















































































































































































































































































































































































































































































































































































































































































































































Session J/F-2, 1335-Thurs., CRO-30
RADIO FREQUENCY PHASE SHIFTS CAUSED BY THE TROPOSPHERE
Chairperson and Organizer: D.P. Woody, Owens Valley Radio Obsetvatory, Big Pine, CA 93513

JE2-1 COMPARATIVE MEASUREMENTS OF TROPOSPHERIC
1340 PHASE STABILITY

Simon J. E. Radford®* Mark A. Holdaway
National Radic Astronomy Observatory
949 North Cherry Avenue

Tucson, AZ 85721-0665

Variations in the electrical path length caused by inhomogeneously dis-
tributed tropospheric water vapor present natural limits to the sensitivity and
resolution of astronomical observations, particularly at millimeter and sub-
millimeter wavelengths. Although active techniques can correct these phase
errors to some degree, it behooves planners of a new instrument to choose a
site with the best possible limits.

To evaluate possible sites for NRAO'’s proposed Millimeter Array, we
constructed small aperture interferometers to directly measure the tropo-
spheric phase stability. Similar to earlier designs (Ishiguro et al., 1990, in
Radio Astronomical Seeing, ed. Baldwin & Wang, p. 60; Masson, 1994, in
Astronomy with Millimeter and Submillimeter Interferometry, ed. Ishiguro &
Welch, p. 87), these instruments observe an unmodulated beacon broadcast
from a geostationary satellite and measure the phase difference between the
signals received by two antennas 300 m apart. Although the beacon frequency
is around 11.5 GHz, the results can be scaled to millimeter and submillimeter
wavelengths because the atmosphere is non-dispersive away from line centers.
Novel design features include a local oscillator phase locked to the received
signal and digital correlation of the downconverted signals with a personal
computer.

Two instruments have been deployed, one in 1994 September at 3720 m
near the VLBA antenna on Mauna Kea, Hawaii, and the other in 1995 May at
5000 m near Cerro Chajnantor in northern Chile. This site is near the village of
San Pedro de Atacama, about 275 km ENE of Antofagasta. Both instruments
are operated in conjunction with adjacent 225 GHz tipping radiometers. With
identical instruments operating simultaneously, we can directly compare the
phase stability at the two sites. We have also compared our data with archival
data for other sites, notably “millimeter valley” near the summit of Mauna
Kea (Masson 1994).

Initial results for Mauna Kea indicate the phase stability distributions
are similar at the VLBA site and at millimeter valley, but the best conditions
occur at different times at these two locations. We confirm the pronounced
diurnal variation in the phase stability on Mauna Kea. At Cerro Chajnantor,
the phase stability is substantially better than on Mauna Kea. The diurnal
variation is less pronounced and conditions of good phase stability occur two
to three times more often.

.The NRAO is a facility of the National Science Foundation operated
under cooperative agreement by Associated Universities, Inc.
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JIF2-2 FAST SWITCHING PHASE CALIBRATION FOR THE MIL-
1400 LIMETER ARRAY(MMA)

M.A. Holdaway* F.N. Owen

National Radio Astronomy Observatory
1003 Lopezville Rd

Socorro, NM 87801

Phase errors caused by inhomogeneously distributed tropospheric water
vapor will often limit observations performed by millimeter wavelength inter-
ferometers unless we actively correct for them. Imaging simulations allow us
to investigate the level of phase error which still permits good imaging. Us-
ing a new technique which deconvolves the statistical effects of phase errors
from the corrupted image, we demonstrate 35 degree rms phase errors permit
excellent imaging, and 70 degree errors permit good imaging.

There will be combinations of baseline, observing frequency, and atmo-
spheric conditions which result in larger phase errors. Traditionally, a phase
calibrator is observed by an interferometer every ~20 minutes, but most of the
power of the phase fluctuations is on shorter timescales. In order to effectively
remove the atmospheric fluctuations during poor atmospheric conditions, cali-
bration must be performed on timescales of ~5 s, observing calibrators within
~1 degree of the target source. How well will fast switching phase calibration
work?

Based on 90 GHz observations of 1500 sources, there are ~200 sources
>1 Jy and ~5000 sources >0.1 Jy. Assuming standard MMA system temper-
atures, 2 GHz bandwidth, and 2 deg/s slewing, Monte Carlo simulations of
calibrator distributions consistent with the source counts indicate phase errors
on arbitrarilly long baselines after fast switching calibration will be the same
as the phase errors on 20-40 m baselines without calibration. The distributions
of phase errors from site test interferometers complete the picture, indicating
the atmosphere above Mauna Kea will result in phase errors of 35 degrees or
less on 20-40 m baselines (or on all baselines if fast switching is used) about
75% of the time.
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JIF2-3 MONITORING ATMOSPHERIC PHASE FLUCTUATIONS AT
1420 POTENTIAL MILLIMETER ARRAY (MMA) SITES WITH A
225 GHZ WATER VAPOR RADIOMETER

Scott M. Foster* M.A. Holdaway F.N. Owen
National Radio Astronomy Observatory

1003 Lopezville Rd

Socorro, NM 87801

Atmospheric phase errors are presumed to result from inhomogeneously
distributed water vapor above the antennas of interferometric arrays. Since
this water vapor also produces emission, we can obtain information about the
phase fluctuations by making radiometric observations of the fluctuations in
the sky brightness temperature.

NRAO 225 GHz site testing radiometers currently measure fluctuations
in the sky emission every 3.5 hours at both the Mauna Kea VLBA site and
the potential MMA site at Chajnantor, Chile. Since both of these sites also
have site testing interferometers, which measure phase fluctuations on a 300 m
baseline, we are able to calibrate the conversion from brightness fluctuations
to phase fluctuations. We can use the atmospheric velocity inferred from the
interferometer to convert the radiometer’s temporal phase structure function
into a spatial phase structure function. The spatial phase structure function
inferred from the radiometer provides phase stability information out to much
longer baselines than can be measured with the site test interferometer: the
structure function’s power law exponents remains nearly constant out to a few
kilometers, where it turns over to a flat or less steeply rising power law. We
may be seeing the outer scale of turbulence.

Our confirmation of the correlation between the rms brightness temper-
ature fluctuations and the rms phase fuctuations is pparticularly relevant as
the OVRO and BIMA millimeter observatories are designing radiometric phase
correction schemes for their instruments. In addition, the radiometer’s com-
pact size and low power requirements make it very convenient for monitoring
remote sites.
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JIF2-4 VLBA PHASE REFERENCING AT 15 GHZ
1440 A. J. Beasley*

National Radio Astronomy Observatory

PO Box 0

Socorro NM 87801 USA

Residual geometric and propogation errors in VLBI data limit the min-
imum source flux density capable of being imaged using standard reduction
techniques such as self-calibration or fringe fitting. Using regular observations
of nearby strong extragalactic calibrators (a technique referred to as phase
referencing), the residual phase errors in the VLBI data for a target source
can be significantly reduced or removed, leading ultimately to improved image
sensitivity and astrometric accuracy. Tropospheric and ionospheric effects are
(to first-order) removed by the phase referencing process, however the tempo-
ral and spatial structure of these two error components can severely constrain
observational parameters such as the maximum time between calibrator ob-
servations (switching time) and the allowable angular distance between target
and calibrator (switching angle). At the present time, the variations in al-
lowable switching times and angles are unknown. In this talk I will discuss
the results of a on-going program of 15GHz VLBA wide-bandwidth obser-
vations made during 1995 to examine the effects of tropospheric fluctuations
on phase-referenced data. These observations consisted of long (six to twelve
hour) observations switching every two or three minutes between various pairs
of strong extragalactic sources with varying angular separations. An exami-
nation of the phase structure function derived from these observations places
useful limits on preferred switching times and angles. A brief discussion of
the use of GPS worldwide TEC measurements and dual-frequency observa-
tions to calibrate ionospheric effects in VLBA data will be given. In 1996,
NRAO will begin to outfit the VLBA with 90 GHz receiver systems; schemes
for calibrating mm-VLBI data will be reviewed. '
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J/F2-5 ON THE FEASIBILITY OF USING COMMON IR SPECTROM-

1520 ETERS TO CORRECT FOR FLUCTUATING RADIO PATH
DELAY DUE TO THE INHOMOGENEOUS WET TROPO-
SPHERE

Jay W. Parker*

Jet Propulsion Laboratory
4800 Oak Grove Drive
Pasadena, CA 91109-8099

Experiments relying on the phase of microwave interplanetary commu-
nication links suffer from a substantial source of phase noise due to the total
refractivity fluctuations of water vapor in the troposphere. Many radio sci-
ence experiments involving space vehicles will use Ka band in the near future,
notably the Cassini mission to the Saturnian system. Cassini will exploit the
Ka-band link to perform measurements of gravity fields around Saturn and
its moons, attempt detection of gravitational waves, and measure solar Gen-
eral Relativistic effects near solar conjunction. In two-way Ka-band links, wet
troposphere fluctuation dominates over space plasma and ionospheric fluc-
tuations, and exceeds anticipated time-standard uncertainties. To approach
theoretical performance of such radio science experiements requires real-time
measurements of the tropospheric moisture fluctuations on time scales of min-
utes to hours. Others have demonstrated that high- resolution spectrometers
measuring downwelling radiance are sensitive to the relevent moisture con-
tent, and can be the basis of temperature and water-vapor profiling along an
arbitrary line of sight, with limited yet substantial vertical resolution. These
spectrometers may be easily designed to have a beamwidth closely matching
the volume of troposphere that affects large space-communications antennas.

We show through simulation using a line-by-line radiative transfer model
that the information content of spectra measurable with inexpensive instru-
ments is adequate for integrated refractivity measurements that reduce the
impact of uncalibrated fluctuations by roughly a factor of ten. Initial field ex-
periments result in plausible (but unverified) water and temperature profiles,
and demonstrate that leading hmitations of the method at present include
errors in the HITRAN 1992 data base for pure-rotational and v-2 water lines
of moderate strength, and suggest inadequacy in models for the water vapor
continuum in the thermal IR band (where intensity and detector performance
are particularly favorable). Techniques for overcoming these limitations are
proposed.
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JIF2-6 AN EVALUATION OF GPS-BASED ESTIMATES OF PRECIP-
1540 ITABLE WATER VAPOR FOR A VARIETY OF DATA LA-
TENCY TIMES

Yoaz E. Bar-Sever*

Mail Stop 238-600

Jet Propulsion Laboratory, California Institute of Technology
Pasadena, CA 91109

Low operational cost and high temporal resolution make GPS estimates
of gzenith path delay (ZPD) and zenith precipitable water vapor (ZPWV)
highly attractive in many applications. The effectiveness with which GPS-
based techniques can replace or augment the more established technologies of
water vapor radiometers (WVR) and radiosondes is application dependent.
Applications such as climatology, weather prediction and media calibration
for radio science vary in their demand for accuracy, product delivery schedule
and in their need for zenith properties or line of sight properties.

The accuracy of GPS-based estimates of ZPWV at a given sight depends
on the data latency time. One can identify three general types of data process-
ing scenarios based on decreasing levels of data latency: post-processing, near
real time processing and real time processing. Post-processing utilizes data
from a global network of ground stations and it supports the highest solution
accuracy for the GPS orbits, clocks and media calibration, including ZPD. The
time delay involved in collecting and processing data from a global network of
receivers (say, a subset of the IGS network) can be one or two days. In near

~ real time processing, a delay of several hours in processing may be needed in

order to bring in a station with a good clock that can serve as a reference.
In real time processing only data from the target station is processed. Each
data processing scenario requires a special estimation strategy to address its
unique problems associated with the quantity, quality and sour! ce of data.

This paper reviews the data processing strategies that can be employed
for different latency times. The quality of the GPS-based ZPWYV estimates is
measured by comparing them to estimates from more established technologies
like WVRs and radiosondes and by formal error analysis. The accuracies that
are currently achievable with each strategy are presented together with an
outline of possible future improvements.
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JF2-7 FIRST OBSERVATION OF THE EARTH’S ATMOSPHERE
1600 WITH THE NASA/JPL GOLDSTONE SOLAR SYSTEM
RADAR

J.Y. N. Cho*

Arecibo Observatory

P.O. Box 995

Arecibo, PR 00613 R. F. Jurgens M. A. Slade
NASA/Jet Propulsion Laboratory

4800 Oak Grove Dr.

Pasadena, CA 91109

One of the outstanding scientific problems in middle atmosphere dy-
namics is the role that stratospheric turbulence plays in the vertical transport
of minor constituents such as ozone, water vapor, and aerosols from volcanic
eruptions and supersonic jet planes. Because the turbulence occurs in ex-
tremely thin layers (due to the high convective stability of the stratosphere),
its observation has been difficult. A stratosphere-troposphere (ST) radar typ-
ically has a maximum range resolution of 150 m, but stratospheric turbulence
often has finer scale features on the order of tens of meters.

To overcome the range-resolution problem the Arecibo bistatic S-band
planetary radar with its capacity for very fast phase modulation was used to
study the stratosphere (R. F. Woodman, Radio Science, 15, 423-430,, 1980; H.
M. Ierkic et al., Radio Science, 25, 941-952, 1990). However, that system is
currently not in operation.

"We have applied the same technique and used, for the first time that we
are aware of, the Goldstone planetary radar to study the Earth’s atmosphere.
The S-band system was operated in a bistatic mode using a 70-m diameter
dish for transmission and a 26-m dish for reception. A CW mode with a
1023-length, 0.125-gs-baud pséudorandom binary phase code was used with
an average transmitted power of up to 400 kW. The altitude resolution of 20 m
and a time resolution as short as 4 s are the best that we know of and are only
rivaled among ST radars by what was achieved using the old Arecibo system.

We present the initial observations of stratospheric turbulent layers
made by this system and discuss their impact on the current understanding
of turbulent layers in a stratified region. We will also discuss the limitations
of the current Goldstone configuration, and talk about plans for the future.
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J/F2-8 STRUCTURE IN THE SOLAR CORONA INFERRED FROM
1620 RADIO SCATTERIING MEASUREMENTS
R. Woo

JPL-Caltech
Pasadena, CA 91109

For over four decades, electron density irregularities in the solar corona
have been investigated with scattering measurements using natural radio
sources as well as spacecraft radio signals as they passed behind the Sun.
Examples of these measurements include angular broadening, phase/Doppler
scintillation and spectral broadening.

Despite the success in establishing many properties of the density irreg-
ularities, the nature of the irregularities and their relationship to solar features
have not been fully understood. For example, two notable characteristics of
the density irregularities have remained unexplained. The first is the abrupt
rise in anisotropy of the density irregularities inferred from angular broadening
measurements near the Sun, especially when conducted with longer baseline
interferometers. The second is the break near 1 Hz in the inverse power-law
density spectrum inferred from phase scintillation and spectral broadening
measurements. For frequencies lower than the break, the density spectrum is
Kolmogorov (spectral index of 5/3), while for frequencies that are higher, the
spectrum is flatter (spectal index near 1).

In this paper, we show that these characteristics can be interpreted
in terms of a corona that is permeated by a hierarchy of ray-like structures
with the smallest size being about 1 km at the Sun. Within these structues,
the density variations are represented by random irregularities that are con-
vected along with the solar wind. The emerging picture of a corona that is
highly structured unifies results from widely varying radio propagation mea-
surements, and demonstrates how structures observed in white-light are re-
lated to those in the radio propagation measurements.
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JIF2-9  Discussion
1640
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Thursday Evening, 11 January, 1900-2200
Special Session, 1900-Thuss., CR2-28

DON SPAULDING MEMORIAL SESSION
Organizer: George Hagn
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Friday Morning, 12 January, 0835-1200

Session B/C/]-1, 0855-Fri., CR0-30
PHASED ARRAY FEEDS IN RADIO ASTRONOMY
Chairperson: J.R. Fisher, NRAO, Green Bank, WV 24944
Organizers: ].R. Fisher and D. Thomson, NRAO, Green Bank, WV 24944

B/C/j1-1 PHASED ARRAY FEED DESIGN CONSIDERATIONS

0900 .
J. R. Fisher*
NRAO-
P.O. Box 2
Green Bank, WV 24944

Phased array feeds for radio astronomy reflector antennas must simulta-
neously provide very low spillover and beam spacing as small as the sampling
theorem allows. This requires that array elements be physically small to fully
sample the reflector focal plane and that the spillover be controlled by the
array pattern rather than the pattern of individual elements. The maximum
element spacing for a hexagonal array is set by the appearance of grating lobes

and is given by
A

(14 sin ;) cos 30°’ ()
where 6 is the half-angle of the illuminated reflector. This, with the minimum

spacing limit of about 0.5 set by mutual coupling, implies a bandwidth limit
between 1:1.3 and 1:2, depending on F/D.

Sp =

Aperture efficiency is limited only by the number of elements used to
form one beam and can be greater than the taper efficiency of one element.
Full off-axis efficiency can be maintained as long as the array size grows to
intercept all of the power that as been redistributed by reflector aberrations.
The array can be well away from the conventional reflector focal plane as long
as it intercepts all of the reflected energy. There is no efficiency penalty for
very close beam spacings. However, beams spaced closer than the sampling
theorem limit will be partially correlated.

The receive-only application permits the use of correlation techniques
to reduce the signal processing requirements for forming many beams simul-
taneously. Still, the processing load is enormous for even modest array sizes.
Approximately NgN/2 correlators and N%N B/2 complex-weight multipliers
are required, where N is the total number of elements in the array, Ng is the
number of elements needed to form one beam, and Np is the number of beams
formed. Ng is typically between 19 and 100. Spectral line observations require
each correlator to be a multi-lag device. Direct combination of element signals
can be less expensive than cross-correlation when the number of beams formed
is small. In any case, this application is a good candidate for new correlation
and signal processing technology.

Noed He ™ }‘%//3
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B/Cfj1-2 A METHOD USING FOCAL PLANE ANALYSIS
0920 TO DETERMINE THE PERFORMANCE OF
REFLECTOR ANTENNAS
Paul W. Cramer and William A. Imbriale
California Institue of Technology/Jet Propulsion Laboratory
Pasadena, CA 91109 USA
and
Sembiam R. Rengarajan
California State University
Northridge, CA 91330 USA

Array feeds for reflectors have a number of important uses which
include 1) generating contour coverage patterns, 2) correction for reflector
distortions, and 3) improved wide angle scan. Typical methods for
optimizing the array feed for each of these applications are very efficient
when a fixed array geometry is utilized and only the feed excitation
coefficients are optimized since only one set of radiation integral evaluations
is needed. For most existing methods, an optimization which allowed the
element type, spacing, and size to vary would be extremely time consuming
since a radiation integral evaluation would now be required for each feed
element at each step of the optimization process.

A new method for computing the performance of reflector antennas
with array feeds is presented that obviates the need to recompute the
reflector radiation fields when the feed element type, size, or spacing is
varied. This allows the optimization techniques to efficiently include size
and spacing as parameters.

The mathematical formulation is based upon the use of the Lorentz
reciprocity theorem, which convolves the focal plane distribution of the
reflector system with the feed element aperture field distribution to obtain
the element response. The antenna gain can then be obtained from both
these responses and the array gain. Thus the time.consuming reflector
system radiation integral evaluation is only done once for a given scan
direction or reflector surface distortion for all array feed geometries
considered. The study was restricted to the case where the antenna is
iluminated by an incident plane wave and thus the performance evaluation
was restricted to only one observation direction.” Optimizing shaped
antenna patterns would require making the correct transformation between
the far-field pattern and the focal plane distribution.

Examples are given using this technique to design an array feed for
the correction of gravity-induced distortions of a large dual-shaped ground
antenna, both conventional and beam waveguide (BWG), as well as the
design of an array feed for improved wide-angle scan.
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B/C/11-3 INVESTIGATION OF FREQUENCY VARIATIONS
0940 OF SINUOUS ANTENNAS

J. M. Bowen and P. E. Mayes
Efectromagnetics Laboratory
University of Illinois

Urbana, IL 61801

P. G. Ingerson

Antenna Systems Laboratory
TRW Space and Defense
Redondo Beach, CA 90278

The logarithmic spiral antenna has many favorable qualities such as
wideband performance, circular polarization, and low profile. These
qualities have made the logarithmic spiral antenna useful in direction
finding, electronic countermeasure, and communication applications. In
1987 DuHamel (R. H. DuHamel, U. S. Patent 4,658,262, April 14, 1987)
patented the sinuous antenna which is related to the logarithmic spiral
antenna and shares many of its qualities. In addition, the sinuous antenna is
sensitive to orthogonal senses of polarization which makes it an attractive
alternative to the logarithmic spiral antenna in certain applications.
However, for certain design parameters half-power beamwidth variations
were noted both in numerical modeling (J. M. Bowen and P. E. Mayes,
IEEE Antennas and Propagation Society International Symposium Digest,
June 1994) and in experimental measurements (P. G. Ingerson, P. M.
Ingerson, and D. C. Senior, Proceedings of the Antenna Applications
Symposium, Sept. 1991) of a sinuous antenna. The frequency-independent
performance of a multi-arm logarithmic spiral can be inferred from its
continuously self-scaling and self-complementary structure. The sinuous
antenna is not continuously self-scaling, so frequency-independent
performance is not guaranteed. In fact, the sinuous antenna may be self-
scaling only for a discrete set of scale factors, i.e. when the geometry is log-
periodic. However, the patent description of the sinuous antenna allows for
design parameters which do not produce log-periodic geometry. It is such a.
set of parameters that yields an antenna with a minimum of variation in
beamwidth across a log-period in frequency.

This paper will describe numerical modeling of sinuous antennas
with different design parameters. The minimal beamwidth variations will be
illustrated for a certain design that is not log-periodic. The paper will also
describe some experimental measurements on sinuous antenna reflector
feeds.
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B/C/J1-4 THE SINUOUS ANTENNA -- A DUAL POLARIZED
1000 ELEMENT FOR WIDEBAND PHASED ARRAY FEED
APPLICATIONS

Kamaljeet S. Saini

Department of Electrical Engineering
University of Virginia
Charlottesville, VA 22903

Richard F. Bradley
National Radio Astronomy Observatory™®
Charlottesville, VA 22903

Typical radio astronomy applications require wideband antenna elements to provide
large observable radio spectrum without the need to change feeds. Polarization measurements
require the antenna to possess the capability of distinguishing between two orthogonal senses of
polarization in the received signal. Some other conventional applications, like the direction
finding systems, require similar antennas. The sinuous antenna element described here is one such
element suited to these kinds of applications. It is compact, has a good E- and H-plane radiation
pattern congruence, and possesses an input impedance which is essentially independent of
frequency. Also, its phase center shows little variation over the designed band of operation. The
structures corresponding to the two polarizations “fold” into each other, conserving space, and
creating a compact antenna. Several of such antennas can be stacked close together to sample the
far-field radiation pattern closely enough to be configured as a phased array. Few other candidate
elements possess all these propertles satisfying the requirements for similar and related
applications.

We present the construction and performance of one such element designed for the
1.0 GHz-2.5 GHz band. The design was carried out with the log periodic scale factor, T =0.75,
to minimize the frequency dependence of the radiation pattern, while the self complementary four
arm structure guaranteed a frequency independent input impedance of about 240 .

The 3 dB radiation pattern was approximately 80°, a good number for efficient
illumination of a parabolic dish from its prime focus: The circumferential nature of current
distribution, arising out of the physical geometrical shape of the element, provided a good E- and
H-plane pattern uniformity. The polarization wobble was measured to be less than % 5° in the
1.0 GHz-2.0 GHz frequency band. The measured SWR (at the balun input) of about 2.0 in this
band was close to the value of 1.7, which was theoretically expected with a balun designed to
transform a 140 Q impedance to 50 Q. The cross-polarization rejection was better than -25 dB
throughout the 1.0 GGHz-2.0 GHz frequency band.

oo, aetradly waed 2402 hEif
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*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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B/C[J1-5 APROTOTYPE ARRAY FEED - DESIGN AND CONSTRUCTION
1040
* Richard F. Bradley
National Radio Astronomy Observatory™
Charlottesville, VA 22903

Kamaljeet S. Saini

Department of Electrical Engineering
University of Virginia
Charlottesville, VA 22903

J. Richard Fisher
National Radio Astronomy Observatory™
Green Bank, WV 24944

A prototype phased array feed, based on the 5" diameter sinuous antenna, is currently
being constructed for evaluation at the prime focus on the 140-foot radio telescope in Green Bank.

