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ABSTRACTS OF PAPERS, 81st Annual Meeting of the Virginia Academy of
Science, May 27-30, 2003, University of Virginia, Charlottesville, Virginia

Aeronautical and Aerospace Sciences

TARGET ELIMINATION AND PATHFINDING ALOGORITHEMS. A.Linklater, B.Smith &
B.Tran, Wright Patterson AFB, AFRL, Air Vehicles Directorate, ASC 03-1216, Dayton, OH 45433.
The technology of unmanned air vehicles (UAV) seeks to find ways that multiple UAVs can work
together in target elimination and path finding techniques that involve little or no human
intervention. Target elimination and path finding algorithms (TEPFA) allow for multiple UAVs to
execute numerous tasks while considering a large number of variables that could interfere with the
UAVs mission. The UA Vs mission is to execute tasks such as flight path deconfliction, minimal run-
time, pop-up targets, various start and end points, number of UAVs, number of targets, target value,
target sharing, and moving targets. Two groups of path finding algorithms were researched -
centralized control and distributed control. Centralized control consists of a leader-follower type
task execution process in which the followers transmit information to the leader and the leader does
all the decision-making. The centralized control system algorithms researched included greedy,
random, grid search, a-star, and space division by quad tree algorithms. In a distributive control
system, all UAVs involved communicate with each other to determine the optimum tasks for each
UAV. An auction-based method was researched and compared to the other centralized control
methods. Of the methods researched, auction based, grid search, and random algorithms were able
to account for the most variables.

ANEW LOOK AT THE AIRSHIP. M.Leroy Spearman,Systems Analysis Branch, NASA-Langley
Research Center, Hampton, VA 23681. An airship system is proposed in which the buoyant lift is
enhanced with kinetic lift. The airship would consist of twin hulls in which the buoyant gas is
contained. The twin hulls would be connected in parallel by a wing having an airfoil contour. In
forward flight, the wing would provide kinetic lift that would add to the buoyant lift. The added lift
would permit greater payload/altitude combinations than that which could be supported by the
buoyant lift alone. The buoyant lift is a function of the volume of gas and the flight altitude. The
kinetic lift is a function of the airfoil section, planform area, and the speed and altitude of flight.
Accordingly there are a number of variables that can be manipulated to arrive at a particular design.
Particular designs, obviously, could vary from small, lightweight personal systems to very large,
heavy-load systems. Several possible uses made achievable by such a hybrid system will be
suggested.

A SURVEY OF AIRPLANE DESIGN TYPES. lJillian C. Harper, Industrial and Systems
Engineering Dept, Va. Polytechnic Inst. & State Univ., Blacksburg, VA 24061 & M. Leroy
Spearman, Systems Analysis Branch, NASA-Langley Research Center, Hampton, VA 23681.
Airplane designs have appeared in many shapes and forms. Were the Wright Brothers right? How
should an airplane look and what must be considered in the conceptual design? Fundamentally an
airplane should be designed to support itself at specified flight conditions with a specified payload.
The lift required for sustained flight could be provided with only a lifting wing and this has given
rise to many flying-wing designs. However, some considerations other than sustained flight have
lead to a variety of other design features. Requirements for stability, control and maneuverability
have lead to the addition of tail surfaces behind the wing (aft tail) or in front of the wing (canard).
Special requirements for the accommodation of passengers and cargo have lead to various body
arrangements. Thus the large variety of airplane configurations that have appeared have been dictated
by different and often conflicting requirements that include performance, mission, and safety.
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A CONCEPTUAL DESIGN FOR LARGE AIRCRAFT. M.Leroy Spearman, Systems Analysis
Branch, NASA-Langley Research Center, Hampton, VA 23681 & Katie A. Klein, College of Arts
and Sciences, University of Virginia, Charlottesville, VA 22904-2020. The quest for increased
productivity for commercial air transport aircraft has lead to a general increase in aircraft size.
Continued increases in size for conventional designs may lead to problems in manufacturing and in
airport compatibility. In addition, as the size and weight increase, an increase in lift is required that
would tend to increase the intensity of the wing tip vortex. A proposed concept intended to relieve
some of the possible problems of extremely large aircraft will be described. The concept consists of
an inboard wing having a passenger-carrying fuselage attached to each tip. There are no outboard
wing panels and thus no free wing tips. Some results of wind-tunnel tests of a model of the concept
will be discussed.

Agriculture, Forestry and Aquaculture Science

ECONOMICS OF VIRGINIA HYBRID STRIPED BASS POND CULTURE 1992 VS.2002. Brian
L. Nerrie, Coop. Ext., Virginia State Univ., Petersburg VA 23806. Hybrid striped bass aquaculture
in Virginia was initiated during the late 1980s due to the decreasing harvest of Atlantic striped bass.
Reduced stocks resulted from excess fishing pressure, habitat loss, pollution, and lack of fish
conservation practices. From 1992 to 2000 average whole-fish value of $3.10-$4.10 per pound
encouraged aquaculture production. A majority of enterprises were cage culture operations. During
this period the economics of Virginia’s hybrid striped bass pond aquaculture dictated the research
needs of the industry. Applied research resulted in cost reductions in brood stock management,
fingerling production, nutrition, and pond water quality. Market value of whole-fish fell below $3.00
per pound during 2000. Continued growth of the hybrid striped bass production industry requires
profits, and the variable costs associated with feed and fingerling inputs made up most of the
production costs. Feed costs have decreased by more than $0.05 per pound. Breakeven production
cost is $2.33 per pound. Enterprise budgets demonstrate that hybrid striped bass production in
Virginia continues to be a viable enterprise. Confounding influences include marine stock
management, states rights, disposable income, and traditional societal needs. Advantages of
aquaculture production include constant product availability, quality control, and market demand
satisfaction.

EVALUATION OF SOUTHERN FLOUNDER OVERWINTERED IN A GREENHOUSE
RECIRCULATION SYSTEM. Craig S. Kasper and Scott H. Newton, Virginia Cooperative
Extension, Virginia State University, Petersburg, Virginia 23806. Southern flounder were reared in
a recirculation system under fall and winter conditions to determine growth, survival and tolerance
to fresh water for extended periods. Fish were fed a commercial diet formulated to meet the
nutritional requirements of flounder. Water temperature and hardness were closely monitored.
Hardness was maintained at 250 ppm total hardness. Feeding behavior was maximal when
temperatures reached 28 °C. Feeding activity slowed when temperature dropped, but continued until
temperatures reached 4 "C. Survival was excellent at higher temperatures, but decreases with
decreasing temperatures. Complete mortality of fish did not occur until water temperature decreases
below 4 °C for seven consecutive nights. Flounder can survive exposure to cold temperatures and
remain on feed, providing water hardness is adequate.

THE PATHOGENICITY OF AMERCAN TYPE CULTURE COLLECTION STREPTOCOCCUS
INIAE IN TILAPIA. David Crosby, Cooperative Extension, PO Box 9081, VSU, Petersburg, VA
23806. Streptococcus iniae 1s an emerging pathogen of commercially raised tilapia in USA. The fish
losses caused by Streptococcus worldwide are estimated at $150 million. In order to understand the
pathogenicity of Streptococcus, the American Type Culture Collection (ATCC) of Streptococcus
iniae (29177 & 29178) was obtained to do preliminary infectivity and virulence studies using tilapia.
The ATCC Streptococcus was grown in Tryptic Soy or BHI broth for 48 hrs before harvesting
bacteria for experimental use. Inocula were made with bacteria suspended in sterile phosphate saline.
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Tilapia were given injections containing 0.1cc to 0.4cc of 1:100 dilution of stock bacteria or a 0.2cc
of stock bacteria. Tilapia were injected intraperitoneally, intramuscularly, into the brain, eye or nares
using both ATCC strains. Tilapia were also exposed to bacteria by bath treatment (2 gallons with 10
ml of stock bacteria). The skins of some tilapia were scraped for bath treatment. After four attempts
to infect tilapia with ATCC strains resulted in no infections of Streptococcus iniae in tilapia.

MAXIMIZING THE GREENHOUSE ENVIRONMENT FOR TOMATO PRODUCTION. Mark
E. Kraemer & Francoise Favi. Agricultural Research Station, Virginia State University. The Dutch
determined ideal temperature, humidity and light conditions for greenhouse tomato production.
Although it’s not possible to maintain these conditions, especially for limited-resource operations,
these parameters are important determinants for fruit quality, quantity, and earliness. Three regional
greenhouses were continuously monitored with a temperature and humidity data logger during the
2002 winter/spring-growing season. The results showed that ideal conditions were achieved only
about 20% of the time with humidity the parameter hardest to control. Humidity peaked the first
hour after sunrise, when additional ventilation could be effective. Temperatures may be set too high,
or raised too early in the morning, before there is adequate light intensity for optimum
photosynthesis. This wastes energy and may reduce relative humidity to sub-optimum levels. Air
temperature on overcast or rainy days may also be too high for the available light intensity. Recent
tests of a light intensity data logger indicated that mid-day light intensity varied 6-fold within a
period of a week. The development of more sophisticated computer programs to monitor and/or
control heat, light, and ventilation could reduce energy usage and enhance greenhouse tomato quality
and yield.

ELECTRON MICROSCOPY STUDY OF GLANDULAR TRICHOMES FROM VERNONIA
GALAMENSIS (CASS.) LESS LEAVES. F. Favi, E. Westbrook, T. Mebrahtu, & M. Kraemer.
Agricultural Research Station, Virginia State University, Petersburg VA 23806. The genus Vernonia
contains more than 500 species and is now divided into several subspecies and varieties. These
plants have potential as an new oilseed crop and leaf extracts are being investigated for drug and
pesticide discoveries. This is a contribution toward the investigation of the trichome constituents
of V. galamensis plant. Light, scanning and transmission electron microscopes were used for this
study. Both glandular and non-glandular trichomes were observed on leaves but peltate glandular
tichomes were only present at the lower side of leaves. Different developmental stages of one, two,
four, eight and ten-celled trichomes were observed and photographed. One to eight-celled trichomes
are immature stages. The mature ten-celled trichome has a pair of support cells and four pairs of
secreting cells. The topmost pair of cells develop a large sub-cuticular space (head) that filled up
gradually with secondary metabolites produced by the secreting cells. Secreting cells debris
observed in head showed self toxicity of secreted product. Ethanol extract of whole leaves had
pesticidal activity against whiteflies. HPLC analysis showed multiple peaks consistent with
sesquiterpene lactones.

