
John M. Dudley, PhD
Chair, U.N. IYL2015 Steering 
Committee   
President, European Physical 
Society       
Universite of Franche-Comté                     
Besançon, France

Federico Capasso, PhD
Robert Wallace Professor of  
Applied Physics  
Harvard University  
Cambridge, Massachusetts, USA

Forum Special  
Lecture Speakers
Eugene Arthurs, PhD  
CEO SPIE, The International Society 
for Optics and Photonics  
Bellingham, Washington, USA

Philip Russell, PhD
President of Optical Society 
(OSA) Director,  
Max Planck Institute for the  
Science of Light  
Erlangen, Germany

�Invited Forum  
Panel Speakers
Silvia Bruni, PhD
Associate Professor, Analytical 
Chemistry University of Milan  
Milan, Italy
 
John Edmond, PhD
Co-Founder and Director of  
Advanced Optoelectronic 
Technologies 
CREE 
RTP, North Carolina, USA 

Andrew Forbes, PhD
Professor, Chief Research at  
Council for Scientific and  
Industrial Research (CSIR),  
National Laser Centre 
Pretoria, South Africa

Cristina Kurachi, PhD
Professor, São Carlos Institute of 
Physics University of São Paulo, 
Brazil, South America
 

SPEAKERS FOR THE 2015 FIP SYMPOSIUM AND WORLD PHOTONICS FORUM INCLUDED:

Left to Right: John Hall, Robert Lieberman, Eugene Arthurs and John Dudley all 

wearing their signature SPIE International Year of Light ties.

Left to Right: Federico Capasso, Michael Fitzpatrick, Theodore Hänsch, Robert  
Lieberman, Tuan Vo-Dinh and John Hall

Symposium Keynote Speaker  
Theodor W. Hänsch, PhD

Nobel Laureate in Physics (2005)  Max-Planck-Institut for Quantum 
Optics, Carl Friedrich von Siemens Professor Chair, Faculty of Physics, 
Ludwig-Maximilians University of Munich, Germany.

Dr. Hänsch was awarded the Nobel Prize in Physics along with Dr. 
Hall for their contributions to the development of laser-based precision 
spectroscopy, particularly the optical frequency comb technique.

Forum Keynote Speaker 
John L. Hall, PhD

Professor Nobel Laureate in Physics (2005) JILA,  
University of Colorado National Institute of Standards and Technology  
Boulder, Colorado, USA

Dr. Hall was awarded the Nobel Prize in Physics along with Dr. 
Hänsch for their contributions to the development of laser-based preci-
sion spectroscopy, particularly the optical frequency comb technique.

World Photonics Panel of fundamental breakthroughs in 
light-based science technology. Panel members: J. Dudley, 
F. Capasso, T. Hänsch, A. Forbes, C. Kurachi, P. Russell, T. 
Vo-Dinh

http://www.fitzpatrick.duke.edu/fip-international-year-light-contest
http://www.fitzpatrick.duke.edu/fip-international-year-light-contest
http://www.fitzpatrick.duke.edu/sites/fitzpatrick.duke.edu/files/WPF%20Document%20%28093014%29F%20PDF%5B2%5D.pdf
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F
or decades, art conservators 
have had a cradling problem. 
But thanks to some fancy 
mathematics and computer 
engineering work, their issues 

have been laid to rest.
X-ray radiography is a standard tech-

nique widely used by art conservators, 
art historians and curators to discover in-
formation about the manufacturing pro-
cess and the condition of a painting. A 
long-used preservation technique called 
cradling, however, often gets in the way 
of their work.

Cradling is the term used for wooden 
slats attached to the back of many old 
paintings executed on wooden panels. 
While the slats do provide support for 
the aging art works, it also creates lattice 
patterns that appear as grids or a series 
of stripes on an X-ray image. These pat-
terns can obscure the image and distract 
art conservators from reading the image 
and analyzing paint layers.

“Cradle patterns in X-ray images have 
been an ages-old problem for conserva-
tors studying collections of Old Master 
paintings, requiring many hours of te-
dious Photoshop manipulation or vari-

ous other techniques that could damage 
the painting,” says William Brown, chief 
conservator at the North Carolina Mu-
seum of Art (NCMA). “We have been 
fortunate to work with world leaders in 
the fields of time-frequency analysis, in-
formatics and image processing to come 
up with a practical solution to a difficult 
problem.”