This proof-of-principle design will cover the 1.16-1,62 GHz frequency band and will consist of
19 sinuous antenna elements located on the vertices of regular hexagons forming five rows having
3,4, 5,4, and 3 elements, respectively. Calculations indicate that an acceptably small grating lobe
response up to 1.62 GHz is possible using this sinuous antenna with a fixed-element spacing.
These calculations use the measured radiation pattern of the planar sinuous antenna backed by a
metal ground plane. Coupling between adjacent elements is -15 dB at 1.0 GHz and better tham
-30 dB at 2.0 GHz, as measured using a 5-element linear test array. In principle, the 19-clement

array could support dual linear polarization, but to reduce the cost, it will be designed initially for
single polarization.

The prototype array will operate at ambient temperature and each element should have
anoise temperature of under 200 K. Each element consists of a 1.0-2.0 GHz sinuous antenna fed
by a tapered balun to a low-noise MMIC-type amplifier. A FET-type switch matrix, functioning
as a commutator, will select the signals from the 19 amplifiers into four pairs of RF channels. The
number of channels is set by the existing spectral processor which can cross-correlate only four
element pairs at one time. The eight output channels from the switch matrix (four pairs) are
mixed down to the 70-500 MHZ IF band, further amplified, and then sent down the telescope via
coaxial cable to the spectral processor where the cross-correlation occurs between pairs of
channels. Full array correlation will be done by time-sharing the four correlators between the 171
element pairs using the switch matrix.

Once the array concept has been verified experimentally, the next step will be to
construct a truly low-noise element. Approaches being considered include compact and low cost
cryogenic systems that cool to 70 K and special balanced amplifiers.

*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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B/C/11-6 CORRELATOR REQUIREMENTS FOR A FOCAL PLANE ARRAY
1100 R. P. Escoffier

National Radio Astronomy Observatory”

2015 Ivy Road

Charlottesville, VA 22903

A study of the correlator requirements for a radio
telescope with a focal plane array is presented.

The requirement for a focal plane array correlator is to
take the outputs of many feeds in the focal plane of a
telescope and process them so as to form many narrow directed
beams on the sky. Such an approach increases the utilization
of the telescope which normally produces only a single large
beam on the sky.

A set of appropriate parameters for a practical focal
plane array is assumed, and corresponding hardwaré for the
correlator is proposed.

Two approaches are studied. First, a phased array
technique is presented where the antenna outputs are used to
form weighted sums to construct directed beams on the sky. The
weighting stage is performed in RAM to allow loading of weights
unique to a given beam pattern but later summation stages are
done in ROM for simplicity. Complex sum weights are used.

The second approach is to calculate the lag function for
each array element and do the beam forming weighted sums in the
lag domain. This approach has the advantage of being able to
perform the weight multiplication after some integration time.

The two methods are compared to find the optimum
approach.

*The National Radio Astronomy Observatory is a facility of the
National Science Foundation operated wunder cooperative
agreement by Associated Universities, Inc.

248




B/Cf}-1 Fr-AM

B/C/j1-7 OPTIMALITY OF COMBINED MATCHED AND NULL
1120 STEERING BEAMFORMERS FOR FADING CHANNELS
Alfred O. Hero and Ronald Delap,
Department of Electrical Engineering and
Computer Science
The University of Michigan
1301 Beal Avenue
Ann Arbor, MI 48109-2122

Rayleigh fading is characteristic of " optical and radio
frequency tropospheric and ionospheric propagation, land, sea,
and free-space radar backscatter, multipath propagation in mobile
radio channels, and volume and surface reverberation in
underwater acoustic channels.  While statistical models for fading
signals have been available for some time, including for example
the Rayleigh, Rician, and Nakagami - models, they are generally
intractible in terms of developing optimal beamformer structures
for DOA estimation or signal detection. In this paper we derive
optimal beamsummers under a simplified model which is based on
a slow fading assumption: amplitudes are coherent over space but
incoherent over time with unknown mean and variance. We
derive optimal beamformers under two different adaptation
criteria: (1) maximization of a detectability index for detection; and
(2) minimization of a monotone function of the CR lower bound for
DOA estimation. These lead to optimal beamformers which can be
implementated as a split beam adaptive algorithm. The algorithm
controls and combines a signal nulling beam, which has
intrinsically high angular resolution, and ‘a signal enhancement
beam, which has intrinsically high gain robustness. We show
experimental results which indicate that our split beam adaptive
array comes close to the performance of a clairvoyant maximum
likelihood algorithm implemented with an Akaike signal selection
criterion.
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Department of Electrical and Computer Engineering
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Boulder, CO 80309-0425

Interference that is observed in airborne radar systems that is produced by one
or more jamming signals consists of two components. The first is the direct-path,
or line-of-sight signal that is incident on the receiving array from the direction of
the jammer. Adaptive array processing has been shown to be particularly effective
in the elimination of the direct-path jamming signal. The second component, which
is not so easily removed consists of the multiplicity of terrain scattered interference
components that arrive at the receiving array from a cone of angles.

In airborne radar systems that operate in the VHF (30MHz-300MHz) region,
the terrain below the receiver can act as an effective scattering mechanism over rel-
atively wide spatial regions. Data have been collected in the Mountaintop Program
that illustrate the nature of this terrain-scattered interference, which is also known
as hot clutter. Figure 1.0 illustrates the eigenvalues obtained from Mountaintop data
with a 14 element linear horizontal array using five successive data samples from
each element. The signals were collected after normal radar doppler processing. A
single strong interference was incident on the array and the direct-path component
was absent for this data set. This result shows that signficant energy exists over 10
dimensions and that as many as 43 dimensions may be important in cancellation of
the hot clutter. Equivalently, at least three time taps must be used in each of the
doppler-space processors.
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Figure 1.0: Hot clutter eigenvalues for 14 element array with five time taps.

This paper illustrates the results obtained with the use of simultaneous adap-
tation in both space (element number) and time (successive samples) in the Moun-
taintop radar environment. Data collected under conditions in which a time-varying
jamming source was generated using Learjet flights will be described. The advantages
of adapting with and without successive time samples is discussed. The paper de-
scribes the use of multiple linear constraints in the adaptive processing. Advantages
of the linearly-constrained approach in comparison with the single steering vector
method are presented.
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0900
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Samir El-Ghazaly Guangwen Pan*
Telecommunication Research Center
Campus Box 877206

Arizona State University

Tempe, AZ 85287

Mixed signal modules (MSM) have potential applications for digital

UHF and X-band radars, Micro-GPS, NASA’s remote sensing GLAS, syn-
thetic aperture radars (SAR), etc. The MSMs have unique features that the
analog signals are narrow-banded with very low amplitudes, while the digital
signals are wide-banded with large swings. As a system, the MSM spans a
large spectrum from nearly D.C. to tens of GHz, and the MSM covers a huge
dynamic range of 120 dB or greater. Thus, the design and development of the
MSMs are of great challenges. These challenges include, but not limited to:

. impedance mismatching and discontinuities,

. digital signal distortions due to dispersion,

. crosstalk from large digital signals to very low level analog signals,
. coupling through imperfect power and ground planes,

. power/ground noise,

. undesired resonance due to large gain of analog amplifies, and positive

feedbacks of passive structures,

. electromagnetic interference (EMI).

The fore-knowledge of these effects are critical for successful system de-

signing and optimizing performance. Unfortunately, most commercial CAD
tools available to date for the design and simulation are based on the Quasi-
TEM, or Quasi-static assumption, which is only the low frequency approx-
imation of the Maxwell equations. The QSA is simple in mathematics and
efficient in programming, but it can not address many of the aforementioned
high frequency issues. On the other hand, the assumption of zero conductor
thickness and the traditional impedance boundary condition, which are widely
used in the MMIC area, may not be applicable for the MSM problems.

As a result, these challenges form a new topic in the modeling and

simulation of high-speed, high density and high-performance systems.
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D/A1-2 ANALYSIS OF MULTIPLE CROSSOVERS IN A GROUNDED
0920 TWO-LAYER DIELECTRIC

Gaofeng Wang*

Tanner Research, Inc., 180 N. Vinedo Ave., Pasadena, CA 91107
Bing-Zhong Wang

University of Electronic Science and Technology of China
Chengdu, 610054, China

Crossover structures are commonly found in modern electronic packages
such as printed circuit boards (PCBs) and multiple-chip modules (MCMs).
The previous approaches for studying the crossover structures include quasi-
static analysis, iterative algorithm, transverse resonance analysis, full wave
. analysis. Among these approaches, the quasi-static analysis is the simplest
and fastest one yet gives sufficiently accurate results for most circuit designs.

The quasi-static analysis of a microstrip crossover in a dielectric sub-
strate was previously presented (S. Papathodorou, R. F. Harrington, & J.
Mautz, IEEE Trans., MTT-38(4), 135-140, 1990). However, the formulas
were devised only for a single microstrip crossover. To study a structure con-
sisting of multiple crossovers, the formulas must be generalized to take account
of the mutual couplings among the multiple crossovers.

In this work, the quasi-static analysis for a single microstrip crossover is
generalized and applied to study multiple crossovers. A set of integral equa-
tions suitable for studying multiple crossovers has been derived. By making
use of the moment method, the set of integral equations is solved for the
charge densities. Both the distributed capacitances and lumped excess capac-
itances can be computed by using this scheme. A circuit model for multiple
crossovers is built and the coupling effects among the multiple crossovers have
been included in this model. Numerical examples are provided to validate this
approach and illustrate its feasibility and efficiency.
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D/AL3 A NOVEL RESONATOR APPROACH FOR
0940 CHARACTERIZATION OF ELECTRONIC
MATERIALS USED IN MCM PACKAGES

Sedki M. Riad", Aicha Elshabini-Riad

Wansheng Su, and Fred Barlow

Time Domain Laboratory

The Bradley Department of Electrical Engineering
Virginia Polytechnic Institute and State University
Blacksburg, Virginia 24060-0111, USA

Phone: +1-540-231-4463, FAX: +1-540-231-3531
email: sriad@vt.edu

Complete information concerning material properties at various
frequencies are critical to the performance of electronic packaging and
multichip modules (MCMs). This paper presents a novel resonator approach
to accurately characterize electronic materials using stripline resonators.

As the conventional stripline resonator, the resonant frequencies are
determined by the dielectric constant of the substrate and the quality factors
are determined by the loss tangent of the substrate and the conductor loss
due to the resonator line and top and bottom ground. For the traditional
approach, the launchers are at the same plane as the resonator line section.
Two problems exist for that configuration. First, since the launchers are in
the middle of the substrate, it is hard to access electrically and mechanically.
Second, the signal energy coupled to the resonator line is determined by the
ends of both the launchers and the resonator line. Once the sample is made,
there is no way to change it. Most serious problem is that the required gaps
between launchers and resonant line are too small to be processed in order to
obtain a proper amount of signal coupling.

In order to solve these two problems, coplanar line launchers are
developed to move the stripline launchers from the middle to the top plane
(Patent pending). This unique design makes the launchers accessible both
mechanically and electrically. Adjusting the center line of the coplanar line of
the coplanar line or the overlap length of the launchers and the resonator line
enables the control of the signal coupling. Even the sample is done, the
coupling still can be adjusted by laser trimming the center line of the coplanar
line.

Numerical simulation has been performed to evaluate the coupling
between the new launcher and the resonant line. Test samples are fabricated
and measured. Both simulation results and measurement data are presented
and compared to validate the method.
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D/A1-4 A TECHNIQUE FOR MODELING AND SIMULATION OF
1020 HIGH SPEED SYSTEMS

0. A. Palusinski*

Department of Electrical and Computer Engineering
Building 104

University of Arizona

Tucson, AZ 85721

Modeling of high speed communication hardware is so complex that
there are no analytical design methods for many system components. Com-
puter aided design support is not yet fully developed. Consequently design of
high speed communication circuits and packages often involves experimenta-
tion with hardware. A design of RF power amplifier for portable equipment is
an example illustrating this situation. Such an amplifier operates with vary-
ing load conditions (usually specified by a range of VSWR) and it is known
that at certain loads the amplifier may significantly distort the output sig-
nal. This undesirable amplifier behavior occurs at both very low and very
high load impedances due to the mismatch between the output line and load.
The frequency spectrum of output signal exhibits components with frequencies
lower than that of input excitation, aperiodic behavior is also observed. Ex-
perimentation in hardware with various design options is expensive and time
consuming. It is therefore desirable to utilize computer support and simula-
tion to minimize the number of bench experiments. However, existing methods
and associated computer design tools appear to be inadequate in such applica-
tions as they were built for digital circuits or for analog circuits with periodic
solutions. In addition, modeling of active and passive elements is limited to
built in libraries of elements. A new software system is being built at the Uni-
versity of Arizona to resolve these problems. This software utilizes a spectral
method (O. A. Palusinski et al., JEEE Trans. MTT, 37 127-138, 1989) for
computation of transients in fast, non-linear systems and will have facilities for
convenient definition of new models of active and passive elements. The paper
will present spectral technique based on series of Chebyshev polynomials and
its application to simulation of non-linear RF circuits where the interest is
in the circuit transient behavior. The proposed method offers advantages in
the form of excellent error estimates and error control particularly suitable for
analog systems. The method is also known for its high numerical efficiency.
This efficiency is achieved due to several numerical properties of Chebyshev
polynomials. These properties are very well documented in literature and are
utilized in the simulation code. Modeling of passive elements such as digitized
capacitors, inductors and resistors with the use of database concept will also
be discussed.
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D/AL-5 A NEW FUNCTIONAL ANALYSIS OF DISPERSIVE 3D
1040 STRUCTURES

Guangwen Pan* Jilin Tan
Telecommunication Research Center
Campus Box 877206

Arizona State University

Tempe, AZ 85287

A new functional is rigorously derived based on the 3D analysis for
the dielectric lossy and conductor lossy guided wave structures. The adjoint
field is judiciously selected to meet the physical symmetrical requirement of
the structure interested. Systematically, the boundary conditions of the first
kind, second kind, and the third kind as well, are all incorporated with the new
functional. The impedance boundary condition at the interface between the
anisotropic material and the imperfect conducting ground plane is proposed.
The computation domain includes the cross section of the lossy conducting
line, in the case where the size of the cross section has the same order as the
skin depth and the impedance boundary condition is no longer held.

The vector element analysis procedure, with the subspace iteration
method, is then used to find the partial or the total system modes accord-
ing to the requirement. All the spurious modes are totally suppressed by this
procedure in the frequency of interested and and all the frequency dependent
circuit parameters, such as R, L. C, G are extracted from this full wave anal-
ysis. Therefore, this method is especially suitable for the CAD design and
packaging simulation and modeling.

Numerical examples of anisotropic dielectric image waveguide, PTEE
bilateral fin line, and coupled asymmetrical dual lossy transmission lines with
finite conductivity and finite thickness are presented as illustrations. Agree-
ment with previous publications wherever available are observed.
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‘DIA1-6 A NETWORKING ANALYSIS OF H-MESHED-STRIP LINES
1100 BY FDTD METHOD

Bing-Zhong Wang*
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Gaofeng Wang
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High-speed electrical equipment systems demand new packaging technol-
ogy to meet high propagation speed, high wiring density, and high frequency
pulse requirements for a multichip substrate. Due to the high wiring density
in high-speed multilayered digital integrated circuits, the number of intercon-
nection through holes increases. Therefore, it is necessary for the ground plane
to use a mesh pattern. The electrical properties of the meshed-strip line have
been studied by measurement (O. Shimada, K. Ito, T. Miyagi, S. Kimijima,
& T. Sudo, Proc. IEEE CHMT’89 Japan IEMT Symposium, 121-127, 1989)
(A. Sasaki & Y. Shimada, [EEE Trans., CHMT-15, 56-62, 1992).

Here, a full-wave analysis of the transmission properties of H-meshed-
strip line is presented. The FDTD method, in combination with network
concept, is used to analyze the transmission properties of the H- meshed-strip
line. In view of the periodicity of the structure along the propagation direction,
the H-meshed- strip line can be considered as a network consisting of a number
of the same cascaded unit elements. To save computation time and computer
memory, only one unit element is analyzed by the FDTD method. After
getting the S-parameters of the unit element, the transmission matrix of the
unit element can be readily obtained by a simple conversion. Then the total
transmission matrix of the full length H-meshed-strip line can be computed by
a cascade network formula. Finally, the total S-parameters of the full length
H- meshed-strip line can be attained from the total transmission matrix by
another simple conversion. Numerical examples are provided to demonstrate
the validation and merits of this approach.
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El-1 SYSTEM LETHALITY - A HIGH POWER MICROWAVE PER-
0840 SPECTIVE

R. L. Gardner*

USAF Phillips Laboratory, WSM,
3550 Aberdeen SE
Albuquerque, NM 87117-5776

Once a high power microwave (HPM) weapon has been demonstrated
_successfully on a particular system, there remains the problem of ascertaining
what that success really tells you. One would like to believe that a test that
shows damage or disruption means that systems similar to the test system are
vulnerable as well. Unfortunately similar is not well defined in this context
and it is very difficult to define electromagnetic similarity in lethality rigor-
ously. This paper attempts to set some limits on electromagnetic similarity.
We use a simple system that contains only a fuse and demonstrate the addi-
tion of a diode can change the lethality conclusion in either direction. This
negative information provides some guidelines on extending our ability to de-
fine lethality classes. Simple circuit differences also show limits on the use of
enumeration {derivation of statistics by counting failures) to draw conclusions
about lethality. Further, it is shown that the system of interest for a fielded
HPM weapon is not the system used to test the weapon. That system likely
was designed perhaps decades after the test system.

The narrow lethality classes lead to the argument for analysis techniques
that, in turn, can expand the region of applicability of the test results. Ear-
lier work in electromagnetic pulse (EMP) and related disciplines has shown
that strictly numerical models of systems are impractical. Three relatively
new fields are discussed as promising to gain insight into the system lethality
problem. The first of these is topological decomposition in which the system
is decomposed into a number of more tractable problems. Next, the advances
in numerical analysis and parallel processing has increased the complexity of
problems that can be addressed compared to the approaches in the EMP era.
Finally, the basis of statistical eléctromagnetics is discussed. Statistical elec-
tromagnetics is a combination of statistical laws with Maxwell’s Equations
and sets up boundaries for the results of svstem lethality experiments.
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El-2 COMPARATIVE SYSTEM RESPONSE TO
0900 RESONANT AND UNIPOLAR WAVEFORMS
.Carl E. Baum
Phillips Laboratory
3550 Aberdeen SE

Kirtland AFB, NM 87117-5776

In maximizing the interaction of incident electromagnetic waves with
electronic systems one is faced with a problem of great complexity. While
it is extremely difficult to calculate the response from first principles , one
can use electromagnetic theory to characterize the form that the response
takes and rely on measurements to evaluate the parameters in the
appropriate models. The appropriate model is the singularity expansion
method (SEM) which explicitly exhibits the various resonances as poles in
the complex-frequency plane. Particularly for signals which reach deep into
the system to the circuit level there are, in general, many resonances
associated not only with the exterior envelope of the system, but also with
the transfer functions through cables, cavities, etc. to the interior. An
incident plane wave has a typical or canonical response: which rolls off
below some frequency related to the largest dimensions of the system.
Above some frequency (of the order of a Ghz) related to resonant
dimensions of apertures, small antennas, and certain internal equipment, the
response also rolls off for “backdoor” or unintended interaction paths.

The maximum system response is usually achieved by selecting the
incoming waveform as an approximate sinusoid of enough cycles to “ring
up” the resonant response. A question of interest concerns what happens if
one illuminates-a system with a pulsed sinusoid which is not so tuned to a
resonance. Perhaps one did not know what was the optimal choice of
frequency and guessed incorrectly. In such an event is such a choice of
waveform still appropriate, or does another temporal shape give stronger
interaction with the system? So here let us consider a more impulse-like
waveform (decaying exponential) and compare the response to this
waveform to that due to the pulsed sinusoidal waveform. For comparing
these responses, the various excitation and response waveforms are
evaluated in norm sense in order to assign simple positive scalars which can
be readily compared. The co-norm corresponds to the peak of the waveform
and is appropriate for failure due to voltage breakdown or upset due to the
level comparable to or exceeding the normal operating signal level. The 2-
norm is proportional to the square root of the energy in the waveform,
appropriate for burnout, except in cases where the energy in the system
(associated with power-supply voltage) is triggered by the response
waveform to deposit energy into various electronic devices.
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Donald P. McLemore*
Kaman Sciences Corp.
6400 Uptown Blvd., NE
Albuquerque, NM 87110

Recent high frequency coupling analyses (G. I. Hoffer, et. al., “Analysis
of F-16 Low Power Coupling Data,” Phillips Laboratory Report PL-TR-93-
1057,1993) have suggested that coupling to circuit nodes inside electrical boxes
follows the averagecavity fields inside an aircraft as a function of frequency
with a constant relationship between the power observed at the circuit node
and the power which would be coupled to an electrically long cable immersed
in the cavity field. As a consequence, high frequency hardening strategies
should include the reduction of these local fields.

This paper examines the effectiveness of both traditional and non-
traditional cavity field reduction techniques on a testbed aircraft. Experi-
ments for this comparison were conducted during the months of April and
May, 1994, at the Large Electromagnetic System Level Illuminator (LESLI)
facility on Kirtland AFB. The effect of adding the traditonal field reduction
material, carbon embedded styrofoam, in the cavity was investigated in a cu-
mulative fashion. Four separate sections of absorber sheets were added to the
cavity and the effectiveness of each was evaluated. Measurements of a transfer
function of the z-directed magnetic free field in the cavity and the skin current
on the nose of the aircraft demonstrated that the field reduction capability of
absorber material comes into play only when the mode density in the cavity
becomes appreciable at the higher frequencies (near 1 GHz).

A number of other absorber-like concepts for hardening were also evalu-
ated. One hardening technique was to line the walls of the cavity with ferrite
loaded silicon tiles to reduce magnetic fields near the walls of the cavity and,
in turn, to reduce cavity skin currents. All four z-y and y-z walls were covered
(not the top and bottom of the cavity) with the tiles. Another idea was to load
the cavity with resistor lattices (rectangular boxes of resistors approximately 2
inches on a side all connected together in a long parallelpiped) to reduce both
the magnetic and electric fields. All of these techniques show approximately
a 20 dB reduction in the field levels over ost of the frequency band, which
is comparable to the carbon-loaded oam reductions at high frequencies. This
new hardening hardware, however, shows significant reduction of the fields
at the lower frequencies, which was not observed for the carbon loaded foam
absorber. '
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El-4 OPTIMIZATION OF TRANSIENT RADIATION
0940 Carl E. Baum '
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3550 Aberdeen SE
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In designing antenna with pulsed sources for radiating transient pulses,
one is faced with the problem of deciding what one wants. What is it about
the far radiated fields that one wishes to optimize, and what does optimize
mean (total energy, peak field, peak spectral content across some band of
frequencies, particular polarization, etc.)? There is also the question of what
constraints one wishes to impose on the antenna (e.g., physical dimensions)
and pulser(s) (e.g., voltage, energy, peak and average power, etc.).In recent
years this has led to the class of pulse radiators known as impulse radiating
antennas (IRAs). With this technology expanding into various types of
pulse radiators, it is important to understand which is better for a given
application. There may be various “optimum” solutions, depending on the
problem at hand. Norm concepts are introduced in a systemic way to extend
the definitions of antenna gain and radiation pattern to apply to radiated
temporal pulses. By considering reciprocity in the time domain the
definitions are made to apply to both transmission and reception, allowing
for the additional time derivative in transmission, or equivalently the
additional time integral in reception. Norms of vector temporal waveforms
are considered in terms of norms over the frequency spectrum of the two-
sided-Laplace/Fourier transform of such waveforms. This leads into
‘concepts of comparing waveforms via norms in the frequency domain which
include weighting functions which emphasize portions of the spectrum of
the pulse which are deemed important for the problem at hand.
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614 Paseo Del Mar
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Carl E. Baum

Phillips Laboratory

3550 Aberdeen SE
Albuquerque, NM 87117

We consider here a new class of Impulse Radiating Antenna (IRA) that uses
two surfaces to redirect the aperture field rays into a plane wave. Nomally,
IRAs use either a single reflector or a single lens to redirect rays into a planar
wavefront. However, by using both a reflector and a lens, or two reflectors,
one can achieve interesting antenna characteristics with respect to input
impedance, structural stability, and antenna size.

The first antenna we consider is a Reflector/Lens IRA, or ReLIRA. In its
simplest form, the ReLIRA uses a conical feed and a flat reflecting plate, all
embedded in a dielectric material. The exit to the dielectric material is in the
shape of a prolate reflector with a planar interface, or a hyperboloidal reflector
with a prolate spheroidal lens. Also considered is form of Cassegrain antenna,
which we call a CasIRA. This is a technique for confining a hyperboloidal
subreflector with a large paraboloidal main reflector.

These designs can have a number of advantages over classical reflector or lens
IRAs. They can be more compact, for a given level of high-frequency
performance. They can also be shock resistant, since they are embedded in a
solid material Finally, these designs can provide more options for matching to
a source impedance, because the dielectric constant can be varied.

