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JUPITER AND SATURN AS SEEN WITH S- AND X-BAND
G. L. Tyler

Stanford University

Center for Radar Astronomy

Stanford, California 94305

Voyager radio science observations of the Jov1an and
Saturnian systems included:

1)

6)

Occultation measurements of the atmospheres of Jupiter
and Saturn to the level of the clouds (1-bar pressure
at Jupiter, 1.4 bar pressure at Saturn), and the
atmosphere of Titan to the surface,

Determination of the 1onospher1c profiles at the
occultation points,

Determination of the figures of Jupiter and Saturn and
the radius of Titan to high precision (approximately 1
kilometer),

Measurement of the principal gravitational harmonics of
the primaries and the masses of several Saturnian
satellites,

The microwave extinction and scattering phase function
of Saturn's rings - - which Teads to estimates of the
particle size distribution, and

a significant test of the general relativistic red
shift in the potential well of Saturn.

These results were obtained through eariy scientific inputs to a
carefully engineered radio tracking system and special trajectory
considerations.
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A3-3 THREE YEARS OF RADIO SCIENCE WITH PIONEER VENUS
0920 A. J. Kliore

Jet Propulsion Laboratory .

California Institute of Technology

Pasadena, CA 91109

Since Venus orbit insertion on December 4, 1978, the
Pioneer Venus Orbiter has been used to obtain a large number
of radio occultation measurements of the ionosphere and
atmosphere of Venus at S-band (13.05 cm) and X-band {3.56 cm)
wavelengths. More than 140 profiles of electron density in the
Venus ionosphere havS been ogtained, covering solar zenith
angles (SZA) from 26 to 167 . On the dayside, the peak
“electron density peak behaves in accordance with Chapman theory,
while the peak altitude d8es not. It remains fairly constant
at abogt 140 km to SZA 707, then dips to about 138 km between
SZA 70 and 85" in respohse to the rapidly decreasing density
near the terminator, befoge risingoto about 145 km on the
terminator between SZA 85- and 100°. On the nightside the peak
electron density displays gregg variability from orbit to orbit,
having a3meag3of 20.5 x 10%cm”~ and a standard deviation of
8.3 x 107 ecm ~. The altitude is also more variable, having a
mean of 143 km and a standard deviation of 7 km. Over 100
profiles of the temperature structure of the Venus lower at-
mosphere between the altitudes of 40 and 90 km have also been
obtained. The temperature structure has been found to vary
mostly with latitude, with the trogopause height remaining at
about 55 km from the equator to 45 1a81tude, Snd then rising
to about 64 km between latitudes of 55° and 80~, corresponding
to the "collar cloud” region. In this region a strong tempera-
ture inversion above the tropopause is also observed. In the
polar regions the tropopause altitute is either 55 km or 62 km,
depending on whether or not the measurement was made inside or
outside of the polar "dipole" features. The strong correspondence
of temperature structure with observed visual features suggests
that both are consequences of the general circulation pattern.

This work was performed under NASA contract NAS-7-600.
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A3-4 RADIO RELATIVITY EXPERIMENTS
1005 R. W. Hellings
Jet Propulsion Laboratory
Pasadena, CA 91109

The remarkable precision of routine range and Doppler
measurements to deep-space spacecraft has turned the solar
system into a laboratory for testing the predictions of
General Relativity. The experiments are of two types: those
which probe the gravitational field of the sun and those
which search for gravitational waves from cosmic sources.

By combining range data to the Viking lander with other
astrometric data types, the relativistic effects of the sun's
gravity on planetary orbits and on the propagation of
electromagnetic tracking signals may be detected. The non-
linear effect of the sun's self-gravity (PPN parameter B) has
been measured to 0.5%; the curvature of space (PPN parameter
y) has been measured to 0.1%; and the time rate of change of
the effective Newtonion gravitational consta?f (6/6) has been
shown to be zero to within a few parts in 10’ per year. The
improvement in the determination of these parameters is mainly
the result of the unprecedented accuracy of our knowledge of
Mars' orbit, derived from ranging to the Viking lander. The
orbit has now been modelled to within 8 m over the nearly five
years of data.

In an attempt to produce a first direct detection of
gravitational waves, we use the superior frequency stability of
Deep Space Network to detect the tiny Doppler shift produced
when a gravitational wave affects the spacetime through which 3
spacecraft tracking signal is passing. With accuracies of 10
mm/sec over 500 sec integration times obtainable in two-way
tracking the Voyager spacecrgf;, a sensitivity to waves of
dimensionless amplitude 3x10 is realized. The limiting error
source in this measurement is scintillation in the interplanetary
plasma. This limit may be improved by about an order of magni-
tude when an X-band uplink is available to replace the present
S-band uplink.
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A3-5 CLUES FOR PLANETARY STRUCTURE: B.W. Williams and W.L.
1030 Sjogren, Jet Propulsion Laboratory, Pasadena, CA 91009

Extracting gravity field information from radiometric
tracking (Doppler) data of orbiting spacecraft has provided
constraints on planetary interiors. Over the last two
decades, planetary explorations of the Moon, Mars, Venus,
Jupiter, Saturn, and even planetary satellites have supplied
opportunities for -deducing the mass properties of these
bodies. - An overview of results from various planetary
explorations will include the Ranger and Surveyor missions
from which the mass parameter (GM) of the Moon was determined
and the Apollo 15 -and 16 orbits which resulted in
confirmations of lunar mass concentrations (mascons). The
Apollo 15 and 16 spacecraft included small unmanned
subsatellites which, after release, came to within 15-20 km.
of the lunar surface and thus provided the highest resolution
thus far for a portion of the lunar surface.

The Mariner IX mission to Mars vielded preliminary
Martian global gravity models which were initially used to
model the large orbit perturbations encountered by  the Viking
I and II spacecraft. The Viking orbiters were eventually used
to improve the glcbal model of Mars gravity and also to pro-
provide high-resolution surface gravity maps near their
periapsis latitudes, A unique application of gravity reduc-
tion from doppler tracking occurred when the mass parameters
of the Martian moons, Phobos and Deimos, were determined
during encounters with the Viking spacecrafts. Meanwhile, the
- Pioneer Venus Orbiter provided the first detailed lock at the
Venusian gravity field. Both direct and indirect methods were
again used to obtain gravity information, but the task was
camplicated by the relative insensitivity of the PVO orbit to
Venus gravity perturbations, These gravity maps correlate
very well with radar maps of surface topography obtained from
PVO even though this does not occur for the Earth.

A quite different approach to the inference of Earth's
gravity perturbations on two orbiting spacecraft will be
presented in a summary of the GEOS-3/ATS-6 experiment. The
analysis of the relative tracking between the low orbit of
GEOS-3 and the much higher orbit of ATS-6 resulted in measures
of local gravity anomalies which were free from errors
associated with spacecraft tracking from Earth-based stations.
Finally, the recent determinations of mass parameters of
Jupiter and Saturn from the fly-bys of Voyager I and II will
be presented. The results obtained from single encounters
such as these, while more limited than orbiter results, can
nevertheless yield constraints on planetary structure.
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A3-6 IONOSPHERIC RADIOWAVE PROPAGATION MEASUREMENT

1055 TECHNIQUES
J.A. Klobuchar, Air Force Geophysics Laboratory,
Hanscom AFB, MA 01731
C.L. Rino, SRI International, Menlo Park, CA 94025

Various military and civilian satellite systems
including NASA-JPL Deep Space Probes require correction for
the time delay effects of the earth's ionosphere. Satellite
communication systems require a knowledge of the statistics
of lonospheric amplitude and phase scintillation for system
design and operational planning purposes. Since satellites
specifically designed for ionospheric monitoring purposes
would be very expeunsive, the ilonospheric community has taken
advantage of the signals transmitted from various opera-
tional navigation and communications satellites to make
measurements of the amplitude and phase fading as well as
time delay produced by the ionosphere. These measurements
have used telemetry beacon signals from 137 MHz to communi-
cations carriers at frequencies in excess of 10 GHz. The
standard amplitude scintillation measurement simply requires
determining the normalized RMS statistics of the received
signal as a function of time, while the phase measurement
requires detrending the diurnal curve from the received phase
changes and determining the RMS fluctuations remaining after
a suitable detrend interval has been chosen. The absolute
ionospheric time delay can only be determined by measuring
the difference in phase of modulation received on two car-
riers such as the method used in the NMAVSTAR-Global Posi-
tioning System (GPS) satellite navigation system currently
under development. Other two frequency satellite systems,
such as the TRANSIT 150-400 MHz low orbit satellite naviga-
tion system are able to correct only for range rate errors
due to changes in the relative ionospheric time delay from
one satellite position to another.