CONTROL OF WIREWORMS IN POTATO WITH ENTOMOPATHOGENIC NEMATODES.
Vonny M. Barlow', Thomas P. Kuhar* & Edwin E. Lewis', 'Dept. of Entomology, Virginia Tech.
Blacksburg, VA. 24061 and ’Dept. of Entomology, Virginia Tech. Painter, VA. 23420. We
compared the efficacy of entomopathogenic nematodes and phorate against wireworms (Coleoptera:
Elateridae) in ‘Superior’ Irish potatoes. Entomopathogenic nematodes and phorate treatments
reduced the number of damaged tubers compared with the control. Complementary container
experiments in the field showed wireworm mortality in nematode-treated soil was higher than the
untreated control.
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Archaeology
(No meeting this year)

Astronomy, Mathematics and Physics

PREONS, NUCLEON FISSION CHAIN REACTIONS, AND CELESTIAL POWER
TRANSIENTS. Charles A. Bly, Dept. of Nuc. Engr., UVa. Charlottesville VA 22903. Nuclear
fission and fusion power have developed as bombs and power plants for the past sixty years. One
can move on to explore the natural limits of nuclear power development. The author began research
into nucleon fission reactors in 1990 at Westinghouse in Pittsburgh, Pennsylvania. The author’s
research goal is to facilitate the extraction of power from more fundamental layers of matter.
Interactions can be seen as preon surface chemistry amid the orbiting preons of quarks and leptons.
Among reactions providing subnuclear fission chain reaction power are neutrino-stimulated proton
decay chain reactions. Supernovae and hypernovae provide natural prototypes from which one can
glean valuable insights. One can compare the nucleonics of a supernova “reactor” to that of a
commercial nuclear power plant. Microscopic fission cross sections decrease by 21 orders of
magnitude. Fuel density increases 13 orders of magnitude. Reactor fuel volume increases 9 orders
of magnitude. Both reactor types are driven by neutral radiations with long mean free paths. Hence,
criticality formulations for nuclear fission reactors can be applied to celestial nucleon fission
reactors. Baryon number conservation and its violation can be managed by engineering lepton-Z
boson interactions. Dark matter acts as a catalyst.

ROLE OF OPTICAL FEEDBACK DELAY TIME ON DIODE LASER BEHAVIOR. Rachel
Chisolm, Jordan Bittle, Courtenay Glisson & David Sukow, Department of Physics and Engineering,
Washington and Lee University, Lexington Virginia 24450. We studied the fundamental properties
of'semiconductor diode lasers under conditions of delayed optical feedback. Optical feedback occurs
when the laser beam is reflected directly back into the laser. This feedback causes a chaotic system
with power dropouts. We measured the average time between power dropouts for long external
cavities and found the relationship between the cavity length and the average time between power
dropouts. Our preliminary research seems to indicate a positive relationship between the cavity
length and the average time between power dropouts.

LIGHT FLASHERS: TESTING AND PROTOTYPING. Charles W. Arnold & Kevin L. Giovanetti,
Department of Physics, James Madison Univ., Harrisonburg VA. 22807. In an effort to calibrate 360
photomultiplier tubes for the MuLAN experiment, we are building tiny LED pulsers. The pulsers
borrow their design from pulsers use in the KamLAND project but with modifications to tailor them
to our needs. Our prototype encountered several setbacks including signal translation, power
distribution, and undesired pulse properties. All of these problems have been corrected through
careful investigation of the properties of our pulse producing system.

BARNARD’S STAR: PLANETS OR PRETENSE. J. L. Bartlett, Dept. of Astronomy, Univ. of
Virginia, Charlottesville VA 22903 & P. A. lanna, NSF, Arlington VA 22230. A time-series
analysis of photographic plates taken of Barnard’s Star at the Leander McCormick Observatory
(LMO) reveals no evidence of periodic perturbations indicative of planetary companions. These
observations indicate a parallax of 0”.5482 £0”.0017 and a proper motion of 10°.3324 + 0.0002/yr.
In 1963, Van de Kamp claimed to detect the first extra-solar planet orbiting this star. He used Sproul
Observatory plates from 1938 to 1981 and determined that 2 companions with 12- and 20-yr orbits
best fit the perturbation he observed. He estimated that both objects are each less massive than
Jupiter. Using various techniques, other observers failed to detect clearly any companions. Of these,
only one search was sufficiently sensitive to detect planetary bodies. In view of the continuing
controversy, we reviewed over 900 exposures made on photographic plates between 1969 and 1998
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at LMO. After the LMO microdensitometer scanned the plates, we calculated the parallax and proper
motion. We combined the resulting residuals into annual normal points for which we analyzed
separate Lomb periodograms in RA and dec. In neither case does the power at any frequency indicate
a signal at a significance level of 50% or better. We acknowledge support from NSF grant AST 98-
20711 and from Litton Marine Systems, Inc.

BEAM TESTING AT PSI: STOPPING MUONS IN A TARGET. Andrew W. Werner & Kevin L.
Giovanetti, Department of Physics, James Madison Univ., Harrisonburg VA. 22807. The pLan
collaboration is an effort to determine the lifetime of the muon to one part per million. Experimental
work for this is done at the Paul Scherrer Institute (PSI) in Switzerland. The muon beam used is an
offshoot of the neutron spallation experiments at the cyclotron on site. This beam must then be
focused and sent to a sulfur target inside a soccer ball shaped detector, which will monitor the decay
rate of the muon thereby giving the lifetime for the particle. The detector incorporates 360 individual
photomultiplier tubes (PMTs), all of which must be calibrated. The calibration is being done with
a modified version of the KamLAND LED pulser for <10ns pulse widths of blue (400nm) light
coupled with a fiber optic to deliver the light directly to the PMTs.

CHANDRA OBSERVATIONS OF NUCLEAR X-RAY EMISSION FROM A SAMPLE OF
RADIO-LOUD ACTIVE GALAXIES. Jessica Gambill', R. M. Sambruna', J. Pesce', G. Chartas?,
C.C. Cheung’, L. Maraschi*, F. Tavecchio®, & C. M. Urry’, ' Dept. of Phys. & Astro., George Mason
Univ., “Dept. of Astro. & Astrophys., Penn State Univ., *Dept. of Phys., Brandeis Univ., *OSSA di
Breraand *Dept. of Astro., Yale Univ. We present the X-ray properties of the cores of sixteen radio-
loud quasars (RLQs) and one low-power radio galaxy observed with the Chandra X-ray Observatory
(CXO). The targets were selected for large-scale radio properties to optimize new detections from
X-rays in the regions of resolved radio jets. The study of the nuclei was based on the emission
detected in a 2”-radius aperture, with the photon counts limited to the range 0.5-8 keV for optimal
sensitivity. Timing analysis finds one variable source (~25 minutes). One source shows evidence
from spatial analysis for an X-ray halo (~25 kiloparsecs). Analysis of the X-ray spectrum finds that
the favored model is a power law plus fixed Galactic absorption (N,) with luminosities, L, |, .y ~10%
ergs s”. Six spectra have soft (<1.2 keV) energy excess and one source has an intrinsic absorber (N
~5 x10* ¢m™). A surprising result for this beamed sample is the evidence for Fe K-shell line
emission (at 6.4 keV) found in two or three sources. This is a new property for the nuclear emission
of RLQ)s. Statistical analysis of the sample shows neither a trend for the photon index generally, nor
a trend within the core- and lobe-dominated sub-groups.

SILICON BASED THERMO-ELECTRIC MICROSENSORS. Steven L. Hearn, Integrated Science
and Technology, James Madison University, Harrisonburg VA 22801. The purpose of this research
is to investigate, design, fabricate, and characterize thermal microsensors. This project includes
determining effective designs for thermopiles, finding appropriate materials with high Seebeck
coefficients, and characterization and calibration of fabricated microsensors. Magnetron sputtering
and evaporation deposition techniques are employed to fabricate thin films while photolithography
and chemical etching are used to pattern the films. Metal-metal and metal-boron doped silicon
semiconductor junctions are investigated. Prepared microsensors are inspected microscopically and
characterized using surface profilometry and Scanning Electron Microscopy with Energy Dispersive
X-Ray Analysis (SEM-EDS) to determine the surface and volume characteristics. Seebeck
sensitivity measurements and four-point probe resistivity techniques have been employed to
determine important electrical characteristics. The results of these studies and applications of this
research to thermal microsensors, energy measurements, and gas sensing are discussed.
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PREPARING STUDENTS FOR PRODUCTIVITY IN FIBER OPTICS TEST AND
MEASUREMENT. Donald H. Reinhart, Tektronix, Inc., Beaverton OR 97077. The advent of
Internet technology is contributing to significant growth in the volume of digital information being
transmitted through communications networks. In the United States, the information technology
industry has increased from 5.6% of the Gross Domestic Product in 1992 to 8% in 2000. Fiber optics
offers many advantages as a conduit for data transmission, and various innovative techniques have
been implemented to leverage bandwidth requirements in the communications network. Dense
Wavelength Division Multiplexing (DWDM) is one such technique that currently enables
transmission rates of more than one Terabit-per-second over a single optical fiber. Students
graduating from today’s university programs will encounter the challenge of applying solid-state
physics and optics to optical communications technology. The goal of communications service
providers is to continually increase bandwidth while maintaining a profitable cost structure. Students
with a strong understanding of semiconductor properties and optical principles of lasers and
polarization will be positioned for productivity in design and test applications where innovative
developments in reducing costs and improving performance of future generation optical devices and
systems are critical.

THE IDENTIFICATION AND CHARACTERIZATION OF POLAR MESOSPHERIC CLOUDS
(PMCS) IN HALOE DATA. Jonathan E. Wrotny & James M. Russell I, Department of Physics,
Center for Atmospheric Sciences, Hampton University, Hampton VA 23668. Data from the Halogen
Occultation Experiment (HALOE) are being used to identify and characterize the physical properties
of polar mesospheric clouds (PMCs). This analysis is accomplished using the 22 polar summer
seasons (11 northern and 11 southern hemisphere) seen by HALOE. An algorithm is described that
screens the HALOE data for PMCs and results of these analyses are presented. In particular, the
number of PMCs and occurrence frequency per season are shown. Several properties of the clouds
are also presented including the altitude and latitude distribution of the clouds. The distributions of
PMC:s over time and spatial coordinates show good agreement with other satellite studies of PMCs
such as SME, SNOE, and SBUV.

TEMPEST IN A TEAPOT: UNDERSTANDING THE ELECTRICAL NATURE OF TORNADOS. Joseph W.
Rudmin, Physics Dept., James Madison Univ., Harrisonburg VA 22807. A review will be presented
of the idea that tornados are electrically driven. Included will be a brief history of the literature and
researchers, and published evidence supporting and opposing the theory. Possible mechanisms
consistent with the evidence will be discussed. A key issue is whether the energy of the tornado
propagates from cloud to ground or from ground to cloud. An emulation using vortices in boiling
hot water will be used to illustrate the two different behaviors of these two possibilities.