All of these designs can be split in half with a ground plane, resulting a split
IRA, or SPIRA. This may be useful in cases where both transmit and receive
antennas are required in the same aperture. Since the input impedance of half
an IRA is typically 1009, if the dielectric material has a dielectric constant of
4, the resulting input impedance is conveniently 50Q on each channel.
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1040 CROWAVE SOURCES
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109 South Emerson Ave.
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Vircators, relativistic magnetrons, backward wave oscillators (BWO),
Cerenkov masers, and magnetically insulated transmission line oscillators (MI-
LOS) are a few of the slow wave high power microwave (HPM) sources with
extended interactions between electron beams and electric fields in slow wave
structures. The vircator, or virtual cathode oscillator, is designed with rel-
ativistic electron beams injected into drift tubes in excess of space charge
limiting current (Child-Langmuir relation) to form virtual cathodes.

Relativistic versions of linear magnetrons are MILOs, where electron flow
1s confined or insulated by its own magnetic field. One unique modification
of these MILOs is matching slow to fast waves with Chebyshev and binomial
transformers, and then using mode converters to feed antennas. The slow wave
structure of a plasma loaded BWO has controlled plasma background where
a relativistic electron beam is injected into the structure. Another example of
interaction between fields and electron beams in slow wave structures is seen
in a relativistic multiwave Cerenkov generator, where two slow wave structures
interact with hollow electron beams.

MILO slow wave guides are coaxial guides with corrugated outer conduc-
tors and smooth inner conductors. The rectangular corrugations are radial,
short circuited, parallel plate cavities, like those in TWTs. Generated slow
waves propagate with phase velocities proportional to serration depth.

Four analytical models include parallel plate guides, surface wave guides,
coaxial guides, and circular guides. w-# curves are similar for parallel plate
and coaxial guides, and for surface and circular guides, as radii increase.
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EL-7 THE GENERATION OF LIME BY LASER PRODUCED
1100 PLASMA SPARKS

Robert Koslover William Page*
Phillips Laboratory/WST

3550 Aberdeen SE

Albuquerque, NM 87117-5776

LIME (Laser Induced Microwave Emissions) may be produced by many
processes during the absorption of laser light. One relatively efficient process
is by the production of plasma sparks by a focused, laser beam modulated or
pulsed at RF frequencies. Available experimental data for this form of LIME
will be discussed along with predictions from analytical models of the RF
produced. The radiation of RF is associated with the dipole moment formed
variously by: (1) high energy electron production and emission; (2) the motion
of photo electrons at the expanding plasma shock front; and (3) photoemission
from adjacent material irradiated by the UV light emitted from the plasma
spark .

Experimental data has been obtained at the USAF Phillips Laboratory
on UV radiation from plasma sparks and at Textron Defense Systems on both
the production of high energy electrons and the overall RF production dur-
ing the spark formation process. These data will be reviewed and compared
with analytical models for the production of RF. Particular attention will be
given to the effects of varying pulse repetition rate, temporal duration, pulse
shape, and laser wavelength. The effects of varying pressure in air and other
gases relative to vacuum conditions will be considered in the discussion of the
efficiency (laser power to RF power).

In the case of secondary photoemission by spark-produced UV radiation,
experimental data on the temporal and spectral characteristics of the UV will
be presented. The electromagnetic interior boundary value problem when the
UV is aborbed in an inclosure, thus producing a dipole layer, will also be
discussed.
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1120 PERFORMANCE OF RECEIVING SYSTEMS WITH
APPLICATION TO THE PREDICTION OF OPERATING
NOISE TEMPERATURE

Derrick T. Copeland, Principal Investigator
Richard B. Wendt, Sr. Systems Engineer
Applied Data Trends, Inc.

Huntsville, AL 35815-4445

Accurate prediction of receiving system operating noise
temperature in real operating environments requires a method which
includes the effect of ambient operating temperature. Standard
techniques for predicting operating noise temperature, based on
measured effective input noise temperature or noise figure, ignore
the dependence on ambient operating temperature (IRE
Subcommittee 7.9, Haus (chair), et al., Proc. IEEE, 436-443, 1963).
To overcome this deficiency, we develop a method for determining a
fundamental noise characterization.

A novel characterization of noise performance is presented
which enables .a more accurate prediction of operating noise
temperature at any ambient temperature. This paper gives the
theory for the noise performance of receiving systems that combines
the antenna load temperature (external noise) and effective
composite receiver input temperature (system noise). We model the
operating noise temperature using a linear relationship with the
ambient temperature: Te, = Tan + (St * Taw + Tg), Where the ambient
temperature sensitivity factor, Sy, and the fundamental composite
input temperature, Tg; are the characteristic receiving system
constants.  Candidate approaches for measurement are also
presented. We apply the theory to the prediction of operating noise
temperature based upon indoor measurements. Standard definitions
are reviewed and limiting assumptions discussed in relation to the
theory.
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F5.1 DESIGN AND PERFORMANCE OF A
0840 SPINNING FLAT REFLECTOR FOR

MILLIMETER-WAVE RADIOMETRY
Mark D. Jacobson' and William M. Nunnelee?
'NOAA/ERL/ETL, R/E/ET1, 325 Broadway

Boulder, CO 80303
2NOAA/NWS, 920 Armory Road

Goodland, KS 67735

From late January through late March 1994, the National Oceanic
and Atmospheric Administration operated two collocated dual-channel
millimeter-wave radiometers at the Platteville, Colorado, site as part of the
instrumentation for the Winter Icing and Storm Project along Colorado's
Front Range. The two radiometers are identical, with the exception that
one radiometer uses a spinning flat reflector while the other one uses a
fixed flat reflector. The spinning reflector was designed to shed
precipitation particles, thus improving the radiometer's performance during
precipitating conditions. The spinning reflector speed is 300 revolutions
per minute.

The two systems continuously made measurements of vertically
downwelling brightness temperatures at 20.60 and 31.65 GHz, vertically
integrated water vapor, vertically integrated liquid water, and vertical
attenuation values during a variety of weather conditions. The data show
several wet-weather periods with sereve data contamination for the fixed
reflector radiometer, while the spinning reflector radiometer exhibited far
less contamination during the same time period. These contaminated
periods produce a larger variability in the data from the fixed reflector
radiometer and lower correlation coefficients between the two instruments.
A specific rain and wet snow event is analyzed in detail. Four Cross-chain
Loran Atmospheric Sounding System (CLASS) radiosondes were launched
at the radiometer site during this particular event, and the results show that
the rotating reflector made it possible to measure precipitable water-vapor
content of the atmosphere when the radiometer with the stationary reflector
failed. Furthermore, other measured and derived radiometer parameters
from the rotating reflector were affected much less during this event than
the same radiometric parameters from the stationary reflector. The data
suggest that the rotating reflector made it possible to measure accurately
precipitable water vapor, vertically integrated liquid-water content, and
zenith attenuation at 20.60 and 31.65 GHz, when a similar radiometer with

a stationary reflector failed.
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F5-2 SMALL SLOPE EXPANSION FOR THERMAL AND
0900 REFLECTED ATMOSPHERIC RADIATION FROM THE
OCEAN SURFACE
V.Irisov

University of Colorado at Boulder/CIRES
NOAA/ERL/Environmental Technology Laboratory
325 Broadway, Boulder, CO 80303.

One of the most important aspect of the thermal microwave radiometry of the
ocean is a capability to calculate the radiative and reflective characteristics
of the rough surface. For a long time a dominant model for such calculations
was so-named two-scale approximation [ J. Geophys.Res. 1972 77, 5917-29].
This model is a combination of the Kirhgoff and small perturbation
approximation. Another approach, based on an expansion over small slopes,
was developed by prof. ‘A.G.Voronovich [Sov. Phys. JETF, 1985, 62, 65-70].
In most cases the slopes of the sea waves don't exceed 10-15 deg., which
makes this approximation very attractive for the ocean scattering and
radiation modeling.

We consider the two main components of the microwave radiation from a sea
rough surface - thermal radiation and reflected atmospheric radiation.
Thermal radiation can be found as an absorption of an auxiliary plane
electromagnetic wave. We develop both the small perturbation expansion and
small slope expansion for the absorbed power. The comparison shows their
identity, consequently the small perturbation expressions can be used to
obtain small slope expansion for the emissivity of a rough surface.

Comparison of the same expansions for the atmospheric radiation reflected
from a rough surface also shows that small perturbation expansion has
features of the small slope expansion. In this case the variations of the
downwelling atmospheric radiation are important and small perturbation
formulae can be applied only for smoothly varying sky radiation.

Applicability of the small perturbation theory instead of the small slope

approximation for microwave thermal radiation modelling simplifies
calculations compare with two-scale and small slope approaches.
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F5-3 The Sensitivity of Simulated Passive Polarimetric
0920 Wind-Direction Signatures to Ocean-Wave Asym-
metry, Foam, and Background Radiation
D. B. Kunkee and A. J. Gasiewski
School of Electrical and Computer Engineering
Georgia Institute of Technology
Atlanta GA, 30332-0250

An asymmetric-wave geometrical optics (AWGO) model of the up-
welling thermal radiation over the ocean has been used to investigate
-passive polarimetric wind-direction signatures and their relation to wind-
driven surface features such as wave asymmetry and foam, and the back-
ground (downwelling) radiation. Wind-direction signatures at 19 and
37 GHz were calculated using a Monte-Carlo ocean surface simulation
in which the shapes of the simulated ocean features were controlled by
incorporating both amplitude and phase spectral information into each
realization. A geometrical optics (GO) model was used to calculate the
upwelling radiation from each surface realization. The validity of the GO
model is supported by calculations of the mean curvature of a wind-driven
ocean surface and laboratory measurements of polarimetric emission at
92 GHz from small amplitude water waves.

Azimuthal wind-direction signatures were calculated under the fol-
lowing surface conditions: (1) all foam concentrated on the leeward side
of breaking waves and (2) foam distributed over the leeward and wind-
ward slopes of breaking waves. The total foam coverage was the same
under both conditions. Similarly, calculations were performed for various
degrees of wave asymmetry as determined by slope statistics accumulated
during each surface realization. The studies show that at angles near the
SSM/1 observing angle, T, and Ty are sensitive but T}, is insensitive to
wave asymmetry. However, T, was found to be sensitive and Ty in-
sensitive to the placement of foam on the waves. The study will help
identify the optimal uses of T, T} and Ty for remote sensing of ocean
surface wind-direction. AWGO model simulations have also shown that
the wind-direction signature is influenced slightly by the background ra-
diation profile. Calculations using different atmospheric temperature and
water vapor profiles indicate that, in general, the wind-direction signa-
ture in the first three Stokes parameters depends on the downwelling
brightness profile.
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0940 TEMPERATURE DIFFERENCE: RECENT RESULTS DURING COPE
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325 Broadway 325 Broadway

Boulder, CO 80303 ,  Boulder, CO 80303
Vladimir Ye. Leuskiy

Astro Space Center

Lebedev Physical Institute

Russian Acad. of Sciences

Profsoyuznaya St. 84/32

Moscow, 117810, Russia

On of the basic parameters in the study of air/sea interaction is the air/sea temperature
difference. Although this parameter can be measured by in situ sensors, the measurement of
water temperature at a depth of 1 - 2 m is not always representative of the temperature at the
boundary- the so-called skin temperature. A single-channel scanning 5-mm radiometer has been
developed for shipboard applications to measure air/sea temperature differences and
lower-atmospheric temperature profiles. Previous comparisons with in situ air and water
temperature measurements,.dropsonde temperature data, and radiosonde data have shown that
the technique based on 5-mm measurements determines the air-skin water (skin depth of 0.3
mm) temperature difference with an accuracy of the order of 0.1 K. In addition, the temperature
lapse rate is derived with good accuracy for altitudes below 300 m. Radiometrically-derived
conditions of neutral, weakly stable and unstable have shown interesting correspondences with
VV Ku-band sidelooking radar images.

The scanning radiometer will be operated during the Coastal Ocean Probing
Experiment (COPE) that will be conducted of the coast of Oregon during September/October
1995. It will be deployed on the research oceanographic vessel FLIP that is operated by the
Scripps Institute of Oceanography. -Other.instruments on FLIP that will provide comparison
data include infrared radiometers to measure sea surface temperature (SST), high-resolution
dropsondes, conventional bulk SST measurements, and air temperature at two levels.
Additional ground truth will be available from a tethersonde that will be raised and lowered
from a blimp in the vicinity of FLIP. Preliminary data from this experiment will be shown.

Prior to deployment during COPE, the scanning radiometer was operated at the
Boulder Atmospheric Observatory (BAO). Here, the radiometer operated at several levels on
the 300 m tower and its output was compared with in situ data from: (a) radiosondes; (b)
hand-held meteorological instruments on the moving tower carriage; and meteorological
measurements at fixed levels on the tower. Measured and calculated antenna temperatures agree
to better than 0.1 K for the portions of the scan where the radiometer is viewing the sky. Initial
results also indicate that the scanning radiometric technique could be applied from a low-flying
aircraft. :
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F5-5 PASSIVE SUBMILLIMETER-WAVE SENSING OF CIRRUS
1000 CLOUD PROPERTIES

K. Franklin Evans*

Program in Atmospheric and Oceanic Sciences
University of Colorado

Boulder, CO 80309-0311

The inability to remotely sense the global distribution of cirrus ice mass
from satellite is a major problem for observing the climate system. While some
optical properties of ice clouds can be measured from space currently, these are
only indirectly related to ice water path (IWP), which is needed for climate
model validation. Recently a new technique for remotely sensing cirrus IWP
and characteristic particle size was proposed (Evans and Stephens, J. Atmos.
Sei., 52, 2041-2072, 1995). This method relies on the scattering of upwelling
radiation by ice crystals, reducing the brightness temperature from clear sky
values. Submillimeter wavelengths are sensitive enough to detect cirrus of
moderately low visible optical depth. Two radiometer frequencies can be used
to obtain information about particle size, which is required to calibrate the
relationship between brightness temperature depression and TWP.

Results of new scattering and radiative transfer calculations concerning
the capabilities of the technique will be shown. Frequencies above 400 GHz
are superior to lower ones because of their greater sensitivity to cirrus and
lessened dependence of brightness temperature depression on particle size.
Water vapor absorption prevents these frequencies from sensing the surface
and boundary layer, yet the transmission from space to upper tropospheric
ice clouds is high for well chosen frequencies. The ability to retrieve cirrus
IWP and particle size are illustrated with a simple two frequency technique.
This method is based on the computation of the scattering properties of eleven
realistic ice particle shapes and hundreds of size distributions with the discrete
dipole approximation. Upwelling and downwelling brightness temperatures at
typical research aircraft altitudes are computed with a polarized radiative
transfer model for several atmospheric profiles. In terms of their radiative
effect, observed cirrus particle size distributions are shown to be equivalent
to theoretical gamma size distributions. At submillimeter wavelengths two
frequencies can unambiguously determine the characteristic particle size, while
two polarizations can give some information about particle shape. The error in
retrieved cirrus IWP is quantified in terms of uncertainties in particle shapes
and variations in the background radiation, and is shown to depend on the
characteristic particle size.

An update will be given of the development at the Jet Propulsion Lab-
oratory of a prototype cloud ice radiometer. The instrument will measure two
linear polarizations at 500 and 630 GHz with a scanning geometry. Flights on
the NASA DC-8 are planned for the summer of 1996.
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F5-6  OBSERVATIONS OF WATER VAPOR AND CLOUD LIQUID FROM
1040 AN AIRBORNE DUAL-FREQUENCY RADIOMETER DURING THE
VORTEX '95 EXPERIMENT

L.S. Fedor, E.R. Westwater, & Yong Han Yuri G. Trokhimovski
CIRES NRC Resident Associate
University of Colorado/NOAA NOAA/ERL/ETL

325 Broadway 325 Broadway

Boulder, CO 80303 Boulder, CO 80303

The fine-scale horizontal variations of water vapor and cloud liquid water are of
importance to climate, meteorology, and satellite validation/calibration. The Environmental
Technology Laboratory of NOAA has developed a dual-frequency upward- (and downward-)
looking radiometer at 23.87 and 31.65 GHz to measure the integrated amounts of water vapor
and cloud liquid above an aircraft. Currently, the Airborne Microwave Water Substance
Radiometer is certified to fly on the NOAA P3 and NOAA Twin Otter. Technical details of the
instrument are given by Jacobson et al. (Microwave Journal 37 , 24-39, 1994).

Two experiments involving the NOAA P3 were conducted in the Oklahoma-Texas
region during April 1 to June 15, 1995. The first, the Verification of the Origin of Rotation in
Tornadoes EXperiment, focused on obtaining detailed observations of mesocyclones and their
potential for developing into tornadoes. The second, sponsored by the Department of Energy's
Atmospheric Radiation Program, was to obtain detailed aircraft observations of cloud liquid and
water vapor to correlate with short- and long- wave radiation measurements. The almost
mutually exclusive goals of the two experiments allowed shared use of NOAA P3 aircraft
throughout the entire April-June period.

During VORTEX, the AMWSR was operated on all P3 flights; of particular interest
were several flight flown in zig zag flight patterns through mesoscale moisture fronts known as
"dry lines". Through the sharp boundaries of dry lines, strong horizontal gradients in moisture
can occur. Several of the dry line cases were observed, and examples will be shown.

In addition, flights were made over all five stations of the DOE's Cloud and Radiation
Testbed Site in Central Oklahoma to compare observations with ground-based radiometers and
special radiosonde releases. We will present data taken during spiral ascents and descents about
the central CART facility at Lamont, OK, and well as observations of stratus clouds obtained
during "porpoise" ascents and descents of the aircraft.
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F5-7 EVALUATION OF SATELLITE RETRIEVAL

1100 ALGORITHMS FOR WATER VAPOR AND
CLOUD LIQUID USING ISLAND-BASED
MICROWAVE RADIOMETER DATA

D. A. Hazenl, J.B. Sniderz, and W. B. Madsen!
'NOAA/ERL/Environmental Technology Laboratory
Boulder, Colorado 80303

2Coopcrativc: Institute for Research in
Environmental Sciences (CIRES)

University of Colorado/NOAA

Boulder, Colorado 80309-0449

A one-year's data base of continuous ground-based microwave
radiometric measurements (20 and 31 GHz) of precipitable water vapor,
integrated cloud liquid, infrared cloudbase temperature, and shortwave solar
irradiance was obtained at Porto Santo Island (33°N, 16.4°W), Madeira Islands,
Portugal, from July 1992 through June 1993. Additional data for shorter
periods of time were obtained from a ship operating in the North Atlantic
Ocean during June 1992, and from New Ireland Island (2.6°S, 150.8°E), Papua
New Guinea, during January and February 1993. The data base represents a
unique set of ground-truth data which is being used to improve the quality and
accuracy of liquid and water vapor retrievals from Special Sensor Microwave
Imager (SSM/I) satellite millimeter wave brightness data. Ultimately, this
work will improve NOAA's capability in global monitoring of atmospheric
water.

We summarize an investigation of current statistical retrieval
algorithms reported in the literature by comparing water vapor and liquid water
retrieved from SSM/I data with the ground-based microwave measurements.
In order to account for the widely different fields of view of the satellite and
ground-based radiometers, we examine the effects upon retrieval accuracy of
different spatial and temporal averaging. For example, we find that the "best"
retrievals are obtained by limiting satellite data to within 5 km of the ground-
truth site and by using 60 min averages for the surface data.

Using the form of the most promising algorithms from the literature,
a sub-set of the ground-truth data was used to derive "new" statistical
algorithms for water vapor and cloud liquid. We present a comparison of
satellite data retrieved using the "new" algorithms with ground-based
measurements for the remainder of the data base. We conclude by presenting
preliminary findings on the relative performance of statistical and physical
retrieval methods.
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F5-8 CONTRIBUTION OF ATMOSPHERIC WATER VAPOR TO THE TOTAL
1120 'GPS SIGNAL DELAY
Daniel Wolfe ' Russell Chadwick and Seth Gutman
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Peng Fang and Yehuda Bock Michael Bevis and Steven
Scripps Institution of Bussinger
Oceanography University of Hawaii at Manoa
U.C. San Diego 2525 Correa Road
LaJolla, CA 92093-0225 Honolulu, HI 96822

GPS radio signals are slowed by the Earth’s atmosphere resulting in a delay in the
arrival time of the transmitted signal from that expected if there were no intervening media.
It is possible to correct for the ionospheric delay, which is frequency dependent, by using
a dual-frequency GPS receiver. The delays due to the neutral atmosphere are not frequency
dependent, but depend on the constituents of the atmosphere that are a mixture of dry
gasses and water vapor. The total signal delays introduced by these components are
referred to as the hydrostatic or “dry” delay (DD) and the “wet” delay (WD), respectively.
In practice, the total signal delays measured by the GPS receiver from all satellites in view
are mapped to the vertical using the function 1/sin(clevation angle of the satellite), and
combined to give the “Total Zenith Delay” at an observing site. Total zenith delay (ZTD)
due to the neutral atmosphere has a magnitude of approximately 250cm at sea level, to
which the hydrostatic and wet components contribute about 97% and 3%: approximately
proportional to the ratio of the total mass of dry air to water vapor in the atmosphere.

Comparisons with radiosondes and radiometers demonstrate that the WD can be
directly related to total precipitable water vapor (TPW) above the GPS antenna through a
factor that is related to the mean temperature of the atmosphere. The mean air temperature
is currently estimated with a high degree of confidence from a surface temperature
measurement and the climatological history of the temperature profile for that region based
on radiosonde data.

NOAA'’s Environmental Research Laboratory maintains 7 continuously operating
GPS receivers and surface meteorological sensors as part of ‘its efforts to develop an
operational surface-based GPS water vapor monitoring system. The ZTD is calculated
using software originally developed for geodetic surveying that has been modified to
account for the atmospheric parameters. A record of the total delay, surface pressure,
surface temperature, and TPW is available at each site every 30-minutes. In this
presentation, we will describe the temporal and spatial variability of TPW, as well as the
contribution that water vapor makes to changes in the ZTD. This evaluation was conducted
using data acquired over a 30-day period in April-May, 1995, at three widely spaced
locations. Analyses indicate that the changes in TPW account for nearly all of the
variability in the total delay, under both moist and dry conditions. The correlations
between pressure, dry delay, and ZTD over periods exceeding 12 hours may be either
positive or negative since pressure and water vapor are not independent variables, but are
governed by the meteorological factors associated with differing air masses.
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F5-9 RECENT RESULTS IN DERIVING WATER VAPOR PROFILES
1140  FROM COMBINED REMOTE SENSOR OBSERVATIONS

Yong Han and Ed R. Westwater

Cooperative Institute for Research in Environmental Sciences (CIRES)
University of Colorado/NOAA

325 Broadway, Boulder, CO 80303

The remote sensing of water vapor profiles by a single instrument during all weather
conditions remains an illusive goal. The best observations of vapor profiles are currently
provided by Raman lidar, which measures mixing ratio with a vertical resolution of 75 m and
a temporal resolution of 1 min up to a range of about 9 km at night. However, the Raman lidar
is severely limited during daytime conditions, and, like most optical and infrared instruments,
does not penetrate most liquid-bearing clouds. At the present time, the most promising
techniques for obtaining nearly-continuous profiles of water vapor combine observations from
several remote and in situ sensors.

At the Department of Energy's Cloud And Radiation Testbed Central Facility in
Lamont, Oklahoma, several remote sensors are currently operated continuously. These
instruments include a dual-channel microwave radiometer, a Fourier Transform Infrared
Radiometer, several ceilometers, Radio Acoustic Sounding Systems at 915 and 50 MHz.
Recently, Han and Westwater (J. Atmos. Oceanic. Tech. 12, October 1995, in press) developed
and applied a technique to microwave, RASS, and ceilometer data that achieved accurate results
in cloudy conditions. This mathematical technique can be extended to incorporate soundings
from Raman lidar as well. During clear nighttime conditions, the soundings are little changed
from those of the Raman; however, during cloudy and daytime conditions, the impact of the
remaining sounders is substantial. We illustrate our results from the FIRE II experiments that
were held in Coffeyville, KS during November-December 1992. In addition, data from
Intensive Operating Periods at the CART site during 1994 and 1995, will also be presented.