The cradle pattern problem appeared 
while Rujie Yin, research assistant in 
Duke University’s Mathematics Depart-
ment, was using X-ray images to research 
a 14th-century altarpiece by Francescuc-

cio Ghissi for an upcoming exhibition 
at the NCMA. Yin, attempting to study 
crack patterns in the altarpiece for an 
image-processing component of the ex-
hibition, was frustrated at the distracting 
cradling and decided to use mathemati-
cal algorithms to solve the problem.

But she couldn’t do it alone.
Yin turned to Noelle Ocon, NCMA 

conservator of paintings to identify objec-
tives of the project based on art conserva-
tors’ challenges with X-ray images. Then, 

with the help of Duke professors Ingrid 
Daubechies (mathematics and electrical 
and computer engineering) and David 
Dunson (statistics), the group developed 
an algorithm that removed the cradle 
pattern from the X-ray image. Compared 
to manually altering the image in Photo-
shop, the algorithm was not only quicker 
and more effective, but also much easier 
for art conservators to use.

Describing the algorithm, Daubechies 
explains, “The algorithm consists of a 
three-stage procedure. First, the cradled 
regions are located automatically. The 

second step consists of separating the 
X-ray image into a textural and image 
component. In the last step, the algo-
rithm learns to distinguish between the 
texture caused by the wooden cradle and 
the texture belonging to the original 
painted wooden panel.”

With the support of a grant from the 
Samuel H. Kress Foundation, the collab-
oration was then able to convert the al-
gorithms and coding into a user-friendly 
Photoshop plug-in tool. Dubbed Platy-
pus, the program was introduced at a 
workshop in August 2015 attended by 
national and international art conserva-
tors. After receiving feedback from the 
conservators, the group worked to fi-
nalize the software and coding, which is 
now available free online.

The collaboration between the 
NCMA and Duke University is part of 
the NCMA’s Art + Science Initiative, 
which enlists local universities to re-
search issues concerning both art and 
science, bringing technological advances 
to art conservation and demonstrating 
the importance of interdisciplinary stud-
ies. The Museum’s Conservation Center 
has partnered with Duke University on 

other conservation projects, including 
applying laser imaging technology to 
research materials used in paintings (de-
signed by Warren S. Warren, director of 
Duke University’s Center for Molecular 
and Biomolecular Imaging).

The project is also part of the Informa-
tion Initiative at Duke (iiD), an interdis-
ciplinary program designed to increase 
“big data” (information characterized by 
tremendous volume, variety and rapid 
change) computational research and ex-
pand opportunities for student engage-
ment in this rapidly growing field.  n

Software Helps Art Conservators  
Clear the Cradling

 
North Carolina Museum of Art partners with Duke University to develop an art conservation  

tool that helps analyze paintings using x-ray images  |  By Emily Kowalski, North Carolina Museum of Art

Compared to manually altering the image in Photoshop, the algorithm was not only 

quicker and more effective, but also much easier for art conservators to use.

RESEARCH
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“For my group, it’s about applying this kind of 
photoluminescence to building memory systems, 
sensors and computational logic,” said Dwyer. 
“And we build these components with self-assem-
bling nanostructures using DNA.”

This approach has several benefits.
For one, Dwyer and his group can use 

DNA structures to piece together logic 
gates just two nanometers wide. This 
leads to memory systems that are very 
dense. And the way light propagates 
also means that the amount of energy 
required to perform an operation is rad-
ically lower than a conventional com-
puter.

Or at least it could be, once Dwyer’s 
group gets all of the components talking 
to one another. They can currently build 
logic gates and memory elements and 

network them together, but they still 
have to figure out how to optimize these 
devices so that they can compete with 
electrical silicon technologies.

“These devices blow silicon processors out of the 
water on paper, but getting the real world in line 
with the theory is easier said than done,” said Dw-
yer. “On the flip side, we can figure out how to 
use these devices just as they are in spaces where 
conventional technologies can’t go.”

For example, being made out of DNA, these tiny 
computational networks are biologically compati-
ble. Perhaps scientists could put some computing 
power on a diagnostic assay inside the body—a 
feat which would greatly reduce the costs of such 

tests. Or in a future science fiction 
world, maybe scientists could con-
duct computations inside the blood-
stream itself.

