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D/fJ2-9 THE RAPID PROTOTYPE ARRAY FOR THE ONE
17:00 HECTARE TELESCOPE

D. R. DeBoer*

School of Electrical and Computer Engineering
Georgia Institute of Technology, Atlanta, GA
J. W. Dreher

SETTI Institute, Mountain View, CA

W. J. Welch

Radioc Astronomy Lab

University of California

Berkeley, CA

A seven element array composed of 3.6-m dishes in a hexagonal arrange-
ment with baselines approximately 6.4-m long is currently under development
as an instrument to research aspects of the upcoming One Hectare Telescope
(1hT). This array, dubbed the Rapid Prototype Array (RPA), will serve as
a test-bed primarily for the back-end and data processing (e.g. high-speed
data management, beam forming, RFI excision, GPS calibration}, as well as a
learning tool and fixture to investigate the overall 1hT architecture (including
embedded controllers, communication protocols, fiber links and software ar-
chitecture). Development of this test array involves personnel from the SETI
Institute, UC Berkeley, Sun Microsystems, and the Georgia Institute of Tech-
nology, and has served as an effective springboard for discussions and progress
on the 1hT, which is a formal collaboration between the SETT Institute and
the UC Berkeley Radio Astronomy Laboratory (RAL). The array will most
likely be sited at a Sun Microsystems facility in Palo Alto, CA, and will largely
be completed in early 2000.

The antennas are standard 3.6-m Orbitron TVRO mesh antennas (f/D
0.36) with dual linear actuators that will be supported in a freestanding mod-
ular structure on a rooftop, making this array reasonably transportable. Con-
trol will be achieved utilizing a low-cost Peripheral Interface Controller (PIC)
embedded RISC controller at each antenna which will drive both actuators,
monitor positional feedback and communicate with the control computer via
fiber. Control and communications are being designed in collaboration with
Sun Microsystems for seamless connectivity via the internet.

In order to utilize GPS for calibration and Iridium for RFI studies, as
well as observe in the protected (sic) band at 1420 MHz, the operational fre-
quency band will be 1400-1630 MHz and is set by an RF band-pass filter.
The dual linear polarization feeds have better than 40 dB cross-polarization
isolation and 15-20 dB return loss. An Ortel L-band fiber-optic analog link
will transport the RF bandwidth to a central location for real-time processing.
The desired instantaneous processing bandwidth is 10 MHz, requiring approx-
imately 1 Gbit/second/channel of data handling for 14 channels, with 12 bit
complex samples and 2x oversampling.
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D/]Z-IO THE ALMA CORRELATOR 4 GHz BANDWIDTH FIR DIGITAL
17:20 FILTER
R. P. Escoffier, J. C. Webber, L. R. D'Addario,
and C. M. Broadwell
National Radio Astronocmy Observatory®
2015 Ivy Road, Ste. 219
Charlottesville, VA 22903

The FIR digital filter being developed by the National
Radio Astronomy Observatory (NRAO) for the Atacama Large
Millimeter Array (ALMA} radio astronomy array correlator is
presented here. This filter, designed with FPGA ICs, is
designed to have an equivalent clock rate of 4 GHz and can do
low pass, high pass, or bandpass filter operations.

The NRAO, in cooperation with several Eurcopean scientific
agencies, 1is presently developing the ALMA radio astronomy
array. This array consists of up to 64 twelve-meter diameter
antennas to be used for observing astronomical sources at
millimeter and submillimeter wavelengths. BEach antenna is to
have an aggregate bandwidth of 16 GHz (typically 8 GHz per
polarization), organized as 8 channels of 2 GHz each.

Bach ALMA correlator filter card must take the output of

a single 4-Gsamp/s digitizer and perform full band, 1/2 band,

., through 1/32 band filtering. The input to the filter card

is in the form of 32 parallel 4-bit samples at the correlator

system clock rate of 125 MHz. The filter output is in the form

of 32, 16, 8, ..., or 1 two-bit, four-level samples depending
on the filter configuration.

When configured as a 1/2 band filter, the filter operates
with 128 taps. With each factor of two reduction in bandwidth,
the number of taps available goes up by a factor of 2 to the
limit of the 1/32 band filter (62.5 MHz bandwidth}, in which
case the card operates with 2048 taps. Even narrower
bandpasses are possible, but the number of taps cannot increase
past 2048.

Multiplication of sample values by tap weights is
accomplished with 4-bit address look-up tables implemented in
RAM, and tap weight summation is done with 10-bit precision.
Conversion of the final card output to the 2-bit digitization
level required by the correlator is done with RAM look-up
tables. The filter configuration is changed by locading new tap
weight values into the RAM look-up tables and reprogramming the
adder tree.

We present here some design details, simulation results,
and prototype test results.

“The National Radio Astronomy Observatory is a facility of the
National Science Foundation operated under cooperative
agreement by Associated Universities, Inc.
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D/j2-11 THE ALMA CORRELATOR
17:40 R. P. Escoffier, C. M. Broadwell, J. Greenberg,
and J. C. Webber
National Radio Astronomy Observatory”*
2015 Ivy Road, Ste. 219
Charlottesville, VA 22903

The correlator being designed by the National Radio
Astronomy Observatory (NRAO) for the Atacama Large Millimeter
Array (ALMA) radio astronomy array is presented here. This
correlator will process the output of the planned 64 antennas
of the ALMA array with a bandwidth of 16 GHz per antenna. When
built, the ALMA correlator will dwarf in size all other
correlators presently being used in radio astronomy, performing
5 x 10'® operations per second.

The NRAO, in cooperation with several European scientific
agencies, 1is presently developing the ALMA radio astronomy
array. This array consists of up to 64 twelve-meter diameter
antennas to be used for observing astronomical sources at
millimeter and submillimeter wavelengths.

A lag (XF) architecture has been selected for the ALMA
correlator, working at a system clock rate of 125 MHz.
Antenna-based electronics in the correlator include 4-Gsamp/s
digitizers, digital FIR filters for bandwidth selection working
at an equivalent 4 GHz clock rate, delay lines, and signal
conditioning logic to packetize the output of the high-speed
digitizers in order to drive lower speed correlator circuits.

Cross- and auto-correlation will be performed in custom
ASICs with 4096 lags per IC including 16-bit integration and
secondary storage registers. Increasing the integration level
of the ALMA correlator chip to provide 8192 lag circuits is
being considered. The system will include circuitry to provide
a wideband digital or analog-phased array output,

At present, the design and prototyping of all station-
based logic cards (with the exception of the digitizer) have

been completed and prototype testing has begun. Detailed
design of the correlator chip, the correlator card, and the
long-term accumulator is in progress. We present here some

design details and test results.

*The National Radio Astronomy Observatory is a facility of the
National Science Foundation operated under cooperative
agreement by Associated Universities, Inc. .
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Session E4, 13:35 PM-Fri., Room155
HIGH POWER ELECTROMAGNETICS

Chairperson: J.M. Lehr, AFRL (jlehr@plk.af.mil)

E4-1 DOUBLE-RIDGE TEM ANTENNA DESIGN FOR A
13:40 HIGH-POWER GPR SYSTEM

John F. Aurand
ITT Industries, Systems Division
6400 Uptown Blvd. NE, Suite 300E

Albuquerque, NM 87110
(Work Performed at the University of New Mexico, EECE Dept.)

As part of a high-power VHF/UHF ground-penetrating radar project at
Sandia National Laboratories, we recently developed a new transverse
electromagnetic (TEM) antenna for use in a bistatic configuration. This
presentation describes the design of the scale-model double-ridge TEM
antenna developed during this work, along with experimental data.

The double-ridge TEM antenna was designed to satisfy several criteria:

1) clean time-domain radiation performance for use in a wideband
time-domain radar system; 2) minimum physical size with acceptable gain
at VHF/UHF frequencies; 3) input matching to a high-voltage transient
pulser with parallel-plate transmission-line geometry; 4) sufficiently
minimized antenna ringdown; and 5) well-behaved main-beam
characteristics (comparable E-plane and H-plane beamwidths).

The resulting endfire TEM antenna configuration consists of a pair of
flared ridge conductors which have a quarter-section elliptical profile,
lossy-foam aperture loading, and an input transition to either parallel-plate
line (for the transmit antenna) or to transverse-fed coaxial line (for the
receive antenna). The ridge conductor geometry is specifically designed to
impart the beneficial main-beam pattern characteristics of tapered slot
antennas (also called coplanar finline, exponentially-tapered slot, or
Vivaldi) to a TEM antenna which mates in a straightforward manner to the
typical parallel-plate line geometry of high-power pulsers. An elliptical
curve was chosen for the longitudinal profile of each ridge to provide the
most compact structure with efficient radiation over moderate bandwidth
(several octaves). And aperture loading is employed to attenuate the
ringing antenna currents, as well as to improve the input match at very low
frequencies.

A pair of scale-model antennas were built, with 1-4 GHz primary band
operation, and extensive measurements were made of input match, bistatic
transmit/receive performance, and bistatic isolation optimization. By
physical scaling, a comparable antenna set was designed for high-power
use in the VHF/UHF band.
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E4-2 COLLAPSIBLE IMPULSE RADIATING ANTENNAS
14:00

Leland H. Bowen, Everett G. Farr

Farr Research Inc.

614 Paseo Del Mar NE

Albuquerque, NM, 87123

A reflector Impulse Radiating Antenna (IRA) consists of a parabolic
reflector with a TEM feed. This antenna has a beamwidth which is too
narrow for some applications. To broaden the beam, the Multifunction IRA,
or MIRA was introduced in (E. G. Farr, C. E. Baum, and W. D. Prather,
Multifunction Impulse Radiating Antennas: Theory and Experiment, Sensor
and Simulation Note 413, 1997). The current paper describes the
development of a man portable MIRA. The approach selected by Farr
Research utilizes an umbrella like design, with a reflector sewn from
conductive fabric. Two versions of the antenna were constructed. The first
antenna did not have multifunction capability and, therefore, was described
as a Collapsible IRA, or CIRA. The second had expansion seams in the
reflector to allow the surface curvature to be adjustable. This antenna was
described as a Collapsible MIRA, or CMIRA. Both antennas had parabolic
reflectors and feed arms constructed from conductive rip-stop nylon. The

reflectors were 1.22 m (48 in) in diameter with a focal length of 0.488 m

(F/D = 0.4). The multifunction capability of the CMIRA was achieved by
flattening the dish somewhat by opening 4 seams in the reflector surface.
For the focused case, these seams are held closed by conductive Velcro.

The characteristics of the antennas were measured using time
domain techniques to obtain the normalized impulse response as described
in (E. G. Farr and C. E. Baum, Time Domain Characterization of Antennas
with TEM Feeds, Sensor and Simulation Note 426, 1998). The data
processing includes conversion to IEEE standard gain in the frequency
domain.

This class of antenna is compact, lightweight and man-portable and
provides very good RF characteristics. For the CIRA, the FWHM of the
normalized impulse response is 100 ps. This antenna is usable from below
50 MHz to above 8 GHz based on the IEEE standard gain on boresight.
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E4.3 SELECTION OF ANGLES BETWEEN PLANES OF TEM
14:20 FEED ARMS OF AN IRA
Carl E. Baum

Air Force Research Laboratory DEHP
3550 Aberdeen Ave. SE
Kirtland AFB, NM 87117-5776

In [C.E. Baum, Sensor and Simulation Note 327, 1991] various
choices of feed-arm configurations for an impulse-radiating antenna (IRA)
were discussed. Among these was a set of two arms of nominally 400Q.
There was also a set of four arms with one pair rotated by 90° with respect
to the other so as not to interact significantly with the other pair (by
symmetry) giving a 200Q feed when appropriate arms are connected
together. The arms can be circular cones or flat-plate cones, although the
latter have the advantage that they can be oriented to minimize the aperture
blockage in the case of a reflector IRA. Such feed structures have
accurately calculable characteristic impedances, accomplished by a
combination of stereographic and conformal transformation [E.G. Farr and
C.E. Baum, Sensor and Simulation Note 337, 1992]. There it is also shown
that, when appropriately used with a paraboloidal reflector, the spherical
TEM wave on the feed exactly transforms to a planar TEM wave (before
other scattering can reach the observer) according to the above
stereographic transformation.  This allows us to consider the two-
dimensional form of the transmission-line feed in the calculations.

Symmetry considerations have led to feed-arm structures for an
impulse-radiating antenna lying on perpendicular planes (also perpendicular
to the aperture plane). This paper extends these considerations to other
constant-¢ planes for the feed arms. Based on an approximation of thin
conductors of circular cross section, analytic formulae are obtained.
Retaining horizontal and vertical symmetry planes, the position of the first
feed-arm plane can be increased from a ¢o of 45° (previous, noninteracting
case) to somewhat larger values with some potential improvement in
performance, depending on various factors. An interesting case has a ¢¢ of
60° leading to a symmetrical 6-arm case with appropriate combinations of
four arms giving various polarizations.
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E4-4 GENERALIZED E AND H MODES IN DIFFERENTIAL-
1440 GEOMETRIC LENS DESIGN

Carl E. Baum

Air Force Research Laboratory
Directed Energy Directorate
3550 Aberdeen Ave SE
Kirtland AFB, NM 87117-5776

Alexander P. Stone
Department of Mathematics
University of New Mexico
Albuquerque, NM 87131-1141

Recent results concerning generalized inhomogeneous TEM plane
waves were specialized to the case of unipolarized waves in formal
coordinates (u;, us, uz). The formal fields are functions of u; and u,; and
propagation is in the usz direction. This assumption resulted in an
additional degree of freedom in specifying acceptable coordinate systems
which then imply lens designs. Several examples were found in the case
of purely dielectric lenses (permittivity dependent on position and constant
permeability).

In this paper we consider the case of TE (or TM) waves
propagating in the uj direction in a generalized orthogonal curvilinear
coordinate system (u;, Uy, us) for comparison to the TEM case. Such
waves might also propagate in our transient (TEM, dispersionless) lenses,
depending on excitation at appropriate boundaries. We seek conditions on
the media parameters which, in the formal parameters in general (uj, uy,
u3) orthogonal curvilinear coordinates, allow such modes to exist.

This is a first step toward finding what orthogonal curvilinear
coordinates are possible by the method of differential geometric scaling.
The basic idea in the scaling method in the creation of a class of
electromagnetic problems, each having a complicated geometry and
medium, which are equivalent under the scaling to an electromagnetic
problem with a simple geometry and medium. Solutions to Maxwell’s
equations can then be used in specifying various types of EM lenses. This
case, for the TE or TM modes, can then be compared to those appropriate
for TEM modes.
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E4-5 DETERMINATION OF COMPLEX PERMITTIVITY
15:00 BY IMPULSE PROPAGATION MEASUREMENTS

W. Scott Bigelow* Everett G. Farr
Farr Research, Inc.

614 Paseo Del Mar, NE
Albuquerque, NM 87123

We describe here a TEM transmission line method for determination of
the complex permittivity of dielectric materials over a wide frequency range
using impulse propagation measurements. The procedure is based on com-
parison of the propagation of fast impulses through short and long samples
of material embedded in a coaxial test fixture. Signal processing to extract
the permittivity involves calculation of the frequency domain ratio of time
domain short and long sample measurements. This approach eliminates any
need to account explicitly for the Fresnel losses that arise from the impedance
discontinuities at entrance and exit planes of the dielectric samples. Multiple
reflections are time-gated out of the measurements. The propagation delay
through the dielectric is related to the real part of the permittivity; the al-
teration in shape of the transmitted impulse is related to the imaginary part.
Use of a fast impulse leads to a response bandwidth of approximately 20 GHz.

This procedure was originally established and used for measurements of
annular samples of water, sand, and concrete in a coaxial test fixture with
axially symmetric cross section (E. G. Farr and C. A. Frost, Measurement
Notes, 49, 1996, and 52, 1997). Here we measure and report the complex
permittivity of several polymeric resins, employing a new test fixture, having
rectangular outer conductor cross section and center conductor strip with fully
rounded edges. The fixture permits two dielectric sample halves, molded or
machined externally, to be inserted from opposite sides and compressed against
the center conductor by a pair of cover plates. This design approach helps to
exclude air from around the center conductor, an important consideration,
since the electric field there is high.

We measured polyethylene, polystyrene loaded with titanium dioxide,
and several polyurethane formulations, some with varying degrees of titanium
dioxide loading. We were successful in measuring the complex permittivity
of the polyurethanes with a bandwidth extending from below 1 GHz to more
than 10 GHz. Although we were able to measure the real part of the permit-
tivity of the polyethylene and polystyrene, their loss factors were below the
sensitivity of our measurements. Longer sample propagation lengths would
improve measurement sensitivity.
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E4-6 GEOMETRIC CONSIDERATIONS FOR ULTRAFAST HIGH
15:40 POWER SPARK GAP SWITCHING

Jane M. Lehr and Carl E. Baum
Air Force Research Laboratory
Directed Energy Directorate
3550 Aberdeen Ave SE
Kirtland AFB, NM 87117-5776

Juan M. Elizondo
Allied Signal, FM & T/NM
Kirtland AFB, NM 87196

In general, spark-gap design is dominated by features that enhance
the switch initiation mechanism and affect performance, such as over-
voltages, gap inductance, delay time and switch jitter. As achievable
risetimes approach the picosecond timescale, the geometry of the spark gap
itself influences its performance.

For timescales exceeding sub-microsecond duration, many of the
geometry dependent parameters, such as capacitance, can be ignored. In
particular, as the risetime of the charging waveform decreases, the
capacitance of the spark gap may determine the effective switching time,
thus affecting switch performance. Moreover, in the post-breakdown

switch, the capacitance of the spark gap combines with the inductance of .

the spark channel to determine the transmitted wave. A circuit model of the
spark gap is introduced for an analytical solution, and bounds are placed on
the circuit parameters that reflect the physical geometry of the spark gaps. A
full circuit synthesis has been performed on a spark gap that is both fed and
terminated in a transmission line. The transmitted waveforms are calculated
from the model, and related back to the physical geometry of the system.
The critical damping condition resolves to a simple function of the
equivalent circuit model components. Moreover, the treatment allows an
estimation of time regime in which an equivalent circuit may be used to
model the high power switch behavior. Thus, the timescale for which a full
electromagnetic treatment is required has also been determined. The simple
circuit model of the high-power spark gap is validated by correlating its
spectrum with the measured waveform of the radiated power.
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E4-7 HIGH CURRENT CATHODES WITH CONTROLLED A-K
16:00  GAP CLOSURE

Juan M. Elizondo
Allied Signal, FM & T/NM
Kirtland AFB, NM 87196

Jane M. Lehr

Air Force Research Laboratory
Directed Energy Directorate
3550 Aberdeen Ave SE
Kirtland AFB, NM 8717-5776

Materials presently used for high current, electron beam diodes are
typically carbon felt and velvet cloth for single pulse operation. These
materials have a relatively long life and low degradation. When used in
repetitive mode, heating and explosive vaporization of the fibers yield an
excess molecular density that effectively increases the pressure in the gap.
The limiting factor for high current electron beam sources has been the
space charge, and for long conduction times, gap closure. Space charge is
a fundamental limitation that may not be overcome unless electron-
positron sources are developed. The gap closure is a limitation associated
with the emission of ionic species from the electrode surfaces forming an
expanding plasma that eventually fills the gap. The gap closure
phenomenon has been investigated from the point of view of long pulses
and high perveance emission. A key feature for using ferroelectric
materials as electron emitters is that surface charge deposited on the
electrode surface of ferroelectric materials can be released by flipping the
polarization of the applied field and the switching fields are low enough
that ionic species are not extracted from the cathode surface.

Electron emission is achieved applying a high voltage pulse to the
ferroelectric material. The fast change in the polarizaton vector within the
material results in a transition that liberates the polarization surface
charge, resulting in a current pulse limited only by the transition time.
Charge transfer in excess of 100 pC have been demonstrated. This
translates into a current density in excess of 100 A/cm? for surfaces of 10
cm? and of 1 kA/cm?2 for a 1 cm? surface. In general the results far
exceeded expectations. Charge densities of 20 puC/ cm® correspond to
current densities well in excess of 200 A/cm2. For the sample size tested.
A second unexpected result is that there is control of the pulse length, with
high current amplitudes corresponding to short pulses, 50-100 ns, and low
amplitude corresponding to long pulse at 100-500 ns.
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E4-8 MODELING AND EXPERIMENTAL INVESTIGATIONS OF HIGH SPEED
16:20  GAS DISCHARGE SWITCHING FOR WIDEBAND AND ULTRA-
WIDEBAND APPLICATIONS

Ron Pate, Doug Riley, Larry Rinehart, and Paull Patterson
Sandia National Laboratories
Albuquerque, NM

Erich Kunhardt
Stevens Institute of Technology
Hoboken, NJ

Tom Hussey
Air Force Research Laboratory
Kirtland AFB, NM

Scott MacGregor and Andrew Dick
University of Strathclyde
Glasgow, Scotland, UK

High-voltage gas discharge switching has performed successfully over the years
as a key component in many high power electromagnetic pulse generator systems.
Recently there has been increasing interest in improving the performance and expanding
the applications of pulsed high power microwave (HPM), wideband (WB), and ultra-
wideband (UWB) source technologies. Despite gas switch limitations and the great
advances being made in solid-state and other competing switch technologies, high-
voltage gas discharge switching often remains the best option for various high-power
pulsed electromagnetic applications.

High-power WB and UWB applications, in particular, require switching
relatively low-energy (tens of Joules or less), short duration (on the order of nanoseconds
or less) pulses with sub-nanosecond rise-times within relatively low-impedance circuits
(on the order of ten ohms or less) operating at high voltages (tens to hundreds of
kilovolts). Switch turn-on speed and energy loss behavior become critical system design
and performance issues within this demanding hard-discharge regime of operation.
Currently, gas discharge switch modeling and performance prediction as a function of
detailed switch configuration, gas type, gas pressure, and drive circuit parameters is not
well developed for this operating regime.

The authors are currently engaged in a coordinated analytical, experimental, and
computer modeling investigation involving the integration of powerful time-domain
circuit and electromagnetic modeling & simulation tools with improved codes for treating
the physics of the gas discharge streamer formation, channel heating, and rapid channel
expansion phases that characterize the switch turn-on and associated early-time energy
loss behavior within the discharge circuit. Experimental results provide data for
comparison and feedback to the modeling and analysis. The effort is directed toward the
development of improved design and engineering modeling capabilities for simulating
and predicting the functional performance of gas switching, as a function of switch
parameters, operating within high-power, low-impedance circuit configurations (i.e., the
hard-discharge regime). This presentation will describe the work accomplished, the
results obtained, and future directions.
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E4-9 MODELING OF THE PROPAGATION OF LIGHTNING CUR-
16:40 RENTS BELOW 400 M
R. L. Gardner

Spectral Synthesis Lab
6152 Manchester Park Cir.
Alexandria, VA 22310

A lightning channel begins when leaders join, often near the ground, and
the return stroke currents start to flow. As currents flow through the channels
the air is heated so that the air glows and expands. The hot air acts as a
resistor for additional current flow. While the current and brightness are not
linear, they are monotonic so that regions of high brightness indicate regions
of large current. Further, the resistance of the channel is dependent on the
current that has flowed through it. That resistance then governs the current
flowing through the channel and the whole process in nonlinear. Gardner de-
scribed such a system using a nonlinear, nonuniform transmission line model v
(R. L. Gardner, A Model of the Lightning Return Stroke, Thesis, University
of Colorado, 1980). That model used assumed inductance and capacitance
to provide initial velocities similar to observed values and calculated the re-
sistance of the channel from the plasma parameters. We expect the current
waveform of such a model to show a softening as the waveform propagates
along the resistive channel.

The velocity of a current waveform traveling along the channel must
be defined with care since the waveform itself is changing with propagation
along the channel. If we pick a particular value of the waveform (as would be
required for a given signal to noise) then the velocity will appear to decrease
with propagation distance. The leading edge of the current waveform (the high
frequency limit), however, will continue on a transmission line at the velocity
governed by the inductance and capacitance.

Wang, Takagi and Watanabe (J. Geophys. Res., 104, No. D12, 14,369~
14,376, June 27,1999) have recently published optical data on the behavior
of the first 400 m of a lightning channel. The observed waveforms show,
qualitatively, the described behavior. In this paper, we will compare and
contrast the model and the published observations.
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E4-10 GENERATION OF RF RADIATION BY ABSORPTION OF
17:00 MODULATED LASER LIGHT IN SEMICONDUCTORS

William Page

Air Force Research Laboratory DEHP
3550 Aberdeen Ave. SE

Kirtland AFB, New Mexico 87117-5776

Laser light absorbed in semiconductors can produce or effect charge distributed in
the medium. If the light intensity is modulated, and it is absorbed by non linear processes,
mixing will allow the generation of RF energy. The volume dipole moment in the
medium will include both the induced (non linear part) as well as that due to polarization
of the medium. The resulting fields can be calculated from the total dipole moment
density P. The far field is given by

E.(R,t)=(1/47e,) f (L/*NB@E—F1){(FZ)F —z)dV

, and the near and intermediate fields by corresponding equations in P/r> and P’4% The
polarization and geometrical factors involved in determining the total fields for typical
laboratory measurements can be complicated. The non linear part of the dipole moment
produced by various processes may be estimated to gauge their effectiveness in
producing RF fields.