273




F-5 Fr-AM
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Remote sensing data, aided by Global Circulation Modeling, are being
used to detect signatures of greenhouse effects. Of primary interest in these
studies is a possible warming trend in the Earth’s temperature that can either
be estimated from direct remote sensing observations or can be derived from an
analysis of the Earth’s radiation budget. Land surface temperature/emissivity
products are currently being derived using a variety of techniques to correct
for atmospheric transmission, emissivity variations and spatial heterogeneity.
But surface temperature observed from a satellite platform is a function of
sensor view/solar zenith angle, vegetation type and structure, and in addition
contains a mixture of soil and vegetation temperature. Accurate predictions of
greenhouse effects require accurate estimates of the temperature distribution
and the partitioning of radiative forcing into sensible and latent heat over land
and vegetated surfaces and also a correction for the viewing geometry.

The present paper is focussed on quantifying the uncertainties in land
surface temperature and enérgy budget arising from the variation in sensor
view/solar zenith angle.. Secondly, the role of vegetation structure on these es-
timates will be investigated. Thermal modeling and energy budget techniques
(J. A. Smith and S. M. Goltz, IEEE Transactions on Geoscience and Remote
Sensing , 32, 1060-1066, 1994), will be used to assess the sensitivity of land
surface temperature to the above parameters. The model treats fully leafed
canopies as discrete ensembles of leaves partitioned into slope angle and height
classes. The steady state energy budget equations incorporate sensible and la-
tent heat fluxes in addition to other short and long wave energies. The model

has recently been updated to include the stomatal conductance formulation -

presently being used by the Simple Biosphere Model (SiB2) (P. J. Sellers, et
al., Journal Climate., Accepted, 1996). This study can provide guidelines for
correction to temperature data obtained through remote sensing means.
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G/H5-1 SOME RECENT RESULTS IN SPRITES AND JETS RE-
0900 SEARCH

D. D. Sentman* E. M. Wescott
Geophysical Institute, University of Alaska, Fairbanks
903 Koyukuk Drive, Fairbanks, AK 99775-7320 USA

Red sprites and blue jets are brief optical transients in the middle-and
upper-atmosphere excited by lightning. Their existence points to a more di-
rect form of electrical coupling between tropospheric thunderstorms and the
ionosphere than has been appreciated in the past. During the spring and
summer of 1995 the University of Alaska performed new types of measure-

- ments that concentrated on obtaining a more detailed description of these
events in several ways. (1) Optical spectra of sprites were obtained for the
first time. Analysis of the spectra reveal that the red color of sprites is caused
by emission from the first positive band of neutral molecular nitrogen (N2
1P). This emission is substantially the same as that of the lower red border
of some auroral curtains, and suggests that electron impact excitation plays
a role in sprite production. Current observations do not permit ascertaining
the source of exciting electrons, but theoretical considerations indicate that it
may be the electrified volume immediately above charged thunderstorms. (2)
High spatial resolution imagery of massive sprites has revealed instances of
branching structure in sprite tendrils. This branching structure has not been
observed in all sprites that have been recorded, and its temporal development
is not resolved in our video recordings. However, in the several examples in
which such structure has been observed, it emerges from an altitude of approx-
imately 55-65 km, near the base of the bright head of the sprite, and gives the
visual appearance of spreading downward and outward along one or more cen-
tral channels in a manner resembling tropospheric lightning step leaders. (3)
Aircraft campaigns were conducted to study sprites and jets associated with
tropical thunderstorms sytems in Central and South America. Preliminary
results indicate that tropical storm systems may be weak producers of sprites
and jets compared to Midwestern mesoscale thunderstorm systems, even in
cases where the lightning flash rates are comparable.

In this talk we review these results within the context of new results
obtained by other groups.
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© G/H5-2 COORDINATED RF AND OPTICAL MEASUREMENTS OF

0920 SPRITES, JETS AND ELVES IN THE
COLORADO SPRITES'95 CAMPAIGN
Walter A. Lyons
ASTeR, Inc. :
46050 Weld County Road 13
Ft. Collins, CO 80524

The SPRITES'95 Campaign was conducted from the Yucca Ridge Field
Station located 20 km northeast of Ft. Collins, CO during June and July. Two dozen
nights provided storms and viewing conditions allowing observations with low-
light video systems, spectrometers, photometers and a suite of concurrently
recorded ELF and VLF signals. Sprites and related phenomena were associated
with large (>20,000 km?) mesoscale convective systems which also contained
significant numbers of positive cloud-to-ground (CG) lightning flashes. By using a
common precision timing source (GPS) a variety of remote sensing measurements
were synchronized both at Yucca Ridge and at remote sites. Over the course of the
summer, sixteen different science teams coordinated observations, many times for
the same event. The project management team (ASTeR) provided logistical,
forecasting and meteorological data acquisition support, as well as low-light
video ground truth for confirming the existence and approximate location of
luminous stratospheric/mesospheric phenomena. The first apparent jets imaged
from ground-based sensors were obtained on the night of 15 July. Coordinated low-
light video, high speed photometer (Tohoku University) and VLF measurements
(U.S. Inan, STAR Lab, Stanford University) demonstrated that highly transient
(= 1 ms) brightenings of the airglow layer (tentatively called elves) are distinct
from sprites, and occur at a higher altitude (= 100 km) either independent of or
before the appearance of sprites. They may be a response to the EMP of large CG
events. Audio from several VLF receivers (1-10, 1-50, 1-100 kHz) were
simultaneously recorded along with the low-light camera output on SHVS video
tapes. Distinct audio signatures appear to accompany many sprites and elves.
Video data are being utilized in interpretation of perturbations in phase and
amplitude of Navy VLF transmissions recorded at several sites by the University
of Otago (R. Dowden). Remote measurements of Q-bursts in the ELF band made by
the MIT group at their Schumann resonance station in Rhode Island repeatedly
confirmed the previous summer’s report of coincidence between sprites, large +CGs
and' Q-bursts (Boccippio et al., Science, 269, 1088-1091, 1995). The low-light
video is aiso being used to evaluate the ELF and VLF data collected by the
Pennsylvania State group (L. Hale, L. Marshall). A number of investigators will
report on distinct signatures in the VLF related to sprites and elves. Other
components of the experiment included obtaining optical sprite spectra
(Lockheed), narrow band photometer readings by Mission Research Corp. and
Utah State University (tentatively identifying the 4278 band suggestive of
considerable ionization) and high speed (2 ms) optical and infrared images of
sprites (Lawrence Livermore National Lab). Results are still pending from bi-
static VHF transmission experiments (Djuth, GeoSpace) and active probing of the
sprite region by radar at 28 mHz (Tsunoda, SRI International). These experiments
will be summarized as results become available and will be placed in the context
of the overall SPRITES’95 program.
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Walt Lyons
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Considerable evidence has accumulated that sprites in the
mesosphere are associated with positive flashes to ground in the
troposphere, as identified by the National Lightning Detection Network.
This paper explores reasons for this pronounced asymmetry in polarity.
The working hypothesis (Boccippio et al, Science, 1995) is that sprites are
created by field enhancements associated with rapid charge rearrangement
of electric charge in the cloud below by the ground flash. Observations
have shown that special mesoscale meteorological conditions must be met,
with stratiform precipitation and laterally extensive radar 'bright-band' in
which ‘spider’ lightning develops. According to this picture, the
asymmetry in polarity is attributable to differences in the behavior of
positive and negative grouind flashes, the latter polarity dictated by the
basic charging process of clouds at different stages of development. As far
as ground flashes are concerned, the asymmetry in stroke multiplicity and
current between positve and negative events is already well established.
Negative flashes are characterized by stroke multiplicity but by a majority
of strokes without continuing current, whereas positive flashes most often
show one stroke only with a large long continuing current. Consistent
with this behavior, negative return stroke velocities fall of rapidly with
height above ground, whereas positive return stroke velocities remain high
well in to the cloud.

In addition to sprites, ELF transients called Q-bursts accompany the
positive ground flashes. Q-bursts can be located by single station
Schumann resonance methods on a global basis following impedance
methods developed by other investigators. Our comparisons of ELF
source spectra for positive and negative flashes tend to show flat
(ie.,'white") spectra for negatives (consistent with impulsive discrete stroke
current sources), but declining energy with frequency (‘red’ spectra) for
positive flashes. The latter observation is consistent with long continuing
current which pervades the stratiform region over distances of tens to
hundreds of kilometers on short time scales ( <10 msec)and thereby stress
the mesosphere to dielectric breakdown to make the sprites.
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G/H5-4 DETECTION AND LOCATION OF SPRITES BY VLT PHASE
1000 AND GROUP MULTISTATIC RADAR

R. L. Dowden* J. B. Brundell
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University of Otago

Dunedin
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The luminous columns which appear as a ”red sprite” seem to be ionised
columns which scatter VLF waves in the earth-ionosphere waveguide. The
direct and sprite-scattered waves from three VLF transmitters, NLK, NAA
and NSS, are monitored at two sites: on the JILA Tower on CU Campus,
Boulder, and at Yucca Ridge, near Fort Collins. At these two sites, 756 km
apart (approximately six wavelengths), the phase and amplitude of the two
MSK frequencies of the three transmitters have been logged at 0.5 s intervals
during all nights since mid-June, 1995.

Since there is a sharp transition from the unperturbed (direct only) sig-
nal to that perturbed by the sprite-scattered signal, the phase and amplitude
of the scattered signal, relative to the direct signal, can be found by phasor
subtraction. In principle, the difference between the phases of the scattered
wave measured at two sites, essentially the relative phase delay, can be used
to get the direction of arrival (DoA) though the cycle ambiguity has prevented
absolute measurements.

. For sprites within about 300 km of the VLF recetvers, scattered signals
are observed even when this requires scattering back towards the transmitter
to reach the receiver. In such cases (300 km range) the backscattered wave,
which travels 600 km further, arrives 2 ms later than the direct signal. This
group delay can be measured to within about 0.1 ms, depending on S/N ratio,
by measuring the change in phase over the 100 Hz span of the MSK. The locus
of possible sprite positions is on an ellipse having foci at the VLF transmitter
and receiver. The locus is very nearly parabolic for sprites close tothe receiver
and approaches an arc of a circle for back scattered signals. Although, in
principle, reception of sprite-scattered signals from three transmitters at a
single site provides the sprite position at the intersection of the three ellipses,
the S/N ratio is rarely adequate. On the other hand, this method allows a
good estimate of sprite range if the scattering is ”back” (near 180°).

Even with only two VLF receivers the spatial variation of scatter ampli-
tude implies a sprite structure (multiple columns of plasma) consistent with
that seen. Use of four VLF receivers in a linear array being set up to provide
spacings from 0.3 to 6 wavelengths will provide accurate DoA without cy-
cle ambiguity, increase the range accuracy by data averaging, enable location
by a combination of the phase and group delay methods and provide more
structural details of sprites by VLF holography.
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G/[HS-5 RF MEASUREMENTS OF LIGHTNING-INDUCED IONO-
1040 SPHERIC EFFECTS

K. M. Groves* J.V. Rodriguez J. M. Quinn
Phillips Laboratory/GPIA

29 Randolph Road k

Hanscom AFB, MA 01731

P. J. Erickson M. Cox

MIT Haystack Observatory

Route 40

Westford, MA 01886

T. Arce

Engineering and Theory Center, 304
Cornell University

Ithaca, NY 14853

Numerous recent optical measurements of enhanced predominantly red
and blue emissions extending from the tops of active thunderstorms to the
lower ionosphere have generated keen interest in understanding the interac-

- tion of tropospheric electrification processes with the upper atmosphere. Stud-
ies have shown that these transient emissions, dubbed ”red sprites” and”blue
jets”, are highly correlated with the occurrence of large positive cloud-to-
ground (CQG) lightning events and so-called Q-bursts, broadband enhance-
ments of the Schumann Resonance. While various theoretical models have
been constructed to explain the occurrence location, duration and optical in-
tensity of sprites and jets, very little quantitative data on the atmospheric
heating and ionization associated with these events exists. During July-August
1995 we collected radio frequency (RF) measurements of lightning- induced
ionospheric effects in the northeastern United States at multiple frequencies.
The primary diagnostic for the investigation was the Millstone Hill UHF inco-
herent scatter radar located in Westford, Massachusetts. The radar provides
quantitative data on ionization levels and electron temperature. A narrow-
band VLT receiver sited nearby was employed to detect conductivity changes
in the D region by monitoring signals from several powerful VLF navigation
and communication transmitters. Additionally, a VHF coherent backscatter
radar was deployed at Hanscom AFB, Massachusetts for the purpose of diag-
nosing enhanced ionization in the lower ionosphere. The combined data sets
were compared with CG lightning events as recorded by the National Light-
ning Detection Network to correlate RF signatures with individual lightning
strikes. Preliminary results of the measurements campaign will be presented.
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GfH5-6 PULSED RADAR INVESTIGATIONS OF RED SPRITES
1100 Roland T. Tsunoda

Geoscience and Engineering Center

SRI International

Menlo Park, California 94025

There is mounting evidence that anomalous jonization is produced during
events known as red sprites and blue jets, e.g., in propagation effects on VLF
radio waves. Local measurements of the ionization produced is, however,
difficult because the levels appear to be extremely low (i.e., less than 104
el/cm’). Given that these kinds of events are impulsive, likely to be
structured, and involve electron acceleration and heating, there is good reason
to believe that there would be associated refractive index fluctuations. If SO,
radar backscatter from these fluctuations may be detectable. Measurements of
radar backscatter characteristics are potentially capable of providing
information about plasma and other characteristics associated with these
events, for example, electron temperature. Using the experimental results
reported by Rumi [1957] (G. C. Rumi, "VHF radar echoes associated with
atmospheric phenomena,” J. Geophys. Res., 62, 547, 1957) as a basis, we
fielded a pulsed radar system with parameters similar to his to search for radar
signatures that may be associated with red sprites or blue jets. He reported
distinct radar signatures, which were characterized by echoes that were
discrete in range and with onset and decay times that were extremely rapid.
Our radar, which operated at 24.515 MHz with 60-microsecond pulses
transmitted at 30-kW peak power through four-element Yagi antennas, was
set up next to the Yucca Ridge field site in Colorado and operated during the
last week of July 1995. Radar measurements were made on several nights in
conjunction with optical sensors located at the Yucca Ridge field site. In this
paper, we will briefly review the results obtained by Rumi [1957], and
compare them with our first preliminary results obtained from this field
experiment. We will present several examples of radar backscaiter, show that
they resemble those obtained by Rumi, and discuss and interpret some of their
characteristics. We hope to have progressed far enough with data analysis by
this meeting to present the first Doppler signatures and comparisons with
optically detected red sprites; the latter were collected during this campaign.
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G/H5-7 MEASUREMENTS OF LIGHTNING-GENERATED ELEC-
1120 TRIC FIELDS IN THE NIGHTTIME D-REGION

Carl L. Siefring*

Plasma Physics Division, Code 6755
Naval Research Laboratory
Washington, DC 20375
siefring@nrlfsl.nrl.navy.mil

There have been very few measurements of lightning-induced elec-
tric fields in the nighttime D-region (70-90 km). Some of the only pub-
lished examples are from the 1981 Thunderstorm sounding rocket exper-
iment led by Cornell University. In this experiment three rockets and
a balloon made simultaneous measurements of lightning-generated elec-
tric fields in the stratosphere, mesosphere and the ionosphere. Several
papers (Siefring and Kelley, 7th Int. Conf. on Atmospheric Electricity, Pa-
per 3.6, 1984; Kelley et al., J. Geophys. Res., 90, 9815, 1985; Holzworth
et al., J. Geophys. Res., 90, 9824, 1985) and a Ph.D. thesis (Siefring,
Upward Propagating Electric Fields from Thunderstorms and VLF Transmit-
ters, Cornell University, 1987) describe the results of this experiment. The
measured lightning-induced electric fields are transient in nature with a time
signature similar to the optical brightness of Sprites. The transient electric
fields typically had amplitudes near 100 mV/m in the D-region and a time
duration of 10 to 20 ms. The source for the measured electric fields is the
electrostatic field change that occurs when the thunderstorm charge is neu-
tralized by a lightning return stroke. The frequency response (/20 kHz) of the
airborne instruments were not high enough to measure the characteristics of
short duration ElectroMagnetic Pulse (EMP) that occurs when the lightning
stroke is initiated, although an initial high-amplitude spike was also a common
feature in the data. There were no unusual characteristics of thunderstorm
and therefore the measured amplitudes of the fields could be consider as typ-
ical or average. Models of D-region breakdown have typically required fields
of 10 to 100 V/m to cause lonization in the 70-90 km range. This implies that
the amount of charge neutralize by a lightning stroke which generates a Sprite
would need to be >100 time larger than average (consistent with the largest
5% of positive strokes). We will discuss these and other measurements and
implications for Sprites and future rocket experiments in this region.
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G/H5-8 ROCKET BASED STUDIES OF LIGHTNING IN THE IONO-
1140 . SPHERE

R. H. Holzworth*

Univ. of Washington
Geophysics 351650
Seattle, WA 98195-1650
M. C. Kelley

318 E and TC

Cornell University
Ithaca, NY 14853

While no in-situ measurements have been made in the Sprite luminous
regions, there have been many in-situ measurements of lightning generated
perturbations in the upper atmosphere and ionosphere. The first in-situ
rocket observation of lightning related electric piilses at high altitudes in the
ionosphere were made in 1981. This pair of rocket flights (Thunder-Hi and
Thunder-Lo) obtained an impressive list of first observations including the
detection of lightning pulses that are 1 or 2 orders of magnitude above any
predicted lightning pulse in the ionosphere. These pulses were found to have
an amplitude typically between 5 and 50 mV/m above 100 km, a duration of
several ms (thousands of electron Langmuir wave periods), and roughly equal
components both parallel and perpendicular to the magnetic field. Subse-
quently several rocket flights have been conducted over active thunderstorms
with plasma and wave instruments. Newly determined characteristics include:
the occurrence of a precursor pulse in the electric and magnetic field with
duration about 1 ms which precedes the dispersed whistler wave at the corre-
sponding frequency by several ms, evidence for 3-wave processes in the decay
of a whistler into another whistler and a low frequency wave, and coupling
to enduring lower hybrid waves. During these rocket flights cloud-to-ground
lightning wave forms from over 2000 km horizontally distant events have been
recorded regularly. Source to reception studies indicate the waves propagated
in the waveguide to the ionosphere below the rocket and then upward ver-
tically (in agreement with simple theory). The wave paths with access to
the rocket include an aperture-like area at the bottom side ionosphere, and
thus form an interference pattern in the wave packet amplitude at the rocket.
(From the optical instruments on these flights an anomalous optical emission
has been detected which is localized, apparently from high altitude, has a
weak electrical signature, has a duration of about 1 sec and is associated with
fast/early trimpis. Most recently the Thunderstorm-III rocket was launched
in September 1995 over an active thunderstorm near Wallops Island, Virginia.
This paper will review the earlier rocket results and include the latest results
from this rocket.
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G/H6-1 ELECTRON PRECIPITATION CAUSED BY CHAOTIC
0900 ELECTRON MOTION IN THE MAGNETOSPHERE
DUE TO LARGE AMPLITUDE WHISTLER WAVES*
James Faith, S. P. Kuo, and J. Huang
Weber Research Institute
Polytechnic University
Route 110
Farmingdale, NY 11735

Originally due to experimental observations of the perturbation of
VLF signals propagating in the Earth ionosphere waveguide called "Trimpi
events", and later by direct experimental verification, it has for some time
been known that ‘energetic electrons trapped by Earth's magnetic field can
under some circumstances precipitate into the polar regions. The
correspondence of these precipitation events with the presence of natural
or man-made signals propagating between the hemispheres has led to the
development of Doppler shifted gyroresonant wave-particle interaction
models.

Due to the directional nature of gyroresonant interactions, these
theories are unable to explain the simultaneous observation of precipitation
events in geomagnetically conjugate regions in both hemispheres (Geophys. -
Res. Lett., 17, 259-262, 1990). We show that the interaction of a non
resonant whistler wave with a trapped bouncing electron can lead to chaos
in the electron trajectory. We find that chaos in the trajectory of a test
electron is due to the bouncing motion of the particle between magnetic
mirror points. In addition, the onset of chaos is strongly dependent on the
wave magnetic field relative to the background magnetic field, where a
large wave field will facilitate chaos.

The result of the chaos is to enhance the electron’s axial kinetic
energy, and allow it to be scattered into the mirror field loss cone. As our
model is not based on a resonance condition between the wave and the
electron cyclotron frequency, there is no directional dependence in our
model, and an electron may be scattered in either direction. Thus our
model can explain the simultaneous precipitation events, and augment the
previous theories.

*Work supported by AFOSR.
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G/H6-2 THE AURORAL PLASMA CAVITIES AS COLLISIONLESS
0920 RAREFACTION SHOCK WAVES
Sergey V. Fridman ‘
University of Illinois at Urbana-Champaign, Space Science and
Remote Sensing Laboratory, 322-North CSRL, 1308 West Main
St., Urbana, II. 61801-2307 (E-mail:
sfridman@uiwpls.ece.uiuc.edu)

The auroral plasma cavity was identified by W. Calvert (Geophys.

Res. Lett., 8, 919, 1981) as a latitudinally bounded region in the

magnetosphere where the density of plasma is orders of magnitude lower

than density on the surrounding latitudes. The nature of the cavity is still a

controversial issue.

A phenomenon very similar to the auroral cavity has emerged from

" our numerical simulations of the evolution of parallel electric fields and
" plasma particles in a closed geomagnetic flux tube. A flux tube that belongs
to the region of upflowing parallel currents was considered. Macroscopic
neutrality of the tube was ensured by a drift current that was carried by
energetic electrons. The calculations took into account cold ionospheric
particles and energetic magnetospheric protons and electrons. An equilibrium
state of cold plasma in the gravity field was accepted as the initial condition.
It has been found that under certain conditions an intense parallel electric
field is produced. The field appears in the form of two collisionless
rarefaction shock waves that have separated from the equatorial plane in the
north- and southward directions. Below the front of each shock wave there is
mainly ionospheric plasma, while above the front there are upward
accelerated ionospheric ions and hot magnetospheric plasma. Thus a
macroscopic rarefaction region is formed. The region occupies the fraction of
the flux tube which is above the shock fronts. Plasma density in the
rarefaction region is of the same order as density of energetic magnetospheric
particles (i. e. of the order of or less than 1 cm=3). The region may exist from
about 10 minutes up to several hours.

We have compared observed characteristics of plasma inside auroral
cavities with our theoretical estimations of plasma parameters upstream of
the shock wave. For this purpose we used analytical estimations as well as
numerical calculations. The estimations include a general case of oblique
{with respect to the geomagnetic field) shocks. Estimated densities agree
with the observed values. We show that an upward accelerated ion flow is
formed upstream of the rarefaction shock wave. Pitch-angle distribution of
accelerated ions may be beam-like or conical depending primarily on the
altitude of the shock, so that at higher altitudes there are favorable conditions
for formation of the conical distributions. These results agree with observed
regularities.

Thus, the rarefaction shock wave suggests a reasonable explanation of
the auroral plasma cavity and accompanying phenomena.
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G/H6-3 HF RADAR SCATTERING FROM CORONAL MASS
0940 EJECTIONS™

P. Rodriguez”

Plasma Physics Division, Code 6755
Naval Research Laboratory
Washington, DC 20375

Coronal mass ejections (CMEs) from the sun are thought to be a primary
cause of large geomagnetic storms at earth. Such storms have led to effects
such as collapse of electric power grids and spacecraft upsets. With the new
cycle of solar activity beginning it is possible that such deleterious effects will
increase. Powerful HF radars could help provide a warning of earthward-
directed CMEs by backscattering a signal from density enhancements in the
leading edge of the CME. Some mass ejections appear to be associated with
outward propagating shock waves which should impose a substantial Doppler
shift on HF waves launched from the earth. Measuring the frequency shift on
the return signal will provide an indication of the earthward-directed velocity
of the coronal mass ejection. A combination with the transverse velocity
measurement from coronagraph optical images will give the total velocity and
direction of the CME, allowing an assessment of the likelihood of geomagnetic
storms at earth a few days later. We discuss requirements and plans for
experiments in CME detection with HF radars.

** Work supported by ONR.
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G/H6-4 INCOHERENT SCATTER OBSERVATIONS OF HELIUM
1000 IONS AT SOLAR MAXIMUM AND SOLAR MINIMUM

P. J. Erickson*

Atmospheric Sciences Group
Millstone Hill Observatory
Westford, MA 01886

W. E. Swartz D. T. Farley
School of Electrical Engineering

Cornell University
Ithaca, NY 14853

Recently, there has been a great revival of interest in helium ions in
the topside plasmasphere, and several observational campaigns using the in-
coherent scatter radar facilities at Arecibo, Puerto Rico, Millstone Hill, Mas-
sachusetts, and Jicamarca, Peru have sought to investigate the morphology of
these ions.