Still another technique for determining relative iono-
spheric time delay, weighted by the earth's magnetic field,
is the measurement of Faraday polarization rotation of
linearly polarized VHF radio signals transmitted from tele-
metry signals from suitable geostationary satellites. While
Faraday rotation is a relative lonospheric time delay mea—
sure, the ambiguity in determining the absolute number of .
turns of polarization rotation due to the ionosphere
generally is not difficult to resolve.

While various techniques have been developed for near-
real-time measurement of the amplitude, phase and time delay
characteristics of trans-ionospheric paths, the use of sig—-
nals from the NAVSTAR-GPS satellites shows the most promise
for future near-real-time user requirements.

101




Commission A Session 3

A3-7 TECHNIQUES FOR DETERMINING ELECTRON CONTENT CORRECTIONS
1120 FOR INTERPLANETARY SPACECRAFT NAVIGATION

H. N. Royden, T. E. Litwin, and R. A. Norman

Jet Propulsion Laboratory

California Institute of Technology

Pasadena, CA 91109

Determination of the orbits of interplanetary spacecraft
at the Jet Propulsion Laboratory (JPL) is performed by using
Doppler and range measurements from the radio 1ink between
spacecraft and Earth, augmented by optical measurements near
the target planet. The high precision of radio navigation
arises from the fact that these measurements determine angles
(right ascension and declination), not just radial velocity and
distance. Free electrons along the signal path introduce ervors
in Doppler and range measurements that result in significant
errors in the angles derived from those measurements. The
angular errors due to the-earth's ionosphere, in particular,
are systematic.

Most of the deleterious effects of ionospheric and solar-
plasma electrons on orbit-determination accuracy can be removed
by applying computed corrections for total electron content
along the line of sight to each data point. These corrections
are based on Faraday-rotation ionospheric electron content
mapped from geostationary sateliites and on dispersive {S- and
X-band) downlink Doppler directly from the spacecraft. The
techniques used at JPL to determine these corrections will be
described, along with both direct and indirect applications to
radio science measurements.
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INTERFACE AND SURFACE EFFECTS
Thursday morning, 14 Jan., CR2-28
Chairman: Allen Q. Howard,
Department of Electrical Engineering, University of
Arizona, Tucson, AZ 85721

B5~1 SINGLE INTEGRAL EQUATION FORMALISM FOR
0830 SCATTERING AND TRANSMISSION AT A ROUGH
INTERFACE:

J.A. DeSanto, Electro Magnetic App]icatibns,
Inc., 1978 S. Garrison St., Denver, Colorado
80226

We discuss the problem of scattering and transmission by a
rough interface separating homogeneous semi-infinite media
using Green's function methods. The media are either fluids
(acoustic case) or dielectrics (TE and TM polarizations).
Green's theorem applied to the upper medium (V) containing
the source and field coordinates (for a scattering problem)
yields an ‘integral relation for the field value G, in terms of
surface values Gy, and its normal derivative N1 . Green's
theorem in the Tower medium (VZ) with source ané field coordi-
nates in V, yields an extended boundary condition or extinction
coefficient relating surface values G S and Nz_. Using the
usual continuity conditions at the 1n%erface, gombining the
equations, passing to the surface 1imit, and expressing the re-
sults in terms of a single layer integral density yields a sin~
gle integral equation for this density. Analogous results hold
for the transmitted field. In the limiting cases for Dirichlet
and Neumann boundary conditions we recover the usual boundary
integral equations from this single equation. In the flat sur-
face 1imit the Fresnel reflection and transmission coefficients
are derived.

103




Commission B Session 5

B5-2 COHERENT SCATTERING FROM GENTLY UNDULATING
0850 RANDOMLY ROUGH CONDUCTING SURFACES:
G. .S. Brown, Applied Science Associates, inc.
Apex, North Carolina 27502

A scattering solution which goes beyond physical optics
or perturbation approximations is presented for the case of a
randomly rough perfectly conducting surface having negligibly
small slopes and curvatures but arbitrary height. The con-
tinuous surface is approximated by an infinite number of non-
overlapping large flat areas which are randomly elevated with
respect to the mean planar surface. This approximation is
justified by the small surface curvatures and slopes. lIgnor-
ing curvature and slope effects and using the above approxi-
mation for the surface, the magnetic field integral equation
for the current induced on the discretized surface is solved
exactly. The solution shows that only the lowest elevated
flat area supports a nonzero current and this particular cur-
rent is equal to the physical optics value. The average
scattered field is found to depend upon the probability den-
sity function for the random surface height, its distribution
function, and the effective number of surrounding flat areas
N.  For the case where decorrelation implies statistical in-
dependence, the average scattered field is given by one
straightforward integration which is solved numerically for a
Gaussian surface. For a given surface roughness or Rayleigh
parameter, there is one and only one value of N which maxi-
mizes the average scattered field. The N which maximizes the
average scattered field is found to vary as the Rayleigh
parameter raised to the third power. In consonance with the
physics of multiple scattering, this result is interpreted
to represent the increasing area of interaction on the sur-
face. That is, for N=0 there is no multiple scattering on
the surface while for N>>1 there is strong multiple scatter-
ing or interaction on the surface. Thus, for the first time,
it is possible to clearly relate the effective area of mul-
tiple scattering on the surface directly to the surface
roughness.
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B5-3 COMPLETE ORTHOGONAL FUNCTIONS FOR COUPLED

0910 STRIP CONDUCTORS IN STRATIFIED DIELECTRICS:
Bing-Hope Liu, Electromagnetics Laboratory,
Department of Electrical Engineering,
University of Colorado, Boulder, CO 80309

Recently, the author has proposed a method for systemati-
cally constructing basis functions for two-dimensional field
problems containing a strip conductor buried in stratified
dielectrics {to appear in the Special Issue of RADIO SCIENCE
on the 1980 Munich Symposium). In this paper, the method is
generalized to the case of a pair of symmetrical conductor
strips.

By applying a simplifying averaging process to the asso-
ciated static problem, the structure of the specific kernel or
Green's function can be determined approximately. An integral
form of continuity equation is derived; general sets of even
as well as odd quasi-eigenfunctions defined on the discrete
interval (-b,-a) U (a,b) are set up, which are orthogonal and
complete in appropriate Hilbert spaces. On substituting into
these sets the specific information obtained from the approxi-
mate kernel, the required quasi-eigenfunctions for the problem
in question can be established.

