
A First for Solitons 

U sing light, a team of researchers has
observed two-dimensional (2D) lat-

tice solitons. This is believed to be the
first multidimensional soliton observed
in any periodic system in nature.

“In one dimension, there are many
physical properties that do not exist," 
said Mordechai (Moti) Segev of the
Technion—Israel Institute of Technology,
one of the researchers on the team.

“When a periodic system has just one
transverse dimension, propagation from
site to site occurs along only one axis,” he
said. “However, when such a periodic sys-
tem has two transverse dimensions (both
x and y), light can also tunnel vertically
(±y), opening up a whole range of new
physical properties. … We can now
explore full 3D interactions between 2D
lattice solitons, or study lattice solitons
carrying angular momentum.”

The experiment was made possible by
a technique to optically induce the pho-
tonic lattice, proposed by Demetri
Christodoulides' group at CREOL,
University of Central Florida. “With
these methods, we can demonstrate all-
optical routing and switching in full 3D,”
Segev said.

The team, which included Segev and
Jason Fleischer at Technion and Nikos
Efremidis and Christodoulides at CREOL,
used a photosensitive crystal with a very
large anisotropic response to the polariza-
tion states of light. The crystalline nonlin-
earity is very sensitive to one polarization,
whereas it is almost “immune” to the
other polarization. The photonic lattice
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N igel Langford and his colleagues
at the University of Strathclyde 

in Scotland ultimately would like their
remote sensing device to be flown
miles above Earth to measure gases
and pollutants in the upper atmos-
phere. But first, they’re testing exhaust
pipe emissions. “The exhaust gases
were something we knew we could get
readily,” Langford said. “Our lab space
is near a car park,” where university
staffers leave their cars.

Quantum cascade laser (QCL)
based spectrometers are being used to
make trace level measurements on a
range of molecular gases. Typically,
in near-room temperature operation,
short current pulses are applied to the
spectrometer. This results in a narrow
spectral pulse that is then tuned
through the transition by the applica-
tion of a slowly varying current ramp
to the laser, which is mounted on a
peltier heat sink. “This approach limits
both the spectral resolution of the
spectrometer and the rate at which
data are collected,” the team wrote in 
a research paper.

The group came up with an alterna-
tive approach. It used a semiconductor
diode laser, working at 10 µm, and
applied a long top hat current pulse
with a duration of 50 to 300 ns. The
pulse caused heating of the laser chip,
which in turn caused the laser fre-
quency to chirp. “When we measure
the change, we find that it’s essentially
linear, so what we have is a frequency
that changes with time… We can use

the change to probe the gas because
each gas has a characteristic absorp-
tion spectrum.”

The group collected gases in plastic
bags attached to the end of exhaust
pipes.“There’s nothing high-tech about
it,” Langford said. His team has received
government funding to make the device
portable, which would enable it to travel
into the upper atmosphere, possibly
within less than two years.

In recent months, the group
extended the functionality of the sys-
tem by replacing the plastic bag with a
garden hose. When the hose is inserted
into the exhaust pipe and coupled to
the spectrometer, the system becomes
real-time.

“The device is unique in that it pro-
duces the complete absorption spec-
trum of a gas over a 3 wave number
spectral width in a few seconds, with-
out the need to physically scan the
laser wavelength as in a conventional
single wavelength laser absorption
measurement,” said Dennis Killinger,
professor of physics at the University
of South Florida.

“The advantage of the system com-
pared to other tuned laser spectroscopy
systems is the wide overall tuning range
(3 cm-1), narrow spectral resolution
(0.013 cm-1), and fast measurement
time (less than a second), which can 
be all accomplished at the same time,”
Killinger said. “This instrument will 
be very useful for the measurement 
of many gas emissions as well as for
online industrial applications.”

Sensing Pollution

Michael
McCulloch of 
the University of
Strathclyde 
collects exhaust
gases to measure
with a swept-
frequency laser
spectrometer.

