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FROM THE DIRECTOR

Since my message in the 2007 Biennial Report the Laboratory has been very
busy. We have much to report. Many of our strategic initiatives to enhance and
advance APL-UW—new research and development programs, improved research
integration, and upgraded infrastructure—have been realized.

We are in the early stages of executing major new programs. A multi-investigator
team is developing the next generation of long-endurance, semi-autonomous, mobile
undersea vehicles and another is designing and building an interactive, regional,
cabled-to-shore ocean observatory having real-time control and data return. Several
scientists have been awarded new grants to assess the mechanisms responsible for the
thinning of the Arctic ice cap, and our broad collection of single-investigator projects
in marine sciences, underwater and medical acoustics, and other areas of applied
physics continues to be active and productive. At-sea experimentation remains in
high demand, and invention is thriving: APL-UW has spun off eight companies in nearly
as many years and a record number of licenses and agreements involving APL-UW
intellectual property have been made.

Research funding for the FFY2007-2008 biennium was unprecedented. Annual
Laboratory research awards have nearly doubled in a six-year period, from $32M in
FFY2001 to $60M in FFY2007. In the latest fiscal year (2009) funding exceeded $60M,
setting another record for annual research awards.

On 1 July 2009 the Applied Physics Laboratory's organization within the UW changed:
the Laboratory now reports to the Provost. Reporting to the highest levels of the
University of Washington will stimulate interdisciplinary activities and integration
between the Laboratory and campus. This move comes as we strive to build further
academic connections by increasing the number of APL-UW researchers with faculty
appointments that include funding to support research collaboration and teaching.
Several new appointments have been made in the departments of Statistics,
Mechanical Engineering, Electrical Engineering, Civil and Environmental Engineering,
Neurological Surgery, Pediatric Dentistry, and Urology. These new connections will
help us to address emerging cross-disciplinary research priorities.

Our plans to expand office and laboratory space have concluded successfully. We now
occupy space in the new, state-of-the-art Benjamin Hall Interdisciplinary Research
Building on campus. This space addition, which allows for Laboratory decompression
and growth, is vital to our continuing success. The APL-UW fleet has been enhanced
with a new and more capable research vessel, the R/V Robertson, which is already
finding good use in instrument testing and regional marine studies. And we recently
completed the renovation of other facilities, including scientific laboratories, meeting
and common spaces, and other research vessels.

The past few years have been important and outstanding ones for APL-UW. Significant
recent accomplishments flow from the talent and energy of Laboratory staff and the
strong support from our sponsors, especially the US. Navy and the Office of Naval
Research, the National Science Foundation, and other key federal funding agencies. |
look forward to the next biennium and the Laboratory's continued success.

i
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THE LABORATORY

SCIENCE, ENGINEERING &
EDUCATION

Founded by the U.S. Navy in 1943 as one of four university laboratories to
focus intellectual and technical resources on the war effort, the Applied Physics
Laboratory of the University of Washington has built a world-class reputation
through service to the Navy and other federal agencies. This report highlights
examples of how APL-UW fulfills its mission to conduct a program of fundamental and
applied research, development, engineering, and education for science, industry, and
the national defense.

Noteworthy Research & Development

B Autonomous Lagrangian floats, designed and developed at the Laboratory, are
now enhanced with dissolved gas sensors. When air-deployed in the path of hurricanes
such as Hurricane Gustav in 2008, they follow particles of water in the ocean mixed
layer and measure the injection and ventilation of gases at the air-sea interface during
these extreme high-wind events.

Bl The Sonar Simulation Toolset turned 20 years old. This computer program produces
simulated sonar signals in an artificial ocean that sounds like a real ocean. Continuing
improvements have made it valuable for designing new sonar systems, predicting
performance, developing tactics, planning experiments, and training the fleet's sonar
operators.

B Strong currents in Puget Sound are being measured with an eye toward tapping
renewable tidal energy. The U.S. Department of Energy has funded scientists and
engineers to study the site-specific potential of the energy resource and environmental
effects. Researchers have found surprisingly strong currents with very brief slack water
periods between cycles and are working with a local energy company that is planning
a pilot project.

B Significant strides have been made in command and control software for
autonomous undersea gliding vehicles. APL-UW is the technical lead of the Glider
Consortium and has developed a web-based piloting and communications system. It
integrates the display of incoming glider data with pilot commands for missions that
include many gliders from several manufacturers in one operational area.

B The dynamics of the Philippine Archipelago straits are the focus for several
Laboratory oceanographers. A two-year observational effort deployed profiling floats
and moorings, ship-towed instruments, and autonomous gliders to measure dense
overflows between basins, wind-driven eddies, and nonlinear internal waves.

THE LABORATORY
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M In a study of the equatorial cold tongue in the eastern Pacific, where the sea surface
temperature anomaly indicates an El Nifio or La Nifa, a research team deployed a buoy
outfitted with 34 sensors and encountered a large amplitude, westward propagating
tropical instability wave and astounding new features of equatorial turbulence mixing. The
new observations will improve predictions of the phase and strength of the climate cycles.

B Polar scientists who have been monitoring the Greenland ice sheet for several
years with satellites and sensors placed on the glacial surface report compelling new
observations. The meltwater lakes that form on the surface each summer can drain to
the ice sheet’s base with a flow intensity greater than Niagara Falls. With so much water
injected below so quickly, the 3-km thick ice sheet actually rises several feet. The water’s
lubrication causes the glacier to slip faster toward the sea, but only temporarily.

B The US. Navy civilian laboratory system is facing a growing problem of replacing
science, technology, engineering, and math (STEM) professionals. Under the Office of
Naval Research the Laboratory has completed an initial effort to address the deficit of
STEM professionals. Adopting the Navy's practice of long-term planning for difficult
problems, a strategic plan has been developed that leverages existing programs and
incorporates new thinking and tactics.

Honors, Awards, & Celebrations

B Thomas Sanford was named a Secretary of the Navy/Chief of Naval Operations
Chair of Oceanographic Sciences in 2008. The award recognizes his reputation as
an international leader in physical oceanography, the broad support of his research
programs across many sponsoring agencies, and his collaborations to develop
instruments and collect field observations. Sanford was also presented the IEEE/
Oceanic Engineering Society’s 2008 Distinguished Technical Achievement Award.
The society cited his novel measurements and interpretation of physical signals in the
ocean, and lauded his work as bearing “... the signature of a creative, imaginative mind
and independent thinker.”

B Fred Karig received a Commander-in-Chief Fleet's Commendation from the British
Royal Navy recognizing his exceptional dedication and skill while aiding injured British
sailors after a submarine accident at the spring 2007 APL-UW Ice Station. “Mr. Karig's
experience in this harsh Arctic environment, and more particularly his strong leadership
and lack of regard for his own safety, were instrumental in saving the life of a badly
injured man and in assisting the submarine to recover from a most serious incident.”

B PeterDahlwaselected to the Acoustical Society of America (ASA) Executive Council
in 2008. At its October 2009 meeting the ASA presented Director Emeritus Robert
Spindel the Silver Medal in Acoustical Oceanography, recognizing his implementation
of ocean acoustic tomography and basin scale acoustic thermometry.

THE LABORATORY
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B Benjamin Smith received a Presidential Early Career Award for Scientists and
Engineers—the highest honor bestowed by the US. government on young
professionals in the early stages of their independent research careers. The award will
support his research programs of designing new satellite instrumentation to measure
snow and ice in the Arctic, and making computer models to explain glacier growth,
melt, and speed.

B Many APL-UW scientists have been honored recently as invited participants in the
National Academy of Sciences panels on Climate, Energy and National Security; the
NAS workshop Oceanography in 2025; and the National Research Council Committee
on Earth Sciences and Applications from Space. The Seattle Aquarium Society Board
of Directors Research Award for 2009 was presented to Jan Newton. Her contributions
to the increased understanding of Puget Sound have guided conservation policy and
helped to shape the aquarium’s programs.

B The R/V Jack Robertson was launched in September 2008, the first significant
addition to the APL-UW research fleet in 50 years. The Robertson is a capable vessel,
named after a capable leader from the Laboratory’s early days. This new vessel is critical
for testing advanced instrumentation in local waters prior to at-sea deployment in
other parts of the world, and is supporting APL-UW's rapidly growing involvement in
studies focused on Puget Sound.

Distinguished Visitors

Over the past biennium several U.S. Navy commanders and personnel received
tours and briefings on research and development efforts of special relevance to naval
operations. They were: Rear Admiral James A. Symonds, Commander Navy Region
Northwest; Rear Admiral Jerry Ellis, Special Assistant for Undersea Strategy; Captain
Chip Fowler, Commanding Officer, Office of Naval Research Global;, Captain Dave
Norris, Deputy Special Assistant for Undersea Strategy; Captain David Harrison,
Deputy Director, Deep Submergence; Rear Admiral Cecil D. Haney, Director, Submarine
Warfare; Rear Admiral David W. Titley, Oceanographer of the Navy; Commander Tim
Gallaudet, Navy Task Force on Climate Change; Ed Gough, Technical/Deputy Director,
Naval Meteorology and Oceanography Command; Eui Lee, CNO Strategic Studies
Group; and Rear Admiral Nevin P. Carr, Jr., Chief of Naval Research.

APL-UW received visits from many administrators and program managers from the
Office of Naval Research, Defense Advanced Research Projects Agency, Department of
Homeland Security, National Oceanic and Atmospheric Administration, National Science
Foundation, Naval Sea Systems Command, Office of Naval Intelligence, and Space and
Naval Warfare Systems Command. The APL-UW Advisory Board, which has several
new members; Andy DeMott and Pete Modaff, Defense and Interior Appropriations
Specialists, respectively, to Congressman Norm Dicks; and Mark Emmert, President,
University of Washington, also received tours and updates during the past biennium.
Many representatives of U.S. industries were received and APL-UW was pleased to host
international researchers from Asia, Australia, and Europe including Russia.

ag 5} W
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OCEAN OBSERVING SYSTEMS
A Nexus for Technology & Discovery

Rising sea levels, coastal erosion and flooding, undersea earthquakes, and
toxic algae blooms are just a few of the concerns of our coastal regions. \What
sensors and observing systems could mitigate impacts on society? How will data be
collected and shared to further knowledge of oceanic processes that are critical to a
habitable planet? APL-UW is now on the forward edge of 21*' century ocean observing
technologies, developing the infrastructure required to make sustained, long-term,
and adaptive observations in the ocean, on the seafloor, and at the air—sea interface.

These efforts are motivated by the broad goals of the U.S. Integrated Ocean Observing
System: to improve predictions of climate change and weather, improve maritime
operations and national security, mitigate natural hazards and public health risks, and
sustain ocean and coastal resources. By congressional act in 2009 a federation of 11
regional associations representing all areas of the nation was established to contribute
to the U.S. 100S vision.

Operational Observations by Regional Association

The Pacific Northwest regional component of the federation—the Northwest
Association for Networked Ocean Observing Systems—had its genesis at APL-UW in
2005. NANOOS is comprised of more than 30 organizations including tribes, state and
local governments, industry, academic institutions, and non-profit groups. Members
identified priority areas for data product development— climate, maritime operations,
fisheries, coastal hazards, and ecosystem impacts.

WORSTT O Wiy . ; . . ) )
il u‘mﬁroﬂ. - NANOQOS integrates more than 50 kinds of ocean data from its regional stakeholders

6 5431300, on _ and makes them available through a single access point—the NANOOS web portal.
' Portal users can browse data products such as a coastal radar current mapping system
or seasonally-repeated hydrographic cruise surveys. They can also search by region
of interest, data type (observation, model, or forecast), and parameter (e.g., winds,

temperature, salinity, dissolved nutrients).

Data available at the portal have immediate, operational applications. Oregon tuna
fishermen, for example, use output from an ocean circulation model that forecasts
ocean temperature to optimize the timing of putting vessels to sea, thus reducing
fuel costs. The Quinault Nation’s coastline in Washington State has been the site of
hypoxia events that leave thousands of dead fish on the beach. NANOOS stakeholders
are running glider surveys in the region and posting data to the portal that trace when
and where low-oxygen water infiltrates the coast.

APL-UW 2009 BienNIAL REPORT 11
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The sensors, instrument platforms, and cyber-infrastructure that allow real-time,
sustained monitoring of the coastal ocean are the very assets required by scientists
to conduct fundamental research. Scientists at APL-UW and associated academic
institutions are using NANOOS portal data to probe the biophysical processes of Pacific
Northwest waters.

Recent funding will add a moored, profiling buoy and autonomous ocean glider to the
NANOOS assets off the Washington coast. While providing near real-time monitoring
of algae blooms and low-oxygen waters, over the long term scientists will use the
observations to determine the lineages between bloom formations and the physical
and chemical oceanographic environment, and whether hypoxia in coastal waters
is due to increased upwelling frequency or intensity associated with a climate shift.
The coordinated efforts under NANOOS are showing that research-focused and
operationally-oriented ocean observatory efforts are synergistic and supportive.

Eye on the Sound: A Networked Grid of Buoys

The first buoy (page 10) of a networked system has been deployed in Puget Sound.
Powered exclusively by solar and wind systems, it raises and lowers an instrument
package between the surface and 200 m with an electromechanical cable winch.
These profile data as well as atmospheric and near surface measurements are beamed
to terrestrial data centers and the Internet by radio-frequency transceivers.

Moored offshore from a sewage treatment facility, the prototype buoy will provide
immediate feedback of harmful discharges to Puget Sound. Several dozen will be
distributed at other critical monitoring points throughout the basin. Data collected
over many years will be used to drive numerical oceanic and atmospheric models that
predict the future state of the vital and fragile ecosystem.

A Permanent Telepresence in the Ocean

APL-UW and the University of Washington School of Oceanography are leading the
design, development, and construction of an ambitious ocean observatory in the
Northeast Pacific Ocean—the Regional Scale Nodes. Funded by the NSF Ocean
Observatories Initiative—the science-driven arm of U.S. I00S—the observatory’s
construction will begin in 2010 when nearly 500 miles of electro-optical power and
communications cable are laid across the Juan de Fuca tectonic plate, running from a
shore station in Pacific City, Oregon. Nodes densely populated with instruments and full
water column moorings will be installed at several study sites. Once operational, high-
bandwidth data and video imagery will be transmitted via the Internet and available to
users around the world, dramatically changing the way scientists, educators, students,
decision-makers, and the public access the oceans.
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APL-UW is designing and developing the RSN secondary infrastructure, which includes
low-power nodes, junction boxes, vertical moorings, instrument platforms, and
sensors. After the program’s five-year development phase, the APL-UW engineering
team will assume responsibility for the health and safety of the entire observatory. A
control center will operate 24/7 to diagnose problems, recommend corrective action,
and monitor operations. For the expected 25-year life of the RSN, APL-UW will provide
engineering support and technical assistance to scientists and instrument developers
who wish to install sensors on the observatory's infrastructure.

Over one hundred core sensors will be installed first, many of them standard
oceanographic sensors with proven reliability and accuracy on other platforms. None,
however, were developed to operate on a cabled system for decades. Will the sensors’
calibration drift over time? Will they remain reliable at extreme pressures and/or
pressure cycling on profiling excursions? For those sensors that will be profiled to the
surface from one of the subsurface moored floats, biofouling is a concern. Initially, all
sensors will be revisited annually during the summer weather window for testing and
calibration.

The network is designed for expansion, and when complemented by the NEPTUNE
Canada assets would encompass an entire tectonic plate and observe all the natural
phenomena that occur there.

NANOOS team members: Matthew Alford, Corinne Bassin, David Jones, Nicholas
Lederer, Russell Light, Stuart Maclean, David Martin, Emilio Mayorga, Jan Newton,
Janet Olsonbaker, Eric Shulenberger, Amy Sprenger, Troy Tanner, Michael Welch, and
Timothy Wen,; Regional Scale Nodes team members: Clark Bodyfelt, Gerald Denny,
Jesse Dosher, Gary Harkins, Michael Harrington, Timothy McGinnis, Nancy Penrose, Eric
Strenge, Marvin Strenge, and James Tilley

Sponsors: NOAA, NSF, M.J. Murdock Charitable Trust
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HUGE DISCOVERY IN
TiNny BUBBLES

Ultrasound contrast agents are extremely small gas bubbles. They increase the
efficiency of diagnostic ultrasound imaging, such as echocardiography, because the
microbubbles act as echo chambers when ensonified by an acoustic signal.

Advances in ultrasound imaging have reached a level where even a single microbubble
—about one micron in size—can be imaged. Research is now exploring the possibility
of targeting ultrasound contrast agents to site-specific regions of the body and using
them to carry therapeutic agents. Acoustically activated microbubbles alter the shape
of cell membranes and can increase vascular permeability, which may enhance local
delivery of drugs or genes. But high acoustic pressures can damage vessels. The
interaction between the microbubble and the vessel wall is very important, yet not
well understood, so a research team at the Center for Industrial and Medical Ultrasound
devised experiments to capture high-speed microphotographs of single microbubbles
ensonified in tiny vessels.

Ultra Small, Ultra Fast

Microbubblesare madein the lab by mixing several different lipids togetherin a buffered
electrolyte solution saturated with a perfluorocarbon gas. After mixing, the lipids form
a thin (a few nanometers) protective shell around the gas to form the microbubble
and prevent the gas from escaping. Ultrasound contrast agent microbubbles have a
diameter of about 2-3 microns, with about 99% of the bubbles in the range of 1-10
microns. In a single milliliter vial there might be one hundred million microbubbles.

To stage a microbubble/microvessel experiment, a microscope is coupled with an
extremely fast-exposure camera capable of 50-nanosecond acquisition times. A high-
intensity flash lamp coupled to a fiber optic light path is required to generate enough
photons to create a photographic image. The tissue samples must be transparent so
that microbubbles in the blood vessel can be observed. Finally, the synchronization
of optical and acoustic systems has to be precise so that the acoustic phase is known
exactly at the time point where each high-speed image is acquired.

Expand, Contract, Collapse

To understand the interaction between a bubble and the surrounding tissue, consider
a sinusoidal pressure wave. As the acoustic pressure goes negative, the microbubble
expands under the tensile pressure and it continues to expand until the pressure turns
positive, forcing the microbubble to contract. When the bubble contacts the vessel
wall, the wall may dilate, but it also hinders the bubble from expanding much further.

Our high-speed microphotographs confirm that blood vessels do indeed dilate as the
microbubbles push against them. But even more amazing is that when a microbubble
collapses, the vessel wall is pulled inward, probably due to fluid rushing into the bubble
void. This invagination effect is more dramatic than dilation and may be the dominant
mechanism for increasing vascular permeability and/or tissue damage.

Technology Commercialization

The contributions of these discoveries to the ultrasound research and therapy
communities are great, but one component of these novel experiments has commercial
potential as well. Ultrasound contrast agents are being developed to target specific
diseases. It is thus important to understand their protective shell's properties because
the shell stabilizes the bubble and is the surface on which specific targeting ligands
must adhere. The CIMU team has developed a light-scattering technique to indirectly
characterize the shell by monitoring the bubble’s oscillation when subjected to
ultrasound. The observed dynamics are compared to a model where the shell viscosity
and shear modulus are the fitting parameters. A patent application has been filed for
this technology with the objective of developing an integrated system to characterize
the microbubble size distribution and the shell properties together.

Top-Flight Student Research

Bioengineering doctoral student Hong Chen’s thesis is based on these novel
experiments. Research advisor Thomas Matula is very pleased with her work. “She
has excelled in conducting these extremely difficult experiments—imaging micron-
sized bubbles on nanosecond timescales to show the mechanical interaction of a
microbubble in a constraining blood vessel with surrounding tissues.” Her work won
the student poster competition when presented in Beijing at the 2008 IEEE Ultrasonics,
Ferroelectrics, and Frequency Control Society meeting.

Team members: Michael Bailey, Andrew Brayman, Hong Chen, Joo Ha Hwang, Wayne
Kreider, and Thomas Matula

Sponsor: NIH
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FUNDAMENTAL SCIENCE
ENLISTED TO COUNTER THREAT

The Office of Naval Research has undertaken a long-term basic research
initiative to support scientific studies that may lead to significant discoveries
in countering improvised explosive devices. The five Navy university-affiliated
laboratories were tasked with the program in 2005; since then several research thrusts
at APL-UW have shown promise. The program employs basic scientific research to
increase the predictive capabilities of counter-IED efforts and to detect [EDs at distance
and speed before they can cause harm.

Sum-Frequency Spectroscopy

One project seeks to detect trace levels of explosive materials adsorbed on surfaces.
The method employs the second-order nonlinear optical technique of sum-frequency
vibrational spectroscopy. Sum-frequency spectroscopy works by shining two laser
beams of different optical frequencies (i.e, different colors) onto the surface of a
material. Photons with frequencies equal to the sum of the two incoming frequencies
can be detected, and the intensity (or number) of those photons can be related to
the concentration of contaminants on the surface. Because under many conditions
the sum-frequency response of a surface depends on contaminants adsorbed on the
surface but not the bulk material itself, sum-frequency spectroscopy has a long history
of use as a surface probe in biochemical and chemical systems. This effort seeks to
demonstrate its effectiveness in detecting explosives adsorbed on surfaces that might
be found in a typical urban environment.

Results have shown that some explosives have extremely large nonlinear optical cross
sections, meaning they generate many sum-frequency photons when the incoming
laser beams are tuned to a certain intensity. This means detection levels are low enough
to sense the presence of these explosives at concentrations as low as a few hundred
nanograms per square centimeter. Researchers have detected explosive residues on
surfaces likely to be encountered in real-world environments and are now investigating
detection techniques in the presence of chemical interferences from environmental
pollutants and compounds produced by the degradation of explosives.
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APL-UW 2009 BieNNIAL REPORT

17




ResearcH HIGHLIGHTS

18

APL-UW 2009 BienNIAL REPORT

Chromophores and Nanowires

Chromophores are parts of molecules that absorb, transmit, or reflect certain
wavelengths of visible light to give color. Polymers engineered with chromophores
are sensitive to the physical and chemical environment to which they are exposed.
Experiments in the APL-UW photonics lab show that some of these polymers have a
strong interaction with molecules that comprise high-explosive compounds.