Since both the edge condition and the continuity equation
are satisfied simultaneously and the inhomogeneity of dielec-
tric constants is duly taken into account, these resultant
functions are a particularly suitable expansion basis for the
series or moment solution to such physical quantities as scalar
potential, induced surface charge, and surface current in wave
guide or scattering problems involving a pair of symmetrical
strips buried in stratified dielectrics.
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B5-4 RADIATION PATTERNS OF HF DIPOLES ON A SLOPING BEACH

0930 K. S. Park, C. J. Teng* and R, J. King

Department of Electrical and Computer Engineering
University of Wisconsin, Madison, WI 53706
*M.I.T. Lincoln Laboratory, Lexington, MA 02173

The effect of a sloping beach on the radiation of a verti-
cal electric dipole (VED) is of practical interest since an-
tenna systems are often situated on an island or near a coast-
line. Recently, Teng and King (Electromagnetics, 1, 101-116,
1981) developed an integral formulation using the compensation
theorem which can be applied to azimuthally symmetric ground
structures on which the surface impedance can vary arbitrarily
in the radial direction. Here, the radiation characteristics
of a VED on a circular island-sloping beach-sea are numerically
investigated using this method. As the formulation is based
on the surface impedance concept, the surface impedance along
the sloping beach is calculated using an overburden of uniform
depth equal to the local depth of the sea water and parallel
two-layer stratified media theory. It was found that the
sloping beach does not have a profound effect on the radiation
pattern, because the effective sloping beach only extends about
0.15)g at 10 MHz (ab). At this point (b) the impedance of the
sloping beach is about 20% of that of the homogeneous sea.
Also, the effects of various parameters such as the properties
of the land (e.g., wetness), the distance between the VED and
the coastline (a), the height of the VED and the operating
frequency are discussed.
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B5-5 SCATTERING FROM A CONDUCTING STRIP LOCATED BELOW THE

1020 INTERFACE BETWEEN TWO HALF SPACES: C. M. Butler and
A, W. Glisson, Department of Electrical Engineering,
University of Mississippi, University, MS 38677

Attention in this paper is addressed to the determination
of the scattering from a conducting strip that is embedded
in a half space and is located near the planar interface
between its host and a second half space. The axis of the
strip is parallel to the interface but the plane of the
strip need not be. Excitation is transverse magnetic to and
invariant along the strip axis but otherwise may be general,
An integral equation whose kernel contains a two-dimensional
Sommerfeld integral is formulated for the strip current and
is solved numerically. Care is given to accurate evaluation
of the Sommerfeld integral. Results are compared with the
analytic solution available for the current on a narrow
strip that resides on the interface between the two media.
For the general strip, current distributions for several cases
of interest are presented and are interpreted physically.
Far-zone field patterns, determined by asymptotic techniques,
are given for various combinations of media contrasts and
strip width, location, and orientation relative to the inter-
face.
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B5-6 SCATTERING FROM A CONDUCTING STRIP ON A PLANAR

1040 INTERFACE BETWEEN TWO HALF SPACES: Chalmers M.
Butler, Department of Electrical Engineering,
University of Mississippi, University, MS 38677

The purpose of this paper is to report upon an investi-
gation of scattering of a specified incident field by a
conducting strip which resides on the planar interface
between two semi-infinite, homogeneous half spaces of different
electromagnetic properties. The perfectly conducting, flat
strip is of infinite extent and the excitation of interest
here is transverse magnetic to the strip axis. The formulation
of an integral equation for the current induced on the strip
is briefly outlined and it is mentioned that the Green's
function can be expressed in closed form rather than as a
two-dimensional Sommerfeld integral. For the electrically
narrow strip, the integral equation is approximated and the
approximate equation is solved analytically. In addition,
results based upon a numerical solution of the integral
equation are presented for wide and moderately-wide strips.
From knowledge of the current on the strip, far-zone scattered
fields are determined by an asymptotic evaluation of the
two-dimensional Sommerfeld integrals. Far-zone field patterns
are presented for various strip widths and half-space medium
parameters.
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B5-7 AN EFFICIENT NUMERICAL METHOD FOR MODELING
1100 BURIED AND PARTIALLY BURIED ANTENNAS
G. J. Burke, W. A. Johnson, R. W. Ziolkowski,
E. K. Miller, J. N. Brittingham
Lawrence Livermore National Laboratory
P.0. Box 5504, L-156
Livermore, CA 94550

When an antenna near or penetrating an interface
between two media is modeled by the numerical solution of
an integral eguation, the kernel includes Sommerfeld
integrals. Solution by the method of moments can cften be
limited by excessive computation time and numerical
difficulties. This paper describes a solution procedure
that is an extension of a method used for antennas above
the ground (G. J. Burke, et. al., Electromagnetics
1:29-49, 1981) combining interpolation in previously
computed tables of Sommerfeld integrals with
approximations valid at large separations of source and
observer.

The above ground case involved bivariate
interpolation for the Sommerfeld integrals. The
singularity in the field was reduced analytically to
permit modeling wires very close to the interface. This
method was easily extended to buried antennas where the
wave number in the source medium is complex. Extension to
interactions across the interface required interpolation
in three variables for the Sommerfeld integrals. At
larger separations the field was evaluated by
approximations involving ray optics and lateral wave
formulas. Results have been obtained for antennas buried
and penetrating the interface. The method is being
incorporated into the method-of-moments computer code NEC.
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B5-8 EVALUATION OF SOMMERFELD INTEGRALS BY
1120 INTEGRATION ALONG THE REAL AXIS

W. A. Johnson

Lawrence Livermore National Laboratory

University of California

P.0. Box 5504, L-156

Livermore, CA 94550

D. G. Dudley

The University of Arizona.

Tucson, AZ 85721

Efficient modeling of radiation and scattering
problems in the presence of a lossy ground requires rapid,
accurate, evaluation of Sommerfeld Integrals. Approximate
techniques (A. Banos, Dipole Radiation in the Presence of
a Conducting Halfspace, Pergamon, New York, 1964) are

_generally valid for specific ranges of parameters.
Numerical technigues have-generally been carried out along
contours in the complex plane (G. J. Burke, et. al.,
Electromagnetics, 1, 29-49, 1981 and P. Parhami, et. al.,
IEEE Trans. on Antennas and Propagation, AP-28, 1,
100-104, 1980). _

Few authors (D. Bubenik, IEEE Trans. on Antennas and
Propagation, AP-25, 6, 904-906, 1977) have attempted
direct evaluation of Sommerfeld integrals along the real
axis. The advantage of rapid evaluation of Bessel
functions of real argument is offset by the rapid
oscillations and near singularities of the integrand. To
overcome these difficulties subtraction of an asymptotic
term and change of variables are used. . The technique will
be applied to typical earth parameters at frequencies of
less than 100 Mhz. Although the region of practicality of
this technique will be restricted by the distance between
source and observation points, it is hoped that this
region will compliment the region where asymptotic
approximations are valid.
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MULTIPLE BEAM SATELLITE ANTENNAS FOR COMMUNICATION
SATELLITE SYSTEMS
Thursday morning, 14 Jan., CRO-30
Organizer and Chairman: J. Paul Shelton
Naval Research Laboratories, Washington, D.C. 20375

C3-1 SOME FACTORS THAT INFLUENCE EHF SATCOM SYSTEMS;
0830 Dr. Leon J. Ricardi, M.I.T. Lincoln Laboratory,
Lexington, MA 02173

Frequency management problems, scarcity of orbital
position assignment and resistance to interfering signals
are projected to become serious problems for satellite
communications (SATCOM) systems operating below about
15 GHz. International frequency allocations in the
15~50 GHz range permit SATCOM system operation with
increased frequency bandwidth and hence may eliminate
significant frequency management problems. . This paper
addresses some of the salient factors that influence SATCOM
systems operating over the range 7-50 GHz. Propagation
losses, frequency variation of a terminal's EIRP, spatial
discrimination, and bandwidth available for spread spectrum
AJ are presented as a guide to choosing the operating
frequency of an EHF SATCOM system.

*This work was sponsored by the Defense Communications
Agency. '
"The U.S. Government assumes no responsibility for the
information presented.”
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C3-2 SURVEY OF NASA ANTENNA TECHNOLOGY DEVELOPMENT PROGRAMS:

0900 L.B. Holcomb, NASA Headquarters, Washington, DC 20546

) NASA's major antenna technology development programs
include: (1) 30/20 GHz Multibeam Antenna; (2) Phase Array-
Fed; and (3) Large Space Antenna.

The 30/20 GHz Multibeam Antenna program includes two
parallel industry contracts with Ford Aerospace and TRW to
design, develop, test and evaluate breadboard components for
a 30 GHz receive and 20 GHz transmit proof of concept models
by early 1983.

The phase array-fed antenna program currently involves
parallel industry system study contracts to evaluate the use
of monolithic amplifier and phase shift modules for multi-
beam and/or scanning beam offset fed antenna systems. In
support of this program, variable phase transmit and variable
power amplifier monolithic modules are under development.
Future efforts will involve the development, test and evalua-
tion of a breadboard phase array-fed antenna system by the
end of 1985.