DEVELOPMENT OF SCANNING TUNNELING MICROSCOPE PROBE TIPS. Sean M. Walsh
& W. Christopher Hughes, Dept. of Physics, James Madison University, Harrisonburg VA 22807.
In situ scanning tunneling microscopy is dependent upon the quality and design of the probe tip. In
order to image surfaces which form oxide layers, the surface must be placed in a weak acid. If a
scanning tunneling microscope (STM) probe tip is not properly insulated from interactions with the
surrounding weak acid, ions will interact with the probe tip drowning out the signal coming from
the imaging surface. Yet a conducting oxide free area must exist at the apex of the probe tip in order
to allow for tunneling. Several methods have been used in order to insulate STM probe tips from
these faradic currents, yet most methods do not guarantee reproducible quality tips. Coating an STM
probe tip in a photosensitive polymer such as photoresist, and then exposing the probe tip to
ultraviolet light at the proper wavelength and removing the exposed photoresist using a developing
agent would result in a exposed surface area on the order of the wavelength of ultraviolet light used.
Alternatively coating the STM probe tip in photoresist and allowing surface tension to expose the
apex of the probe tip would result in a useable STM probe tip, these probe tips have been
experimentally tested to yield leakage currents of 20 pA, while the ultraviolet exposed tips have not
yet been tested.
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USING MATHEMATICA IN UPPER DIVISION CLASSES: EXAMPLES AND HINTS. Richard
L. Bowman, Dept. of Physics, Bridgewater College, Bridgewater VA 22812. The power of
Mathematica to solve algebraic, calculus and other mathematical problems in either analytical or
numerical form and to plot these results serves well the objectives of upper-level undergraduate
physics courses. Examples from classes in electricity and magnetism, quantum mechanics and
classical mechanics and from research illustrate these capabilities. They include making 3-D surface
plots of infinite sum solutions found by separation of variables in 2-D, calculating numerical
solutions to the eigenvalue problem arising from solving for the energies and wavefunctions for a
1-D particle in an infinite well with a finite barrier, solving numerically the differential equation
associated with the oscillations of a stretched rubber band and plotting the results, and creating
publication-quality graphs of molecular spectra obtained during research.

A MID-INFRARED SPECTROSCOPIC AND X-RAY IMAGING STUDY OF LINER GALAXIES.
Rachel P. Dudik', Shobita Satyapal', Rita Sambruna' & John McNulty?, 'George Mason University,
Fairfax VA, *St. John’s College, Annapolis MD. Low Ionization Nuclear Emission-line Regions
(LINERS) represent as much as one third of all nearby spiral galaxies and nearly half of all nearby
early-type galaxies, LINER research lends critical contributions to numerous other astrophysical
subjects, including X-ray background studies, galaxy formation studies, and studies of Active
Galactic Nuclei (AGN). We present herein archival, high-quality infrared spectroscopic data from
the Infrared Space Observatory’s Short Wavelength Spectrometer and corresponding archival X-ray
imaging from Chandra for 28 LINER galaxies. In the first part of this presentation, I will illustrate
the purposes behind LINER research: What are LINER galaxies and why are they important? In the
second part of this talk, I will present the observational results of this multi-wavelength study and
draw upon the main conclusions for this set of objects. This research was funded by NASA grant:
NAG5-11432.

Biology

TWO NEW SPECIES OF FUNGI (DEUTEROMYCOTA) OCCURING ON ANCIENT WOOD
FROM THE CALVERT FORMATION IN VIRGINIA. Katherine W. Privratsky & W. Wallace
Martin, Dept. of Biology, Randolph-Macon College, Ashland, VA 23005-5505. Two new
acidophilic species of the Deuteromycota have been isolated from Middle Miocene sediments at
a stone quarry in Caroline County, Virginia. The first organism is a new species of the genus
Acrodontium, section Grisea de Hoog. It differs from other Acrodontium species in the
dimensions and shapes of its conidiogenous rachis and conidia, in the pigmentation of its
colonies, and in its maximum growth and conidial production at pH 3 and 4. The second
organism is a new species of the genus Sporothrix. It differs from other Sporothrix species in the
shapes and dimensions of its conidia, in the production of hyaline, nonpigmented colonies, and in
its lack of growth at 35-37 °C.

CHARACTERIZATION OF THE HK-2 HUMAN PROXIMAL TUBULE KIDNEY CELL
LINE FOR STUDIES OF 1,25(0H),D, ACTIVATION. Amandeep Bajwa & Matthew J.
Beckman, Department of Biochemistry and Orthopedics, Virginia Commonwealth University,
Richmond VA 23298. The renal proximal tubule (PT) is the chief endocrine cell of the vitamin D
endocrine system. Nutritional hyperparathyroidism induced by dietary calcium (Ca) restriction
leads to forceful down-regulation of 1,25-(OH),D; receptor (VDR) transcription in the PT. Our
goal was to develop an in vitro human PT cell model to examine the transcription of VDR. In
this study we used the human epithelial HK-2 cell line derived from the PT. The cell line is
shown to be responsive to calcium and PTH treatments as shown by Real-Time RT-PCR analysis
of VDR, and the effects were in accordance with previous in vivo data. PTH caused a reduction
in VDR transcript levels that was greater in the absence of calcium, indicating that extracellular
Ca modulates the effect of PTH on VDR transcription. The HK-2 cell line should prove to be a
powerful new tool to characterize the DNA elements and factors regulating VDR transcription in
proximal kidney cells.
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EFFECTS OF HEPARIN AND ASPIRIN TREATMENT ON FREQUENCY OF PREGNANCY
LOSS INDUCED BY LIPOPOLYSACCHARIDE INJECTION IN CD-1 MICE. Jennifer C.
Winfree', Carolyn M. Conway?, & Arthur F. Conway', 'Dept. of Biology, Randolph-Macon Coll.,
Ashland, VA 23005 and *Dept. of Biology, Virginia Commonwealth Univ., Richmond, VA 23284.
Lipopolysaccharide (LPS) from the outer cell wall of Gram-negative bacteria causes pregnancy loss
when injected into pregnant mice. We evaluated the effectiveness of heparin and aspirin for
prevention of LPS-induced pregnancy loss. Pregnant CD-1 mice were treated with aspirin alone,
heparin alone, or both aspirin and heparin in varying dose combinations on days 8 through 12 of
gestation and then injected intravenously with E. coli LPS on day 9 of gestation. LPS injection
significantly increased the frequency of pregnancy loss. Aspirin treatment, heparin treatment, and
all combinations of both drugs slightly reduced the frequency of LPS-induced pregnancy loss (not
statistically significant). The dose-independent partial inhibition of LPS-induced pregnancy loss by
aspirin and heparin treatments suggests that clotting processes may contribute slightly to LPS-
induced pregnancy loss but that clotting processes are probably not a major mechanism leading to
pregnancy loss in LPS-treated mice. Support by a Virginia Academy of Science Undergraduate
Student Research Award is gratefully acknowledged.

CHARACTERIZATION OF THE MAGNETORECEPTION MECHANISM IN DROSOPHILA
MELANOGASTER. D. H. Dommer & J. B. Phillips, Dept. of Biol., Va. Polytechnic Inst. and State
Univ., Blacksburg, VA 24061. Although use of the geomagnetic field in spatial orientation has been
documented in a wide range of taxa, the underlying morphological structure(s) and physiological
mechanism(s) of this unique sensory modality remain an enigma. Studies carried out by this
laboratory and others have provided evidence consistent with two different magnetoreception
mechanisms: (1) a light dependent mechanism involving specialized photoreceptors , and (2) a non-
light dependent mechanism utilizing ferromagnetic particles (i.e. a magnetite-based system). The
focus of experiments in our laboratory concerns the light dependent magnetoreception mechanism
found in migratory birds and eastern red spotted newts. Neither represents a model organism with
a described genome, advanced knowledge of neural anatomy, and the ability to utilize molecular
biology or genetic knockouts to manipulate experimental organisms. These techniques are crucial
to investigating the fundamental properties of the magnetic compass in light-dependent organisms.
Drosophila melanogaster provides all of these options in a non-migratory organism that is amenable
to training and testing under simple conditions.

CONTROL OF LACTASE ACTIVITY BEYOND THE LAC-OPERON. M. A. Captieux', T. E.
Swain®,A. A. Mills’, L. M. Mills’, D. Kuruvilla!, L. Liang*, & C. W. Vermeulen’, 'Univ. of
Edinburgh, Scotland EH16 5AY, *Jamestown High School, Williamsburg, VA 23185, *Messiah
College, PA 17027, “Midwood High School, Brooklyn, NY 11210, °Science-Projects.Com,
Williamsburg, VA 23185-5360. As an on/off switch for lactase activity, the lac-operon is a type
of 'coarse' control. Using Lineweaver-Birk kinetics, this group found that galactose served as a
'fine' control mechanism by regulating reaction rate via competitive feedback inhibition of lactase
both in vitro (using commercial Lactaid®), and in vivo (using a lac-induced strain of E.coli gal’).
Growing in varying amounts of gal and with 1% lac, the bacteria fermented lac and had ordinary
levels of lactase when [gal] < [lac]. However, when [gal] > [lac], the cells became phenotypically
lac” even though ONPG testing showed that they had elevated levels of lactase. Presumably, with
lactase blocked, depressed [ATP] encouraged the cAMP-pathway promoting operon expression
leading to still more enzyme. Modules of teaching lab protocols are found at www.science-
projects.com/VAS/VAS2003.htm as extensions to the classic labs exercises dealing with lac-
operon induction in microbiology, genetics and biochemistry courses.
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EXPLORING THE MAGNETIC SENSE IN LABORATORY MICE, STRAIN C57BL/6J. N.
M. Edgar & J. B. Phillips, Dept. of Biol., Va. Tech., Blacksburg VA 24061. Magnetic compass
orientation occurs in numerous species including birds, newts, flies, and mammals. In birds,
newts, and flies, the mechanism of magnetic compass orientation appears to be light-dependent
as evidenced by the absence of magnetic orientation in complete darkness and shifted orientation
under certain wave-lengths of light. In contrast, mole-rats (the only mammal that has been
studied in detail, but which are functionally blind and live underground) are able to use their
magnetic compasses in total darkness, indicating the presence of a non-light-dependent magnetic
compass. We studied the type of magnetic compass mechanism used by more typical rodents,
strain C57BL/6J laboratory mice. Mice were trained to build their nests in a specific direction
relative to the magnetic field. Testing occurred overnight in a circular arena with food and nest
material provided at the center. The bearing of the nest (typically built along the edge of the
arena) was recorded the next morning. Mice are able to learn to position their nests in a specific
direction relative to the magnetic field (mean vector bearing = 17°, where trained direction = 0°;
r=0.67; p=0.001). This assay will be invaluable to future experiments aimed at characterizing
the genetic and behavioral components of the magnetic compass mechanism in rodents.