The polymer films are manufactured to one micrometer thick and their color change,
from dark blue to light purple in the presence of trace explosive vapors, is visible to the
unaided eye. Accompanying this change in the absorption spectrum is a change in
the refractive index—the speed of light waves passing through the medium—which
can be measured much more accurately. The sensing films are further enhanced with
micro-ring resonating structures and Bragg gratings tuned to certain wavelengths,
which amplify the effect of the sensor material on the optical wave. Tests show that
such sensors have part-per-billion sensitivity to simulated explosive vapors in air.

Another discovery was reported recently by APL-UW scientists and students: thin
films of random nanowires of certain metal oxides change their electric resistance
significantly and rapidly upon exposure to explosive vapors. Nanowires are structures
with a diameter on the order of nanometers and length-to-width ratios greater
than 1000. Their extremely large surface-to-volume ratio renders them nearly one-
dimensional materials, yielding interesting quantum mechanical properties. A test
sensor of titanium oxide film has gone through millions of cycles between explosive
vapor and fresh air without noticeable degradation. It is possible that a low-power
microsensor could be integrated on silicon chips to enable unattended perpetual
surveillance against explosive devices.

Terahertz Spectroscopy

Terahertz (THz) radiation—electromagnetic waves at frequencies of trillions of cycles
per second (between radio waves and infrared light)—penetrates common obscuring
materials such as cloth, wood, or paper, and “sees” targets hidden behind them.
Explosives have characteristic spectral features (fingerprints) at THz frequencies. Well-
controlled laboratory experiments using carefully prepared test samples have shown
that THz spectroscopy can identify concealed explosives, but significant challenges
exist for real-world applications. Most THz spectroscopic measurements have been
conducted in transmission mode. Unfortunately, measurements of transmission
spectra are unlikely in practice because they require a non-opaque target (i.e,, small
sample thickness) and placement of the sample between the THz source and detector.
These requirements compromise the feasibility of standoff detection.

APL-UW researchers, in a joint effort with Dr. Lisa Zurk of Portland State University,
are seeking to develop and validate a model for backscattering of THz waves from
targets. With the THz source and detector co-located and “looking” at the target from
a distance, a reflection geometry of the THz response can be processed to produce
spectral signatures. Most target surfaces, however, are rough at THz frequencies, so
simple reflections from targets cannot be expected. Instead, the THz waves returning
after interacting with a target spread over a wide range of angles.

Researchers are exploring the idea that the rough surface scattering of THz waves can
be exploited to produce a more robust method of spectroscopic detection. When
rough surface scattering from a target applies, no special target orientation would be
required to see the returning THz waves, that is, we need not hope to catch a “glint”

from the target, but instead attempt to detect the diffuse scattering return. The goal of
the ongoing research is to understand if the spectral signatures of explosive chemicals
can be detected reliably in the diffuse backscattered THz waves from rough targets.

A Superresolution Algorithm

Another project is directed toward enhancing the capabilities of radar systems to
detect and locate IEDs. Because explosive devices are often located in very complex
environments, radar sweeps encounter a great deal of clutter, which often gives a
stronger radar signal than the target itself. Some of the clutter is used to conceal the
devices, such as boxes, cars, vegetation, or soil. This means that longer-wavelength
radar must be used to penetrate the concealment, but the longer wavelengths limit
the resolution, and poorer resolution makes it harder to distinguish an explosive device
from the clutter.

APL-UW researchers are developing a fast data-fitting algorithm, originally used in
sonar applications, to improve the resolution of any radar system. It uses a simple,
computationally efficient model to fit the data, beginning with the strongest signal
first, rather than fitting the entire scene. These brightest signals are subtracted from
the data and successively weaker ones are fit through iteration, thus increasing the
ability to discern a signature of interest. More capable radar systems will improve the
detection and location of targets from a moving vehicle before approaching to within
a dangerous range of the explosives.

Machine Learning

The Navy's program includes predicting and preventing the emplacement in the first
place. The key to successful prediction is the ability to learn complex patterns from
heterogeneous data sources, such as surveillance reports, cell phone traffic, and the
social network structure of the local population. These types of data are naturally
described by pairwise relationships between entities, and pose challenges to traditional
machine learning techniques.

Troopsin the field can often discern these complex patterns and make good predictions
based on some cognitive measure of similarity between a potential threat and past
IED events. Can computers be taught to learn effectively from similarities? APL-UW
is advancing the state-of-the-art in machine learning by developing algorithms that
natively learn based on the pairwise similarity of heterogeneous data. The end goal is
to assist the deployed troops with tools that increase their decision throughput and
accuracy.

This effort is an example of how the Navy has tapped the complete resource available
at a university-affiliated research center. The APL-UW machine learning research
is a close collaboration with the Information Design Laboratory in the University of
Washington’s Department of Electrical Engineering. The collaboration has advanced
the field of machine learning in the scientific literature and has provided funding to
train students in Navy-relevant problems. Luca Cazzanti, who now heads the APL-UW
side of the collaboration, completed his Ph.D. under the project and now helps guide
the research of current graduate students.

Team members: M. Hassan Arbab, William Asher, Luca Cazzanti, Antao Chen, Wm.
Timothy Elam, Frank Henyey, Jeffrey Simmen, Eric Thorsos, Danling Wang, and Dale
Winebrenner

Sponsor: ONR
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THE FuTurRE ARcCTIC OCEAN

Waves Lapping or Ice Crunching?

One sign of summer at APL-UW is the increased media attention turned to
polar scientists and their thoughts on the pace of the season’s sea ice melt in
the Arctic Ocean. This topic has generated great public interest since the dramatic
retreat in September 2007 when 40% of the Arctic Ocean was ice-free compared to a
more typical 10%. An ice-diminished Arctic Ocean will have wide-ranging effects on,
for example, indigenous peoples, polar bears and other wildlife, international shipping,
geopolitics, and resource development.

APL-UW researchers in the Polar Science Center know that warming trends, changes in
atmospheric circulation, advection of oceanic heat to the Arctic from lower latitudes,
and enhanced solar heating of the ocean surface are components of a causal web.
As physicists, mathematicians, oceanographers, and atmospheric scientists who field
ambitious observational programs and construct numerical simulations of climate
change, they are uniquely positioned to describe what is happening now to the Arctic
Ocean’sice.

What's Happened?

The total sea ice extent in the Arctic measured each September has declined at a rate
of over 11% per decade since 1979, when satellite observations began. Arctic sea ice
ranges in age from first-year ice, which forms over open water during one winter freeze,
to ice that has survived the summer melt seasons for over a decade. The area of sea ice
over two years old has declined from 35% of the Arctic Ocean in 1980 to 10% today. Ice
thickness, as measured by submarines and satellites, at the end of the melt season has
decreased by about one meter, or one third, in most of the deep portions of the Arctic
Ocean over the past half century.

A Causal Web

Greenhouse gases are warming the entire Earth, but the effectis amplified in the Arctic.
This warming slows the growth of ice in winter and accelerates the melt in summer
through earlier onset of melt. Cloudiness in the Arctic may be changing, or the increased
heat from the south may create warmer clouds, which increases downwelling infrared
radiation from them and slows the growth of ice in winter. The average strength and
direction of the winds shift occasionally. This increases the amount of old, thick ice
blown out of the Arctic Ocean and into the North Atlantic through Fram Strait. Oceanic
heat advects north through Bering Strait, though the total impact of this changing
Pacific Ocean heat on the Arctic is uncertain. And as the ice cover is reduced more solar
radiation is absorbed by the dark ocean, which then melts more ice —the ice-albedo
feedback.

The Emerging Picture

Summer 2007 began with the sea ice in a highly vulnerable state, the culmination of
thinning since the late 1980s. During the summer, unusually persistent winds blew ice
out of the Beaufort Sea where the open water absorbed solar energy. As open water
reflects only 7% of this energy, compared to 65% for bare sea ice, warming from the sun
was a primary source for high ocean temperatures and sea ice melt. Summer 2007 was
dramatic and the weather events were unusual, but sea ice mass and thickness have
followed a rather consistent downward trend over the last two decades. Ice extent,
volume, and thickness declines are explained by the cumulative loss over many years
of older, thicker ice that is more resistant to summer melt. Another large retreat in ice

extent was recorded for summer 2009, the third largest in the satellite record and close
to the long-term trend of decreasing late summer ice extent.

What Now?

It is hard to identify a mechanism that would increase the sea ice extent, volume, and
thickness in the face of global warming. As the Earth warms the ice will diminish, though
there may be temporary increases, sometimes substantial, due to natural variability or a
temporary global cooling caused by, for example, a large volcanic eruption.

Polar Science Center researchers contribute to sea ice forecasts, but the limits of
prediction are bounded by the spatial and temporal time scales considered. For local
short-term predictions, knowledge of the initial ice conditions and the weather are
most important, but there is little predictive skill outside about one week. For seasonal
to annual predictions, the weather conditions are unknown, but the initial ice thickness
distribution (or age distribution) can be used with some skill over a large region such
as the entire Arctic Ocean. At climate time scales, decades to centuries, the initial ice
conditions are less important, but a global model that accurately incorporates all of the
important physical processes and feedbacks has predictive value.

Team members: Knut Aagaard, Roger Andersen, Wendy Ermold, Bonnie Light, Ronald
Lindsay, James Morison, Richard Moritz, Mark Ortmeyer, Ignatius Rigor, Kay Runciman,
Axel Schweiger, Michael Steele, Harry Stern, Mark Wensnahan, Rebecca Woodgate,
Yanling Yu, and Jinlun Zhang

Important data sets collected and made available to the
research community by the Polar Science Center at APL-UW:

International Arctic Buoy Program

Polar Science Center Hydrographic Climato ‘

Bering Strait

Chukchi Borderlands :
TIROS-N Operational Vertical S
Submarine Ice Draft Mea.ﬁ- .
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INGENIOUS RESEARCH PLATFORMS
FOR ICE-COVERED SEAS

Oceanographers at APL-UW now report success collecting profiles of ocean
properties in the ice-covered seas of winter between the Canadian Arctic coast
and Greenland. Two research platforms were used in this inhospitable environment.
One is a robot: the autonomous undersea vehicle Seaglider, and the other is a marine
mammal indigenous to the high Arctic: the narwhal.

In a project that began in 2004 as part of the National Science Foundation-Office
of Polar Programs Freshwater Initiative and continues through 2011 in the Arctic
Observing Network, freshwater exchange between the Arctic and North Atlantic has
been measured as it passes through the Canadian Arctic Archipelago. Some scientists
have hypothesized that a freshening Arctic Ocean—the result of increased glacier melt
in Greenland and increased precipitation in Siberia— could impact the formation of
very cold, dense water in the Labrador Sea, which is a critical driver of global ocean
circulation.

APL-UW moorings deployed across the strait between Baffin Island and Greenland
have captured the longest continuous measurement of fresh water exiting the Arctic
to the Labrador Sea. But moorings are not ideal for detecting freshwater plumes, which
reside in a thin layer near the surface. Tethering an instrument atop a mooring so it
reaches that uppermost layer puts the instrument at risk of being ruined if an especially
thick, low-hanging piece of ice comes along and strikes it.

New Arctic Capabilities for Seaglider

Seagliders sample the ocean’s uppermost layer regularly because they surface
during each dive cycle to navigate and communicate by satellite with their pilots.
In ice-covered waters, however, gliders cannot access the surface and must operate
without this satellite link. An acoustic system, with sensors on board the vehicle and
five acoustic beacons deployed in the depths of Davis Strait, provides the needed
navigation instructions. Several other hardware and software modifications have been
made as well.

Although it is risky for Seaglider to brave the ice, the vehicle considers how long it
has been under and how urgent it is to try to reach an opening to transmit data and
receive mission commands. An onboard ice atlas calculates the odds of encountering
open water above, and while rising to the surface, Seaglider measures the water
temperature to determine if the surface is covered by ice. If so and there is no urgent
need to download data, Seaglider proceeds on another dive cycle rather than chance
damaging itself on the underside of the ice. If the vehicle senses an impending
mechanical, electrical, or communications failure, it tries to get out from under the ice
and into open water where it can relay its position and be recovered. Seaglider #108
collected profiles of ocean properties for 25 weeks during winter 2008-2009, traveling
more than 450 miles under the ice in Davis Strait.

The five-year data record from the moorings across the strait shows a total volume
and freshwater outflow peak in autumn, and a slight increase in freshwater transport
from 2004-2007. APL-UW scientists and colleagues at the Woods Hole Oceanographic
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Institution suggest that thisincrease in freshwater flux led to increased sea ice formation,
which modified the patterns of atmospherically driven oceanic heat loss in a way that
enhanced deep convection in the Labrador Sea. This is interesting because it is the
opposite of what is expected of a freshwater cap—inhibiting convection by laying
down a layer of lighter water at the surface. This may still happen, but the outcome
may depend on how much fresh water exits the Arctic, the timing of the outflow, and
the exact water properties.

The Narwhal: Persistent, High-Resolution, Basin-
Wide Ocean Sampler

Oceanographer Kristin Laidre has studied narwhals for nine years, living three to four
months of each year with the Inuit of Greenland's west coast. By tagging the whales
with transmitters that beam the whales' location to a polar orbiting satellite each time
they surface, she has tracked their migrations in the high Arctic and learned much
about their behaviors. In 2005 she augmented the sensor package attached to the
whales with satellite-linked time-depth-temperature recorders.

Laidre’s research shows that narwhals are predictable. In summer they reside near the
east coast of Baffin Island and Greenland’s Melville Bay. In October and November they
undertake a 1000-km southbound migration to their winter feeding sites in central
Baffin Bay and Davis Strait. Here, in 95% sea ice cover, narwhals dive to depths over
1,500 m 10-25 times per day to prey on Greenland halibut. These dives last over 25

minutes and are performed nearly perpendicular to the bottom. This behavior is ideal
for repetitive depth and temperature casts. These data are particularly valuable because
of the scarcity of measurements ever taken during winter in the region.

In spring 2008 a team used a helicopter to fly from the coast to the ice floe near the
whales’ winter home. Researchers established a line of hydrographic stations and
performed conductivity-temperature-depth casts to 500 m to augment and calibrate
the satellite-linked recorders from whales in the immediate area.

The data record from 15 tagged whales during 2005-2007 shows a warming of about
1°C in the depths of the West Greenland Current compared with historical data
records and hydrographic climatology models. A warming Baffin Bay may affect the
water masses that reach the deep convection zone of the Labrador Sea, as well as
the seasonality and location of ice floes. And for the narwhals, a warming sea may
exert pressure on their sole food source, the Greenland halibut, which lives in sea
temperatures less than 2°C. Thanks to the narwhals’ service to science, Kristin Laidre
and her colleagues have a better view of the environmental changes of Baffin Bay and
potential consequences for the ecosystem.

Team members: Eric Boget, M. Beth Curry, Wendy Ermold, Craig Lee, Jason Gobat,
Adam Huxtable, James Johnson, Kristin Laidre, Richard Moritz, Geoff Shilling, Avery
Snyder, and Michael Steele

Sponsors: NSF, NOAA Office of Ocean Exploration, and NASA
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INTEGRATED AND EXPANSIVE
SCIENCE: BIOPHYSICAL
OCEANOGRAPHY

A vast renewal event happens each spring as a wave of tiny plant growth covers
the North Atlantic Ocean. This mass greening of the ocean’s surface is observed
dramatically from space by color-sensitive sensors on satellites as it extends from
Bermuda to the ice edge in the Arctic during the season. The phytoplankton of the
North Atlantic bloom play a major role in pulling CO, from the atmosphere and storing
itin the ocean. Despite the magnitude and importance of this event, it has rarely been
observed from start to end due to the difficulty and expense of maintaining ships in
the region for many months.

APL-UW investigators, their students, and colleagues from the University of Maine and
Dalhousie University in Nova Scotia led an ambitious collaborative experiment in the
North Atlantic near Iceland to coincide with the bloom in 2008. The challenge of the
experiment was to characterize the bloom'’s temporal and spatial evolutions of physics,
biology, and chemistry over its entire duration.

Autonomous, Robotic Ocean Sampling

Almost all of modern physical oceanography is conducted by collecting data with
electronic sensors. Biological and chemical oceanography may be, in part, following
this example, though there are obstacles. New sensor technologies are not yet proven
and the data collection efforts are complicated by the vast number of variables—the
diversity of life in the ocean—that must be sampled.

For the North Atlantic Bloom program, Seagliders and Lagrangian mixed-layer floats,
both developed at the Laboratory, were enhanced with new biochemical sensors.
In addition to the standard temperature, conductivity, and pressure measurements,
sensors for chlorophyll fluorescence, optical backscattering, beam attenuation, oxygen,
nitrate, and light were distributed across the floats and gliders. In all, over 60 data
channels were sampled to give a time-space resolved picture of physical, biological,
and chemical properties.

Instruments were deployed from the Icelandic vessel R/V Saemundsson in early April
before the bloom began. The Lagrangian float followed the three-dimensional motion
of water parcels within the ocean’s mixed layer, thus measuring the actual motion and
conditions experienced by a phytoplankton in the bloom. Four Seagliders were piloted
(usually from APL-UW) in an array around the float to extend the horizontal and vertical
range of the measurements. Their missions continued during a month-long R/V Knorr
cruise in May, and on through the bloom'’s end in June when they were recovered.
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Calibrate & Complement: Shipboard Sampling

Every glider and float sensor was calibrated using shipboard sensors and/or water
bottle samples collected on casts from the Knorr. To get the best calibrations, casts
were performed within 500 m of the robotic platforms. This involved piloting the glider
and float to park on the surface, maneuvering the ship as close as possible, and then
making the cast as the autonomous platforms began a dive or profile.

Some float and glider biochemical sensors measure proxy quantities for a variable,
so complementary data collected by the ship’s measurement systems were used. For
example, an optical transmissometer on the float measures beam attenuation—the
absorption and scattering of light due to particulate organic matter. To translate the
optical float data to an estimate of particulate organic carbon due to phytoplankton
growth requires shipboard water sample collection and laboratory analysis.

Observations Through Adaptive Sampling

The bloom began in the Icelandic basin on April 20 when the mixed layer shallowed
rapidly to 5-20 m (the wintertime mixed layer is up to 250 m deep). Sensors showed
rises in backscatter, beam attenuation, chlorophylland dissolved oxygen concentration,
and a decrease in nitrate—all signatures of a phytoplankton bloom.

As the diatom bloom peaked in mid-May, vertical profiles of beam attenuation and
backscattering performed from the Knorr showed large spikes, increasing with depth
over time, indicating that large phytoplankton were sinking to depth. Seagliders were

-
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instructed to extend optical measurements from 300 m to 600 m. The combined
measurements yielded a detailed picture of this large carbon export event—a “diatom
dump.”

Students Tackling Tough Science

Oceanography graduate students Eric Rehm and Amanda Gray have been involved in
nearly every aspect of the experiment. They prepared the instruments for deployment,
piloted them during the cruises, and presented and distributed all the results. Both are
writing theses based on data analyses from the experiment.

Gray is tying together float and glider observations with satellite and hydrographic data
to examine the physical processes surrounding a seemingly stationary phytoplankton
patch. At one point the float became caught in an eddy and traveled around its edge.
Data from the float and a Seaglider show that one side of the eddy had a patch of high
chlorophyll fluorescence, and the other low. Why did the phytoplankton not spread or
advectin afilament? Was it renewal of nutrients through heightened vertical mixing on
that edge, or were phytoplankton on the downstream edge being subducted out of
the euphotic zone? Stitching together the disparate data from autonomous platforms,
shipboard sampling, and satellite imagery, she hopes to create a coherent view of the
eddy’s physical environment.

Rehm, by studying measurements of the fine spectral variations in the color of light in
water, can estimate the size and taxonomic structure of the phytoplankton community
during the course of the bloom. This is possible because small phytoplankton absorb
light differently than large ones. The 50-day record from the float is rich, but he hopes
a similar system is deployed over decadal time scales so that the timing of the bloom
and temporal evolution in the phytoplankton size structure can be observed for any
impacts due to climate change. Such phenological measurements are standard in the
terrestrial studies of primary production, but rare in the marine environment.

Team members: Eric D'Asaro, Jason Gobat, Amanda Gray, Adam Huxtable, Craig Lee,
Michael Ohmart, Eric Rehm, and Geoff Shilling

Sponsor: NSF
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Full-Scale Lab Experiments in Mine Countermeasures

Sonar is used to “see” objects underwater and on the seafloor. A particularly
difficult and dangerous problem is to detect and identify anti-ship mines or
unexploded ordnance resting on the seafloor or partially buried by sediments in coastal
environments. APL-UW physicists and engineers have fielded several experiments
to study aspects of the problem —measuring and modeling the coastal undersea
environment, and understanding high-frequency acoustic scattering, penetration, and
propagation in sediments to detect buried objects.

One U.S. Navy goal is to equip an autonomous undersea vehicle with all the computer
software needed to collect sonar data and make detection/classification/identification
decisions with few false alarms while underway.

APL-UW and Naval Surface Warfare Center, Panama City (NSWC-PC) researchers
constructed a full-scale underwater laboratory by outfitting the facility’s 110x 80-m,
sand-bottom test pond with two rail-guided acoustic source/receiver systems. Divers
deploy the rails in sections, and then place aluminum shapes (targets) in various
orientations within view of the rails. Electric motor-driven source/receiver towers
traverse the rails at 5 cm/s making transmissions twice per second.