NASA's large space antenna program involves parallel
industry technology development programs to permit deployment
of a 100-meter dijameter space antenna serving as a mobil com-
munications satellite. Two competing systems concepts are
the hoop/column and the offset wrap-rib configurations. A
companion technology program is focused on developing and
testing a breadboard 30 foot diameter UHF feed.
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€3-3 LARGE APERTURE REFLECTORS - NEAR TERM TECHNOLOGY: A.A.
0930 Woods, Jr., Lockheed Missiles and Space Company, Inc.,
Sunnyvale, CA 94088

Multiple-beam space based communications missions have been
postulated which require offset apertures with diameters in the
region of 500 to 1,000 wavelengths. These missions, as a result
of the aperture requirements, have been relegated to the post
year 2000 time frame where they await space construction technol-
ogy. Recent activities at Lockheed Missiles and Space Company,
Inc., under partial sponsorship of Jet Propulsion Laboratories -
and The National Aeronautics and Space Administration, Office of
Aeronautics and Space Technology, have shown that apertures in
the 500 to 1,000 wavelength class are obtainable near term. In
fact these activities are culminating with the ground test proof
of concept model of a potentially flyable 800 wavelength offset
parabolic reflector and feed support tower. This system under
study is designed as fully deployable, antonomous spacecraft
segment capable of a late 1980's mission.

This paper presents an overview of this large aperture
antenna design, fabrication, and test program. Emphasis is placed
on the design approach, available performance and technology
Timits.
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C3-4 REVIEW OF ANTENNA DESIGN. TECHNIQUES FOR
1030 COMMUNICATION SATELLITES
J. P. Shelton

Naval Research Laboratory
Washington, DC 20375

The current status of design techniques for synchronous-
orbit communication satellite antenna systems is reviewed.
The requirement for high-gain, limited angular coverage,
polarization diversity systems is considered. Two general con-
figurations are discussed, one in which simultaneous multiple
beams are formed to cover the desired angular region and one
in which a single scanning beam achieves the desired coverage.
Methods of realizing these configurations with offset multiple
reflectors are described. Problems of minimizing the size of
the subreflector and feed array and of achieving a satisfactory
radiation pattern synthesis capability over the desired coverage
region are addressed. It is noted that, because of the variety
of requirements that may be placed upon antenna systems of this
type and the numerous design parameters involved, an optimum
design is difficult to define or derive. Opportunities for
theoretical and applied research related to these systems are
discussed.
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C3-5 A COMPARISON OF CONVERGENCE PROPERTIES IN TWO LINEAR

1100 ADAPTIVE RECEIVING ARBAYS: C.W. Jim.and L.J. Griffiths,
Department of Electrical Engineering, University of
Colorado, Boulder, CO 80309

A new approach to linearly constrained adaptive
beamforming has been suggested previously [1,2]. The new
structure is designed for used with arrays which have been
time delay steered such that the desired signal of interest
appears approximately in phase at the steered outputs. The
system includes signal distortion constraints which are
implemented using simple hardware differencing amplifiers
at the element outputs. Under certain conditions, the steady-
state performance of this structure has been shown [3] to be
identical to the linearly-constrained adaptive structure
proposed by Frost [4].

In this paper, it is shown that different eigenvalue
spectra will be encountered by the adaptive filter in the two
systems. As a result, although the two processors adapt to
the same steady-state solution, the coefficient trajectories
and adaptive learning rates will be different. This paper

“provides both an analytical framework and simulation results
which show how to choose the system which will optimize per-
formance of the overall adaptive array processor for a parti-
cular signal and interference environment.
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NON-GAUSSIAN NOISE: MEASUREMENT AND THEORY
Thursday morning, 14 Jan., CR1-40
Chairman: G.H. Hagn
SRI International, Arlington, VA 22209

E2-1 THE MEASUREMENT OF SHIPBOARD RFI AT MICROWAVE

0900 FREQUENCIES: K.G. Gray, Electrical Engineering
Department, Naval Postgraduate School, Monterey,
CA 93940, and J.E. Ohlson, Stanford Telecommuni-
cations, Inc., Sunnyvale, CA 94086

A system is described for making radio frequency inter-
ference (RFI) measurements at microwave frequency bands near
7, 20, and 40 GHz. The system is used aboard U.S. Navy ships
in support of the Navy EHF Satellite Communications Program
(NESP). The measurement environment involves sensing RFI and
identifying its source in a dense population of high-power
emitters. The RFI system uses spectrum analysis to locate
emissions in frequency. It can also resolve puises in the
time domain. The RFI system is described in terms of its
purpose and the interesting features of the shipboard RFI en-
/ironment are summarized.
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E2-2 RELIABILITY OF ATMOSPHERIC RADIO NOISE PREDICTIONS
0930 D.B. Sailors, EM Propagation Division

Naval Ocean Systems Center,

San Diego, CA 92152

Measured radio noise values at widely ’separated
geographical locations are compared with predicted values for
five frequencies between 0.495 and 20.0 MHz. The measured
noise data were the seasonal 4-hr time block values, averaged
over each 4~hr period for the 3 months of the season and were
for the years 1960 and 1965. The 1960 measured noise data
included that reported by Herman (J.R. Herman, J. Res., NBS,
65D, 1961).

Atmospheric noise values were predicted using noise
models with their worldwide atmospheric noise representation
at 1 MHz, as presented in CCIR Report 322 (1963), produced by
numerical mapping techniques developed by D.H. Zacharisen and
W.B. Jones (OT/ITS Research Report 2, 1970). Included in
these models was a simplified atmospheric noise model suitable
for use in estimating noise on a minicomputer. The frequency
dependence in these models was represented by a power series
of least squares fit to the frequency dependence curves in
CCIR Report 322 (D.L. Lucas and J.D. Harper, NBS Tech. Note
318, 1965).

It was found that the predicted and measured noise
levels were in good agreement except at some places, times,
and frequencies, where large discrepancies occurred. During
1960, the largest bias was 5.7 dB low; during 1965 the largest
bias was 7.4 4B low. At Thule, discrepancies as large as 30
d8 low were not uncommon. Large discrepancies were noted both
at the lowest frequency 0.495 MHz and the largest frequency
20.0 MHz. The former is due primarily to use of the frequency
dependence model below the lowest frequency of its intended
use. The latter is due to the presence of man-made and
galactic noise in the measured data. Reasons for the
disagreements are discussed.
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E2-3 NEW RESULTS IN THE CANONICAL THEORY OF

1030 OPTIMUM THRESHOLD SIGNAL DETECTION
David Middleton, 127 E. 91st, New York,
New York 10028

Locally optimum Bayes Detectors (LOBD's) --
originally derived by the author in 1965, 1966 --
are threshold signal detection algorithms which
possess certain optimal properties. The LOBD is
constructed from a suitable expansion of the
(known) optimum (or logarithm of the) unconditional
‘likelihood ratio An(z;e) about the null signal
state © = 0. This expansion distinguishes between
coherent reception (6 # 0) and incoherent reception
(6 = 0) and requires a suitably chosen bias term,
which 'is usually taken to be the next non-vanishing
term in the Taylor series expansion of log A, with
respect to H_ (noise alone).

It is Shown here by a modification of LeCam's
theorem on asymptotic equivalence of two distribu-
tions that for independent noise samples (at least)
the LOBD is also an asymptotically optimum detec-
tion algorithm (AODA) and hence is locally optimum
for all sample sizes n (> «) as well as for small
samples. Sufficient conditions for this are given.
Practical implications of these results and condi-
tions are discussed and illustrated, along with a
comparison of another type of AODA derived recen-
tly by B. R. Levin (1969-1976).
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E2-4 OPTIMUM AND SUBOPTIMUM RECEPTION OF

1100 THRESHOLD SIGNALS IN CLASS A AND B
ELECTROMAGNETIC INTERFERENCE ENVIRONMENTS
David Middleton, 127 E. 91st, New York,
New York 10028
A. D. Spaulding, NTIA/ITS, Boulder,
Colorado 80303

Canonically optimum threshold detector struc-
tures (LOBD's) for weak input signals in all
classes of EMI are presented for the following
reception regimes: (1), coherent detection; (2),
incoherent detection; with binary, as well as "on-
off" signal waveforms, and with a variety of fading
and doppler-spread conditions on the desired sig-
nals. These LOBD algorithms are not only locally
optimum (for all sample sizes), but are asymptoti-
cally optimum algorithms (AODA's) as well, con-
vergent to the strictly optimum results.for weak
signals.