Three mechanisms will be discussed to illustrate these phenomena in a
semiconductor such as silicon or germanium. (1) The surface volume of a typical
semiconductor has an intrinsic charge layer due to incomplete crystal bonding at the
surface interface. The value of this intrinsic surface field is about % of the band gap of
the semiconductor. The absorption of laser light in the material can create free charges
which will move to relax this field. The temporal behavior will depend on the rate of
charge generation and motion on the modulation of the incident laser beam. (2) The light
absorbed can produce charge carrier pairs (electrons and holes) in the bulk of the
semiconductor material. The electrons and holes will tend to diffuse to a state of space
charge neutrality and will have typically different diffusion constants or drift velocities.
An electric field will be produced, associated with the charge density gradient. This
process, known as the Dember effect, can be modulated at RF frequencies. (3) Non linear
process at high laser intensities often involve the Pondermotive force acting on charges
existing or generated in the material. This force acting on free or bound charges in the
material pushes the charge to regions of lower field energy density. The general analysis
of this effect in real materials becomes very complex. In simple cases however (i.e. plane
waves and free charge carriers) the basic mechanism can be understood in terms of
average values resulting from the application of the Lorenz forces to the individual
charge carriers.

The three types of phenomena outlined above will be discussed in terms of pulsed
laser light absorbed in silicon or germanjum. Some estimates of the RF production will
be given showing that, though energy conversion efficiencies are typically small, they
may be sources of noise or signal in some cases.
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E4-11 PERFORMANCE MEASURES OF INFORMATION SYSTEMS IN
17:20 THE PRESENCE OF RF AND HPM INTERFERENCE
LKohlberg

Kohlberg Associates, Inc.
P.O. Box 23077
Alexandria, VA 22304

Modern information systems are characterized as complex computer and
telecommunication networks. The information path structure combined with the interior
environmental electromagnetic field produced by RF and/or HPM interference determines
in many cases the information errors in the systems. Implementation of Electromagnetic
Compatibility (EMC) techniques can often reduce the information errors by lowering the
levels of the unwanted interior environmental electromagnetic field. Application of these
methods may, however, be costly. This paper describes a method for minimizing the
hardening cost by coupling the minimization algorithm to constraints provided by
performance measures appropriate to RF and HPM interference. It is assumed that the
information system is characterized by M control functions. Each control function is
associated with an input/output pair of nodes. Information will flow between these pairs
through a network containing numerous common intermediate nodes and relays. That is to
say there is redundancy in part of the network. The required performance level of each pair
is defined by a specific allowable character error rate, CER, appropriate to the function.

The performance of the entire information system is evaluated in terms of a set of
functions: ¥, (x,) = probability the CER transmitted between the £ ™ pair is less than

or equal to x at f seconds after the onset of the interference. We shown that F o (%,1)is of

the form
Fﬂ(x,t):ZG[(x9t)+2Gm(x’t)Gﬂ(x’t)+"'zzz (1)

The G’s are functions of the nodal response to the unwanted field; and the x’s are
functions of the character error rates produced at each node through which information

passes in support of the ™ control function. The sums are over all the paths connecting

the U *® pair. The system performance measure is established by requiring that the
following inequality is satisfied for each U :

F,(x,t)2 H,, = specified probability (a number) foreach f: 4 =12,..M .

We show that the minimum cost to harden the system is the sum 2 C,(x;) subject to the
i

M constraints. C;(;) is the cost that is required to harden the i"™ node so that the CER

passing through it is less than or equal to x;. Theoretical details and examples are given.
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E4-12 ELECTRICAL DESIGN PARAMETERS OF
17:40  ALL-DIELECTRIC-SELF SUPPORTING FIBER OPTIC
CABLES ON HIGH VOLTAGE TRANSMISSION LINES

M.W. Tuominen
U.S. Department of Energy
Bonneville Power Administration
Portland, OR 97208

R.G. Olsen
School of EECS
Washington State University
Pullman, WA 99164-2752

All-dielectric self-supporting (ADSS) optical fiber cable located on high
voltage transmission line structures is exposed to electric fields of
sufficient strength to cause corona, microsparking and dry band arcing (G.
Carleton et. al., Power Engineering Journal, 9, 7-14, 1995) Recent studies
of corona and microsparking indicate that these can be controlled with
electric field grading devices (G.G. Karady et. al., JEEE T and D.Conf.,
2,734-738, 1999). Dry band arcing occurs when contamination on the
cable becomes wet and hence conducting. As a result, substantial currents
are induced on the cable. When the cable dries, small dry areas called dry
bands occur which have much higher resistance than the rest of the cable.
Arcing across these bands has caused a number of ADSS cables to fail.
To study dry band arcing, a model for induced voltages and currents on
ADSS cable near high voltage transmission lines is needed. A new
lumped circuit model to do this has been developed and shown to be
equivalent to a recent model based on reciprocity theory (R.G. Olsen IEEE
Trans. on EMC, 41, 180-192,1999). The new model allows for the study
of differential sag between transmission line conductors and ADSS cables
and for non-uniform contamination levels along the ADSS cable. Studies
using the model show that contamination levels, tower attachment points
relative ADSS and conductor sag and electrical phasing of the
transmission line conductors are important parameters and must be
considered in calculations for determining the possibility of dry band arcs
which could lead to cable damage. One interesting result is that
conditions have been found for which phase matching can occur and
substantially increase the induced currents and possibility of cable failure.
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F4-1 SHORT BASELINE KA-BAND DIVERSITY MEASUREMNTS IN FLORIDA
13:40 :

Henry Helmken

Florida Atlantic University

777 W. Glades Road

Boca Raton, Florida, 33431

J. Duval and R. Henning

University of South Florida

Tampa Florida

The Advanced Communication Technology satellite (ACTS) Ka-band propagation
measurements program has entered its sixth year of data collection. The high occurrence
of deep fades has underlined the necessity of developing fade mitigation techniques
suitable for tropical areas. Even though ACTS is now in inclined orbit, the basic
propagation data measurements have been extended to include some site diversity
measurements. Florida, because of its sub-tropical summer climate is very suitable to test
the effectiveness of spatial site diversity in order to improve system performance. Earlier
diversity work at long baseline separations (30 km) was performed with the COMSTAR
satellite in the Tampa area. This current work seeks to extend these measurements to very
short baselines (< 5 km) which may be more attractive to commercial implementation.

A second transportable terminal, similar to the ACTS propagation terminal has been in
operation for over one year. This terminal collects data at only one frequency, namely
20.185 GHz. A second ACTS terminal, modified for inclined orbit operation, has been
obtained from NASA and has been collecting spatial diversity data since July 24. It is
currently at 1.2 km baseline separation and plans are to move it to a second location with a
baseline separation of 5 km. Preliminary data suggest that up to 5 dB improvement at the
0.1% exceedence level can be obtained at these short base lines. At the conference, the
analysis techniques and results obtained at the two baseline separations at 20 GHz and 27
GHz will be presented and compared to the 6 years of ACTS data.
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F42 AN OVERVIEW OF PROPAGATION MEASURMENT
1400 DATA NEAR 30 GHz FOR LMDS

Peter Papazian

National Telecommunications Information Administration
Institute For Telecommunication Sciences

Boulder, Colorado

papazian @its.bldrdoc.gov

High frequency wireless data transmission systems are being deployed in the
United States and Canada as well as in overseas markets where reliable fiber and
wire line communication links are unavailable. The initial market strategy is to
first target point to point business markets where fiber is unavailable or too
expensive. A secondary but ultimate objective is to deploy systems in a point to
multi-point broadcast mode where the mass consumer and residential market can
be tapped. Critical propagation issues are signal attenuation by rain, vegetation and
buildings, signal depolarization, multipath, and cell to cell interference in the
broadcasting mode. Published radio propagation data at these frequencies is very
limited. This paper summarizes the results of propagation measurements made at
ITS which address these issues. Rain measurements made in 16 US cities illustrate
the geographic variability of attenuation due to rain. A set of suburban
measurements made in Boulder, CO summarizes path loss and multipath using a
130 ft high transmitter. Vegetation loss measurements made in orchards, catalog
signal attenuation due to trees of different species with and without leaves. A point
to multi-point broadcast experiment in suburban neighborhoods in California and
Colorado answers question concerning area coverage, multipath and signal
depolarization. A long term measurement made through vegetation in Boulder, CO
quantifies seasonal signal variability and provides data on signal variability due to
wind. These efforts are quantified and compared at either 28.8 or 30 GHz. Area
coverage results for San Jose CA using 40 ft and §0 ft transmitters are compared.
Here the area coverage probability is plotted versus basic transmission loss for a
99% grade of service. The computational methods used to generate these graphs
will be discussed. Scatter plots of attenuation versus distance and signal
depolarization also from San Jose are presented. Attenuation due to a deciduous
tree with and without leaves are given for orchards in Texas and Washington State.
The seasonal variability due to leaves versus no leaves is measured in Colorado.
The variability of a signal propagating through vegetation due to wind is plotted on
Rayleigh paper with the distributions associated Rician k factor.
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F4.3 MEDIUM FREQUENCY PROPAGATION
14:20 PREDICTION TECHNIQUES AND ANTENNA
MODELING FOR BROADCAST
APPLICATIONS
Nicholas DeMinco

Institute for Telecommunication Sciences
Boulder, CO 80303
(303) 497-3660
ndeminco@its.bldrdoc.gov

This paper discusses the basic aspects of radio-wave propagation and
antenna modeling in the medium frequency (MF) band. This band covers the
frequencies of 300 to 3000 kHz. More specifically, we are concerned with
the ground wave and the sky wave in the 300 kHz to 1705 kHz band. The
sky wave models described in this paper are valid from 150 kHz to 1705
kHz. The ground wave models described in this paper are valid from 10
kHz to 30 MHZ. The AM Broadcast band of 535 to 1605 kHz is in this
band and is planned to be used in the Advanced Traveler Information
Systems (ATIS) of Intelligent Transportation Systems (ITS) for rural
travelers. This system would provide information like road conditions, road
hazards, weather, and incident reporting. The 285 kHz to 325 kHz band is
presently being used for a differential correction signal in another application
of ITS called the Differential Global Positioning System (DGPS) that will be
used for precision location of vehicles. The propagation of radio waves in
this band depends on both a ground wave and a sky wave and is quite
different from propagation at any other frequency. Antenna modeling in this
band is also quite unlike that in other bands. This paper describes radio
wave propagation together with antenna modeling in this frequency band so
that a better understanding of the phenomena can be obtained for use in
design and application of ITS subsystems. The models described here can
be used for designing systems and making performance predictions for both
of these ITS applications and any other systems that operate in this band.
The paper contains descriptions of both sky-wave and ground-wave
propagation models in addition to the methodology used to analyze antennas
that operate in this band. A method of calculating and normalizing antenna
gain for MFsystems computations is also discussed. Some comparisons of
measured and predicted data are also contained in the descriptions.
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F4-4 PROPAGATION MODELS FOR TERRESTRIAL LAND MOBILE
14:40 SERVICES

Alakananda Paul and Frederick Najmy
NTIA, U.S. Department of Commerce
Room 6725, 1401 Constitution Ave. Washington, D.C. 20230

There is a need to calculate the signal strength and propagation loss in built-up areas
for terrestrial land mobile services at VHF and UHF frequency bands. The median
signal strength is determined by the shadowing of buildings, channeling of radio
waves along streets, scattering of radio waves from fixed and moving objects,
foliage effects etc. Since there are so many variables in mobile services, there is no
single universally accepted method. The accuracy of any method will depend on the
estimates of the input parameters of the model that best describe the given area.
Empirical formulas based on measured data are mostly used for prediction of path
loss and field strength for land mobile services in VHF and UHF bands. The
empirical models, accepted by ITU and many other organizations, are based on
extensive propagation measurements done by Okumura and others in Japan.

(Y .Okumura et al, Rev. Elec. Comm. Lab, 16, 825-873, 1968). Hata has given
empirical formulas derived from Okumura’s measured data for limited ranges of
input parameters and different environments. (M. Hata, IEEE Trans. Veh. Tech, VI-
29, 317-325, 1980). Hata’s equation for urban environment has been modified by a
working committee (231) of European Cooperative for Scientific and Technical
Research (COST) to extend the frequency range to 2 GHz. Hata’s urban formula
has also been modified to extend the range of validity from 20 to 100 km. (ITU-R P.
529-2, 1997). Telecommunications Industries Association (TIA) has adopted a
modification by Davidson to extend Hata’s formulas to full ranges of Okumura’s
data and beyond, distances to 300 km and base station antenna heights to 2500 m.

Expressions from the sources mentioned above have been combined, modified and
integrated such that they can share the same input parameters and can be easily
updated for different input parameters from graphic display dialog boxes. Path loss
and field strength can be computed for different models and compared in graphical
form. The measured data may be superimposed for validation, if necessary. Since
the models discussed above are sometimes valid for overlapping ranges of input
parameters, a validation check was done to compare the computed results with
measured data, using Okumura’s data and ITU-R Rec. P. 370 VHF and UHF data.
Results of the comparison will be presented.

Finally, variability issues for mobile services are different from that of fixed
services or broadcasting. Also, for interference calculations required for spectrum
management, one needs the field strength which will be exceeded or path loss which
will not be exceeded even for a small percentage of cases. The variability issues for
mobile services will be addressed.

258




F4 Fr-PM

F4-5 PCS BAND CHANNEL SOUNDING MEASUREMENTS IN
15:00 A SUBURBAN AREA

Perry Wilson and Peter Papazian

NTIA/TS

325 Broadway

Boulder CO, 80303

The radio link channel characteristics are key to the performance of wireless
communication systems. Thus, both modeling and measurement are extensively
used to predict and quantify channel parameters for system design and evaluation.
One technique that has been used extensively at the Institute for
Telecommunication Sciences (ITS) is the use of a psuedo-noise (PN) signal for
broadband channel characterization. The PN signal is transmitted through the
channel and then cross correlated with itself yielding an impulse like channel
response. The impulse response can then be used to determine various channel
parameters such as path loss (signal attenuation) which affects range and coverage,
delay statistics (impulse spreading and multipath echoes) which impact digital
signal bit error rates, and fast fading statistics which affect link reliability.
Additional parameters of interest when multiple antennas and adaptive arrays are
used, are diversity gain and angle of arrival.

This paper will report on the latest upgrade of the ITS channel sounding system
and give representative measured examples of the above channel parameters. In
particular, PCS band (1920 MHz) measurements were made using a 511 bit PN
word at 10 Mb/s. The theoretical impulse signal power to correlation noise power
level is 54 dB for the 511 bit PN sequence. Multipath signals separated by 100 ns
can be resolved to a maximum delay of 51 ps using this configuration. The
nominal nul to null bandwidth was 20 MHz. Table 1 summarizes the data
acquisition parameters used for the measurements to be reported, as well as the
range of permissible values for the ITS channel sounding system.

Table 1. Data Acquisition and RF Parameters used for Diversity Tests

Configurable System Parameters
Parameter PCS Band Tests ATB System
Receiver Channels 4 1-8
Carrier Frequency 1.92 GHz 45 -6 GHz
Bit Rate 10 Mb/s .1 50 Mb/s
Resolution 100 ns 10 ps — 20 ns
Code Type Maximal Length Programmable
Code Length 511 bits Programmable
Acquisition Mode Burst Continuous or Burst
Positioning GPS/Dead Reckoning | GPS/Dead Reckoning
Transmitters 1 Multiple
Data Processing Post Post or Real Time
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F5-1 RECENT DEVELOPMENTS IN HIGH-DATA-RATE OPTICAL
1540 COMMUNICATIONS AT JPL

Keith E. Wilson

Jet Propulsion Laboratory
California Institute of Technology
4800 Oak Grove Dr. MS 161-135
Pasadena CA 91109-8099

(818) 354-9387

Optical communications is a telecommunications technology that meets the demand for
high-data-rate, long-range free-space links using small, low-mass, low-power-
consumption subsystems. To better understand the performance of this technology, a
series of turn-of-the~century demonstrations that follow up on the successes of the early
and mid-1990s have been planned both in the U.S. and abroad. This paper will report on
planned key developments in the NASA/JPL optical communications program in the first
decade of the next millenium that will pave the way for future high-data-rate, free-space
optical communications.

We shall describe progress in the construction of NASA/JPL’s first optical
communications ground terminal, the Optical Communications Telescope Laboratory
(OCTL). Construction of this 200 square meter laboratory at TMF (Table Mountain
Facility, Wrightwood, CA) is scheduled to be completed in October 1999. The contract for
the telescope, its pier, and the dome was awarded to Contraves-Brashear, Pittsburgh, PA in
September 1999. First light at the telescope is scheduled for the first quarter of 2001. An
R&D station, OCTL will serve as NASA/JPL’s primary ground station for its optical
communications demonstrations. In addition, it will be used as an experimental laboratory
for evaluating the performance of optical receivers for the future deep space and near-
Earth optical ground station networks. It will also be used to develop laser-beam-
propagation strategies for beacon and data uplinks to satellites and spacecraft.

Developments at the TMF and AMOS (Air Force Maui Optical Station, HI) ground
stations for the (Space Technology Research Vehicle) STRV-2 demonstration will be
reported. This LEO (Low-Earth-orbit)-to-ground demonstration is scheduled for early
2000, and it will support unidirectional and bi-directional links from the STRV-2 satellite.
Downlink data rates are up to 1 Gbps, at ranges out to 3300 km.

The high-data-rate optical communications demonstration from the International Space
Station (ISS) to the OCTL will be discussed. This demonstration is scheduled for 2003 and
will use the optical communications demonstrator (OCD) terminal currently under
development at JPL. A key objective of the demonstration is to assess the performance of
a 2.5 Gbps space-to-ground link. In addition, the OCD will provide a high rate capability
to the ISS transmitting data to the OCTL at up to OC-3 (155 Mbps) data rates.

LEO-to-GEO (geostationary orbiter) optical crosslinks can facilitate the recovery of the
large volumes of data from spacecraft instruments such as hyperspectral imagers and
Fourier transform spectrometers. We shall describe the design of a second-generation
OCD terminal to support a crosslink for recovering such data from a typical polar orbiting
satellite.

The research described in this paper was performed at the Jet Propulsion Laboratory,

California Institute of Technology, under contract with the National Aeronautics and
Space Administration.
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F5-2 OROGRAPHY-INDUCED EFFECTS ON
16:00 LASER SCINTILLATION
J. Gozani

Cooperative Institute for Research in Environmental Sciences
Campus Box 449

University of Colorado

Boulder, CO 80309

A notable validation of the theory of the scintillation of waves propa-
gating through random media was achieved in 1993, when the comparison of
numerical simulations and experiments agreed to within 20% (S. M. Flatté,
G. Y. Wang, and J. M. Martin, J. Opt. Soc. Am., A 10, 2363 1993) and (A.
Consortini, F. Cochetti., J. H. Churnside, and R. J. Hill, J. Opt. Soc. Am.,
A 10, 2354 1993). The comparison applies to any fully developed turbulence,
i.e., a locally homogeneously random isotropic medium. To avoid inhomo-
geneity, one of the requirements is to choose a flat terrain. However, in many
practical cases the propagation is over irregular terrain, and the question is
how large an effect it has on the scintillations.

In this report I analyze data of an experiment administered in 1993
by the Environmental Technology Laboratory/ ERL/ NOAA at the Table
Mountain facility north of Boulder, Colorado. The experiment composed of
laser beams propagating from the West to the East along the southern edge of
a vast plateau bordering on the south a valley 50 meters deep with a slope of
about 15 degrees. Anemometers, which were used to monitor the cross wind,
indicated whether turbulent eddies were transported from the plateau or from
the valley across the propagation path.

Preliminary results reveal a strong dependency of the root mean square
scintillation index on the winds. This variability is beyond the one expected by
the estimation error. Moreover, it is quite easy to verify that the scintillation
index does not depend directly on winds. Thus we hypothesize that this
variability is due to the variability of the strength and the inner scale of the
turbulence. Because the scale of this effect is much larger than the outer scale
of the turbulence, it is characterized as global intermittency.

The analyzed results show a strong sensitivity of the parameters of tur-
bulence to the direction of the wind, thereby confirming the hypothesis that
the turbulence produced in the valley and dragged across the ridge is inhomo-
geneous, whereas the one produce over the plateau is homogeneous.

Since we have chosen a specific situation, where the propagation path
runs along the ridge, our experiment is only indicative of the problems an-
ticipated in more complicated terrain. Moreover, since our long-time average
exhibited a variability, short-time observations are bound to be highly sen-
sitive to winds. These limitations should be borne in mind when designing
real-time systems.
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F5-3 REFRACTIVE EFFECTS IN INFRARED
16:20 TRANSMISSION

Dr. Carl Zeisse, Amalia Barrios, Dr. Stephen Doss-Hammel
SPAWARSYSCEN SAN DIEGO D858

49170 Propagation Path

San Diego, CA 92152-7385

Optical transmission along low altitude paths is governed by extinction
(absorption and scattering) due to molecules and aerosol particles, and by
refraction. Of these effects, refraction is currently the least understood, due
to the fact that refractive effects have generally been overlooked at infrared
(IR) frequencies. Transmission paths for most IR applications have been far
from the surface and at relatively steep angles, where refractive effects
could be ignored. Recent interest is now focused on low angle, low altitude
transmission paths where refraction plays an important role.

Atmospheric transmission data were obtained in the long wave (30 THz)
and mid wave (100 THz) infrared bands along 7 and 15 km paths within a
few meters from the ocean surface at Zuniga Shoals during a 13 day period
in November 1996. A Santa Ana weather condition occurred during the
experiment, with offshore winds and air-sea temperature differences
reaching +10 C°. Refractive events were evident in transmission values that
exceeded 100% (free-space) for short times (a minute) on the short path and
long times (an hour) on the long path.

Buoys anchored at mid-path provided meteorological data that were used
to continually assess the molecular extinction via the transmittance code
MODTRAN. Approximately 150 measurements of aerosol particle size
distribution were made using an aerosol spectrometer, which was located on
a boat that moved along the path. Mie theory was used to derive aerosol
particle extinction from these boat measurements.

Analysis of these data, with particular attention to those time periods
where IR transmission exceeded 100%, will be presented. Two approaches
were used to determine refractive effects along the path, ray optics and the
parabolic equation (PE) method. Obstacles in the analysis of these data will
be discussed. These include the application of the PE method at IR
frequencies and failure of the LKB method to converge to a solution for the
vertical profile of modified optical refractivity (for stable conditions).
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F5-4 IR CHARACTERIZATION OF TURBULENT
16:40 ATMOSPHERIC INDUCED OPTICAL DISTORTION
BY PASSIVE PHASE DIVERSITY TECHNIQUE

Lewis DeSandre, Albert Ogloza, Randy Dewees, Peter Gillis
Naval Air Warfare Center Weapons Division

Research Department, Physics Division

China Lake, CA 93555

Adaptive optics systems require the use of a wavefront sensor to
sample the aberrated wavefront and to provide appropriate error signals to
the actuator system so that the wavefront aberrations can be removed.
Typical wavefront measurements by Shearing or Shack-Hartmann sensors
require a guide-star or point source reference. Phase diversity techniques
have advantages over conventional wavefront sensors. Firstly, the method
is scene insensitive in that images do not need be of a point source but of
any image. Secondly, phase diversity can detect piston error directly thus
potentially offering robust evaluation of turbulence in highly scintillation
atmosphere. Finally phase diversity uses the image scene directly in order
to evaluate the turbulent field.

Basically, the phase diversity technique can be viewed as a wavefront
sensor that detects phase aberrations in a volume. It works by collecting
two or more images separated by a few waves of aberration. The first
image is the typical focal plane image computed by an unknown amount
of aberration. Inducing a known amount of aberration such as spherical
forms the second image of the same object. The key is that the induced
aberration is precisely known and requires precise calibration of the focal
volume of a telescope.

The Naval Air Warfare Center Weapons Division, China Lake, CA is
developing a mid-wave infrared phase diversity camera. The camera will
be tested in a laboratory setting to explore phase diversity techniques,
wavefront measurement, and algorithms. In the future this instrument will
be used to characterize atmospheric turbulence of horizontal path imaging
and to explore the limitations of the phase diversity techniques in terms of
signal to noise ratio, turbulence strength, and atmospheric scintillation.
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F5-5 APPLYING THE PARABOLIC EQUATION METHOD
17:00 TO MODEL REFRACTIVE EFFECTS ON INFRARED
TRANSMISSION

Amalia Barrios, Carl Zeisse
SPAWARSYSCEN SAN DIEGO D883
Propagation Division

49170 Propagation Path

San Diego, CA 92152-7385

It is well understood that electromagnetic (EM) radiation in the
communications and radar frequency spectrum is drastically affected by
atmospheric refraction along the propagation path, particularly when
ducting conditions are present. What is often overlooked is the effect
refraction may have at electro-optical frequencies. Aerosol extinction and
molecular absorption have always been considered to be the dominant
mechanisms by which the transmission of electro-optical radiation is
reduced. In the past, propagation paths for infrared (IR) transmission have
been somewhat short and relatively far from the surface; therefore, effects
from atmospheric refraction along the path could be neglected as a useful
first order approximation. In most cases, this first order assumption has
worked well. However, due to a convergence of interest in optical paths
very close to (within several meters of) the ocean surface in response to the
sea skimming missile threat, the most recent measurements have indicated
that refractive effects on these paths can no longer be ignored (C. Zeisse, et.
al., SPAWAR TD 2989, pp. 589-599, 1998).