Dwyer also notes the idea of an 
encryptable drug, which would 
have a cryptographic algorithm run 
by a molecular-scale computer that 
would render it ineffective if it wasn’t 
presented with the correct challenge 
or response.

“I spent a great deal of my career 
trying to simply replace silicon in 
computing technology,” said Dwyer. 

“It probably took me the better part of six years, 
or half my career in academics, to figure out that a 
much better use of this technology is to bring com-
putation to every niche of the physical world where 
silicon can’t go. I think that’s a much better use of 
our technology.”  n

Left:  A rendering 

of a hypothetical 

stack placed at the 

end of an optical 

fiber bundle. 

The sparkles are 

DNA+RET logic 

and the square 

elements are 

photocollectors.

Below, left: An 

illustration of one 

of the structures 

Dwyer’s laboratory 

works with. Each 

“waffle board” 

holds an array of 

logic elements 

that use so-called 

“excitons.”

Below, right: 

A computer 

rendering of a 

nanoparticle 

system (the ball 

on the left) that 

is assembling 

some Luciferase 

enzymes (the 

curly proteins) 

into a system 

with a DNA-based 

“exciton” wire.

“These devices 
blow silicon  
processors out 
of the water on 
paper, but getting 
the real world in 
line with the  
theory is easier 
said than done.”

R
esearchers at Duke University can use 
photons instead of electrons to store 
data, drastically increasing the storage 
capacity of the optical analog of Blu-
Ray discs. 

So what are your top 5,000 movies? 
“That’s the kind of ridiculous thing we can do, 

but I don’t know how we’re going to use it,” said 
Chris Dwyer, associate professor of electrical and 
computer engineering and of computer science at 
Duke.

Like his Fitzpatrick Institute for Photonics col-
league Jungsang Kim (page 10), Dwyer is working 
to bring an entirely new type of computer hard-
ware into our day-to-day lives. But unlike Kim’s, 
his technology isn’t based on the quantum state of 
individual atoms.

Optical computing has been around for de-
cades, but the physical properties of light have 
limited its use to large scales. Wave guides that in-
teract with and manipulate light have to be of the 
same order of magnitude in size. And for photons, 
that means nothing can be much smaller than a 
micron, which is huge compared to conventional 
silicon systems.

Dwyer, however, and others in his field have 
found a way around this problem—excitons. 

When individual molecules called chromo-
phores interact with light, they quantum-mechan-
ically absorb some of its energy, which gets turned 
into an exciton. And when that little nugget of 
energy moves from chromophore to chromophore 
in specific patterns, it creates light-based compu-
tational components. 

The Genetic Codes That Create Optical Computers
FIP researchers are using self-assembling DNA to form the basic components for optical computing

Chris Dwyer, associate professor of 

electrical and computer engineering and of 

computer science at Duke University

RESEARCH
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controlling its state with a 
high degree of reliability is 
very difficult. Kim’s group 
has demonstrated this feat 
with an accuracy on par 
with anyone in the world.

Once an atom’s quantum 
state can be controlled, the 
system must be made quan-
tum-mechanically coherent. 
If the atom interacts with 
the outside world even a 
little bit, it loses its “quan-
tumness,” which is bad. 
Again, Kim’s laboratory has 
demonstrated this ability.

They have also demon-
strated the ability to initial-
ize their system to a well-de-
fined starting state. For ex-
ample, in a laptop, each bit 
starts in the same place—a 
zero—until data is written 
to the chip.

Fourth, a quantum pro-
cessor needs enough compo-
nents to produce a universal 
set of gates, which allows 
one to implement arbitrary 

computational tasks. Kim’s setup combines a simple 
two-quantum-bit gate with the ability to control each 
quantum bit’s state to accomplish that. 

Last but not least, a quantum computer needs to 

have the ability to report its solution. To do that, 
there must be good quantum measurements, which 
again, Kim’s laboratory has already demonstrated.

“All of these criteria our system meets pretty much 
as well as anybody else’s can,” said Kim. “But those 
are just the components. If you want to build a com-
puter, you have to put a large number of these things 
together in a way that you can control them and inter-
act with them at will. And that system integration is 
something that we are currently working on.”