We present incoherent scatter observations of helium ion behavior at
mid-latitudes and at the equator for several periods during the current solar
cycle. Our analysis uses a constrained nonlinear least-squares technique {Er-
ickson and Swartz, Geophys. Res. Lett., 21, 2745-2748, 1994). Wintertime
solar maximum data from January, 1991 show a downward flow of helium ions
over Arecibo during a 6 hour period centered on 2300 LT. In particular, we
have made the first direct measurements of helium fluxes at several heights,
and have found they can exceed 107 cm~2s~! through the 800 km level, a value
significantly larger than model predictions. The observed helium peak height
agrees with predictions based on the transition from chemical equilibrium to
diffusive flow, and peak densities reach 2 x 10* cm~2. Helium remains a minor
ion at all altitudes and times.

Arecibo solar minimum equinox observations in September, 1994 reveal
a much weaker mid-latitude Het layer which remains stable for much of the
night at a peak density of approximately 10° cm~3 and a slightly lower peak
height of 700 km. Simultaneous Jicamarca topside equatorial measurements
show an 800 km peak in helium with ion concentrations above 10* cm™2 at
local noon, levels which we believe are made possible by vertical drifts driven
by an eastward electric field.
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G/H6-5 INCOHERENT SCATTER RADAR DETECTION OF ION-
1040 ACOUSTIC WAVES OR DUSTY PLASMAS IN THE SPACE
SHUTTLE EXHAUST

P. A. Bernhardt* G. Ganguli
Beam Physics Branch '
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Naval Research Laboratory
Washington, DC 20375

M.C. Kelley W.E. Swartz
School of Electrical Engineering
Cornell University

Ithaca, NY 14853

Enhancements in the backscatter from the 430 MHz radar at Arecibo
were recorded during the Spacelab 2 Mission when the Space Shuttle Orbital
Maneuver Subsystem (OMS) engines were fired in the ionosphere. The radar
backscatter was increased by almost a factor of two in two 20-km-wide regions
above and below the Shuttle orbit. The modifications in the backscatter could
have been the result of (1) compression of the electrons to produce higher
densities, (2) generation of ion-acoustic waves, (3) variations in the electron
to ion temperature ratio, (4) enhanced scatter cross-section by charging of ice
particles in the exhaust or (5) excitation of dust-acoustic waves. Modeling of
the ionosphere and exhaust plume has been used to evaluate the applicability
of these processes. Rapid cooling and condensation of the exhaust are im-
portant in determining the scattering properties of the modified ionosphere.
A fluid model of the plume was used to calculate the temperature variations
and ice particle growth along the plume axis. A dusty plasma is formed when
electrons are attached to ice particles in the exhaust plume. The amount of
charging is a function of particle size and electron flux onto the particle sur-
face. The calculated neutral temperature inside the exhaust plume is 120 K.
This temperature is much less than the ambient plasma temperature. Charge
exchange between ambient O and the cold exhaust molecules yields low tem-
perature ion beams that excite weakly-damped, ion-acoustic waves. The en-
hanced radar echoes are probably the result of scatter from these waves, but
the effects of the dusty plasma may be important. During future experiments
in a program called SIMPLEX (Shuttle Tonospheric Modification using Pulsed
Localized Exhuast), the Space Shuttle will fire the OMS engines over radars
located at Arecibo, Puerto Rico; Jicarmarca, Peru; or Kwajalein, Marshall Is-
lands. Measurements of the spectra from these radars will provide the means
to distinguish between the various backscatter processes.

287




G/H-6 Fr-AM

GfH6-6 ON NON-LINEAR INTERACTION OF THE SCHUMANN RESONANCE
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FIELDS AND ROUND-THE—WQRLD HF SIGNALS IN THE IONOSPHERE

Yu.M. Yampolski, P.V. Bliokh, V.S. Beley, V.G. Galushko and S B. Kascheev
Institute of Radio Astronomy,

National Academy of Sciences of Ukraine

4, Chervonopraporna Street

310002 Kharkov, Ukraine

The effect of cross-modulation between the Schumann resonance (SR) and HF
round-the-world signals (RWS) has been discovered. The eigenfrequencies of the
Earth-ionosphere cavity are known to lie near 8; 14; 20; 26... Hz, while the quality
factor may change from 5 to 7. This means that about 20% of the total energy per
period is dissipated in the ionospheric D layer. Such losses must lead to Joule heating
of the electrons 67, (¢) and modulation of the collision frequency év. Since the level
of SR field Esg is much lower then the ”plasma field” Ep, the electron temperature
perturbation is very small: §T, /T, ~ E%p/E% ~ 1075, On the other hand, since the
electron temperature perturbation depends on the square of the Schumann resonance
field, only higher order harmonics of the SR apparently should be present in the spec-
trum of §v. Meanwhile, the experimental data show that there is a linear dependence
between the spectra of §v and Esg. The measurements were carried out as follows.
The CW radiation of a ground based HF transmitter was chosen as the probe signal.
Doppler spectra of the RWS were analyzed. The receiving site’ was located at the
RINAN Radio Astronomy Observatory near Kharkov. The world largest HF research
antenna of the UTR-2 radio telescope was used to receive the probe signals. It has
a T-shaped configuration of 1 by 2 km in size. A multichannel receiving complex
having high sensitivity and frequency stability was used. The round-the-world HF
signals were chosen as they can accumulate the effect of ELF-HF cross-modulation.
Spatial filtering of the RWS was realized with the aid of the highly directional an-
tenna. Either presence or absence of the RWS was tested using pulsed mode of the
transmitter. The experiments were carried out in September, 1994. Most sure the
cross-modulation effect was observed near sunset, when the Solar terminator crossed
the radio path (both the transmitter and receiver had almost the same longitude).
As a rule, the peaks in the RWS spectra were better pronounced about two first SR
maxima, at frequencies about 8 and 14 Hz. The modulation index was estimated as
p = 1073 =104, which implies a greater heating effect than originally assumed, and
a linear dependence between §7.(t) and Esr(t) . To explain the experimental facts
the following model is suggested. Along with the ELF field of SR, the clear weather
field Ey is always present at the D-layer heights, whose level is evaluated by different
authors as 100 V/m at the ground or 0.1 to 1 V/m at 50 < 60 km. Hence the heating
is caused by the sum of Ey and Esg:

& - (Eo+ ESR(t))Z - E3 +2-Ey- Esgr(t)
T, 7 oA

and the modulation effect is due to the E + 2 - Fy - Eggr(t) term. Obviously, in this

case
6T | E3+2-Fo-Esr(t) o Eia(t)

T. E% E%
and the modulation index is g ~ 1072 + 10~ 8,
Therefore, the ELF-HF cross-modulation effect revealed is adequately described.
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G/H6-7 A THREE DIMENSIONAL IMPEDANCE METHOD TO
1120 MODEL GROUND CURRENTS INDUCED BY ELF SOURCES

Daniel A. James Jun Wei Lu David: V. Thiel*

Radio Science Laboratory, School of Microelectronic Engineering
Griffith University, (Brisbane)

Qld, Australia 4111.

The three dimensional impedance method has been used to model eddy
currents induced in heterogeneous human models by a time varying magnetic
field (Orcutt and Gandhi, JEEE Trans. Biomed. Eng.,35 (8), 577-583, 1988;
Xi and Stuchly, JEEE Trans. Biomed. Eng./41 (11), 1018-1023). In this
method, the object is modelled by a cubic 3D mesh of resistive cells with the
current solved for each face of every cell. The values of the resistance are
determined from the size of the element and the conductivity of the material
being modelled.

In this paper, this numerical technique has been applied to non-uniform
earth half-spaces immersed in ELF radiation. In particular the potential dif-
ference between two conductive stakes located in a uniform magnetic field
is calculated in cases where there is a substantial change in conductivity in
the vicinity of the two stakes. Two dimensional models have been used both
numerically and experimentally, to verify the method. The numerical results
compare favourably with experimental results in which the potential was mea-
sured along the edge of copper sheeting cut into various shapes located in a
uniform, quasi-static magnetic field.

In this paper, the method will be briefly explained, a comparison be-
tween theory and measurement based on copper foil experiments will be out-
lined, and finally, potential difference calculations for spaced stakes in the
vicinity of earth inhomogeneities will be presented. The method has great
potential for modelling anisotropic earth planes, arbitrarily shaped buried ob-
jects, and both finite and infinitely long faults, dykes, pipes and cylinders.

289




G/H-6 Fr-AM

G/H6-8 ELF SURFACE IMPEDANCE MEASUREMENTS FOR SUB-
1140 SURFACE EARTH MAPPING USING DISCRETE SPHERICS
FROM DISTANT LIGHTNING AS A RADIATION SOURCE

Stephen J. Garner - Steven O’Keefe David V. Thiel

Radio Science Laboratory, School of Microelectronic Engineering
Griffith University, (Brisbane)

Qld, Australia 4111.

Electromagnetic surface impedance measurements have been used in
subsurface mapping since the 1950’s. Initially, the radiation source used was
the naturally occurring EM background in the earth-ionosphere waveguide
covering the frequency range 1mHz to 10Hz (the MagnetoTelluric method,
MT). This was extended to higher frequencies in the audio range (the Audio-
MagnetoTelluric method, AMT). In the mid 1960’s, geoscientists started using
the vertically polarised VLF navigation transmitters spaced around the world,
and later still, a local generator operating in the andio frequency range was
used (Controlled Source Audio-MagnetoTelluric method, CSAMT). With the
advent of the GPS navigation system, it is likely that the VLF and Omega
navigation systems will be terminated. In this investigation, the possibility
of using distant lightning strikes as a source of vertically polarised, ELF-VLF
radiation for surface impedance measurements is explored.

EM lightning spherics observed at distances greater than 500kms have
spectral components in the range of 100Hz to 10kHz, with a significant in-
tensity null at approximately 2kHz corresponding to a cutoff frequency in
the earth-ionosphere waveguide. Strikes to the ground from cloud generate
a predominantly vertically polarised, multi-frequency radio signal. The hor-
izontal electric and orthogonal magnetic field components were recorded for
each spheric on the surface of the earth. The srecording system was trig-
gered by a level detection circuit in the magnetic field channel. Both transient
records were digitised and transformed into the frequency domain. The sur-
face impedance was determined at each frequency by averaging a number of
records, and the apparent resistivity interpreted using a horizontally layered
earth structure. If the upper layer resistivity is sufficiently high, then trans-
forming the surface impedance data back into the time domain allows one to
determine the time of flight to the first major subsurface boundary. This is
equivalent to time domain reflectometry (TDR) commonly used in transmis-
sion line assessment.

In this paper, the basic approach to the method will be outlined, the
antomated data selection procedure will be given, the use of TDR techniques
in the interpretation of the surface impedance data explained, and example
results will be presented.
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In this study, we are considering various design aspects of an MCM which

will serve as a 1024 x 1024 switching network to facilitate rapid communication
between parallel processors and shared memory chips. Key desired features of
this design include low power requirements, low latency, and a high data rate
(2.5 Gbits/sec/channel) built into a modular design featuring asynchronous
timing and conflict resolution. To achieve these objectives, a novel MCM
design has been created which incorporates both conventional technologies
and superconducting technologies.

Our research has specifically focused on the design of a clock distribu-

tion network whose signal serves as the logic-latching mechanism at the input
to the shared memory chips. This clock network is located in a nonsuper-
conducting layer of the MCM, with its outputs distributed to circuitry in the
superconducting strata of the MCM. Since the clock is being used for high

speed digital applications, it is critical to maintain a certain degree of signal

integrity at the outputs of this clock network. The clock signal must be fed
along a single 32 ohm line to some network which will distribute this signal
to eight 6 ohm lines. Therefore, the clock must provide a transition from this
single, high impedance input to multiple, low impedance outputs, with the
realization that the lower impedance requires wider lines. Due to the limited
amount of “real estate” within the MCM for each clock and its distribution
network, this requires that the impedance transition from the input to the
wide, low impedance outputs be done as compactly as possible.

A circuit simulator is being used for the initial designs. Field simula-

tions are then conducted using a combination of frequency and time-domain
techniques. The frequency-domain analysis is implemented through the use
of a packaged moment method code, while the time-domain analysis employs
the FD-TD method.

This talk will highlight the evolution of different designs for the clock dis-

tribution network which attempt to meet the specifications given above. Field
simulation results for these different designs will be shown to give reasonable
agreement between FD-TD and moment method techniques.
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B5-2 FINITE-DIFFERENCE ANALYSIS OF GUIDED-WAVES
1400 ON PERIODIC DIELECTRIC RODS. ‘
Hung-Yu David Yang,
Department of Electrical Engineering and

Computer Science, University of Illinois,
Chicago, IL 60607-7053

Due to the recent technology advancement on the material process-
ing, there is significant renewed interest on the artificial media for mi-
crowave, millimeter and optical applications. In this paper, a finite-
difference method is applied to the analysis of wave propagation in an
artificial medium composed of planar arrays of dielectric rods. The
" rods are uniform and infinitely long. However, unlike the cases for di-
electric waveguides, wave propagation in any possible direction is of
particular interest in this investigation. A five-point finite-difference
scheme is applied to the inhomogeneous cross section of the structure.
The eigenvalue problem is formulated in terms of the transverse mag-
netic field components to avoid spurious modes (Bierwirth et al., IEEE
MTT-34, pp.1104-1114, Nov. 1986). The periodic nature of the geom-
etry is included in the analysis through the conditions on the boundary
lattices. Within a Floquet cell, due to the periodic property, the finite-
difference nodes at the boundary are placed only at two of the four
sides, and the boundary nodes at one side are related to the nodes next
to the opposite side through the finite difference equations. The re-
sulting characteristic equation is the determinant of a large but sparse
matrix. A numerical scheme avoiding the direct Gaussian elimination
procedure is developed to minimize the required computer storage and
time based on the matrix sparsity property. The validity of the analysis
is checked against the case of periodic rectangular dielectric waveguides
by an integral equation approach (Yang et al., IEEE MTT-38, pp. 873-
880, July 1990). Interesting results on the guided wave characteristics
will be presented. Guided-wave pass and stop bands varying with the
periodicity and the rod parameters will also be discussed.
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B5-3 HIGHER ORDER MODELING USING CURVILINEAR ELE-
1420 MENTS AND SINGULAR BASES

D. R. Wilton W. J. Brown*

Department of Electrical and Computer Engineering
University of Houston

Houston, TX 77204-4793

A standard approach in integral equation modeling is the use of planar
triangles to model the material boundaries of three-dimensional objects. So-
called divergence-conforming basis functions, having ~:.ntinuous normal com-
ponents across element boundaries, are usually used to model the surface
equivalent currents. It is observed that for object boundaries having signifi-
cant curvature, planar triangular facet models are slow to converge, and it is
the geometry, rather than the variation of the current, which limits the con-
vergence rate. Consequently, for the electric field integral equation (EFIE),
several authors have extended the planar triangular element bases to the curvi-
linear element case (W. L. Wilkes and C.-C. Cha, IEEE AP-S Symposium,
1991) and have observed markedly improved convergence rates.

In this paper, we examine a quadratic curvilinear triangular patch model
in detail. The extension of the usual triangular surface patch bases is reviewed
and a geometrical interpretation is given. Since accurate integration is neces-
sary to treat curvilinear triangles, a detailed treatment of kernel singularity
integration is examined for the EFIE. The approach is then extended to the
magnetic field integral equation (MFIE), which case has apparently not been
previously considered. In this case, the self term integral no longer involves
only the singular part contribution, but also includes a contribution from the
curved surface involving the local curvature. Furthermore, the treatment of
the kernel singularity is complicated by the fact that terms up through sec- -
ond order must be removed from the integrand and their integrals evaluated
analytically.

It is expected that much of the advantage of modeling curvature may
be lost if an improved treatment of edges is not available for curved objects
with edges. This will be particularly true when higher order bases—which we
are also investigating—are used. Consequently, we will report on our recent
use of singular basis functions with the EFIE for modeling singular fields near
boundary edges. A derivation of divergence-conforming elements having an
arbitrary order of singularity will be presented. Computations are currently
in progress using the singular elements for structures having knife-edges, and
the results of these computations will be reported.
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B5-4 A FILTER-LIKE ABSORBING BOUNDARY CONDITION FOR
1440 THE FINITE-DIFFERENCE TIME-DOMAIN METHOD

Chien-Nan Kuo* Tatsuo Itoh
Electrical Engineering Department
University of California, Los Angeles
Los Angeles, CA 90095

This paper presents the synthesis of an absorbing boundary condition
(ABC) for the Finite-Difference Time-Domain (FDTD) method in the fre-
quency domain based on the digital. filter design technique. Because of the
central difference scheme employed in the FDTD method, the value of the field
components on the ABC plane is determined by the fields inside the compu-
tation domain. Many boundary conditions have been developed to annihilate
the wave reflection from this artificial interface, such as different approaches to
approximate the wave equation, mathematical operators applied to minimize
the artificial reflection, and absorbers placed to reduce the reflected wave.

Essentially, the relationship between the boundary field and the interior
field can be treated as a digital filter. The system function of the digital filter
equal to the exponential function of the propagating constant in the guiding
structure in ideal cases, but, otherwise, a difference between these two quan-
tities results in the reflection from the ABC plane. In order to minimize the
reflection coefficient, the filter is chosen such that the difference is minimized
over the interested frequency range.

In this presentation, this filter-like ABC is applied to several wave-
guiding structures, such as the microstrip line and the rectangular waveguide.
The value of the field next to the ABC plane is taken as the input of the filter,
which employs the infinite-impulse response (IIR) filter for this application.
The system function of the IIR filter is optimized in the frequency domain
to match the exponential function of the propagating constant over the wide-
band frequency range. The stability of the ABC is investigated by the poles of
the digital filter. On the implementation, the high-order filter is decomposed
into several second-order filters to minimize the round-off error in computa-
tion. It is observed from numerical results that the reflection coefficient of the
simulation agrees with theoretical data. '
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B3-5 THE MOMENT METHODS WITH ORTHOGONAL
1500 WAVELET BASIS FUNCTIONS ON THE INTERVAL

Gaofeng Wang and Deguang Feng
Tanner Research Inc., 180 N. Vinedo Ave., Pasadena, CA 91107

Recently, it has been found that using orthogonal wavelets as basis functions
can speed up numerical solutions of the integral equations arising in
electromagnetics. The wavelet expansion can adaptively fit itself to various length
scales by distributing the localized basis functions near the discontinuities and the
more spatially diffused ones over the smooth regions. Moreover, the cancellation
property of the wavelets can eliminate, to a great extent, the coupling between the
distant parts of the physical configuration under study. The moment-method
matrix obtained by using an orthogonal wavelet expansion is rendered sparsely
populated. :

Originally, orthogonal wavelets are bases on the whole real line. Some
difficulties arise when applying such wavelets on the real line to problems in
bounded domains. To express the unknown functions in finite intervals, the
wavelet on the real line must be truncated at boundary points, which leads to
artificial jumps or unexpected oscillations near the boundaries (B. Z. Steinberg &
Y. Leviatan, IEEE Trans., AP-41(5), 610-619). To overcome these difficulties,
the periodic orthogonal wavelets were used (G. Wang, IEEE Trans., AP-43(2),
170-178). However, the periodic wavelets are only good for the unknown
functions that possess of periodic nature. Semi-orthogonal spline wavelets on [0,
1] were introduced to solve first-kind integral equations (J. C. Goswami, A. K.
Chan, & C. K. Chui, IEEE Trans., AP-43(6), 614-622). The semi-orthogonal
spline wavelets on [0, 1] are applicable to non-periodic unknown functions on
finite bounded domains, but no longer lead to zero residual methods since the
basis functions are not completely orthogonal. Recently, the intervallic orthogonal
wavelets, constructed from Coiflets, were applied to solve surface integral
equations (G. Pan & J. Y. Du, PIERS’95, 132, Seattle, July 1995). But only the
scaling functions were used, which results in an analysis at only the finest level
instead of a multiresolution analysis and doesn’t take advantages of the wavelet
functions.

Here, the orthogonal wavelets on the interval, constructed from Daubechies
compactly supported wavelets (A. Cohen, I. Daubechies, & P. Vial, Appl.
Comput. Harmonic Analy., 1, 54-81, 1993), are employed in the moment method
to solve integral equations on bounded domains. This approach eliminates the
artificial jumps near the boundaries and imposes no restriction to the unknown
functions. Both the scaling functions and the wavelet functions on [0, 1] are
employed to form multi-level wavelet expansions. Thus a multiresolution analysis
on the finite bounded domain is generated from this approach. Numerical
examples are provided to illustrate validity and merits of this technique.
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RADAR REMOTE SENSING OF THE TROPOSPHERE

Chairperson and Organizer: D. Zmic, National Severe Storms Laboratory, Norman, OK 73069

F6-1 PRECIPITATION SHAFT INTERCEPTS WITH A MOBILE 2D
1340 VIDEO DISDROMETER: COORDINATED MEASUREMENTS
WITH THE CSU-CHILL RADAR

V. N. Bringi* M. Schoenhuber! V. Chandrasekar J. Hubbert
H. E. Urban! - R. S. Vanderlinde and W. L. Randeu’

Colorado State University, Fort Collins, CO

tJoanneum Research Institute, Graz, Austria

The 2D video disdrometer, developed by the Joanneum Research In-
stitute, is a new instrument for accurately measuring the sizes and shapes
of hydrometeors within a precipitation shaft. Two video cameras record the
front and sideviews of each hydrometeor and their fall velocity. The resolu-
tion of the digitizing grid is 0.25 mm. In the summer of *95, the disdrometer
was brought to Colorado State University and, for the first time, installed in
a “hail” chase van for storm core intercepts together with coordinated radar
data collection with the CSU-CHILL system.

Examples of particle size distribution and hydrometeor shapes will be
given from a variety of intense convective precipitation events, together with
radar signatures of reflectivity, differential reflectivity, linear depolarization,
specific differential phase and copolar correlation coefficient. Implication for
the radar modelling of mixed phase precipitation events will be discussed.

Several case studies will be analyied from data collected on 17 June, 22
June and 8 August 1995. Time series of radar data collected in ppi/rhi format
for each convective precipitation event is compared with corresponding time
series from the disdrometer. The variables compared are Zy, Zpgr, rainfall
rate, and rain accumulation over the event. Typical storm cell intercepts

-lasted around 5-10 minutes. The interest here is to see how accurately the

radar measurements track the drop size distribution, in particular to see if
radar derived rainfall accumulation based on Z,,, Zpg and specific differential
phase agree with disdrometer rainfall amounts to within the accuracy limits
placed by natural drop size distribution fluctuations.

296




F-6 Fr-PM

F6-2 DIFFERENTIAL PHASE MEASUREMENTS OF RAIN
1400 A. Ryzhkov and D. Zrnic

National Severe Storms Laboratory

Norman, Oklahoma

Polarimetric estimates of rainfail based on specific differential phase K,
have several advantages compared to the traditional technique that uses radar
reflectivity factor Z. K, is immune to radar calibration errors, attenuation in
precipitation, beam blockage, and is less sensitive to the presence of hail and
variability of drop size distribution.

Specific differential phase, however, is very low and noisy at low rain rates
R, especially at S band. Therefore, originally this method was suggested and used
for heavy rainfall estimation. Here we show how K, can be applied for all rain
rates.

~ We capitalize on the fact that despite its noisiness in light rain K,
estimate is unbiased. Therefore we can reduce the standard error of the estimate
after spatial and temporal averaging, provided that rain field is sufficiently uniform
which is usually the case for stratiform widespread precipitation.

Although pointwise R estimate is poor, the areal rain accumulations over typical
watersheds areas can be accurately determined.

Two types of spatial filtering of the raw differential phase data are
proposed: light filtering with low averaging scale for high reflectivity areas and
heavy filtering with large averaging scale for low reflectivity regions. The standard
deviation of K, as a function of the averaging scale is examined both theoretically
and experimentaliy.

To assess the performance of the new version of the R(K;) algorithm we
have analyzed rain totals for 15 Oklahoma storms over a micronetwork of 42
densely located rain gauges. One- to four- hour areal rain depths T have been
examined using R(K;) and the standard R(Z) Marshall-Palmer algorithms. With
one case excluded the fractional standard error of T estimate is about 15% if
R(K,p) algorithm is applied. The R(Z) estimator exhibits much worse performance.
Further improvement of the polarimetric method might be possible if differential
reflectivity data are included.
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F6-3 STUDIES OF HIGH CLOUDS WITH
1420 8-MM RADAR AND IR RADIOMETER
S.Y. Matrosov’, R.A. Kropfli?, J.B. Snider’
'CIRES, University of Colorado, Boulder CO 80309
2NOAA Environmental Technology Laboratory
325 Broadway, Boulder, CO 80303

Millimeter wavelength radar is an efficient tool for studies of nonprecipitating
clouds. It can provide fine spatial resolution and low clutter which is. important for
observing relatively thin clouds at close range. The Ka-band cloud Doppler radar
operated by the NOAA Environmental Technology Laboratory (ETL) has a 0.5°
degree beam width and provides a 37 m radial resolution. Doppler velocities can be
measured by this radar with an accuracy of about 5 cm/sec. The radar sensitivity
of about -30 dBZ at 10 km range allows radar observations of tenuous cirrus
clouds.