Current research on the effects of refraction on IR transmission are
based on ray tracing and/or ray optics methods. There are inherent
limitations to these techniques, primarily in regions of caustics, for which
the ray method breaks down. Propagation models based on the PE
algorithm have already been shown to be valuable assets to the
communications and radar community., The method is now extended to
infrared frequencies. Problems in applying and modeling an infrared
source, along with questions regarding spatial and temporal coherence, will
be addressed. Comparisons between ray optics and PE results will also be
shown.
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G/H2-1 THE STATUS OF THE HF IONOSPHERIC MODIFICATION
13:20 FACILITY AT ARECIBO

M. P. Sulzer*
Arecibo Observatory, Arecibo, PR 00612

We describe the current status of the Arecibo HF facility and our plans
for the future. Problems for the facility began when the government-operated
pumps which keep the area dry temporarily failed, resulting in the cancellation
of scientific operations until operation could be restored. The area, known as
Cano Tiburones, has been pumped dry since about 1950, primarily to allow the
land to be used for agricultural purposes. Two environmental groups sued the
Puerto Rican Land Authority, claiming that restoring the pumps would result
in the illegal destruction of a wetland. Later the Governor of Puerto Rico
declared part of the Cano Tiburones a nature preserve. The part occupied
by the HF facility is not part of this preserve, but it is almost surrounded
by it, and it appeared that we would eventually have to leave the site when
pumping ceased, probably in several years following the completion of studies
concerning the restoration of the wetland.

In late September, 1998 hurricane Georges struck Puerto Rico. The HF -
facility was severely damaged. After determining the cost of repairs, consulting
the National Science Foundation, and considering the temporary status of the
facility, it was decided to close the site. The pumps have operated sporadically
at partial capacity since the Hurricane and we have not been able to remove our
equipment. We have been negotiating an agreement with the Land Authority
and the Department of Natural Resources concerning the closing of the site,
but the suit from the environmental groups has caused delays. On September2,
1999 a hearing was held in the Centro Judicial of Arecibo, and an agreement
was reached and confirmed by the judge stating that the government will pump
the cano to three feet below sea level by January 10, 2000 and hold it there
for a period of six months, allowing removal of our equipment.

In the spring of 1999 the National Science Foundation funded professor
James Breakall of the Pennsylvania State University to conduct a feasibility
study for the construction of a high power HF feed over the main Arecibo
dish. This option was selected among other possibilities as the one most likely
to succeed for financial and political reasons. Prof. Breakall’s report shows
that it is practical to construct a feed meeting performance and reliability
requirements. We are now studying the details of his results.
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G/H2-2 HF IONOSPHERIC HEATING AT ARECIBO FOR THE
13:40 STUDY OF WHISTLER WAVE INTERACTIONS WITH
SPACE PLASMAS

M.C. Lee* M.J. Starks R.J. Riddolls A.X. Zhang
Plasma Science and Fusion Center

Massachusetts Institute of Technology

Cambridge, MA 02139 W.J. Burke

Air Force Research Laboratory

Hanscom AFB, MA 01731 S.P. Kuo

Polytechnic University

Farmingdale, NY 11735 M.P. Sulzer

Arecibo Observatory

Arecibo, PR 00612

Ionospheric HF plasma heating experiments were conducted at Arecibo
to demonstrate that signals at 28.5 kHz, emitted from the Naval (NAU)
transmitter in Puerto Rico, effectively interact with large-scale sheet-like iono-
spheric irregularities induced/enhanced by the HF heater, allowing them to
propagate as whistlers to the conjugate hemisphere. Subsequent interactions
of the ducted 28.5 kHz whistler waves with energetic electrons trapped in
the radiation belts may have caused some to precipitate into the atmosphere
over Arecibo. Here presented are the suspected radar detections of whistler-
triggered electron precipitation events. NAU generated whistlers have inten-
sities sufficient to parametrically excite lower hybrid waves and field-aligned
zero-frequency plasma density irregularities in the ionosphere over Arecibo
[Lee and Kuo, 1984]. The excited ionospheric density irregularities have scale
sizes of 10 meters that align with the geomagnetic field lines to form filaments.
The lower hybrid waves can accelerate electrons and ions along and across the
geomagnetic field respectively, generating non-Maxwellian distribution func-
tions. The subsequent heating of electrons and ions by the lower hybrid waves
yield a chain of ionospheric plasma effects, such as airglow, short-scale den-
sity depletion, and plasma line enhancements in a range of altitudes which far
exceed that caused by the HF heater. However, it is puzzling why 15 m scale
plasma. depletions should be detected in patches above and below the heater .
wave's reflection height and well removed from the region of intense wave-
plasma, interactions [Kelley et al., 1995]. Backscatter radar echoes from HF
heater wave-enhanced Langmuir waves (plasma lines) occurred over a broad
range of altitudes. They extended from 250 km to nearly 450 km, well away
from the heater reflection height of 285 km [Carlson et al., 1982]. We suggest
that disturbances in the ionosphere above NAU by whistlers can significantly
affect heater-induced perturbations and produce apparent discrepancies in re-
sults reported from Arecibo and other heater sites.
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G/H2-3 OPTICAL IMAGES OF SPORADIC-E LAYERS ILLUMINATED BY HIGH POWER

14:00

RADIO WAVES

P.A. Bernhardt', F.T. Djuth’, C.A. Tepley®, M.P. Sulzer’, L.M. Kagan®, M.C. Kelley’,
Francisco Garcia®, J.A. Gardner®, A.L. Broadfoot’

'Plasma Physics Division, Naval Research Laboratory, Washington, DC 20375
*Geospace Research Corporation, El Segundo, CA 90245

3 Arecibo Observatory, Arecibo, PR 00613

4Radiophysical Research Institute, N. Novgorod 603600, Russia

Dept. of Electrical Engineering, Cornell University, Ithaca, NY 14853

SAir Force Research Laboratory, VSBI, Hanscom AFB, MA 01731

"University of Arizona, Lunar and Planetary laboratory, Tucson, AZ 85721

Two-dimensional images of Sporadic-E layers have been produced using a new
technique which makes them glow when being stimulated by high power radio waves.
Normally sporadic-E layers to not radiate visible emissions. Experiments on January
1998 at Arecibo Observatory in Puerto Rico have shown that the layers can be made to
glow at 557.7 nm and other wavelengths by illuminating them with radio waves at 3.175
MHz with effective radiated powers of 80 megawatts. The regions of the sporadic-E
layers that have electron densities greater than the critical density for reflection of the
radio waves emit electrons that collide with and excite atmospheric atomic oxygen and
molecular nitrogen. A charge-coupled-device (CCD) imager located on the ground is
used to capture images of the glowing E-region structures. The camera exposure times
were in the range of 15 to 45 seconds. The images obtained using this technique show a
wide variety of structures in the sporadic-E layers. Some layers cover the 15 x 30 km
region illuminated by the radio wave beam. Other layers show strong modulation of the
E-region by gravity waves. Finally, other layer structures show random features that drift
across the illuminated region. Consecutive images using this technique can provide (1)
measurements of the lifetime of the individual sporadic-E patches, (2) the zonal and
meridional components of the drift velocities in the E-region, and (3) the temporal
evolution of the spatial features. Future research should use this technique of Artificial
Radiowave Induced Airglow (ARIA) for studies of sporadic-E and intermediate layer
structures along with complementary radar techniques of incoherent and coherent
backscatter. The ARIA technique yields a large area description of the sporadic-E layer
structures and the radars provide the altitudes and densities of the layers along the radar
lines of sight.
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G/H2-4 Na LAYER CHANGES BY 70MW RF HEATER

14:20

4 R.F.Wuerker* A.Y.Wong P.Kidd
UCLA Plasma Physics Laboratory
Los Angeles, CA 90095-1547

The 90-100 km high arctic sodium layer at 64 degrees 52-1/3’ N lattitude,
146 degrees 50-1/2’ W longitude, was monitored with a resonant lidar while
the ionosphere was being modified by the 2.85 MHz or 4.85 MHz - 200 Hz
square wave modulated - 70 MW peak ERP-RF "heater” also at the HIPAS
Observatory. The 20 Hz - 20 ns duration laser pulses were emitted during the
RF modulation off period, so that the Na layer scattered photons arrived back
at the lidar site while the transmitters were quiescent (eliminating any RF
induced false photon counts). The transmitter ran a 5 minute on - off pattern
throughout the night. When the plasma critical layer frequency equals the
plasma frequency energy is RF energy is absorbed by the ionospheric plasma.
When the altitude of the critical layer coincided with the sodium layer, the
sodium density dropped approximately 10%, presumably due to ionization of
Na neutrals. When the critical layer was above the sodium layer, the Na
density increased presumably due to liberation of sodium from compounds-
particulate.

A sodum lidar system at HIPAS operated during the March 1999 cam-
paign, was electronically timed so that the resonant 20 Hz YAG pumped dye
laser "fired” during an off period of the square-wave modulation patter of the
HIPAS, 70 MW (ERP) HF transmitter. The timing arrangement avoided any
effects by either the ground-wave (from the 0.5 kilometer distant array), or
even 100-600 km distant sky-wave on the lidar’s photoelectron counting and
data processing system.

Preliminary data indicated tat the sodium layer decreased whenever the
heater was on and recovered whenever it was turned off. HF ionograms taken
at Poker Flat showed E layer absorption at 2.8 MHz, at an altitude of 100 km,
wihtin the normal sodium layer. The experiment indicates that the sodium
layer is affected by HF heating when the critical plasmafrequency matches the
location of the layer.
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G/H2-5 COMPUTATIONS OF THE ARTIFICIAL OPTICAL EMISSIONS IN-
14:40 DUCED BY SUPRATHERMAL ELECTRONS DUE TO HF-HEATING
A. V. Gurevich'!, G. Milikh?, A. V. Lukyanov' and K.A. Zybin'
'P. N. Lebedev Institute of Physics
Moscow 117924, Russia
2Department of Astronomy
University of Maryland, College Park, MD 20742

Numerous optical [Haslett and Megill, Radio Sci., 9, 1005-1012, 1974; Bern-
hardt et al., J. Geophys. Res., 94, 9071-9092, 1989] and plasma line observations
Carlson et al., [J. Atmos. Terr. Phys., 44, 1089-1100, 1982] indicate generation
of suprathermal electrons by the powerful HF radio waves near the refiection point.
Existing theories rely on the electron acceleration by Langmuir waves in the ra-
dio wave reflection region. However, recent observations of the green-line artificial
emission made at lower altitude associated with the HF reflection from E; layer
[Djuth et al., Geophys. Res. Lett., 26, 1557—1560, 1999] hardly can be explained
by existing models. In order to describe the artificial emissions we apply modified
model of generation of suprathermal electrons by Gurevich et al. [J. Atm. Terr.
Phys., 47, 10571070, 1985]. In this model the electrons are accelerated due to
the formation of density wells /cavitons/ filled with local blobs of electric field, near
the HF reflection height. Each time when the electron crosses the caviton it gains
the energy. Since the thickness of the acceleration layer is less than the electron
mean free path, the electrons can return to the layer due to the collision scattering,
re-increasing the energy. Thus the suprathermal electrons are produced. Current
modifications of the model include effects due to anomalous absorption of the pow-
erful radiowave, along with the losses of the electron energy caused by the electron
transport. The objective of the work is to discuss a generation of the suprathermal
electrons due to the ionospheric HF-heating near the reflection region. We obtain
first the electron distribution function of the suprathermal electrons, and assess then
the intensity of the artificial optical emissions caused by the suprathermal electrons.

We compute first intensities of red- and green-line oxygen emissions which
correspond to the electronic transitions O('D) —> O(®P) and O('S) —> O(*P)
respectively. Compare then the computed intensities with those observed in the
F-layer [Bernhardt et al., J. Geophys. Res., 94, 9071-9092, 1989] we estimate the
effective temperature of suprathermal electrons along with the value of anomalous
absorption. Recently artificial green-line oxygen emission has been observed for
the first time from the sporadic E, or Eg layer using the Arecibo facility as the
ionospheric HF-heater [Djuth et al., Geophys. Res. Lett., 26, 15657-1560, 1999].
Simultaneously the artificial N, first positive emissions were observed. We compute
brightness of green-line and N»(1P) emissions generated by the Arecibo HF-heater
in the Eg layer, and estimated then the effective temperature of suprathermai
electrons along with the value of anomalous absorption. Notice, that generation
of the suprathermal electrons is much more effective in the E; layer than in the F
layer due to lesser divergency of the radio beam. Finally we consider characteristics
of cavitons required to generate suprathermal electrons.
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G/H2-6 COMPUTERIZED IONOSPHERIC TOMOGRAPHY (CIT)
15:00 IMAGING OF AN HF-HEATED IONOSPHERIC VOLUME

C. A. Selcher* P. Bernhardt
Naval Research Laboratory
Washington, DC 20375

G. Bust T. Gaussiran J. Holmes S. White
Applied Research Laboratory
Austin, TX 78713

F. Djuth

Geospace Research, Inc.

El Segundo, CA 90245

C. Tepley M. Sulzer
Arecibo Observatory
Arecibo, PR 00614

Tomographic techniques use line integral measurements to reconstruct
local values of the measured parameter. These techniques have recently been
applied to the ionosphere by using radio transmissions to measure the integral
of electron density between a satellite and a chain of ground-based receiving
stations. The resultant reconstructions form a 2-dimensional map of the elec-
tron density in the plane of the satellite / receiver chain (Jeffrey R. Austen,
et al, Radio Science, 23, 299-307, 1988). These reconstructions are nonunique
due to limited angle considerations or possible nonoptimal receiver placement
which may be required by geographic constraints. The limited angle problem
can be alleviated by making use of alternative data sources which provide
information on the electron density vertical structure, such as incoherent scat-
ter radars (ISR). The nonoptimal receiver placement problem can be resolved
through the use of sophisticated reconstruction algorithms (Paul A. Bernhardt,
et al., Phys. Plasmas, 5, 2010-2021, 1998).

During the January 1998 Arecibo heating campaign, an array of CIT
receivers was deployed on the island of Puerto Rico, forming a three by three
matrix. This arrangement allows for three reconstruction planes and pro-
vides information on the evolution of the HF heater induced density cavities.
Measurements of Total Electron Content (TEC) using the differential Doppler
technique were made, during both heater on and heater off periods. To sup- .
plement this closely-spaced data set, the Applied Research Lab (ARL) of the
University of Texas at Austin made available the data from a chain of CIT
receivers deployed throughout the Caribbean region. Vertical electron density
profiles were obtained by use of the ISR at Arecibo Observatory, and were used
to form empirical initial conditions for the reconstructions. Reconstructions
generated using code developed at the Naval Research Laboratory (NRL) will
be presented, and will demonstrate the applicability of CIT to the imaging of
HF heated volumes.
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G/H2-7 THEORETICAL AND NUMERICAL SIMULATION INVES-

15:40 TIGATION OF PARAMETRIC PROCESSES ASSOCIATED
WITH UP-SHIFTED IONOSPHERIC STIMULATED RADIA-
TION

H. Xi* W. A. Scales i

Bradley Department of Electrical and Computer Engineering
Virginia Polytechnic Institute and State University
Blacksburg, VA 24061-0111 USA

Stimulated Electromagnetic Emission SEE produced by heating the
earth’s ionosphere with high powered radiowaves is currently a topic of signif-
icant interest in ionospheric modification physics. SEE is also a fundamental
nonlinear process in plasma physics that is not currently well understood on
a theoretical basis and it has tremendous potential as an ionospheric diagnos-
tic tool. SEE is believed to be produced by nonlinear wave-wave interactions
involving the electromagnetic and electrostatic plasma waves in the altitude
region where the pump wave frequency is near the upper hybrid resonance
frequency. The most prominent up-shifted feature in the SEE spectrum is the
broad up-shifted maximum BUM. From characteristics of this feature, a four-
wave parametric decay process has been proposed as a viable mechanism for
its production. The object of this work is to (1) investigate the development of
the four-wave decay instability by using theoretical and numerical simulation
models and (2) access its possible role in the production of the BUM spectral
feature.

The theoretical model (J. Huang, and S. P. Kuo, J. Geophys. Res., 99,
19569-19576, 1994) is first described as it applies to the production of the
BUM. This model assumes a second harmonic oscillation associated with the
long wavelength heater wave parametrically decays into a frequency down-
shifted electron Bernstein wave, a frequency up-shifted upper hybrid wave
along with a low frequency oscillation near the lower hybrid resonance fre- -
quency wyy. Important parametric dependences of this four-wave instability
are described by considering growth rate calculations. A one dimensional
magnetized particle-in-cell PIC simulation model is used to provide the first
investigation of the nonlinear evolution of the four-wave decay instability (A.
A. Hussein et al., Geophys. Res. Lett., 25, 955-958, 1998).

Preliminary results of this investigation show that there is good agree-
ment between predictions of the proposed theoretical model and the numeri-
cal simulation experiments. Detailed comparisons have been made for various
harmonic numbers, frequency separations, and propagation angles. The sim-
ulation frequency spectrum exhibits many of the important features of the
experimental observations. The numerical results show that consideration of
the full nonlinear development of the four-wave parametric instability may
provide insight into the asymmetric nature of the wave frequency spectrum
observed during the experiments.
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G/H2-8 LANGMUIR TURBULENCE IN LARGE-SCALE ARTIFICIAL
16:00 IONOSPHERIC IRREGULARITIES

J. P. Sheerin*

Department of Physics and Astronomy
303 Strong Hall

Eastern Michigan University
Ypsilanti, MI 48197

Irradiation of the overdense F-region of the ionosphere with HF ra-
diowaves has been long been known to produce artificial irregularities over
a wide range of length scales, from large-scale (10’s of km’s) down to small-
scales (cm’s), and timescales, from minutes down to milliseconds and below.
Simulations of Strong Langmuir Turbulence (SLT) have successfully modeled
and predicted many of the features of the small-scale, early-time behavior of
the plasma line backscatter observed in experiments performed in a quies-
cent, unmodified ionosphere at mid-latitudes (Arecibo Observatory), (D. F.
DuBois, Proc. of IVth URSI Suzdal Symposium on Artificial Modification of
the Ionosphere, URSI, Uppsala, Sweden, 1994). Applications over a wider
range of experimental conditions and parameters, however, require investiga-
tions of SLT in sometimes highly-modified ionospheric plasmas, replete with
large-scale irregularities. These investigations must incorporate phenomena
as may occur over a wide range (up to five decades or more) of spatial and
temporal scales.

We report results of numerical simulations of SLT within a background
of large-scale artificial ionospheric irregularities as often occur in typical HF
experiments. Use is made of short-scale averaging techniques to achieve an
efficient model of the SLT. Large-scale ionospheric irregularities are modeled
using fully nonlinear ion hydrodynamics. Results of these simulations are then
compared to experiments we have performed at Arecibo. The temporal evo-
lution of the plasma line is shown to have comparable features in simulation
and experiments. The spatial localization of the SLT found in simulations may
also be compared with available experimental data. Of particular interest, are
the couplings of longitudinal electrostatic modes within the artificial irregular-
ities, to transverse modes near the HF pump frequency, which may be detected
by ground-based receivers. The results of these investigations may afford an
improved understanding of HF ionospheric experiments as performed under a
much wider range of conditions and parameters.
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G/H2-9 THE HAARP FACILITY
16:20
Robert A. Jacobsen
APTI
1250 24th St NW Suite 850
Washington DC 20037

The HAARP Facility is now fully operational. The intent of this talk is to provide
the listener with an overview of the systems features and capabilities to assist in
guiding experimental planning utilizing the HAARP Array.

The HAARP Array is a 48 element (6x8) phased array constructed of novel wide
band crossed dipoles operating in the frequency band of 2.8 to 8.5 MHz. Each
crossed dipole is powered by a dual 10 kW transmitter, providing 20 kW per
element for a total array radiated power of 960 kW, The antenna directivity of
23.8 dB on broadside provides an ERP of 82.5 dBW at 8§ MHz.

Arbitrary polarization is provided since each transmitter is individually controlled
in amplitude and phase. The beam can be scanned to 30 degrees from zenith in
any azimuth and can be rapid scanned +/-15 degrees. The fundamental RE signal
can be both FM and AM modulated from DC to 30 kHz as well as operated in
pulse modulation mode. The beam-width being 18 degrees.

The HAARP Facility has been constructed in the environmentally sensitive
marginal permafrost sub-arctic near Gakona Alaska. This has required the
incorporation of modern arctic engineering in the design of the array, the 10,000
sq ft operations center and the diesel generator power-plant. The severe
environment has placed stringent requirements on the design of all the RF power
electronics and array support systems to allow experimental operation from -40 to
+90 F, with damage free survival of all the equipment down to -60 F.

The overall system, its controls, transmitters, environmental shelters, antenna and

the antenna matching units will be described as will its experimental operation and
performance.
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G/H2-10 TRANSHEMISPHERIC PROPAGATION OF VLF EMISSIONS
16:40 MEASURED BY MATCHED FILTER IN THE PRESENCE OF
IONOSPHERIC HF HEATING

M.J. Starks*

Air Force Research Laboratory
29 RandolphRd ~ VSBS
Hanscom AFB, MA 01731

M.C. Lee, P. Jastrzebski
Massachusetts Institute of Technology
77 Massachusetts Avenue NW16-240
Cambridge, MA 02139

The application of matched filtering to the problem of very low frequency (VLF)
radio signals ducted between magnetically conjugate points on the Earth by ionospheric
plasma structures has been examined theoretically and implemented in recent field
experiments. These experiments, carried out at the Arecibo Observatory in Puerto Rico -and
the magnetic conjugate location in Argentina, have demonstrated a significant connection
between the prevalence and intensity of the transhemispheric propagation of man-made
VLF emissions and HF heating of the ionosphere.

With accurate knowledge of the source VLF emissions, the subionospheric
component of a waveform received at the conjugate location can be effectively removed
and the characteristics' of any remaining transionospheric signal accurately estimated.
Although the technique has been shown not to produce strictly consistent estimates of the
subionospheric and ducted signal amplitudes, it is able to efficiently recover the transit
delays and amplitudes of ducted man-made whistler-mode emissions for reasonable values
of the relevant signal to noise ratios. This is substantiated by the use of matched filtering to
analyze data collected by radio receivers placed at the conjugate ends of a magnetic field
line in field experiments, thereby recovering the amplitudes and transit delays of ducted
signals with time-resolution as small as 30 seconds.

These measurements suggest that the O-mode CW heater appears to encourage the
coupling of VLF emissions into the affected region of plasma. These signals then enter
plasmaspheric ducts more efficiently and typically lead to conjugate measurements of
relatively high amplitude. No such effects are seen with pulsed or X-mode heating. Short
time resolution measurements of fading transmissions also demonstrate that transit delays
and amplitudes remain nearly constant as the frequency of transhemispheric propagation
diminishes, consistent with a plasmaspheric duct complemented by favorable plasma
properties extending well into the F region but producing the majority of the total transit
delay at plasmaspheric altitudes. It is also suggested that weak long-delay receptions are
most probably mixed-path ducted/non-ducted modes that have interacted significantly with
the plasma and which represent an omni-present contaminant in ducted VLF experiments
of all types.
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G/H2-11 ~ GENERATION AND PROPAGATION OF LOW FREQUENCY WAVES
17:00 IN STRONGLY NONUNIFORM IONOSPHERE

L. I. Rudakov'?, G. Milikh! and K. Papadopoulos'?
Departments of Physics and Astronomy
University of Maryland, College Park, MD 20742
2Advanced Power Technology, Inc.,

1250 24-th Street, Washington, DC 20037

Generation of VLF/ELF emission by using modulated HF-heating of the lower
ionosphere was first reported more than two decades ago. It is expected that the
efficiency of ELF generation will be increased by using new HAARP facility which
besides having high effective radiated power (ERP) is able to change continuously
frequency and polarization of the radiating radiowave. However, in order to reach
maximum VLF/ELF generation efficiency a proper choice of the HF-frequency and
polarization has to be made. It is based on models of VLF/ELF generation, however
the existing models still have some unresolved issues despite a significant progress.
Early models suggested that the ionospheric VLF/ELF source could be modeled as
an equivalent horizontal electric dipole (HED) [Barr and Stubbe, 1984; Papadopou-
los et al., 1989]. This, however, led to inconsistencies between the model and
ground observation, since the model significantly overestimates the conversion effi-
ciency. As mentioned by Zhou et al. (Phys. Plasmas, 3, 1484—1494, 1996) currents
induced by the HF-heating should be closed in the ionospheric plasma. The current
closure implies that contrary to previous suggestions the dominant radiating moment
of VLF/ELF ionospheric source is an equivalent horizontal magnetic dipole. This
model, however, did not take into consideration nonuniformity of the ionospheric
plasma, which plays an important role in the HF into VLF/ELF conversion. Exist-
ing numerical models of VLF/ELF generation are based on some simplifications,
such as totally reflecting boundary conditions (H.L. Rowland, J. Geophys. Res.,
104A, 4317-4327, 1999) which need to be justified. The objective of this work is
to present an analytical model of the plasma response to the current induced by
the HF-heating in strongly nonuniform lower ionosphere. This model could be later
used in conjunction with existing numerical codes to guide experimental campaigns
and interpret the obtained data.