Moving a small transducer along a line and pinging and receiving at many positions
builds a virtual line of acoustic transducers. Data are analyzed immediately by
physicists, signal processors, and sonar engineers so that the next source/receiver/
target geometry can be determined and tested. For example, the sonar images often
have one to several triplets of hot acoustic spots within them. The distance between
these hotspots and their relative loudness were examined using physical acoustics
models that take the geometry into account. The hotspot triplets were attributed to
(1) sound bouncing directly off the target back to the receiver, (2) sound bouncing off
the sand to the target and then off the target to the receiver, and (3) sound bouncing
off the sand to the target then off the target back to the sand and finally going back
to the receiver.

Despite all the geometries explored and test pond data collected, there are too few
data, considering all the possible geometries, for signal processors and software
engineers to write effective detection/classification/identification algorithms. Instead,
the experiment results are used to test finite element numerical simulations of target
acoustic response. The finite element modeling (FEM) can then be used to realize an
unlimited set of geometries.

FEM breaks up the target into thousands of points, each of which has the physical
properties of the target at that point. The laws of physics are used to calculate the
response of each of these points to acoustic interrogation. All these separate responses
are summed to realize the signal heard by the receiver. Here, too, the physical acoustics
models are used to guide which physics need to be included in the FEM and whether
the FEM s calculating the physics correctly. The FEM results will generate data for a large
set of targets and geometries. Based on their anticipated operating environments, the
Navy will choose a subset. These results will then be used as if they were “real” data by
the algorithm developers.

Team members: Paul Aguilar, Eric Boget, B. Todd Hefner, Steven Kargl, Michael Kenney,
Russell Light, Vernon Miller, Michael Ohmart, Dajun Tang, Eric Thorsos, Keith Van Thiel,
and Kevin Williams

Sponsor: ONR and the Strategic Environmental Research and Development Program
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INSIGHTS FROM INFRARED

Tidal flats are among the most dynamic coastal environments. Skagit Bay, for
example, is the site of the largest river entering Puget Sound, having extensive sand
flats at the river mouth and a complex combination of tidal and wind wave influences.
Willipa Bay (Pacific coast), another example, is dominated by the influence of the
Columbia River plume and has continually expanding mud flats.

The Office of Naval Research began a research initiative in early 2007, aligning resources
to understand and predict the interactions among tidal and riverine water circulation,
sediment strength and transport, and the formation and stability of channels in tidal
flats. APL-UW researchers, working in Skagit and Willipa bays, have deployed advanced
thermal remote sensing technologies and are integrating their data into calibrated
odels with strong underlying physics to better observe and predict these coastal
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Heat from Heights

Light from the infrared (IR) region of the electromagnetic spectrum is related to the
heat radiated by an object. A thermal IR camera detects the energy and produces an
image. APL-UW investigators have mounted thermal cameras on various platforms to
measure the tidal flats on multiple time and space scales. One camera is flying in a light
plane to collect snapshots that are mosaicked into synoptic thermal maps. Monthly
flights in a ‘lawn mower’ pattern over Skagit Bay capture any one point nearly every 45
minutes over the course of many hours—enough time to span an ebb or flood tide.
Another camera is mounted to a tethered helikite (a dynamically stabilized aerostat).
The helikite system, developed by Principal Oceanographer Andrew Jessup's lab at
APL-UW, can be flown from a platform over water or shore. A third tower-mounted
imager is erected on an island. The latter two, while imaging successively smaller areas,
can collect thermal images continuously for weeks to years.

Infrared images of the tidal flats show a strong contrast between exposed warm
sediments and cooler surrounding water as well as subtle differences among sediments
of various composition and among water masses.
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Plumes and Fronts

Complex structures of the Skagit River plume and its multiple fronts that shift with the
tides are seen in the IR images. During winter, coincident with high river flows, the
plume of river water pushes to its greatest extent in the bay and recedes in summer. The
plume is the dominant feature in the Skagit tidal flats and bay, exerting hyrodynamic
control as well as delivering a significant amount of sediment to the flats.

The velocity of flows can be extracted from the IR images. Particle image velocimetry
matches corresponding features from frame to frame in an image time series, and
combined with the known mapping of the images in real-world coordinates, it is
possible to estimate the distance and direction a feature has moved from the previous
time —its exact velocity. This method applied to IR imagery is new, and rigorous tests
of its accuracy are under way.

Sediment Strength

Small temperature loggers are moored in the water and driven into the sediments to
provide interior temperature validation for water masses and sediment layers within
the thermal cameras’ fields of view. Sandy sediments have a much stronger response
to solar heating, because the water content and porosity are lower, compared with
muddy sediments. The temperature at depth in the sediment is related to its heat
capacity, which is in turn related to the relative portions of sand and mud. Because
sandy areas are firm and easy walking compared with muddy areas, which are soft and
difficult to walk across, the remote identification of tidal flat properties allows real-time
monitoring and safe operation, e.g., amphibious landings, in these environments.
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Expanding Opportunities

Jim Thomson was awarded research funding under ONR's Young Investigator Program
in 2007; the funds are supporting the in situ portion of the project, especially the
sediment heat flux observations, which are essential for interpreting the remote IR
measurements. ONR initiative funding extended the thermal estimates of sediment
Bathymetry porosity beyond the tower-based scales with overflight and helikite observations,
allowing investigations of feedbacks between porosity and channel dynamics.

Using the strong contrast between exposed warm sediments and cooler surrounding
water, researchers map the waterlines over a falling or rising tide. This technique
effectively produces depth contours that interpolate into a digital bathymetry map.
Vital to the technique is accurate image mapping, accomplished with standard

. . ; . Th | make the n rym remen fh flux in tidal
photogrammetry techniques using GPS and heading-pitch-roll sensors on board e tools to make the necessary measurements of heat flux in tida
the platforms. Infrared sensing is ideal for this application because waterlines can be flat sediments didn’t exist, so we built them.”

determined day and night, and IR images are less prone to errors from pooled water - Undergraduate student Alex de Klerk

left on the flats at low tides. Theses IR techniques are a lower cost alternative to lidar
surveys and a logistically simpler and faster alternative to GPS surveying. , ) ) ) )
I've been interested in the coastal environment since undergrad

studies, so when | went looking for a Ph.D. project and | learned about the IR

When this project began we got boats stuck in the mud and spent a sensing of tidal flats, I knew | had found my thesis project.” R )
- Ph.D. student J.Paul Rinehimer
lot of time wading around looking for channels, giving a real appreciation for

. ) . . . Alex de Klerk, a junior in Materials Science and Engineering, has been working on
the project’s naval application. Now, thanks to our remote IR sensing, we can , , _
the instrumentation and deployments, often knee-deep in water or mud. J. Paul

Rinehimer, a Ph.D. student in Civil and Environmental Engineering, is processing the
IR data to investigate hydrodynamics. Both are advised by Thomson, who holds a joint
appointment as Assistant Professor in the UW College of Engineering.

navigate the study sites skillfully.”

—J. Thomson

Team members: Christopher Chickadel, Daniel Clark, Alexander de Klerk, Devin Poland,
J. Paul Rinehimer, Joseph Talbert, and James Thomson

Sponsor: ONR
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Ice StATiION 2009

A research station was established in March 2009 on an ice floe of the Beaufort
Sea about 200 nautical miles north of Prudhoe Bay, Alaska. The Applied Physics
Laboratory Ice Station (APLIS) supported US. Navy and civilian personnel during
under-ice exercises that involved the USS Annapolis (SSN-760) and the USS Helena (SSN-
725). Sponsored by the Arctic Submarine Laboratory (ASL), this 2009 ice station re-
establishes APL-UW as the U.S. Navy's premier arctic logistics provider, and recognizes
the Laboratory’s expertise in arctic operations and science that stretches back over
three decades.

U.S. Navy submarine operations in the Arctic are challenged by the ice cover. The
complex environment—an irregular, reflective surface from the underside of the ice
and salinity variations caused by river runoff and ice melt—affects sound propagation
and the performance of acoustic sensors and systems including navigational sonars.

The APL-UW logistics team and colleagues from ASL arrived in Prudhoe Bay in late
February to establish the forward base and to scout for a station location on the ice.
Once found, a small village—insulated plywood huts, tents, and two runways—was
built to house, feed, and transport the population of up to 72 people. The team
encountered the usual challenges of working in the Arctic—extreme cold, winds, and
unpredictable ice movement. One night the camp moved more than nine miles and a
windchill of =53°F was observed.

We couldn’t conduct any pioneering flights for the past two days due
to whiteout conditions. But the aircraft were aloft by 0915 today looking
for a refrozen lead large enough to accommodate a 2000-foot runway and

multiyear ice nearby for the camp’s fresh water supply.”

- Monday, 2 March 2009

As the camp was being built, another APL-UW team installed the acoustic tracking
range, which was set up with hydrophones installed in a quadrilateral pattern with
the camp’s command hut at the center. Several thousand yards of cable were laid to
connect the hydrophones to the command hut—with enough slack to accommodate
the shifting ice floe.

USS Annapolis arrived a day early so we spent most of the day
prepping. She was on site mid-morning and surfaced in a designated lead at
about 1530. We cleared the forward hatch and installed the brow for visitor

and personnel transfer.”

- Tuesday, 17 March 2009
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The U.S. Navy's under-ice exercises with two submarines at the station were designed
to evaluate and improve torpedoes, their detection capabilities, and their ability to
discriminate targets in an ice-covered sea. These torpedoes are not armed but instead
gather data until they run out of fuel and then float up under the ice cap. After a shot,
the approximate resting location relative to camp was determined acoustically using
the APL-UW tracking range and converted to GPS coordinates. A search team was then
flown by helicopter to those coordinates.

A very challenging recovery today in every aspect: search, melt,

and dive. The torpedo was found far from camp in a rubble field with a lot of
rafted ice. It took three attempts to auger a starting hole for the dive and
recovery holes. Ice thickness was &-9 feet. The dive hole was clear but the
recovery hole had a large sheet of rafted ice about three feet underneath, so
the divers switched. The divers had to do some crawling through rafted ice
to get to the hole, but once in, they maneuvered the torpedo to the recovery
hole after applying many counterweights to overcome the torpedo’s

buoyancy.”

- Monday, 23 March 2009

With the torpedo found, a team was sent with a diesel-fired melting system to make
two 3-foot diameter holes in the ice, one for divers and one for the torpedo recovery.
After the holes were melted, divers entered the water to move the torpedo to the
recovery hole and rig it for lifting by helicopter. The APL-UW dive team readied a
torpedo for lifting in fifteen minutes or less once they hit the water.

Sixteen torpedo recoveries were performed over ten days. Recovery times varied
from two hours to one full day depending on ice conditions. Due to the exemplary
performance of the APL-UW team and cooperative weather, the project was completed
five days ahead of schedule.

APLIS 2009 was a significant training year for new APL-UW personnel who will be
responsible for future stations. New team members were able to cross-train during
the complete planning and operation cycle with veteran personnel who have been
involved with ice stations for over three decades.

Team members: Paul Aguilar, Eric Boget, Adam Huxtable, Frederick Karig, Michael
Kenney, Sean Lastuka, Trina Litchendorf, Keith Magness, Timothy McGinnis, Nicholas
Michel-Hart, Francis Olson, Peter Sabin, Troy Swanson, Keith Van Thiel, and Timothy Wen

Sponsor: U.S. Navy and Arctic Submarine Laboratory
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Campus Connections

Since its inception, the Laboratory has been integrated into the education
mission of the University of Washington. In 2009 APL-UW efforts to train the next
generation of scientists and engineers are more robust than ever.

APL-UW staff hold over 40 faculty positions in 10 different academic departments on
the University of Washington campus. A formal process was established during the
past biennium to create new faculty positions without tenure. These positions include
funding for teaching and research collaboration and are similar to traditional university
faculty appointments in terms of rank and duties, with the exception of tenure. Recent
appointments are Don Percival, Professor, Statistics; Peter Dahl, Associate Professor,
Mechanical Engineering; Payman Arabshahi, Associate Professor, Electrical Engineering;
Pierre Mourad, Associate Professor, Neurological Surgery; James Thomson, Assistant
Professor, Civil and Environmental Engineering; and Michael Bailey, Associate Professor,
Mechanical Engineering.

APL-UW faculty are teaching high-demand courses in Oceanography, Electrical and
Mechanical Engineering,and Statistics. Payman Arabshahiled Designin Communications,
Caren Marzban Probability and Statistics in Engineering and Science, Don Percival Wavelets:
Data Analysis, Algorithms and Theory, and Colin Sandwith Corrosion Science. Peter
Dahl teaches the graduate-level Applied Acoustics and the freshman seminar What is
Sound? (page 40). Eric D'’Asaro was a faculty leader for the 2008 senior thesis project in
Oceanography that culminated in a research voyage to Glacier Bay, Alaska, aboard the
R/V Thomas G. Thompson.

APL-UW hosts over 40 seminars open to the university community and the general
public each year. In the past biennium topics included numerical modeling of the
diffusion of brain cancer cells; Project STARDUST, which returned samples from a
comet to Earth; robotic surgery over the Internet; and ocean circulation from a global
compilation of current. Of particular note was a three-seminar series by Principal
Physicist Emeritus Terry Ewart that chronicled the founding of the Laboratory’s Ocean
Physics Department, the study of ocean acoustic wave propagation in random media,
ocean mixing and diffusion, and much more seminal research begun or extended by
APL-UW scientists over nearly a half century.

A collaboration with the Center for Innovation and Entrepreneurship (CIE) in the UW's
Foster School of Business produces a seminar series, From Invention to Start-up, on
transitioning research and technology to the private sector. Seattle-area start-up
company experts present strategies to the campus community on how to access
the capital, talent, and resources
necessary to create a successful
high-tech company. The 2008-2009 -
academic year inaugurated another
collaborative  APL-UW/CIE  program.

CENTER FOR INNOVATION AND ENTREPRENEURSHIP

The Environmental Innovation @appuwpa“i“m
Challenge  partners  engineering RTINS
and busmess sFudents together to UW TechTransfer
develop innovative plans to solve an MR PV ARG,

environmental problem. The 2008-
2009 theme was water and the winning
team of UW students developed a
device that screws onto a single water
faucet in the home to detect water
leaks in the system through acoustic
vibrations and pressure differential
signatures of water flow.

EpucatioN

From Invention to Start-Up inventiontostartup.washington.edu

s

Environmental Innovation Challenge
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2007 & 2008
Hardisty Scholars  Advisors
Evan Gander Harold Kolve
Shan Lu Antao Chen
Robert Burns Peter Dahl

Kang Ya

Boeing Scholars

Tamisha Downing

Pierre Mourad

Advisors

Pierre Mourad

Charles Harris-White

Wm. Timothy Elam

Ngocman Nguyen

Payman Arabshahi

Tiffany Stephens

Kathleen Stafford

Ella Willard-Schmoe

Wm. Timothy Elam

Opportunities for Undergraduates

The Hardisty Undergraduate Scholarship was established in 1997 in honor of the late
Patricia Hardisty, an APL-UW scientist who was an ardent supporter of women and
minorities in science. The scholarship provides funds for undergraduate students
to work with an APL-UW staff mentor on a funded research project in addition to a
one-time book award. The Boeing/APL-UW Undergraduate Scholarship for Women,
Underrepresented Minorities, and Economically Disadvantaged Students is an exact
parallel to the Hardisty program. Since 2004 this scholarship has been funded by
generous grants from The Boeing Company.

Hardisty and Boeing scholars are integrated directly into their advisors’ research
projects, treated as de facto graduate students, serve as co-authors of research articles
in peer-reviewed journals, and present research results at national and international
scientific conferences.

APL-UW/WREF Fellowship

The Washington Research Foundation inaugurated a joint fellowship with APL-UW in
2008 for graduate students who are developing innovative measurement technologies,
particularly those with commercial potential. Three fellows were selected for the 2008—
2009 academic year.

Charles Branham is a Ph.D. student in chemistry working with Brian Marquardt to
develop novel optical oxygen sensing systems based on vapochromic compounds—
phosphorescence transition metal complexes that absorb light and efficiently emit
phosphorescence at low energy. The fellowship supports field testing of a low-
power optoelectronic oxygen sensor package for long-term deployments in various
environments. Samuel Gooch is a graduate student in mechanical engineering who

is working with Jim Thomson under a grant from the U.S. Department of Energy to
develop systems that will assess the power resources from tidal energy. The fellowship
supports his work on software and hardware packages to survey potential tidal energy
resources, site turbines, and install equipment. Danling Wang, who conducts research
in Antao Chen’s laboratory,is working on sensitive sensors to detect trace vaporamounts
from explosives. She is working to refine a recent discovery that nanowires composed
of semiconducting materials like titanium oxide demonstrate rapid, significant change
in their electrical resistance at room temperature when exposed to explosive vapors at
part-per-billion concentrations.

Advising and Mentoring

Over the past biennium, 50 graduate students (16 completed degrees), and 46
undergraduates conducted research and development programs at APL-UW as part
of their university education. They are listed with their research topics and advisors
on pages 49-51. Outside the scholarship and fellowship opportunities, graduate and
undergraduate student researchers are supported by the grants of their APL-UW
advisors and mentors.

One interesting example of student research produced an educational tool targeted
to junior high school students. The Important Little Life of Dylan Diatom is a short film
animated by Anna Czoski, an undergraduate in digital arts and experimental media,
who graduated in 2009. Working with Mike Steele, Janet Olsonbaker, and Troy Tanner
on the NSF-funded project, she created a realistic environment and ecosystem to tell
the story of phytoplankton growth in the Arctic Ocean and how climate changes may
alter such growth. Where animation software fell short of accurately portraying fish
movements and sea ice structure, Czoski and Tanner used innovative mathematical
and geometric techniques to enliven their characters realistically.

Epucarion




CoMMUNITY OUTREACH

COMMUNITY
UTREACH

To augment its education mission APL-UW scientists and engineers lead varied
outreach activities every year, reaching hundreds of students and educators,
as well as a public of thousands. Many successful collaborations with public and
private institutions have been nurtured to extend the Laboratory's presence in the
community.

B Assistant Director for Education & Outreach Robert Odom shares APL-UW science
with community college students who are participating in the NSF-funded From STEM
to Stern program that connects these students with industry and assists their transition
to the university environment.

B The NANOOS (Northwest Association of Networked Ocean Observing Systems)
education and outreach mission has expanded with the development of lesson
plans and activities for K-12 teachers and students. Ocean observing methods and
technologies, satellite tracking of marine animals, and forecasting conditions at sea
are some of the topics students can investigate. One interactive learning experience,
Rhythms of Our Coastal Waters, teaches how salinity plots are created using data from
a Pacific Northwest waterway.

B APL-UW's Polar Science Center teams with the Pacific Science Center in downtown
Seattle to present four days of activities to give the public a look into the world of polar
research. There are demonstrations on extreme cold and glacier flow. Two highlights
are a salinity taste test, where visitors learn what effective salinometers their tongues
are, and a simulated Arctic Ocean research station that provides a hands-on experience
with a research hut, equipment, and gear.

B Around the Americas is another collaboration between the Laboratory and the
Pacific Science Center. Several APL-UW researchers are using the vessel Ocean Watch
as a platform of opportunity during its historic 25,000-mile circumnavigation of the
North and South American continents. The sailboat, equipped with some of the
latest technology to support data collection, along with scientists and educators who
join during various legs of the voyage, is making 31 stopovers in 13 months to draw
attention to the changing condition of the oceans.

B APL-UW continued its participation in Washington Weekend—a campus-wide
open house over one spring weekend that increases the university’s connections to its
regional community. Exhibits gave visitors the opportunity to explore freshwater and
seawater ice properties, the mechanical effects of ultrasound, thermal portraits made
possible by infrared remote sensing, and strategies to observe and conserve the local
marine environment.

B Polar scientists Rebecca Woodgate and Kristin Laidre were featured speakers in
the very popular lecture series Arctic Adventure! Ocean Tales of Currents and Creatures,
sponsored by the College of Ocean and Fishery Sciences.
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FINANCES

FINANCES

RECORD REVENUES

William Bakamis

The Applied Physics Laboratory has never been in a stronger financial position.
For FFYs 2007-2008 APL-UW set an all-time record for grant and contract awards
received. During this period the Laboratory’s total awards were $118.8M—an all-
time one-year record of $59.6M in FFY 2007 and an additional $59.2M in FFY 2008.
The $118.8M two-year total represents a $25.7M (27.5%) increase in grant and contract
awards from the previous biennium and caps a record breaking three-year period
(FFY04-FFY07) during which the funding stream grew by more than 50%.

Financial Stability SPONSOR FFY2007  FFY2008
The Laboratory’s primary partner remains the U.S. Navy, Office of Naval Research $21,203,925 $20,628,389
which provided about 60% of total funding. Grants from Naval Sea Systems Command $11,727183 $4,259,000
the National Science Foundation grew sharply during the Arctic Submarine Laboratory - 3,174,699
past biennium to $23.6M, moving the Laboratory into the Naval Surface Warfare Center U-5. NAVY $2,708,860 $1,928,088
upper echelon of University of Washington units receiving Office of Naval Intelligence _ $1.376,000
NSF grant funds. Other federal mission agency sponsors Other Navy $322,805 $2367629
include NASA, NOAA, and NIH.

The Laboratory’s revenue base continues to diversify, with National Science Foundation 513113317 510,454,677
about 35 different SPONSOrs and abiastoward basicresearch National Aeronautics and Space Administration 54,379,424 54,623,597
programs. Twenty years ago, the U.S. Navy provided over National Oceanic and Atmospheric Administration $1,217,750 54,087,311
90% of the Laboratory’s funding, and the ratio between National Institutes of Health $3,079.892 $3,903,797
applied science and fundamental research was 65% to Other Federal Agencies $750,497 $1,264,668
35%. The current percentage balance between applied Other $1,145,384 $1.107658

and basic research has shifted in the opposite direction to

reflect faster growth in fundamental research areas.
TOTAL $59,649,037 $59,175,513

Improved Infrastructure

Recent fiscal growth has enabled APL-UW to make significant investments in research
space and infrastructure. Specialized laboratory and office space expanded by about
one-third as new and some current staff moved into three floors of the Benjamin Hall
Interdisciplinary Research Building in fall 2009. To further Laboratory researchers’ ability
to field ambitious at-sea observational programs, a new research vessel was built for
the APL-UW fleet—the R/V Jack Robertson. Improvements were also made to the R/V
Henderson during summer 2009. The Laboratory now has state-of-the-art research
vessel capability for the first time since the 1950s.