Canonical and specific optimum performance are
evaluated for Class A and B EMI and for weak-signal
conditions [which must be appropriately specified
to insure that: (i) the AODA condition is obeyed,
and that, (ii), coherent detection is never worse
than incoherent reception (with the same input sig-
nal waveforms and sample sizes)]. The performance
of conventional detectors (i.e., auto- and cross-
correlators) is also obtained and shown to be
significantly inferior to the LOBD performance
under corresponding conditions. The optimum
receiver is shown to require (1), suitable non-
linear filters to "match" to the noise, and (2),
appropriate linear filters to match to the signal,
in the now "matched" noise. Canonical system
diagrams illustrate the processing algorithms, and
performance measures show typical results for Class
A and B interference (as well as for Gaussian
noise).
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SURFACE SENSING FROM AIRBORNE AND SPACE PLATFORMS
Thursday morning, 14 Jan., CR2-26
Chairman: Richard K. Moore,
University of Kansas, Lawrence KS 66045

F3-1' UNUSUAL SAR OCEAN IMAGES ASSOCIATED WITH

0840 UNSTABLE ATMOSPHERIC CONDITIONS: T.W.
Thompson, Planetary Science Institute,
Science Applications, Inc., 283 S. lLake,
Suite 218, Pasadena, CA 91101; D.E. Weissman,
Dept. of Eng. Science, Hofstra University,
Hempstead, NY 11550; W.T. Liu, Space Science
Div., Jet Propulsion Laboratory, Pasadena,
CA 91109

Synthetic Aperture Radar (SAR) images of the Gulf Stream
and adjacent waters off the coast of Florida on 10 December
1975 show unusual radar features probably related to unstable
atmospheric conditions. At the time of the observations, a
moderate {(10m/s) but cold, northwest wind (following the pas-
sage of a cold front on the previous night) was blowing over
the ocean. The air-sea temperature difference was 10°C. The
ocean surface under these unstable atmospheric conditions had
SAR image where radar-bright splotches appeared when the radar
was looking nearly upwind or downwind. These splotches disap-
peared from the image when the radar was looking cross-wind.
Also, these splotches were strongest for the warm Gulf Stream
and they disappeared when near shore where the fetch is small.
The radar data suggests that short (16cm-36cm) ocean waves
preferentially form in the direction of the wind under these
atmospheric conditions. Also, measurements of backscatter

.coefficients during this period show an unusually strong de-
pendence upon wind direction.
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F3-2 SPATIAL EVOLUTION OF SEASAT SAR SPECTRA

0900 FROM HIGH PRECISION DIGITAL TRANSFORMS
Robert C. Beal, Applied Physics Labora-
tory, Johns Hopkins Road, Laurel, MD 20707

The Seasat SAR spectra of ocean wave systems con-
tain information on storm generation history, deep and
shallow water ocean currents, and coastal bathymetry.
The optimal exXtraction of this information from the
SAR spectra, however, requires a proper accounting for
and removal of several types of systematic error
sources. Precision digital transforms which have been
corrected for major SAR system-induced biases have now
been performed over a major portion of Seasat pass 1339,
which occurred over the U.S. East Coast on September 28,
1978.

The corrected spectra graphically illustrate a
systematically evolving set of two separately-generated
ocean wave systems. The two-dimensional wave number
spectra of each wave system appear to be accurately
monitored by the SAR when the highest quality digitally-
processed data are used. The uniqueness of the SAR
spectra are somewhat tempered, however, by the attenu-
ation of azimuth-traveling waves in high sea states.
This observed attenuation, although serious for the
Seasat SAR geometry, need not be as destructive in fu-
ture SAR systems orbiting at a lower altitude.
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F3-3 MOVING SCATTERER RESOLUTION LIMITATIONS

0920 ASSOCIATED WITH WAVE IMAGERY USING SYNTHETIC
APERTURE RADAR: Frank M. Monaldo, Applied
Physics Laboratory of The Johns Hopkins
University, Laurel, MD 20707

A synthetic aperture radar (SAR) achieves
azimuthal resolution by using the movement of the
SAR platform during a finite integration time to
create a large effective aperture. Movement of the
scatterers during the integration time introduces
complications. Radial scatter acceleration results
in defocusing which blurs the image (Alpers and
Rufenach, IEEE Trans. Antennas Propag., 27, 685-690).
Radial velocity results in a simple azimuthal dis-
placement of the scatterer in the image. A surface
like the ocean has a random radial velocity at each
point and hence a random azimuthal displacement.
This results in positional uncertainty in the
azimuthal direction. Thus far such velocity effects
have been largely ignored in considering resolution
degradation in wave imagery.

In order to predict the azimuthal resolution
degradation inherent in SAR imagery, a modified
Pierson wind wave spectrum is assumed to exist on
the surface. This spectrum is used to predict a
radial vyno and appg- These, in turn, are used to
predict azimuthal resolution degradation as a func-
tion of wind speed. These results compare favorably
with wave resolution degradation measured from
Seasat SAR imagery. Results show velocity as well
as acceleration effects must be considered in pre-
dicting this degradation. Results are presented in
the context of the total wave imagery modulation
transfer function,
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F3-4 THE POTENTIAL USE OF TWO DIMENSIONAL

0940 SAR SPECTRA IN OCEAN WAVE FORECASTING
Ella B. Dobson, Applied Physics
Laboratory, Johns Hopkins University,
Laurel, Maryland 20707 .

The field of ocean wave forecasting has progres-
sed significantly during the last several years to
the state where several first order wave forecasting
models are in operational use in the United States
and other countries. While research in this area is
steadily evolving, theoretical and practical problems
are inhibiting a rapid and complete solution which is
sufficiently accurate and reliable to satisfy the
needs of those communities needing the service. 1In
terms of practical problems, the two most outstanding
are: 1) the lack of measured winds over the world
oceans and, 2) the unavailability of insitu or remote
ocean wave measurements with which the predicted
forecast wave parameters can be compared. This paper
reports on an investigation to determine the useful-
ness of synthetic aperture radar in providing two
dimensional wave spectra to test wave forecast models
and guide modelers in the future development and re-
finement of models.

The impetus for this work was provided by studies
of Seasat Synthetic Aperture Radar (SAR) spectra of
the ocean surface which were measured during 1978.
The paper will discuss comparisons of the SAR spectra
and forecast spectra. Using winds provided by the
Fleet Numerical Ocean Center, two forecast models
have been used to estimate the ocean spectra along
the Seasat flight path.

If measured two dimensional ocean wave spectra
are available at regularly spaced intervals through-
out an ocean area, it is possible to use these spec-
tra for initialization of models and as correctors
during the forecast period. A discussion will be
given on the potential benefits and problems associ-
ated with incorporating measured ocean wave parameters
into forecast models.
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F3-5 SIMPLIFIED METHODS FOR REMOVAL OF CERTAIN BIASES AND
1020 ERRORS FROM SEASAT MICROWAVE ALTIMETER ECHO

Donald E. Barrick

NOAA, ERL, Wave Propagation Laboratory

Boulder, Colorado 80303

Belinda J. Lipa

CODAR Research

165 Harcross Road

Woodside, California 94062

The SEASAT microwave altimeter was intended to measure
ocean significant waveheight, mean sea surface position,
normalized radar cross section at vertical incidence (from
which surface wind speed is derived), and possibly waveheight
skewness. Recent works have shown that the entire waveheight
probability density can also easily be extracted from the
altimeter echo leading edge. However, at least five types of
biases/errors can contaminate extraction of the desired
parameters. These are tracker bias, waveheight skewness
bias, satellite pointing error, rain effects, and
electromagnetic bias. _ '