This radar has participated in a number of experimental programs, e.g.,
FIRE-Il, ASTEX, ARIZONA-95 where nonprecipitating clouds were the main
interest. Methods to analyze cloud radar data and to retrieve microphysical
parameters of ice clouds using these data were developed in ETL. It was shown that
radar data alone are generally insufficient to get estimates of cloud microphysical
parameters. Such estimates in this case can be made using different empirical
relationships between radar measurables and cloud parameters of interest. The
potential accuracy of these estimates is rather poor because different combinations
of cloud microphysical parameters can result in the same value of radar reflectivity.
A more robust way, however, to resolve this potential ambiguity and get better
estimates of cloud parameters is to use complementary IR measurements with a
collocated radiometer.

The combined radar and radiometer data collected during different ice cloud
events from experiment programs mentioned above were used to retrieve and
analyze such microphysical parameters as cloud particle characteristic size, ice
mass content, particle concentration, and gravitational ice mass flux. These cloud
properties are important for parameterizing clouds in general circulation models and
also for better understanding of cloud development and evolution. The potential
accuracy of the retrievals was estimated both theoretically and by comparing
remotely sensed cloud parameters with those measured using traditional particle
sampling techniques from research aircraft flying in the vicinity of radar resolution
volume.
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F6-4 MEASUREMENTS AND MODELLING OF X-BAND
1440 REFLECTIVITY AND ATTENUATION IN MELTING SNOW
Dr. F. Fabry

Atmospheric Technology Division
National Center for Atmospheric Research
Boulder, CO 80307-3000

Measurements in the vertical of X-band and UHF (915 MHz) radar reflectivity
were made over a season in Montreal (Canada) to determine the attenuation at
X-band frequencies in melting snow as a function of precipitation intensity. Statistics
of signal loss across the radar bright band were computed.

These data and earlier measurements of bright band parameters (intensity,
thickness; F. Fabry and |. Zawadzki, J. Atmos, Sci., 52, 838-851, 1995) were then
used as benchmarks to test various scattering models of the melting layer and
determine the best simple approximation for the scattering and attenuation properties
of melting snowflakes at microwave frequencies. Models using a concentric sphere
approach {(water around snow) and matrix-inclusion models with water as the matrix
both overestimate significantly the bright band intensity and attenuation when
reasonable snow density and melting hydrometeor fall speeds are used.

New mixture models using ice-water mix as inclusions and air as the matrix
fare considerably better, particularly if the center of the snowflake is modelled to be
denser than its periphery. One of these models simulate with reasonable accuracy
all of our bright band measurements. Based on this model, predictions of melting
layer scattering and attenuation at other wavelengths are made. At X-band and
nearby frequencies, the specific attenuation of melting snow is of the order of three
times the one of rain. Since melting layers are generally 500 meters thick, it can be
deduced that in stratiform rain, total melting show attenuation is comparable to half
of the total rainfall attenuation expected on an earth-to-space link.
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F6-5 DISTINGUISHING FROZEN AND LIQUID PRECIPITATION USING
1500 A DUAL POLARIZATION WEATHER RADAR SYSTEM

P. C. Kennedy, D. A. Brunkow, and S. A. Rutledge

Colorado State University, Ft. Collins Colorado

The intensity of the copolar echo back scattered from precipitation particles |
has always been one of the most fundamental quantities sensed by meteorological
radars. Diagnoses of storm reflectivity structures has been of fundamental utility in
the real time identification of severe thunderstorms (D. W. Burgess and L. R. Lemon,
Radar in Meteorology, 619-647, 1990). However, these single polarization
observations generally provide limited insights into the thermodynamic phase of the
precipitation particles (e.g. rain vs. hail, etc.) Improved characterizations of
precipitation particle regimes are possible through the use of dual polarization
radars. In this paper, we present two storms whose reflectivity patterns were similar,
but whose precipitation characteristics, as revealed by dual polarization observations,
were different.

The dual polarization measurements were taken by the 11 em wavelength
CSU-CHILL radar located near Greeley, CO. The transmit polarization of this system
alternates between horizontal (H) and vertical (V) on a pulse to pulse basis. The co-
and cross-polarized return signals are processed in separate receivers. The dual
polarization measurements considered here are: (1) differential reflectivity (Zdr), (2)
specific differential propagation phase (Kdp), and (3) linear depolarization ratio (Ldr).
Differential reflectivity is given by the ratio of the H co-polar return to the V co-polar
return. It provides a reflectivity weighted measure of the mean particle shape (A.
Jameson, J. Atmos. Scj., 1792-1802, 1983). Specific differential propagation phase is
due to the different propagation constants experienced by the H and V pulses when
the beam path contains asymmetrical, preferentially oriented particles (T. A. Seliga,
and V. N. Bringi, Radio Sci., 217-275 1978). Kdp is increased when oblate scatterers,
which retard the H pulse's propagation more than that of the V pulse, are present in
the beam path. Linear depolarization ratio (cross-polar return / co-polar return) is a
measure of the scatterer's ability to induce a cross polarized component into the
backscattered signal. In general, asymmetrical particles whose orientation is canted
with respect to the polarization plane of the incident pulse (including orientation
changes associated with tumbling fall modes) increase Ldr (A. Jameson, Bull. Amer.
Metero. Soc., 1365-1373, 1992). It should be noted that due the larger refractlve index
of water as compared to ice, the Zdr, Kdp, and Ldr returns for a given set of scatterers
are all affected by the wetness of the particles.

Presented below are tabulations of the above quantities for the near-surface
echo core regions (reflectivities > 50 dBZ) of two convective storms. Surface
observations coincident with these radar data confirm that the 28 April storm's
precipitation was primarily frozen, while that of the 8 August case was almost entirely
liquid.

Date/Time (MDT) #Gates Ref Zdr Kdp Ldr

(@BZ) (@B) (%km D (dB)
4/28/95 1907 (ice) 161 543 0.4 0.3 23.5
8/8/95 1937 (rain) 101 52.8 42 2.1 -29.9

In the 28 April case, the preponderance of ice in the form of graupel and small hail
produced low Zdr and Kdp values. Presumably, the combined effects of particle shape
asymmetries and gyrating fall motions lead to a slight Ldr enhancement from these
primarily unwetted ice particles. In the 8 August case, the predominance of oblate
water drops is evidenced by the large Zdr and Kdp values. It is speculated that these
large drops underwent lesser tumbling motions than did the graupel particles, slightly
reducing the rain case Ldr from that observed in the graupel shower.
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F6-6 GNOWFALL RATE MEASUREMENT USING RADAR AND
1540 OPTICAL TECHNIQUES

Roy M. Rasmussen J. Vivekanandan*
National Center for Atmospheric Research
P.0. Box 3000

Boulder, O 80307

gpowfall rate can be monitored by snow gages (measurement of snow
Mass), microwave radar (measurement of backscattered power), and optical
(change in visibility) techniques- The direct measurement of spow mass by
a weighing §ag¢ provides 3 good estimate of pownt liquid equivalent snowfall
rate. A weli—calibrated snow gage measurement may also be used as @ standard
to calibrate snowfall inferred by means of other techniques. In the case of the
microwave method, the scattering characteristic of a snow particle depends on
its size and bulk density. Smee there is a large variationin size and density
of snow particles for a given spowfall Tate, it 3s difficult to estimate snowfall
rate accurately using reflectivity alone. The primary advantage of radar is 1ts
extensive spatial coverage. Optical techniques make use of the attepuation
of a light beal® or change ip visibility for estimating snowfall. 1t offers some
distinct advantages over the snow gage and microwave methods in terms O
temporal resolution. The measurement principle is immune £O environmentai
and physicai parameters such as wind speed, temperature and instrumentation

setup-

During the winter seasol, NCAR conducted 2 field program to collect
radar reflectivity, visibility and other environmentai observables such as tem-
perature and wind speed. gjmultaneous observations by a pumber of instru-
ments and manual measurements of snowfall resulted M & unique data set.
We analyzed these data gets to Improve the measurement accuracy of snowfall
rate. Also, model computations of visibility and radar reflectivity are studied
to quantify the arnbignity in snowfall rate estimation due to yariation 11 butk
density and median snowflake size.
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F6.7 POLARIMETRIC MEASUREMENTS IN A SEVERE HATL.
1600 STORM

J. Hubbeyt* V.N. Bringi v Chandrasakar A, Abou—EI»Magd
Department of Electrica] Engineering

Rome Laboratory/OCSA
26 Electronics PKY
Griffiss AFB

Rome, NY, 13441-4514

On 7 Jupe 1995 4 Severe hailstory, with golf ball size hailstoneg caused
hearly $23 million jp damages ip Weld county, Colorado, This event was cap-
tured by the CSU—CHILL fully polarimetr;, S-band radar over 4 Period of ope
hour, The CSU~CHILL radar hag recently beep upgraded with anew reflector
dish giving an 5 two-way Integrated Cross-polar ratic (ICPR) around -35 dB,
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F6-8 MULTIPARAMETER RADAR AND AIRCRAFT OBSERVA-
1620 TIONS OF A HAILSTORM

V. Chandrasekar V. N. Bringi A. Abou-El-Magd*
Colorado State University

Ft Collins, CO 80523

J. W. Strapp

Atmospheric Environment Service

Canada

During the summer of 1995 the CSU-CHILL multiparameter radar and
an instrumented aircraft ( T-28 operated by the South Dakota School of Mines
and Technology ) were used to collect coordinated measurements over hail-
storms in Northern Colorado .

This paper 'presents a preliminary comparison of the radar and aircraft
data collected on a hailstorm which occurred on 22 June 1995 . The multipa-
rameter radar data consists of the following parameters : a) Reflectivity , b)
Differential reflectivity , ¢) Specific differential propagation phase , d) Copolar
correlation between two polarizations , and e) Linear depolarization ratio .
The T-28 aircraft was equipped with a High Volume Particle Spectrometer
capable of collecting two dimensional images of hydrometeors encountered in
the flight path .

On 22 June the T-28 made four penetrations through a storm cell located
35 km north east of the radar . The storm had echoes in excess of 60 dBZ
associated with marble size hail . The hail shaft extended all the way to the
ground . Penetrations were at altitudes between 4.0 and 4.5 km to collect
data in the hail region . Simultaneously the radar was collecting data in a
PPI sector scan mode covering the elevations of the aircraft locations . A
comparative study of the multiparameter radar data and the insitu aircraft
observations for this storm are presented with the objective of interpreting
multiparameter radar signatures .
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F6-9 DUAL-FREQUENCY FULLY POLARIMETRIC
1640 MILLIMETER-WAVE RADAR MEASUREMENTS

John M. Firda* Robert E. McIntosh
Microwave Remote Sensing Laboratory
Rm. 101 Knowles Engineering Building
University of Massachusetts

Ambherst, MA 01003

Improved understanding of the role of clouds on the atmosphere has
increased scientists’ need for radar measurements of cloud reflectivity, mean
velocity, and Doppler spectral width. Such cloud microphysics studies shed
light on how clouds modulate the atmosphere’s radiation budget. Derived
information from experiments is useful for estimating particle size and ice
water content. Likewise, polarimetric measurements aid in identifying cloud
particle phase in precipitation.

The University of Massachusetts” Cloud Profiling Radar System
(CPRS) was developed to facilitate these measurements (S.M. Sekelsky,
Meteorology and Atmospheric Physics, In Press). CPRS is a dual-frequency,
fully polarimetric, millimeter-wave scanning Doppler radar capable of making
high resolution measurements of cloud particles. CPRS is a ground based sys-
tem that transmits and receives vertical and horizontal polarizations at 33.12
and 94.92 GHz through a single 1-meter dielectric lens antenna. The CPRS
antenna produces colocated beams at the two transmit frequencies to ensure
the radars are sampling the same cloud volume.

During the spring of 1995, CPRS obtained fully polarimetric measure-
ments of precipitating stratus clouds during the Ground Based Remote Sens-
ing IOP (GBRS-IOP) in Lamont, Oklahoma. Measurements of copolar cross
correlation magnitude (|ps(0)|) and specific differential phase (Kpp) are pre-
sented at vertical incidence and with RHI scans. A decrease of |pp,(0)] is seen
in the presence of ice aggregates which is consistant with the linear depolar-
ization ratio. Small changes in Kpp are also observed and are compared to
differential reflectivity (Zpr) measurements.

The colocated millimeter-wave measurements of [prv(0)] and Kpp are
the first of their kind. These measurements provide a unique opportunity to
compare polarimetric measurements with respect to frequency and elevation
angle and demonstrates the utility of such measurements.
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F6-10 THE EFFECTS OF MODELING THE RADAR IN SCATTER-
1700 ING MATRIX TRANSFORMATION THEORY: THE INCO-
HERENT CASE

J. Hubbert* V.N. Bringi
Department of Electrical Engineering
Colorado State University

Fort Collins, CO 80523

The foundations of radar polarimetry are based on the well known radar -
voltage equation (Kennaugh, Tech. Reps. 381-1 to 394-24 Ohio St. Un. Ant.
Lab., 1949-1952)

V = hI'Sh, (1)

It is important to observe that modeéling of the radar transmit/receive network
is included along with modeling of the scatterer in (??). ;From the radar
voltage equation the standard change of basis formulation is derived as

s'=UTsu (2)

Based on this equation optimum polarizations are derived and polarization
response plots are made (Agrawal and Boerner, TGARS, 27, 1989)(Ulaby
and van Zyl, Radar Pol. for Geosc. Appl, 1990). Since modeling of the
radar is included in (?7?) it follows immediately that modeling of the radar
is also included in (?7?) and thus, it is of interest to identify how this radar
modeling effects optimum polarizations and polarization response plots. In
optic polarimetry the change of basis transformation is (Azzam and Bashara,
Ellip. and Polar. Light, 1989)

§'=U"'Su (3)

Hubbert (TGARS,32, 1994) has compared (??) and (??7) and shows that
the copolar reception polarization state is defined differently in each disci-
pline. Hubbert also shows how the copolar reception state might be defined
so that the above mentioned radar modeling effects can be separated from
those effects directly attributed to the scatterer(s). The resulting analysis is
termed specular null polarization theory (SNPT). In this paper SNPT is ex-
tended to incoherent scattering where a covariance matrix is needed to fully
characterize the scatterers instead of the 2x2 Sinclar scattering matrix or the
2x2 Jones scattering matrix which are used for coherent scattering. Opti-
mum polarizations and polarization response plots are calculated for ensemble
of precipitation particles using the transition matrix approach (Vivekanan-
dan, et al. TGARS 31, 1993) and are compared to optimum polarizations
and polarization response plots that result when traditional radar polarimetry
theory (Tragl, TGARS, 8, 1990) (Tragl et al., Preprints Intern. Conf. Ant.
and Prop., IEE Publ. 33, 1991) is applied.
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EQUATORIAL IRREGULARITIES
Chairperson and Organizer: B.G. Fejer, Center for Atmospheric and Space Sciences,
Utah State Univ., Logan, UT 84322

G5-1 EAST-WEST AND UP-DOWN SPECTRAL ASYMMETRIES
1340 IN ECHOES FROM THE EQUATORIAL ELECTROJET
ABOVE ALCANTARA, BRAZIL

Wesley E. Swartz*

School of Electrical Engineering
316 Rhodes Hall

Cornell University

Ithaca, NY 14853

Doppler spectral measurements of echoes from the equatorial electro-
jet above Alcantara, Brazil (44.4°W, 2.3°S) were made almost every day from
mid-August through the third week in October, 1994 using the Cornell Univer-
sity Portable Radar Interferometer (CUPRI). Although asymmetries in elec-
trojet spectra are nothing new, some of the details which we observed do not
seem to completely fit current theories. The east-west asymmetry was unex-
pectedly the same as reported by Balsley (Radio Sci, 70, 3175-3182, 1965) and
Ierkic et al. (Geophys. Res. Lett., 7, 497, 1980) at Jicamarca, Peru, yet the
up-down asymmetry changed sign in the upper altitudes of a strongly driven
daytime electrojet, a feature that has not been seen at Jicamarca.

The site at Alcantara was certainly an ideal one for radar observations of
the electrojet. The dip equator at 100 km was directly overhead as predicted
by the IGRF model and verified to within a degree by moving the CUPRI
radar beam north and south of vertical. Yet the strong altitude dependence of
the position of the dip equator, the large declination, and its nearness.to the
geographic equator provided a configuration quite different from Jicamarca.
The unprecedented concentrated length of the high resolution spectral data set
should provide a nice complement to the scattered days of similar observations
made at Jicamarca.
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G5-2 THE TEMPORAL BEHAVIOR OF LOW LATITUDE
1400 ELECTRON AND ION TEMPERATURES

Nestor Aponte* Wesley E. Swartz Donald T. Farley
School of Electrical Engineering

316 Rhodes Hall

Cornell University

Ithaca, NY 14853

; Measurements of incoherent scatter correlation functions and Faraday
rotation have been made at Jicamarca during the last decade or so and are pro-
ducing F-region electron and ion temperatures and densities. Until recently,
though, there were a number of problems with the temperature estimates
which we did not understand and which required tedious “by hand” rejection
of contaminated data. Now we believe we understand the problems (mainly
satellite contamination and three ion mixtures) and we have begun to take a
detailed look at the thermal morphology of the region over the full solar cycle
for which we have data.

At the equator the magnetic field prevents vertical heat conduction in
the electron and ion gases. There is no downward conduction to maintain
a positive gradient at high altitudes, and so the profiles become isothermal
above the F2 peak. Below the peak, the electron temperature exceeds the ion
temperature during the day just as at mid-latitudes. At night the electron
and ion temperatures become equal to the neutral temperature, even to very
high altitudes. However, at night the analysis becomes more complicated
because of the greater percentages of the light ions of helium and hydrogen.
Because of the isothermal profiles in the upper altitudes, we have a direct
measure of the neutral temperatures which can be unambiguously compared
with exospheric temperatures from neutral models such as MSIS (no thermal
balance calculation depending on the neutral density is required).

307




G-5 Fr-PM

G5-3- RADAR IMAGING OF IRREGULARITIES IN THE
1420 EQUATORIAL IONOSPHERE

D. L. Hysell* J. D. Burcham
Department of Physics and Astronomy
Clemson University

Clemson, SC 29643

Multiple-baseline interferometry data taken at Jicamarca have been used
to construct images of intermediate-scale waves in spread F and the electrojet.
Interferometric imaging offers a way to resolve structures smaller than the
radar scattering volume that are not resolved with standard RTI or single-
baseline techniques. Imaging furthermore provides a means of distinguishing
spatial from temporal variations in the scattering medium and can be use to
diagnose the flow around plasma instabilities.

We turn to maximum-entropy imaging techniques, well known to radio
astronomers, in an attempt to process the interferometry data in an optimal
way. These techniques determine the “most likely” image possible consistent
with whatever data are known (and to a specified accuracy). The formulation
of the maximum-entropy problem will be discussed, and example data will be
shown. With maximum-entropy techniques, we are able to resolve scattering
structures only a few tenths of a degree wide. Animated series of radar im-
ages show intermediate-scale waves forming, propagating, and dissipating in
a bottomside spread F layer. These data clearly illustrate the roles played by
vertical elongation and shear in the evolution of bottomside spread F.

Computer simulations can be used to predict the morphology of
intermediate-scale waves in spread F and the electrojet. A new diagnostic
method has been developed which extracts from these simulations quantities
that are equivalent to radar interferometry measurements. Direct comparisons
between simulation runs and imaging data are then possible.
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G5-4 - INVESTIGATING CHARACTERISTICS OF THE
1440 EQUATORIAL IONOSPHERE USING DIGISONDE
DRIFT MEASUREMENTS AT JICAMARCA

Z. Kecicl, B.W. Reinischl, J.L. Scalil, and C. Calderon®
1 Center for Atmospheric Research, University of Massachusetts,
Lowell.

2 Jicamarca Radio Observatory, Instituto Geofisico del Peru.

Half-hour Digisonde drift measurements made from November
1994 to June 1995 are used to construct the monthly average
velocity variations observed at Jicamarca. The results are
interpreted in terms of the well known dynamics of the
equatorial region as described from previous ISR measurements
of the plasma motion. The analysis shows that the Digisonde
averaged zonal velocity component is in good agreement with
established velocity patterns. The monthly average meridional
velocity is also given and the results are interpreted in terms of
the diurnal variations of the neutral winds . The apparent
vertical velocity derived from the Digisonde measurements is
discussed in terms of the effects of chemistry and plasma
motion.

The analysis further discusses the characteristics of the velocities
during spread-F conditions when ISR measurements are usually
not available. Average velocities for days when spread-F is
observed are compared with those velocities obtained.during
days when no spread-F is detected, in order to determine
whether velocity differences are statistically significant. The
continuous Digisonde drift database is used to show the daily
variability of the velocity components and how consistently
events from day to day can be tracked by the Digisonde drift
method.

309




G-5 Fr-PM

G5-5 RELATIONSHIPS BETWEEN INCOMPRESSIBLE FLOW
1500 AND TWO-DIMENSIONAL SHAPE OF EQUATORIAL
PLASMA BUBBLES

Roland T. Tsunoda
Geoscience and Engineering Center, SRI International
Menlo Park, California 94025

Equatorial plasma bubbles are localized plasma-depleted regions that
develop in the nighttime equatorial ionosphere. These regions have been
shown to be vertically extended in altitude, relatively narrow in longitude, and
to involve entire geomagnetic flux tubes. While there is near consensus
agreement within the geophysical community that the primary source
mechanism is the collisional Rayleigh-Taylor instability, several of the
observed bubble properties have puzzled researchers. These include
observtions of (1) bubbles that appeared to be collapsing, possibly suggesting
the subsequent formation of closed "cylinder-like" depleted regions; (2)
bubbles that appeared to have associated upward plasma velocities that were
supersonic; and “(3) bubbles that ppeared to bifurcate "spontaneously,
producing branchlike patterns. In this paper, we present examples of these
types of observations, using spatial maps of radar backscatter plumes
obtained with the ALTAIR radar, which is located in the central Pacific sector.
We show that these features can be interpreted in terms of the shapes and
distortions produced by patterns of two-dimensional, incompressible plasma
flow in the plane transverse to the geomagnetic field. As an example, we
show that the appearance of a collapsing bubble can be produced by the
upward, buoyant force at high altitudes and the downward force that is
produced at low altitudes by a westward electric field. We point out that the
nature of plasma bubbles at late times, that is, at times after their growth phase
is completed, has not yet been investigated in any detail, especially by
numerical simulations on the nonlinear Rayleigh-Taylor instabiity.
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Gs-6 THE MISETA SPACED ANTENNA SCINTILLATION SYSTEM:
1540 CLIMATOLOGY OF ZONAL DRIFTS.
" C. E. Valladares
Institute for Scientific Research
Boston College
Newton, MA 02159

The Spaced-receiver scintillation system located at Ancon, Peru has been used
to establish the climatology of the zonal drift of km-scale irregularities.
Comparison of this drift climatology to the climatology of the plasma drift
measured at Jicamarca using the Incoherent Scatter (IS) technique has
revealed a seasonally dependent relation. For the solstices both drift data sets
are in good agreement. For the equinoxes the drift curves differ. This
discrepancy is evident near the local midnight hours, more specifically
between 22 and 04 LT. The scintillation drifts obtained during quiet magnetic
conditions were ~ 50 m/s larger than the IS counterparts. It is suggested that
this discrepancy may be due to the intrinsic conditions prevailing when the
measurements are conducted. Scintillation drifts pertain to Equatorial Spread-
F (ESF) events, Jicamarca drifts pertain to times of no ESF. Two plausible
mechanisms have been considered for an essential qualitative explanation of
this finding. Firstly, it is known that during ESF the post-sunset enhancement
produces an uplift of the F-region and a consequent reduction of the ion drag.
The smaller ion drag will facilitate a larger zonal wind, in this way resulting a
larger zonal plasma drift. Alternatively, during nighttime hours the equatorial
disturbance dynamo seems to produce anomalous westward reversals of the
normally eastward zonal drifts. It is proposed that if the magnetic conditions
remain active when the disturbance dynamo effect reaches equatorial latitudes
then ESF will develop, but if the conditions are quiet then ESF will be
inhibited. Data collected by scintillation receivers, the Jicamarca IS radar,
digisondes, and the Fabry-Perot interferometer during the MISETA/Chile
campaign of the September 1994 equinox have been used to test these two
hypotheses. The results of this study will be summarized here.
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G5-7 SPREAD-F AND THE STRUCTURE OF EQUATORIAL AIRGLOW
1600 DEPLETION BANDS OBSERVED NEAR THE SOUTHERN
ANOMALY REGION.