Billed contract fees provide the Laboratory’s discretionary resources and represent
about 1.7% of total income. They provide the means to create unique and advanced
research and development capabilities, support new areas of inquiry and discovery,
and help hire the next generation of APL-UW scientists and engineers.

The Laboratory remains committed to ensuring that the long-term investments in it by
the U.S. Navy and federal government are applied to national strategic and technical
needs, and to preserving our ability to respond effectively and efficiently to present and
future Navy, national defense, and government research and development needs.
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ADVISORY BOARD

ADVISORY BOARD

Our Advisory Board ensures that the Laboratory's research and development programs
are consistent with the highest goals of university research and education, while
supporting the missions of the agencies we serve.

VADM Roger F. Bacon

(Ret.) U.S. Navy Assistant Chief
of Naval Operations for
Undersea Warfare

Robert M. Hillyer
(Ret.) Senior Vice President,
Science Applications
International Corporation

Thomas J. Cable
Chairman
(Ret)) Cable & Howse Ventures

Ronald S. Howell
CEO, Washington Research Foundation

RADM Jeffrey B. Cassias

(Ret.) U.S. Navy Commander,
Submarine Force, U.S. Pacific Fleet

Mary E. Lidstrom

Vice Provost for Research
University of Washington
ex officio

Phil E. DePoy

(Ret.) Chair, Expeditionary Warfare
Naval Postgraduate School

William C. Miller

Academic Dean and Provost
United States Naval Academy

Arthur R.M. Nowell

Dean, College of Ocean
and Fishery Sciences
University of Washington
exofficio

Pamela A. Drew

Vice President, Enterprise Systems
Northrop Grumman Corporation

John M. Fluke, Jr.

Chairman, Fluke Capital
Management, L.P.

Matthew O'Donnell

Dean, College of Engineering
University of Washington
ex officio

Christine H. Fox

President, Center for
Naval Analysis

John B. Slaughter

President & CEQ, National Action
Council for Minorities in Engineering
President Emeritus, Occidental College
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STUDENT ACHIEVEMENTS

STUDENT ACHIEVEMENTS
Graduate Degrees Awarded

Student Department Advisor

Samantha Brody Oceanography, M.S., 2007 Sanford

Nathaniel Burt Electrical Engineering, M.S., 2007 Chen

Luca Cazzanti Electrical Engineering, Ph.D., 2007 Gupta

Megan Hazen Electrical Engineering, Ph.D., 2008 Gupta

Chuanli Jiang Oceanography, Ph.D., 2008 Kelly & Thompson

Michael Keim Quantitative Ecology & Resource Management, Ph.D., 2008 Percival

Wayne Kreider Bioengineering, Ph.D., 2008 Bailey & Crum

Joseph MacGregor Earth and Space Sciences, Ph.D., 2008 Winebrenner

John Mickett Oceanography, Ph.D., 2007 Gregg

Debashis Mondal Statistics, Ph.D., 2007 Guttorp & Percival

Twila Moon Earth and Space Sciences, M.S., 2008 Joughin

Andrew Morabito Statistics, M.S., 2007 Percival

Neil Owen Electrical Engineering, Ph.D., 2007 Bailey & Crum

Scott Philips Electrical Engineering, Ph.D., 2007 Atlas & Pitton

Zoltan Szuts Oceanography, Ph.D., 2008 Sanford

Rob Webster Applied Mathematics, M.S., 2008 Rouseff
Graduate Students

Student Topic Advisor

Marilee Andrew Quantifying pharmacokinetics in altered physiological states Bryers & Vicini

M. Hassan Arbab Terahertz technology for security and medical applications Chen

Charles Branham Design, charaterization and optimization of vapochromic sensors for oxygen Marquardt

analysis

Samantha Brody Internal waves Sanford

Nathaniel Burt Fiber Bragg grating acoustic sensor Chen

Michael Canney Shock wave induced heating in therapeutic ultrasound Bailey & Crum

Joshua Carmichael Seismic studies in Greenland and Antarctica Joughin

Luca Cazzanti Generative models for similarity-based learning Gupta

Hong Chen
Brian Chinn

M. Beth Curry
David Dall'Osto
Andrew Ganse
Samuel Gooch
Amanda Gray
Megan Hazen

ChuanLi Jiang

Michael Keim
Byron Kilbourne
Jeramy Kimball
Wayne Kreider
Wei Lu

Joseph MacGregor

Microbubble interactions in the vasculature

Internal tides in the Philippine Archipelago

Volume, heat and freshwater transport across Davis Strait
Underwater ambient noise directionality

Theoretical aspects of nonlinear inversion

Site characterization for tidal power

North Atlantic spring bloom experiment 2008

Search strategies in global optimization

The role of the ocean horizontal advection in SST variablity in the equatorial
Pacific: Influence of QuikSCAT winds

Characteristic scale using wavelets

Diapycnal and isopycnal mixing in the Southern Ocean
Dynamic measurement of condensation

Gas-vapor bubble dynamics in therapeutic ultrasound
Shock wave therapy

Development and applications of a radar-attenuation model for
polar ice sheets

Crum & Matula
Alford & Girton
Lee

Dahl

Odom
Thomson

Lee

Gupta

Kelly

Percival
Girton

Bailey

Bailey & Crum
Bailey

Winebrenner
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STUDENT ACHIEVEMENTS

Graduate Students, continued

Student Topic Advisor
Kim Martini Internal tides on the Oregon continental slope Alford
Brooke Medley Accumulation in the Amundsen Sea region Joughin
John Mickett Turbulent entrainment fluxes within the eastern Pacific warm pool Gregg
Debashis Mondal Wavelet variance analysis for time series and random fields Percival
Twila Moon Changes in ice front position on Greenland's outlet glaciers, 1992-2007 Joughin
Andrew Morabito Ricean parameter estimation using phase information in low Percival
SNR environments
William Mortensen Improving an environmentally adaptive tracker through knowledge Miyamoto
of target aspect
Neil Owen Targeting of stones and identification of stone fragmentation in Bailey & Crum
shock wave lithotripsy
Nathan Parrish Underwater communications Arabshahi
Ana Cecilia Peralta Ferriz Analysis of Arctic Ocean pressure gauge and GRACE gravity Morison
satellite data describing ocean bottom pressure and circulation
Scott Philips Perceptually-driven signal analysis for acoustic event classification Atlas & Pitton
Andrew Pickering Near-inertial waves observed from the HOT profiler Alford
Kristin Poinar Ice sheet modeling Joughin
Eric Rehm Ocean productivity and optics D'Asaro
Jia-Ling Ruan Medical acoustics Crum

Gavriel Speyer

Temperature estimation using backscattered ultrasound for
noninvasive monitoring of thermal ablative therapy

Crum & Kaczkowski

STUDENT ACHIEVEMENTS

Undergraduate Students, continued

Haishan Sun High-speed electro-optic modulators and switches Chen
Zoltén Szuts Interpretation of motionally induced electric fields in complex Sanford
oceans
Leonard Tracy Underwater communications Arabshahi
Danling Wang Nanoelectronic chemical sensors Chen
Ranran Wang Statistical postprocessing of weather forecasts generated from Marzban
Numerical Weather Prediction (NWP)
Rob Webster Underwater acoustic propagation modeling Rouseff
Andrew White Long-range acoustic propagation Mercer
Kai-Chieh Yang Structure and evolution of the Kuroshio Current Lee
Jinting Zhang Atlantic meridional overturning circulation Kelly
Shuang Zhang Internal tides and mixing in Hood Canal Alford & Newton
Dejie Zhou Control of underwater noise from pile driving Dahl
Undergraduate Students
Student Topic Advisor
Sophie Asher Pain localization Mourad
Spencer Backus Underwater float communications system D'Asaro
Daniel Blizzard Use of ultrasound to predict intracranial pressure Crum & Mourad
Robert Burns Instrument development and testing for measuring underwater noise Dahl

Anna Czoski

Alexander de Klerk
Trevor Dickey

Tamisha Downing

Creating 3D art for an instructional animation on the life of a diatom

Field instrumentation for measurements of surface waves and tidal flats
Using intense focused ultrasound to localize peripheral pain generating tissue

Intracranial pressure prediction
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Olsonbaker, Steele, &
Tanner

Thomson
Mourad
Mourad

Student Topic Advisor
Evan Gander NEPTUNE Power Supply, ALOHA/MARS mooring sensor network, dual passive Light
acoustic listener, fuel gauge for acoustic recorder system — Seaglider
Josephine Garcia Using intense focused ultrasound to localize peripheral pain generating tissue Mourad
David Giraud Acoustic shock wave imaging in transparent bone phantoms using photoelastic ~ Matula
techniques
James Gray Multi-photon polymerization fabrication of 3-D microstructures Chen
Katrina Hamilton Narration for The Important Little Life of Dylan Diatom Olsonbaker
Daniel Harmon-Gross Using ultrasound-induced tissue movement to predict intracranial pressure Mourad
Charles Harris-White X-ray spectrometer design Elam
Aaron Hossack Building a feedback system for high intensity focused ultrasound (HIFU) Bailey
Karsten James Algorithm coding for elastic wave reflection from a gradient layer Odom
Bion Johnson Lithotripsy tissue injury Bailey
Travis Johnson Intracranial pressure prediction Mourad
Julian Kelly Acoustic holography for medical device characterization Bailey
Emily Lemagie Satellite, temperature, wind and sea-surface height data in the Gulf Stream Girton

Sean Livingston
Shan Lu

Jonathan Lundt
Adam Maxwell
Abigail McClintic
Robert Mott

Mary-Margaret Murphy
Matt Olson

Kristin Pederson

Christopher Raastad
Cory Robinson

Kira Rombeau

Carlos Rufin
Caitlin Shannon
Andrew Spott

Faezeh Talebiliasi

Zuotian Tatum

Rowen Tych

Pavan Vaswani

Alice Ward

Atria Welch

Ella Willard-Schmoe
David Wright

Kang Ya

Krysta Yousoufian

Fabrication of the Hawaii Ocean Time Series profiling mooring

Growth of conductive ZnO nanowires and their application to electro-optic
devices

Develop in-house ultrasound contrast agents
Anew hydrophone for medical ultrasound
Using intense focused ultrasound to localize peripheral pain generating tissue

Growth of conductive ZnO nanowires and their application to electro-optic
devices

Monterey Bay cruise data processing

Develop in-house stabilized microbubbles for research and
targeted drug delivery

Transcutaneous acoustic palpation for improving the anatomic specificity of pain
diagnosis

Processing and analysis of satellite radar ice-front data in Greenland
Develop kidney phantoms for lithotripsy research

The impact of sea ice changes on the Arctic marine ecosystem through
model-data synthesis

Chemical sensor
Quantitative algorithms for HIFU therapy planning for tumor treatment
UV LIDAR IR&D project

Growth of conductive ZnO nanowires and their application
to electro-optic devices

Development of tissue phantom gels for HIFU research

Transcutaneous acoustic palpation for improving the anatomic specificity of pain
diagnosis

Non-invasive means of predicting intracranial pressure

Use of ultrasound to transiently and therapeutically disrupt the
blood-brain barrier

Vacuum system for electron-excited X-ray measurements
Calibration and test data for variable resolution radar

Use of ultrasound to predict intracranial pressure

Use of ultrasound to predict intracranial pressure

Develop automated system to recognize and classify Denmark Strait eddies in
satellite sea surface temperature data

Alford & McGinnis
Chen

Matula
Bailey
Mourad
Chen

Girton

Matula

Mourad

Joughin & Smith
Bailey
Zhang

Chen
Kaczkowsk
Asher
Chen

Crum & Mitchell
Mourad

Mourad
Mourad

Elam
Elam
Mourad
Mourad

Girton
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LABORATORY ORGANIZATION & PERSONNEL

LABORATORY ORGANIZATION & PERSONNEL

ASSOCIATE DIRECTORS
Business & Finance | W. Bakamis
Science & Technology Integration | D. Martin
Science & Technology Transition | R. Miyamoto

ASSISTANT DIRECTOR
Education & Outreach | R. Odom

DIRECTOR DEPARTMENTS

J. Simmen Air-Sea Interaction & Remote Sensing | A. Jessup, Chair
Center for Industrial & Medical Ultrasound | T. Matula, Director
Electronic & Photonic Systems | G. Harkins, Director
Environmental & Information Systems | D. Jones, Head
Ocean Acoustics | R. Odom, Chair
Ocean Engineering | R. Light, Head
Ocean Physics | J. Girton, Chair
Polar Science Center | A. Schweiger, Chair

DIRECTORATE

Jeffrey A. Simmen - Director

William T. Bakamis — Associate Director, Business & Finance

David L. Martin — Associate Director, Science & Technology Integration; Principal Oceanographer

Robert T. Miyamoto — Associate Director, Science & Technology Transition; Affiliate Associate Professor, Electrical Engineering

Robert I. Odom - Assistant Director, Education & Outreach; Principal Physicist; Research Associate Professor, Earth & Space Sciences

Dian L. Gay — Administrator, Program Operations

Barbara B. Masaki — Fiscal Specialist Il

Robert C. Spindel - Director Emeritus; Professor Emeritus, Electrical Engineering

DEPARTMENTS

Air-Sea Interaction & Remote
Sensing
Andrew T. Jessup - Chair; Principal Oceanographer;

Affiliate Associate Professor, Civil Engineering &
Mechanical Engineering

William E. Asher — Principal Oceanographer
Ruth A. Branch — Engineer lll

C. Christopher Chickadel - Oceanographer IV
Daniel C. Clark — Engineer lll

Alexander H. de Klerk — Student Helper
Suzanne Dickinson — Oceanographer llI

Brian D. Dushaw — Senior Oceanographer; Affiliate Associate
Professor, Oceanography

Gordon Farquharson — Engineer IV

Ralph C. Foster — Physicist IV
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William C. Keller — Senior Physicist

Kathryn A. Kelly — Principal Oceanographer; Affiliate Professor,
Oceanography

Craig L. McNeil — Senior Oceanographer
Sabine Mecking — Oceanographer IV

Jeffrey A. Nystuen — Principal Oceanographer; Affiliate Professor,

Oceanography
William J. Plant — Principal Research Scientist

Joseph L. Talbert — Field Engineer

James M. Thomson — Oceanographer IV; Assistant Professor, Civil

& Environmental Engineering
Keith A. Walls — Administrator
Jinting Zhang — Research Assistant

Center for Industrial & Medical
Ultrasound
Thomas J. Matula - Director; Principal Physicist;
Affiliate Assistant Professor, Electrical Engineering
Marilee A. Andrew — Senior Engineer
Michael R. Bailey — Senior Engineer
Bradley M. Bell - Principal Mathematician
Andrew A. Brayman — Senior Physicist
Michael S. Canney — Predoctoral Research Associate |l
Damon V. Cassisi — Engineer [l
Hong Chen — Predoctoral Research Associate |l

Lawrence A. Crum — Associate Director; Research Professor,
Electrical Engineering and Bioengineering

Bryan W. Cunitz — Engineer lll

Francesco P. Curra - Engineer IV

Trevor C. Dickey — Student Helper

Barbrina Dunmire — Engineer IV

Daniel Harmon-Gross — Physicist Il

Aaron C. Hossack — Student Helper

P.Ray lllian — Mathematician Il

Travis C. Johnson — Student Helper

Peter J. Kaczkowski — Senior Engineer
Steven G. Kargl — Senior Physicist

Tatiana D. Khokhlova — Research Associate
Vera A. Khokhlova - Senior Engineer
Wayne Kreider — Research Associate

John C. Kucewicz — Engineer IV

Daniel F. Leotta — Engineer IV

Brian E. MacConaghy — Physicist Ill

Abigail M. McClintic — Student Helper

Lisa Day Mercer — Administrative Specialist
Stuart B. Mitchell — Engineer IV

Michelle C. Morelli — Administrative Specialist

Pierre D. Mourad - Principal Physicist; Associate Professor,

Neurological Surgery; Adjunct Associate Professor, Pediatric

Dentistry and Bioengineering

Terrence W. Myntti - Field Engineer

Neil R. Owen — Research Associate

Marla Paun — Engineer IV

Steve M. Postlewait — Student Helper

Oleg A. Sapozhnikov — Senior Engineer

Caitlin M. Shannon - Student Helper

Gavriel A. Speyer — Predoctoral Research Associate |
Frank L. Starr — Research Manager

Jarred E. Swalwell — Engineer Il

Yak-Nam Wang - Engineer [V

LABORATORY ORGANIZATION & PERSONNEL

Electronic & Photonic Systems

Gary L. Harkins - Director

M. Hassan Arbab — Research Assistant
J. Craig Bathgate - Engineer IV

A. John Black — Software Engineer I
John A. Blattenbauer — Senior Engineer
Clark A. Bodyfelt — Senior Engineer

Neil M. Bogue — Senior Engineer
James C. Bowes - Field Engineer

Antao Chen - Senior Engineer; Affiliate Associate Professor,
Electrical Engineering

Gerald F. Denny — Senior Engineer
Michael J. Harrington — Senior Engineer
Benjamin M. Henwood - Senior Engineer
Robert E. Johnson - Principal Engineer
William A. Jump — Senior Engineer

Riley M. Kent — Program Assistant

Allison Lamb — Student Helper

James C. Luby - Principal Engineer; Affiliate Assistant Professor,
Electrical Engineering

Larry D. Nielson — Field Engineer

J. Aaron Nix-Gomez - Engineer IV
Nancy L. Penrose — Research Coordinator
Justin J. Schultz - Field Engineer
Cameron S. Simmons — Student Helper
Marcelino B. Soriano — Manager

Eric W. Strenge - Field Engineer
Kimberley R. Strenge — Student Helper
Marvin L. Strenge — Principal Engineer
Haishan Sun — Research Associate
Laurence C. Tomsic — Field Engineer
Danling Wang — Research Assistant

Angela S. Wood - Oceanographer |l

Environmental & Information
Systems

David W. Jones — Department Head; Senior Oceanographer
Gregory M. Anderson — Senior Engineer

Payman Arabshahi — Senior Engineer; Associate Professor,
Electrical Engineering

Neil S. Banas — Oceanographer IV
Corinne J. Bassin — Oceanographer Il
Michael L. Boyd — Principal Physicist
Peter M. Brodsky — Senior Engineer

Susan B. Brower — Administrator
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LABORATORY ORGANIZATION & PERSONNEL

Robert J. Carr — Engineer Il

Luca G. Cazzanti — Engineer IV
Arindam K. Das - Engineer IV

Keith L. Davidson — Senior Engineer
William J. Felton - Senior Field Engineer
Michael Gabbay - Senior Physicist

Gail M. Gilliland — Administrator
Robert P. Goddard — Principal Physicist
Evan Hanusa — Predoctoral Research Associate |
Megan U. Hazen - Engineer IV

Sachko Honda - Engineer Il

Julia B. Hsieh — Engineer Il

Sarah E. Huffer — Student Helper
Lauren D. Hughs - Helper

Kevin G. Jamieson — Student Helper
Billy D. Jones — Physicist IV

Elizabeth V. Kirby — Engineer IV
William C. Kooiman - Engineer IV
David W. Krout — Engineer IV

Nicholas C. Lederer — Mathematician Ill
Riley J. Linder — Student Helper

Stuart D. Maclean Engineer IV

Brian J. Marquardt — Senior Engineer; Affiliate Assistant Professor,
Electrical Engineering

Caren Marzban — Senior Physicist
Emilio Mayorga — Oceanographer IV
John J. McLaughlin — Senior Engineer

Robert T. Miyamoto — Associate Director; Affiliate Associate
Professor, Electrical Engineering

David W. Morison — Physicist Ill
William H. Mortensen — Research Assistant

Jan A. Newton - Principal Oceanographer; Affiliate Assistant
Professor, Oceanography

Janet |. Olsonbaker — Engineer IV
Lane M.D. Owsley — Engineer IV
Donald B. Percival — Principal Mathematician; Professor, Statistics

James W. Pitton — Principal Engineer; Affiliate Assistant Professor,
Electrical Engineering

John M. Pyle — Engineer Il

Steven J. Rutherford - Senior Oceanographer
Scott A. Sandgathe — Principal Oceanographer
Stephanie R. Schutz - Engineer Il

Benjamin Schwartz-Gilbert — Engineer lll

Amy G. Sprenger — Administrative Specialist
Marc S. Stewart — Senior Physicist

Shelby F. Sullivan - Senior Engineer

Troy T. Tanner — Senior Computer Specialist

Wesley J. Thompson — Research Aide |l
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Robert H. Tyler — Oceanographer IV; Affiliate Assistant Professor,
Earth & Space Sciences

Keith B. Wiley — Engineer IV

Lan Yu - Fiscal Specialist Il

Ocean Acoustics
Robert I. Odom - Chair; Principal Physicist;
Research Associate Professor, Earth & Space Sciences
Rex K. Andrew — Senior Engineer
Robert M. Bolstad — Research Manager
Linda J. Buck — Senior Computer Specialist

Robert W. Burns — Student Helper

Peter H. Dahl - Principal Engineer; Associate Professor, Mechanical

Engineering

David R. Dall'Osto — Research Assistant

Wm. Timothy Elam — Senior Physicist

Andrew A. Ganse — Engineer lll

Brian T. Hefner — Physicist IV

Anatoliy N. Ivakin — Senior Physicist

Darrell R. Jackson — Principal Engineer Emeritus
Christopher D. Jones — Senior Engineer