Two different methods are applied to the problem. One is quasi-classical
approach which is valid when the wave vector k exceeds the scale height of the
electron density gradient in the ionosphere H. Within the scope of this approximation
the quasi-classical helicons attenuate due to the ion dissipation. The second
method is an abrupt approximation valid for k < H. In order to answer questions
regarding the efficiency of excitation of TEM mode propagating along the ground
one need to know the effective size of the current loop caused by closure of the
current induced in the ionosphere by the HF-heating. The apparent answer is
that the current loop is vertical, which corresponds to horizontal magnetic dipole.
lts vertical size which depends on the VLF/ELF frequency range is evaluated.
Some experimental verifications of the theory are suggested. In fact, the horizontal
magnetic field component B, measured at the ground is dominant. Besides, the
B, component measured at the ground reaches its maximum beneath the center of
the HF-heated region in the ionosphere, while the By component peaks beneath the
antenna edge. This fact is related to the existence of the drift term in the dispersion
relation for VLF/ELF.
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G/H2-12  GENERATION OF DENSITY IRREGULARITIES AND
17:20 WHISTLER WAVES BY AMPLITUDE MODULATED
HF WAVES IN THE POLAR ELECTROJET

S.P. Kuo*

Polytechnic University,

Department of Electrical Engineering,
Farmingdale, NY 11735

E. Koretzky

TRW Electronics Systems & Technology Division
Redondo Beach, CA 90278

M.C. Lee

Plasma Science and Fusion Center,
Massachusetts Institute of Technology
Cambridge, MA 02139

Using amplitude-modulated powerful HF waves to generate spatially pe-
riodic temperature and density irregularities together with whistler waves in
the E-region electrojet of the polar ionosphere is investigated. It is shown
that a thermal instability is first excited by the HF wave. This instability
leads to a significant electron temperature enhancement, but is quickly sta-
blized by the nonlinear damping of inelastic electron collisions with N2 and
02. Simultaneously, the thermal diffusion of electrons also causes the tem-
perature perturbation to develop nonlinearly into spatially periodic irregular-
ities along the geomagnetic field. The recombination rates of electrons with
NO+ and O2+ ions decrease as the electron temperature increases. Thus the
background plasma density in the presence of ionization sources, such as UV
radiations during the daytime and precipitated energetic particles at night,
varies in a similar form as the temperature perturbation. The spatial period
of the irregularities varies with the HF wave power and frequency in the range
between 400 m and 1.6 Km. Moreover, a distributed mode current of whistler
waves at the modulation frequency of the HF wave is also induced through
the coupling between the generated density irregularities and the HF wave-
modulated electrojet current. This current produces whistler waves directly
without going through a low efficiency antenna radiation process. This direct
excitation mechanism also helps to reduce the harmonic components of the ex-
cited whistler wave, which has a frequency between 3 and 27 KHz depending
on the polarization, frequency, and power of the HF wave and the modulation
scheme.
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G/H2-13  STIMULATED THERMAL INSTABILITY FOR ELF AND VLF
17:40 WAVE GENERATION IN THE POLAR ELECTROJET

S.P. Kuo*

Polytechnic University,

Department of Electrical Engineering,
Farmingdale, NY 11735

M.C. Lee

Plasma Science and Fusion Center,
Massachusetts Institute of Technology
Cambridge, MA 02139

P.A. Kossey K.M. Groves J.L. Heckscher
Air Force Research Laboratory,
Hanscom AFB, MA 01731

Generation of ELF and VLF waves in the HF heating wave modulated
polar electrojet is studied. Through the Ohmic heating by the amplitude-
modulated HF heating wave, the conductivity and thus the current of the
electrojet is modulated to set up the ionospheric antenna current. However, it
is shown that a stimulated thermal instability is also excited by the amplitude-
modulated HF heating wave. This instability produces electron temperature
modulation in addition to the modulation produced directly by the Ohmic
heating mechanism. The result shows that this instability is, in fact, a domi-
nant process of electron temperature modulation before it is stablized by the
nonlinear damping of inelastic collisions. Therefore, this study suggests an al-
ternative approach to improve the modulation efficiency by introducing ways
to reduce inelastic collisions of electrons with neutral particles, so that the
instability can grow to a higher level. The other approach to be presented for
the improvement of the modulation efficiency is to employ a proper amplitude-
modulation method on HF heating waves. Thus four periodic modulation
schemes: (1) rectangular wave, (2) beat wave, (3) half-wave rectified wave,
and (4) triangular wave, have been studied and compared. From the results
of a defined efficiency factor ?1 and the nth harmonic noise factor Nn for each
modulation scheme, we will show that the beat wave scheme generates the best
quality signal which has the lowest harmonic content, the half-wave rectified
wave modulation scheme is the most efficient one to generate signal at the
modulation frequency, and the symmetric triangular wave modulation scheme
provides a compromise between generation efficiency and signal quality.

277




G/H2 Fr-PM

G/H2-14  ULF GENERATION BY ELECTROJET MODULATION US-
18:00 ING HAARP

C-L. Chang

Applied Physics Operation
MS 2-6-9

1710 Goodridge Drive
SAIC

McLean, VA 22102

Feasibility study has been conducted on the excitation of ULF waves
using HF heater at HAARP. Physical model includes local ionospheric profiles
derived from IRI90, plasma density modification due to HF interactions, elec-
trojet modulation at ULF frequencies, and ULF excitation and propagation
in the earth-ionosphere environment. There are two issues to be addressed
by this study. The first issue is to explore the physical mechanisms and the
efficiency of ULF generation using HAARP. The second issue is to model the
actual ULF measurements in support of HAARP experimental campaigns.

Typical ULF waves stimulated by ionospheric modification consists of
two basic wave modes: the magnetosonic waves and the shear Alfven waves.
These two wave modes have very distinct excitation and propagation charac-
teristics. It is found that by modifying electron density of the E region the
magnetosonic modes are easier to generate than the shear Alfven waves. The
magnetosonic waves propagate mainly along the meridian plane in a ULF duct
centered around the F peak. However, such propagation is not possible below
a cut-off frequency defined mainly by the conductivity profiles of both earth
and ionosphere. The shear Alfven waves, on the other hand, propagate mainly
along the ambient magnetic field line and has no such cut-off. In the E region
modification, ground level ULF signals is mainly due to the conversion from
magnetosonic modes to the shear Alfven modes in the E layer.

Several other important findings can be summarized as follows. First,
the efficiency of ULF generation is proportional to the electron density in the
lower ionosphere. Therefore, excitation under day time condition is preferred.
Second, HF modification near F peak results in substantial enhancement of
direct shear Alfven excitation. This is a useful technique if the emphasis is
to send artificial ULF waves into the magnetosphere. Finally, ULE. signals
measured at ground level depend on the coupling and the combination of
both magnetosonic and shear Alfven waves. A detailed study on ionospheric
conditions, propagation properties, and excitation mechanisms will be required
in order to fully understand the empirical results such as polarization and
temporal variations of the ULF amplitudes.
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GEOELECTROMAGNETICS — A TOPIC OF LIFELONG INTEREST

TO JAMES R. WAIT
Chairperson: G. Hagn {ghagn@erols.com)

W2-1 METHODS OF MEASURING THE ELECTROMAGNETIC
13:40 PROPERTIES OF EARTH MEDIA-A NEW IEEE GUIDE DED-
ICATED TO PROFESSOR JAMES R. WAIT

George H. Hagn* David V. Thiel*

Wave Propagation Standards Committee

IEEE Antennas and Propagation Society
Institute of Electrical and Electronics Engineers

This paper has two goals: a) to recognize the profound contributions .
Professor Wait made to the field of geoelectromagnetics; and, b) to highlight
significant advances made in the field of measurements of the earth’s conduc-
tivity and relative dielectric constant since 1974.

Professor Wait’s major contributions to geoelectromagnetics - including
his many talks, lectures, papers and books - all have in common his expert
use of advanced mathematics to analyze complex problems involving lossy
earth media, including layered media. His interests covered the frequency
range from DC (for probing deeply into the Earth) to light (where he was
interested in solitons). His practical grounding in the field of electromagnetic
geophysics began when he served from 1949-52 as an exploration geophysicist
for Newmont Exploration in Jerome, AZ. He also contributed to improving
communications to and from underground miners, and he maintained a large
interest beyond the mathematics to the applications of electromagnetics to
practical problems.

Prof. Wait was one of three members of the IEEE Wave Propagation
Standards Committee (WPSC) which produced the first "IEEE Guide for
Radio Methods of Measuring Earth Conductivity,” IEEE Std 356-1974. He
was an active member of the WPSC subcommittee preparing the completely
rewritten second IEEE Std 356-1999: "IEEE Guide for Measurement of Elec-
tromagnetic Properties of Earth Media.” He was not only a major contributor
but also a mentor to the rest of the subcommittee, which has dedicated the
new standard to his memory.

IEEE Std 356-1999 reflects the application of much higher frequencies
in both communications systems and remote sensing. It has therefore become
more important to address the questions associated with measuring the effect
of EM sources on earth planes that are not predominantly conductive. Thus
the new IEEE standard describes remote sensing tools at frequencies above 1
GHz where the earth’s surface is predominantly a good dielectric, in addition
to more traditional measurement techniques for lossy dielectric earth mate-
rials, such as ice-covered regions and permafrost. Another development has
been the use of numerical modeling techniques. These techniques are almost
all ”forward modeling”, i.e. if one knows the earth’s structure, one can calcu-
late the response. With greater computing power, automated optimization can
be used to address the "inverse” problem. The validation of electromagnetic

geophysical techniques using laboratory measurements is also addressed.
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W2-2  TIME-DOMAIN PROPERTIES OF THE ELECTROMAGNETIC PROPERTIES OF SOILS:

14:00 R. Stafford, NIST
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W2-3 ON MEASURING ELECTROMAGNETIC SURFACE
14:20 IMPEDANCE - DISCUSSIONS WITH PROFESSOR JAMES R.
WAIT.

David V. Thiel

Radio Science Laboratory
Griffith University - Nathan
Australia 4111

Electromagnetic surface impedance, defined as the ratio of the horizon-
tal electric field component measured in the plane of incidence of a distant
radio source, to the horizontal magnetic field component perpendicular to the
plane of incidence, has been used in geophysics since the early 1950’s for sub-
surface earth mapping. Traditionally the electric field component has been -
measured using a staked voltage probe. In 1989 Wu & Thiel (IEEE Trans.
Geosci. Remote Sensing), (27), (1), pp. 24-27) suggested that an insulated
wire dipole without the stakes was a more reliable measurement technique. In
1997, Thiel and Mittra (IEEE Trans. Geosci. Remote Sensing), (35), (5),
pp. 1357-1362) explored the problem using finite-difference time-domain nu-
merical (FDTD) modeling. Professor Wait responded to both of these papers,
and the discussion continued in the literature until his last comments were
published in 1999.

The major arguments centered on which is the more reliable method of
detecting the horizontal electric field component for surface impedance mea-
surements, and focussed on the following inter-related questions:

Is the staked voltage probe an electric field probe or a loop antenna?

Does a staked voltage probe respond to both the magnetic field and
electric field components, and if so, are they additive?

Does the effect of the very strong vertical electric field component on an
insulated antenna make this type of measurement unreliable?

What is the effect of the receiver input impedance on the measurements?
Is the stake length an/or stake contact area important in measurements?

What happens to the performance of the staked probe when the top
layer of the earth is highly resistive?

In this presentation, these major points are discussed, the answers to
these questions are presented, and the final arguments summarized. The ma-
jor conclusion reached is that either technique can be used provided caution is
exercised. The successful practical field implementation of both types of field
probes supports this conclusion. It must be noted however, that at higher fre-
quencies, some of the uncertainties which are insignificant at lower frequencies,
are exacerbated.
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W2-4 MOISTURE EFFECTS ON THE DIELECTRIC PROPERTIES OF
14:40  SOILS

John O. Curtis

U.S. Army Engineer Research and Development Center
3909 Halls Ferry Road

Vicksburg, MS 39180

e-mail: curtisj @wes.army.mil

voice: 601-634-2855 FAX: 601-634-2732

Laboratory-measured dielectric property data and related electromagnetic wave
propagation parameters are reported for a broad range of soil textures. A
network analyzer-based measurement system operating within the 45 MHz to
26.5 GHz frequency range was used for all data collection. Coaxial sample
holders varied in Iength from 1.5 cm to 10 cm and had a diameter of about 0.75
cm

The dielectric permittivity and phase velocity are shown to be very strong
functions of volumetric soil moisture at single frequencies. Polynomial
moisture prediction models are presented for several frequencies. Data
collected in this study validate another moisture-permittivity model that is
widely accepted within the geophysics community (G. C. Topp, et al Water
Resources Research, Vol. 16, No. 3, June 1980, pp. 574-582) as long as soil
moisture values are within a normal range and as long as the frequency of
measurement is on the order of 100 MHz.

The data indicate that there is no simple relationship between soil moisture and
apparent conductivity. Any attempts to model this phenomenon would have to
take into account the parameters that should be important to the dominant
conduction mechanism, including pore-size distribution, mineral content
(which gives an indication of how water might bind with the soil particles),
specific surface area, etc.

Data are also presented as properties vs frequency at constant moisture
contents. In this form it is possible to easily visualize the dominant loss
mechanisms; namely, ionic conductivity and free water dipole relaxation.

Some discussion is offered for the effects of sample density on the dielectric
response of the soils. The data indicate that for a single soil sample, dielectric
permittivity is a weak function of density, but that for data representing a broad
range of soil textures, there is no clear relationship between sample density and
dielectric properties.
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W2-5 ELECTROMAGNETIC PARAMETERS OF SURFACE SOIL AND ROCKS
15:00 FOR ANTENNA AND PROPAGATION MODELING

George H. Hagn

Consultant

4208 Sleepy Hollow Road
Annandale, VA 22003-2046

Ghagn@erols.com

The electromagnetic properties of surface soils and rocks are required for input data for
various antenna and propagation models. Measured values of the soil conductivity and
relative dielectric constant at the frequencies of interest are rarely available, with the
exception of calibration and model! validation efforts. Therefore, there is a need for best-
estimate values in order to run the models such as the Numerical Electromagnetics Code
(NEC) for antennas over real ground, and the Sommerfeld-integral-based groundwave
propagation models for predicting field strength for broadcast station coverage, etc.

In this paper the various available input data sources are discussed, from the standard
handbook values (e.g., Terman, 1943; ITT, 1990) for different soil categories (where
only one valued is provided per category) to the International Telecommunication Union-
Radiocommunications Sector (ITU-R) Recommendation 527-3 (where there is dispersion
in the frequency domain). Other models in the literature that predict the complex relative
permittivity given certain known quantities such as the volumetric soil mositure content
also are discussed. A strategy is suggested for how to make the best estimates when all of
the desired soil or rock information is not available.

Problems with these various sources of “ground constants” data are discussed, and

a new set of curves are provided for possible inclusion in a future version of ITU-R
527-3 that are more representative of measured data in the MF, HF and VHF bands than
the current curves.
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W2-6 PROPAGATION AND SCATTERING OF VLF WAVES IN THE
15:40 EARTH-IONOSPHERE WAVEGUIDE

U. S. Inan* T. F. Bell
STAR Laboratory, Stanford University, Stanford, CA 94305

One of the important legacies of Jim Wait’s prolific career originates
from his early work on the propagation and scattering of very low frequency
(VLF) waves in the earth-ionosphere waveguide. Built upon by R. Pappert
and others, this early work led to the development of the extensively uti-
lized Long Wave Propagation Capability (LWPC), and later to development
of new methods for remote sensing of transient and localized ionospheric dis-
turbances, such as those produced by lightning. The problem that Wait faced
in the late 1950’s and early 1960’s was one of daunting complexity, involv-
ing electromagnetic propagation in a ‘waveguide’ with both boundaries being
lossy, inhomogeneous, and one of them also being anisotropic. Unlike metal-
lic waveguides which can be designed to preclude the propagation of all but
few modes, VLF propagation in the earth-ionosphere waveguide involves mul-
tiple (typically ~20 or mode) modes, each with different attenuation rates,
which couple into one another at the various boundaries, such as land-sea in-
terfaces. Wait’s early work [Wait and Spies, NBS Tech Note No. 300, 1964] in
characterizing the lower ionospheric boundary of this waveguide remains the
standard reference in defining the nighttime D region, both for propagation
and scattering applications. Wait’s work [Wait, 1961; 1964] on diffraction of
VLF waves from a localized disturbance {e.g., as produced by an atomic explo-
sion) formed the basis for recent extensions of the LWPC code for application
to three dimensional problems, involving localized ionospheric disturbances
produced by lightning discharges, and high altitude luminous glows such as
sprites. In fact, Jim Wait himself became quite interested in tackling prob-
lems involving ionospheric effects of lightning discharges, authoring a number
of papers in this area well after his retirement and during the last two years of
his career. In this paper, we review the state of the art in subionospheric very
low frequency remote sensing, with particular attention to connections with
Wait’s early work, and the use of current VLF propagation and scattering
models for interpretation of experimental data.
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W2-7 MODELING ELECTROMAGNETIC PROPAGATION IN THE
16:00 EARTH-IONOSPHERE WAVEGUIDE

Steven A. Cummer*

Laboratory for Extraterrestrial Physics
NASA/GSFC

Greenbelt, MD 20771

The ionosphere plays a role in radio propagation which varies strongly
with frequency. At extremely low frequency (ELF, 3-3000 Hz) and very low
frequency (VLF, 3-30 kHz), both the ground and the ionosphere are good
electrical conductors and form an spherical Earth-ionosphere (E-I) waveguide.
Many giants of the electromagnetics community worked on ELF-VLF prop-
agation in the E-I waveguide, which was critically important for long range
communication and navigation systems. James R. Wait was undoubtedly the
most prolific publisher in this field, starting in the 1950’s and continuing well
into the 1990’s. He solved many fundamental propagation problems both an-
alytically and numerically, and also produced fundamental formulations for
scattering from large- and small-scale E-I waveguide inhomogeneities.

Although it is an old problem, there are new scientific and practical ap-
plications that rely on accurate modeling of ELF-VLF propagation, including
ionospheric remote sensing, lightning remote sensing, global climate monitor- -
ing, and even earthquake precursor detection (although this assertion remains
controversial). While the theory of ELF-VLF propagation in the E-I waveg-
uide is mature, there remain many ways of actually performing propagation
calculations. Most techniques are based on waveguide mode theory, with either
numerical or approximate analytical formulations, but direct finite difference
time domain (FDTD) modeling is now also feasible. Furthermore, in either
mode theory or FDTD, the ionospheric upper boundary can be treated with
varying degrees of approximation. While these approximations are under-
stood in a qualitative sense, it is difficult to assess a priori their applicability
to a given propagation problem. With a series of mode theory and FDTD
simulations of propagation from lightning radiation in the E-I waveguide, we
investigate the accuracy of these approximations. The calculations show that
mode theory is practical even for propagation paths as short as 100 km. How-
ever, fields from the zero frequency excitation implicit in the lightning source
become important at the lowest frequencies over short distances. These fields
are not easily modeled with mode theory but are inherent in the FDTD for-
mulation of the problem. While mode theory calculations can be much faster
than FDTD over long propagation distances, the simplicity of FDTD propa-
gation modeling and ever-increasing computer power probably make FDTD
the technique of the future. However, the physical insight provided by Wait’s
and others’ mode theory is indispensible for understanding the propagation
problem and interpreting purely numerical simulations.
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W2-8 MODAL PHENOMENA IN THE NATURAL ELECTROMAG-
16:20 NETIC SPECTRUM BELOW 5 kHz

D. Porrat* A. C. Fraser-Smith C. C. Teague

STAR Laboratory

Department of Electrical Engineering
Stanford University
Stanford, CA 94305-9515

This paper presents new measurements of the natural magnetic field in
the ELF range and their comparison with modal propagation theory as de-
scribed by J. R. Wait in his book FElectromagnetic Waves in Stratified Media,
Pergamon Press, 1972. The nightly spectrum below 5 kHz often contains
a sharp increase in spectral level at the cutoff frequency of the TM; mode -
(~1700 Hz), and a distinct variation of the spectral behavior at the cutoff fre-
quency of the TMy mode (~3400 Hz), where the indicated cutoff frequencies
are calculated for perfectly conducting earth and ionosphere, with the iono-
sphere 88 km above the earth. We attribute these features to the enhanced
levels of the TM; and TMj, modes at night, which makes their level comparable
to the TEM mode contribution to the spectrum. All these features disappear
during the day.

Another spectral feature, which also prevails during the night, is semi-
periodic fluctuations of the spectrum between the cutoff frequencies of the
TM; and TMj modes, with a short period (about 60 Hz) at the low end of the
band, and a gradual increase of the period as frequency increases (up to about
600 Hz at the high end of the band). The same semi—periodic fluctuation is
apparent above the cutoff frequency of the TMs mode up to the limit of the
measured band at 5 kHz.

These semi-periodic fluctuations of the spectrum are related to the
modal nature of the electromagnetic wave propagation. We show the simi-
larity of the spectrum of vertical lightning in the earth—ionosphere waveguide,
calculated theoretically, with the measured spectra. The semi-periodic fluc-
tuations of the spectrum are produced when the lower modes of propagation .
are summed.

The differences between the daytime and the nighttime measured spec-
tra are explained by the diurnal change in attenuation factors of the different
modes. Calculations of the attenuation factors during the day and at night
show that the TM; and TM; modes propagate much better (with lower at-
tenuation) at night, which explains why the modal features of the spectrum
are apparent during the night but are not significant during the day.
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Bl-1  GEOMETRICAL OPTICS-MOMENT METHOD HYBRID
08:40  FORMULATION OF A SCATTERING PROBLEM

Kaveh Heidary
Department of Electrical Engineering
Alabama A&M University, Normal AL 35762

The problem of electromagnetic scattering by a PEC cylinder
clad partially with layers of simple matter has been formulated.
Equivalence principle and GO based dyadic Green’s functions are
applied to cast the scattering problem into that of an integral equation for
EM fields inside the coating. Moment method is then applied to solve
the integral equation. Exact Green’s functions, obtained by applying the
reciprocity principle, are utilized to formulate the scattered EM fields
and other parameters of interest.

Pertinent Green’s functions are related to EM fields of
elementary sources radiating in the presence of the PEC cylinder in
unbounded free space. Field vectors (near field region) associated with a
Hertzian dipole source (electric or magnetic) radiating in the presence of
the conductor are derived using the geometrical optics (GO)
approximations. For each source the entire space is divided into shadow
and lit regions by two planar surfaces passing through the source point
and tangent to the cylinder. For field points within the lit region, EM
fields are expressed as the superposition of direct and reflected fields.
For field pints inside the shadow region, on the other hand, EM fields are
assumed to be zero.

The above GO approximation neglects the effect of diffracted
fields. These fields, which are due to the creeping rays (surface waves)
propagating around the conductor, are severely attenuated in close
proximity of the conducting body. It is for this reason that the GO
approximation is valid only for electrically thin coatings, with increasing
error for thicker coatings. The dyadic Green’s functions pertaining to the
problem are obtained from the above GO fields. For observation points
situated inside an elementary source region (self terms), quasi-static
approximations are utilized to formulate the problem.

The coating is partitioned into a set of electrically small cells.
The internal fields are expressed in terms of a set of orthogonal basis
functions. Delta weighting functions are utilized to cast the integral
equations into systems of linear equations, which are then solved for the
internal fields.

Computed results based on this formulation are compared to
published data based on the exact modal formulation.
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B1-2 ANALYSIS OF LOSS IN IRIS COUPLING TO A CAVITY

090 W.A. Davis*
Department of Electrical and Computer Engineering
340 Whittemore Hall
Virginia Tech
Blacksburg, VA24061-0111
J.R. Thomas, Jr B. McConnell
Department of Electrical and Computer Engineering
3114 Randolph Hall
Virginia Tech
Blacksburg, VA24061-0238

Microwave cavities are being developed for the improved heating of ther-
mal runaway materials. To study the heating process and improve the cavity
design, numerical modeling of the thermal and electromagnetic problems are
being coupled and compared to experimental results. Experimental work has
demonstrated that as much as fifty percent of the absorbed energy is dissi-
pated in the iris structure (John M. Curtis, Jr., "Experimental Verification
for Microwave Processing of Materials in a Single Mode Rectangular Reso-
nant Cavity”, MS Thesis, Virginia Polytechnic Institute & State University,
1999). The initial electromagnetic model was not designed to analyze the loss
mechanisms in the iris walls, only the waveguide walls. This paper reports on
the numerical study of loss in the iris. Ultimately the iris may be modeled
by a simple set of S-parameters for the fundamental mode of the guide, but
the solution in the vicinity of the iris requires a higher order mode expansion
to obtain the correct solution for the fundamental mode - a standard mode-
matching problem. The loss is added to the mode-matching solution with an
impedance boundary condition at the metal interface of the iris.