G.S. Sales, B.W. Reinisch, J. Scali
Center for Atmospheric Research
University of Massachusetts Lowell
Lowell, MA 01854

E. Weber, T. Bullett .
Geophysics Directorate
Phillips Laboratory
Hanscom AFB, MA 01731

Using the Phillips Laboratory Digisonde sounding system and the all-
sky imaging photometer measuring airglow emission at the 630.0 nm, it is possible
to investigate the internal structure of the evolving equatorial bubbles from a site
in Chile (22° S, 70° W), located midway between the magnetic equator and the
southern anomaly region. During the nighttime periods on 1 and 3 October, 1994
bubble formation was observed by the photometer, extensive spread-F was seen on
the local vertical ionograms. There was no apparent connection between the
location of the emission depletion bands and the character of the spread-F.
However, at these times, the Digisonde, operating in the "drift" mode, was able
to detect and locate medium scale irregular structures and a comparison between
these source location data and the all-sky images indicates that these
irregularities, essentially, lie within the bubble and clearly track along with
the general west to east drift of the airglow depletion bands.

From a single sounding site the Digisonde is able to measure the group
delay and the radial component of the velocity of these irregularities as a
function of sounding frequency. These data, combined with the general west-east
drift determined using the allsky images, can be used to investigate the structure
of the irregularities and their motions. Along with the anlaysis of these
experimental data, a simple model of the depletion bands has been constructed
and used with a 3-D ray tracing program to simulate the interaction of the radio
waves with these F-region structures. The insite gained by this approach has
led to a better understanding of the sounder data as it relates to the internal band
structure. )

The results of this analysis indicates that these irregularities affecting
the radio signals are concentrated within the transition region at the boundaries
of the depletion bands as well as at the top of the depletion which is only at an
altitude of 400 to 500 km at Agua Verde, Chile.
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G5-8 SATELLITE SIGNATURES OF THE LONGITUDINAL,
1620 SEASONAL AND NIGHT-TO-NIGHT OCCURRENCE
MORPHOLOGY OF EQUATORIAL SPREAD F
P. J. Sultan

Phillips Laboratory/GPIA
29 Randolph Road
Hanscom AFB, MA 01731

The occurrence of plasma irregularities related to equatorial spread F
(ESF) at a given geographic longitude is controlled in part by the local iono-
spheric eastward electric field near sunset (which should be strong) and the
meridional neutral winds at that longitude (which should be small). Both of
these parameters can be shown to have a dependence on both longitude sector
and the time of the year - resulting in the occurrence of so-called “spread F
seasons” at particular geomagnetic longitudes. The strength of the eastward
electric field can be related to the longitudinal gradient in integrated Pedersen
conductivity, which in turn partly is dependent on the difference in E region
sunset times at magnetically conjugate points (R. T. Tsunoda, J. Geophys.
Res., 90, 447, 1985). Meridional neutral winds can be inferred from latitu-
dinal ion density profiles measured daily by Defense Meteorological Satellite
Program (DMSP) polar orbiting satellites near 18 LT (around 1.5 hours be-
fore the typical onset time of ESF irregularities) every 30° of longitude. By
combining these two geophysical parameters, it should be possible to generate
reliable predictors ESF occurrence at all longitudes on a night-to-night basis.

The present study focusses on three longitude sectors: mid-Atlantic,
western Pacific, and Indian. DMSP-inferred F region neutral winds in each
sector are combined with a parameter corresponding to the difference in E
region sunset times creating a new parameter that measures the nightly like-
lihood of ESF at each sector. Preliminary results show that this predictor
well duplicates the seasonal patterns of ESF ocurrence in each sector. Fu-
ture work will directly compare predicted ESF occurrence with ground-based
scintillation observations from these and other longitude sectors.
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G5-9 LONGITUDINAL DEPENDENCE OF EQUATORIAL F-
1640 REGION PLASMA DRIFTS

B. G. Fejer, E. R. de Paula, and L. Scherliess

Center for Atmospheric and Space Sciences

Utah State University

Logan, Utah 84322-4405

We use Ion Drift Meter (IDM) observations from the AE-E and DE-2
satellites, incoherent scatter radar measurements from the Jicamarca Radio
Observatory; and ionosonde measurements from the South American, Indian,
and African equatorial regions to examine the longitudinal dependence of
equatorial F-region plasma drifts in the evening sector. The vertical plasma
drifts (zonal electric fields) show largest longitudinal effects during June
solstice when prereversal velocity enhancements are only observed in the
central Pacific region. In this case, the earliest reversal time from upward to
downward drifts occurs in the western American sector and the latest occurs
in the Brazilian-African sector. We show that the solar cycle dependence of.
the average prereversal velocity drifts observed with the Jicamarca radar and
with the IDM are in good agreement. On the other hand, comparisons of
simultaneous evening velocity peaks measured with the Jicamarca radar with
those inferred from Huancayo ionosonde data indicate the latter technique
significantly underestimates the prereversal velocity enhancements near the F-
region peak during periods of high solar activity. The zonal plasma drifts
exhibit largest longitudinal effects in the late afternoon and early morning
hours. We will also discuss the relationship between the F-region zonal and
the vertical plasma drifts in the evening sector.

314




G-5 Fr-PM

G5-10 'THEORETICAL MODELING OF THE 1994 CHILE/MISETA
1720 CAMPAIGN

Dwight T. Decker*

Institute for Space Research, Boston College
Chestnut Hill, MA 02167

David N. Anderson

Phillips Laboratory, GPIM

Hanscom AFB, MA 01731-3010

During the Chile/MISETA campaign, 27 Sept. to 3 Oct. 1994, a number
of ground-based and satellite-borne instruments obtained data on electron den-
sity profiles, neutral wind velocities, vertical and horizontal ExB drift speeds,
optical and radar signatures of equatorial bubbles and spread F/scintillation
occurrences. In this paper we use the Phillips Laboratory Global Theoret-
ical Tonospheric Model (GTIM) to calculate electron and ion densities as a
function of altitude (90 to 1600 km), latitude (+30° dip latitude) and local
time (24 hours) and compare these calculated ambient ionospheric profiles
with specific observations on specific campaign days. Included as inputs to
the time-dependent, theoretical model are 1.) the observed vertical ExB drifts
from the Jicamarca incoherent scatter radar facility and 2.) observed night-
time meridional neutral winds measured by a Fabry-Perot interferometer at
Arequipa, Peru (3° S dip latitude). Supplementing these inputs are neutral
temperatures and densities from the MSIS86 model and neutral winds from
the HWMS87 model. A primary objective of the study is to calculate flux-
tube integrated plasma instability growth rates and loss rates to try to better
understand the physical mechanisms which are responsible for initiating or
suppressing the growth of low latitude plasma instabilities which are observed
on some nights but not on others.
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IONOSPHERIC DISTURBANCES PRODUCED BY QUASI-ELECTROSTATIC
THUNDERCLOUD FIELDS AND LIGHTNING EMP

Umran S. inan '

Space, Telecommunications and Radioscience Laboratory

Stanford University, Stanford, CA 94305

Sprites and blue jets provide spectacular evidence of the electrical

coupling between thunderclouds and the overlying mesosphere and the lower
ionosphere. On the other hand, earlier evidence of such coupling was in the form
of early/fast perturbations of subionospheric VLF signals. These perturbations
occur in response to sudden changes in the electrical conductivity of the lower
ionosphere, either due to the heating of the ambient electrons by lightning fields,
and/or ionization changes. Experimental evidence indicates that the size of the
disturbed ionospheric regions maybe 100-200 km in extent, considerably larger
than the apparent physical dimensions of Red Sprites. Heating by quasi-
electrostatic thundercloud fields can lead to ionization at mesospheric and lower
ionospheric altitudes. However, the transverse extent of ionization regions are
typically <50 km.  One process which can lead to disturbances with large
transverse extent is heating of ambient electrons and resulting ionization changes
by lightning EMP.  However, ionospheric disturbances produced by EMP-induced
heating typically occur at relatively high altitudes (>80 km). Results from a new
two-dimensional model of the EMP-ionosphere interaction [inan, U. S., W. A.
Sampson, and Y. N. Taranenko, Space-Time Structure of Optical Flashes and
lonization Changes Produced by Lightning EMP, submitted to Geophys. Res. Lett.,
1995a] and new observations of VLF perturbations associated with sprites [Inan,
U. S..T. F. Bell, V.P. Pasko, D.D. Sentman, E. Wescott, and W. A. Lyons, VLF
Signatures of lonospheric Disturbances Associated with Sprites, submitted to

Geophys. Res. Lett.. 1995b] will be presented.
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G/MH17-2 RED SPRITES PRODUCED BY QUASI-ELECTROSTATIC THUNDERCLOUD
1400 FIELDS

Victor P. Pasko, Umran S. Inan, and Timothy F. Bell

Space, Telecommunications and Radioscience Laboratory

Stanford University, Stanford, CA 94305

A two-dimensional quasi-electrostatic (QE) model is used to study ambient
electron heating, ionization of neutrals and excitation of optical emissions in the
mesosphere/lower ionosphere by QE fields that temporarily exist at high altitudes
following the sudden removal (e.g., by a lightning discharge) of thundercloud charge at
low altitudes [Pasko, V. P., U. S. Inan, T. F. Bell, and Y. N. Taranenko, Red Sprites
Produced by Quasi-Electrostatic Heating and lonization in the Lower lonosphere,
submitted to J. Geophys. Res., 1995]. The model predicts significant (several orders’
of magnitude) modification of the lower ionospheric conductivity in a region with 50-
60 km transverse extent in the form of depletions of electron density due to
dissociative attachment to O2 molecules or in the form of enhancements of electron -
density due to breakdown ionization. Results of calculations of the optical emission
intensity of the 1st positive band of N2 are in good agreement with observations of the
upper part (thead"and “hair' [Sentman et al., Geophys. Res. Lett., 20, 2857, 1995]) of
the Red Sprites. Most recent results from the QE model will be discussed, including
mechanisms of formation of carrot-like structures, and the relationship between the
onset of Juminosity in sprites versus the time of causative CG discharges.
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G/H7-3 NUMERICAL SIMULATIONS OF LOWER IONOSPHERIC
1420 BREAKDOWN CAUSED BY LIGHTING-GENERATED ELEC-
TRIC FIELDS

Harvey Rowland* Richard F. Fernsler Carl L. Siefring
Paul A. Bernhardt

Plasma Physics Division

Naval Research Laboratory

Washington, DC 20009

Lightning-generated electric fields can be responsible for atmospheric
breakdown and optical emissions from the mesosphere. Recently, H. Rowland,
et al. [Geophysics Research Letters, 22, 361, 1995a and Journal of Geophysical
Research, submitted, 1995b] have used a simulation model to study the iono-
spheric breakdown caused by lightning driven electromagnetic pulses (EMP).
Pasko et al. [Geophysics Research Letters, 22, 365, 1995] study breakdown
due to the quasi-static fields. We have continued our simulations using a more
realistic lightning current profile, including the continuing current, with cur-
rent amplitudes approximating the largest 5% of positive strokes. In this case,
we model both the EMP and quasi-static electric fields and their effect on the
lower ionosphere. In our simulations, the EMP generated ionization appears
first and is confined in a narrow altitude range (70-90 km) with a large hori-
zontal extent (100s of km). This is similar to the characteristics of the airglow !
observed from the shuttle by Boeck et al. [Geophysics Research Letters, 19,
99, 1992]. The quasi-static fields cause a different pattern of ionization with
characteristics similar to Sprites. In this case, a *narrow’ column (~10s of km)
ionization forms above the lightning current channel. This column begins to
form near 90 km and grows downward in altitude as time progresses. In simu-
lations, using larger lightning currents, we have been able to observe columns
of ionization extending as low as 50 km in altitude. Breakdown acts to limit
the coupling to higher altitudes in the ionosphere of both the EMP and the
quasi-static fields. "
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G/H7-4 MESOSPHERIC ELECTRICAL TRANSIENTS
1440 Les Hale

CSSL/Penn State,

University Park, PA 16802

The phenomenon of “red sprites” has stimulated interest in the coupling
of lightning-related electromagnetic energy to the mesosphere. “Radiation” and
“induction” fields couple energy on a time scale too short to sustain the
observed visible sprites, which requires a “quasi-static” mechanism. “Relaxation
time” solutions are not relevant to this problem: C. and P. Greifinger [JGR 81,
2237, 1976] suggested a “variable capacitor’ > model which works well at ULF,
but is only relevant to “red sprites” if thexr discharge occurs virtually
simultaneously at all altitudes (velocity >107 m/sec). A strong “millisecond”
ELF pulse, necessary to satisfy post-stroke boundary conditions, was predicted
by a numerical model [Hale and Baginski, Nature 329, 814, 1987], and
subsequent analysis by Z. Ma [Ph.D. Thesis, 1995] shows lengthening of this
pulse by the magnetic field. This appears to explain rocket data [Kelley, et al.,
JGR 90, 9815, 1985] and to be adequate to power “red sprites.”

Any calculation depends on the electrical conductivity profile. Typical
profiles (below, right) show that ELF energy can penetrate the mesosphere at
night but further structuring may occur during sprite-producing conditions, and
more data, which will require a rocket program, are urgently needed.

Observations by Lee Marshall, et al., [1995 Fall AGU] of distant E and
H waveforms related to sprites identified by Walt Lyons show an easily
identifiable characteristic waveform (below, left), with the visible sprite
(observed by Fukunishi, et al.) closely related to structure in the waveform.
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Simulations of Energy Coupled to the Mesosphere by
Lightning

Michael E. Baginski, A. S. Hodel

Dept. of Elect. Eng.

Auburn Univ., AL 36849

Keith Thomas WL/MNMF Eglin AFB

> Edward C. Shaffer, LTC, Dept. EE, U.S. Military Academy, West Point NY.

The quasi-static coupling of electromagnetic energy into the mesosphere
by large positive cloud-to-ground lightning is characterized using a finite el-
ement routine that assumes the earth’s magnetic field to be vertically
oriented. Observations of red sprites in this region are the primary motiva-
tion for undertaking this study. The change in the electron density (and
therefore the conductivity) in the in the region of the sprite is incorporated in
the study, which solves Maxwell’s equations and the applicable ionization
equations in the time domain. Due to the complexity of the problem, only a
measured night time conductivity profile will be considered and appropri-
ately modified by the temporal evolution of the strongly coupled set of
equations. The effects that radiation associated with horizontal lightning
may have on the Sprite phenomenon are also considered.

A major assumption used for the research is that there are slight variations
in the spatial structure of the conductivity. These spatial variations are con-
sidered the plausible reasons that sprites tend to develop at a number of
singular points in the ionosphere before spreading.

Major observations obtained from the simulations are that the primary
mode of energy coupling to the ionosphere responsible for sprites is likely to
be quasi-static. This result is also strongly implied by previously measured
data [Kelley, et al., JGR 90, 9815, 1985] and by optical observations.
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G/MH7-6 ON THE IONIZATION AND OPTICAL AND INFRARED
1540 EMISSIONS OF RED SPRITES

L.S. Jeong, W.A.M. Blumberg, R.H. Picard, and J.R. Winick

Phillips Laboratory

Hanscom AFB, MA 01731-3010

R.A. Armstrong and J. Shorter

Mission Research Corporation

Nashua, NH 03062

J.T. Kroll

Air Force Office of Scientific Research

Bolling AFB, DC 20332-0001

The optical and infrared emission characteristics of red sprites depend
strongly on the energy distribution of electrons produced by the dielectric
breakdown in the mesosphere and stratosphere associated with these transient
events. The level of ionization in sprites has been a point of speculation since the
first broad-band visible imagery data were collected from the ground, aircraft, and
space shuttle. To characterize the ionization in sprites, a photometer filtered at
427.8 nm was used in the Summer ‘95 measurement campaign conducted from the
Yucca Ridge Field Station in Colorado to make measurements of the No* first
negative band emission in sprites. The results of these measurements will be
presented and their implications for the production of high energy electrons will be
discussed.

Spectrally-resolved visible emission measurements made independently by
two research groups during the Summer ‘95 campaign have identified the red
emission in sprites as N; first positive band emission. The source of this emission
has been attributed to electron impact excitation of nitrogen by low energy (10 eV)
electrons. These observations combined with the apparent absence of emission
from the N»'(3,0) Meinel band have been used to infer that the sprite electron
energy spectrum is characterized by electron energies below the ionization
threshold of nitrogen. We will present the results of a kinetic analysis of these
visible spectral data and examine the implications for the interpretation of our 427.8
nm photometer measurements and the ionization associated with sprites. These
results will also be compared with more direct measurements of ionization levels
made by other investigators using radar, ELF, and other techniques as well as with
the results of theoretical modeling studies.

The assessment of altitude profiles of low and high energy electrons will be
used to perform model calculations of the transient emission predicted for the 4.3
micron band of CO,. The paper will conclude with a discussion of plans for a
Summer ‘96 measurement campaign. to validate the data on the ionization and
emissions of red sprites.
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RUNAWAY MODEL OF VHF EMISSIONS FROM UPWARD
DISCHARGES :

Robert Roussel-Dupré,'and Yuri Taranenko (Space and Atmospheric
Sciences Group, MS D466, Los Alamos National Laboratory, Los
Alamos, NM 87545; 505-667-9228; e-mail: rroussel-dupre @lanl.gov)

The VHF radio emissions expected from upward discharges driven by
runaway air-breakdown are computed with a detailed two dimensional
fluid model coupled to Maxwell's equations. . The éffect of the
geomagnetic field is omitted. The same model has been used for
computing optical and gamma-ray emissions (Taranenko and Roussel-
Dupré, accepted to GRL, 1995) and showed good agreement with
optical (e.g., Sentman et al., GRL, 22, 1209,1995; Wescott et al.,
GRL. 22, 1213,1995) and gamma-ray (Fishman et al., Science, 264,
1313, 1994) observations. The relativistic electron beam produced in a
runaway discharge contributes an intense forward directed component

with a peak amplitude at approximately 13° to the beam motion. The
peak intensity is calculated to be 1000 times greater than obtained for an

angle of 90°. The contribution due to the low-energy secondary

electron population dominates at angles greater than approximately 259.
The nature of the electric field configuration produced in an upward
discharge is such that an initial radio pulse is produced at low altitudes
(~25-40 km) followed by a secondary pulse at high-altitudes (50-75
km). The duration of each pulse is calculated to be several
microseconds - while the separation between pulses is tens of
microseconds depending on the angle of the observer relative to the
beam direction of motion. A detailed comparison of our model with
recent BLACKBEARD measurements of Transionospheric Pulse Pairs
(TIPPs) is provided. Agreement is obtained between theory and
experiment for the intensity, pulse duration, and pulse separation. The
fact that TIPPs are more readily observed from space is attributed to the
forward directed nature of the radio emissions. The agreement with
observations suggests that TIPPs may well be associated with recent
optical measurements of 'sprites’ and that the source is an upward
discharge driven by runaway air breakdown.
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G/M7-8 PHENOMENOLOGY OF TRANS-IONOSPHERIC PULSE
1620 PAIRS

R. S. Massey, D. N. Holden, R. Franz “R. S. Massey™*
Space and Atmospheric Sciences Group

MS-D466 .

Los Alamos National Laboratory

Los Alamos, NM 87545

The source of trans-ionospheric pulse pairs, the intense radio bursts
observed by the Blackbeard wide-band transient digitizer on the ALEXIS LEO
satellite, remains enigmatic. Since our initial report of this phenomenon at
the 1995 URSI meeting, hundreds more TIPP events have been recorded,
for a total of nearly 700. In this paper we update our original analysis of
84 TIPP events (R. S. Massey and D. N. Holden, Phenomenology of trans-
tonospheric pulse pairs, Radio Science, 30, 1645-1659, 1995). In that paper
we presented the distributions of a number of interesting parameters, including
the pulse energies, pulse separations, pulse durations, ionospheric dispersion,
and subsatellite point. Those estimates of the distributions were limited by
the small number of samples. In this paper we present statistical results from
the much larger database.

Some of the new data were obtained with the satellite positioned over
the United States. Differences between this data set and the "equatorial” data
set will be described. These data were obtained by operating the Blackbeard
instrument in a different frequency band (115-145 MHz) where interference is
substantially lower than for the original 29-95 MHz band. The pulse spectrum
remains approximately flat across this higher frequency band, further limiting
the duration of the micropulses within the pulse envelope.

We have also attempted to find matches between TIPP occurrences over
the United States, and lightning events recorded by US National Lightning
Detection Network. To date, no coincidences have been found.
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G/H7-9 TIPPs: COMPARISON OF RUNAWAY MODEL PREDIC-
1640 TIONS AND EXPERIMENT

R. A. Roussel-Dupré* R. S. Massey, Y. Taranenko
Space and Atmospheric Sciences Group

MS-D466

Los Alamos National Laboratory

Los Alamos, NM 87545

The VHF radio emissions expected from upward discharges driven by
runaway air-breakdown were computed with a two dimensional fluid model
coupled to Maxwell’s equations. The relativistic electron beam produced in a
runaway discharge contributes an intense forward directed component with a
peak amplitude at approximately 130 to the beam motion. The peak intensity
is calculated to be 1000 times greater than obtained for an angle of 900. The
contribution due to the low-energy secondary electron population dominates
at angles greater than approximately 250. The nature of the electric field
configuration produced in an upward discharge is such that an initial radio
pulse is produced at low altitudes { 25-40 km) followed by a secondary pulse
at high-altitudes (50-756 km). The duration of each pulse is calculated to be
several microseconds while the separation between pulses is tens of microsec-
onds depending on the angle of the observer relative to the beam direction
of motion. A detailed comparison of our results with recent BLACKBEARD
measurements of Transionospheric Pulse Pairs (TIPPs) is provided. Excellent
agreement is obtained between theory and experiment for the intensity, pulse
duration, and pulse separation in specific cases. The atmospheric conditions
necessary to reproduce the large variety of TIPP events is reviewed. Correla-
tions between various characteristic parameters such as total electron content
(TEC) along the ray path vs. pulse separation, brightness of the second pulse
relative to the first pulse, pulse separation vs. energy in the first pulse, pulse
duration vs. pulse separation, and total pulse energy vs. TEC are examined
in the context of theoretical predictions. An analysis of the spectral profile of
TIPPs is also presented. Suggestions for future experiments are proffered.
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J2-1 SCIENTIFIC GOALS FOR VSOP AND RADIOASTRON

1340
J. Anton Zensus*®

National Radio Astronomy Observatory
Charlottesville, VA 22903

The VSOP mission and the Radioastron project constitute the second
generation of spaced-based VLBI experiments, following the demonstration of
space VLBI (e.g. Linfield et al., 1989, ApJ 336, 1105), which revealed extreme
brightness temperatures in a number of compact sources.

VSOP (scheduled launch in September 1996) will allow high resolution
imaging of selected objects (primarily compact radio sources associated with
active galactic nuclei), reflected in the chosen apogee height of 22,000 km, and
the extensive use of imaging ground VLBI arrays. The scientific program will
be anchored in Key Science Programs chosen from a general call for proposals
and designed to ensure optimal scientific pay-off. A focus will be on imaging of
AGN with unprecedented resolution on sub-parsec scales. A subset of sources
with known apparent superluminal motion will be monitored to investigate
the evolution in the vicinity of the core. Aiming at cosmological questions,
the dependence of proper motion on redshift will be investigated. Other goals
include the measurement of spot sizes in OH and water maser sources, direct
distance measurements (using water masers), and high-resolution imaging of
radio stars. '

While VSOP will perform a limited search for high-brightness temper-
ature sources, this will be the main goal of the Radioastron mission, with
its apogee altitude of 77,000 km. In addition there will be a focus on mea-
suring the distribution of radio source size for AGN, interstellar scattering,
and proper motion-redshift dependence. The actual scope of the Radioastron
science program will be affected by the results from the VSOP experiments.
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12-2 VLBI OBSERVING SYSTEM FOR VSOP

1400
J. S. Ulvestad®* D. W. Murphy
Jet Propulsion Laboratory
California Institute of Technology
Pasadena, CA 91109

The VLBI Space Observatory Programme (VSOP) satellite is scheduled
for launch in September 1996. It will orbit with a perigee height of 1000 km,
an apogee height of 22,000 km, and an inclination of 31°. This paper describes
the VLBI observing system for VSOP and its differences from ground radio
telescope VLBI systems. '

The radio telescope aboard VSOP will have a polyhedral structure with
an area equivalent to that of an 8-meter circular antenna. Six extensible trusses
will provide the antenna deployment and backup structure. The overall shape
of the mesh surface will be maintained by a wire-tension-truss design, which
includes several thousand cables anchored to the trusses and to the spacecraft
body. Feeds and receivers for observing at 1.6, 4.8, and 22.2 GHz are located
at the Cassegrain focus. Aperture efficiencies are expected to be between
40% and 50%, while systemn temperatures will range from 100 K to 200 K.
The on-board science subsystem contains the local-oscillator chain as well as
the sampling and digitizing hardware necessary for VLBI observations. For
most observations, the two independent intermediate-frequency channels will
have bandwidths of 16 MHz each, with 2-bit sampling employed. This 128-
Megabit /s observing mode is compatible with VLBA data-acquisition systems.