James A. Mercer — Principal Physicist; Research Professor, Earth &
Space Sciences

Daniel Rouseff — Senior Engineer
Kathleen M. Stafford — Senior Oceanographer
Dajun Tang - Senior Oceanographer

Eric I. Thorsos — Principal Physicist; Affiliate Associate Professor,
Electrical Engineering

Andrew W. White — Predoctoral Research Associate |

Kevin L. Williams — Principal Physicist; Associate Professor,
Oceanography

Michael A. Wolfson — Mathematician IV

Jie Yang — Research Associate

Ocean Engineering

Russell D. Light — Department Head; Principal Engineer
Paul A. Aguilar — Senior Field Engineer

Eric S. Boget — Engineer IV

Chris L. Craig — Maintenance Mechanic I

John B. Elliott — Senior Engineer

Lyle F. Gullings - Senior Field Engineer

Laurence S. Joireman — Administrative Specialist
Frederick W. Karig — Principal Engineer

Michael F. Kenney — Oceanographer IV

Sean Lastuka — Engineer Il

Trina Litchendorf — Oceanographer ||

Keith E. Magness - Field Engineer

Timothy M. McGinnis — Senior Engineer

Nicolas Michel-Hart — Engineer Il
Vernon W. Miller — Senior Engineer
Michael A. Ohmart — Senior Field Engineer
Francis G. Olson — Senior Field Engineer
Andrew R. Reay-Ellers — Helper

Peter L. Sabin - Senior Field Engineer
Christopher J. Siani — Engineer Il

Daniel A. Stearns — Field Engineer

Troy G. Swanson - Field Engineer

Keith L. Van Thiel — Engineer IV

Michael L. Welch — Senior Engineer

Timothy Wen — Senior Engineer

Ocean Physics

James B. Girton - Chair; Oceanographer IV

Matthew H. Alford — Senior Oceanographer; Affiliate Associate

Professor, Oceanography

Stephen J. Bayer — Senior Engineer

Samantha R. Brody — Predoctoral Research Associate |l
James A. Carlson — Senior Engineer

Ming-Huei Chang - Research Associate

Brian S. Chinn — Research Assistant

Andrew C. Cookson — Senior Field Engineer

Mary Beth Curry — Predoctoral Research Associate |

Eric A. D'Asaro — Principal Oceanographer; Professor,
Oceanography

John H. Dunlap - Senior Engineer

Terry E. Ewart — Principal Physicist Emeritus
Jason |. Gobat - Senior Oceanographer
Amanda M. Gray - Research Assistant
Michael C. Gregg — Professor, Oceanography
Ramsey R. Harcourt — Oceanographer IV
Frank S. Henyey — Principal Physicist

Yu Chin Hung - Student Helper

Adam D. Huxtable - Field Engineer
Ryuichiro Inoue — Research Associate
Byron F. Kilbourne — Research Assistant
Eric L. Kunze — Principal Oceanographer
Nathan E. Lauffenburger — Helper

Craig M. Lee — Principal Oceanographer; Affiliate Associate
Professor, Oceanography

Ren-Chieh Lien - Principal Oceanographer
Joseph P. Martin — Oceanographer IV

Kim I. Martini — Predoctoral Research Associate I
John B. Mickett — Oceanographer Il

Jack B. Miller — Principal Engineer

Sheila S. Ocoma - Fiscal Specialist Il

Andrew |. Pickering — Research Assistant

LABORATORY ORGANIZATION & PERSONNEL

Luc Rainville — Oceanographer IV
Eric C. Rehm — Predoctoral Research Associate |

Thomas B. Sanford — Principal Oceanographer; Professor,
Oceanography

Nancy J. Sherman — Administrator

Geoffrey B. Shilling — Engineer IV

Avery C. Snyder — Engineering Technician |

David P. Winkel - Oceanographer IV

Kai-Chieh Yang — Predoctoral Research Associate |
Shuang Zhang - Research Assistant

Zhongxiang Zhao — Oceanographer Il

Polar Science Center

Axel J. Schweiger — Chair; Oceanographer IV

Knut Aagaard — Principal Oceanographer; Professor,
Oceanography

Roger H. Andersen — Senior Mathematician

Joshua D. Carmichael — Predoctoral Research Associate |
Wendy S. Ermold — Physicist Ill

Andreas Heiberg — Principal Engineer

Lisa A. Isozaki — Administrator

James M. Johnson - Senior Field Engineer

lan R. Joughin - Principal Engineer; Affiliate Associate Professor,
Earth & Space Sciences

Karen Junge — Oceanographer IV
Kristin L. Laidre — Oceanographer IV

Bonnie Light — Physicist IV; Affiliate Assistant Professor,
Atmospheric Sciences

Ronald W. Lindsay — Senior Physicist
Mari S. Litzenberger — Program Operations Specialist

James H. Morison — Principal Oceanographer; Affiliate Professor,
Oceanography

Richard E. Moritz - Principal Oceanographer

Mark L. Ortmeyer — Oceanographer Il

Ana Cecilia Peralta Ferriz - Predoctoral Research Associate |
Ignatius G. Rigor — Senior Mathematician

Kay A. Runciman - Mathematician Il

Benjamin E. Smith — Physicist IV

Michael Steele — Senior Oceanographer

Harry Stern — Senior Mathematician

Dean J. Stewart — Field Engineer

Mark R. Wensnahan — Physicist IV

Dale P. Winebrenner — Principal Physicist; Research Professor,
Earth & Space Sciences; Adjunct Research Professor, Electrical
Engineering

Rebecca A. Woodgate — Senior Oceanographer; Affiliate Associate
Professor, Oceanography

Yanling Yu — Oceanographer IV

Jinlun Zhang - Senior Oceanographer

APL-UW 2009 BienNIAL REPORT 55



LABORATORY ORGANIZATION & PERSONNEL

ADMINISTRATIVE & TECHNICAL

Business & Administration

William T. Bakamis — Associate Director, Business & Finance

Financial Information Systems

Larry C. West — Senior Computer Specialist

Financial Management
Rebecca M. Barnett — Program Coordinator
Ashley J. Chambers — Fiscal Specialist |
Anne L. Clark — Administrator
Sandra Y. Duong - Fiscal Specialist |
Becky E. Harrison — Senior Computer Specialist
Anthony J. Nice — Administrator, Program Operations
Donald Obcena - Fiscal Specialist |
Hien D. Tran — Manager

Julia Yeh — Fiscal Specialist Il

Resources

Gordon K. Glass - Department Head

Building & Safety Services
Jim Fahey — Manager
Oliver R. Hartman — Maintenance Supervisor I
Dale K. Johnson — Maintenance Mechanic Il

Stuart R. Woolfield — Maintenance Mechanic Il

Distributed Computing Services
David D. Fetrow — Senior Computer Specialist
Ray A. Glennon - Senior Computer Specialist
David D. Lee - Student Helper
Adam L. Morehead - Senior Computer Specialist
James A. Stroud - Student Helper
Ryan S. Tibayan - Student Helper

Library
Jane M. Doggett — Manager
Leslie A. Harding — Library Specialist

Machine Shop
Patrick G. DePasquale — Instrument Maker Il
John P. Gutensohn — Instrument Maker Il
Timothy W. Jansen — Instrument Maker Il

Douglas S. Jordan — Instrument Maker Il

56 APL-UW 2009 BienNIAL REPORT

SERVICES

Grant & Contract Administration
Elroy J. Carlson — Administrator

William E. Preiss — Administrator

Human Resources/Personnel

Linda M. Marsh — Program Operations Specialist

Purchasing & Property Control
Samantha D. Auflick — Fiscal Specialist Il
Zale R. Carroll - Fiscal Specialist I
Roberta Hollowell - Fiscal Specialist Il
Thomas A. Kerrigan — Fiscal Specialist Il
Nicholas A.L. Plemel — Fiscal Specialist Il
Tina M. Stremick — Fiscal Specialist Il
DeAnn M. Wells — Manager

(Machine Shop, cont’d.)
Patrick T. McCrory — Instrument Maker Lead
Robert L. Prong — Manager
Bobby J. Scott - Instrument Maker IlI

Richard W. Syverson — Maintenance Mechanic |l

Marine Department
Eric S. Boget - Engineer IV

Chris L. Craig — Maintenance Mechanic |

Publications
Brian S. Rasmussen — Manager

Kim E. Reading — Graphic Designer

Security & Central Services
Charlotte A. Boynton — Manager
Nancy A. Harding — Fiscal Specialist |
Jason Matsune — Program Assistant
James W. Poland, Jr. — Senior Computer Specialist

Joseph S. Wigton - Engineer IV

Shipping & Receiving
Michael G. Miller - Program Support Supervisor |

— personnel as of July 2009

PPUBLICATIONS

TecHNICAL REPORTS AND MEMORANDA,
Issuep IN 2008

Goddard, R.P, The Sonar Simulation Toolset, Release 4.6: Science, Mathemat-
ics, and Algorithms, APL-UW TR 0702, October 2008.

Stewart, M., Autonomous Undersea Vehicle Capabilities Study, APL-UW TM
3-07, January 2008.

Stewart, M., and E. Creed, Glider Sensor Requirements and Data Format
Study for the Glider Technology Transfer Initiative, APL-UW TM 4-07, Janu-
ary 2008.

Wood, A.S., and K. Van Thiel, Field Tests of the Glider Technology Transition
Initiative Prototype Seaglider, APL-UW TM 1-08, November 2008.

Szuts, Zoltan B., The Interpretation of Motionally Induced Electric Fields in
Oceans of Complex Geometry, APL-UW TR 0803, October 2008.

JourRNAL ARTICLES, BOOKS, AND BoOKk
CHAPTERS, 2008

Aagaard, K, R. Andersen, J. Swift, and J. Johnson, A large eddy in the cen-
tral Arctic Ocean, Geophys. Res. Lett, 35, 10.1029/2008GL033461, 2008.

Alford, M.H., Observations of parametric subharmonic instability of the
diurnal internal tide in the South China Sea, Geophys. Res. Lett, 35,
10.1029/2008GL034720, 2008.

Alley, R.B., HJ. Horgan, I. Joughin, KM Cuffey, TK. Dupont, B.R. Parizek, S.
Anandakrishnan, and J. Bassis, A simple law for ice-shelf calving, Sci-
ence, 322, 1344, 2008.

Anagnostou, M.N,, J.A. Nystuen, E.N. Anagnostou, E.I. Nikolopoulos, and
E. Amitai, Evaluation of underwater rainfall measurements during
the lonian Sea Rainfall Experiment, IEEE Trans. Geosci. Remote Sens., 46,
2936-2946, 2008.

Anand, A, and P.J. Kaczkowski, Noninvasive measurement of local ther-
mal diffusivity using backscattered ultrasound and focused ultra-
sound heating, Ultrasound Med. Biol., 34, 1449-1464, 2008.

Arbab, M.H.,, A. Chen, E.I. Thorsos, D.P. Winebrenner, and L.M. Zurk, Ef-
fect of surface scattering on terahertz time domain spectroscopy of
chemicals, Proc. SPIE, Terahertz Technol. Appl., 68930C1-68930C8, 2008.

Branch, R, AT.Jessup, PJ. Minnett, and E.L. Key, Comparisons of shipboard
infrared sea surface skin temperature measurements from the CIRIMS
and the M-AERI, J. Atmos. Ocean. Technol., 25, 598-606, 2008.

Branch, R, W.J. Plant, M. Gade, and AT. Jessup, Relating microwave modu-
lation to microbreaking observed in infrared imagery, IEEE Geosci. Re-
mote Sens. Lett., 5, 364-367, 2008.

Bell, B.M., and J.V. Burke, Algorithmic differentiation of implicit functions
and optimal values, in Advances in Automatic Differentiation, edited
by C. Bischof, H. Bucker, P. Hovland, U. Naumann, and J. Utke, 67-78
(Springer, 2008).

Bell, B.M., and G. Pillonetto, Approximating the Bayesian inverse for
nonlinear dynamical systems, J. Phys.: Conf. Ser, 124, 10.1088/1742-
6596/012009, 2008.

Canney, M.S,, M.R. Bailey, L.A. Crum, V.A. Khokhlova, and O.A. Sapozh-
nikov, Acoustic characterization of high intensity focused ultrasound
fields: A combined measurement and modeling approach, J. Acoust.
Soc. Am., 124, 2406-2420, 2008.

Carter, G.S,, M.A. Merrifield, J. Becker, K. Katsumata, M.C. Gregg, D.S. Lu-
ther, M.D. Levine, T.J. Boyd, and Y.L. Firing, Energetics of M2 barotropic
to baroclinic conversion at the Hawaiian Islands, J. Phys. Oceanogr., 38,

PUBLICATIONS

2205-2223, 2008.

Cazzanti, L, M.R. Gupta, and A.J. Koppal, Generative models for similarity-
based classification, Pattern Recognit., 41, 2289-2297, 2008.

Chang, M-H,, R-C. Lien, T. Tang, Y.J. Yang, and J. Wang, A composite
view of surface signatures and interior properties of nonlinear inter-
nal waves: Observations and applications, J. Atmos. Ocean. Technol., 25,
1218-1227,2008.

Chen, A, H.Sun, A. Pyayt, X. Zhang, J. Luo, A. Jen, PA. Sullivan, S. Elango-
van, L.R. Dalton, R. Dinu, D. Jin, and D. Huang, Chromophore-contain-
ing polymers for trace explosive sensors, J. Phys. Chem. C, 112, 8072-
8078, 2008.

Chen, A, H. Sun, A. Pyayt, L.R. Dalton, J. Luo, and AK-Y. Jen, Micro-ring
resonators made in poled and un-poled chromophore-containing
polymers for optical communication and sensors, IEEE J. Selected Top-
ics Quantum Elec., 14, 1281-1288, 2008.

Choi, JW, PH. Dahl, and J.A. Goff, Observations of the R reflector and
sediment interface reflection at the Shallow Water ‘06 central site, J.
Acoust. Soc. Am., 124, EL128-EL134, 2008.

Dahl, PH., JW. Choi, N.J. Williams, and H.C. Graber, Field measurements
and modeling of attenuation from near-surface bubbles for frequen-
cies 1-20 kHz, J. Acoust. Soc. Am., 124, EL163-EL169, 2008.

Das, S.B., I. Joughin, M.D. Behn, .M. Howat, M.A. King, D. Lizarralde, and
M.P. Bhatia, Fracture propagation to the base of the Greenland ice
sheet during supraglacial lake drainage, Science, 320, 778-781, 2008.

D'Asaro, EAA,, A diapycnal mixing budget on the Oregon shelf, Limnol.
Oceanogr., 53, 2137-2150, 2008.

D'Asaro, E.A., Convection and the seeding of the North Atlantic bloom, J.
Mar. Syst., 69, 233-237, 2008.

D'Asaro, EA, and C. McNeil, Air-sea gas exchange at extreme wind
speeds measured by autonomous oceanographic floats, J. Mar. Syst,,
74,722-736,2008.

Dmitrenko, LA, S.A. Kirillov, V.V. Ivanov, and R.A. Woodgate, Mesoscale
Atlantic water eddy off the Laptev Sea continental slope car-
ries the signature of upstream interaction, J. Geophys. Res., 113,
10.1029/2007)C004491, 2008.

Dushaw, B.D., Another look at the 1960 Perth to Bermuda long-
range acoustic propagation experiment, Geophys. Res. Lett, 35,
10.1029/2008GL033415, 2008.

Foote, A.D., and J.A. Nystuen, Variation in call pitch among killer whale
ecotypes, J. Acoust. Soc. Am., 123, 1747-1752, 2008.

Gregg, M.C,,and J.K. Horne, Turbulence, acoustic backscatter and pelagic
nekton in Monterey Bay, J. Phys. Oceanogr., 38, 10.1175/2008JP0O4033.1,
2008.

Haas, C, A. Pfaffling, S. Hendriks, L. Rabenstein, J.-L. Etienne, and I. Rigor,
Reduced ice thickness in Arctic Transpolar Drift favors rapid ice re-
treat, Geophys. Res. Lett., 35,10.1029/2008GL034457, 2008.

Harcourt, R.R, and E.A. D'Asaro, Large-eddy simulation of Langmuir tur-
bulence in pure wind seas, J. Phys. Oceanogr., 38, 1542-1562, 2008.

Hickey, B.M.,and N.S. Banas, Why is the northern end of the California Cur-
rent system so productive? Oceanography, 21, 90-107, 2008.

Howat, I.M,, B.E. Smith, I. Joughin, and T.A. Scambos, Rates of southeast
Greenland ice volume loss from combined ICESat and ASTER obser-
vations, Geophys. Res. Lett., 35, 10.1029/2008GL034496, 2008.

Jan, S, R-C. Lien, and C-H. Ding, Numerical study of baroclinic tides in
Luzon Strait, J. Oceanogr., 64, 789-802, 2008.

Jessup, AT, and R. Branch, Integrated ocean skin and bulk temperature
measurements using the Calibrated Infrared in Situ Measurement
System (CIRIMS) and through-hull ports, J. Atmos. Ocean. Technol., 25,
579-597,2008.

APL-UW 2009 BienNIAL REPORT 57



PUBLICATIONS

Jiang, C, L. Thompson, and K.A. Kelly, Equatorial influence of QuikSCAT
winds in an isopycnal ocean model compared to NCEP2 winds, Ocean
Model., 24, 65-71, 2008.

Joslyn, S.and D. Jones, Strategies in naturalistic decision making: A cogni-
tive task analysis of naval weather forecasting, in Naturalistic Decision
Making and Macrocognition, edited by JM.C. Schraagen, L. Militello,
T. Ormerod, and R. Lipshitz (Ashgate Publishing Limited: Aldershot,
UK, 2008).

Joughin, I, S.B. Das, M.A. King, B.E. Smith, .M. Howat, and T. Moon, Sea-
sonal speedup along the western flank of the Greenland ice sheet,
Science, 320, 791-883, 2008.

Joughin, I, . Howat, R.B. Alley, G. Ekstrom, M. Fahnestock, T. Moon, M. Net-
tles, M. Truffer, and V.C. Tsai, Ice-front variation and tidewater behavior
on Helheim and Kangerdlugssuaq glaciers, Greenland, J. Geophys. Res.,
713, 10.1029/2007JF000837, 2008.

Joughin, ., I. Howat, M. Fahnestock, B. Smith, W. Krabill, R. Alley, H. Stern,
and M. Truffer, Continued evolution of Jakobshavn Isbrae following its
rapid speedup, J. Geophys. Res., 113, 10.1029/2008JF001023, 2008.

Junge, K. and B.D. Swanson, High-resolution ice nucleation spectra of
sea-ice bacteria: Implications for cloud formation and life in frozen
environments, Biogeosciences, 5, 865-873, 2008.

Kucewicz, J.C, B. Dunmire, N.D. Giardino, D.F. Leotta, M. Paun, S.R. Dager,
and KW. Beach, Tissue pulsatility imaging of cerebral vasoreactivity
during hyperventilation, Ultrasound Med. Biol., 34, 1200-1208, 2008.

Kwok, R., E.C. Hunke, W. Maslowski, D. Menemenlis, and J. Zhang, Variabil-
ity of sea ice simulations assessed with RGPS kinematics, J. Geophys.
Res., 113, 10.1029/2008JC004783, 2008.

Laidre, K.L., M.P. Heide-Jgrgensen, J. Nyeland, A. Mosbech, and B. Doert-
mann, Latitudinal gradients in sea ice and primary production deter-
mine Arctic seabird colony size in Greenland, Proc. R. Soc. B, Biol. Sci.,
275,2695-2702, 2008.

Laidre, K.L., I. Stirling, L. Lowry, @. Wiig, M.P. Heide-Jergensen, and S. Fer-
guson, Quantifying the sensitivity of arctic marine mammals to cli-
mate-induced habitat change, Ecol. Appl., 18, S97-5125, 2008.

Li, X, Z. Zhao, and W.G. Pichel, Internal solitary waves in the northwestern
South China Sea inferred from satellite images, Geophys. Res. Lett, 35,
10.1029/2008GL034272, 2008.

Liang, H., and T. Maxworthy, Experimental investigations of a swirling jet
in both stationary and rotating surroundings, Exper. Fluids, 45, 283-293,
2008.

Lien, R-C, EA. DAsaro, and C. Menkes, Modulation of equato-
rial turbulence by tropical instability waves, J. Geophys. Lett., 35,
10.1029/2008GL035860, 2008.

Lien, R-C, T.B. Sanford, and W.-T. Tsai, Observations of turbulence mixing
and vorticity in a littoral surface boundary layer, J. Phys. Oceanogr., 38,
648-669, 2008.

Light, B. T.C. Grenfell, and D.K. Perovich, Transmission and absorption of
solar radiation by arctic sea ice during the melt season, J. Geophys. Res.,
113,10.1029/2006JC003977, 2008.

Lindsay, RW,, R. Kwok, L. de Steur, and W. Miere, Halo of ice deforma-
tion observed over the Maud Rise seamount, Geophys. Res. Lett., 35,
10.1029/2008GL034629, 2008.

Lindsay, RW.,, J. Zhang, A.J. Schweiger, and M.A. Steele, Arctic sea ice re-
treatin 2007 follows thinning trend, J. Clim., 21,10.1175/2008JCLI2521.1,
2008.

Lindsay, RW, J. Zhang, A.J. Schweiger, and M.A. Steele, Seasonal pre-
dictions of ice extent in the Arctic Ocean, J. Geophys. Res., 113,
10.1029/2007JC004259, 2008.

Lynch, J, and D. Tang, Overview of Shallow Water 2006 JASA EL Special
Issue Papers, J. Acoust. Soc. Am., 124, EL63-EL65, 2008.

58 APL-UW 2009 BienNIAL REPORT

Marzban, C, and S. Sandgathe, Cluster analysis for object-oriented verifi-
cation of fields: A variation, Mon. Weather Rev., 136, 1013-1025, 2008.