This study deals with the first three, and shows that
they can be easily measured and removed by maximum—-likelihood
methods that employ models linear in these three parameters.
Therefore, time-consuming grid-search or multi-dimensional
minimization procedures are avoided. That these methods work
effectively is demonstrated both by analysis of SEASAT data
and by separate theoretical analysis of the SEASAT tracking
system.
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F3-6 THE EFFECT OF RAIN THAT PARTIALLY FILLS A RESOLUTION
1040 . CELL ON OCEANIC MEASUREMENTS WITH SPACEBORN SCATTERO-
. METERS AND RADIOMETERS: R.K. Moore, A.H. Chaudhry,
I.J. Birrer, Remote Sensing Laboratory, University of
Kansas Center for Research, Inc., Lawrence, KS 66045

When rain partially fills a resolution cell for a
microwave radiometer, estimates of oceanic parameters such
as wind speed and atmospheric parameters such as water-
vapor content are seriously degraded. When the radiometer
is used to estimate the attenuation experienced by a radar
scatterometer, the effect is to degrade the "correction" so
much that wind speed cannot be accurately determined. This
paper presents results of simulations using artificial "rain
cells" for both radar and radiometer and using conditions
actually experienced during a hurricane for the radar-
correction problem.
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F3-7 REMOTE SENSING OF ICE AND SNOW .IN FINLAND

1100 Martti Hallikainen

: Radio Laboratory, Helsinki University of Technology
02150 Espoo 15, Finland

Four remote sensing projects are briefly described:
(1) UHF radiometry of low-salinity sea ice, (2) CW-FM radar
measurements of lake ice and frost, (3) microwave radiometry
of snow-covered terrain and (4) interpretation of Nimbus-7
SMMR data for determining the thickness and water equivalent
of snow cover. N

Measurements of low-salinity (S < 20/qo by weight) sea
jce by an airborne multi-channel UHF radiometer were made
along the Finnish coast in 1974-1978. The experimental and
theoretical results show that the thickness of dry sea ice
can be determined with reasonable accuracy. However, even a
thin water Tayer upon the ice will prevent the determination
of the ice thickness. A CW-FM radar, operating at 1-1.8 GHz,
has been developed for monitoring the thickness of fresh-
water ice and frost on lakes and bogs. The radar may be
installed on a vehicle and thus a continuous recording of the
ice thickness is obtained. The correlation between the
actual thickness (up to one meter in 1980) and the experi-
mental value is 0.99 for lake ice and 0.81 to 0.85 for frost,
depending on its wetness.

Radiometer measurements of snow-covered terrain have
been made continuously since 1978. The frequencies are 5
and 12 GHz and, occasionally, 37 GHz. The radiometers, in-
stalled in a tower, are looking towards the snow at an angle
of 15 degrees from vertical. Since 1980, the ground under
the snow has been covered with metal sheets to eliminate its
emission. The observed snow parameters (wetness, particle
size, density and temperature) have been included in the
theoretical snow model. The spectral behavior of the bright-
ness temperature of snow can be employed for determining the
thickness and water equivalent of snow cover. However, the
distinctive behavior of the brightness temperature of snow
may be shadowed by forests and various types of surfaces.
Microwave brightness temperature data from Nimbus-7
satel1ite, made available by the MASA Goddard Space Flight
Center for data validation and testing of retrieved
algorithms, was used to study the effects of forests, farm-
lands, boglands and lakes. In order to determine the water
equivalent of dry snow cover, the surface effects should be
taken into account by comparison with observations before
snowfall.
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F3-8 SEASONAL RADAR RESPONSE OF SEA ICE

1120 R.G. Onstott, R.K. Moore, S. Gogineni, Y.S. Kim
Remote Sensing Laboratory
University of Kansas Center for Research, Inc.
Lawrence, Kansas 66045 :

Measurements of the radar response of ice in October 1981
provided the first example of backscattering-coefficient measure-
ment for fall ice. The variation in radar backscatter from ice
in spring, summer, and fall is compared in this paper.
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IONOSPHERIC PHENOMENA AND PROPAGATION
Thursday morning, 14 Jan., CR1-46
Chafrman: George Millman,
General Electric Company, Syracuse, NY

Gl-1 RECENT AURORAL BACKSCATTER OBSERVATIONS AT OTTAWA

0900 L.E, Montbriand
Communications Research Centre
Box 11490, Station H,
Ottawa, Ontario K2H 8S2

The SARA receiving facility of the Communications Research
Centre, Ottawa in conjunction with a transmitting facility at
Rome, New York has been used during 1980-1981 to make bistatic
backscatter radar observations of auroral zone irregularities
in a region north of Ottawa. FMCW sweeps with widths ranging
from 1.25 to 5.00 KHz were used at frequencies from 7.9 to
24.5 MHz. Doppler spreads from auroral echoes, notnecessarily
at the range of ground backscatter, occasionally exceeded % 100 Hz,
while shifts of the median doppler occasionally reached 30 Hz. A
large change in the doppler shift with range was often observed.
A few cases when measured doppler spreads and shifts could be
attributed to auroral clutter present at the range of ground
backscatter are also discussed. Using echoes received on both
arms of the SARA array, an attempt has been made to study the
elevation angles of the auroral clutter returns.
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G1-2 MF SKYWAVE OBSERVATION AT COBA ROJO, PUERTO RICO:
0930 J. Washburn, R. Espeland, G. Wasson, J. Carroll, and
C. Rush, National Telecommunications and Information

Administration, Institute for Telecommunication Sciences,
Boulder, CO 80303

A program to monitor long-distance medium frequency
skywaves from emitters in South America has recently been
initiated at Coba Rojo, Puerto Rico. The Coba Rojo site was
chosen specifically because of the availability of highly
directional Beverage antennas that permit isolating the
location of the observed signals. Observations of signals
from seven different broadcasting stations spanning the
frequency range 870 kHz to 1220 kHz are continuously made in
one minute intervals between the times of local midnight at
the receiving site and local sunrise.

The data are being used as a basis for developing an
improved method of predicting the field strength of long-
distance MF radio signals in the Western Hemisphere.

Initial observations indicate considerable day-to-day vari-
ability in the strength of the received signals which must
be taken into account by any realistic prediction method.
Examples of the observations will be described, and the
possibility of MF signals from Central and South American
giving rise to interference to AM broadcast stations in the
United States will be discussed.
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G1-3 A SCATTERING THEORY OF TRANSEQUATORIAL
1030  PROPAGATION IN THE VHF BAND '

Jerry Alan Ferguson

EM Propagation Division
Naval Ocean Systems Center
San Diego, CA 92152

Transequatorial propagation in the VHF band can occur
when the ijonosphere does not support such propagation by
refraction. The phenomenon is closely associated with the
scattering phenomenon known as equatorial spread-F. This
scattering is caused by the presence of irregularities in the
jonization density of the F-layer. A spectrum of irregular-
ities is used which has horizontal scales spread from tens of
kilometers down to the electron gyroradius. A model of scat-
tering from 1long curved irregularities, aligned along the
earth's magnetic field, is presented. For transequatorial
propagation, the curvature of the irregularities causes
convergence of the scattered rays in the magnetic meridian in
many situations of practical interest. Received power, while
Tess than that coresponding to free-space propagation, con-
siderably exceeds that corresponding to scattering by iso-
tropic irregularities. Results of scattering calculations
representative of experimental transequatorial propagation
paths are presented. Power law spectra having spectral
indices between 2 and 3 are found to be satisfactory.
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Gl-4 WINTER ANOMALY OF L CURRENTS IN THE IONOSPHERE:
1100 S. Matsushita, High Altitude Observatory, NCAR,
P.0. Box 3000, Boulder, CO 80307

Equivalent ionospheric L current systems produced by the
lunar gravitational tides, which can be estimated by spherical
harmonic studies of geomagnetic data, often show an anomaly at
middle latitudes in winter (see the figure below). This indi-
cates winter anomaly in ionospheric winds, mamely, upward prop-
agation mode of lunar tides. In fact, lunar semidiurnal winds
at 90-100 km in altitude measured by the Kyoto meteor radar
show almost reversed phase between winter and other seasons:
namely, the maximum variation occurs at 10,1 h in winter, 5 h
in equinox, and 5.8 h in summer. The winter anomaly also pres-
ents longitudinal dependences: it is clearer in Europe and
Japan than in North America. Detailed behavior needs to be
examined by IS radar.