VSOP carries no VLBI data recorder or high-stability frequency refer-
ence, so these must be located on the ground, thousands of kilometers from
the rest of the VLBI observing system. A reference tone derived from a hydro-
gen maser must be uplinked and used to drive all oscillators on the spacecraft.
Digitized data must be downlinked and recorded on the ground. Therefore,
VLBI observing can take place only when the spacecraft can communicate
with a tracking station. A set of five tracking stations will be used for VSOP,
providing coverage over 50% to 90% of each orbit.

In addition to the tracking station coverage, there are other significant
constraints on VLBI observing with VSOP. First, power considerations prevent
observations from being made within 70° of the Sun. Second, the spacecraft
orbit precesses rapidly; apogee moves from south to north and back again in
about 1.2 years, while the VSOP orbital plane precesses through an entire
cycle in about 1.8 years. Third, observations are not possible when the Earth
eclipses the Sun. Hence, the possible (u,v)-plane coverage changes substan-
tially over the course of a few months. When a radio source lies in the orbital
plane, nearly 1-dimensional (u,v) coverage is obtained. A few months later,
the same radio source may lie in a direction perpendicular to the orbital plane,
thus permitting improved 2-dimensional (u,v) coverage.
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J2-3 US Participation in Current Space VLBI Missions

1420
J. D. Romney™

National Radio Astronomy Observatory
Socorro, NM 87801

US scientists and institutions are participating in numerous aspects of
the two Space VLBI missions currently under development, VSOP (a project
of Japan’s Institute of Space and Astronautical Science) and Radioastron (a
project of Russia’s Astro Space Center). These US activities, funded by NASA,
are centered at two institutions, the Jet Propulsion Laboratory (JPL) and the
National Radio Astronomy Observatory (NRAO).

Both organizations are developing a network of earth stations to support
the missions’ phase-transfer links and 128-Mbit/sec data downlinks. A 13.7-m
station was completed in 1994 at Green Bank, developed by upgrading the
antenna which once formed the 35-km baselines of the NRAO Interferometer,
and three new 11-m stations are nearing completion, one at each of the prin-
cipal DSN sites. These four stations, plus the domestic earth stations in the
missions’ home countries, will provide nearly continuous tracking coverage, far
more than could be achieved by the domestic stations alone.

JPL personnel have provided major assistance to the two missions in
areas including design of the spacecraft and orbit, planning for mission oper-
ations and science scheduling, and development of the VSOP Announcement
of Opportunity, and to US astronomers in preparation of VSOP proposals.
After launch, JPL will provide orbit determination and oversee US data flow.

The VLBA, NRAO’s dedicated VLBI instrument, will commit up to 30%
of its scheduled observing time to joint observations with the current Space
VLBI missions. The VLBA correlator will process Space VLBI observations
which use the VLBA or other NRAO telescopes. Although not designed specif-
ically to support Space VLBI observations, this possibility was anticipated in
the correlator’s design. Thus, only relatively minor modifications, currently
partially complete, are necessary: incorporate software predicting the space-
craft. position and velocity; read and apply timing corrections derived from
the ground-to-space phase transfer process; extend the rate range of the cor-
relator’s delay tracking subsystem; and accommodate the large residual fringe
rate window required by the limited accuracy of orbit reconstruction.

NRAOQ’s imaging software, AIPS, is being modified to accommodate the
unique requirements of imaging Space VLBI observations. Among the new
features already incorporated or under development are: baseline-oriented
fringe fitting tasks, with flexible and adaptive residual rate and delay win-
dows; an interactive source model fitting program; and a fringe-rate mapping
routine. NRAO will provide post-launch user support for analysis of Space
VLBI observations at a level commensurate with that available currently to
users performing ground-based observations.
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J2-4 IMAGING CONSIDERATIONS FOR VSOP

1440 .
Chris Flatters
National Radio Astronomy Observatory
P. 0. Box 0
Socorro, NM 87801-0387

The VLBI Space Observatory Program (VSOP) will place an a radio
telescope with a diameter of 8 meters into orbit. This telescope will be used in
conjunction with ground-based VLBI arrays to provide data for high-resolution
imaging of radio sources. The planned orbit is specifically designed to provide
good u-v coverage but the characteristics of the orbiting antenna mean that
special care must be taken when mapping sources using data from it. The
two main concerns are the low sensitivity of the orbiting antenna relative to
ground-based telescopes and the rapid motion of the spacecraft.

The low sensitivity of baselines to the orbiter means that points in the
outer part of the u-v plane, which come exclusively from orbiter baselines, will
have smaller statistical weights than those in the inner part of the plane. This
will tend to degrade resolution if natural weighting in used because the points
in the outer part of the plane will contribute relatively little to the image. This
effect will be reinforced by the fact that density of u-v samples in the outer
part of the plane is much less than that in the inner part of the plane due to
the motion of the spacecraft. Uniform weighting will increase the resolution
at the cost of reducing dynamic range. The careful use of weighting schemes
that can vary parametrically between the extremes of natural and uniform
weighting should be able to produce maps with resolutions close to that given
by uniform weighting with only a small penalty in dynamic range.

The rapid motion of the spacecraft, particularly near perigee, also con-
strains the length of time over which data may be averaged. The motion of
the spacecraft within a long averaging period will produce azimuthal “smear-
ing” which limits the field of view. This is an important constraint on self-
calibration since long averaging times may be necessary to reduce the SNR on
the orbiter baselines sufficiently for self-calibration to be effective.
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J2-5 A PROPOSED SECOND-GENERATION SPACE VLBI MIS-
1500 SION '

R. P. Linfield* J. S. Ulvestad J. G. Smith
Jet Propulsion Laboratory

California Institute of Technology

Pasadena, CA 91109

We have proposed a highly sensitive, second-generation space VLBI mis-
sion called ARISE (Advanced Radio Interferometry between Space and Earth).
Recently, a mission concept study for ARISE was successfully proposed to
NASA in response to a NASA Research Announcement for “New Mission
Concepts in Astrophysics.”

The two key attributes of ARISE, when compared to the first-generation
space VLBI missions (VSOP and RadioAstron), are its much greater sensitiv-
ity and its coverage of higher observing frequencies. Through a large radio
telescope (25-30 m diameter), low system temperatures (10-40 K) and a high
data rate (8 Gbit/s), the interferometer sensitivity of ARISE would be a fac-
tor of about 50 better than for VSOP or RadioAstron. Detection thresholds
would be well below 10 mJy at 5 GHz and 22 GHz. ARISE would also push
into new (for space VLBI) frequency bands: 43 GHz and (with somewhat less
sensitivity) 86 GHz.

The ARISE spacecraft would achieve a large collecting area at low cost
by employing an inflatable antenna. A 14-m inflatable antenna developed
by the L’Garde Corporation is scheduled to be deployed and have its surface
figure tested in a Space Shuttle experiment planned for early 1996.

In addition to high-dynamic range imaging and monitoring of classic
VLBI sources, ARISE would explore areas of astrophysics that are not ac-
cessible to VSOP or RadioAstron. The exploration of active galactic nuclei
(AGN) would be expanded to include much weaker objects such as Seyfert
galaxies, normal galaxies, and lobe-dominated radio galaxies. The high sensi-
tivity also would enable imaging of a number of radio stars in their quiescent
states. The high-frequency capability would permit very high resolution 86-
GHz observations of AGN at the base of their relativistic jets, in a frequency
regime where the jets are optically thin. Finally, this high-frequency capabil-
ity would permit single-dish mapping of a number of star formation regions in
the molecular oxygen complex near 60 GHz, which cannot be observed from
inside the Earth’s atmosphere.
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12-6 . GLOBAL GROUND VLBI NETWORK AS A
1520 TIED ARRAY FOR SPACE VLBI
L. Kogan ‘

National Radio Astronomy Observatory,
PO Box 0, Socorro, NM 87801

The both now planned space VLBI (SVLBI) missions RADIOASTRON
and VSOP have a small space antenna and as a result a comparatively poor
sensitivity. Baselines between a ground based and the space antenna is not
known in advance with an accuracy typical for ground based VLBI. Many
sources can be partially resolved on the baselines SPACE-EARTH. Therefore
the typical correlated flux density for interferometer SPACE-EARTH is less
than for a ground based interferometer. In this situation the problem of min-
imization of a detectable flux density is rather actual. Phasing of group of
ground based antennas can decrease the minimum detectable flux density on
the interferometer between the combined Earth radio telescope and the space
one. It is known that global fringe fitting procedure provides decrease in detec-
tion threshold for the case of 'n’ identical antennas in ~ /n/2 times. (W.D.
Cotton and F.R. Schwab, VLBA Scientific memo # 2, 1993; A.E.E. Rogers,
VLBA Scientific memo # 4, 1993). The estimation of the detection threshold
decrease provided by global fringe fitting procedure in the case of unidentical
antennas has been performed. It has been shown that phasing of group of
ground based antennas and global fringe fitting procedure provide identical
decrease in detection threshold for interferometer Earth-Space in the case of
small space antenna comparatively with a ground based one.

Therefore it is not necessary to invent something special to achieve the min-
imum detectable flur density for interferometer Earth-Space. The standard
global fringe fitting procedure (FRING in AIPS for example) realizes it.

The minimum detectable flux density has been calculated for interferometer
RADIOASTRON/VSOP and Earth represented by group of phased antennas
in USA, Europe, and Australia.
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J2-7 LOW FREQUENCY RADIO ASTRONOMY IN EARTH ORBIT
1600 AND ON THE MOON

Kurt W. Weiler*

Code 7214

Naval Research Laboratory
Washington, DC 20375-5300

Exploring the astrophysics of the Universe at very low radio frequen-
cies requires going to space. At frequencies between ~ 1 and ~ 30 MHz, a
frequency range over which the Earth’s lonosphere transmits poorly or not
at all, high resolution and sensitivity surveying and mapping will open a new
window in the electromagnetic spectrum for astronomical investigations. Also,
extending observations down to such low frequencies will bring astronomy to
the fundamental physical limit below which the Milky Way becomes optically
thick over relatively short path lengths due to diffuse free-free absorption in
the ISM. There are many scientific areas to be explored in this new observing
window

Mapping of the Galactic background emission is of prime importance
for determining the distribution of relativistic cosmic ray electrons and their
low frequency injection and acceleration. The diffuse free-free absorption of
low frequency radiation and its scattering and refraction by the density fluc-
tuations is an important probe of the ISM.

The low frequency radio spectra of extragalactic sources will allow the
separation of a number of different emission and absorption processes and
determine what types of relativistic electron energy loss processes dominate.
Measuring the brightness of large scale, low energy electron distributions will
limit theories of the evolution and lifetime of radio galaxies since at these
frequencies the radiative lifetimes of synchrotron electrons approach the age
of the universe.

Supernova remnants will be prominent sources at low radio frequencies
and millisecond pulsars, while no longer pulsing due to interstellar scattering
and dispersion, should appear as very prominent point sources due to their
steep spectra.

Cooherent emission, which is prominent in the solar system, is relatively
unimportant in most cosmological radio sources. However, at these low fre-
quencies it will likely become a common process, possibly revealing a new class
of emitters.

Arrays to carry out these objectives in high earth orbit and on the near
or far side of the moon will be discussed. There are a number of technical
problems to be solved, such as full sky mapping, and there are environmen-
tal limitations, such as magnetospheric refraction and natural and man-made
interference. Possible solutions will be discussed.
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J2-8 A LUNAR ORBITING LOW FREQUENCY RADIO ASTRON-
1620 OMY OBSERVATORY CONCEPT

R. G. Stone* M. D. Desch
Laboratory for Extraterrestrial Physics
Goddard Space Tlight Center
Greenbelt, MD 20771

The Lunar Orbiting Low Frequency Radio Astronomy Observatory
(LOREX) concept is to make radio observations from lunar orbit to study
emissions from galactic and extra galactic radio sources. Designed to oper-
ate at frequencies from 1 to 10 MHz, a range which could be extended, the
LOREX will open up a new spectral band for astrophysical studies, a band
not accessible to ground based radio observatories owing to the opacity of the
Earth’s ionosphere. The spacecraft would be capable of studying astrophysical
phenomena at a spatial resolution determined by the Fresnel fringes produced
by sources occulted by the lunar limb. The science to be produced by LOREX
includes: extending the spectra of known radio sources beyond their present
limits, observing new, possibly coherent, steep spectra emitters, and studying
the distribution of low energy cosmic ray particles. LOREX would act as a

pathfinder mission for a lunar based observatory in the next century. The’

electromagnetic environment as determined by space borne radio observations
will also be discussed as they may impact proposed space astronomical obser-
vations. Specifically, a major concern for observations in this frequency band
is the expected high level of electromagnetic interference from Earth-based
transmitters. Power levels at lunar orbit have been observed in the past to
exceed 10’s of dB above the galactic background level, which would effectively
prevent observations of astrophysical interest. Recent high-resolution data
from the WAVES radio astronomy instrument onboard the WIND spacecraft
have confirmed the existence of high levels of electromagnetic noise, primarily
from commercial broadcast stations operating just above the ionosphere crit-
ical frequency. However, we have identified a fair number of relatively broad
bands in the 2 ~ 15 MHz spectral region in which the electromagnetic inter-
ference is greatly reduced. We will present observations of these bands and
show statistical analyses of the electromagnetic noise at various amplitude lev-
els. Finally, we will discuss the efficacy of making observations in these bands
from lunar orbit in the context of LOREX.
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J2-10 THE ASTRONOMICAL LOW-FREQUENCY ARRAY

1640 D. L. Jones* and the ALFA Midex Proposal Team?
Jet Propulsion Laboratory
Mail Code 238-332 -
4800 Oak Grove Drive
Pasadena, CA 91109

The low frequency end of the electromagnetic spectrum, from a few
tens of MHz down to ~ 100 kHz, is largely inaccessible from the Earth due
to the ionosphere and RFI. From space, however, a cluster of very small,
inexpensive satellites operating as an interferometer array could provide radio
images of the entire sky with angular resolution limited only by scattering
in the interplanetary and interstellar media. Data from such an array could
answer a wide range of astrophysical questions about the solar system, the
galaxy, and the distant universe. :

We present an innovative concept for the deployment and operation of
a low-frequency array in space. A solar orbit is used to get far from the Earth
to reduce radio interference and to minimize the cost of precise trajectory
determination and control. The array consists of 16 identical spin-stabilized
microsats, which are deployed into a volume 100-200 km in diameter by a
single bus. Precise control of the microsat positions is not required because
of the very long wavelengths being observed. Each microsat includes a pair of
orthogonal dipole antennas in the spin plan, and autonomously keeps its spin
axis pointed at the Sun. The deployment bus is 3-axis stabilized and is used
to monitor the three-dimensional geometry of the array and to relay data from
each microsat to Earth. Cross-correlation of the data and the production and
deconvolution of full-sky images can be done on existing parallel computers.
A detailed study of imaging algorithms for this mission is currently underway.

By basing the design of the flight hardware on previously flown commer-
cial satellites and minimizing the complexity of ground operations, we believe
that ALFA can be developed and flown as a medium-class Explorer mission.

Part of this work was carried out at the Jet Propulsion Laboratory, Cal-
ifornia Institute of Technology, under contract with the National Aeronautics
and Space Administration.

t The ALFA proposal team consists of R.J. Allen (STScI), W.H. Blume (JPL),
M.M. Desch (GSFC), W.C. Erickson (U. Tasmania and U. Maryland), M.L.
Kaiser (GSFC), N.E. Kassim (NRL), T.B.H. Kuiper, R.P. Linfield, M.J. Ma-
honey, K.A. Marsh (JPL), R. Michalski (CTA Space Systems), R.E. Oberto
(JPL), R.A. Perley (NRAO), R.A. Preston (JPL), R.G. Stone (GSFC), and
K.W. Weiler (NRL):
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J2-11 “FIRST”, A SUBMILLIMETER SPACE MISSION

1700 L
T. G. Phillips*
California Institute of Technology
Pasadena, CA 91125

FIRST (Far-Infrared and Submillimeter Space Telescope), an ESA mis-
sion, is a high sensitivity submillimeter spectroscopy and continuum satellite,
approved as a “Horizon 2000” Cornerstone mission for launch in 2005/6. It
has an ESA assigned budget of 400 MAU (1984 European accounting units;
1 MAU is slightly more than $1M.) The primary goals of the mission are the
detection and study of distant and possibly primordial galaxies (1 <z < 5),
and the detection and study of stars forming in the local interstellar medium.

The NASA goal is to contribute to the technical and scientific aspects
of the program, to provide a significantly enhanced international mission,
through the use of advanced US technology, and also results in core program
and open time science opportunities to US astronomers. NASA would be a
partner in FIRST with ESA, at a level still to be determined. Our own project
in this field, SMIM, is similar to FIRST, and although planned some time ago,
could not be constructed on a competitive timescale, so the US submillimeter
community has decided to try to join the European project.

The FIRST mission, as approved, is a 3-m diameter, radiatively cooled
(165 K) telescope for high-throughput spectroscopy and photometry in the
submillimeter and far-infrared range (85 — 900 ym, 3.5 — 0.33 THz). Best
angular resolution is about 7”. The payload consists of a cryogenic focal plane
system with: superconducting tunnel junction (SIS) heterodyne detectors pro-
viding near quantum-noise performance for high spectral resolution (R, > 10°)
in the 500 — 1200 GHz range; imaging photoconductor arrays for photometry
(R ~ 3) or medium resolution spectroscopy (R ~ 10%) in the 85~ 210 grm band,
and bolometer arrays for spectroscopy in the 200 -~ 300 gm band and photom-
etry in the 200 — 900 pm band. The nominal mission lifetime is 2 years, but
could be extended to six years depending on the final cryogenic technology
employed.
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JSS-1 THE COSMIC MICROWAVE BACKGROUND RADIATION IN
0900 THEORY AND EXPERIMENT

Dale Fixsen*

Goddard Space Flight Center
Code 685.0

Greenbelt Rd.

Greenbelt, MD 20771

The FIRAS (Far InfraRed Absolute Spectraphotometer) instrument
aboard COBE, the COsmic Background Explorer, collected 10 months of data
covering most of the sky from .105 mm to § mm. These data offer the best
opportunity to date to test the black body spectrum predicted by the big bang
theory. The data are of sufficient quality to look for perturbations introduced
by galaxy formation and other possible occurrences in the young universe.
To account for the data the big bang model must include more than uniform
temperature and density. These perturbations, first found by COBE DMR,
as well are coming into view with a new generation of instruments such as
MSAM (Medium Scale Anisotropy Measurement). With three balloon flights
and 15 hours of observation this instrument is able to detect the fluctuations
in temperature on angular scales of one half degree.
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Jss-2 REDSHIFT DISTORTIONS AND OMEGA

0930
Andrew Hamilton*

University of Colorado
JILA

Box 440

Boulder, CO 80309

Peculiar velocities of galaxies induce line of sight distortions in the pat-
tern of clustering of galaxies observed in redshift space. On small scales,
the large orbital velocities of galaxies in collapsed clusters produce the well
known “fingers-of-god’. On large scales, peculiar infall towards overdense re-
gions causes the opposite effect, an apparent squashing of clusters in redshift
space. The amplitude of the squashing depends on the cosmological density
Omega. I review recent theoretical and observational work on the large scale
squashing effect, and the values of the cosmological density Omega which have
been inferred.
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JSS-3 RADIO SOURCES AS COSMOLOGICAL PROBES
1000

Ed Fomalont*

NRAO

Edgemont Rd.
Charlottesville, VA 22903

The energy in the microwave radiation emitted by quasars and galaxies
can approach 102 Watt/Hz/stér. This energy is easily detected by radio tele~
scopes at a typical flux density of 10726 watt/Hz/m?. These objects are then
at a distance of 10%6m, or 10 billion light years. Since we believe the age of the
universe is approximately 10 billion years (determined from the observed rate
of expansion of the nearby galaxies), we are observing emission from these ra-
dio sources at an early stage in the universe development. We believe that the
sources are affected by the two major “cosmological” properties: evolution—
the change of the intrinsic properties of the radio sources in the early universe
environment; and geometry—the effect of the overall mass distribution of the
universe on the space propagation of the radio source. Clearly, radio sources
can be used as an effective probe of the cosmological evolution and geometry.

Three of the most important parameters which describe the cosmolog-
ical geometry are: H,, the Hubbel constant; q,, the deceleration parameter;
omega, the density parameter. If there were little cosmological evolution of the
radio emission from quasars and galaxies, the above three parameters could
be measured relatively easily from the collective properties of radio sources.
Some of those discussed in this talk are: (1) The number of radio sources
in the sky as a function of flux density; (2) the angular size of radio sources
versus their redshift (speed of recession); (3) The spatial clustering of radio
sources; (4) The rotational properties of large galaxies; (5) The relativistically
expansion of some sources.

The cosmological evolution of radio sources, however, has a stronger
influence in the appearance of distant radio sources, than that of cosmological
geometry-—as interpretation of the above properties of the sources will attest.
However, with the wealth of recent observations of medium and high redshift
objects, astronomers are beginning to unravel the cosmological and geometric
properties of the universe. Recent results and anticipated experiments in the
near future will be described.
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JS5-4 A RADIO SEARCH FOR PRIMORDIAL PROTOCLUSTERS

1100
I. M. Avruch
Department of Physics
Research Laboratory of Electronics
Room 26-348 :
Massachusetts Institute of Technology
Cambridge, MA 02139
J. Weintroub*
Lyman Laboratory of Physics
Harvard University
Cambridge, MA 02138

There are no astronomical observations between recombination (red-
shift z ~ 1100) and the epoch of the most distant quasars (z &~ 5). Very
little is known definitively about the manner in which the very smoothly dis-
tributed matter at recombination (as inferred from measurements of the cos-
mic microwave background) condensed to form the stars, galaxies, and galaxy
clusters which we see today. Theories of structure formation would benefit
from observational constraint. It is likely that massive self-gravitating clouds
of neutral hydrogen are formed at some high red-shift. We are trying to ob-
serve these in the hyperfine line (A = 21 cm), at red-shifts 4.7 < 2 < 5.5 (a 32
MIz band centered at 235 MHz).

The expected signal is very weak. In order to make a detection in a rea-
sonable time we require the large collecting area of the Arecibo Observatory.
Qur experiment, installed in the summer of 1994, runs continuously and in the
main independently of scheduled observations and the observatory upgrade.
Dual broadband point feeds are mounted on the telescope catwalk where it
intersects the focal surface, allowing continuous transit observations. The ded-
icated receiver includes low-noise preamplifiers, RF and IF filters and mixers,
and a custom power-accumulating FFT spectrometer with 10-kHz resolution
and 32-MHz instantaneous bandwidth (4k channels per feed). The spectrom-
eter output is time tagged and logged to disk on a control PC, and digital
audio data tapes are shipped biweekly to Cambridge.

Strong RFI virtually blankets our system except for a few early morn-
ing hours, and spillover losses are unexpectedly high. We are redesigning our
feed to lower horizon sensitivity and maximize overall SNR. Design require-
ments are derived by modeling the effects of spherical aberration and squint
on system gain and noise temperature.
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J8S-5 COSMOLOGICAL IMPLICATIONS OF GRAVITATIONAL
1130 LENSES

Jacqueline N. Hewitt*
MIT

Bldg 26-331

77 Mass Ave )
Cambridge, MA 02139

Gravitational lensing occurs when radiation from a distant object passes
through a foreground gravitational field. Astrophysical phenomena that are
recognized as gravitational lensing include “strong lensing”, in which multiple
images of the background source are formed; “weak lensing”, in which just dis-
tortions are produced; microlensing; and some statistical properties of samples
of high redshift objects. Gravitational lenses are beginning to be applied to
some long-standing problems in cosmology, such as the nature and distribu-
tion of dark matter in the universe and the values of cosmological parameters,
including the age and scale of the universe.
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JSS-6 DISCUSSION: PRESENT ISSUES, FUTURE INSTRUMENTS: B.F. Burke, MIT,
1200 Cambridge, MA 02138
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