To extend the concept of the loss, the lossy mode-matching solution is
compared to a perturbed solution of the no-loss case with an perturbation
estimate of the loss on each side of the iris. This estimate uses the no-loss
magnetic field at the iris surface to predict the loss current and resultant
resistive loss in the iris walls. Results are also compared to the classic incident-
field approximation to the fields in the aperture with related perturbation.
Finally, results for the lossy mode-matching solution are compared to the
measured S-parameters of the iris. With this final comparison, confidence in
the computational algorithms is demonstrated, allowing for further refinement
of the cavity design without extensive and costly experimental trials.
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B1-3 HIGHER ORDER MODELING IN THE BEM/FEM

09:20 HYBRID FORMULATION
P. W. Fink D. R. Wilton
NASA-JSC University of Houston
Houston, TX 77058 Houston, TX 77204-4793

Hybrid formulations using low order curl-conforming bases to represent
the total electric field within a finite element region and low order
divergence-conforming bases to represent equivalent electric and
magnetic currents on the boundary are well known (J. Volakis, et al.,
Finite Element Method for Electromagnetics, IEEE Press, 1998).
However, higher-order divergence and curl-conforming bases have been
shown to provide significant benefits in convergence rates and accuracy
when employed in strictly integral equation and strictly finite element
formulations (D. Wilton, et al., ICEAA, Torino, Italy, Sept. 1999). In
this paper, a hybrid electric field formulation employing higher order
bases is presented. The paper addresses benefits and issues associated
with using higher order divergence- and curl-conforming bases in the
hybrid finite element/boundary element electric field formulation.

The method of singularity subtraction may be used to compute the self
terms of the boundary integral when the bases are of low order. But this
method becomes laborious and requires great care when the divergence-
conforming bases are of higher order. In order to handle these
singularities simply and accurately, a generalized Gaussian quadrature
method is employed in which the expansion functions account for the
singularity (J. Ma, et al., SIAM J. Num. Anal., 33, 971-996, 1996).

In preliminary tests of the higher order hybrid formulation, the
equivalent electric current induced by scattering of a plane wave from a
square dielectric cylinder is examined. Accurate results are obtained
using only a two-triangle mesh when the current basis is of order 4 or 5.
Additional results are presented comparing the error obtained using
higher order bases to that obtained using lower order bases when the
number of unknowns is approximately equal. Also, convergence rates
obtained with higher order bases are compared to those obtained with
lower order bases for selected sample problems.
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Bl-4 MEASUREMENTS AND MODELING OF DIFFERENT NON-
09:40 IDEAL RETURN PATH STRUCTURES

Andrew Byers* Pelle Fornberg Melinda Piket-May John Dunn
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Stephen H. Hall Zale Schoenborn

Intel Corp.

2111 NE 25th Avenue, MS JF2-54

Hillsboro, OR 97124

As system bus and clock speeds continue to increase, previously subtle
effects on signal integrity (SI) and electromagnetic emissions (EMC) start to
have more of a significant impact. One good example of a structure that
has such an effect is a non-ideal return current path. A non-ideal return
current path occurs whenever a return current is forced to diverge from the
path of least inductance, which is usually located directly under the signal
trace. These paths can occur in several different forms, including slots in
reference planes, level transitions within a printed circuit board, or package-
to-board interfaces. An awareness of these non-ideal structures is necessary
for a packaging engineer to avoid the potential SI and EMC repurcussions of
not providing a good return path for a signal trace. The first step is to identify
the non-ideal return paths that pose the largest threat and quantify the effect
through measurement. After this has been done, lumped and distributed
element models can be developed to include the effects of the specific non-
ideal return path structure in the established design methodology.

Several different types of non-ideal return path structures were measured
on a test board. Microstrips completely changing reference layers, microstrip-
to-stripline transitions, and microstrips passing over ground plane slots were
measured in both time and frequency domains. Signal integrity problems such
as driver noise, overshoot/undershoot, and timing pushouts will be shown.
EMC issues that arise from increased current loops will also be identified. The
effects of both coupled and single lines interacting with these non-ideal return
paths are included. Systematic line length and decoupling capacitor place-
ment variations were made to draw correlations between the physical board
parameters and the resulting waveform characteristics. These correlations are
useful in understanding which physical layout parameters can by tranferred
to lumped element models, and ultimately how to generalize the lumped ele-
ment model to cover a wider range of non-ideal return path structures. The
measurements, combined with full-wave FDTD simulations, are used to verify
different lumped and distributed modeling techniques. Measurements, FDTD
simulations, and modeling results will all be presented.
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B1-5 DIGITAL FILTERING TECHNIQUES USED TO
10:00 INCLUDE MULTIPORT DEVICES IN FDTD
SIMULATIONS v

Tan Rumsey

Asa Holley
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Microwave and digital circuits are achieving ever-increasing
speeds and physical complexity, and as a result the need for system-level
simulation of electromagnetic effects has also increased. The Finite-
Difference Time-Domain (FDTD) technique is well-suited to this task
because it can model arbitrary geometries and material properties, as
well as modeling time-domain signal properties such as rise time and
propagation delay. While this technique is powerful, it is also too
computationally intensive to perform practical system-level
electromagnetic simulations.

This presentation will show the development of a method for
approximating the time and frequency-domain behavior of multiport
devices and subsystems with digital filters (L Rumsey, Master’s Thesis,
University of Colorado 1999). By approximating the terminal behavior
of transmission line networks and lumped devices with an equivalent
digital filter, the physical size and aspect ratio of system-level FDTD
models can be reduced to provide practical simulation times for
microwave circuit and printed circuit board design. These approximate
filter models can be constructed from frequency response data, or from
previous FDTD simulation of the subsystem. This method is based on
the equivalent source method (J. Mix, USNC/URSI National Radio
Science Meeting, 1998 Digest, Atlanta GA, pp.75) which allows for
EDTD transmission line voltages and currents to be utilized in lumped
circuit calculations without direct alteration of the standard FDTD
update equations. These line voltages and currents are used in
calculating reflection and transmission at each port of the subsystem to
all other subsystem ports. The digital filter approximation allows for
recursive convolution in the time domain (T.J. Brazil, IEEE Trans.
Microwave Theory and Techniques, vol. 43, no. 2, pp. 315-323) as the
simulation is running. The basic principles of this method, as well as
implementation issues will be discussed.
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BI-6 POLARIZATION EFFECT OF THE TRANSMITTED WAVE THROUGH A
10:40 LOSSY CHIRAL SLAB FOR NORMAL INCIDENT PLANE WAVES

Y.C. Huang and K.H. Lin

Department of Electrical Engineering

National Sun Yat-sen University

Kaoshiung, 80424

Taiwan

In this paper we used the propagating eigenmodes (S. He and L. V. Lindell, IEEE AP,
41, 1659-1664, 1993) and fit the boundary conditions to derive the wavefields in an
anisotropic slab situated in the simple medium when the wave incidents normally from the
simple medium to the slab. In particular, the theory can be applied to a lossy chiral slab.
Here, the transmitted wave was interested. The polarization ratic was employed to
investigate changes in polarization states of the transmitted wave.

The case of a chiral slab was thoroughly studied, including the lossy effect. The
chiral medium is a bi-isotropic medium. In general there are two elliptically polarized
waves in a homogeneous lossless bi-isotropic medium. When the medium is lossy, the
two characteristic waves are usually attenuated differently (I. V. Lindell et al., Artech House,

1994).  Specifically, chiral parameters given by F. Mariotte et al. (IEEE AP Magazine, 38, -

2, 22-32, 1996) were used to perform the computations. The field inside the slab and the
transmitted field were investigated. The polarization state and the power loss of the
transmitted wave were computed for various slab thickness.

If the slab is thick enough, the multiple reflected waves inside the slab are negligible.
In this case the field can be described using two orthogonal circularly polarized waves.
Since the two waves are attenuated differently, the transmitted wave will eventually become
LHCP or RHCP, depending on their relative attenuation, for an arbitrary incident
polarization. For the lossless case, if the incident wave is linear polarization, the
transmitted wave polarization is linear too. In this case the tilt angle will be rotated in a
manner similar to that in ionospheric propagation.

One particular result showed that the polarization state changed to LHCP eventually
when the slab thickness was increased. On the other hand, the transmitted power decayed
quickly with the slab width increased. As a result, there is a trade-off between the
transmitted power and the desired polarization state. If the medium parameters were
varied according to the passive condition, &2 < i 1,8, (I V. Lindell et al., Artech
House, 1994), such that 7, =0 where the subscript im means the imaginary part. In
this case, only one eigenfield decayed quickly with the slab thickness. The relation
between medium parameters and the polarization state of the transmitted wave as well as
the power loss are discussed and summarized.

292




B1-Sa-AM

B1-7 A BEAM-SPLITTING REFLECTION GRATING
11:00
P. L. E. Uslenghi
Department of Electrical Engineering and Computer Science
University of Illinois at Chicago
851 South Morgan Street, Chicago, IL 60607-7053

A metallic grating with identical triangular grooves parallel to the z-axis is
considered. The cross-section of each groove is an isosceles triangle with the
two equal sides forming 30-degree angles with the plane x=0 of the grating.
The triangular grooves are filled with a penetrable material characterized by a
scalar electric permittivity and a scalar magnetic permeability, and the half-
space in front of the grating is filled with air. The grating with filled grooves
presents a smooth planar surface to the incoming primary field.

A plane wave propagating in the +x direction is normally incident on the
interface x=0 between air and grating. The incident electric field is
perpendicular to the grooves and is, therefore, parallel to the y-axis. The
incident wave is partly reflected and partly transmitted across the frontal planar
interface of the grating. The transmitted wave is reflected at the slanted
perfectly conducting surfaces of each groove, and after reflection propagates
in a direction parallel to the other face of the groove with the electric field
perpendicular to that face, so that the boundary conditions on the second face
are satisfied. Additional reflections and transmissions occur when this reflected
wave impinges on the planar surface x=0, and so on. When the infinite number
of reflected and transmitted waves are added, one obtains three geometric
series, representing the backreflected plane wave and two plane waves
obliquely reflected in directions perpendicular to the z-axis of the grooves and -
at symmetric angles with respect to the incident direction, provided that the
contributions of all grooves to the obliquely reflected waves add in phase. This
last requirement means that for a discrete set of frequencies, the incident plane
wave splits, upon reflection, into three plane waves, one backreflected and two
symmetrically directed with respect to the direction of incidence. In particular,
it is found that a necessary and sufficient condition for the backreflected field
to be zero is that the material filling the grooves be isorefractive to air.
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On the Use of a Hybrid MFIE/FDTD Method for the Analysis of
Electromagnetic Scattering and Coupling Problems
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There has been a great amount of attention paid in recent year on the use of
the finite-difference time-domain (FDTD) technique for solving large electro-
magnetic problems. Two of the difficulties in the FDTD approach are: first,
the need to spatially resolve (or grid) large regions of space around the prob-
lem of interest; secondly, the need to use absorbing boundary conditions to
truncate the computational volume. In this talk, we present a hybrid tech-
nique, combining the magnetic field integral equation (MFIE) and the FDTD
methods, for the elimination of both of these difficulties. The MFIE is applied
to the treatment of region surrounding the computational volume and the
FDTD approach is applied to the inner fields in the computational volume.

"The MFIE is used as an absorbing boundary condition and/or as a means of

coupling the incident field into the problem space.

In this approach, the computational volume is truncated with magnetic field
nodes. The boundary condition for these external magnetic flelds are obtained
by imposing the MFIE on the boundary. For a two-dimensional problem and
in the case of a T M, polarized wave, the MFIE reduces to

OF,(r,t)

'/ ’
T *g(r,x',t) ds

H(r,t) = 2Hi(r,8) — 2, /

SO
where H ; is the z-component of the incident field, £, and H, are the tangential
components of the electric and magnetic fields on the plane boundary surface
So, orthogonal to the z-axis, and g is the time-domain free-space Green’s
function given by

§(t—cllr—1')
r,r )= —>20
9(r.71) 4t |r—r/|

where § is the Dirac’s delta function. The magnetic and electric fields in the
FDTD computational volume are offset by half a spatial cell size (Ah/2), while
the integral equation requires the H and FE fields to be at the same location.
This discrepancy can result in reflections from the integral equation boundary.
We discuss methods for reducing these unwanted reflections from the integral
equation boundary. Results for various geometries will be given.
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B1-9 Absorbing Boundary Condition for both
'“° Propagating and Evanescent Modes in FDTD
Simulations of Waveguide Structures

Yaowu Liu’
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Zhiyuan Yu
Institute of Applied Physics, University of Electronic Science and Technology of China,
Chengdu, Sichuan, China

When finite-difference time-domain (FDTD) method is used in
simulations of waveguide structures, the main cost of CPU time and
memory requirement will pay how to handle the evanescent modes which
are triggered either by a wide-band exciting source or stirred by waveguide
discontinuities. Although the evanescent wave triggered by the wide-band
source can be eliminated by a band-pass source (Z. Yu, Microwave and
Optical Technology Letter, 32-133, Feb. 5 1998), the evanescent modes
stirred by the discontinuities can not be filtered out. In order to attenuate
the evanescent modes to negligible level, a longer distance from the
discontinuities needs to be added. = This is the reason why a large
computation domain should be used in the waveguide structures.
Therefore, both the CPU time and the memory requirement have to be
increased. In order to solve this problem, a lot of efforts have been made.
For examples, an absorbing boundary condition for both propagating and
evanescent waves in microstrip structures is presented (V. Betz et. al.,
IEEE Microwave and Guided Wave Letters, 82-184, June 1993), but it is
not suitable for the waveguide structures where much stronger wave
dispersion exists. A technique of decomposing the wave into a set of

- orthogonal modes is proposed for absorbing both evanescent and the
propagating modes (M. Mrozowski, et. al., Electronics Letters, 109-1110,
June 1996). Finally, perfectly matched layer (PML) technique is used for
absorbing the propagating and evanescent waves in the waveguides (J. P.
Berenger, IEEE Microwave and Guided Wave Letters, 188-190, May
1998), but the additional layers required by the PML increase the
computation space. In this paper, a new ABC for absorbing both
propagating and evanescent modes in the waveguide structures is
proposed. This new technique allows us to put a truncated boundary much
closer to the waveguide discontinuities than the conventional ABC. The
efficiency of the new technique is demonstrated by 70% computation space
saving for finding S parameters of a Ka band rectangular waveguide with a
symmetrical inductive iris.
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F6-1 RAIN DROP SIZE DISTRIBUTION DEDUCED FROM UHF
08:40 AND S-BAND PROFILERS USED IN SUPPORT OF GROUND
VALIDATION OF THE TRMM SATELLITE

- Christopher R. Williams, Paul E. Johnston and Warner L. Ecklund
Cooperative Institute for Research in Environmental Sciences
(CIRES)

University of Colorado, Boulder, CO, USA

Kenneth S. Gage and David A. Carter
National Oceanic and Atmospheric Administration (NOAA)
Aeronomy Laboratory, Boulder, CO, USA

The use of vertical pointing Doppler profilers in recent years has provided a
new opportunity to sample the characteristics of precipitating clouds nearly
continuously. The high vertical resolution of these profilers enables the vertical
structure of the precipitation to be studied in great detail. We are evaluating
established techniques as well as developing new techniques to estimate the rain
drop size distribution of the precipitation from the high resolution Doppler
velocity spectra. The retrievals are performed from observations a couple
hundred meters above the surface to just below the melting level in stratiform
rain. One goal is to estimate the vertical structure and evolution of the drop size
distribution to better understand the four dimensional structure of latent heating in
the atmosphere.

The NOAA Aeronomy Laboratory has configured two collocated profilers
operating at 915 MHz (UHF) and 2835 MHz (S-band) in support of the Tropical
Rainfall Measuring Mission (TRMM). The profiler pair has been deployed at the
TRMM Ground validation sites in south Texas (April-May 1998), in central
Florida (July-September 1998), and in the Amazonia region of Brazil
(January-February 1999). The profiler pair will operate in the western tropical
Pacific on Kwajalein Atoll, Marshall Islands, for an extended period of time (July
1999-July 2001). Disdrometers collocated at the profiler site record the drop
size distributions reaching the surface. These surface observations provide
independent reflectivity calibration values for the profilers as well as drop size
distribution estimates to corroborate the profiler retrievals. Results from
estimating the drop size distribution using the UHF/S-band profiler pair and the
surface disdrometers from the Florida campaign will be presented at the
conference.
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F6-2 S-BAND POLARIMETRIC RADAR OBSERVATIONS OF TROPICAL
09:00 RAINFALL DURING THE TRMM-LBA EXPERIMENT.

Lawrence D. Carey :

Department of Atmospheric Science

Colorado State University

Fort Collins, CO 80523

From 10 Jan - 28 Feb 99, the NCAR S-POL radar (10.7 cm, linearly polarized) took
continuous observations of tropical convection over Rondonia, Brazil as part of the
Tropical Rainfall Measurement Mission - Large Scale Biosphere Atmosphere (TRMM-
LBA) Experiment. The S-POL radar will be utilized to characterize the structure of
convection and to provide unprecedented estimates of rainfall over the Amazon.

In order to provide a statistical framework for the S-POL observations, joint
probability density functions (PDF) of Zg, Kyp, LDR, and py, versus Z, were created as a
function of height. Since ice rarely survives unmelted more than 2 to 3 km below the height
of the 0° C level in the tropics (4.5 to 5 km), joint PDF’s below 1 km provide uncorrupted .
polarimetric radar characteristics of tropical rainfall. Since many of the original S-band
polarimetric radar observations of rainfall were taken beneath midlatitude hailstorms, it is
interesting to compare those results to the TRMM-LBA observations.

In Fig. 1, the Zy versus Z, joint PDF in rainfall is summarized. Comparison with
midlatitude observations (e.g., Aydin et al., J. Clim. Appl. Meteor., 25, 1475-1484, 1986;
Sachidananda and Zrnic, J. Atmos. Oceanic. Tech., 4, 588-598, 1987) suggests that tropical
Z4: is significantly lower for a given Z;. For Z;, = 40 dBZ, Z,, has a mode of 0.75 dB and
ranges from 0.25 - 2.2 dB when removing 5% of the data at the lower and upper extremes.
For the midlatitude observations at Z,= 40 dBZ, Z,, typically ranged from 1.25 to 3 dB with
amode of 2 dB. A similar downward bias in the tropical Zy, exists at all Z,, < 50 dBZ. This
bias may be the result of differences in the drop shape versus size relationship for tropical
versus midlatitude rainfall. For example, rainfall beneath midlatitude hailstorms may
contain ice cores that stabilize the drops and mitigate the effect of oscillations on the drop
shape. These differences have important implications for hydrometeor identification.

Fig. 1. Range of S-POL Z;-Z pairs in rainfall below 1 km. Each pair of lines represents
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the range of Zy with the lower and upper extrema removed [gray: 1% extrema removed
(98% retained); thick solid: 5% (90%); thin solid: 10% (80%)). The dashed line represents
the mode of the observed Z;-Zy; pairs. Approximately 83 hours of radar data over 12 days
were analyzed. The '+’ symbols indicate the number of samples per Z; bin.
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F6-3 SLANT-LINEAR POLARIZATION FOR DISTINGUISHING
09:20 AMONG QUASI-SPHERICAL TYPES OF HYDROMETEORS

R. F. Reinking*

NOAA Environmental Technology Laboratory
Boulder, CO 80303

S. Y. Matrosov

University of Colorado - CIRES

and NOAA Environmental Technology Laboratory
Boulder, CO 80303

Dual-polarization radar can be used to identify hydrometeors according
to their shapes and related parameters. First, it is demonstrated that depolar-
ization ratios can uniquely separate the “regular”, pristine planar ice crystals,
columnar ice crystals, and drizzle drops from one another. The next ques-
tions are: (1) Can drizzle, which if supercooled is an icing hazard to aircraft,
be separated from the more spherical types of ice particles, such as blocky
columns, graupel, snow pellets, and aggregates? And (2) Can these types of
ice particles be differentiated among themselves?

For the Ka-band (? = 8.66 mm) radar that is used in the Environmen-
tal Technology Laboratory, most particles in non-precipitating to moderately
precipitating clouds satisfy the conditions of Rayleigh scattering theory, so
this wavelength is optimal for drizzle detection. Deviations from this theory

due to larger particles (> 2mm) are generally not too large; therefore, the .

depolarizations are recognizable extrapolations from smaller particles of the
same kinds. Such measurements are presented and examined for hydrometeor
identification.

Which polarization state is optimal for this task of distinguishing among
hydrometeors? Our most recent experiments, reported here, have tried the 45
degree slant-linear state as one of a few good options being tested, because
(1) slant-linear polarization is the closest relative to horizontal (linear) polar-
ization, the state most explored and commonly used, (2) slant-linear can be
simply implemented and is a state considered for the dual-polarization of the
WSR-88D radars, (3) generally, a cross-channel return greater than that for
horizontal polarization is achieved, thus allowing a potential for surveillance
of weaker clouds such as those containing drizzle-sized drops, and (3) the use
of slant-linear produces a greater dynamic range for the measured depolariza-
tion ratios than that achieved with elliptical polarizations, thus enhancing the
separation of the signatures of various hydrometeor types.

298




F6 Sa-AM

F6-4  THE EFFCTS OF DROP SIZE DIESTIBUTION ON
09:40  POLARIMETRIC MEASUREMENTS OF RAINFALL

D.S. Zric™, A.V. Ryzhkov @

(1) National Severe Storms Laboratory, USA

(2) Cooperative Institute for Mesoscale Meteorological Studies, University
of Oklahoma, USA

Evidence, including measurements with a 2 D video disdrometer, suggests
that in the US Great Plains the drop sized distribution (DSD) variability
might be the dominant cause of discrepancy between rain gauges and radar
estimates at distances less than 100 km. Moreover, literature search
reveals that very little is known about the DSD at sizes larger than about 5
mm which is the limit imposed by impact type disdrometers. At the 10 cm
wavelength the uncertainty in largest size concentrations is of secondary
importance because these are within the Rayleigh regime of scattering.
Yet, for the 5 cm wavelength and at sizes between 5 and 7 mm,
polarimetric variables exhibit a strong resonance effect which can confuse
interpretation; this is because the real part of the dielectric constant is
about twice the imaginary part hence energy stored in the reactance is
about twice the one dissipated. The resonance is subdued at the 3 cm
wavelength because there the real part of the dielectric constant is about
equal to the imaginary part. Comparisons with rain gauge measurements
has brought out the fact that the fixed polarimetric rain rate relations (for
the 10 cm wavelength) occasionally produce outliers. That is, there is
considerable bias in total rainfall accumulation compared to the dense
raingauge network. Moreover, we have observed several times that,
although the total storm accumulations of rainfall from gauges and radar
agree, the time evolutions of hourly totals can be vastly different. This
type of error has no effect on climatological studies but it might be
devastating for hydrologic models or flash flood forecasts, both of which
require a correct forcing function (i.e. rainfall over short periods of time).
An adaptive estimation of rain rate is proposed (relying exclusively on
polarimetric data) which we believe might vastly improve polarimetric
rainfall measurements. Its essence is in using polarimetric variables to
match rain rate relations for a specific rain type.
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F6-5 MEASUREMENTS OF POLARIZATION COVARIANCE
10:00 MATRIX FOR HYDROMETEORS

A. Ryzhkov!?, D. Zmic'?, E. Brandes®, J. Vivekanandan®

(1) National Severe Storms Laboratory, Norman, Oklahoma
(2) Cooperative Institute for Mesoscale Meteorological
Studies, University of Oklahoma, Norman, Oklahoma

(3) National Center for Atmospheric Research,

Boulder, Colorado

First measurements of all elements of the covariance scattering matrix for clouds
and precipitation have been performed using NCAR S-POL dual-polarization radar during
the TEFLUN experiment in Florida in 1998 and the TRMM-LBA campaign in Brazil in
1999. The radar operates at S band and utilizes horizontal and vertical polarizations. In
the “full-polarization” mode of operation the radar transmits alternately horizontally /
vertically polarized waves and receives co-polar and cross-polar components of reflected
signal using dual-channel receiver system. Seven independent radar variables were
measured directly, namely, radar reflectivity at horizontal polarization Z,, differential
reflectivity Z,, linear depolarization ratio L, differential phase ®,,, the magnitude of the
co-polar correlation coefficient |p,|, and two complex co-cross-polar correlation
coefficients py, and p,. Specific differential phase K, was obtained as a radial derivative
of @, and correction for differential attenuation based on ®,, was made for Z, L,, and
the phases of p, and p,.