Marzban, C,, S. Sandgathe, and H. Lyons, An object-oriented verification
of three NWP model formulations via cluster analysis: An objective
and a subjective analysis, Mon. Weather Rev., 136, 3392-3407, 2008.

McLaughlin, J., and L. Owsley, Combined screener/classifier architectures
for mine countermeasures, U.S. Navy J. Underwater Acoust., 58, 1247-
1260, 2008.

Mecking, S., C. Langdon, R.A. Feely, C.L. Sabine, C.A. Deutsch, and D.
Min, Climate variability in the North Pacific thermocline diagnosed
from oxygen measurements: An update based on the U.S. CLIVAR/
CO2 Repeat Hydrography cruises, Global Biogeochem. Cycles, 22,
10.1029/2007GB003101, 2008.

Melling, H., TA. Agnew, KK. Falkner, D.A. Greenberg, C.M. Lee, A. MUn-
chow, B. Petrie, S.J. Prinsenberg, R.M. Samelson, and R.A. Woodgate,
Fresh-water fluxes via Pacific and Arctic outflows across the Canadian
polar shelf, in Arctic-Subarctic Ocean Fluxes, edited by R.R. Dickson, J.
Meincke, and P. Rhines, 193-248 (Springer: Dordrecht, 2008).

Miller, J.H., J.A. Nystuen, and D.L. Bradley, Ocean noise budgets, Bioacous-
tics, 17,133-136, 2008.

Moon,T,and!.Joughin,Changesinice front position on Greenland’s outlet
glaciers from 1992 to 2007, J. Geophys. Res., 113, 10.1029/2007JF000927,
2008.

Moore, S.E., Marine mammals as ecosystem sentinels, J. Mammal., 89, 534-
540, 2008.

Moore, S.E., B.M. Howe, K.M. Stafford, and M.L. Boyd, Including whale call
detection in standard ocean measurements: Application of acoustic
Seagliders, Mar. Tech. Soc. J., 41, 49-53, 2008.

Moore, S.E, and H.P. Huntington, Arctic marine mammals and climate
change: Impacts and resilience, Ecol. Appl., 18, S157-5165, 2008.

Morabito, A.N., D.B. Percival, J.D. Sahr, Z.M.P. Berkowitz, and L.E. Vertatsch-
itsch, Ricean parameter estimation using phase information in low
SNR environments, IEEE Comm. Lett., 12, 244-246, 2008.

Nichols-Pagel, G.A., D.B. Percival, PG. Reinhall, and J.J. Riley, Should struc-
ture functions be used to estimate power laws in turbulence? A com-
parative study, Phys. D: Nonlinear Phenom., 237, 665-677, 2008.

Nystuen, J.A,, E. Amitai, EN. Anagnostou, and M.R. Anagnostou, Spatial
averaging of oceanic rainfall variability using underwater sound: lo-
nian Sea rainfall experiment 2004, J. Acoust. Soc. Am., 123, 1952-1962,
2008.

Ogi, M., 1G. Rigor, M.G. McPhee, and J.M. Wallace, Summer retreat
of Arctic sea ice: Role of summer winds, Geophys. Res. Lett, 35,
10.1029/2008GL035672, 2008.

Pankow, J.F, and W.E. Asher, SIMPOL.1: A simple group contribution
method for predicting vapor pressures and enthalpies of vaporiza-
tion of multifunctional organic compounds, Atmos. Chem. Phys., 8,
2773-2796, 2008.

Parrish, N., L. Tracy, S. Roy, W.L.J. Fox, and P. Arabshahi, System design con-
siderations for undersea networks: Link and multiple access protocols,
IEEE J. Sel. Areas Commun., 26, 1720-1730, 2008.

Percival, D.B., Analysis of geophysical time series using discrete wavelet
transforms: An overview, in Nonlinear Time Series Analysis in the Geosci-
ences—Applications in Climatology, Geodynamics, and Solar-Terrestrial
Physics, edited by RV. Donner and S.M. Barbosa, 61-79 (Springer:Berlin/
Heidelberg, 2008).

Percival, D.B., D.A. Rothrock, A.S. Thorndike, and T. Gneiting, The variance
of mean sea-ice thickness: Effect of long-range dependence, J. Geo-
phys. Res., 113,10.1029/2007)JC004391, 2008.

Perovich, D.K, J.A. Richter-Menge, K.F. Jones, and B. Light, Sunlight, water,
and ice: Extreme arctic sea ice melt during the summer of 2007, Geo-

phys. Res. Lett., 35,10.1029/2008GL034007, 2008.

Pillonetto, G., and B.M. Bell, Optimal smoothing of non-linear dynamic
systems via Monte Carlo Markov chains, Automatica, 44, 1676-1685,
2008.

Polyakov, IV, V.A. Alexeev, G.I. Belchansky, I.A. Dmitrenko, V.V. Ivanoy, S.A.
Kirillov, A.A. Korablev, M. Steele, L.A. Timokhov, and I. Yashayaev, Arctic
ocean freshwater changes over the past 100 years and their causes, J.
Clim., 21,364-384, 2008.

Quijano, J.E, LM. Zurk, and D. Rouseff, Demonstration of the invariance
principle for active sonar, J. Acoust. Soc. Am., 123, 1329-1337, 2008.

Rainville, L., and P. Winsor, Mixing across the Arctic Ocean: Microstructure
observations during the Beringia 2005 Expedition, Geophys. Res. Lett,,
35,2008.

Rampal, R., J. Weiss, D. Marsan, R. Lindsay, and H. Stern, Scaling properties
of sea ice deformation from buoy dispersion analysis, J. Geophys. Res.,
113,10.1029/2007JC004143, 2008.

Riser, S.C., J. Nystuen, and A. Rogers, Monsoon effects in the Bay of Bengal
inferred from profiling float-based measurements of wind speed and
rainfall, Liminol. Oceanogr., 53, 2080-2093, 2008.

Rothrock, D.A., D.B. Percival, and M. Wensnahan, The decline in Arctic
sea-ice thickness: separating the spatial, annual, and interannual vari-
ability in a quarter century of submarine data, J. Geophys. Res., 113,
10.1029/2007JC004252, 2008.

Rouseff, D,, and W.L.J. Fox, Energy consumption model for a broadband
shallow-water acoustic communications network, IEEE J. Ocean. Eng.,
33,335-340, 2008.

Rouseff, D., D. Tang, K.L. Williams, Z. Wang, and J.N. Moum, Mid-frequency
sound propagation through internal waves at short range with syn-
optic oceanographic observations, J. Acoust. Soc. Am., 124, EL73-EL77,
2008.

Sabine, C.L, R.A. Feely, FJ. Millero, A.G. Dickson, C. Langdon, S. Mecking,
and D. Greeley, Decadal changes in Pacific carbon, J. Geophys. Res., 113,
10.1029/2007JC004577.

Schweiger, A, R. Lindsay, S. Vavrus, and J. Francis, Relationships between
arctic sea ice and clouds during autumn, J. Clim., 21, 4799-4810, 2008.

Schweiger, A.J,, J. Zhang, RW. Lindsay, and M. Steele, Did unusually sunny
skies help drive the record sea ice minimum of 20077 Geophys. Res.
Lett., 35,10.1029/2008GL033463, 2008.

Stafford, KM, S.E. Moore, K.L. Laidre, and M.P. Heide-Jargensen, Bowhead
whale springtime song off West Greenland, J. Acoust. Soc. Am., 124, 1-9,
2008.

Steele, M., W. Ermold, and J. Zhang, Arctic Ocean surface warming trends
over the past 100 years, Geophys. Res. Lett, 35, 10.1029/2007GL031651,
2008.

Stern, H., R. Lindsay, C. Bitz, and P. Hezel, What is the trajectory of arctic
sea ice? in Arctic Sea Ice Decline: Observations, Projections, Mechanisms,
and Implications, edited by ET. DeWeaver, C.M. Bitz, and B.-L. Tremblay,
175-185 (American Geophysical Union, 2008).

Sun, H., A. Chen, B.C. Olbricht, J.A. Davies, P.A. Sullivan, Y. Liao, and L.R. Dal-
ton, Direct electron beam writing of electro-optic polymer microring
resonators, Opt. Express, 16, 6592-6599, 2008.

Sun, H., A. Chen, B.C. Olbricht, J.A. Davies, P.A. Sullivan, Y. Liao, Z. Shi, J. Luo,
AK-Y. Jen, and L.R. Dalton, Polarization selective electro-optic poly-
mer waveguide devices by direct electron beam writing, Opt. Express,
16, 8472-8479, 2008.

Sun, H.,, B.C. Olbricht, J.A. Davies, PA. Sullivan, L.R. Dalton, and A. Chen,
Electro-optic polymer microring resonators patterned with electron
beam bleaching, Appl. Phys. Lett., 92, 193305-1-193305-3, 2008.

Tang, D, FS. Henyey, Z.Wang, K.L. Williams, D. Rouseff, PH. Dahl, J. Quijano,

PUBLICATIONS

and JW. Choi, Mid-frequency acoustic propagation in shallow water
on the New Jersey shelf: Mean intensity, J. Acoust. Soc. Am., 124, EL85-
EL90, 2008.

Tang, D, ES. Henyey, Z. Wang, K.L. Williams, D. Rouseff, PH. Dahl, J. Qui-
jano, and JW. Choi, Mid-frequency acoustic propagation in shallow
water on the New Jersey shelf. II: Intensity fluctuation, J. Acoust. Soc.
Am., 124, EL91-EL96, 2008.

Tyler, R.H., Strong ocean tidal flow and heating on moons of the outer
planets, Nature, 456, 770-772, 2008.

Volny, M., M. Sadilek, K.E. Jackson, M. Diener, W.T. Elam, and F. Turecek, Ma-
trix-free laser desorption/ionization of ions landed on plasma-treated
metal surfaces, J. Mass Spectrom., 43, 1265-1273, 2008.

Winebrenner, D.P, M.R. Koutnik, E.D. Waddington, AV. Pathare, B.C. Mur-
ray, S. Byrne, and J.L. Bamber, Evidence for ice flow prior to trough
formation in the Martian north polar layered deposits, Icarus, 195, 90-
105, 2008.

Yang, J, D. Tang, and K.L. Williams, Direct measurement of sediment
sound speed in Shallow Water ‘06, J. Acoust. Soc. Am., 124, EL116-EL121,
2008.

Zhang, J, R. Lindsay, M. Steele, and A. Schweiger, What drove the dra-
matic retreat of arctic sea ice during summer 2007? Geophys. Res. Lett,
35, 10.1029/2008GL034005, 2008.

Zhang, J.,, M. Steele, R. Lindsay, A. Schweiger, J. Morison, Ensemble 1-year
predictions of Arctic sea ice for the spring and summer of 2008, Geo-
phys. Res. Lett, 35,10.1029/2008GL033244, 2008.

Zurk, L.M., G. Sundberg, S. Schecklman, Z. Zhou, A. Chen, and E.I. Thorsos,
Scattering effects in terahertz reflection spectroscopy, Proc. SPIE, 6949,
694907-1-694907-8, 2008.

ARTICLES IN PROCEEDINGS AND SELECTED
ABSTRACTS, 2008

Arabshahi, P, Y. Chao, S. Chien, A. Gray, B.M. Howe, and S. Roy, A smart
sensor web for ocean observation: Integrated acoustics, satellite net-
working, and predictive modeling, Eos Trans. AGU, 89, Fall Meet. Suppl.,
Abstract IN23D-02, 2008.

Arbab, MH., D.P. Winebrenner, A. Chen, D. Wang, E.I. Thorsos, and L.M.
Zurk, Measurement and application of incoherent terahertz scatter-
ing using time-domain spectroscopy, Proceedings, 33rd International
Conference on Infrared and Millimeter Waves and 16th International Con-
ference on Terahertz Electronics, 15-29 September, Pasadena, CA (IEEE,
2008).

Bell, B.M., and J.V. Burke, Algorithmic differentiation of implicit functions
and optimal values, Proceedings, 5th International Conference on Auto-
matic Differentiation, 11-15 August, Bonn, Germany (Springer, 2008)

Brayman, A., P. Kaczkowski, Y-N. Wang, M. Andrew, L.A. Crum, S. Kargl,
and G. Speyer, Therapeutic ultrasound induced cell death from a his-
tological perspective, J. Acoust. Soc. Am., 123, 2996, 2008.

Canney, M.S,, M.R. Bailey, V.A. Khokhlova, O.A. Sapozhnikov, and L.A.
Crum, Simultaneous measurement of pressure and temperature in a
focused ultrasound field with a fiber optic hydrophone, J. Acoust. Soc.
Am., 123,3221,2008.

Chen, A, Poled and unpoled polymers with chromophore dopants for
optical sensors, Proceedings, Linear and Nonlinear Optics of Organic Ma-
terials VI, 12—14 August, San Diego, CA (SPIE, 2008).

Choi, JW., and PH. Dahl, Mid-frequency bottom interaction measure-
ments off the New Jersey continental shelf, J. Acoust. Soc. Am., 123,
3084, 2008.

Dahl, PH., Observations and modeling of angular compression and verti-
cal spatial coherence in sea surface forward scattering, J. Acoust. Soc.

APL-UW 2009 BienNIAL REPORT 59



PUBLICATIONS

Am., 123,3086, 2008.

Egnor, D, L. Cazzanti, J. Hsieh, and G.S. Edelson, Underwater acoustic
single- and multi-user differential frequency hopping communica-
tions, Proceedings, OCEANS 2008, 15-18 September, Quebec, Canada
(IEEE, 2008).

Hefner, BT, D.R. Jackson, and J. Calantoni, Dispersion and attenuation
due to scattering from heterogeneities in the frame bulk and shear
moduli of sand sediments, J. Acoust. Soc. Am., 123, 3441, 2008.

Hefner, BT, and K.L. Williams, Comparisons of Biot and grain-shearing
theories: sound speed, attenuation and acoustic impedance, J. Acoust.
Soc. Am., 123, 3350, 2008.

Henyey, .S, and E. Thorsos, Unperturbed normal mode method for for-
ward surface scattering, J. Acoust. Soc. Am., 123, 3086, 2008.

Henyey, FS., K.L. Williams, and D. Tang, Simultaneous nearby measure-
ments of acoustic propagation and high-resolution sound speed
structure containing internal waves, J. Acoust. Soc. Am., 123, 3588,
2008.

Howe, B.M,, P. Arabshahi, S. Businger, Y. Chao, S. Chien, and A. Gray, Au-
tonomous mission design and data fusion: Laying the groundwork for
decadal mission swath altimetry and ocean vector winds, Eos Trans.
AGU, 89, Fall Meet. Suppl., Abstract IN31A-1122, 2008.

Howe, B.M., and M.L. Boyd, Using Seagliders for acoustic receiving and
communication, J. Acoust. Soc. Am., 123, 3913, 2008.

Howe, B.M., N. Parrish, L. Tracy, A. Gray, Y. Chao, T. McGinnis, P. Arabshahi,
and S. Roy, A smart sensor web for ocean observation: Integrated
acoustics, satellite networking, and predictive modeling, Proceedings,
NASA Earth Science Technology Conference, 24-26 June, College Park,
MD, 10 pp. (2008).

Hutchings, J.,, and I. Rigor, Mechanisms explaining anomalous ice condi-
tions in the Beaufort Sea during 2006 and 2007, Eos Trans. AGU, 89, Fall
Meet. Suppl., Abstract C51A-0525, 2008.

Irisov, V., and W.J. Plant, Simultaneous X-band radar and Ka-band radiom-
eter observations of the ocean, International Geoscience and Remote
Sensing Symposium, IGARSS 2007, 23-28 June, Barcelona, Spain, 3498-
3501 (IEEE: Piscataway, NJ, 2008).

Ivakin, A.N., High frequency scattering from discrete inclusions in marine
sediments, J. Acoust. Soc. Am., 123, 3896, 2008.

Ivakin, A.N., Modeling of narrow-band mornal-mode reverberation in
shallow water, Proceedings, International Symposium on Underwater
Reverberation and Clutter, 9-12 September, La Spezia, Italy, edited by
PL. Nielsen, C.H. Harrison, and J.-C. Le Gac, 55-62 (NATO Undersea Re-
search Centre, 2008).

Ivakin, A.N., and J.-P. Sessarego, High frequency propagation in and scat-
tering from water-saturated granular sediments: Laboratory study, J.
Acoust. Soc. Am., 123, 3601, 2008.

Izosimova, M.Y., A.l. Korobov, EV. Prokhorova, and O.A. Sapozhnikov, Mea-
surement of dynamic shear modulus in soft solids using laser vibrom-
etry, J. Acoust. Soc. Am., 123, 3226, 2008.

Jones, B.D., Geoacoustic inversion of ocean surface-wave noise with a
littoral glider, J. Acoust. Soc. Am., 124,2521,2008.

Jones, C.D., Mid-frequency pelagic imaging multi-beam sonar, J. Acoust.
Soc. Am., 123,3211, 2008.

Kargl, S.G., K.L. Williams, E. Thorsos, D.R. Jackson, and D. Tang, Synthetic
aperture sonar imaging of simple finite targets near a sediment-water
interface, J. Acoust. Soc. Am., 123, 3944, 2008.

Katsnelson, B., V. Grigorev, J.F. Lynch, and D. Tang, Intensity fluctuations of
mid-frequency sound signals passing through moving nonlinear in-
ternal waves in experiment SW06, J. Acoust. Soc. Am., 123, 3588, 2008.

Kreider, W., M.S. Canney, M.R. Bailey, V.A. Khokhlova, and L.A. Crum. Local

60 APL-UW 2009 BienNIAL REPORT

heating by a bubble excited by high intensity focused ultrasound, J.
Acoust. Soc. Am., 123, 2997, 2008.

Lee, CM,, and J.I. Gobat, Acoustic navigation and communications for
high latitude ocean research (ANCHOR), J. Acoust. Soc. Am., 123, 2990,
2008.

Lopes, J, R. Lim, C. Dowdy, K.L. Williams, and E. Thorsos, Sonar detection
of targets buried under seafloor ripple at shallow grazing angles, J.
Acoust. Soc. Am., 123, 3755, 2008.

Mitchell, S.B., N.C. Juaire,and Y.-N. Wang, High intensity ultrasound activa-
tion of coagulation factors, J. Acoust. Soc. Am., 123,3222, 2008.

Nghiem, S., I. Rigor, P. Clemente-Colén, D. Perovich, J. Richter-Menge, Y.
Chao, G.Neumann, and M. Ortmeyer, Recent state of arctic sea ice, Eos
Trans. AGU, 89, Fall Meet. Suppl., Abstract C44A-01, 2008.

Padmanabhan, S., S.C. Reising, W.E. Asher, V. Raizer, and PW. Gaiser, Com-
parison of modeled and observed microwave emissivities of water
surfaces in the presence of breaking waves and foam, International
Geoscience and Remote Sensing Symposium, IGARSS 2007, 23-28 June,
Barcelona, Spain, 42-45 (IEEE: Piscataway, NJ, 2008).

Parrish, N., S. Roy, and P. Arabshahi, OFDM in underwater channels, Pro-
ceedings, 3rd ACM Workshop on Underwater Networks, 15 September,
San Francisco, CA, 2 pp. (2008).

Pishchalnikov, Y.A., J.A. McAteer, |V. Pishchalnikova, J.C. Williams Jr., M.R.
Bailey, and O.A. Sapozhnikov, Bubble proliferation in shock wave lith-
otripsy occurs during inertial collapse nonlinear acoustics, Nonlinear
Acoustics—Fundamentals and Applications, edited by B.O. Enflo, C.M.
Hedberg, and L. Kari, 460-463 (Amer. Inst. Phys., 2008).

Plant, W.J, W.C.Keller, C. Siani,and G. Chatham, River current measurement
using coherent microwave radar: Toward gaging unstable streams,
IEEE/OES 9th Working Conference on Current Measurement Technology,
17-19 March, Charleston, South Carolina, 245-249 (IEEE, 2008).

Plant, W.J,, W.C. Keller, K. Hayes, and G. Chatham, Measuring and mod-
eling the normalized radar cross section of the sea for backscatter,
Proceedings, IEEE Geoscience and Remote Sensing Symposium, 611 July,
Boston, MA (2008).

Rigor, .G, P. Clemente-Coldn, E. Hudson, The International Arctic Buoy
Programme (IABP): A cornerstone of the Arctic Observing Network,
Proceedings, OCEANS 2008, 15-18 September, Quebec, Canada (IEEE,
2008).

Rigor, 1.G,, Climate change: Developments in the Arctic, Proceedings, Alas-
ka Forum on the Environment, 11-15 February, Anchorage, AK (2008).

Rigor, 1.G,, T. Arbetter, M. Ortmeyer, P. Clemente-Colén, and J. Woods, An
assessment of arctic sea ice forecasts on seasonal time scales, Proceed-
ings, Am. Meteorol. Soc. Meet., 20-24 January, New Orleans, LA (2008).

Rouseff, D, D. Tang, K.L. Williams, J. Moum, and Z. Wang, Short-range
acoustic propagation through non-linear internal waves, J. Acoust.
Soc. Am., 123, 3587, 2008.

Sapozhnikov, O.A., W. Kreider, M.R. Bailey, V.A. Khokhlova, and F. Curra, Ef-
fect of elastic waves in the metal reflector on bubble dynamics at the
focus of an electrohydraulic lithotripter, J. Acoust. Soc. Am., 123, 3367-
3368, 2008.

Sessarego, J.-P, AN. Ivakin, and R. Guillermin, Backscattering from an elas-
tic target near a water-sediment interface at oblique incidence: First
results of tank experiments, J. Acoust. Soc. Am., 123, 3946, 2008.

Speyer, G,, P. Kaczkowski, A. Brayman, M. Andrew, S. Kargl, and L.A. Crum,
Quantitative assessment of thermal dose using photographic mea-
surements of tissue discoloration, J. Acoust. Soc. Am., 123, 3223, 2008.