After scientists in the 1940s put together the first 
string of vacuum tubes, it wasn’t long before they filled 
rooms with tens of thousands of them to create the 
first digital computer. Kim hopes to demonstrate the 
first small string of “quantum vacuum tubes” within a 
year. After that, it will be up to the cutting-edge tech-
nologies developed for semiconductors and telecom-
munications to scale the system up.

“We do all of these quantum manipulations with 
atomic ions trapped on silicon chips, so we could ac-
tually start to think about systems where we have 100 
atomic ions,” said Kim. “That’s a small processor, but 
we have ways of connecting multiple units to build 
large-scale systems. The result would be similar to data 
processing centers with thousands of processors linked 
together.”

“The challenge is getting today’s telecommunica-
tions technologies to work with our quantum systems, 
because they operate on different wavelengths,” Kim 
added. “I think we’re getting close. And if successful, 
not only could we make scalable quantum computing 
clusters, but also quantum networks that communi-
cate over long distances.”  n

A micro-fabricated 

ion trap built on a 

silicon substrate and 

packaged in a stan-

dard ceramic pin-grid 

array (CPGA). The trap 

was used by Kim’s 

laboratory in their 

quantum computing 

experiments and was 

fabricated by Sandia 

National Labs in a 

collaborative effort.

Jungsang 

Kim, professor 

of electrical 

and computer 

engineering, 

Duke University 

has been 

awarded a major 

multi-year 

award by IARPA 

in partnership 

with University 

of Maryland and 

Georgia Tech.

I
n a building full of advanced photonics research, 
the laboratory of Jungsang Kim just might have 
the most complicated optical setups. After all, 
not many engineering challenges involve con-
trolling the frequency of a laser to within a mil-

lionth of a percent.
But building the world’s first quantum computer 

does.
This is the next big 

goal for Kim, a pro-
fessor of electrical and 
computer engineering at Duke University.  And he’s 
not too far from achieving it.

“Back in the 1940s, researchers were just discov-
ering how to use vacuum tubes as simple switches,” 
explained Kim. “These switches could then form 

logic gates, which could be linked together to form 
the first logic circuits. That’s where we’re at now with 
quantum processors. We have verified that all the 
components work. The next step is to engineer the 
smallest, yet most interesting circuit possible.”

According to David DiVincenzo, a prominent 
computer scientist at IBM, researchers must meet 

five criteria to create a 
true quantum comput-
ing device.

First, Kim needs a 
well-defined system that can represent different 
states. For example, classical computers use small 
electrical switches made out of semiconductors to 
indicate a 1 or a 0. But because an atom’s quantum 
spin can point in an infinite number of directions, 

Building the World’s First Quantum Computer
FIP researchers work to integrate proven components into the world’s first quantum processor

“I think we’re getting close.”

FACULTY HIGHLIGHT  |  Jungsang Kim
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In June 2015, microscopy and 
imaging systems company Leica 
Microsystems acquired Bioptigen, 
Inc., a company hatched by Joseph 
Izatt, the Michael J. Fitzpatrick 
Professor of Engineering at Duke. 
Formed in 2004, Bioptigen has become 

a leader in optical 
coherence tomog-
raphy (OCT), an 
imaging technique 
that uses light to 
capture extremely 
high-resolution, 
three-dimensional 
pictures of the eye. 

During the past decade, the company 
has secured more than 60 patents in 
OCT technology, many of which were 
licensed from intellectual property 
developed by Izatt, his students, and 
collaborators at Duke and Case  
Western Reserve University.

FACULTY SPINOFFS

CHECK OUT THIS PROGRAM!

Master of Engineering  
Photonics and Optical  
Sciences
fitzpatrick.duke.edu/education

CURRICULUM: Core industry prep courses 
in business fundamentals and manage-
ment with technical courses focused 
within a chosen engineering discipline. 
Also includes an industry internship 
project or equivalent experience. 

IDEAL CANDIDATES: Recommended for 
students in the earliest stages of their 
careers who are interested in a practic-
ing engineering position with a focus on 
product design and innovation. 

DURATION: 18-24 months

FIP CORPORATE PARTNERS

ever before, providing a more complete 
image of the event.

Besides giving new insights into basic 
aspects of lightning that are still not un-
derstood—like how lightning channels 
form across tens of miles of sky—the 
system can also help investigate some 
of the more extraordinary and rare phe-
nomena produced by electrical storms. 