Two cases from the Florida data set and four rain events from the Brazil data
have been studied in more detail. The major emphasis was on examination of the complex
correlation coefficients p, and p, that haven’t been explored before for polarimetric radars
operating in linear polarization basis.

As predicted by theory, the magnitudes of p, and p, decrease as the width of
canting angle distribution increases, i.e., atmospheric particles become more randomly
oriented. This fact is fully confirmed by the observational data. The lowest values of |p,|
and |p,| are observed within the melting layer. Both parameters are lower in convective
rain compared to stratiform precipitation. The highest values of |p,| and |p |(sometimes
exceeding 0.9) are detected near the tops of convective cells. These signatures are
consistent with negative Ky,s that are often observed in the same areas. This is an
indication of tilted crystals with high degree of common alignment that is neither
horizontal or vertical. This unusual orientation of crystals is likely caused by strong
electric fields in electrically charged regions of the cloud. Another confirmation of this
crystal habit is very “flat” behavior of the phases of p, and p,. The phases slightly
fluctuate around zero in these regions, whereas elsewhere spatial fluctuations are much
stronger due to changes of the sign of the mean canting angle from one spatial domain
to another. The arguments of p,, and p, also exhibit well pronounced drop in the melting
layer that indicates, according to theory, the presence of scatterers with sizes within the
range between 7 and 10 mm.

Multiparameter data analysis shows that each measured variable represents quite

independent and complementary piece of information that makes a polarimetric radar
indispensable tool for hydrometeor identification.
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F6-6 HYDROMETEOR CLASSIFICATION USING FULL
10:40 POLARIMETRIC RADAR COVARIANCE MATRIX

A. Ryzhkov"'® and D. Zrnict®

(1) National Severe Storms Laboratory, Norman, Oklahoma
(2) Cooperative Institute for Mesoscale Meteorological Studies,
University of Oklahoma, Norman, Oklahoma

Modern polarimetric weather radar allows to measure all components of the
covariance scattering matrix <[sy[>, <[s,,[>>, <[s, /%>, <Sp'50>, <5y > <Suy'Spy>, Where
s; denote complex scattering amplitudes of individual scatterer if the wave with i
polarization is transmitted and the wave with j™ polarization is received, brackets indicate
ensemble averaging, and indices h and v stand for horizontal and vertical polarization if
measurements are made in the horizontal / vertical linear basis. Recently, various schemes
for automatic hydrometeor classification have been developed based on the first four listed
covariances (Vivekanandan et al., Bull. Amer. Met. Soc., 80, 381-388, 1999, and D. Zrnic
and A. Ryzhkov, Bull. Amer. Met. Soc., 80, 389-406, 1999). The last two covariances that
are proportional to the co-cross-polar correlation coefficients p, and p, haven’t been
explored for linearly polarized radar for which majority of weather observations are being
done and which is suggested as forthcoming upgrade of the existing operational network
of the WSR-88D radars. The focus of this paper is to examine information content of the
coefficients p, and p, and their possible use for hydrometeor identification.

Theoretical analysis shows that the magnitudes of the coefficients p, and p, are
roughly proportional to the ratio of sin 2<yr> and oy, where <> is the mean canting
angle of atmospheric scatterers and o, is the width of canting angle distribution. It is
important that the magnitudes of both coefficients are almost entirely determined by
orientation of particles and do not depend on particle sizes and shapes. Knowledge of the
orientation of atmospheric particles is essential for reliable hydrometeor classification and
discrimination between liquid and frozen hydrometeors.

The phases of p,, and p, or half of their sum 8, = % (arg p, + arg p,) are also
very informative. For scatterers small enough compared to radar wavelength (Rayleigh
regime of scattering), . is either O or © depending on the sign of the mean canting
angle. However, for larger scatterers in the Mie domain, the phase &, is different from
0 or n. The magnitude of this difference depends primarily on particle equivolume
diameter, its dielectric constant, and radar wavelength. Remarkably, it is not affected by
hydrometeor orientation and its oblateness (provided that the particle has some
nonsphericity and, thus, depolarized component of the radar signal is not zero). This
“non-Rayleigh” addition to the phase 8, is much larger than the co-polar backscatter
differential phase, that is, the phase of the covariance <s,’s,,>, and, therefore, might be
very attractive for gauging size of melting hailstones and discriminating between wet and
dry snow.

The conclusions are illustrated by results of computations for S-, C-, and X-band

radar frequencies. Estimation of propagation effects and their influence on the magnitudes
and phases of the coefficients p, and p, is also made.
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F6-7 ANALYSIS OF COMBINED AIRBORNE AND GROUND-
11:00 BASED MILLIMETER-WAVE RADAR MEASUREMENTS OF
HIGH CLOUDS

Lihua Li* Stephen M. Sekelsky Steven C. Reising
Microwave Remote Sensing Laboratory

Knowles 101, University of Massachusetts at Amherst
Ambherst, MA 01003

Gregory A. Sadowy Steven L. Durden Steven J. Dindaro
Fuk K. Li

Jet Propulsion Laboratory

4800 Oak Grove Drive

Pasadena, CA 91109

Arlie Huffman Graeme Stephens

Department of Atmospheric Science

Colorado State University

Fort Collins, CO 80523

Cloud measurements at millimeter-wave (MMW) frequencies are atten-
uated by atmospheric gases, clouds and precipitation. Estimation of the true
equivalent radar reflectivity, Z,, is complicated because the extinction and Mie
scattering coeflicients are not well characterized at these short wavelengths.
Although attenuation is an unwanted effect, it does provide valuable informa-
tion about cloud properties. In order to better understand the attenuation
characteristics of clouds and precipitation and to intercompare the calibra-
tions of millimeter-wave cloud radars, two 95 GHz (W-band) radars and a 33
GHz (Ka-band) radar were deployed in the field during the summer of 1998.
The dual frequency Cloud Profiling Radar System (CPRS) from University
of Massachusetts (UMass) was operated as a ground-based system. The 95
GHz Airborne Cloud Radar (ACR), jointly developed by UMass and NASA’s
JPL, was installed in a nadir-viewing configuration on NASA’s DC-8 research
aircraft.

This abstract presents simultaneous measurements collected by CPRS
and ACR in New Iberia, Louisiana. By using the upward-looking CPRS and
the downward-looking ACR, radar data for the same cloud and precipitation
volume was obtained from opposite viewing angles. These measurements have
unique advantages for studying the properties of the clouds between the air-
craft and the ground surface, because a¢ priori knowledge of attenuation from
clouds, the atmosphere and precipitation is not required. True radar reflec-
tivity can be recovered by combining upward-looking and downward-looking
calibrated profiles. This reduces the uncertainty in radar reflectivity estima-
tion since we do not have to make any assumptions about the microphysical
properties of the hydrometeors.
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F6-8 A DUAL-WAVELENGTH RADAR TECHNIQUE FOR MEASURING
11:20 THE TURBULENCE ENERGY DISSIPATION RATE ¢

T. E. VanZandtl, W. L. Clark?, C. R. Williams!.2, W. L.

Ecklund1.2, and K. S. Gage?

1 NOAA Aeronomy Laboratory, 325 Broadway, Boulder CO
80303

2 CIRES, Campus Box 216, University of Colorado, Boulder CO
80309

We have used wind-profiling radars with wavelengths of 11 and 33 cm
(2835 and 920 MHz, S- and UHF-band) in summer during the MCTEX
campaign at the Tiwi Islands near Darwin, Northern Territories, Australia,
and in fall/winter at the Flatland Atmospheric Observatory in lllinois.

Theoretically, the ratio of the radar reflectivities equals the ratio of Hill's
(1978) model spectra of turbuient fluctuations of the radio refractive
index for the two wavelengths. When the S-band radar observes in the
viscous subrange of turbulence, the theoretical ratio is a strong function of
e. Thus, a measurement of the ratio determines the corresponding value of ¢
in the observed volume. The present pair of radars can determine ¢
between about 10-4 and 10-6 m2/s3 in the lower troposphere. Other ranges
of ¢ and/or other altitudes can be studied with different pairs of
wavelengths.

In the boundary layer during MCTEX we observed ¢'s an order of magnitude
smaller than those observed by other techniques, with a day/night ratio of
the order of 10 and a slow decrease with altitude.

The dual-wavelength technique has several advantages over other radar
techniques. First, most contaminating non-turbuient echoes, especially
particulate echoes, are filtered out. Other than such filtering, no
corrections to the data need to be made. Second, the similarity of the shapes
of the scatter plot of the observed ratios and Hill's model ratio confirms
that the observed ratios are due to turbulence. Third, the technique relies
on the relative rather than the absolute calibration of the two radars.
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F6-9  SIMULATION OF SUBSURFACE TIME-DOMAIN
11:40  ELECTROMAGNETICS

Anatoliy Boryssenko, Gennadiy Kokorin*

Scientific Research Company Diascarb
P.O. Box 148, Kyiv, Ukraine, 02222
Tel./Fax +(380) - 44-515-3414
E-mail:diascarb@public.ua.net

Detection and discrimination by subsurface high-resolution radars of
objects hidden in opaque media are important for scientific and engineering
practice as valuable technology of remote sensing and nondestructive
testing. This technology is based on registration and processing of
electromagnetic pulsed fields scattered by internal heterogeneity of a
medium under investigation. Practical application of subsurface radars is
often limited due to complexity of interpretation of scattered fields.

This paper is devoted to obtain simple general model with clear physical
picture of events and some ability to estimate problem qualitatively from
parametric point of view. There are the three parameters of problem, i.e.
(1)-transmitting (Tx) and receiving (Rx) impulse antennas, (2)-subsurface
media and (3)-hidden objects. The problem is considered in time domain
(TD) that is more preferable and adequate due its inherent physics in
contrast to frequently domain because the transformation of signal
waveform of transient nature is key moment of subsurface radar operation.

A general 2-D geometry of problem is presented in Fig. 1 where bistatic
antennas of radar are located on the interface between the upper air medium
and the lower opaque one with hidden object in it. Results presented below
in Fig. 2-3 were being computed with simulator for several structures of
subsurface finite-sized objects. The left side of each pictures shows image
of an original geometry of problems under investigation, while the right
side is its simulated radar image.
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Fig. 1. Fig. 2. Fig. 3.
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NATURAL PULSED ELECTROMAGNETIC FIELDS USED
FOR EARTH’S NEAR-SURFACE PASSIVE PROBING

A.Boryssenko, G. Kokorin* V.Polishchuk

Scientific Research Company Diascarb
P.O. Box 148, 02222 Kyiv, Ukraine
Tel./Fax +(380) — 44 - 515-3414

E-mail: diascarb@public.ua.net

It was estimated experimentally
that numerous natural and man-
made processes in the Earth interi-
ors cause electromagnetic radiation
in the frequency band of the 100 Hz
- 10 MHz. A registered electromag-
netic emission can be called as the
natural Earth’s pulsed electromag-
netic field (NEPEMF). Local geo-
dynamics events cause statistical
variations of the NEPEMF regis-
tered on the Earth’s surface also.
Objects of these studies are local-
ization of subsurface underground
hidden objects of artificial origin by
monitoring disturbances of pulsed
electromagnetic background.

A measurement of signals of the
NEPEMF and their following sta-
tistical processing allow and map-
ping of subsurface artificial local
hidden objects. To do this we use a
magnetic inductor device with elec-
tronic registration of the magnetic
flux density speed. Fixed on the
Earth surface an electromagnetic
pulsed radiation is a mixture of the
NEPEMF and interference signals.
But those components have differ-
ent statistical features and can be
separated by corresponding statisti-
cal processing. A perspective object
to study by the NEPEMF technique
is illustrated in Fig. 1.

c)

Fig. 1. Detection of old script ac-
complished by combined remote
sensing techniques:  (a) NEPEMF
approach, (b) subsurface radar, (c)
schematic reconstruction of script.
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G4-1 THE EFFECT OF ELECTRON COULOMB COLLISIONS ON

09:00 THE JICAMARCA INCOHERENT SCATTER SPECTRUM:
REVIEW OF THEORY AND COMPARISONS WITH EXPER-
IMENTAL DATA

M. P. Sulzer*

Arecibo Observatory, Arecibo, PR 00612
S. Gonzélez

Arecibo Observatory, Arecibo, PR 00612

The physics describing the effect of electron Coulomb collisions on the
incoherent backscatter spectrum looking nearly perpendicular to the magnetic
field has been recently described (M. P. Sulzer and S. A. Gonzilez, JGR,
in press). This paper attributes problems with modeling the width of the
spectrum as well as the electron and ion temperatures to the effects of these
collisions. The fact that the effects electron Coulomb collisions need to be
included is now generally accepted. However, there is some controversy over
our detailed predictions. In particular, we predict a relatively slow reduction of
the collisional effect as the the aspect angle moves further from perpendicular,
as the electron density decreases, and as the electron temperature increases.
These results, which are unexpected from experience with the predictions of -
simpler collisional models such as Brownian motion (Langevin’s equation) and
the BGK approximation, have been questioned.

The variations with these parameters are the result of the specific char-
acteristics of Coulomb collisions, in particular the variation of the magnitudes
of the diffusion coefficients with electron speed, the fact that electron-ion colli-
sions modify the momentum strongly without significantly affecting the energy,
and the fact that the electron-electron collisions affect the energy relatively
slowly. We present a comparison between an analytic calculation for Brownian
motion and a numerical calculation for Coulomb collisions, showing how the
surprising parameter variation comes about.

As an example we consider the collisional effect looking about two de-
grees from perpendicular to the field, where we predict an effect several times
larger than simple collisional models predict. We show data from Jicamarca
which agree with our predictions for both the angle and electron density vari-
ations.
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G4-2 NUMERICAL SIMULATIONS OF THE ION-RAIN PROCESS
09:20 AS VIEWED WITH INCOHERENT SCATTER RADAR

J. D. Mathews*

Communications and Space Sciences Laboratory
Penn State Un.

University Park, PA 16802

Q.-N. Zhou

Communications and Space Sciences Laboratory
Penn State Un.

University Park, PA 16802

Q.-H. Zhou

Arecibo Observatory

Arecibo, PR 00613

High resolution ISR observations of ion-rain (tendrils of ionization ex-
tending from the base of the F-region onto the evening intermediate tidal ion
layer) and of certain intense spread-F events suggest the presence of E/F re-
gion electrodynamic coupling—E-fields mapped along the geomagnetic field
“lines”—down to horizontal scales as small as a few kilometers. We further
suggest that the ion-rain structures form due to horizontal organization of the
plasma in the combined wind and E-field environment. These order 1 mV/m
E-fields are hypothesized to be generated in a “field” of linear and/or non-linear
Perkins-like instabilities embedded in the bottom-side nighttime F-region and
are swept across the E-region with the F-region bulk motion. We present nu-
merical simulations of 3-dimensional ion trajectories in wind and electric field
structures similar to those implied by these observations. Further we employ
a Monte Carlo-like technique to show how these structures would appear to a
narrow-beam incoherent scatter radar. In this approach ions are randomly re-
leased into a large 4-D space-time volume with the antenna-beam forming the
ensemble averager by recording the passage of an ion-trajectory through the
beam at locations of fixed height and time resolution. Additionally, these sim-
ulations reveal details of a new horizontal convergence mechanism that occurs
when the E-field appears to be almost motionless in the ion frame-of-reference
allowing considerable E-field induced horizontal motion. These simulations
also yield insight into formation of sporadic E and spread-F structures and we
discuss instrumentation—including the Arecibo dual-beam radar system—and
observational modes needed to further study electrodynamics on the suggested
small scales.
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G4-3 "RECENT MESOSPHERIC WIND OBSERVATIONS FROM IDI
09:40 MEASUREMENTS AT BEAR LAKE, HALLEY AND EISCAT

F. T. Berkey,* C. S. Fish
Space Dynamics Laboratory
Utah State University
Logan, UT 84322-4145

G. O. L. Jones
British Antarctic Survey
Cambridge, CB3 OET United Kingdom

M. T. Rietveld
Max-Planck-Institut fiir Aeronomie
D-37191 Katlenburg-Lindau, Germany

In order to conduct radar measurements of the mesosphere, an implementation of the
imaging Doppler interferometer (IDI) technique (G.W. Adams et al., Radio Sci., 20(6),
1481-1492, 1985) was configured for the NOAA dynasonde operated by the British
Antarctic Survey at Halley, Antarctica (G.O.L. Jones, K. Charles and M.J. Jarvis, Radio
Sci., 32(6), 2109-2122, 1997). The initial results from these measurements have been
encouraging (K. Charles and G.O.L. Jones, J. Atmos. and Solar Terr. Phys., 61, 351-362,
1999) and additional installations have been carried out for dynasondes operated at the USU
Bear Lake Observatory and at the EISCAT facility near Tromsg, Norway.

The three currently operational dynasonde installations are sited at mid-latitude (Bear
Lake), at a high geographic latitude in the Southern hemisphere (Halley) and at a high
magnetic latitude in the Northern hemisphere (EISCAT). The mean and background winds,
as well as the amplitude and period of the predominant tidal modes in the 50-115 km regime
have been derived from the IDI measurements at each of these sites and the results will be
discussed in this paper. Utilizing the inherent frequency agility of the NOAA dynasonde
(R.N. Grubb, NOAA Technical Report, 1979), different sounding frequencies are used for
IDI sounding at night and during the day at the Bear Lake Observatory. The impact of
multiple frequency operation on the mesospheric sounding measurements will also be
addressed.

A by-product of the dynasonde IDI implementation is the capability to detect echoes
from the ionization created by meteors impinging on the ionosphere at heights from 60-115
km. A companion paper at this conference will discuss the results of these measurements,
with particular emphasis on data obtained at the Bear Lake Observatory.
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G4-4 COHERENT AND INCOHERENT SCATTER RADAR
10:00 OBSERVATIONS OF STORMTIME IONOSPHERE
MAGNETOSPHERE OSCILLATIONS

J. C. Foster* H. B. Vo E. V. Mishin

MIT Haystack Obs., Atmos. Sci. Group, Westford, MA 01886
A. P. Potekhin

Inst Solar Terr Phys, RAS, Box 4026, Irkutsk, 664033, Russia
F. J. Rich

AFRL, Hanscom AFB, MA 01731

A rare occurrence of coherent 150-MHz radar backscatter from two-
stream E-region irregularities was observed near 55°A in the northward-
directed sidelobes of the Irkutsk incoherent scatter radar (52.9 N, 103.3 E)
during the September 25, 1998 magnetic cloud event. At such normally sub-
auroral latitudes, polarization electric fields associated with ring-current in-
jections result in regions of intense sunward convection (SAID) during en-
hanced geomagnetic activity. The occurrence of such conditions during this
event has been confirmed by overflights of the DMSP satellites which observed
polarization-jet convection electric fields in excess of 150 mV/m in the region
of the radar backscatter.

The Irkutsk radar power profiles were dominated by sidelobe coherent
contamination for more than 6 hours during the event. These were corrected
for the effects of magnetic aspect sensitivity using a 90-min time-averaged
power/range profile which was found to be qualitatively similar to the theo-
retical aspect sensitivity function calculated using antenna beam pattern, the
IGRF 99 magnetic field, and a magnetic aspect angle sensitivity of -15 dB/deg.
Correcting the power profile observations with this empirical aspect- angle
function produces a relative variation of coherent power across a five-degree
span of latitude for the course of the event. This reveals a 1000-s periodicity
and latitude progression indicative of a wavelike modulation of the coherent
backscatter conditions. Since the electric field is known to have greatly ex-
ceeded the threshold for the generation of two-stream irregularities across the
region of interest, the observed variation in the coherent backscatter can be
explained by a periodic modulation of the local magnetic field orientation.
We calculate that a small( 0.5 deg) change in the magnetic aspect angle will
produce the 5-dB variation on backscattered power observed by the radar.

The oscillatory perturbation of the magnetic field in the Siberian sec-
tor near local midnight immediately followed a sharp impulse in the solar
wind which produced an interval of globally enhanced activity. Ionospheric
F-region density and vertical velocity above the Millstone Hill incoherent scat-
ter radar (54°A), separated from the Irkutsk radar by 12 hours of local time,
exhibited pronounced oscillations with a similar 20-min periodicity, while
ground magnetic observations in both hemispheres revealed a similar oscilla-
tion. Radar observations define and confirm the global nature of the iono-
sphere/magnetosphere perturbations accompanying such impulsive events.
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G4-5 INCOHERENT SCATTER MEASUREMENTS OF JION BEAM
10:40 INJECTIONS INTO THE IONOSPHERE DURING SPACE SHUTTLE
FLIGHT STS-93
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In late July 1999 during the STS-93 flight of the Space Shuttle Columbia, the crew
performed experiments with controlled ion injections over the incoherent scatter radar (ISR)
facilities located at Arecibo, Puerto Rico; Jicamarca, Peru; and Kwajalein, Marshall Islands.
Ion beams were formed by charge exchange in the ionosphere of the high velocity neutral
molecules exhausted by the Orbital Maneuver Subsystem (OMS) engines on the Space
Shuttle. Pick-up ions were produced with energies between 2 and 10 eV depending on the
orientation of the OMS engines relative to the vehicle orbit. On this mission, the first ISR
spectra were measured by reflection from electrons in the presence of the high-speed ions.
The non-equilibrium ion distributions produced atypical ion-line spectra. These spectra
were predicted by Bernhardt et al. [J. Geophys. Res., 103, 2239-2251, 1998]. Numerical
fitting procedures were used to extract the ion beam parameters from the measured ISR
spectra. The analysis shows relaxation from ring-beam distribution to a thermal distribution
in the period of 30 seconds. The analysis of the spectra also indicates that collisional
heating by the ion beams yields elevated temperatures in the background ions leading to
enhanced radar echoes. Beam driven instabilities involving ions or charged dust in the
OMS plume may produce turbulence that would also yield enhanced radar backscatter. This
region of enhanced turbulence was postulated by Bernhardt et al. [J. Geophys. Res., 100,
23811-28818, 1995] but has not been observed in the radar data for the 2eV ion beam
injections over Arecibo and Jicamarca. The 10 eV beam injections over Kwajalein may
show the effects from irregularities produced by beam driven instabilities. These
observations open up the possibility of conducting a new series of ion-beam instability and
heating experiments using the Space Shuttle OMS engines as plasma beam generators.
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G4-6 KHARKOV RADAR OBSERVATIONS OF HYDROGEN ION
11:00 VARIATIONS DURING THE SOLAR ECLIPSE OF AUGUST,
1999
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Continuous observations of electron density, electron and ion tempera-
tures, vertical plasma drift, and hydrogen ion density in the topside ionosphere
were carried out at the Kharkov IS Radar during a 3-day interval centered on
the August 11, 1999 partial solar eclipse. Maximum obscuration ( 83in the
height range 200 - 1500 km with 1 min time resolution, but in this paper 15
minute integration intervals are considered. The main features of the iono-
sphere behavior during the August 11, 1999 eclipse are:

1. The eclipse caused a large and rapid increase in the hydrogen ion
percentage concentration at all heights ( 40The lower boundary of H+ ions
( 10 800 km and the altitude, where H+ ions predominate over O+ ions,
decreased from 1250 km to 1100 km.

2. Significant downward F-region plasma movement was observed during
the eclipse. An upward drift of 5 m/sec was observed at altitude of 650
km before the eclipse. At eclipse maximum, the drift changed to 65 m/sec
downward.

3. Eclipse effects on electron temperature Te were observed at all heights
centered about the time of eclipse maximum and following closely the variation
of the incident flux of solar radiation. There was a decrease in Te of more than
300 K at all Lieights above 220 km. The largest decrease { 500 K) occurred
at altitudes in the range 350 - 450 km.

4. During the eclipse there were changes in ion temperature Ti at all
altitudes with an amplitude which increased with altitude. At 350 km, the
temperature decreased by 100 K, at 550 km - by 300 K, and at 750 km by
500 K. The temperature change for the ions was much less than that of the
electrons. One explanation might be that the ion=neutral coupling restricts
the fall in Ti.

5. During the eclipse, electron densities and the altitude of the F layer
maximum did not change appreciably.
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G4-7 THIRD-GENERATION HF MODEM/PROTOCOL
11:20 PERFORMANCE UNDER DEGRADED CONDITIONS
Tim Riley

National Telecommunications and Information Administration
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The amateur radio community traditionally has supplied a large reservoir of
backup communications for the Federal and amateur radio emergency
response communities. Due to the decreasing cost of HF modems,
increasing numbers of HF radio operators are using modems for digital
communications. In the interest of developing this resource, the National
Communications System (NCS) sponsored the National
Telecommunications and Information Administration (NTIA) to test various
HF modems to establish a technical baseline of standardized performance
data on HF modem protocols. It is intended that the Federal Emergency
Management Agency (FEMA) use these test results to determine the
protocols that could serve as an interchange with the amateur community in
the event of a national emergency. The tests were conducted at NTIA s
Institute for Telecommunication Sciences (ITS) laboratories in Boulder,
Colorado. The controlled laboratory conditions enabled ITS to test the
protocols under a well-defined, repeatable set of simulated ionospheric
channel conditions. Although the extreme limits of degraded channel
conditions used to test each protocol varied according to the robustness and
implementation of the protocol, all of the protocols were subjected to the
same set of degraded conditions. The performance of the various modems
and their protocols were compared under the same conditions, establishing a
baseline of modem protocol performance.