Stern, H.L., R.E. Moritz, E. Lettvin, D. Schatz, and L. Russell, Polar Science
Weekend: A university/science center collaboration, Fos Trans. AGU, 89,
Fall Meet. Suppl., Abstract ED33A-0620.

Tang, D, E.S. Henyey, K.L. Williams, D. Rouseff, PH. Dahl, Z. Wang, J.E. Qui-

jano, and JW. Choi, Fluctuation of mid-frequency propagation in shal-
low water, J. Acoust. Soc. Am., 123, 3433, 2008.

Thorsos, E.I, and J.S. Perkins, Overview of the reverberation modeling
workshops, Proceedings, International Symposium on Underwater Rever-
beration and Clutter, 9-12 September, Lerici, ltaly, edited by P.L. Neilsen,
C.H. Harrison, and J.-C. Le Gac, 3-14 (NATO Undersea Research Centre,
2008).

Williams, K.L, E. Thorsos, S. Kargl, J. Lopes, R. Lim, and C. Dowdy, Mea-
surement and modeling of targets deployed on and within sand sedi-
ments, J. Acoust. Soc. Am., 123, 3943, 2008.

Worcester, P, B.D. Dushaw, R.K. Andrew, J.A. Mercer, R.C. Spindel, B. Cor-
nuelle, M. Dzieciuch, T.G. Birdsall, K. Metzger, and D. Menemenlis, A
decade of acoustic thermometry in the North Pacific Ocean: Using
long-range acoustic travel times to test gyre-scale temperature vari-
ability derived from other observations and ocean models, J. Acoust.
Soc. Am., 123,3913, 2008.

Yang, J, D. Tang, and E.l. Thorsos, Reverberation due to bottom rough-
ness using first-order perturbation theory, Proceedings, International
Symposium on Underwater Reverberation and Clutter, 9-12 September,
Lerici, Italy, edited by P. L. Neilsen, C. H. Harrison, and J.-C. Le Gac, 81-88
(NATO Undersea Research Centre, 2008).

Yang, J,, D.Tang, and K.L. Williams, An in situ sediment sound speed mea-
surement platform: Design, operation and experimental results, J.
Acoust. Soc. Am., 123, 3593, 2008.

Yuldashev, PV.,, M.V. Averiyanov, V.A. Khokhlova, O.A. Sapozhnikov, O. Se-
bastien, and P. Blanc Benon, Nonlinear propagation of spark-generat-
ed N-waves in atmosphere: Theoretical and experimental assessment
of the shock front structure, J. Acoust. Soc. Am., 123, 3248, 2008.

TecHNICAL REPORTS AND MEMORANDA,
Issuep IN 2007

Dickinson, S., B.M. Howe, and J.A. Colosi, North Pacific Acoustic Laboratory
CTD Data: R/V Moana Wave Cruise IW98 (August 15-30, 1998) and R/V
Melville Cruise IW99 (June 18—July 3, 1999), APL-UW TM 1-07, April 2007.

Elam, WT,, W.C. Kelliher, and I.A. Carlberg, Reducing the Size of the Borehole
X-ray Fluorescence Spectrometer (XRFS) Probe: Preliminary Design Study,
APL-UW TR 0503, June 2007.

Kelliher, W.C,, I.A. Carlberg, WT. Elam, and E. Willard-Schmoe, Borehole
X-ray Fluorescence Spectrometer (XRFS): User's Manual, Software Descrip-
tion, and Performance Report, APL-UW TR 0703, December 2007.

Nystuen, J.A., Marine Mammals Monitoring for Northwest Fisheries: 2005
Field Year, APL-UW TM 2-07, July 2007.

Nystuen, J.A,, E. Amitai, EIN. Anagnostou, and M.N. Anagnostou, Spatial
Averaging of Oceanic Rainfall Variability Using Underwater Sound. lonian
Sea Rainfall Experiment 2004: Acoustic Component, APL-UW TR 0701,
July 2007.

JourRNAL ARTICLES, BOOKS, AND BoOKk
CHAPTERS, 2007

Alford, MH., and M. Whitmont, Seasonal and spatial variability of near-
inertial kinetic energy from historical moored velocity records, J. Phys.
Oceanogr., 37,2022-2037, 2007.

Alford, M.H., J.A. MacKinnon, Z. Zhao, R. Pinkel, J. Klymak, and T. Pea-
cock, Internal waves across the Pacific, Geophys. Res. Lett, 34,
10.1029/2007GL031566, 2007.

Alford, M.H., and Z.X. Zhao, Global patterns of low-mode internal-wave
propagation. Part I: Energy and energy flux, J. Phys. Oceanogr., 37, 1829-
1848, 2007.

PUBLICATIONS

Alford, M.-H., and Z.X. Zhao, Global patterns of low-mode internal-wave
propagation. Part Il: Group velocity, J. Phys. Oceanogr., 37, 1849-1858,
2007.

Alkire, M.B., and K.K. Falkner, I. Rigor, M. Steele, and J. Morison, The return
of Pacific waters to the upper layers of the central Arctic Ocean, Deep-
Sea Res. |, 54, 1509-1529, 2007.

Amitai, E,, J.A. Nystuen, E.N. Anagnostou, and M.N. Anagnostou, Com-
parison of deep underwater measurements and radar observations
of rainfall, IEEE Geosci. Remote Sens. Lett., 4, 406-410, 2007.

Asher, W.E,, W. Luo, KW. Campo, D.A. Bender, KW. Robinson, J.S. Zogor-
ski, and T.E. Pankow, Application of a source apportionment model
in consideration of volatile organic compounds in an urban stream,
Environ. Toxicol. Chem., 26, 1606-1613, 2007.

Bamber, J.L, R.B. Alley, and I. Joughin, Rapid response of modern day ice
sheets to external forcing, Earth Plant. Sci. Lett., 257,1-13, 2007.

Bell, R.E., M. Studinger, C.A. Shuman, M.A. Fahnestock, and I. Joughin,
Large subglacial lakes in East Antarctica at the onset of fast-flowing
ice streams, Nature, 445, 907-907, 2007.

Black, PG., E.A. D'Asaro, W.M. Drennan, J.R. French, P.P. Niiler, T.B. Sanford,
E.J. Terrill, EJ. Walsh, and J.A. Zhang, Air-sea exchange in hurricanes—
Synthesis of observations from the Couple Boundary Layer Air-Sea
Transfer experiment, Bull. Am. Meterol. Soc., 88, 357+, 2007.

Branch, R, and AT. Jessup, Infrared signatures of microbreaking wave
modulation, IEEE Geosci. Remote Sens. Lett., 4, 372-376, 2007.

Branch, T.A, et al. (including K.M. Stafford), Past and present distribution,
densities and movements of blue whales (Balaenoptera musculus) in
the Southern Hemisphere and northern Indian Ocean, Mammal Rev.,
37,116-175, 2007.

Briegleb, B.P, and B. Light, A Delta-Eddington Multiple Scattering Pa-
rameterization for Solar Radiation in the Sea Ice Component of the
Community Climate System Model, Technical Note NCAR/TN-472-STR,
National Center for Atmosphere Research, Boulder, CO, 2007.

Chan, T, CC. Liu, B.M. Howe, and H. Kirkham, Fault location for the NEP-
TUNE power system, IEEE Trans. Power Syst., 22, 522-531, 2007.

Chao, S-Y, D-S. Ko, R-C. Lien, and P-T. Shaw, Assessing the west ridge
of Luzon Strait as an internal wave mediator, J. Oceanogr., 63, 897-911,
2007.

Choi, JW., and PH. Dahl, Spectral properties of the interference head
wave, J. Acoust. Soc. Am., 122, 146-150, 2007.

Dahl, PH., High-frequency underwater sound, in Encyclopedia of Electrical
and Electronic Engineering, edited by J.G. Webster, 1-19 (John Wiley &
Sons: New York, 2007).

Dahl, PH., J.H. Miller, D.H. Cato, and R.K. Andrew, Underwater ambient
noise, Acoustics Today, 1, 23-33, 2007.

D'Asaro, E.A,, Solar power for autonomous floats, J. Atmos. Ocean. Technol.,
24,1309-1314, 2007.

D'Asaro, E.A., and R-C. Lien, Measurement of scalar variance dissipation
from Lagrangian floats, J. Atmos. Ocean. Technol., 24, 1066-1077, 2007.

D'Asaro, E.A,, R-C. Lien, and F. Henyey, High-frequency internal waves on
the Oregon continental shelf, J. Phys. Oceanogr., 37, 1956-1976, 2007.

D'Asaro, E.A, and C. McNeil, Air-sea gas exchange at extreme wind
speeds measured by autonomous oceanographic floats, J. Mar. Syst,
1,92-109, 2007.

D'Asaro, E.A., T.B. Sanford, P.P. Niiler, and E.J. Terrill, Cold wake of Hurricane
Frances, Geophys. Res. Lett., 34,10.1029/2007GL029922, 2007.

Dong, S, S.L. Hautala, and K.A. Kelly, Interannual variations in upper-
ocean heat content and heat transport convergence in the western
North Atlantic, J. Phys. Oceanogr., 37, 2682-2697, 2007.

APL-UW 2009 BienNIAL REPORT 61



PUBLICATIONS

Duda, TF, B.M. Howe, and J.H. Miller, Acoustics in global process ocean
observatories—Working to advance climate, biological, geological
and biogeochemical studies, Sea Technol., 48, 35+, 2007.

Edwards, KA., and K.A. Kelly, A seasonal heat budget across the extent of
the California Current, J. Phys. Oceanogr., 37,518-530, 2007.

Eriksson, C, A. Omstedt, J.E. Overland, D.B. Percival, and H.O. Mofjeld,
Characterizing the European sub-Arctic winter climate since 1500 us-
ing ice, temperature, and atmospheric circulation time series, J. Clim.,
20, 5316-5334, 2007.

Farrar, JT, CJ. Zappa, R.A. Weller,and AT. Jessup, Sea surface temperature
signatures of oceanic internal waves in low winds, J. Geophys. Res., 112,
10.1029/2006JC003947, 2007.

Fister, TT, GT. Seidler, J.J. Rehr, J.J. Kas, WT. Elam, J.O. Cross, and K.P. Nagle,
Deconvolving instrumental and intrinsic broadening in core-shell X-
ray spectroscopies, Phys. Rev. B, 75, 10.1103/PhysRevB.75.174106, 2007.

Foley, J.L, S.Vaezy, and L.A. Crum, Applications of high-intensity focused
ultrasound in medicine: Spotlight on neurological applications, Appl.
Acoust., 68, 245-259, 2007.

Haschke, M., F. Eggert, and W.T. Elam, Micro-XRF excitation in an SEM, X-
Ray Spectr., 36, 254-259, 2007.

Heide-Jgrgensen, M. Juul Simon, and K L. Laidre, Estimates of large whale
abundance in Greenland in September 2005, J. Cetacean Res. Manag.,
9,95-104, 2007.

Heide-Jgrgensen, M.P, K.L. Laidre, Autumn space use patterns of hump-
back whales (Megapter novaeangliae) in West Greenland, J. Cetacean
Res. Manag., 9,121-126, 2007.

Heide-Jorgensen, M.P, K.L. Laidre, D. Borchers, F. Samara, and H. Stern, In-
creasing abundance of bowhead whales in West Greenland, Biol. Lett.,
3,577-580, 2007.

Heide-Jorgensen, M.P, K.L. Laidre, M.L. Logsdon, and T.G. Nielsen, Spring-
time coupling between chlorophyll a, sea ice and sea surface temper-
ature in Disko Bay, West Greenland, Prog. Oceanogr., 73, 79-95, 2007.

Heide-Jgrgensen, M.P, H. Stern, and K.L. Laidre, Dynamics of the sea ice
edge in Davis Strait, J. Mar. Syst., 67,170-178, 2007.

Holloway, G., F. Dupont, E. Golubeva, S. Hakkinen, E. Hunke, M. Jin, M.
Karcher, F. Kauker, M. Maltrud, M.A.M. Maqueda, W. Maslowski, G. Pla-
tov, D. Stark, M. Steele, T. Suzuki, J. Wang, and J. Zhang, Water prop-
erties and circulation in Arctic Ocean models, J. Geophys. Res., 112,
10.1029/2006JC003642, 2007.

Howat, .M., I. Joughin, and T.A. Scambos, Rapid changes in ice discharge
from Greenland outlet glaciers, Science, 315, 1559-1561, 2007.

Howat, .M., S. Tulaczyk, P.Rhodes, K. Israel, and M. Snyder, A precipitation-
dominated, mid-latitude glacier system: Mount Shasta, California,
Clim. Dyn., 28, 85-98, 2007.

Huck, P, B. Light, H. Eicken, and M. Haller, Mapping sediment-laden sea ice
in the Arctic using AVHRR remote-sensing data: Atmospheric correc-
tion and determination of reflectances as a function of ice type and
sediment load, Remote Sens. Environ., 107, 484-495, 2007.

Ivakin, A.N., and J.-P. Sessarego, High frequency broad band scattering
from water-saturated granular sediments: Scaling effects, J. Acoust.
Soc. Am., 122, EL165-171, 2007.

Jeffries, MA, and CM. Lee, A climatology of the northern Adri-
atic Sea’s response to bora and river forcing, J. Geophys. Res., 112,
10.1029/2006JD007907, 2007.

Johnson, G.C, S. Mecking, B.M. Sloyan, and S.E. Wijffels, Recent bottom
water warming in the Pacific Ocean, J. Clim., 20, 5365-5375, 2007.

Joslyn, S., K. Pak, D. Jones, J. Pyles, and E. Hunt, The effect of probabilistic
information on threshold forecasts, Weather Forecasting, 22, 804-812,
2007.

62 APL-UW 2009 BienNIAL REPORT

Karlof, L., D.P. Winebrenner, and D.B. Percival, How representative is a time
series derived from a firn core? A study at a low-accumulation site on
the Antarctic plateau, J. Geophys. Res., 111, 1-11, 2007.

Kelly, KA., L. Thompson, W. Cheng, and E.J. Metzger, Evaluation of HY-
COM in the Kuroshio Extension region using new metrics, J. Geophys.
Res., 112,10.1029/2006JC003614, 2007.

Koenig, L.S., E.J. Steig, D.P. Winebrenner, and C.A. Shuman, A link between
microwave extinction length, firm thermal diffusivity, and accumula-
tion rate in West Antarctica, J. Geophys. Res., 112,10.1029/2006JF000716,
2007.

Kucewicz, J.C, B. Dunmire, D.F. Leotta, H. Panagiotides, M. Paun, and KW.
Beach, Functional tissue pulsatility imaging of the brain during visual
stimulation, Ultrasound Med. Biol., 33, 681-690, 2007.

Kunze, E, J.F. Dower, R. Dewey, and E.A. D'Asaro, Mixing it up with krill,
Science, 318, 1239, 2007.

Laidre, K.L., and M.P. Heide-Jargensen, Using narwhals as oceanographic
sampling platforms in the high Arctic, Oceanography, 20, 30-35, 2007.

Laidre, K.L., M.P. Heide-Jorgensen, and T.G. Nielsen, Role of the bowhead
whale as a predator in West Greenland, Mar. Ecol., 346, 285-297, 2007.

Lee, C.M., M. Orlic, PM. Poulain, and B. Cushman-Roisin, Introduction to
special section: Recent advances in oceanography and marine mete-
orology of the Adriatic Sea, J. Geophys. Res., 112,10.1029/2007)C004115,
2007.

Ma, B.B, and J.A. Nystuen, Detection of rainfall events using uderwater
passive aquatic sensors and air-sea temperature changes in the tropi-
cal Pacific Ocean, Mon. Wea. Rev., 135, 3599-3612, 2007.

MacGregor, J.A., D.P. Winebrenner, H. Conway, K. Matsuoka, P.A. Mayews-
ki,and G.D. Clow, Modeling englacial radar attenuation at Siple Dome,
West Antarctica, using ice chemistry and temperature data, J. Geophys.
Res., 112, 10.1029/2006JF000717, 2007.

Martini, K.I, M.H. Alford, J.D. Nash, E. Kunze, and M.A. Merrifield, Diagnos-
ing a partly standing internal wave in Mamala Bay, Oahu, Geophys. Res.
Lett., 34,10.1029/2007GL029749, 2007.

Marzban, C, S. Leyton, and B. Colman, Ceiling and visibility forecasts via
neural networks, Weather Forecasting, 22, 466-479, 2007.

Matveev, A.L, R.C. Spindel, and D. Rouseff, Forward scattering observa-
tion with partially coherent spatial processing of vertical array signals
in shallow water, IEEE J. Ocean. Eng., 32, 626-639, 2007.

McNeil, C, and E.A. D'Asaro, Parameterization of air-sea gas fluxes at ex-
treme wind speeds, J. Mar. Syst., 66, 110-121, 2007.

Mellinger, D.K,, K.M. Stafford, S.E. Moore, R.P. Dziak, and H. Matsumoto,
An overview of fixed passive acoustic observation methods for ceta-
ceans, Oceanography, 20, 36-45, 2007.

Miksis-Olds, J.L., PL. Donaghay, J.H. Miller, PL. Tyack, and J.A. Nystuen,
Noise level correlates with manatee use of foraging habitats, J. Acoust.
Soc. Am., 121, 3011-3020, 2007.

Miller, A.J,, DJ. Neilson, D.S. Luther, M.C. Hendershott, B.D. Cornuelle, P.F.
Worcester, M.A. Dzieciuch, B.D. Dushaw, B.M. Howe, J.C. Levin, H.G.
Arango, and D.B. Haidvogel, Barotropic Rossby wave radiation from
a model Gulf Stream, Geophys. Res. Lett, 34, 10.1029/2007GL031937,
2007.

Moore, S.E., and R.-C. Lien, Pilot whales follow internal solitary waves in
the South China Sea, Mar. Mammal Sci., 23, 193-196, 2007.

Moore, S.E., KM. Wynne, J.C. Kinney, and J.M. Grebmeier, Gray whale oc-
currence and forage southeast of Kodiak Island, Alaska, Mar. Mammal
Sci., 23,419-428, 2007.

Morison, J.,, J. Wahr, R. Kwok, and C. Peralta-Ferriz, Recent trends in Arctic
Ocean mass distribution revealed by GRACE, Geophys. Res. Lett., 34,
10.1029/2006GL029016, 2007.

Nash, J.D,, M.H. Alford, E. Kunze, K. Martini, and S. Kelly, Hotspots of deep
ocean mixing on the Oregon continental slope, Geophys. Res. Lett., 34,
10.1029/2006GL028170, 2007.

Nghiem, SV, 1.G. Rigor, D.K. Perovich, P. Clemente-Colon, JW. Weatherly,
and G. Neumann, Rapid reduction of arctic perennial sea ice, Geophys.
Res. Lett., 34, 10.1029/2007GL031138, 2007.

Nilsson, J.A.U,, P. Sigray, and R.H. Tyler, Geoelectric monitoring of wind-
driven barotropic transports in the Baltic Sea, J. Atmos. Ocean. Technol.,
24,1655-1664, 2007.

Nomura, S., Matula, T.J,, J. Satonobu, and L.A. Crum, Noncontact transpor-
tation in water using ultrasonic traveling waves, J. Acoust. Soc. Am., 121,
1332-1336, 2007.

Owen, N.R, M.R. Bailey, L. A. Crum, O.A. Sapozhnikov, and L.A. Trusov, The
use of resonant scattering to identify stone fracture in shock wave
lithotripsy, J. Acoust. Soc. Am., 121, EL41-EL47, 2007.

Owen, N.R,, M.R. Bailey, O.A. Sapozhnikov, C. Lafon, and L.A. Crum, Iden-
tification of kidney stone fragmentation in shock wave lithotripsy by
frequency analysis of shock wave scattering, IEEE Trans. Ultrasonics Fer-
roelect. freq. Control, 1,1-13, 2007.

Pankow, J.F, and W.E. Asher, SIMPOL.1:A simple group contribution meth-
od for predicting vapor pressures and enthalpies of vaporization of
multifunctional organic compounds, Atmos. Chem. Phys. Discuss., 7,
11839-11894, 2007.

Payne, A.J, PR. Holland, A.P. Shepherd, I.C. Rutt, A. Jenkins, and |. Joughin,
Numerical modeling of ocean-ice interactions under Pine Island Bay’s
ice shelf, J. Geophys. Res., 112, 10.1029/2006JC003733, 2007.

Perovich, DK, B. Light, H. Eicken, K.F. Jones, K. Runciman, and S.V.Nghiem,
Increasing solar heating of the Arctic Ocean and adjacent seas, 1979-
2005: Attribution and role in the ice-albedo feedback, Geophys. Res.
Lett., 112,10.1029/2007GL031480, 2007.

Perovich, DK, SV. Nghiem, T. Markus, and A. Schweiger, Seasonal
evolution and interannual variability of the local solar energy ab-
sorbed by the Arctic sea ice-ocean system, J. Geophys. Res., 112,
10.1029/2006JC003558, 2007.

Peters, H., CM. Lee, M. Orlic, and C.E. Dorman, Turbulence in the winter-
time northern Adriatic Sea under strong atmospheric forcing, J. Geo-
phys. Res., 112,10.1029/2006JC003634, 2007.

Philips, S., J. Pitton, and L.E. Atlas, Auralization of impulsive-source active
sonar echoes for perceptual feature identification, U.S. Navy J. Under-
water Acoust., 45-62, 2007.

Pilonetto, G., and B.M. Bell, Bayes and empirical Bayes semi-blind decon-
volution using eigenfunctions of a prior covariance, Automatica, 43,
1698-1712, 2007.

Polyakov, I, et al. (including M. Steele), Observational program tracks Arc-
tic Ocean transition to a warmer state, Fos Trans. AGU, 88, 398, 2007.