“Right now I am obsessed with ter-
restrial gamma-ray flashes, which is 
the process in which thunderstorms 
act as particle accelerators and launch 
very high-energy gamma rays out into 
space,” said Cummer. “The challenge 
is that the only terrestrial gamma-ray 
flashes ever detected are the ones that 

just happen to be seen by astronomy 
satellites.”

Because they are thousands of miles 
away from the source of terrestrial 
gamma-ray flashes, the satellites rarely 
manage to spot one. And when they do, 
they can’t directly image the processes 
at work.

They can, however, measure some 
details of the lightning flashes that pro-
duce the bursts of gamma rays. Cummer 
hopes that by matching some of the 
characteristics of storms that produce 
terrestrial gamma-ray flashes with events 
he’s captured on his new radio wave sys-
tem, he can begin to tease out the inner 
workings of the phenomenon.  n

High speed 

video sequence 

of a lightning 

bolt descending 

from the cloud 

and striking the 

ground.  At 200 

microseconds 

per frame this 

process hap-

pens much fast-

er than can be 

seen with the 

unaided eye.

T
he flash of light streaking between 
the ground and sky that catches on-
lookers’ attention is literally just the 
tip of the lightning bolt. During a 

typical strike, less than 10 percent of the total 
electrical activity is visible. The rest is hidden 
from view within different layers of the cloud 
extending for miles through the storm.

This presents a major hurdle for studying 
lightning’s many enigmas that still confound 
researchers to this day. Because movements 
of electricity are hidden from view, scientists 
must turn to different portions of the electro-
magnetic spectrum for insights.

“If you have a really good high-speed im-
aging system, you can see all of this amazing, 
intricate detail in lightning flashes,” said Steve 
Cummer, professor of electrical and computer 

engineering. “But even with that technology, 
there are some things you can’t see that light-
ning does because it’s in the cloud. So you need 
some kind of non-optical way to see it.”

To study an electrical storm’s internal wir-
ing, researchers watch for either Very High 
Frequency (VHF) waves caused by the break-
down of air in front of a bolt’s path or radio 

waves produced by the movement of electrons. 
Cummer is pursuing the latter.
Along with postdoctoral associate researcher 

Fanchao Lyu, Cummer has devised a ground 
sensor system and data processing system that 
can track the sources of radio wave emissions 
with more precision than ever before. The 
system works by cross-correlating radio wave 
signals from two stations during a 350-micro-
second window to determine the difference in 
the waves’ time of arrival. The time window is 
then slid 50 microseconds and the process is 
repeated.

Because the radio waves travel at the speed 
of light, the difference in time it takes them to 
reach each sensor is extremely small—but it is 
detectible. That difference constrains the point 
from which the waves could have originated. 

And after getting time-of-arrival 
differences from seven different 
stations for a single event, the 
source of the radio waves can be 
pinpointed.

While this method has been used before, 
the greater number of sensors and the way the 
data are processed make Duke’s system more 
sensitive than any previously deployed, giv-
ing good mapping results on both continuous 
emissions and fast processes within the cloud. 
The tracking allows Cummer and Lyu to image 
more processes during a lightning strike than 

Tracking Electrical Storms with a New Light
FIP researchers are using radio waves to track miles of unseen channels of lightning to 
learn more about the common but enigmatic phenomenon

RESEARCH

“...there are some things you can’t see that lightning does because  
it’s in the cloud. So you need some kind of non-optical way to see it.”

Steve Cummer
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T
he United Nations proclaimed 2015 the Internation-
al Year of Light to raise global awareness about how 
light-based technologies promote sustainable devel-
opment and provide solutions to global challenges in 

energy, education, agriculture and health.
Hundreds of adults and children joined Duke’s Fitzpatrick 

Institute for Photonics for an Open House celebration that ex-
plored the fun and fascinating science and power of light!