THE INDUCTION OF APOPTOSIS IN LUNG FIBROBLASTS USING THE GAP
JUNCTIONAL INTERCELLULAR COMMUNICATION OF SV40 TRANSFORMED
FIBROBLASTS. Brett A. Ozanich & Rosemary Barra, Dept. of Biol. Sciences, Mary
Washington College, Fredericksburg, VA 22401. Antitumor suicide gene therapy is an emerging
strategy against cancer. It consists of the introduction into the cells of a gene capable of
converting a nontoxic prodrug (ganciclovir) into a cytotoxic drug. An advantage of this system is
the bystander killing effect where by virally transduced cells exposed to ganciclovir are lethal to
surrounding nontransduced, tumor cells. By the observation of morphological changes, caspase
8 activity and comet assays, apoptosis was shown to be associated with the killing effect of
ganciclovir on SV40 transduced, CCL-75.1 transformed lung fibroblasts. Cell viability was
decreased by 50% following a 24 hr exposure to 3 mg/mL GCV. These results suggest that GCV
was phosphorylated into the cytotoxic agent by the viral enzymes. Additionally, decreased cell
viability was found to be associated with nontransduced CCL-75 lung fibroblasts grown with
CCL-75.1 lung fibroblasts and treated with GCV. These results verify the presence of the
bystander effect and implicate gap junctional intercellular communication as the mode of
ganciclovir-P transfer between virally transduced and nontransduced cells.

MACS ANALYSIS IN PERIPROSTHETIC MEMBRANE. Mengnai Li',William A. Jiranek® &
Matthew J. Beckman®’, Department of 'Anatomy, *Orthopaedics and *Biochemistry, Virginia
Commonwealth University, Richmond, VA 23298. Osteolysis implies complete bone resorption
(complete radiolucency) and has been a major complication after Total Joint Replacement (TJR).
Periprosthetic membrane (PM) is usually found in revision surgery due to osteolysis.
Macrophages and fibroblasts were found to be the major cell types inside the membrane. Using
MACS magnetic cell sorting system, viable CD14+ macrophages and fibroblasts have been
successfully separated from the PM retrieved from revision TJR. With iliotibial band as negative
control, the lesion part of PM was found to have more CD14+ macrophages. Mast cells were
mostly distributed in the CD14- group. Future purified cell separation will facilitate measurement
of the ratio of RANKL/OPG in either macrophages or fibroblasts and will be a possible
breakthrough for understanding the mechanism of osteolysis after TJR.

THE SMALL MAMMALS OF ISLE OF WIGHT COUNTY, VIRGINIA (AS REVEALED BY
PITFALL TRAPPING). Robert K. Rose, Department of Biological Sciences, Old Dominion
University, Norfolk, Virginia 23529-0266. The small mammals of Isle of Wight County,
Virginia were surveyed in mid-winter using pitfall traps placed in the early successional habitats
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of powerline rights of way. Trapping conducted for 3 weeks on each of twelve 0.25-ha grids
yielded 252 small mammals of 7 species, 3 of shrews and 4 of rodents. The least shrew (47.1%)
and eastern harvest mouse (21.8%) comprised the majority of the total and were found on most
grids. Each remaining species was uncommon by comparison, with the woodland vole being the
rarest (n=2). Of the three microtine rodents, the southern bog lemming was the most unusual,
occurring up to 40 km west of the Dismal Swamp, its supposed refugium. Of the seven species,
only southern bog lemmings and woodland voles were breeding during January. This
information is believed to be the first report of the small mammals of the county.

NOCTURNAL THERMOREGULATION IN THE WHITE-THROATED SPARROW. E.K.
Dilger, L.E.Williams, A.S. Dolby, & J.G. Temple. Department of Biological Sciences, Mary
Washington College, Fredericksburg, VA 22401. Nocturnal thermoregulatory strategies of small
songbirds have been little investigated under field conditions. We used temperature-sensitive
radio-transmitters to determine whether White-throated Sparrows employ nocturnal hypothermia
during winter. We obtained skin temperature measurements on 24 free-ranging sparrows
between 1300 and 1400 hours and between 0200 and 0300 hours for three days and nights per
subject. The average nightly skin temperature reduction per individual was 3.44 (SD = 0.96)
degrees C. Thirteen sparrows reduced their skin temperatures by an average of more than three
degrees C. The maximum single temperature reduction observed was 7.0 degrees. White-
throated Sparrows, therefore, exhibit variation in use of nocturnal hypothermia. We found a
significant negative correlation between magnitude of skin temperature reduction and nighttime
ambient temperature and a marginally significant negative correlation (p= 0.06) between depth of
hypothermia and a physical condition index calculated by dividing each subject’s body mass by
the cube of its wing chord length. Funded by a VAS Undergraduate Research Grant, a Sigma Xi
Grant-in-Aid of Research, and a Mary Washington College Undergraduate Research Grant.

GROWTH RATE OF ONCOPELTUS FASCIATUS, THE MILKWEED BUG, RAISED AT
DIVERSE TEMPERATURES. C. Eninger & G. F. Birchard, Dept of Biology, George Mason
University. Fairfax, VA 22030. Invertebrates cultured at lower temperatures generally take
longer to hatch, but produce larger adults. The one exception to this rule may be arthropods,
which show the opposite trend. Milkweed bug (Oncopeltus fasciatus) eggs were cultured at a
range of temperatures from 15 to 31 °C, which produced a hatching curve showing that higher
temperatures resulted in shorter hatching time. Growth curves were developed at 18, 25, and 29
°C. The higher temperatures produced larger individuals in a shorter amount of time. The 18 °C
insects failed to reach sexual maturity indicating that at 18 °C or lower temperatures the
milkweed bug would be unable to survive. These results revealed that higher temperatures result
in shorter development time and larger insects. This consistent was with the trend that
arthropods are the exception to the hypothesis that cooler temperatures produce larger individuals
in invertebrates.

TEMPORAL AND SPATIAL DISTRIBUTION OF BOTTLENOSE DOLPHINS (TURSIOPS
TRUNCATUS) IN AN URBANIZED ESTUARY. K M Foss and J R Reed, BCES Dept.,
Christopher Newport Univ., Newport News, VA 23606. The Elizabeth River represents a unique
habitat for bottlenose dolphins. The entire river is bounded by industrial, urban, suburban,
commercial shipping and military facilities. This river is ranked as one of the most polluted on
the east coast. Dolphins are migratory in this area, appearing from May through October. Our
studies were undertaken during 2000 from May to August and November to December, and in
2001 from January to October. Standard small boat passive observation techniques were used,
along with photography of individuals. A total of 72 cruises were made with 41 encounters in
the two years. A total of 495 individuals were identified by photo ID, and a Caughley recapture
estimate was used to give a population estimate of 678. The dolphins appeared in small numbers
in April and May, increased in June to a peak mean of 40 animals sighted per encounter in July.
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This mean decreased to 27 in August and September and dropped to 0 from November to March.
The group size ranged from 1 to over 80. Encounters per cruise peaked at a mean of 1 in July,
0.62 in August and 0.76 in September. Despite a peak of births in the area in May-June, there
was little mating during June or July, with the incidence of sexual activity peaking in September.

IDENTIFICATION OF REGULATORY BINDING SITES AND CORRESPONDING
TRANSCRIPTION FACTORS INVOLVED IN THE DEVELOPMENTAL CONTROL OF
5’NUCLEOTIDASE EXPRESSION IN DICTYOSTELIUM DISCOIDIUM. N.S.Wiles, C.M.
Eristi, M. Ubeidat, B.R. Joyce & C.L. Rutherford, Dept. of Biol., Va. Polytechnic Inst. & State
Univ., Blacksburg VA 24061. The transcriptional control of the developmentally expressed gene
encoding 5’-nucleotidase (5nt) in the model system Dictyostelium discoideum was analyzed by
creating 5’ and internal deletions in the sequence immediately upstream from the coding region.
Subsequent fusions of the deletions with the luciferase reporter gene enabled the identification of
potential sites on the promoter to which regulating proteins may bind. Specific regions identified
by quantification of reporter gene expression were further analyzed by electromobility gel shift
assays (EMSA). A protein found to specifically bind to a 30 bp probe approximately 230 bp
upstream from the transcription start site was isolated by a series of chromatography techniques.
The highest sequence similarity found to this protein was with folic acid synthase.

EXPRESSION AND REGULATION OF ALKALINE PHOSPHATASE DURING
DEVELOPMENT OF DICTYOSTELIUM. Brad Joyce, M. Ubeidat, C. Eristi, N. Wiles, and C.L.
Rutherford, Biol. Dept., Va. Tech, Blacksburg VA 24061. Alkaline phosphatase (ALP) may
play a vital role in the development of Dictyostelium because during development it becomes
localized to a narrow band at the interface of the prestalk and prespore zones. We amplified 880
base pairs of the alp 5' flanking region from genomic DNA and fused it to a LacZ reporter gene.
In situ B-galactosidase assays of Dictyostelium transformants showed a localization pattern that
correlated well with authentic ALP activity. [3-galactosidase assays of transformants containing
the full-length alp promoter fused with the lacZ gene showed a steady increase in activity until
mid culmination stage, then decreased slightly in late culminants and mature fruiting body
structures. Transcription start site mapping indicated a single transcription start site 144
nucleotides upstream of the start codon. A potential TATA box domain was present beginning at
-29 and ending at -24. 5' Promoter deletion analysis of the alp 5' flanking region indicated the
presence of a novel cis-acting element between -787 and -517. Preliminary internal deletion
analysis of this region suggested a transcription factor binding domain between -642 and -574.