Earlier testing (Tim Riley, et. al., 4 Comparison of HF Digital Protocols,
QST, pp. 35-39, July, 1996 and Tim Riley and Dennis Bodson, HF Modems
and Protocols: An Approach to Testing, QEX, pp. 3-14, October, 1997)
covered first, second and third-generation protocols such as AMTOR,
PACTOR, G-TOR, CLOVER and PACTOR2. Follow-on testing compared
the two predominant third-generation protocols: PACTOR2 and CLOVER
2000. This testing also utilized a new-generation atmospheric channel
simulator, implementing the Watterson channel model on a DSP-based
signal processing card with a NATO-approved algorithm. Since the
PACTOR?2 protocol was covered in both test phases, the results of both tests
could be compared with confidence. Results of the tests are presented as
throughput (in characters per second) versus channel conditions (CCIR
good and poor with varying signal-to-noise ratios).
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LONGITUDINAL WAVE PROPAGATION IN A SLOWLY
DECAYING MAGNETOPLASMA MEDIUM

V. R. Goteti
Department of Electrical Engineering
Alabama A&M University, Normal, AL 35762

Plasmas produced by solar flares, strong laser pulses or a nuclear
explosion are typical examples of transient plasmas. The electron density
rises rapidly to a peak value and decays slowly thereafter in such
plasmas. Investigation of wave propagation under transient plasma
conditions will provide information about creation of new waves,
frequency modulation effects and plasma diagnostics.

This wave propagation problem is addressed by assuming that a
right circularly polarized wave is propagating in the direction of the
static magnetic field in a spatially homogeneous plasma medium
(longitudinal propagation) for time t < 0. At time t = 0, the plasma is
considered to start decaying slowly with time, its free electron density
ultimately becoming zero. Conservation of wave number over the
temporal discontinuity is used as a basis of analysis. The initial wave is
shown to split into three new waves. Two of these constitute a pair of
transmitted and reflected waves. The third wave appears due to the
presence of the static magnetic field and it propagates as a transmitted
wave only as long as the magnetoplasma exists. It vanishes when the
plasma collapses completely and the entire space becomes free space.

A WKB type solution is developed to determine the frequencies
and fields of these waves. A second order Riccati equation is derived as
the zero order solution to determine the instantaneous frequencies of the
waves. The first order solution is an improvement over the zero order
solution in that complex instantaneous frequency functions are
developed for the three waves. The fields of the waves are then
completely obtained. In order for this solution to be valid, it is necessary
that the number density of the plasma be a slowly varying function of
time. A condition of validity of the solution is obtained. The proposed
solution provides an identification of the individual waves and their
fields as opposed to the total fields given by numerical solutions. An
exponentially decaying number density profile is chosen as an
illustration. The proposed solution compares well with numerical
solutions for the total fields at z = 0. It is shown that in the absence of
the static magnetic field, the proposed solution tallies with the solution
for an isotropic plasma medium (D.K. Kalluri, and V. R. Goteti, J. 4ppl.
Phys. 66(8), 3472 - 75, 15 October 1989)
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For many years, observations of the auroral ionosphere have revealed fine
scale structure in the transverse electric field (F. S. Mozer et al., Phys. Rev.
Lett., 38, 292, 1977; J. Bonnell, Fos Trans. AGU, 78(46), Fall Meet. Suppl.,
F612, 1997). The overall effect of this structure is one of strong velocity shear, -
resembling many individual E x B flow layers in close proximity. The linear
stability properties of waves in such nonuniform media are difficult to predict
a priori: each situation must be studied individually, and evaluated on a case-
by-case basis. Here, we study the effects that structured, nonuniform E x B
flow has on the stability of ion Bernstein waves. Specifically, we investigate the
case of three layers (whose thicknesses are on the order of the ion-cyclotron
radius) with finite B x B flow, immersed in a background plasma that is
stationary. In addition, we develop the formalism for a large number of layers,
resembling a finely structured profile.

It has been shown that a single localized flow layer (with its associated
velocity shear) can be unstable to ion Bernstein waves (G. Ganguli et al.,
Phys. Fluids, 28, 761, 1985), and that two layers can significantly couple to
increase the growth rate of the instability (M. A. Reynolds and G. Ganguli,
Phys. Plasmas, 5, 2504, 1998). We generalize these single- and double-layer
results to include the new effects due to the addition of a third layer.

The relevant results for one and two flow layers will be described, and
for three layers we will investigate in detail two types of structures that are
generic in character. The first type is characterized by flows in the same
direction, with regions of zero velocity separating the layers. The second type
is characterized by flows in opposite directions with little or no separation
between the layers, resembling electrostatic shocks.

This work is supported by a New Faculty Grant from Howard University, and
by grants from ONR and NASA.
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Kinetic Alfvén waves have long been known for their ability to evolve
into solitary structures. In space plasmas of sufficiently large spatial extent one
may expect that such structures may indeed evolve. Typical places for gener-
ation of kinetic Alfvén solitqry structures range from the solar corona close to
solar loops to the foreshock of the bow shock of the earth, the magnetopause,
the plasmasheet and the auroral magnetosphere. In the latter location it is
probable that waves of this kind are excited not locally. Rather they propagate
from the plasmasheet into the lower magnetosphere after having been gener-
ated at the reconnection site in the plasmasheet. There is little doubt that
reconnection is a source of Alfvén waves; however, since it is limited in spatial
extent to width of the order of the ion inertial length this is the ideal place for
transformation into the kinetic regime. Further transformation is experienced
when they travel down to the lower magnetosphere. When becoming large am-
plitude they evolve into solitons. A parametric investigation shows that those
solitons exist over wide ranges of propagation velocities and for different con-
ditions depending on the plasma being composed of a single or more electron
components. In realistic cases one will always have a more-component electron
plasma and hence the formation of modified kinetic Alfvénic solitary waves.
Some of these waves may even propagate at superalfvénic speeds and represent
themselves as density holes. the full structure is more complicated since the
holes may be expressed in both components or even only in one component
only. Either of these cases is of interest. In narrow ranges of parameter space
they can be described by the ordinary Korteweg de Vries equations. In this
case it is possible to develop a full turbulence theory of such waves that shows
that a plasma containing kinetic Alfvén turbulence is energetically harder than
when the plasma, contains Alfvén waves only. Situations like this may arise
in the plasma sheet of the magnetosphere. This turbulence may lead to cause
energetic particle spectra. Leaking of some of the waves to the ionosphere will
couple it to auroral processes.
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Space Sciences Laboratory

University of California

Berkeley, CA 94720

P. W. Schuck P. M. Kintner
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K. Lynch
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Lower hybrid solitary structures (LHSS) are spatially localized regions of
enhanced lower hybrid wave power that have been observed by many sounding
rocket and satellites in the terrestrial auroral zone. We will present a review
of the current observations of LHSS and attendent phenomena, the current
success of the eigenmode interpretation of LHSS, as well as currently open
and speculative questions about the nature of LHSS.

A hallmark of LHSS is the rotating electrostatic field structure observed
within them. This rotating electric field is a coherent, non-plane wave struc-
ture, and has been quite successfully interpreted as an eigenmode of lower
hybrid waves within a localized density depletion driven via linear scattering
of the ambient, longer-wavelength VLF hiss. In addition, LHSS have been
observed to be the locus of enhanced electric fields at frequencies below the
local lower hybrid frequency. The presence and characteristic counter-rotating
nature of the fields above and below the ambient lower hybrid frequrency is
again successfully described via the eigenmode theory.

The question of the causal relation between the LHSS and the density
depletions often observed in conjunction with them remains open. The origi-
nal interpretation of LHSS as non-linear structures formed during the collapse
of lower hybrid waves was found to be inconsistent with many of the observed
properties of LHSS, but did allow for the self-consistent creation of the den-
sity depletions found in association with LHSS. The eigenmode interpretation
makes no claims about the origin of the density depletions, and merely re-
quires their presence at length scales around and below the ambient electron
skin depth (¢/wpe). Fluid simulations of LHSS have found that the pondero-
motive effects of the enhanced lower hybrid electric fields are too small to dig
density depletions on relevant time scales. Preferential heating of H+ by the
enhanced lower hybrid waves has been invoked as a method to self-consistently
seed the creation of LHSS. The LHSS are certainly observed to be the locus
of perpendicular ion heating, but it is unclear if the expulsion of H+ from the
region would allow for the necessary depletion in the electron density required
to produce the observed electric field rotations.
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Lower hybrid solitary structures are isolated bursts of lower hybrid waves
localized in plasma density depletions. Observations of this phenomena by
seven sounding rockets and at least two satellites encompass an altitude range
of 300-14,000 km. This phenomena is usually associated with bursts of trans-
versely accelerated ions and consequently may contribute to the total outflow
of heavy ions from the auroral ionosphere.

Previous theoretical works (Chang, Phys. Fluids B, 5, 2646-2656, 1993;
Shapiro et al., Phys. Plasmas, 2, 516-526, 1993), have hypothesized that
these observations are the direct result of lower hybrid wave collapse in self-
consistent density depletions produced by the ponderomotive action of the
waves. Freja observations of lower hybrid solitary structures (Pécseli et al.,
Geophys. Res., 101, 5299, 1996) are not consistent with the dynamical re-
lations of lower hybrid collapse. Consequently, lower hybrid collapse is not
directly responsible for the simultaneous observations of lower hybrid waves
and density depletions.

This work considers the propagation characteristics of lower hybrid
waves in the presence of a preexisting plasma density depletion and demon-
strates that the observations of lower hybrid solitary structures can be ex-
plained in terms of the rotating eigenstates of a cylindrical density cavity.
Inside a plasma density depletion, lower hybrid waves above the lower hybrid
resonance rotate in a right-handed manner about the geomagnetic field, and
lower hybrid waves below the lower hybrid resonance rotate in a left-handed
manner about the geomagnetic field. Left-handed waves above the lower hy-
brid resonance are reflected from the density depletion.

A scattering formalism is developed to explain enhanced electric fields
localized within the density depletion. Above the ambient lower hybrid reso-
nance the wave spectrum is continuous and the total scattering cross section
exhibits resonance phenomena, for right-handed waves. The resonances result
in enhanced electric fields localized within the cavity. Below the ambient lower
hybrid resonance the states are trapped in the cavity, and in the context of
the scattering formalism are three-dimensional bound states.
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We report high resolution measurements of the frequency-time structure
of HF waves just above the electron plasma frequency in overdense conditions,
fpe > foe, in the auroral ionosphere. These observations were made on the
PHAZE II sounding rocket, launched from Poker Flat, Alaska on Feb 10, 1997.
Short duration narrowband emissions (HF chirps) are observed in the topside
auroral ionosphere at altitudes of 299-320 km. They have frequencies of 1.8-
2.3 MHz which is above the local plasma frequency (fpe ~ 1.7 — 2.2 MHz).
The emission frequencies of the HF chirps predominantly decrease with time.
The most striking feature of the HF chirps is their narrow bandwidth, §f ~
300—600 Hz. Typical HF Chirp amplitudes are 1 mV/m, typical durations are
100 ms, and typical frequency-time slopes are 50 kHz/s. The emissions often
occur in flocks in which pairs of emissions appear simultaneously at frequencies
300-3000 Hz apart and drift in parallel (McAdams & LaBelle, Geophys. Res.
Lett.,26, 1825-1828, 1999).

We put forth a model of the HF chirp emissions as quasi-trapped eigen-
modes resonant in a density depletion (McAdams et al, Submitted to Geophys.
Res. Lett., 1999). The escaping waves retain the frequency structure of the
eigenmodes when they leave the cavity and are observed as HF chirps. We
show that this model is quantitatively consistent with observed characteristics
of HF chirps, most notably the frequency spacing of the chirp emissions (0.1-
4 kHz) and the fact that these are equally spaced independent of mode number.
Several mechanisms for the escape of the waves from the cavity are presented
including incomplete trapping, wave “tunnelling” and other non-linear wave
mode conversion processes.
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Recent satellite and rocket observations have shown that wave phenom-
ena in the auroral ionosphere are often composed of coherent structures, such
as solitary waves, wave packets, or eigenmodes imposed by pre-existing density
structures. In some cases these structures have been confirmed by theoreti-
cal studies and plasma simulations. At the same time, ground-based and
space-based measurements, sometimes with significantly improved frequency
and time resolution, have highlighted previously unappreciated features of ra-
dio emissions of auroral origin. For example, auroral roar is a narrowband
left-hand polarized emission near two and three times the ionospheric electron
cyclotron frequency which exhibits fine structures as narrow as a few Hertz, of-
ten occurring in multiplets separated by the order of 1 kHz which drift up and
down in frequency. These characteristics may be explained by wave trapping
in density structures, as suggested by 1970’s rocket measurements of cyclotron
harmonic waves in an artificially induced density enhancement. Similarly, au-
roral HF chirps are narrow band emissions observed above the electron plasma,
frequency during a recent rocket flight, and these likewise may result from wave
trapping in density structures. Other examples of possible remote sensing of
coherent structures include auroral MF-burst, a broadband impulsive emis-
sion at 1.3-4.5 MHz composed of wave packets as short as 100-300 us, and
recent observations of highly structured whistler mode signals at ionospheric
altitudes. The mechanisms for these radiations may be either direct or indirect
(mode conversion). In the case of mode conversion radiation, either linear or
nonlinear conversion processes may be significant. In either case, it is possible
that the spectrum or the radiation reflects the source, potentially providing a
means of remote sensing coherent structures in auroral wave phenomena and
plasma properties associated with them.
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Anders Jensen* Sembiam Rengarajan
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Slotted waveguide arrays are an important class of microwave antennas
with numerous applications in radar and communication systems.

While optimizing a slot array design with respect to any performance-
parameter, one is confronted with a multidimensional problem due to a num-
ber of slots each having two variables, length and offset. This system exhibits
many local minima. Therefore, local optimization techniques such as conju-
gate gradient and Fletcher-Powell minimization may not be well suited. We
investigated the use of a genetic algorithm for optimizing the performance of
traveling wave arrays of longitudinal slots and found that it is possible to es-
cape from local minima. It is generally possible to obtain near-optimal designs,
starting from an initial design.

We start with the analysis of a single longitudinal shunt slot in the
broad wall of a rectangular waveguide. The equivalent shunt admittance of
the slot is obtained from the moment method using entire domain expansion
and weight functions for the fields in the slot aperture. (L. Josefsson, IEEE
Trans. Antennas Propeg., AP-35; 1351-1357, 1987). The slot data obtained
from the moment method are used in the analysis of a linear array by the
direct method (M. Hamadallah”, IEEE Trans. Antennas Propag., AP-37,
817-823, 1989) taking mutual coupling into account (S. Rengarajan, IEEE
Trans. Antennas Propag., AP-40 , 733-737, 1992).

We investigated the optimization of array performance with respect to
a number of parameters, e.g. directivity, side lobe level, and input VSWR.
For traveling wave arrays, the power dissipated into the load is also subject to
minimization. The results of the optimizations show significant improvements
with respect to all of those parameters, depending on the cost function that
is minimized. We shall present several examples in the conference.
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In wireless communications, dipole antennas do not function effectively
when positioned closely and parallel above a PEC (perfect electric conductor)
ground plane due to the reverse image currents which reduce the radiation
efficiency. Ideal PMC (perfect magnetic conductor) ground plane will create
the positive image currents of the parallel dipole antenna above it. However,
no natural material has ever been found to realize the magnetic conducting
surface. In recent years, PBG (photonic band-gap) surface (D. Sievenpiper,
C. Lam and E. Yablonovitch, Applied Opt., 37, 2074-8, 1998) has drawn sig-
nificant attention for its high surface impedance to prevent surface waves and
allow in-phase reflection of the incident waves. Metallic photonic band-gap
structure also has the advantage of low cost, which provides a good potentlal
for building low-profile and high-efficiency antenna structure.

In this paper, a comparative investigation has been conducted to study
the radiation characteristics of dipole antennas closely and parallel above an
ideal PEC surface, an ideal PMC surface and 2 realistic metallic PBG surface.
Because of the difficulty with other methods to accurately analyze the surface
wave trapped in the PBG structure and the diffraction from the edge, Finite-
Difference Time-Domain (FDTD) technique based on the Cartesian coordinate
system discretization is chosen as the simulation tool. FDTD is capable of pre-
dicting the electromagnetic behavior of intricate antenna structures radiating
in a complex environment (M. A. Jensen and Y. Rahmat-Samii, IJEEE Trans.
Antennas Propagat., 42, 1106-1113, 1994). Since this technique readily han-
dles planar conductors, thin wires and inhomogeneous dielectrics, it could be
extended to analyze the effect of human tissue on the antenna structure with
PBG surface.

For each case investigated, a finite ground plane is used and both the
input impedances and the radiation patterns are computed and compared.
As expected, an antenna at 0.02) above the PEC surface will give very poor
performance unless the distance between the antenna and the surface is in-
creased to over 0.1A. Although having better performance than that of PEC,
an antenna at 0.02X — 0.06x above PMC surface still suffers from the mutual
coupling with its positive image (R. Johnson and H. Jasik, Antenna Engineer-
ing Handbook, 1984), which will require a careful design of the feeding network.
Finally, it is found that an antenna at 0.02X above 0.04\-thick PBG surface
could have a very good input match to the normal 50 cable at the desired
frequency. The input impedance properties and the radiation patterns will be
presented for various representative cases.

321




B2 Sa-PM

B2-3 CPW-FED NOVEL WIDEBAND SLOT ANTENNA STRUC-
14:20 TURES

Christopher Holloway, Melinda Piket-May Alpesh Bhobe*
Department of Electrical and Computer Engineering
Campus Box 425

University of Colorado

Boulder, CO 80309

The need for antennas to cover wide bandwidths is of continuing impor-
tance, particularly in the field of electronic warefare and wideband radar and
measurind systems. In the past fifteen to twenty years this subject has received
considerable attention in microstrip antenna technology and as a consequence
the bandwidth performance of microstrip antennas has been substantially im-
proved, and it is now possible to design microstrip elements with impedance
bandwidth ranging from 10-30 percent. The application of the log-periodic
techniques to microstrip series fed arrays suggest that wideband action can
be obtained. Operation of the microstrip antennas over multioctave band-
widths have been shown by using electromagnetically coupled patches in a
log-periodic series fed array.

Radiation behaviour of slot can be used to create antenna structures.
In the recent past considerable effort was spent on the study of slot antennas
with coplanar waveguide (CPW) feeds because of numerous advantages like
ease of shunt and series connections, low dispersion, low parasitic radiation,
and avoidance of the need to for thin fragile substrates. Slot antenna structures
have much wider bandwidth as compared to microstrip patch antennas. In this
paper we will present some novel CPW fed wideband slot antennas stucrures
and also the application of the log-periodic tecnique to CPW fed slot antennas.
Method of Moments (MOM) and measured results will be presented.
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14:40 SYSTEMS USING SWITCHED PARASITIC FEED STRUC-
TURES

G. J. Durnan D. V. Thiel* 8. G. O’Keefe
Radio Science Laboratory

School of Microelectronic Engineering
Nathan Campus

Griffith University

Brisbane, Qld 4111 Australia

Beam switching in parabolic antenna systems has successfully been
demonstrated for use in microwave communication systems to alleviate prob-
lems associated with fading events. Applying lateral offsets to parabolic feed
points is well documented and the use of the parasitic feed structures has
been discussed in this context (Durnan, Thiel, O’Keefe, Microwave and Opti-
cal Technology Letters , Nov 20, 1999). In addition, axial defocusing of feed
positions give rise to loss of gain and a broadened main lobe.

In this presentation an examination of parasitic element positioning is
performed for all angles of rotation and spacing for the first time. It can be
envisaged that particular design requirements can be fulfilled by considering
the combination of both axial and lateral offsetting of the parasitics.

80” ° Parasitic Element

Driven Elehgent

et

Arrangement of feed array element positioning

Modern optimization techniques are applied for the examination of par-
asitic element positioning. The methods employed consist of conjugate gradi-
ent methods for simple problem solutions and genetic algorithms for solutions
where multiple requirements are considered. Simulations were performed at
1, 2 and 3 GHz. When optimized for maximum beam shift in a lateral plane
a simple conjugate gradient method yields a parasitic element spacing of 0.6
wavelengths as being the ideal solution.

The switched parasitic technique has advantages in the design of low
cost point to point microwave communications. These antennas, when imple-
mented with symmetrical feed structures, feature simple implementation and
constant input impedance.
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BEAM DIRECTION AND RIPPLE OF APERTURE DISTRIBUTION FOR
A CYLINDRICAL SLOT ARRAY ANTENNA FED BY A COAXIAL WAVEGUIDE

Kyouichi ligusa, Masato Tanaka
Communications Research Laboratory, M.P.T., Japan
E-mail: iigusa@crl.go.jp

We built a paired-slot array antenna on an oversized coaxial waveguide. The resulting antenna
was omnidirectional in a plane perpendicular to the cylinder’s axis. Using this antenna, we made
several circular-polarized antennas whose beams were shaped along the cylinder axis. For
example one had a cosecant beam and another had a conical beam with a 45-degree beam tilt and a
20-degree beam width. The radiation pattern along the axis was measured and an equivalent
magnetic current distribution of an aperture along the axis was calculated, assuming a perfectly
omnidirectional pattern, using the theory of cylindrical near-field antenna measurement. A ripple
was observed in both the amplitude and phase. The origin and character of the ripple are analyzed
below.

The model we used is shown in Fig. 1. Vertical and horizontal magnetic vectors are excited by
the traveling wave in the coaxial waveguide at each pair of slots. We calculated the far-field
pattern then recalculated the aperture distribution in the same way as was done for the experimental
data. The same ripples as had been seen in the experimental results appeared in the calculated
distribution. For a beam tilt antenna, however, the ripple period was different from the
experimental results. We found that the calculated period is close to the experimental result if
allowance is made for a reflected wave in the coaxial waveguide. For a broadside beam antenna,
however, a reflection does not alter the ripple period.

To further study this ripple, we used a simpler model with elements arranged along the
cylinder’s axis along which a wave travels. We directly calculated the aperture distribution along a
line parallel to the axis and at a distance equal to the radius of the cylindrical array antenna. The
result is shown in Fig. 2 with dielectric constant €, and reflection rate R as parameters. The
ripple’s period was found to depend on the tilt angle 6, of the main beam and on the existence of
reflection. The experimental result agrees with the result from this simple model.
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B2-6 PARASITIC ACTIVE ARRAY ANTENNA FOR WIRELESS COMMUNICATION SYSTEM:
15:40 M. Murato, A. Kishi, S. Ohmori, T. Matsui, Communicatino Research Lab, Toyko, Japan
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B2-7 THEORETICAL STUDY OF THE RESONANT FREQUENCIES OF
16:00 TRIANGULAR MICROSTRIP RESONATORS

Esmat A.F. Abdallah, Mostafa El-Said, Essam A.Hashish

And Deena A.Salem

Electronics Research Institute, National Research Center Buildings, El Tahrir
Street, Dokki, Cairo, Egypt.

Tel: 202 3368584, Fax: 202 3351631, E-mail: esmat@eri.sci.eg

Previous discussions on the resonant frequencies of the triangular microstrip
resonators, presented various correction factors to the formula obtained using cavity
model with perfect magnetic walls, are valid only for equilateral triangular resonators.
In this study, a novel factor is used to cater for fringing field effect in triangular
resonators. This factor is valid for both equilateral (symmetric) and non-equilateral
(non-symmetric) triangular resonators. The side-lengths of the triangular resonator are
replaced by its effective value. Besides, the effective value of the relative permittivity
presented by Gang (X.Gang, IEEE-AP-37, No.2, pp.245-247, 1989) is used. In this
paper, the problem of triangular resonators is solved using the variational technique. In
which the stored energy in the circuit is minimized by imposing the Rayleigh-Ritz
condition on a functional, F, which represents the total stored energy in the junction.

A trial function, ¢,(r) is introduced as the function which causes the

functional, F, to be minimized and should satisfy the Maxwell’s equations and the
boundary conditions of the original eigenfunction, and is expanded as

¢; (r)=ZCiN ;» where ¢; denote the complex expansion coefficients (eigen

vectors) to be determined, N; are real basis functions which are defined by the finite
element method using quadrilateral isoparametric elements. The minimization process
results into a set of simultaneous homogenous equations.

When the planar circuit has no coupling ports, i.e. in the case of an isolated
resonator, the nontrivial condition of the obtained simultaneous equations give the
resonant frequencies of the different modes that exist in the resonator. Considering the
fact that it is always possible to inscribe a circle radius, R, in any friangle, using an

empirical formula to account for the effective radius, R, (N. Kumprasert and W.

Kiranon IEEE-AP-43, No.11, pp.1331-1333,1995) of the inscribed circle, and relating
this effective radius to the effective side-lengths of the triangle yields the factor used in
this paper to account for the fringing effect in triangular resonators.

