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Dr. Yi Guo synchronizes semiconductor laser arrays at Stevens with
NSF grant
September 20th, 2010

The National Science Foundation has announced funding for Dr. Yi Guo's
research at Stevens Institute of Technology into a rigorous mathematical
approach to the analysis and control of coupled semiconductor laser
systems. Dr. Guo, from the Department of Electrical and Computer
Engineering, will partner with Dr. Leonid Bunimovich at Georgia Institute of
Technology, Dr. Yehuda Braiman of Oak Ridge National Laboratory (ORNL),
and graduate students at Stevens, Georgia Tech, and the University of
TennesseeKnoxville.
Dr. Guo and her team are approaching semiconductor laser arrays as
complex systems exhibiting collective behaviors that can be measured and
manipulated to achieve desirable results. Since the 1950s, diverse
researchers have been studying collective systems and structures to
observe and quantify behavior at the individual agent and system levels.
Despite recent progress in the study of these system behaviors, analysis
has historically been limited to organizations and structures that produce
feedback linearly or offer static observations. Research in laser arrays has
also demonstrated limitations in the science, as many studies assume all
devices in a system are identical, which is not an accurate representation of
realistic scenarios.
Collective behavior is a complex but familiar phenomenon, observable in
gene and neuron development, the flocking of birds, and the operation of
manmade structures such as large power distribution systems,
transportation networks, and computer sensor components. Although
relationships between objects in these complex systems have been
described, the possibility of working with a laser array presents a unique
opportunity to precisely analyze collective behavior in a highlycontrolled
environment.
"Semiconductor lasers have many contemporary and future applications to
science and industry," says Dr. YuDong Yao, Director of the Electrical and
Computer Engineering Department at Stevens. "Through their focused,
mathematical approach, Dr. Guo and her research colleagues will also
contribute to our understanding of collective behavior benefiting scientists in
many disciplines."
Coupled lasers act as collective structures since the devices, each
operating with a different intrinsic frequency, must be synchronized with one
another to derive the exponential results offered by phaselocked beams.
Furthermore, a phaselocked system is not necessarily steady, and the
synchronization may degenerate to incoherence. Despite these
complexities, laser arrays are also interactive and controllable, with distinctly
measurable outputs and results. Synchronizing the arrays thus provides the
research team an opportunity to systematically test their mathematical
model of collective behavior while solving the realworld problem of
collective synchronization of laser devices.
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"The potential applications of this research go beyond the boundaries of Dr.
Guo's own research and could be applied widely to predict behavior in
complex systems studied by biologists, physicists, computer scientists, and
other scholars," says Dr. Michael Bruno, Dean of the Charles V. Schaefer,
Jr. School of Engineering and Science. "Her work puts Stevens at the
cutting edge of multiple developing research fronts."
In addition to the research component of the NSF grant, Dr. Guo and the
other researchers will conduct educational outreach to K12 teachers and
students through the Center for Innovation in Engineering and Science
Education at Stevens. Dr. Guo and Dr. Bunimovich both teach fundamental
undergraduate and graduate courses at their respective institutions, and will
apply this cutting edge research to classroom instruction. Dr. Braiman's
laser facility at ORNL will also provide the research team's associate
graduate students with unique handson learning experiences. Dr. Guo is
especially invested in encouraging women to pursue careers in science and
engineering, and will continue to provide mentoring and leadership to
female scientists at Stevens and elsewhere.
Provided by Stevens Institute of Technology
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More news stories
Research outlines cellular communication processes that make life possible
Researchers have discovered a mechanism of intercellular communication that helps explain how biological systems and actions  ranging
from a beating heart to the ability to hit a home run  function properly most of the ...

How machine learning can help with voice disorders
There's no human instinct more basic than speech, and yet, for many people, talking can be taxing. 1 in 14 workingage Americans suffer
from voice disorders that are often associated with abnormal vocal behaviors  some of ...

Graphene key to growing 2D semiconductor with extraordinary properties
A newly discovered method for making twodimensional materials could lead to new and extraordinary properties, particularly in a class of
materials called nitrides, say the Penn State materials scientists who discovered the ...

Isotope study determines fish were more prominent in early Alaskans' diets
Ice age inhabitants of Interior Alaska relied more heavily on salmon and freshwater fish in their diets than previously thought, according to a
newly published study.

Why mole rats are more flexible than we previously thought
One of the most interesting facts about mole rats  that, as with ants and termites, individuals specialise in particular tasks throughout their
lives  turns out to be wrong. Instead, a new study led by the University of ...

Inferring urban travel patterns from cellphone data
http://phys.org/wirenews/46459222/dryiguosynchronizessemiconductorlaserarraysatstevenswit.html
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In making decisions about infrastructure development and resource allocation, city planners rely on models of how people move through their cities, on foot, in
cars, and on public transportation. Those models are largely ...

Ancient dental plaque sheds new light on the diet of Mesolithic foragers in the Balkans
The study of dental calculus from Late Mesolithic individuals from the site of Vlasac in the Danube Gorges of the central Balkans has provided
direct evidence that Mesolithic foragers of this region consumed domestic cereals ...

Climate change has less impact on drought than previously expected
As a multiyear drought grinds on in the Southwestern United States, many wonder about the impact of global climate change on more
frequent and longer dry spells. As humans emit more carbon dioxide into the atmosphere, how ...

Device to control 'color' of electrons in graphene provides path to future electronics
A device made of bilayer graphene, an atomically thin hexagonal arrangement of carbon atoms, provides experimental proof of the ability to
control the momentum of electrons and offers a path to electronics that could require ...

Physicists propose first method to control a single quanta of energy
(Phys.org)—Physicists have proposed what they believe to be the first method to control the transport of energy at the level of single energy
quanta (which are mostly phonons). They show that it's theoretically possible ...
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