UNDERSTANDING THE FUNCTIONAL SIGNIFICANCE OF CONSERVED SEQUENCE
MOTIFS IN THE ARABIDOPSIS HEXOSE TRANSPORTER, STPI1. J.C. Daniel, Dept. of
Biol., James Madison Univ., Harrisonburg, VA 22807. The hexose transporters of Arabidopsis
thaliana belong to a superfamily of proteins called major facilitator proteins, which have been
identified in humans, plants and yeast. These proteins share a common predicted secondary
structure which includes 12 transmembrane-spanning alpha-helices (TMD), internal N- and C-
termini, a long extracellular loop between TMD 1 and 2, and a large intracellular loop between
TMD 6 and 7. In each species studied so far, multiple genes which encode hexose transporters
have been identified. In addition, hexose transporters have been found to transport varying
substrates with varying kinetics. Therefore, the group of transporters is thought to enable the
metabolism of sugars according to organism-specific internal and external environmental
conditions. Our hypothesis is that amino acid sequence motifs can be identified which confer the
functional diversity seen in this class of proteins. In this preliminary study, we have identified
several possible amino acid sequence motifs which may play a role in the function of the
Arabidopsis thaliana hexose transporter, STP1. We also propose to elucidate the role that these
amino acid sequence motifs play in determining the function of hexose transporters.
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COMPARISON OF DRAWINGS AND PLASTER CASTS OF FISH CARVINGS FROM THE
PUNT RELIEF FROM THE TEMPLE OF HATSHEPSUT AT DEIR EL-BAHARI. Emily Lord,
Departments of Biology and Art History, Randolph-Macon College, Ashland, VA 23005 and
Eugene Maurakis, Science Museum of Virginia, 2500 W. Broad St., Richmond VA 23220.
Objectives of this study were to document the differences between image characteristics of the
two sources (illustrations in Naville, 1898; images in cast of relief at Virginia Museum of Fine
Arts, VMFA) of the Punt relief from the temple of Hatshepsut at Deir El-Bahri, and to identify
species depicted therein. Characteristics of 30 species in illustrations were described and
compared to descriptions made of the corresponding 30 species photographed from the cast at
VMFA. Number of differences and similarities were recorded for each pair of corresponding
icons and used to calculate percent difference hypothesized to be zero. Compared to cast images,
all illustrations in Naville (1898) contained errors. Average number of errors between cast
images and illustrations was 4.1 (£1.96) or 42.8% (£18.8) (range = 1-8 or 14.3% - 88.9%). Over
76% of the illustrations had three or more errors. As a result, we reject the hypothesis that there
are no differences between illustrations of made by Naville in 1898 and photographs of aquatic
species on Punt relief from the Temple of Hatshepsut at Deir El-Bahari.

AN EVALUATION OF THE MOST PREDICTIVE BIOASSESSMENT INDICATORS IN THE
IDENTIFICATION OF ACTIVE AND ABANDONED MINE LAND IMPACTS IN
SUBWATERSHEDS OF THE POWELL RIVER, SOUTHWESTERN VIRGINIA. B.S. Echols',
R.J. Currie', D.S. Cherry?, & J.M. Uerz’. 'Dept. of Biol., Roanoke Coll., Salem, VA 24153 and
’Dept. of Biol., Va. Polytechnic Inst. & State Univ., Blacksburg VA 24061. An integrative
bioassessment conducted from spring 2002-spring 2003 was used to determine the influences of
Active Mining and Acid Mine Drainage (AMD) on the Powell River. Assessments were
conducted on a subwatershed scale and included streams and tributaries in the Looney Creek,
Pigeon Creek, Crab Orchard, Jordan’s Branch, Well’s Branch, Bundy Creek and North Fork
Powell River subwatersheds. Bioassessment included acute (48 hr) water column tests with
Ceriodaphnia dubia, chronic (10 day) sediment tests with Daphnia magna, sediment metals
analyses (Cu, Mn, Fe, Zn, Al), in situ (30 day) Asian clam tests, habitat assessments and benthic
macroinvertebrate surveys. Acute water column toxicity tests and habitat assessments did not
predict instream impacts from active mines or AMD. Sediment toxicity tests and in sifu tests
were most variable, while benthic macroinvertebrate surveys (taxa richness, % Ephemeroptera,
Ephemeroptera-Plecoptera-Trichoptera) were determined to be most reliable.

THE EFFECTS OF DIFFERENT MEDIA ON GROWTH AND CELL DIFFERENTIATION IN
THE CYANOBACTERIUM ANABAENA AZOLLAE. M. Brown and R. Fisher, Dept of Biology,
VCU. Richmond VA 23284. Our objective was to determine if media variations would make a
considerable difference in chlorophyll-a concentrations and the number of heterocysts found in
the cyanobacterium, Anabaena azollae. A. azollae was isolated from Azolla mexicana ferns,
maintained in a 8-fold dilution of the medium AA/8 at 25+3 Celsius. Anabaena was cultured
under two conditions: 5 ml of a 7 day old control stock in AA/8 medium and 5 ml of a 7 day old
control stock in SSM medium which lacks phosphorus. The results of this experiment indicate
that even though the chlorophyll-a concentration levels increased in both media during a 21day
growth cycle, there was a 30% increase in the chlorophyll-a concentration in samples grown in
the AA/8 medium. The percentage of heterocysts indicated also that AA/8 medium provided a
heterocyst rich environment that decreased over the 21-day growth cycle. The SSM cultures
developed very few heterocysts and by the end of the 21 day period there was only a 1% average
of heterocysts to akinetes in the sample. The results show that the type of medium does make a
difference in the percentage of heterocysts and the chlorophyll-a concentrations (Supported by
the National Science Foundation).



PROCEEDINGS 63

THE EFFECT OF SODIUM NITRATE ON GROWTH AND CELL DIFFERENTIATION IN
THE CYANOBACTERIUM ANABAENA. ]. Clanton' & R. Fisher’, 'Sciences, J. Sargeant
Reynolds Community College, Richmond VA 23219 and ‘Dept. of Biology, Virginia
Commonwealth Univ., Richmond, VA 23284. This project evaluated the effects of sodium
nitrate on the growth and differentiation of the cyanobacteria Anabaena azollae. Cyanobacteria
use heterocysts to fix atmospheric nitrogen. Studying this organism allows us to evaluate cell
differentiation and its effects on a larger system. All cultures were grown in 75 ml of AA/8
medium contained in 125 ml flasks. Two milliliters of sub-culture were transferred weekly into
new flasks to maintain a stock. All experiments were done in triplicate & repeated three times.
Heterocyst counts were taken in both control and experimental cultures over a fourteen day
period. Growth was monitored as a change in chlorophyll concentration. Both chlorophyll and
heterocysts declined in sodium nitrate treated cultures, indicating that added nitrogen inhibited
heterocyst development. Cyanobacteria no longer had to fix their own nitrogen and stopped the
differentiation of vegetative cells into heterocysts. These processes in conjunction showed a
direct correlation between the presence of heterocysts and a healthy growing system. This
illustrates the impact a single factor can have on a biological system.

CHANGES IN CHLOROPHYLL AND PHYCOBILIPROTEIN BIOSYNTHESIS IN THE
CYANOBACTERIUM ANABAENA AZOLLAE AS INFLUENCED BY LIGHT AND
FRUCTOSE. Tina A. R. Smith', & R. Fisher?, 'Sciences, J. Sargeant Reynolds Community
College, Richmond VA 23227 and *Dept. of Biol., Virginia Commonwealth Univ., Richmond
VA 23284. The purpose of this project was to study the effects of various light and nutrient
conditions on phycobiliprotein and chlorophyll a biosynthesis in the cyanobacterium Anabaena
azollae. Conditions included: AA/8 medium in the light; AA/8 medium in the dark; AA/8
medium plus fructose in the light; and AA/8 medium plus fructose in the dark. All experiments
were run in triplicate and repeated three times. Phycobiliprotein (Phy) and chlorophyll a (Chl)
were extracted and quantified using a Varian DMS UV Visible spectrophotometer. The cultures
grown in the dark with fructose did grow without the present of light. The results were that the
cultures with fructose grown in the dark did not grow as well as the cultures in the light but
maintained a similar Phy/Chl ratio. Cultures grown in the dark without fructose had a reduced
phycocyanin concentration but had an increased allophycocyanin (APC) and phycoerythrin (PE)
ratio. This could be because the Anabaena azollae was trying to adapt to its environment and by
doing so increase its levels of APC and PE.

THE DEVELOPMENT OF A MODIFIED OSMOTIC FRAGILITY TEST TO EXAMINE THE
EFFECTS OF COMPOUNDS ON THE OSMOTIC PERMEABILITY PATHWAY IN BOVINE
ERYTHROCYTES. G. J. Seeba and S. Gallik, Dept of Biol., Mary Washington Coll.,
Fredericksburg, VA 22401. Previous reports have demonstrated that mercurial agents reduce the
conductance of water through the aquaporin-based osmotic permeability pathway (OPP) of red
cells. Three versions of the osmotic fragility test, the standard osmotic fragility test and two
variations of the test, were used in this study to determine whether these simple assays can be
used to study the effects of mercurial compounds on the OPP of red cells. Results from each test
consistently showed that 0.125mM HgCl, significantly enhances the conductance of water
through the osmotic permeability pathway of bovine red cells. While these results differ from the
results of most previous studies, which show that HgCl, reduces water flow through the OPP,
the results of this study show that all three osmotic fragility tests are sensitive enough to show the
effects of HgCl, on the OPP of red cells, at least at the concentration used here.
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THE EFFECT OF TETRAETHYLAMMONIUM ON THE AQUAPORIN-DEPENDENT
OSMOTIC PERMEABILITY PATHWAY IN BOVINE ERYTHROCYTES. K.R. Hitz and S.
Gallik, Dept of Biol., Mary Washington Coll., Fredericksburg, VA 22401. Tetracthylammonium
chloride (TEA) is a known ion channel blocker shown to block the aquaporin-1-based osmotic
permeability pathway (OPP) in oocytes and renal epithelial cells. The objective of this study was
to test the potency of TEA on the aquaporin-based osmotic permeability pathway in bovine red
blood cells using three versions of the osmotic fragility test. Results of each test consistently
showed that 100 mM TEA decreased the percentage of red cells hemolyzed when exposed to
hypotonic balanced salt solutions of 0.45% and 0.5% NaCl osmotic equivalence. Since osmotic
permeability is the basis for this hemolysis, we interpret this decrease in percent hemolysis as a
decrease in the osmotic permeability of the red cell plasma membrane. The results of this study
also confirmed the results of others that the three osmotic fragility tests used here can be used to
study the effects of reagents on the OPP of red cells.