To see videos and more details about last year’s event, please 
go to our website: http://www.fitzpatrick.duke.edu/march8

Exploring light technologies 
A community celebration of the science and power of light - Sunday, March 8, 2015

Center: Dr. Janna Register, Duke rostdoctoral researcher, uses the  

Optical Society of America’s (OSA) Lightblox kit to teach basic  

concepts of light including refraction. The OSA Lightblox kits were 

then raffled off and donated to K-12 teachers in attendance, thanks  

to OSA’s sponsorship. Bottom: Jenna Meuller, a Duke PhD student  

and Chambers Scholar, demonstrates “how light helps us see up 

close.”  She used a High-Resolution Endoscope to teach how doctors 

can peer inside the body with this light-based visualization tool.

      

      

CHAMBERS FELLOWS 

Where are they 
now?
After completing his Ph.D. in bio-
medical engineering at Duke in 2010, 
Vivide Chang first worked as a life 

sciences consultant 
at L.E.K. Consult-
ing and has recently 
joined Genentech in 
their Market Analysis 
and Strategy group. 
His research project 
was developing a 
minimally invasive 

optical device for cervical cancer 
screening, which culminated in test-
ing the device initially at DUMC 
and later Leogane, Haiti. Vivide’s 
time as a Chambers Fellow allowed 
him to work at the intersection of 
biophotonics and medicine, which 
required him to quickly ramp up on 
biomedical knowledge (coming from 
an engineering physics in undergrad) 
and collaborate effectively with phy-
sicians and other researchers. These 
skills have enabled him to transition 
to a management consultant helping 
life sciences clients with their strategic 
business problems. Most recently, 
Vivide is a Market Planning Manager 
at Genentech helping to develop strat-
egies for the Avastin cervical and brain 
tumor indications.  

EDUCATION

Left to right: Jiani 

Huang (Scholar), 

Zachary Steelman 

(Fellow), Yangbo 

“Abel” Xie (Scholar), 

Jon William Stewart 

(Fellow), David Cu-

nefare (Scholar), Xin 

Zhang (Fellow), Kevin 

Zhou (Fellow).

Fitzpatrick Institute for Photonics  |  Fellowships
The Fitzpatrick Institute for Photonics (FIP) is able to offer several graduate stu-

dent fellowships through the continued support and generosity of the Fitzpatrick 

Foundation and John T. Chambers. 

The Scholars program provides existing Duke graduate students within the FIP approxi-

mately $46,000 each year toward their stipend, tuition remission, grad school fees and health 

insurance for two years. This program is designed to reward the most outstanding individuals 

within FIP for their accomplishments and potential. Each candidate, nominated by a FIP Profes-

sor, was judged on the criteria of demonstrated excellence in their academic studies, research 

and projects that involved inter-group or interdisciplinary research stimulating new collabora-

tions among FIP faculty. 

The Fellows program, used as a recruiting 

tool for the top candidates, provides incoming 

graduate students a one-year fellowship pro-

gram, which awards a $10,000 top-up on their 

stipend and $1,000 toward educational travel. 

Each candidate is nominated by a FIP Professor 

and judged on the criteria of research accom-

plishments, research potential, personal quali-

ties and collaborative potential.

The Fitzpatrick Institute for Photonics 

(FIP) is pleased to announce and introduce the 

recipients of the Fitzpatrick Foundation Schol-

ars, John T. Chambers Scholars and John T. 

Chambers Fellows for the 2015 academic year!

2015-2017 Fitzpatrick Foundation Scholars
Yangbo “Abel” Xie, Prof. Steven Cummer - ECE

2015-2017 John Chambers Scholars
David Cunefare, Prof. Sina Farsiu - BME

Jiani Huang, Prof. Maiken Mikkelsen - Physics

2015-2016 John Chambers Fellows
Zachary Steelman, Prof. Adam Wax - BME

Jon William Stewart, Prof. Maiken Mikkelsen - ECE
Xin Zhang, Prof. Harold Baranger - Physics

Kevin Zhou, Prof. Joseph Izatt - BME

The Duke OSA/SPIE Student Chapter (DOSC) brings to-
gether undergraduates, graduates and postdocs from many 
departments at Duke to facilitate outreach, mentorship and 
learning. Several times a year, DOSC members bring the ex-
citement of optics to local high schools, including the North 
Carolina School of Science and Math and Durham Academy. 

Additionally, DOSC helps to match high 
school students with optics faculty for 
summer research projects. Past research 
projects have included construction of a 
laser beam profiler and design of a GUI 
for X-ray scatter imaging for security ap-
plications.

