
Reflection of
Quadratic Solitons

Over the past decade, research has
shown that spatial solitons are a

universal phenomenon with many
forms of nonlinearity, including the
quadratic nonlinearity responsible for
frequency doubling.

A group of researchers has made a
new observation: An interface between
two periodically poled regions leads to
the reflection of quadratic solitons.

The group’s sponsors at the Army
Research Office have a special interest not
only in solitons as the waves that are
inherent to nonlinear materials but also
in the unique collisions that can occur
between them and their applications to
computing, said George Stegeman, one of
the team’s researchers, who is with the
School of Optics/CREOL at the
University of Central Florida.

Also on the team are CREOL’s
Ladislav Jankovic and Hongki Kim; Lluis
Torner and Silvia Carrasco of the ICFO-
Institut de Ciencies Fotoniques,
Universitat Politecnica de Catalunya,
Barcelona, Spain; and Mordechai Katz of
the Electro-Optics Division, Soreq NRC,
Yavene, Israel.

The group has observed solitons in a
periodically poled quasi-phase-matched
KTP crystal that is geometry optimized
for frequency doubling a Nd:YAG laser.
The solitons consist of both a fundamen-
tal and a second harmonic component
with a specific amplitude ratio, which
propagates unchanged. The field compo-
nents are in phase.

In the most recent observation,
the group studied an interface formed
by a shift in the poling period by half
the wavelength of the structure,
Stegeman said.

“Reflection occurs only for soliton
incidence onto the boundary,” according
to Stegeman.

“The boundary is transparent at low
incident intensities of the fundamental,
harmonic or both … This soliton-
induced reflection is unique in optics. It
can be used for high contrast all-optical
logic gates, routing, etc.”
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SCATTERINGS

A New Way to 
Look at the Retina

The eye has a brightness detection
system that helps control the

body’s internal clock and plays a criti-
cal role in how we sleep, how much
energy we have and how we handle jet
lag, according to new research from a
London-based team.

The eye’s rod and cone photorecep-
tors provide humans and all other ver-
tebrates with a sense of visual space.
This newly discovered system provides
information about the overall bright-
ness of light and subsequently affects
many everyday functions, said Russell
Foster of Imperial College London, the
lead scientist on the project.

The team found that mice with
genetic diseases of the eye lacked rod
and cone cells, making them blind, but
they still could regulate their bodies
and have other responses when
exposed to light.

“The really exciting thing … is that
this completely changes the way we
think about the retina,” Foster said.
“What we can say is that you don’t
need rods and cones to regulate your
clock, and there is an
almost completely unex-
plored light detecting
system within the eye.”

This system relies on
a molecule called
melanopsin, which is
different from the opsin
proteins found in the
eye’s rods and cones,
Foster said. The gene is
light sensitive, and
through collaboration
with Johns Hopkins
University, the researchers found that
“if you turn this gene off in mice that
lack their rods and cones, all responses
to light are abolished.”

One experiences jet lag when body
time and local time are confused and
synchronization relies heavily upon
these melanopsin-based photorecep-
tors, Foster said. The assumption has
been that feelings and functions related

to brightness, including pupil constric-
tion and sleepiness, are controlled by
the rods and cones.

The team’s work was described in a
recent Nature paper. “The authors of

this paper have shown
that in mice lacking rods
and cones, circadian
rhythm is regulated by
the melanopsin system,”
said Vasudevan
Lakshminarayanan of
the University of
Missouri-St. Louis
College of Optometry.
“In addition, they have
generated mice lacking
all photoreceptors as
well as melanopsin and

have shown that in spite of an intact
retina, there is no pupillary reflex as
well as variations in circadian rhythm
with varying amounts of light 
exposure.

“These are very nicely controlled
experiments and do show that both the
photoreceptor system as well as the
melanopsin system is necessary for
these accessory visual functions.”

A newly discovered brightness detection
system in the eye helps us recover from
jet lag.

“What we can
say is that you

don't need 
rods and cones 

to regulate 
your clock.”

— Russell Foster
Imperial College London
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B inh Danh does not
remember the life his par-

ents left in Vietnam in the late
1970s. He does not remember
being carried as an infant
onto a fishing boat with
dozens of other frightened
refugees, hiding in the boat’s
bowels and drifting into the
South China Sea. He does not
remember crying from fever,
and then being soothed by the
drips from melting blocks of
ice on deck above that the
fishermen used to keep their
new catches fresh.

But all of this is part of
Danh’s story. And because of
the people he left behind and
the images he has seen captured by others
in photographs of his homeland, Danh is
applying his love of art to the preserva-
tion of those images through nature.
Danh, a Stanford University graduate
student, uses the power of sunlight to
transpose old photographs onto the
backs of leaves from his mother’s San
Jose, Calif., garden. Many of the images
were taken during the Vietnam War.
Called “chlorophyll prints,” the images
block out the sunlight and force the
depletion of the leaves’ greenness. At that
point, the leaves take on the image being
pressed against them, be it of armed sol-
diers in camouflage, crouched in foliage,

or of an anguished woman
clutching a small child.

Danh traveled to Vietnam
again two years ago. He met
his grandparents for the first
time.“The war is still such a
part of that landscape,” Danh
said.“War doesn’t go away. It
lives on and becomes part of
the natural setting. All of these
materials have a memory to
them.”

The idea behind Danh’s
work is to merge events with
the nature that surrounds
them. He collects images of
the war through the Web,
newspapers and military doc-
uments. He produces a nega-

tive of an image and places the
transparency onto a leaf. He puts the leaf
in the sun with glass pressed against it.
The roof of his home serves as a good
resting spot for the images. It can take
two weeks to a month for the transfor-
mation to occur. Danh casts the leaves in
resin to keep them from decaying.

Danh and his family spent a year in a
refugee camp in Malaysia before obtain-
ing U.S. visas. They settled in San Jose,
where a community of Vietnamese
immigrants has flourished in recent
decades. Danh’s father owns a television
repair shop; his mother gives manicures.
“My parents really focused on my school-

ing,” he said. “I was interested in being a
scientist for a while. I was intrigued by
how things happen, by the beauty of sci-
ence.” At San Jose State University he dis-
covered that he could combine his
interests in science and art, and he
majored in the latter.

“I’m very sensitive to how light
behaves,” he said. “I don’t know if every-
day people think about light. It gives us
life and we take it for granted. It’s an
amazing element.”

SCATTERINGS

Florida’s Department
of Citrus is using a
satellite to monitor the 
production of competing
orange groves in Brazil. Florida offi-
cials have said that by under- and
overreporting their rate of orange
production, the Brazilians are
adversely affecting Florida’s juice
prices. Florida is using QuickBird, a
spacecraft produced by a Colorado
company called DigitalGlobe, to
snap images of the groves a conti-
nent away. The satellite boasts
images with a resolution of 
0.6-meter. It was launched in
October 2001 and takes about 
57 single area images per orbit.

Articles in “Scatterings” are written
by Kim Douglass, assistant managing 
editor of Optics & Photonics News. 
Do you have a story idea? Write her
at kdougl@osa.org.

DID YOU KNOW?

Chlorophyll Art Highlights
Interconnectedness of the Natural World

Binh Danh uses leaves as
his canvas and sunlight
to process his art.