Biomedical and General Engineering

CHARACTERIZATION OF ELECTROCONDUCTIVE ppy-p(HEMA) COMPOSITE
HYDROGELS FOR SENSING APPLICATIONS. Sean Brahim and Anthony Guiseppi-Elie,
Center for Bioelectronics, Biosensors and Biochips (C3B), Virginia Commonwealth University,
Richmond, Virginia 23284-3038. We have formed composites of inherently conductive
polypyrrole (PPy) within highly hydrophilic poly(hydroxyethyl methacrylate) [p(HEMA)]-based
hydrogels. These materials retain the hydration characteristics of hydrogels as well as the
electroactivity and electronic conductivity of CEPs and are thus called ‘electroconductive
hydrogels’. The electrical and electrochemical properties of these polymer composites have been
investigated. The electrochemical characteristics observed by cyclic voltammetry suggest less
facile reduction of PPy within the composite hydrogel compared to electropolymerized PPy, as
shown by the shift in the reduction peak potential from —472 mV for electropolymerized
polypyrrole to -636 mV for the electroconductive composite gel. The network impedance
magnitude for the electroconductive hydrogel remains quite low, ca. 100 Ohms, even upon
approach to DC, over all frequencies and at all offset potentials suggesting retained electronic
(bipolaronic) conductivity within the composite. The loss of electroactivity after extensive
oxidation of the composite material is a phenomenon that suggests an inherent change in the
backbone structure of the polypyrrole component; a likely disruption of conjugation throughout the
PPy backbone.

BIOPRODUCTION OF FERULIC ACID FROM PLANT CELL WALL MATERIAL. Kennard M.
Brunson and Rachel Chen, Dept. of Chemical Engineering, Virginia Commonwealth University,
Richmond, VA. This work is part of an ongoing project to find an environmentally friendly or
“green” process for synthesizing ferulic acid, a precursor to vanillin which is used in the flavoring of
food. This important precursor molecule is attached via ester bonds to the xylan chains of plant cell
wall material such as corn bran and oat spelt, which can be broken by using ferulic acid esterase
(FAE). At this point three fugal species, Aspergillus niger NRRL 3, Aspergillus flavus NRRL 3518
and Aspergillus flavus NRRL 4998 where grown on oat spelt xylan for 4 days to induce the
production of ferulic acid esterase. The supernatant of the growth medium was then incubated in a
100uM solution of methyl ferulate and analyzed by UV-Vis spectroscopy. Of these three strains only
Aspergillus niger NRRL 3 had definitive results indicating that ferulic acid was produced with a
54.7% conversion of methyl ferulate on day 2, its peak day of growth, and an enzyme activity of
10.9mU/mL of supernatant.
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PC12 CELL MOTILITY AND ADHESION MONITORING USING MICROELECTRODE
ARRAYS, G. Slaughter', E. Bieberich® and A. Guiseppi-Elie', 'Dept of Chemical Engineering and
Center for Bioelectronics, Biosenors and Biochips, VCU and *Medical College of Georgia. The
development of cell-based biosensors in our laboratory is directed to detecting the effects of several
chemical welfare stimulants on the central nervous system. The sensing systems developed are based
on pheochromocytoma cells, PC12, that have properties associated with immature neural crest cells
that are destined to evolve into adrenal gland chromaffin cells or sympathetic neurons. These neuron-
like cells are capable of generating processes from their cell body upon attachments to adhesion
substrates. However, in the presence of specific trophic substances, or hormones, the cells undergo
differentiation, which results in the cessation of proliferation. Currently, we use a microelectrode array
system for measuring the change in electrical impedance of a small electrode to AC current upon
seeding the cells into individual wells. There are many compounds of interest to bio-chemical welfare
research. We are interested in those molecules that bind to cell surface receptors and affect the
functionality of the CNS when the receptor receives these ligands. As a result of binding, changes in a
signal transduction pathway are observed due to the enhancement or reduction of the cellular
response. Through the use of a time course monitoring of cellular response, we can avoid many
potential false positives that occurs with the assays that are concerned with binding.

CHARACTERIZATION OF ALIGNED CARBON NANOTUBE POLYMER COMPOSITES.
S.Banda', Z.Ounaies', C.Park? and J.Wilkinson®, 'Virginia Commonwealth University, *National
Institute of Aerospace, *Virginia Polytechnic Institute and State University. Carbon nanotubes
(CNTs) may be aligned by applying an electric or magnetic field, or by mechanical stretching. This
project focuses on characterization of an electric field aligned CNT/ UDMA/HDDMA polymer
composite. An ac field of 200V, at various frequencies (10 Hz, 10 KHz, and 100 KHz) was applied
for 10 min at room temperature. Conductivity measurements were done parallel and perpendicular to
the aligned CNTs. It was observed that the conductivity of thel0OKHz and 100KHz cases was higher
than the 10Hz case in both the parallel and perpendicular conditions. Conductivity in the parallel
condition was higher than the perpendicular condition for all the aligned cases, while the unaligned
case showed a similar conductivity in both conditions. A ratio of parallel to perpendicular
conductivity indicates a better alignment for the 10 Hz case. Using the polarizer light in Raman
spectroscopy, the tangential peak of the CNTs was investigated. The results for the unaligned case
did no show a preferential direction, whereas the aligned cases indicate a preferred aligned direction.
A good alignment of the CNTs in the polymer was achieved as evidenced by conductivity
measurement and Raman spectroscopy. Future work will concentrate on varying the CNT content and
further investigation of frequency and field effects.

PVDF: THE PERFECT POLYMER FOR PIEZOELECTRIC PERFORMANCE IN PEOPLE? C.P.
Barnes', Z. Ounaies', W. D. Bates® and G. E. Wnek?, 'Department of Mechanical Engineering and
*Department of Chemical Engineering, Virginia Commonwealth University, Richmond VA 23284.
Piezoelectric polyvinylidene fluoride (PVDF) has been used in intracorporeal biomedical applications
including vascular grafts, nerve guidance channels, and bone-growth stimulation devices. The degree
and type of crystallinity, as well as molecular orientation, are greatly responsible for the desirable
properties displayed in PVDF; for piezoelectric studies, the crystalline B-phase is the most desirable.
The electrospraying technique was used to deposit thin PVDF films. Effects of solvent type and
electric field strength were monitored and analyzed. Characterization methods included x-ray
diffraction, differential scanning calorimetry, dielectric spectroscopy, and thermally stimulated current
analysis. Films sprayed at 1 kV/cm were mostly amorphous, while those at 2 kV/cm and 4 kV/cm
displayed predominantly o-phase. The dielectric constant of each film at room temperature was
greater than the corresponding value of unpoled PVDF film. Charge relaxation was detected in all
electrosprayed films, though the magnitude was less than that observed in commercial PVDF film.
Future work will include using higher electric fields and adding nucleation sites to potentially enhance
[-phase growth.
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AGE AND TASK DEPENDANT VARIATIONS IN PRE-MOTOR POTENTIALS IN THE
BRAIN. Vishwadeep Ahluwalia, Peter Lum, Ding-Yu Fei, Department of Biomedical Engineering
and Stephen Harkins, Department of Gerontology, Virginia Commonwealth University, Richmond,
VA. The purpose of this study was to investigate the dependency of premotor potentials of the brain
on age and task. Eight healthy volunteers participated in this study. The subjects were classified into
two categories: young and old. Each subject was asked to perform tasks like isometric elbow-flexion,
pick and place task and reaction time tasks. Thirty to 40 trials were recorded for each of the above
tasks. EEG signals were recorded from the scalp overlying the supplementary motor area (SMA) and
EMG signals were recorded from the skin surface overlying the belly of the biceps brachii and
brachioradialis muscles during all contractions. In each trial, the EMG onset was used as the
triggering signal for EEG averaging. Premotor potential amplitude was measured from the beginning
to the peak of the negative slope. The magnitude of the negative slope from the SMA location was
highly correlated with the age of the subject and task executed by the subject. These results suggest
that premotor potentials are age and task dependant.

EFFECT OF PARKINSON’S DISEASE ON EYE AND HEAD MOVEMENTS DURING
READING. P. Puthoor, K. Peters and P. A. Wetzel, Dept of Biomedical Engineering, VCU. The
oculomotor system's main function is to position the eyes such that the maximum amount of visual
information can be extracted from the object of interest. Parkinson’s patients suffer significantly more
from impaired oculomotor function, i.e. visual discomfort, diplopia, blurry vision, than non-
Parkinson’s patients. Symptoms of Parkinson’s disease can be attributed to reduced dopamine levels.
The study’s intention was to determine the effects of Parkinson’s on reading. During reading, there is
a sequence of eye movements that can be quantified. An eye and head tracker system was used to
obtain the eye and head positions while reading text. Measurements of interest include the number
and duration of fixations, regressions, and saccade latencies. The effects of Parkinson’s disease on
reading have not previously been established, and preliminary data is still being gathered. Difficulty
was encountered when attempting to quantify the data because of discrepancies appearing due to
tremor of the eye and head. Fixation time and number of regressions appear to be higher for
Parkinson’s patients than for non-Parkinson’s patients. A greater number of subjects must be studied
in order to fully postulate the effects of Parkinson’s disease on reading.

NON-PARAMETRIC ANALYSIS OF THE ANKLE JOINT IN INVERSION EVERSION. S.
Russell, G. Kauffman & K. Granata, ESM Virginia Tech. Most ankle injuries occur too quickly for
reflex or higher level motor control to actively increase the stiffness of the joint by increasing muscle
activation. The passive stiffness of the ankle joint contributes significantly to stability in both static
and dynamic situations. Several subjects were asked to stand on a cradle which was perturbed via a
servo motor in the directions of inversion eversion. The ankle position and the torque applied via the
motor were collected and used in the analysis. Three cases were studied, one normal stance (zero
moment), plantarflexion moment applied, dorsiflexion moment. The analysis was designed to verify
that activation of muscles for planter/dorsiflexion increase the rotational stiffness of the ankle in the
inversion eversion directions. The increase plantarflexion and dorsiflexion resulted in a significant
increase (p<0.05) in the natural frequency. Based on this we can conclude that the inversion/eversion
stiffness of the ankle has increased with plantar/dorsiflexion moment. Results suggest plantarflexion
moments as in walking or running may help to stabilize the ankle against inversion injury.

PARAMETRIC EVALUATION OF ANKLE IN INVERSION-EVERSION, S. Russell and K.
Granata, Engineering Science and Mechanics Dept, Virginia Tech. Active joint torques are the
primary source of power and control in dynamic walking motion. However the amplitude, rate,
timing and phasic behavior of the joint torques necessary to achieve natural and stable performance
are difficult to establish. The developed control of active joint torques resulted in a smooth and
gradual application of energy to the system throughout the gait cycle. Previous models have assumed
energy input was impulsive, i.e. short bursts of energy, despite human data that illustrates power
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consumption is smooth and continuous. Results from this model suggest that most of the torque
necessary for walking is applied at the ankle joint agreeing with human data indicating push-off is a
primary energy source for walking. However, because there were neither feet nor extensible legs the
model predicted unrealistic dorsal flexion moments. To permit improved realism and pathologic
modeling future studies will expand the model to include knee and ankle joints. A simple linearized
version of the previously developed virtual slope control is developed and implemented resulting in
stable controlled gait patterns.