DOSC member Andres 

Aragoneses teaches 

students at NCSSM 

about refraction and 

reflection using an 

OSA Light BLOX kit. 

A group of Open 

House visitors 

explore the 

six-sided 3D im-

mersive virtual 

environment of 

Duke’s DiVE. 
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FIP Faculty:  121 faculty members from 37 departments and institutes at Duke

ANESTHESIOLOGY
Allan Shang, M.D. Adjunct Prof.
ART, ART HISTORY & VISUAL STUDIES
Bill Seaman, Prof.	
Hans Van Miegrot, Prof.
BIOLOGY
Adele DeCruz, Adj. Assist. Prof.
Steve Haase, Assoc. Prof. 
Sönke Johnsen, Prof.
Daniel Kiehart, Prof.
Zhen-Ming Pei, Assoc. Prof.
Tai-Ping Sun, Prof.
BIOMEDICAL ENGINEERING
Ashutosh Chilkoti, Prof.
Mark Dewhirst, Prof.
Sina Farsiu, Assist. Prof.
Daniel Gauthier, Prof. 
Charles Gersbach, Assoc. Prof.
Yiyang Gong, Assist. Prof. 
Farshid Guilak, Prof.
Joseph Izatt, Prof.
G. Allan Johnson, Prof. 
Paolo Maccarini, Assist. Res. Prof. 
Bob Malkin, Prof. of the Practice
Hisham Massoud, Prof. 
Barry Myers, M.D., Prof.
Nimmi Ramanujam, Prof.
William (Monty) Reichert, Prof. 
Xiling Shen, Assoc. Prof. 
Marc A. Sommer, Assoc. Prof. 
George Truskey, Prof. 
Adam Wax, Prof.
Jennifer West, Prof.
Fan Yuan, Prof.
Lingchong You, Assoc. Prof.
Tuan Vo-Dinh, Prof.
Michael Zalutsky, Prof.
CELL BIOLOGY
Harold Erickson, Prof.
Jennifer West, Prof.
CENTER FOR APPLIED GENOMICS AND  
PRECISION MEDICINE
Geoffrey Ginsburg, M.D. Prof.
CENTER FOR GENOMIC AND COMPUTATIONAL 
BIOLOGY
Lingchong You, Assoc. Prof.

CENTER FOR METAMATERIALS AND
INTEGRATED PLASMONICS
April Brown, Prof.
Steve Cummer, Prof. 
Nan Jokerst, Prof.
Jungsang Kim, Prof. 
David R. Smith, Prof. 
CHEMICAL BIOLOGY
William (Monty) Reichert, Prof. 
CHEMISTRY
David Beratan, Prof. 
Adele DeCruz, Adj. Assoc. Prof.
Emily Derbyshire, Assist. Prof. 
Martin Fischer, Assoc. Res. Prof. 
Katherine Franz, Prof.
Jie Liu, Prof. 
Jianfeng Lu, Assist. Prof. 
Richard A. Palmer, Prof. Emeriti
William (Monty) Reichert, Prof.
Jennifer L. Roizen, Assist. Prof. 
Michael Therein, Prof.
Eric Toone, Prof. 
Warren Warren, Prof. 
Benjamin J. Wiley, Assist. Prof.
Weitao Yang, Prof. 
Tuan Vo-Dinh, Prof. 
CIVIL & ENVIRONMENTAL ENGINEERING
Heileen Hsu-Kim, Prof.
COMPUTER SCIENCE 
Nikos Pitsianis, Adjunct Assoc. Prof.
John Reif, Prof. 
Xiaobai Sun, Prof. 
DERMATOLOGY
Russell P. Hall, Prof.
DIVISION OF INFECTIOUS DISEASES AND  
INTERNATIONAL HEALTH
Steve Taylor, MD, Assist. Prof. 
Aimee Zaas, Assoc. Prof.
DUKE COMPREHENSIVE CANCER CENTER
Neil L. Spector, M.D., Assoc. Prof. 
DUKE HUMAN VACCINE INSTITUTE
Nathan Thielman, Prof. 
DUKE IMMERSIVE VIRTUAL ENVIRONMENT (DIVE)
Regis Kopper, Director
ELECTRICAL AND COMPUTER ENGINEERING
Martin Brooke, Assoc. Prof. 
April Brown, Prof. 