EXTERVAL CURRENT SYSTEM OF LO

™10 4, tm1d [4
.

LATITRE

Ionospheric L current systems in December solstitial
(top left), equinoctial (top right), and June solsti-
tial months (bottom left), with their yearly average
(bottom right). The contour interval is 2 kiloamperes.
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DATA PROCESSING IN RADIO ASTRONOMY WITH EMPHASTS
ON THE USE OF ARRAY PROCESSORS
Thursday morning, 14 Jan., CR2-6
Chairman: W.R. Burns, National Radio Astronomy
Observatory, Charlottesville, VA 22903

ARCHITECTURE OF THE NEW J.P.L.-C.I.T

VLBI PROCESSOR

M. Ewing, California Institute of Techmnology,
Pasadena, CA 91125 D. Rogstad, Jet Propulsion
Laboratory, Pasadena, CA 91103
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J3-2 MARK IIT VLBI:; THE USE OF AN ARRAY PROCESSOR IN THE
0920 CORRELATOR: A, Whitney, A. Rogers, J.C. Webber, Hay~-
stack Observatory, Westford, MA 01886

The Mark III VLBI processor uses a CSPI MAP 300 array
processor interfaced to a Hewlett-Packard 1000 mini-computer to
perform Fourier transforms. :

The maximum likelihood detection of "fringes" is accomplished
by performing a 2-dimensional Fourier transform on the array of
correlation functions in time and frequency to delay and delay rate.
The array of delay and delay rates are then searched for the peak
magnitude to find the interferometer delay, delay rate, and phase.
This and other uses of the array processor for VLBI are discussed
in this paper.
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J3-3 THE VLA ARRAY PROCESSOR BASED MAPPING SYSTEM

0935 W. Brouw, Netherlands Foundation for Radio
Astronomy, R. Payne, National Radio Astronomy
Observatory, Socorro, N. M. 87801
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J3-4 AN OVERVIEW OF THE NRAO-AIPS IMAGE PROCESSING
1000 SYSTEM

E. Greisen, National Radio Astronomy Observatory
Charlottesville, VA 22903
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THE NEW CLASS OF ARRAY PROCESSORS
Author not yet specified
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REMOTE OBSERVING AND DATA TRANSFER PROBLEMS IN RADIO ASTRONOMY
Thursday morning, 14 Jan,, CR2-6
Chairman: W.R. Burns, National Radio Astronomy Observatory,
Charlottesville, VA 22903

J4-1 RECENT EXPERIENCE IN REAL TIME MONITORING
1110 OF A VLBI NETWORK

M. Reid, M. Schnepps, J. Moran, S. Rosenthal,
Center for Astrophysics, Cambridge, MD 02138

137




J4=2
1125

Commission J Session 4

THE MARK III DATA BASE-HANDLER

J. Ryan, C. Ma, NASA/Goddard Space Flight Center
Greenbelt, MD 20771; B. Schupler, Computer Science
Corporation
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J4-3 THE PLANNED NRAO DIGITAL NETWORK

1145 A. Shalloway, R. Burns, National Radio
Astronomy Observatory, Charlottesville,
VA 22903
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Jh-4 CURRENT STATUS OF J.P.L.-CI.T. HIGH DENSITY VLBI

1330 RECORDING

B. Rayhrer, Jet Propulsion Laboratory, Pasadena,

CA 91103
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J4-5 DEVELOPMENT AT HAYSTACK OF DENSITY UPGRADE

1350 FOR MARK IV RECORDER
H. J. Hinteregger, Haystack Observatory, Westford,
MA 01886
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NEAR FIELD MEASUREMENTS-1
Commission A, Session 4, CR1-42
Chairman: Carl F. Stubenrauch,
Electromagnetic Fields Division, National Bureau of
Standards, Boulder, CO 80303

A4-1 ANTENNA GAIN OBTAINED FROM NEAR-FIELD MEASUREMENTS;
1330 A.C. Newell, Electromagnetic Fields Division, National
Bureau of Standards, Boulder, CO 80303

Although near-field measurements have been done for some
time, there still appear to be questions and uncertainties
with some users concerning the determination of gain. In this
paper we discuss in detail for planar near-field measurements
three different methods of obtaining gain, each method employ-
ing the "gain standard" in a different way. Each method has
certain advantages and problems which will be described, but
in each case the gain of the test antenna is determined with-
out the need for simplifying approximations. The extension
of these techniques to cylindrical and spherical near-field
measurements will be outlined.

The first method requires only one near-field measure-
ment, and the probe, whose gain must be known, serves as the
gain standard. An auxillary gain standard is used in the
second method where two near-field scans are required, but the
probe gain need not be known. In the third technique, essen-
tially a three antenna procedure, the gains of the probe, aux-
illary standard, and test antenna are all determined without
a priori knowledge of any of the three gains. It does how-
ever require three near-field scans. '

In each method, one or more insertion loss measurements
must be made between the ports of the test antenna, the probe
and/or the auxiallary gain standard.

In choosing a specific method for a given application,
one must consider the required accuracy, the availability of
calibrated probes or gain standards, the amount of time re-
quired, the ease of implementation, and the effects of sour-
ces of error.
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A4-2 FUNDAMENTAL THEOREMS ENABLING THE EFFICIENT
1355 COMPUTATION OF NEAR-ZONE ANTENNA FIELDS AND
COUPLING

Arthur D. Yaghjian
Electromagnetic Fields Division
National Bureau of Standards
Boulder, Colorado 80303

. For applications such as determining the mutual interfer-
ence between co-sited antennas, gain-correction factors for two
antennas, or potentially hazardous fields in the vicinity of
antennas, it is desirable to perform the calculation inverse to
the near-field measurement problem - namely computing near-field
coupling between two antennas given the far field of each
antenna. Two programs are presented emphasizing the theory on
which they are based.

The first program computes coupling (or fields) versus
transverse displacement of the antennas using a plane-wave rep-
resentation and capitalizing on the result that, in most prac-
tice, only the far fields within the solid angle mutually sub-
tended by the antennas is required. The second program computes
coupling (or fields) versus separation distance throughout the
Fresnel region using a spherical-wave representation made pos-
sible by a fundamental theorem for the coupling function be-
tween two antennas; it 1ike each component of electric and mag-
netic field in free space, satisfies the homogeneous scalar
wave equation.
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A4-3 PROBE EFFECTS IN SPHERICAL NEAR-FIELD MEASUBEMENTS:
1420 _F. Holm Larsen, Electromagnetics Institute, Technical
University of Demmark, DK-2800 Lyngby, Demmark

Since 1976 an experimental facility for spherical near-field
antenna testing has been under development at the Technical
University of Denmark (TUD) in cooperation with the European
Space Agency. The spherical near-field scanning method is
advantageous in the way that the far field can be determined
in all directions from a single scan. Furthermore, the scan- ,
ning can be carried out by rotating the test antenna only;
thus the probe can be fixed in space.  The purpose of the re-
search program has been general development of the spherical
near-field method, accurate indoor testing of satellite an-
tennas, and definition studies for other test ranges. 1In
addition, the facility is being used for accurate calibration
of antenna standards. A potential use of the facility is
measurement of feed-systems which have a wide beam and where
accurate phase measurements are desirable. '

As special features of the TUD near-field range can be men-
tioned accurate alignment of the two rotation axes. These
must be perpendicular to each other and intersect in order
“to measure accurate phase patterns. The probe antenna is
dual polarized such that it in connection with a Scientific
-Atlanta 1774 three-channel receiver can measure the § and
the $ components of the field simultaneously. The control
and data collecting software has been written in house in
order to obtain a high degree of flexibility and allow for
future modifications. The near-field to far-field trans-
formation with probe correction is carried out in a HP1000
minicomputer allowing measurements with sampling increments
down to A8 = A = .5 to be treated. This corresponds to
maximum antenna diameter of 110A. The directivity of the
test antenna is automatically found in the data processing
when the full near-field pattern has been measured. Direc-
tivity values for the same antenna measured at different
distances agree within two or three hundredths of a dB.