Jason Fleischer (left) and Mordechai Segev are
part of a team that observed 2D lattice solitons.
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was induced optically by interfering pairs
of plane waves of the “idle” polarization,
Segev said, while the soliton-forming
probe beam was polarized in the “sensi-
tive direction” and focused into a single
waveguide at the input plane of the struc-
ture. When the intensity of the probe
beam was low, it exhibited discrete
diffraction, spreading primarily along the
diagonals of the square lattice. However,
when the probe intensity was sufficiently
high, the lattice diffraction was elimi-
nated, and the beam became localized,
forming a lattice soliton.

“Going from 1D to 2D is significant
for several reasons,” said Frank Wise,
a professor of physics at Cornell
University. “Dimensionality really mat-
ters in nonlinear science, and in particu-
lar for solitons.” A 1D soliton might be
stable, for example, while a 2D soliton
might not be. “In addition, new phe-
nomena can occur. ‘Rotation’ is not a
sensible concept in one dimension, but it
is in two dimensions. A 2D system can
therefore support a vortex soliton.”

Using OCT to 
Probe Deeper

M icroelectromechanical (MEMS)-
based optical coherence tomogra-

phy (OCT) systems are being developed
to detect problem spots in the human
body, including in the bladder, colon
and esophagus.

A team led by Yingtian Pan from the
State University of New York at Stony
Brook wrote about its work with elec-
trothermal MEMS mirrors in 2001. This
year, a team from Duke University
reported work with electrostatic micro-
machine scanning mirrors, and the
device is being marketed through a spin-
off company in Raleigh, N.C.

The latest device uses tiny, electrically
activated films to vibrate a gold-covered
mirror up to 2,000 times a second. The
mirror broadcasts partially coherent
infrared light that can scan internal
organs. A thin polymer film is patterned
using lithography into more than
500,000 flexible micrometer scale capac-
itors. When voltage is applied, electro-
static forces cause the capacitors to
contract, pulling the film. A beam of
light from a fiber optic cable is reflected
onto the tissue surface, producing opti-
cal images of the tissue's outer layers.

The team includes engineering pro-
fessors Jason Zara, who recently moved
to George Washington University, and
Stephen Smith. They worked with
Joseph Izatt, who studied at the
Massachusetts Institute of Technology,
where OCT was pioneered.

“We were looking for a new way to
scan the beam,” Zara said. “With OCT,

you can try to make the light sources
better. But we’re working on the actual
scanning device at the end of the endo-
scope, on delivering light to the tissue
itself. This is an area where there’s a
need for better scanning techniques.”

The project is being marketed
through a spin-off business, Memscept
Inc., that was created by Smith, Zara and
Izatt. "We are also developing processes
that will enable the entire device to be
fabricated upon the same silicon wafer,
therefore facilitating assembly and
reducing the cost of the probes," the
team wrote in a paper that was recently
published in Optics Letters.

“Like the revolution from conven-
tional microscopy to laser scanning
microscopy, we envision that the
endoscopy industry will soon be under-
going the phase change to laser scanning
endoscopy,” said SUNY’s Pan, whose
team is now developing a laser scanning
endoscopy system at subcellular resolu-
tion. “OCT has offered the technological
foundation to provide high-resolution
cross-sectional images. The bottleneck
is… to provide a mechanism that per-
mits high-performance lateral laser
scanning in a slender endoscopic sheath.
MEMS mirror technology is definitely
an excellent candidate. … The pioneer
work of our group and the Duke team
has proved it.”

SCATTERINGS

Infrared thermography is being used
in airports and other high-traffic

areas around the world to detect
severe acute respiratory syndrome
(SARS), an infectious disease of the
respiratory system that has killed
more than 500 people. A key sign of
SARS infection is a high fever. An
infrared camera is used to convert
infrared radiation emitted from the
skin surface into electrical impulses
that are presented in various colors
on a monitor. Subtle abnormal tem-
peratures in the human body are easy
to identify, even in a crowd.

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?

(Left to right)
Jason Zara,
Stephen Smith
and Joseph Izatt
are among 
those studying
micromechanics
and OCT.
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