PROPRIOCEPTIVE AND LOWER EXTREMITY TORQUE CHANGES FOLLOWING ANKLE
SPRAIN. P.E. Pidcoe, Department of Physical Therapy, Virginia Commonwealth University,
Richmond, VA. Purpose: To evaluate weight-bearing (WB) performance following ankle sprain and
the effect of a proprioceptive taping intervention. Methods: Subject was a 27 yo male 2-days post
ankle sprain requiring no hospital treatment. Kinematic and kinetic data were collected weekly as the
subject performed balance and single leg landing tasks. Analysis: Lower extremity (LE) joint torques
during landing and sway area during balance tasks were computed. Percent changes from baseline
were evaluated. Results: Week 0 injured-ankle joint torque was diminished. By week 9, LE joint
torque on the injured side resembled the uninvolved side. Sway area increased to 160% by week 3
and then decrease progressively to 62% below baseline by week 9. Proprioceptive taping increased
injured-ankle peak torque and decreased sway area by 50%. Conclusion: The post-injury increase in
proximal joint torque during landing implies a proximal control strategy to decrease stress on the
injured joint. Balance declined prior to improvement by week 9, implying proprioceptive change is
not directly linked to landing performance change. Taping improved balance and landing
performance, suggesting increased afferent gain.

MECHANICAL ENERGY MEASURES DURING UNSTABLE PLATFORM STEP-UP
ACTIVITIES. Pidcoe, P.E., Burnet, E.N. and Carpenter, M.T., Department of Physical Therapy,
Virginia Commonwealth University, Richmond, VA. Purpose: To determine if energy expenditure
differences exist during the performance of a repetitive stepping activity under a variety of controlled
stability conditions. Methods: Thirty subjects (20-40 yo) with no history of balance problems were
instructed to perform a cyclical self-paced stepping activity onto a 6-inch high labile platform
(Reebok CORE Board) for nine 5-second trials. The trials used combinations of 3 board stiffhess
settings and 3-foot positions. Segment motion data, ground reaction force data, and LE EMG data
were digitally sampled. Analysis: Step cycles were determined via force data and segment motion
data was used to compute per-step-cycle total mechanical energy (translational kinetic + rotational
kinetic + potential). Step cycle EMG data was filtered and processed with an RMS algorithm using a
40ms time constant. Energy and EMG data were normalized by total step cycle time. Results: LE
EMG and mechanical energy requirements increased as a function of increased foot width and
decreased platform stiffness. This change was statistically significant (0.05 level) for the most
unstable platform setting and the widest foot position trials. Conclusion: Controlling these variables in
an exercise protocol may be an effective way to progress the activity and place higher demands on
postural control mechanisms. FUNDING SOURCE: Reebok, Inc. (June 2002).

TRANSVERSELY ISOTROPIC BEHAVIOR OF ARTICULAR CARTILAGE-A FINITE
ELEMENT STUDY. Michael J Araj and Jennifer S. Wayne, Orthopaedic Research Laboratory,
Departments of Biomedical Engineering and Orthopaedic Surgery, Virginia Commonwealth Univ.,
Richmond, VA 23298-0694. Articular cartilage is a resilient load bearing anisotropic tissue whose
unique structural organization and compositional makeup endow it with the ability to help lubricate
joints and distribute loads over joint surfaces. The mechanical behavior of cartilage has been modeled
with finite element (FE) analysis to give greater insight into the tissue's function. Our prior study
indicated that FE modelling of cartilage as an isotropic material (i.e. same material behavior in all
coordinate directions) did not accurately represent the organizational structure of the collagen fibrils,
thus leading to discrepancies between FE predictions and experimental results. In this study,
ABAQUS® was used to model articular cartilage as a transversely isotropic material which mimicked
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the preferred orientation of collagen fibrils in the tissue's superficial tangential zone. This model was
then subjected to an aspiration pressure, simulating the experimental configuration of a new testing
technique being developed by our laboratory. FE predictions with this new model will be more
reflective of the tissue's true mechanical behavior.

FINITE ELEMENT ANALYSIS OF BONE FIXATION CONSTRUCTS. John R. Owen', and
Jennifer S. Wayne'? 'Department of Orthopaedic Surgery, and “Department of Biomedical
Engineering, Virginia Commonwealth University, Richmond, VA 23298. Finite element analysis
(FEA) is an important analytical tool for predicting the outcome of orthopaedic procedures.
Predicting the strength of femoral allograft struts, used for bone stock augmentation, is one example
where FEA can be useful. This study models three point bending of femoral allograft struts using
SolidWorks software to build the geometric models, ABAQUS software to perform the FEA, and
comparison to experimental data for validation. Using limited physical measurements, recorded
during a previous experimental biomechanical study, geometries were approximated for five femoral
struts. A range of material properties was approximated from the literature. The strut models were
“loaded” in ABAQUS at a rate of 0.5mm/sec. Experimental specimen stiffnesses fell to the low end
of assumed material properties in the FEA. However, the models correctly predicted that the
posterior struts would be stiffer than anterior struts, and generally predicted the ranking of stiffnesses
among the experimental specimens (low to high). This study illustrates the power of FEA in
predicting trends and relative differences, even with limited geometric and material property data.

REDESIGN OF A TRACTION SYSTEM USING 3-D SOLID MODELING AND FINITE
ELEMENT ANALYSIS. S. Sell and J.S. Wayne, Dept. of Biomedical Engineering, Virginia
Commonwealth Uiversity. The McCarthy Hip Distractor, manufactured by Innomed Inc., is a hip
distraction kit often used for hip arthroscopy procedures. This kit consists of a stainless steel bed
frame, a foam padded groin stabilizer, a threaded distraction rod, and a form fitting polymer boot.
However, this design had several glaring issues that needed to be addressed, and these issues served
as the basis for this project. The frame and groin stabilizer lacked flexibility in their design and
required that the patient be positioned laterally on the operating table. In addition, the frame was
unable to provide any sort of adjustment to accommodate tall patients. The polymer boot tended to
cause a forced plantarflexion when loaded, ultimately leading to the boot slipping down the leg of the
patient and causing tissue damage. The Innomed design also lacked any sort of device for measuring
the load applied to the leg. Redesign was performed with the Solidworks 3-D modeling program and
the COSMOS FEA program. A frame was designed that allowed for use in either supine / lateral
positions and had the ability to accommodate patients of all sizes. The groin stabilizer was also
designed for use in either supine / lateral position. A boot model was designed that reduced the
forced plantarflexion. The effectiveness of the boot and frame models was verified by the FEA
results. A load measurement device (parallel spring / LVDT) was also modeled using Solidworks, in
hopes of establishing hip distraction displacement guidelines.

BONE MARROW DERIVED MESENCHYMAL STEM CELL SEEDING OF PLA SCAFFOLDS.
K. J. Shields, C. L. McDowell, and J. S. Wayne, Orthopaedic Research Laboratory Department of
Biomedical Engineering, Virginia Commonwealth University and VA Medical Center, Richmond,
VA 23298. The development of a suitable method for biologic repair and replacement of damaged
articular cartilage has been a challenging area of orthopaedic research. Through the use of appropriate
biomaterials and an adequate cell source it is possible to tissue engineer a scaffold for potential
cartilage repair. The current study takes advantage of a foaming process, which creates a porous
scaffold of polylactic acid (PLA). Pluripotent mesenchymal stem cells derived from bone marrow
were used as the cell source. Placement into a 3D scaffold and under certain culturing conditions the
stem cells differentiate into chondrocytes. SEM analysis revealed cellular adherence to the scaffold
and the morphology. Histology included both H&E and Safranin-O staining revealing cellular
proliferation and proteoglycan production, respectively. Future endeavors include
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immunohistochemical analysis to determine cellular products, implantation of the scaffolds into
cartilage defects to determine their in vivo capabilities, and mechanical testing of scaffolds through
indentation testing to determine their mechanical properties and compare to other articular cartilage
repair tissues.

DEVELOPMENT OF A NOVEL ELECTROSTATIC PROCESSING DEVICE FOR TISSUE
ENGINEERING APPLICATIONS. Eugene Boland and Gary Bowlin, Dept. of Biomed. Eng., VCU
Richmond, VA 23298. The specific aim of this project is to develop an automated electrostatic
processing apparatus that is capable of controlling the three-dimensional architecture of an
electrospun scaffold. Electrospinning is based upon the simple concept of using charge separation to
overcome surface tension. This technique is documented and can be adapted for tissue engineering
scaffold production. The next generation electrospinning apparatus to be presented (designed,
fabricated, and validated) incorporates multi-axis controls for repeatable scaffold production. Fiber
alignment and scaffold density are precisely controlled by rotating a mandrel along one axis,
translation along that same axis, and rotation around the second axis perpendicular to the electrospun
fiber stream. Through extensive laboratory analysis (mechanical testing and both optical and electron
microscopy), parameters such as fiber orientation, diameter and mechanics will be predictive from
specific polymer setups. Our laboratory has demonstrated the ability to electrospin natural and
synthetic polymers and this will be incorporated into the electrospinning apparatus to tailor scaffolds
to meet specific tissue engineering needs by creating a truly biomimicking scaffold/ extracellular
matrix.

DOES THE DIAPHRAGM MOTION FOLLOW A NORMAL DISTRIBUTION? IMPLICATION
FOR RADIATION TREATMENT PLANNING FOR LIVER AND LOWER LOBE LUNG
CANCER PATIENTS. Rohini George, Paul J. Keall, Vijay R. Kini’>, Sastry. S. Vedan?’,
Viswanathan Ramakrishnan, Virginia Commonwealth University, Richmond, VA 23298. Radiation
therapy planning involves the addition of margins to tumor volume. This margin is composed of the
set-up margin and the internal margin. Set-up error (S) is assumed to be a normal distribution while
the diaphragm motion (R), which is the internal motion for liver and lower lobe lung cancer patients,
is not a normal distribution. The rationale for this study if the following conditions are met, it is
correct to use quadrature summation: (1) R convolved with S is normal and (2) standard deviation of
total error is the quadrature sum of standard deviations of R and S. Sixty fluoroscopy datasets for five
patients acquired over five sessions were analyzed to obtain diaphragm motion. The diaphragm
motion datasets that did not initially have normal distributions were convolved with a normal signal
representing set-up error (S). We determined the standard deviation of set-up error for which
convolution of diaphragm motion and set-up error was approximately normal. For most treatment
planning purposes diaphragm motion and set-up error can be added in quadrature to obtain the margin
for the tumor volume.