To show the validity of this procedure the resonant frequencies of equilateral
triangular resonators are first determined for different dielectric relative permittivity
and several substrate thicknesses and the results are compared with previously
published results (W. Chen, et. al, IEEE-AP-40, No.10, pp.1253-1256, 1992), from
which it is observed that the difference between theory and experiment shows around
1% for €, = 2.32 and around 2% for €, =10.5. Finally, the procedure is used to
obtain the resonant frequencies of shapes other than equilateral triangular resonators,
namely: 1. Equilateral triangular resonator with curved vertices for different curvature
ratios (@ ). 2.Isosceles triangular resonators.

These results are the first published ones, to the knowledge of the authors, for these
general shapes of the resonators.
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WAVES AND COHERENT STRUCTURES IN THE IONOSPHERE

AND THE MAGNETOSPHERE
Chairperson: ]. LaBelle, Dartmouth (jlabelle@einstein.dartmouth.edu)

H4-1 A STATISTICAL STUDY OF LARGE AMPLITUDE SOLI-
14:00 TARY WAVE CHARACTERISTICS USING DATA FROM THE
POLAR SATELLITE

C. Cattell J. Dombeck J. Wygant

School of Physics and Astronomy, University of Minnesota
Minneapolis, MN 55455

F. Mozer

Space Sciences Lab, University of California

Berkeley, CA 94720

C. Kletzing

Dept. of Physics and Astronomy, University of Iowa

TIowa City, IA

Large amplitude solitary waves, e¢/kT ~ 1, have been observed in sev-
eral distinct regions of the Earth’s magnetosphere (Mozer et al.,Phys. Rew.
Lett., 79,1281, 1997; Ergun et al., Geophys. Res. Let.,25, 2014,1998; Cattell et
al., Geophys. Res. Let.,26,425,1999). These regions include the auroral zone,
the high altitude cusp, at 5-9 Re, and the plasma sheet boundary, at 4-7 Re.
In the low altitude auroral zone case, two different types have been identified.
In the upward current regions, the observed solitary waves are believed to be
rarefractive ion acoustic modes. This view is supported by the identification
of these solitary waves as negative potential structures moving upward with
associated ion beams at a few hundred km/s, near the ion acoustic speed. In
contrast, solitary waves in the downward current regions move upward at sev-
eral thousand km/s, are positive potential structures, and are associated with
upward electron beams (Ergun et al., 1998; Bounds et al., J. Geophys. Res.,
in press,1999). This evidence suggests an electron rather than an ion mode.
Preliminary results of studies of large amplitude solitary waves in the high
altitude regions, including velocities >1000 km/s, also seem to be consistent
with an electron mode (Cattell et al., 1999). Analysis of amplitude versus
parallel spatial width of solitary waves in the downward current auroral zone
has indicated that these faster structures are more likely a BGK mode rather
than a soliton (Ergun et al., 1998). Within a related family of solitary waves,
the amplitude scales as the fourth power of the width for BGK modes while it
scales inversely to the square of the width for acoustic modes (Muschietti et
al., Geophys. Res. Let.,26,1093,1999). Such analysis, therefore, is extremely
useful in distinguishing between BGK hole modes and acoustic solitons. We
will describe the methodology and results of a statistical study of solitary wave
characteristics in the upward current auroral zone. The results will be com-
pared to compared with expectations from ion acoustic theory. Characteristics
studied include amplitude versus parallel spatial width, parallel and perpen-
dicular extent, and structure velocity. Similar studies of electron mode solitary
wave at the high altitude plasma sheet boundary will also be described.
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H4-2 THE ROLE OF SPATTALLY-COHERENT STRUCTURES IN
14:20 THE AURORA
R. E. Ergun*

Space Sciences Laboratory
University of California
Berkeley, CA 94720

Large-amplitude, spatially-coherent, plasma structures known as fast
solitary structures or electron phase space holes have been observed in several
regions of the magnetosphere including the auroral zone, the plasma sheet
boundary layer, and the bow shock. These recent observations have sparked
several new theoretical investigations resulting with rapid progress in under-
standing these structures. Electron phase space holes can develop from bidirec-
tional electron beams. Once developed, the one-dimensional properties, paral-
lel to the magnetic field, can be adequately described by analytical treatment
as BGK structures. The three-dimensional structures can lead to strong ion
heating. There is evidence that the structures dissipate by radiating whistler
waves. In this talk, we summarize observations of electron phase space holes
from the Fast Auroral SnapshoT (FAST) satellite and discuss the role they play
in the auroral acceleration processes. We show that ion acoustic turbulence,
ion cyclotron emissions, and solitary structures can play an important role in
modifying the current-voltage relationship in the downward current region of
the aurora through heating electrons and ions. These two heating processes
result from the same electromagnetic emissions but have differing effects on
the parallel electric fields.The parallel electric fields in the downward current
region arise to maintain a magnetosphere-driven current in a quasi-neutral
plasma. Electron heating, parallel to the ambient magnetic field, causes a loss
of electron momentum (and thus current) which acts to increase the paral-
lel electric fields. Ion heating, perpendicular to the ambient magnetic field,
results in escaping ion fluxes which can restructure the plasma density and
ultimately acts to decrease the parallel electric fields. The resulting parallel
electric fields are greatly influenced by these competing effects.
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H4-3 ANALYSIS AND SIMULATION OF BGK ELECTRON HOLES

14:40 L. Muschietti* I. Roth, R.E. Ergun, C.W. Carlson
Space Sciences Laboratory
University of California
Berkeley, CA 94720

Recently, several satellites have reported the presence of rapidly-moving
solitary potentials. The structures appear as positive potential spikes moving
along the ambient magnetic field Bg with speeds much greater than the ion
acoustic velocity; they have the electromagnetic signature of a positive charge
surrounded by a negative cloud. These observations have been interpreted in
terms of BGK electron holes.

The holes, also known as phase-space vortices, are exact, nonlinear so-
lutions of the Vlasov-Poisson system of equations that involve a clump of
trapped electrons. The associated density inhomogeneity creates a positive
potential hump that self-consistently traps the electrons, resulting in a BGK
mode. Such interesting plasma entities have been observed in simulations of
the two-stream instability since the early days.

We construct a BGK electron hole which displays the characteristics
of the potentials and electron distributions measured by the FAST satellite
in the mid-altitude auroral zone. The distributions are “cigar-shaped” with
T)) > Ty while the potentials have a gaussian profile parallel to By. The
nonlinear structure is tested in a two-dimensional particle-in-cell code. In
particular, we exploit the code to investigate the role of the transverse di-
rection (perpendicular to Bg). Two questions need to be addressed. First,
although the electrons are strongly magnetized and their motion restricted to
the direction of By, the potential structures observed by FAST have a definite
transverse scale. What determines this scale is studied in various parameter
regimes. Second, early simulations of electron holes associated with the two-
stream instability suggested that the vortex structure is unstable in more than
one spatial dimension. How stable is indeed the structure?

The electron hole is found to be very stable as long as the cyclotron fre-
quency is larger than the bounce frequency of the trapped electrons, namely
Qe > wp = /qp/(mA?) where 1 is the potential amplitude and A its half-
width parallel to Bg. On the other hand, when the reverse inequality is satis-
fied, wp > {2, an undulation builds up in the transverse direction distorting
the structure and leading to its destruction.
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H4-4 LONG-TIME NONLINEAR EVOLUTION OF BIPOLAR ELEC-
15:00 TRIC FIELD STRUCTURES IN THE AURORAL IONO-
SPHERE

D. L. Newman* M. V. Goldman M. Spector
CIPS, Campus Box 390

F. Crary

LASP, Campus Box 392

University of Colorado, Boulder, CO 80309

M. M. Oppenheim

Department of Astronomy,

Boston University, Boston, MA 02215

Bipolar electric field structures are a natural consequence of counter-
streaming electrons in a magnetized plasma (M. V. Goldman, M. M. Op-
penheim, and D. L. Newman, Geophys. Res. Lett., 26, 1821, 1999) such as
the auroral ionosphere at the altitudes probed by FAST, where such bipolar
fields have been measured (R. E. Ergun, et al., Geophys. Res. Lett., 25, 2044,
1998). Two-dimensional kinetic simulations (both PIC and Vlasov) show that
these field structures, which early-on show significant coherence perpendicu-
lar to B, eventually break up in association with the production of electro-
static whistlers (M. M. Oppenheim, D. L. Newman, and M. V. Goldman,
Phys. Rev. Lett., 83 No. 12, 1999).

The interaction of the bipolar structures with the whistlers appears to
result from a resonant coupling of the whistlers to normal “vibrational” modes
of the electron phase-space holes associated with the bipolar electric fields.
When the natural frequency of these vibrations is near the whistler frequency,
both the vibrations and the whistlers can grow in amplitude. However, when
the whistlers are suppressed, these vibrational modes are damped. Numerical
and analytical support for such interactions will be presented, as well as a
discussion of potential observational implications.

At still later times, other wave modes appear in the PIC simulations,
including ion-cyclotron (Bernstein) modes driven by residual free energy in
the particle distributions following the saturation of the initial two-stream
instability. The frequencies of these waves are also consistent with spectra
measured by FAST.

Research supported by NSF. Computations performed at the LANL Advanced
Computing Laboratory and at the National Center for Atmospheric Research.
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H4-5 NONLINEAR WAVES AND PROCESSES IN THE
15:40 EXTERIOR CUSP

J. S. Pickett, J. D. Menietti, and D. A. Gurnett
Department of Physics and Astronomy

The University of Iowa

Iowa City, IA 52242

Nonlinear processes routinely occur in the turbulent boundary layer
(TBL) that lies just outside the magnetopause current layer in the earth’s
exterior cusp. A greater understanding of these processes is being gained
through analysis of waveform data obtained by the Plasma Wave Instrument
(PWI) onboard the Polar spacecraft. Three orthogonal electric and magnetic
field waveforms are captured simultaneously in the form of snapshots every
few seconds by each of two PWI waveform receivers covering the
frequency ranges of 1 to 25 Hz and 20 Hz to 25 kHz, respectively.

Examples of nonlinear waves and waves involved in nonlinear processes
in the TBL will be presented and discussed, including low frequency
turbulence (~1-10 Hz), electrostatic solitary pulses or coherent structures,
and electrostatic wave bursts (2-12 kHz) associated with ~300-400 Hz
whistler mode waves, and electron cyclotron harmonic waves. Various
analysis techniques will be utilized in the time domain to gain information
about these impulsive waves and processes, including minimum variance
analysis to obtain the k-vector and polarization, direct calculation of the
average Poynting vector, and wavelet analysis, which is localized in time
and frequency space, since we are dealing with nonstationary time series.
The results of these analyses will be used to help identify wave modes,
instabilities, and location of wave generation. Some Polar spacecraft
electron data will be presented in order to establish the possibility of
electron anisotropies and wave-particle interactions as a means to wave
generation.
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H4-6 FIRST RESULTS FROM A NEW INTERFEROMETER USED
16:00 TO STUDY AURORAL RADIO EMISSIONS

J.M. Hughes* J. LaBelle M.L. Trimpi
Department of Physics and Astronomy
Dartmouth College

Hanover, NH 03755

A Medium Frequency Interferometer (MFI) has recently been devel-
oped for the purpose of studying auroral radio emissions which occur in the
frequency range from 2.5 to 3.0 MHz. In its standard operational mode, the
MFI sweeps from 2.5 to 3.0 MHz in 1 kHz steps every 1.5 seconds, measuring
the intensity of the recived signal and the relative phase at each of the 17
antennas in the array. The phase information can be used to determine the
directon of arrival for any signal in the instrument bandwidth to within +5°,

The MFI is located at the Sondrestrom Incoherent Scatter Radar site
near Kangerlussuaq, Greenland and has recorded the directions of arrival for
many auroral roar events which occured during the spring and fall of 1999.
Auroral roar is a narrowband emission occuring near 2 and 3 times the local
ionospheric electron gyrofrequency (f..). To date, all but two of the detected
events originated to the south of the radar site, a result which is consistent
with previous studies of the latitude dependence of auroral roar. Recent ob-
servations with the MFI have shown that individual events are often composed
of signals which originate from multiple discrete source regions. On the night
of April 28, 1999, ISR data are available for comparison and appear consistent
with one proposed generation mechanism which postulates that auroral roar at
2fce is generated when the matching condition f,; = 2f. is met. These initial
results are encouraging and indicate that the MFI is a valuable tool for study-
ing auroral radio emissions. We present here a description of the instrument
and show some example data from the first two seasons of operation.
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DUSTY PLASMAS
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H5-1 DUSTY PLASMA EFFECTS IN PLANETARY MAGNETO-
14:00 SPHERES
M. Horanyi*

Laboratory for Atmospheric and Space Physics
University of Colorado
Boulder, CO 80309-0392

The study of dusty plasmas bridges traditionally separate subjects: ce-
lestial mechanics and plasma physics. Dust particles immersed in plasmas
and UV radiation collect electrostatic charges and respond to electromagnetic
forces in addition to all the other forces acting on uncharged grains. Simul-
taneously they can alter their plasma environment. Dust particles in plas-
mas are unusual charge carriers.They are many orders of magnitude heavier
then any other plasma particles and they can have many orders of magnitude
larger (negative or positive) time dependent charges. Dust particles can com-
municate non- electromagnetic forces (gravity, drag, radiation pressure) to the
plasma that can represent new free energy sources. The Jovian magnetosphere
shows a number of dusty plasma phenomena. The ring/halo region close to the
planet, allows for the remote sensing of the fields and particles environment
of the inner most regions of the magnetosphere. The dust streams, seen by
Ulysses and Galileo, put constraints on the plasma properties of the Io torus,
for example. The magnetosphere sculpts the size and spatial distribution of the
small grains often resulting in capture, transport, energization and ejection of
the dust particles. In this talk The analysis of the observations of the Galileo
Dust Detector System (DDS) requires extensive computer simulations for the
interpretation of the data. These simulations require a detailed description of
the fields and particles environment and provide a unique consistency test of
our models of the jovian magnetosphere.

The DDS observations indicate at least 3 different populations of dust
grains in the jovian magnetosphere: 1) very small and very fast stream par-
ticles, 2) prograde big grains related to satellites and 3) big grains unrelated
to satellites, some on retrograde orbits. In addition to the analysis and inter-
pretation of these DDS observations we will also provide numerical models of
the jovian ring/halo region. The SSI and NIMS observations provide detailed
new information on the spatial structure and size distribution of small dust
particles in this region. These observations will be used to infer the plasma
conditions near Jupiter where no measurements are available.
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H5-2 ATMOSPHERE-IONOSPHERE LASER PLASMA COLUMN
14:20 GENERATION
R.F.Wuerker*

UCLA Plasma Physics Laboratory
Los Angeles, CA 90095-1547

We would like to present a method of using high power laser and a
rotating liquid mirror to generate sufficient intensity in the atmosphere to
effect the production of plasmas in the lower and upper atmosphere. The
motivation is to generate a reproducible artificial ionosphere which will help us
understand the physics of plasmas of large extent. Other applications include
controlled modification of the conductivity and reproducible scattering by an
ionosphere.

The laser breakdown of gases is greatly reduced by the presence of dust.

Also the emission of plasma from solid targets occurs for laser fluxes greater
than 100 MW per square cm (J.F.Ready, Effects of High Power Laser Ra-
diation, Academic Press, 1971). Calculations show that such fluxes can be
realized up to 100 km altitudes when infrared nanosecond laser radiation is
focused by a 2.7 m diameter diffraction limited telescope, such as the Liquid
Mirror Telescope already at the HIPAS Observatory in Alaska. Calculations
also show that there is also enough meteor generated particulate to initiate
laser breakdown up to 100 km altitudes. A theory of optical propagation
through the atmosphere (T.S.McKechnie, Sky and Telescope, 36-38, August
1994) further predicts a diffraction limited core at either 1.52 or 2.2 micron
wavelengths. Surplus NOVA 1.05 micron 100 J laser amplifiers could result in
the assembly of a Raman shifted system that could create long plasma columns
in the sky which could be used as plasma antennas, VLF/ELF generators, etc.
Laboratory experiments will be presented which demonstrate that dusts can
indeed be ionized at a certain distance determined by the focal length of the
laser. The depth of focussed location can be varied and controls the length of
ionization.
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H5-3 DSD - A PARTICLE SIMULATION CODE FOR MODELING
14:40 DUSTY PLASMAS

G. Joyce* M. Lampe G. Ganguli
Plasma Physics Division

Code 6790

Naval Research Laboratory
Washington, DC 20375

The NRL Dynamically Shielded Dust code (DSD) is a particle simulation
code developed to study the behavior of strongly coupled, dusty plasmas. The
model includes the electrostatic wake effects of plasma ions flowing through
plasma electrons, collisions of dust and plasma particles with each other and
with neutrals. The simulation model contains the short-range strong forces of
a shielded Coulomb system, and the long-range forces that are caused by the
wake. It also includes other effects of a flowing plasma such as drag forces.
Magnetic fields may also be included in the formalism. In order to model
strongly coupled dust in plasmas, we make use of the techniques of molecu-
lar dynamics simulation, PIC simulation, and the ”particle-particle/particle-
mesh” (P3M) technique of Hockney and Eastwood. We also make use of the
dressed test particle representation of Rostoker and Rosenbluth. Many of the
techniques we use in the model are common to all PIC plasma simulation
codes. The unique properties of the code follow from the accurate represen-
tation of both the short-range aspects of the interaction between dust grains,
and long-range forces mediated by the complete plasma dielectric response. If
the streaming velocity is zero, the potential used in the model reduces to the
Debye-Huckel potential, and the simulation is identical to molecular dynamics
models of the Yukawa potential. The model basically represents the dust as
simulation particles interacting via the dressed potential. The plasma appears
only implicitly through the plasma dispersion function, so it is not necessary
in the code to resolve the fast plasma time scales.

Research supported by NRL.
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H5-4 NON-LINEAR VERTICAL OSCILLATIONS OF A DUST PAR-
15:00 TICLE IN AN RF PLASMA SHEATH

A. Ivlev, V. Steinberg K. R. Sutterlin*

Max Planck Institut fiir extraterrestrische Physik
Giessenbachstrafle

PO Box 1603

85740 Garching

Germany

For our experiments we used a Gaseous Electronics Conference (GEC)
f Reference Cell. Argon gas at pressure 0.5 Pa was used for discharge. A
single spherical silica particle of 7.6 pm diameter was levitated in the sheath
of the lower electrode. We excited the particle applying a sinosoidal potential
to a wire parallel to the electrode.

‘We measured the dc offset and peak-to-peak voltage and the peak-to-
peak current to the lower electrode. We did not measure any dependency of
the lower electrode potential on Uy. Therefore, we conclude that the vertical
oscillations are caused by a direct excitation from the wire.

For several wire positions we measured the amplitude-frequency depen-
dence of particle oscillations for different values of Uy. The frequency was
increased from 0.1 up to 40 Hz in 0.1 Hz steps, and then decreased to 0.1 Hz.
The obtained curves for the vertical oscillations clearly exhibit non-linearity.
Three maxima were observed: The main maximum corresponds to a resonance
on the eigenfrequency fo ~ 17Hz of a small vertical oscillation, whereas the
second and the third maxima lie close to % fo and 2fy. With increasing Uy,
the main maximum shifts to smaller f, and when U, reaches a certain value,
hysteresis appears. The resonance at 2fy exists only if the excitation voltage
exceeds a threshold. In this case, the amplitude varies differently with increas-
ing and decreasing f. For increasing f the amplitude jumps at a certain fa
from zero-level to a finite value, then continuously decreases to zero-level at fg.
On the way back, the oscillations start at fg, the amplitude increases along
the same branch till f4, but then proceeds to increase further with decrease
of f.

We fitted the obtained curves by the analytical expressions for the am-
plitude of anharmonic forced oscillations. This procedure allowed us to de-
termine the profile of the sheath electric field in a relatively wide (~ 10 mm)
region around the particle levitation level. We suggest that the method of
the non-linear particle oscillations is an effective way to study the sheath and
sheath-presheath structure.
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H5-5 CAPTURE OF INTERPLANETARY AND INTERSTELLAR
15:40 DUST BY PLANETARY MAGNETOSPHERES

J. E. Colwell* M. Hordnyi

Laboratory for Atmospheric and Space Physics
Campus Box 392

University of Colorado

Boulder, CO 80309

Planetary magnetospheres are continuously pelted by a broad size dis-
tribution of interplanetary dust particles. In addition, the solar system moves
through the interstellar medium which includes small (micrometer-sized) dust.
These particles become charged in the solar wind and move under the influence
of gravity, radiation pressure, and the Lorentz force. When these particles en-
ter planetary magnetospheres, their charges are also affected by currents from
the local plasma environment. As these particles traverse regions of the mag-
netosphere with rapidly varying plasma properties, they may exchange energy
and angular momentum with the magnetosphere because their charges are
not always in equilibrium with the local plasma. Some small grains may be-
come trapped into long-lived orbits by this process. If the planets magnetic
pole is co-aligned with the rotation axis, then the co-rotational electric field
can help balance the gravitational force on the grains, leading to capture.
At Jupiter, interstellar as well as interplanetary grains can be captured. At
Jupiter, most captured grains are on retrograde orbits and some have been
detected by the Galileo DDS (Colwell et al., Science 280, 88-91, 1998). The
capture mechanism operates at Saturn as well, but less efficiently. Interstellar
dust is not likely to be captured at Saturn due to high relative velocities be-
tween the dust and Saturn. The capture process is size-dependent, with very
small grains prevented from penetrating the magnetosphere and larger grains
relatively unaffected by non-gravitational forces. We describe the dynamics
of captured exogenic dust at Jupiter and Saturn based on numerical integra-
tions of test particle trajectories, beginning with realistic interplanetary and
interstellar dust particle orbits.
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H5-6 DUSTY PLASMA EXPERIMENTS RELATING TO MESO-
16:00 SPHERIC AEROSOLS

B. Smiley,* S. Robertson M. Horanyi Z. Sternovsky
University of Colorado, Boulder, CO 80309-0392

Rocket-borne probes in the polar mesosphere have seen charged aerosol
layers at the locations of noctilucent clouds. These layers are thought to arise
from plasma charging or photoelectric charging of nanometer-sized ice crystals
which may have meteor dust as the nucleation center.

An experiment has been constructed to examine these charging pro-
cesses. Ice crystals with 4 to 11 water molecules are generated by a supersonic
nozzle and injected into an experimental chamber having energetic electrons,
plasma or ultraviolet illumination. A magnetic mass analyzer is used to de-
tect the charged clusters. Initial experiments have examined charging by en-
ergetic electrons and experiments on photoelectric and plasma charging are
in progress. The typical expansion speed of the water vapor is on the order
of 0.5 km/s, similar to a typical rocket speed through NLC layers at 85 km
altitude. The nucleated ice crystals reach the bottom of the chamber with sim-
ilar velocities, hence the experiment can be used in the future as an excellent
calibration facility.

In a separate study, a new type of electrostatic probe with a magnetic
field to prevent electron collection was launched into the ionosphere from
White Sands, 2 November 1998, and a positively charged layer 0.5 km thick
was observed at 86.5 km. This was probably a sporadic-E layer associated
with ionized meteoric material.

In this talk we will report on the continuing analysis of the data from our
first rocket flight and also on our future plans for rocket-borne experiments.
We will also discuss the status of our experimental NLC chamber and the
recent theoretical studies related to dusty plasmas in the mesosphere.
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H5-7 EXPERIMENTAL PHOTOELECTRIC CHARGING OF DUST
16:20 PARTICLES
A. A. Sickafoose* S. Robertson J. E. Colwell M. Horanyi
LASP

University of Colorado
Boulder, CO 80309-0392

Ilumination of surfaces in space by solar ultraviolet light produces pho-
toelectrons which form a plasma sheath near the surface. Dust particles on
the surface can acquire a charge and be transported horizontally and vertically
by electric fields within the sheath. On the moon, suspended dust grains have
been observed on multiple occasions, and there is evidence for horizontal lunar
dust transport. Understanding the photoelectric charging properties of dust
can help explain the observed dynamics of lunar dust and help predict the
behavior of dust on surfaces of planetary satellites, asteroids, planetary ring
particles, and planetesimals. In addition, any human or spacecraft activity on
planetary bodies is affected by dust dynamics near the surface.

We have examined the charging of dust 90-106 um in diameter dropped
through UV illumination and dropped past a UV illuminated surface having a
photoelectron sheath. Experiments are performed in vacuum with illumination
from a 1 kW Hg-Xe arc lamp having a spectrum extending to ~ 200 nm
{~ 6.2 eV), and the photoemitter is a 12 cm diameter zirconium plate. We
present and compare the photoelectric charging properties of zinc, copper,
graphite, lunar regolith simulant (JSC-1), and Martian regolith simulant (JSC
Mars-1). We find that the charge on the elemental materials is consistent
‘with the expected charge calculated from the work function of the materials,
the energy of incoming photons or photoelectrons, and the capacitance of
the grains. Dust dropped through UV illumination loses electrons due to
photoemission, while dust dropped past an illuminated surface gains electrons
from the photoelectron sheath. The results also suggest that JSC Mars-1
is more susceptible to photoelectric charging than JSC-1. This research is
supported by NASA.
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