David Brady, Prof.
Lawrence Carin, Prof.
Krishnendu Chakrabarty, Prof. 
Leslie Collins, Prof. 
Steve Cummer, Prof. 
Ingrid Daubechies, Prof. 
Chris Dwyer, Assoc. Prof. 
Richard Fair, Prof. 
Jeff Glass, Prof.
Joel Greenberg, Assist. Res. Prof. 
Nan Jokerst, Prof.
Jungsang Kim, Prof. 
Jeffrey Krolik, Prof. 
Qing Liu, Prof. 
Hisham Massoud, Prof.
Nikos Pitsianis, Adjunct Prof.
Guillermo Sapiro, Prof.
David R. Smith, Prof. 
Adrienne Stiff-Roberts, Prof. 
GASTROENTEROLOGY
Anna Mae Diehl, M.D., Prof.
Katherine Garman, MD, Assist. Prof.
GERIATRICS
Heather Whitson, Assoc. Prof.
MATHEMATICS
Ingrid Daubechies, Prof.
Jianfeng Lu, Assist. Prof. 
Stephanos Venakides, Prof. 
MECHANICAL ENG. AND MATERIALS SCIENCE
Volker Blum, Assoc. Prof.
Niko Hotz, Assist. Prof.
David Mitzi, Prof.
Jennifer West, Prof.
Benjamin B. Yellen, Assoc. Prof.
Xuanhe Zhao, Assist. Prof.
MOLECULAR GENETICS AND MICROBIOLOGY
Mariano A. Garcia-Blanco, MD, Prof.
Aimee Zaas, Assoc. Prof.
NEUROBIOLOGY
Marc A. Sommer, Assoc. Prof.
NEUROSURGERY
Nandan Lad, MD, Assist. Prof.
NICHOLAS SCHOOL OF THE ENVIRONMENT
Richard T. DiGuilio, Prof.
ONCOLOGY
Sandeep Dave, M.D., Assoc. Prof.
Neil L. Spector, M.D. Assoc. Prof.

OPHTHALMOLOGY
Sina Farsiu, Assist. Prof.
Joseph Izatt, Prof.
Anthony Kuo, M.D., Assist. Prof.
Cynthia Toth, M.D., Prof.
ORTHOPAEDIC BIOENGINEERING
Farshid Guilak, Prof.
PATHOLOGY
Gayathri Devi, M.D., Assoc. Prof. 
Mark Dewhirst, Prof.
Christopher Woods, Prof.
PEDIATRICS
Bernie Fischer, Assoc. Prof.
Judith Voynow, M.D. Prof.
PHILOSOPHY
Andrew Janiak, Prof.
PHYSICS
Harold Baranger, Prof. 
Glenn Edwards, Prof.
Henry Everitt, Adjunct Prof. 
Gleb Finkelstein, Prof.
Haiyan Gao, Prof.
Daniel Gauthier, Prof. 
Bob Guenther, Adjunct Prof.
G. Allan Johnson, Prof.
Jianfeng Lu, Assist. Prof. 
Ying Wu, Prof.
RADIATION ONCOLOGY
Mark Dewhirst, Prof.
Chris Kelsey, Assoc. Prof.
David Kirsch, Prof.
Walter T. Lee, MD, Assoc. Prof. 
Greg Palmer, Assoc.. Prof.
Paul Stauffer, Prof.
Terry Yoshizumi, Prof.
Michael Zalutsky, Prof.
RADIOLOGY
G. Allan Johnson, Prof.
James Provenzale, M.D. Prof.
Ganesan Vaidyanathan, Prof.
Warren Warren, Prof.
Terry Yoshizumi, Prof.
Michael Zalutsky, Prof.
Xiaofeng “Steve” Zhang, Assist. Prof.
SURGERY
Gayathri Devi, Prof. 
Bruce Klitzman, Assoc. Prof.
Walter T. Lee, MD, Assoc. Prof. 

FIP Research Programs and Program Directors, left to right: Biophotonics: Joseph Izatt  Nano & Micro Systems: Nan Jokerst  Quantum Optics and Information Photonics: Jungsang Kim  Systems 

Modeling, Theory & Data Treatment: Weitao Yang  Photonic Materials & Advanced photonics systems: Steven Cummer  Nanophotonics: Fan Yuan  Novel spectroscopes: Warren Warren