WHERE FAST FOURIER TRANSFORM FAILS — A COMMON MISUSE OF FREQUENCY
ANALYSIS ON CARDIAC SIGNALS AND IMPACT ON MECHANISM OF VENTRICULAR
FIBRILLATION. Suresh E. Joel and Peng-Wie Hsia, Dept. of Biomedical Engineering, Virginia
Commonwealth University, Richmond, VA 23298-0694. Distribution of excitation frequencies
underlying ventricular fibrillation (VF) has been explored with fast Fourier transform (FFT)
technique. Specifically, “discrete” dominant frequency (DF) domains on the heart surface have been
discovered and used to support certain mechanism of fibrillation. We applied zero-padded FFT (ZP-
FFT) to improve the accuracy of DF measurements in short VF segments. It is shown that the
accuracy of DF measurement is limited using traditional FFT when the inherent frequency resolution
is inadequate. The detection error of DF measurement could be either confined by the frequency
resolution or at times greater than the resolution itself if the spectrum has multiple peaks. To highlight
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the potential impact on the validity of the proposed mechanism of fibrillation, we demonstrated that
the claimed “discrete” DF domains might no longer be valid in some cases if the ZP-FFT were
utilized to generate the high-precision (HP) DF map. However some DF domain boundaries persisted.
Our results suggest that the HPDF map analysis maybe more suitable in VF mechanism studies.

DYSARTHRIC ISOLATED SPEECH RECOGNITION-A NEURAL NETWORK APPROACH.
Prasad D Polur and Gerald E Miller, Department of Biomedical Engineering, Virginia
Commonwealth University, Richmond VA 23284-0694. This work examines application of artificial
neural networks (ANN) towards creating a small vocabulary, isolated and speaker dependent speech
recognition system, specifically related to dysarthric (cerebral palsy) speech. A small size vocabulary
spoken by three cerebral palsy subjects is chosen. The spectral features like Mel frequency cepstral
coefficients (MFCC) and energy coefficients are extracted per frame and fed as input elements to a
multiple ANN system. These networks have a feed forward architecture and use the backpropagation
with momentum algorithm (for training/adjustment of weights). The output of this network is a
category sequence, which is loaded into a pattern search function that matches the input sequence
with a set of target word patterns, in order to determine the ‘most likely’ uttered word. By embedding
singular training files in the multiple ANN system during its training cycle the performance of the
network was enhanced to > 80%. The level of variability in input dysarthric speech patterns (per
speaker) limits the vocabulary and to some extent, the reliability of the ANN, however its application
seems to hold sufficient promise, offering both efficiency and robustness.

APPLICATION OF NEURAL NETWORKS TO SPEECH RECOGNITION USING MINIMAL
PRE-PROCESSING. Grace M. Ferguson and Rosalyn S. Hobson, Dept. of Electrical Engineering,
Virginia Commonwealth Univ., Richmond VA. 23284. Pre-processing has been considered to be
integral part of speech recognition when using neural networks; however, pre-processing is time-
consuming and the computer code for pre-processing methods can be more complex than the neural
network speech recognition code. Earlier work has shown that a neural network system with minimal
pre-processing can recognize a small sample set with 100% accuracy; this research was expanded by
increasing the sample size to 10 different words. Three different neural network structures (a back-
propagation feed-forward network, a Kohonen self-organizing map, and a radial basis function
network) are trained and tested with this data set. Although both the back-propagation and radial
basis function neural networks could train with 100% accuracy, neither could recognize untrained
words with any significant level of recognition. The back-propagation neural network could
recognize untrained words with 15% accuracy, and neither the Kohonen network nor the radial basis
function network could recognize untrained words. The results do not show an adequate level of
recognition from any of the networks to state that speech recognition with minimal pre-processing is
viable.

A COUPLED MODEL FOR PREDICTING HEAT AND MASS TRANSFER FROM A HUMAN
BODY TO ITS SURROUNDINGS. Ahmed AL-Mogbel, Department of Mechanical Engineering,
College of Engineering, Old Dominion University, Norfolk, VA 23529, USA. Prediction of heat and
mass transfer from the human body requires an accurate 3-dimmensional model of the body and the
interaction between the body and its surroundings. The characterization of heat and moisture transfer
between the body and its surroundings can affect the microclimate around the body as well as the
human sensation of heat. Similarly, the microclimate surrounding the body can also significantly
affect the local heat transfer characteristics of that body. Two numerical methods were combined to
characterize the thermal environment around a human body, which considered body surface
temperature as well as heat and mass balance equations. Results were obtained for several metabolic
rates, and different vent air velocities including room temperatures that were used to map the region
of thermal comfort and discomfort.
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TIMID ABOUT POLYIMIDE? David Callahan', Jared A. Rud', Zoubeida Ounaies', Tyler St.Clair*
and Cheol Park’, 'Electroactive Materials Characterization Laboratory, School of Engineering,
Virginia Commonwealth University, *Department of Chemistry, Mary Washington College, and
*National Institute of Aerospace. Aerospace applications require high thermal, mechanical, and
chemical stability. Towards that end, polyimide polymers with carbon nanotube (CNT) inclusions
were investigated for use in aircraft and spacecraft. A nitrile pendant to the main chain of the
polyimide generates a piezoelectric behavior. Both film and fiber forms were examined. CNT-
Polyimide composite films showed superior dielectric and electrical properties as compared to the
pristine polymer. The dielectric constant and conductivity of the composites improved greatly,
reaching percolation at only 0.1wt% and 0.06wt% CNT, respectively. In addition to the increase in
the dielectric constant, the dielectric relaxation strength was enhanced, indicating an increase in the
piezoelectric behavior with CNT inclusions. Electrospun nanofibers are studied for their lightweight,
high surface to volume ratio, and flexibility. Polyimide-CNT fibers were isolated and electroded.
Conductivity and dielectric measurements are on going. Further exploration into processing and
testing of both films and fibers is continuing to explore repeatability and investigate effects of
frequency and temperature.

DETECTION AND MONITORING OF DNA HYBRIDIZATION USING QUARTZ CRYSTAL
MICROBALANCE AND IMPEDANCE-BASED TECHNIQUES, Tin Christopher Hang and
Anthony Guiseppi-Elie, In the present work, we report on the surface processes and chemistries that
are necessary to prepare electrodes as substrates for DNA hybridization. We are concerned with the
study of immobilizing 30-mer single stranded DNA (ssDNA) probes onto quartz crystal oscillators
and monitoring hybridization with the complementary target sequences for the development of a
piezoelectric DNA diagnostic sensor. Furthermore, electrochemical impedance spectroscopy (EIS) is
also used to detect and monitor changes in conductivity as a consequence of hybridization. Fourier
transform infrared spectroscopy—attenuated total reflectance (FTIR-ATR) is employed to chemically
characterize surfaces and to determine changes in surface chemistry, while atomic force microscopy
(AFM) is used to examine the topography of these surfaces. Significant changes in electrochemical
impedance and mass values were observed as a consequence of epoxy-fuctionalized surface treatment
(?m = 271 ng), immobilization of amine-terminated oligonucleotides, and DNA hybridization upon
exposure to its complement (11% increase in impedance modulus at 120 Hz).

ANALYSIS OF HEART RATE VARIABILITY AND OXYGEN CONCENTRATION LEVEL
DURING PRETERM INFANT FEEDING, N. A. Fahmy', P.A. Wetzel' and R. H. Pickler’, 'Dept of
Biomedical Engineering and *School of Nursing, VCU. To minimize potential adverse reaction to
care-giving activities, bottle-feeding should be provided when the pre-term infant indicates readiness
to receive care. Therefore, the primary purpose of this PRO Study is to test a predictive model of
bottle-feeding readiness and bottle-feeding outcomes. There are many aspects in bottle-feeding
readiness including: the infant’s neurological maturation, the severity of illness, and pre-feeding
autonomic, motor, and behavioral state organization. On the other hand, bottle-feeding outcomes
include:  suck-swallow-breathe coordination, feeding performance during and post-feeding
autonomic, motor, and behavioral state organization. The secondary purpose of the PRO Study is to
examine how bottle-feeding readiness and outcomes are influenced by bottle-feeding experience in an
infant. Being able to identify any relationship between suck, swallow, and breathe activities will help
in potentially preventing any further delays in the infant’s neurological development.

SOUND PRESSURE LEVEL GENERATION AND LIQUID ATOMIZATION IN CONSTANT
AND VARIABLE CROSS SECTIONAL RESONATORS. Thaer M. Almasri, and Bart Lipkens,
Dept. of Mechanical Engineering, VCU. The main objectives of this work are to investigate the
generation of large sound pressure levels (SPL) in standing wave fields in closed cavities (resonators)
and the effects of cavity shaping on the SPL and to examine the ability to generate small droplets
acoustically (acoustic atomization) in two resonators, one with constant cross sectional area (CCSA)
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and one with variable cross sectional area (VCSA). The SPL is measured at the rigid end of the
resonators. A SPL of 170 dB is obtained in the CCSA resonator while the VCSA resonator produced
a SPL of 175 dB. Liquid atomization is obtained for the same resonators. The results indicate that
SPLs exceeding 170 dB are created experimentally in both resonators. SPLs of 159 dB or higher are
required for the liquid atomization to start when low viscosity fluid is used. SPLs of 161.8 dB or
higher are needed to atomize large viscous fluid.

Botany

THE FLORA OF VIRGINIA PROJECT: A 2002-2003 UPDATE. Marion B. Lobstein, Dept. of
Biology, Northern Virginia C.C., Manassas, VA 22205. Virginia, for its landmass, has the most
diversity of species of vascular plant of any state in the United States. It had the first flora, the Flora
Virginica in 1739 yet does not have a modern flora. The Virginia Academy of Science for over fifty
years has supported efforts to produce a modern Flora of Virginia. In 2001 the Foundation of the
Flora of Virginia, Inc, was formed in 2001 and in May 2002 received 501(c) 3 status. Additional
members of FFVP Board of Directors have been added to broaden the base of support for this Project.
Progress continues to be made on the efforts to develop a Flora of Virginia including fund-raising and
public outreach efforts. At the 2002 VAS Annual Meeting a Symposium on the Flora of Virginia was
well attended and a similar symposium cosponsored the Foundation of the State Arboretum was held
in April 2003 and was a successful fund-raising and public outreach effort. A copy of a 1762 edition
of the Flora V