Ponomarev, A.E, S.I. Bulatitski, and O.A. Sapozhnikov, Compression and
amplification of an ultrasonic pulse reflected from a one-dimensional
layered structure, Acoust. Phys., 53, 127-135, 2007.

Pullen, J, J.D. Doyle, T. Haack, C. Dorman, R.P. Signell, and C.M. Lee, Bora
event variability and the role of air-sea feedback, J. Geophys. Res., 112,
10.1029/2006JC003726, 2007.

Pyayt, A, X. Zhang, J. Luo, A. Jen, L. Dalton, and A. Chen, Optical micro-
resonator chemical sensor, Proc. SPIE, 6556, 65561D1-65561D6, 2007.

Pyayt, A, J. Zhou, A. Chen, J. Luo, S. Hau, A. Jen, and L. Dalton, Electro-
optic polymer microring resonators made by photobleaching, Proc.
SPIE, 6470, 64700Y1-64700Y7, 2007.

Rothrock, D.A., and M. Wensnahan, The accuracy of sea ice drafts mea-
sured from U.S. Navy submarines, J. Atmos. Ocean. Technol., 24, 1936-
1949, 2007.

PUBLICATIONS

Sanford, T.B., J.F. Price, J.B. Girton, and D.C. Webb, Highly resolved obser-
vations and simulations of the ocean response to a hurricane, Geo-
phys. Res. Lett., 34,10.1029/2007GL029679, 2007.

Sapozhnikov, O.A., A.D. Maxwell, B. MacConaghy, and M.R. Bailey, A
mechanistic analysis of stone fracture in lithotripsy, J. Acoust. Soc. Am.,
121,1190-1202, 2007.

Sasaki, Y.N,, Y. Katagiri, S. Minobe, and 1.G. Rigor, Autumn atmospheric
preconditioning for interannual variability of wintertime sea ice in the
Okhotsk Sea, J. Oceanogr., 63, 255-265, 2007.

Serreze, M.C,, A.P. Barrett, A.G. Slater, M. Steele, J. Zhang, and K.E. Tren-
berth, The large-scale energy budget of the Arctic, J. Geophys. Res., 112,
10.1029/2006JD008230, 2007.

Shi, Z, S. Hau, J. Luo, T-D. Kim, N.M. Tucker, J-W. Ka, H. Sun, A. Pyayt, L.
Dalton, A. Chen, and AK.-Y. Jen, Highly efficient Diels-Alder crosslink-
able electro-optic dendrimers for electric-field sensors, Adv. Function.
Mater., 17, 2557-2563, 2007.

Smith-DiJulio, K., D.B. Percival, N.F. Woods, EY. Tao, and E.S. Mitchell, Hot
flash severity in hormone therapy users/nonusers across the meno-
pausal transition, Maturitas, 58, 191-200, 2007.

Sonnerup, R.E, J.L. Bullister, and S. Mecking, Circulation rate changes in
the eastern subtropical North Pacific based on chlorofluorocarbon
ages, Geophys. Res. Lett.,, 34, 10.1029/2006GL028813, 2007.

Stafford, KM, D.K. Mellinger, S.E. Moore, and C.G. Fox, Seasonal variability
and detection range modeling of baleen whale calls in the Gulf of
Alaska, 1999-2002, J. Acoust. Soc. Am., 122, 3378-3390, 2007.

Stafford, KM., S.E. Moore, M. Spillane, and S. Wiggins, Gray whale calls re-
corded near Barrow, Alaska, throughout the winter of 2003-04, Arctic,
60, 167-172, 2007.

Steele, M., and W. Ermold, Steric sea level change in the northern seas, J.
Clim., 20, 403-417, 2007.

Sullivan, PA., H. Rommel, Y. Liao, B.C. Olbricht, AJ.P. Akelaitis, K.A. Fires-
tone, J-W.Wang, J. Luo, J.A. Davies, H.C. Dong, B.E. Eichinger, P.J. Reid,
A.Chen, AK-Y.Jen, B.H. Robinson, and L.R. Dalton, Theory-guided de-
sign and synthesis of multichromophore dendrimers: An analysis of
the electro-optic effect, J. Am. Chem. Soc., 129, 7523-7530, 2007.

Sun, H., A. Pyayt, J. Luo, Z. Shi, S. Hau, A. Jen, L. Dalton, and A. Chen, All-
dielectric electro-optic sensor based on polymer micro-resonator
coupled side-polished optical fiber, IEEE Sens. J., 7, 515-524, 2007.

Suzuki, N., M.A. Donelan, and W.J. Plant, On the sub-grid scale vari-
ability of oceanic winds and the accuracy of NWP models as de-
duced from QuikSCAT backscatter distributions, J. Geophys. Res., 112,
10.1029/2005JC003437, 2007.

Tang, D., J.F. Moum, J.F. Lynch, P. Abbott, R. Chapman, PH. Dahl, T.F. Duda,
G. Gawarkiewicz, S. Glenn, J.A. Goff, H. Graber, J. Kemp, A. Maffei, J.D.
Nash, and A. Newhall, Shallow Water ‘06: A joint acoustic propaga-
tion/nonlinear internal wave physics experiment, Oceanography, 20,
156-167, 2007.

Thomson, J,, S. Elgar, TH.C. Herbers, B. Raubenheimer, and RT. Guza, Re-
fraction and reflection of infragravity waves near submarine canyons,
J. Geophys. Res., 112,10.1029/2007JC004227, 2007.

Trites, AW, et al. (including C. Marzban), Bottom-up forcing and the de-
cline of Stellar sea lions (Eumetopias jubatas) in Alaska: Assessing the
ocean climate hypothesis, Fish. Oceanogr., 16, 46-67, 2007.

Tu, J, TJ. Matula, M.R. Bailey, and L.A. Crum, Evaluation of a shock wave
induced cavitation activity both in vitro and in vivo, Phys. Med. Biol.,
52,5933-5944, 2007.

Untersteiner, N., A.S. Thorndike, D.A. Rothrock, and K.L. Hunkins, AIDJEX
revisited: A look back at the US-Canadian Arctic Ice Dynamics Joint
Experiment 1970-1978, Arctic, 60, 327-336, 2007.

Weiss, J., E.IM. Schulson, and H. Stern, Sea ice rheology from in-situ satel-

APL-UW 2009 BienNIAL REPORT 63



PUBLICATIONS

lite and laboratory observations: Fracture and friction, Earth Planet. Sci.
Lett, 255, 1-8, 2007.

Wensnahan, M., D. Rothrock, and P. Hezel, New arctic sea ice draft data
from submarines, Eos Trans. AGU, 88, 55, 2007.

White, D, et al. (including C. Lee, M. Steele, and R. Woodgate), The arc-
tic freshwater system: Changes and impacts, J. Geophys. Res., 112,
10.1029/2006JG000353, 2007.

Woodgate, R.A, K. Aagaard, J.H. Swift, W.M. Smethie, and K.K. Falkner, At-
lantic water circulation over the Mendeleev Ridge and Chukchi Bor-
derland from thermohaline intrusions and water mass properties, J.
Geophys. Res., 112,10.1029/2005JC003516, 2007.

Woods, N.F, K. Smith-Dijulio, D.B. Percival, EY. Tao, H.J. Taylor, and E.S.
Mitchell, Symptoms during the menopausal transition and early
postmenopause and their relation to endocrine levels over time: Ob-
servations from the Seattle Midlife Women's Health Study, J. Women.
Health, 16,667-677, 2007.

Yu, G, B. Li, D. Jin, L. Zheng, R. Dinu, and A. Chen, Novel hybrid electro-
optic modulators with horizontal taper structure, Proc. SPIE, 6713,
67130B-1-67130B-8, 2007.

Zhang, J, and M. Steele, Effect of vertical mixing on the Atlantic
Water layer circulation in the Arctic Ocean, J. Geophys. Res., 112,
10.1029/2006JC003732, 2007.

Zhou, Z., A. Chen, J. Zhang, L.M. Zurk, B. Orlowski, E. Thorsos, D. Wine-
brenner, and L.R. Dalton, Impacts of terahertz scattering on the re-
flection spectrum for explosive detection, Proc. SPIE, 6772, 67720T-
1-67720T-7, 2007.

Zurk, L.M., B. Orlowski, D.P. Winebrenner, E.Il. Thorsos, M. Leahy-Hoppa,
and M.R. Hayden, Terahertz scattering from granular material, J. Opt.
Soc. Am. B. Opt. Phys., 24,2238-2243, 2007.

ARTICLES IN PROCEEDINGS AND SELECTED
ABSTRACTS, 2007

Andrew, R.K, CV. Leigh, B.M. Howe, and J.A. Mercer, Trends over minutes
to decades in oceanic ambient sound measured off the southern Cali-
fornia coast, J. Acoust. Soc. Am., 121,3127, 2007.

Arvelo, J, D. Rouseff, and D. Tang, Ambient noise inverted sonar perfor-
mance sensitivity due to ocean variability, J. Acoust. Soc. Am., 121,3055,
2007.

Badiey, M., A. Song, D. Rouseff, H.C. Song, W.S. Hodgkiss, and M.B. Porter,
High-frequency acoustic propagation in the presence of ocean vari-
ability in KauaiEx, Proceedings, Oceans 2007-Europe, Aberdeen, Scot-
land, 18-21 June, 10.1109/OCEANSE.2007.4302411 (IEEE, 2007).

Bailey, M.R,, M.S. Canney, V.A. Kohkhlova, O.A. Sapozhnikov, and L.A.
Crum, High-powered focused ultrasound fields in therapeutic medi-
cal applications: Modeling and measurements with a fiber optic hy-
drophone, Proceedings, 19th International Congress on Acoustics, 2-7
September, Madrid, Spain (2007).

Canney, M.S,, M.R. Bailey, V.A. Khokhlova, and L.A. Crum, Formation of
shock waveforms and millisecond boiling in an attenuative tissue
phantom due to high-intensity focused ultrasound, J. Acoust. Soc. Am.,
121,3082, 2007.

Canney, M.S., W. Kreider, M.R. Bailey, V.A. Khokhlova, and L.A. Crum, Ob-
servations of cavitation and boiling in a tissue-mimicking phantom
due to high intensity focused ultrasound, J. Acoust. Soc. Am., 122, 3079,
2007.

Cazzanti, L, and M.R. Gupta, Local similarity discriminant analysis, Pro-
ceedings, International Conference on Machine Learning, 20-24 June,
Corvallis, OR, 8 pp. (2007).

Chan, T, C-C. Liu, and B.M. Howe, Optimization based load management

64 APL-UW 2009 BienNIAL REPORT

for the NEPTUNE power system, Proceedings, Power Engineering Society
General Meeting, Tampa, FL, 24-28 June, 10.1109/PES.2007.386153 (IEEE,
2007).

Chandrayadula, TK, K.E. Wage, J.A. Mercer, B.M. Howe, PF. Worcester, and
M.A. Dzieciuch, Signal processing techniques for low-order acoustic
modes, J. Acoust. Soc. Am., 121, 3053, 2007.

Dall'Osto, D., and PH. Dahl, Environmental noise studies in Puget Sound,
J. Acoust. Soc. Am., 122, 3083, 2007.

D’Spain, G.L, R. Zimmerman, S.A. Jenkins, J.C. Luby, and P. Brodsky, Under-
water acoustic measurements with a flying wing glider, J. Acoust. Soc.
Am., 121,3107, 2007.

Dushaw, B., The recent history of our understanding of low-mode inter-
nal tides in the ocean, J. Acoust. Soc. Am., 121, 3130, 2007.

Dushaw, B., R. Andrew, B. Howe, J. Mercer, R. Spindel, et al,, A decade of
acoustic thermometry in the North Pacific Ocean: Using long-range
acoustic travel times to test gyre-scale temperature variability derived
from other observations and ocean models, J. Acoust. Soc. Am., 121,
3054, 2007.

Fox, W.L.J, P. Arabshahi, S. Roy, and N. Parrish, Underwater acoustic com-
munications performance modeling in support of ad hoc network
design, Oceans 2007, 29 September—4 October, Vancouver, BC (IEEE:
Piscataway, NJ, 2007).

Fox, W.LJ, JW. Pitton, and E.A. Rust, Sonar target tracking incorporat-
ing uncertain estimates of signal to noise ratio, J. Acoust. Soc. Am., 121,
3172, 2007.

Ganse, A.A., and R.I. Odom, Effects of model discretization on the statis-
tics of model parameters in nonlinear inverse problems, J. Acoust. Soc.
Am., 121,3125, 2007.

Ganse, A.A,, and R.l. Odom, Resolution analysis for experiment planning
of nonlinear seafloor acoustic inverse problems, Fos Trans. AGU, 88,
S23A-1109, 2007.

Grigorieva, N.S., G.M. Fridman, J. Mercer, R. Andrew, B. Howe, M. Wolfson,
and J. Colosi, Effect of ocean internal waves on the interference com-
ponent of the acoustic field in the Long-range Ocean Acoustic Propa-
gation Experiment, J. Acoust. Soc. Am., 122, 3005, 2007.

Gupta, MR, L. Cazzanti, and A. Koppal, Maximum entropy generative
models for similarity-based learning, Proceedings, IEEE International
Symposium on Information Theory, 24-29 June, Nice, France, 2221-2225
(IEEE, 2007).

Howe, B.M,, P. Arabshahi, W.L.J. Fox, S. Roy, T. McGinnis, M.L. Boyd, A. Gray,
and Y. Chao, A smart sensor web for ocean observation: System de-
sign, architecture, and performance, Proceedings, NASA Science Tech-
nology Conference, 19-21 June, College Park, MD (2007).

Howe, B.M.,, T. McGinnis, and M.L. Boyd, Sensor network infrastructure:
moorings, mobile platforms, and integrated acoustics, International
Symposium on Underwater Technology: International Workshop on Sci-
entific Use of Submarine Cables and Related Technologies, 47-51 (2007).

Irisov, V., and W.J. Plant, Simultaneous X-band radar and Ka-band radiom-
eter observations of the ocean, Proceedings, IEEE International Geosci-
ence and Remote Sensing Symposium (IGARSS 2007), 23-28 July, Barce-
lona, Spain, 3498-3501 (IEEE, 2007).

Ivakin, A.N., A model of narrow-band normal mode shallow water rever-
beration, J. Acoust. Soc. Am., 122,3091-3092, 2007.

Ivakin, A.N., and J.-P. Sessarego, High frequency scattering from water-
saturated granular sediments: Scaling effects, J. Acoust. Soc. Am., 122,
2973-2974, 2007.

Jones, D, and S. Maclean, RCOOS and ocean information tools for de-
cision makers, Oceans 2007, 29 September — 4 October, Vancouver, BC
(IEEE: Piscataway, NJ, 2007).

Khokhlova, T.D., M.R. Bailey, M.S. Canney, V.A. Khokhlova, D. Lee, and K.I.

Marro, Magnetic resonance imaging of boiling induced by high inten-
sity focused ultrasound, J. Acoust. Soc. Am., 122, 3079, 2007.

McGinnis, T, C.P. Henze, and K. Conroy, Inductive power system for au-
tonomous underwater vehicles, Oceans 2007, 29 September — 4 Octo-
ber, Vancouver, BC, 736-741 (IEEE: Piscataway, NJ, 2007).

Nystuen, J.A, Sorting out the racket: Acoustic footprints for ocean cli-
mate, J. Acoust. Soc. Am., 121, 3039, 2007.

Nystuen, J.A, and S. Vagle, Acoustic monitoring of severe weather in the
northeast Pacific Ocean, J. Acoust. Soc. Am., 122, 2949, 2007.

Olsonbaker, J,, T. Tanner, and D. Jones, Improved decision making with
Boater Information System, Proceedings, Georgia Basin Puget Sound Re-
search Conference, 26-29 March, Vancouver, BC (2007).

Owen, N.R, M.R. Bailey, L A. Crum, and O.A. Sapozhnikov, Identification
of kidney stone fragmentation in shock wave lithotripsy, 2007 IEEE
Ultrasonics Symposium, 28-31 October, New York, NY, 323-326 (IEEE: Pis-
cataway, NJ, 2007).

Owen, N.R,, M.R. Bailey, O.A. Sapozhnikov, and L.A. Crum, Frequency anal-
ysis of shock wave scattering to identify kidney stone fragmentation
in shock wave lithotripsy, Proceedings, 19th International Congress on
Acoustics, 2-7 September, Madrid, Spain (2007).

Owen, N.R,, O.A. Sapozhnikov, M.R. Bailey, L. Trusov, and L.A. Crum, A pas-
sive technique to identify stone comminution during shock wave
lithotripsy, American Institute of Physics Proceedings, 900, 364-367, 2007.

Perkins, J.S., and E.Il. Thorsos, Overview of the reverberation modeling
workshops, J. Acoust. Soc. Am., 122, 3074, 2007.

Plant, WJ., W.C. Keller, and K. Hayes, X-band backscatter from the ocean
atlow grazing angles, IEEE International Geoscience and Remote Sensing
Symposium (IGARSS 2007), 23-28 July, Barcelona, Spain, 1303-1306 (IEEE,
2007).

Pishchalnikov, Y.A, J.A. McAteer, M.R. Bailey, J.C. Williams, Jr, and O.A.
Sapozhnikov, Bubble proliferation in shock wave lithotripsy, J. Acoust.
Soc. Am., 121,3081, 2007.

Pitton, JW., and W.LJ. Fox, Incorporating target strength into environ-
mentally-adaptive sonar tracking, Proceedings, Oceans 2007 - Europe,
Aberdeen, Scotland, 18-21 June, 10.1109/0OCEANSE.2007.4302260 (IEEE,
2007).

Rouseff, D, M. Badiey, and A. Song, Propagation physics effects on coher-
ent underwater acoustic communications: Results from KauaiEx 2003,
Proceedings, Oceans 2007— Europe, Aberdeen, Scotland, 18-21 June,
10.1109/0CEANSE.2007.43022609 (IEEE, 2007).

Rouseff, D., and W.L.J. Fox, Model for energy consumption by a broad-
band shallow-water acoustic communications network, J. Acoust. Soc.
Am., 122, 2943, 2007.

Sapozhnikov, O.A., M.R. Bailey, A.D. Maxwell, B. MacConaghy, R.O. Cleve-
land, J.A. McAteer, and L.A. Crum, Advantage of a broad focal zone in
SWL: synergism between squeezing and shear, American Institute of
Physics Proceedings, 900, 351-355, 2007.

Sapozhnikov, O.A,, A.A. Karabutov, Jr, and V.G. Mozhaev, Experimental
evidence for a growing surface wave and acoustic beam narrow-
ing upon reflection from fluid-solid interfaces, 2007 IEEE Ultrasonics
Symposium, 28-31 October, New York, NY, 391-394 (IEEE: Piscataway, NJ,
2007).

Sapozhnikov, O.A,, N.R. Owen, M.R. Bailey, A.l. Gromov, and L.A. Crum,
Use of scattering of ultrasound pulses and shock waves on kidney
stones for imaging lithotripsy, Proceedings, 14th International Congress
on Sound and Vibration, 9-12 July, Cairns, Australia (2007).

Sapozhnikov, O.A,, Y.A. Pishchalnikov, A.D. Maxwell, and M.R. Bailey, Cali-
bration of PVDF hydrophones using a broad-focus electromagnetic
lithotripter, 2007 IEEE Ultrasonics Symposium, 28-31 October, New York,
NY, 112-115 (IEEE: Piscataway, NJ, 2007).

PUBLICATIONS

Sessarego, J.-P, R. Guillermin, and A.N. lvakin, High frequency reflection
from water-saturated sandy bottoms, Proceedings, 2nd International
Conference, Underwater Acoustic Measurements: Technologies and Re-
sults, 25-29 June, Heraklion, Crete, 1137-1142 (2007).

Song, A., M. Badiey, D. Rouseff, H.E. Song, and W. Hodgkiss, Range and
depth dependency of coherent underwater acoustic communica-
tions in KauaiEx, Proceedings, Oceans 2007 — Europe, Aberdeen, Scotland,
18=21 June, 10.1109/0OCEANSE.2007.4302372 (IEEE, 2007).

Sun, H,, L. Dalton, and A. Chen, Systematic design and simulation of poly-
mer microring resonators with the combination of beam propagation
method and matrix model, 2007 Digest of the IEEE LEOS Summer Topical
Meetings, 217-218, 2007.

Thorsos, E.l, Scattering models for reverberation modeling workshop. | :
Problems, J. Acoust. Soc. Am., 122, 3074, 2007.

Thorsos, E.I, and J.S. Perkins, Reverberation modeling issues highlighted
by the first reverberation modeling workshop, J. Acoust. Soc. Am., 122,
3091, 2007.

Vaezy, S., L. Crum, S. Carter, G. O'Keefe, V. Zderic, R. Martin, and R. Karmy-
Jones, Acoustic hemostasis: Underlying mechanisms, J. Acoust. Soc.
Am., 122, 2956-2957, 2007.

Vaezy, S., W. Luo, M. Bailey, L. Crum, B. Rabkin, and V. Zderic, Stable cavita-
tion in ultrasound image-guided high intensity focused ultrasound
therapy, J. Acoust. Soc. Am., 122, 3077, 2007.

Wang, C-C,, P-C. Chen, M-W. Hung, C-R. Chu, D. Tang, and T. Hefner,
Measurement of seabed roughness with laser scanning system, Sym-
posium on Underwater Technology and Workshop on Scientific Use of
Submarine Cables and Related Technologies, Tokyo, Japan, 17-20 April,
10.1109/UT.2007.370838 (IEEE, 2007).

Zurk, L.M,, B. Orlowski, G. Sundberg, D.P. Winebrenner, E.I. Thorsos, and A.
Chen, Electromagnetic scattering calculations for terahertz sensing,
Proceedings of SPIE, Terahertz and Gigaherz Electronics and Photonics VI,
64720A, 2007.

APL-UW 2009 BienNIAL REPORT 65