A point which has attracted particular interest is the in-
fluence of the probe characteristics and the possibility
of correcting for them. The probe in a spherical near-field
measurement must be a rotationally symmetric antenna, and
therefore its influence on the measurement can conveniently
be broken down into the following probe effects:

Multiple scattering

Directive probe pattern

On-axis cross polarization

Difference between E-plane and H-plane patterns

= off-axis cross polarization

Amplitude and phase ratio between § and $ components
Most of these effects can be corrected for in the data pro-
cessing as will be illustrated by measured patterns.
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Ab=4 THE ALIASING ERROR IN NEAR-FIELD SPHERICAL SCANNING
1505 DUE TO THE FFT--EQUAL TO ZERO?
Richard L. Lewis, Electromagnetic Fields Division,
National Bureau of Standards, Boulder, CO 80303

In this paper we wish to discuss how one can use the FFT to
calculate a correlation embedded within the near-field spherical
scanning algorithm. This idea is not new, as it was first intro-
duced by Larsen (Elect. Letters 15, (19), 588-590, 1979 Sept.).
Thus, the so-called n-matrix data-matrix product (cf. Wacker,
NBSIR 75-809, p. 32, 1975 June) was shown by Larsen to be
efficiently calculated as a correlation using two 4N-term FFTs.
Here we present a new formulation, that reduces by half the
number of terms summed by these FFTs without introducing any
aliasing error, assuming that the field radiated by the test
antenna is completely described using N-1 spherical modes.

In a previous paper.(Lewis, 1981 IEEE/AP-S Symposium,

Los Angeles, CA, 246-249), a modified near-field spherical
scanning algorithm was presented that promises to halve the
spherical data-processing computations when the back-hemisphere
radiation from the test antenna is negligible. One of our
goals here is to expand on one computational step in that
algorithm, using the same notation for the present discussion
as in the previous paper. The application of our formulation
to the full-sphere scanning algorithm can be regarded as just
one part of the single-hemisphere scanning algorithm, in the
sense that we discard half of the terms in the latter algorithm's
formulation to arrive at the analytically simpler but computa-
tionally more difficult fu]*—sphere scanning algorithm.

The integral, fTWX(e)d" (8)Sine de, can be expressed as a double
sum by utilizing a FOulier-BBries expansion for the quanti*igs in
the integrand. Here, W (8) denotes the azimuthal angle (e'™)
Fourier transform of th@ meaered data, while u=+1 describes the
polarization. The function d_ (8) can be expressed for p=+]
as a linear combination of an dssociated Legendre function, of
order m and degree n, and the derivative of that Legendre
function. If we consider just half of this doubie sum: in
particular that single sum whose terms contain the Fourier-
transform coefficients of the measured data, we see that this
sum can be expressed as a pair of discrete Fourier transforms
(DFT's). By using Silverman's (FFT Methods, IBM Research Report
RC3347, 1972 Feb.) "circulant matrix" formulation and the already
established periodicity of the measured-data’'s Fourier-transform
coefficients, it is shown that our representation of the sum as
a pair of DFT's is an identity. Finally, we combine the pair of
DFT's into a single DFT by utilizing an identity between w;(e)
and its Fourier series expansion. The final result allows the
computation of the sum to be obtained as two 2N-term FFTs, rather
than as two 4N-term FFTs, with the added assurance that no alias-
ing error has been introduced.
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A4-5 SPHERICAL AND CYLINDRICAL NEAR FIELD

1530 TESTING OF ELECTRICALLY LARGE ANTENNAS:
S. Sanzgiri and K. Lee, Antenna Laboratory,
Texas Instruments Inc., Dallas, Texas

Compact and near field ranges have been considered
as alternatives to long outdoor far field ranges to
provide better utilization of the existing land and
to centralize antenna test facilities. Large antennas
with shaped beam patterns can be tested only in the
spherical or cylindrical near field scanning mode.

This paper presents the results of recent experiments
carried out to confirm the feasibility of the spherical
and the cylindrical near field testing of such large
antennas. In particular, the spherical near field test
results of a L band open array antenna and the cylind-
rical near field test results of a X band model of a
ATCRBS antenna are presented. The transformed far field
patterns are shown to correlate very well with the
measured far field pattermns.
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Ab-6 RANGE SELECTION CONSIDERATIONS FOR
1555 CYLINDRICAL NEAR-FIELD MEASUREMENTS
' C. P. Burns, V. V. Jory, D. G. Bodnar,
D. F. Tsao

Microwave Systems Division
Systems and Techniques Laboratory
Engineering Experiment Station
Georgia Institute of Technology
Atlanta, Georgia 30332

Georgia Tech has been involved in the research
and development of near-field antenna measurement
techniques for over a decade and has had an oper-
ational planar near-field scanner since 1974. To be
discussed here is a recently designed and implemented
cylindrical near-field antenna range at the Cobb
County Research Facility of the Engineering Experi-
ment Station. Automated procedures for acquisition of
measured near—-field data and computation of probe
compensated far-field radiation patterns from sampled
cylindrical near-field data are described.

Factors determining the selection of the cylin-
drical geometry for the basic range design are dis-
cussed together with the versatility of the design
which accommodates planar-polar and spherical mea-
surements as well as cylindrical. Also included are
experiences in the utilization of the range as a
general purpose anechoic chamber for various mea-
surements of antennas and feeds. Emphasis is given to
range parameters, instrumentation, system-equipment
interfacing, time required for data collection and
reduction, and error analysis and control.

Results from the on-going validation of the
system in the form of comparisons between the actual
measured far—-field radiation patterns of several
antennas and the far-field patterns of those antennas
predicted from probe compensated near-field measure-—
ments will be presented.
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A4-7 DEVELOPMENTS IN NEAR~FIELD MEASUREMENTS

1620 AT THE UNIVERSITY OF SHEFFIELD :
E.P. Schoessow, J.C. Bennett and N.E. Muntanga,
University of Sheffield, Department of Electronic
and Electrical Engineering, Mappin Street,
Sheffield sl 3JD, U.K.

The current near-field work at the University of
Sheffield is divided primarily between two related projects.
The first of these has involved the development of a novel
approach to the problem, termed Plane Wave Synthesis. This
relies upon the computational weighting of a portion of a set
of spherical near-field measurements to synthesise a radiating
aperture producing an effective plane wave incident upon the
test antenna. This scheme can provide all-space pattern pre-
dictions from a full sphere of data and can also produce rapid
predictions of single plane cuts, if required. 1In addition,
because only a restricted part of the data sphere is needed to
produce any one prediction point, it is not necessary to
obtain a full data sphere (or to carry out the complete all-
space prediction process) to obtain predictions over a limited
area. Another attractive aspect of Plane Wave Synthesis,
again because of this limited data requirement, is that, if
the technique is implemented in a suitable on-line system,
predictions can start to become available quite early in a
scan (thus facilitating early diagnosis of problems, preview
of results etc.).

A technique which has evolved out of Plane Wave Synthesis
is one in which a suitably fed linear probe (such as a linear
array) is used to provide one dimension of the required
weighting function whilst the other is implemented computat-
ionally. This means that a single data scan can provide a
single pattern cut with extremely simple and rapid processing.

Encouraging results are emerging from both of the above
projects and examples of such results will be provided in the
presentation. In addition, we would briefly draw attention to
the large~antenna metrology work at’Sheffield which, although
primarily a diagnostic tool can also be used for near-field/
far-field transformation with very large antennas.
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SINGULARITY EXPANSION METHOD
Thursday afternoon, 14 Jan., CR2-28
Chairman: L. Wilson Pearson, Department of
Electrical Engineering, University of Mississippi,
University, MS 38677

B6-1 TIME-DOMAIN TECHNIQUES IN THE SINGULARITY
1330 EXPANSION METHOD
D. J. Riley and W. A. Davis
Department of Electrical Engineering
Virginia Polytechnic Institute and
State University
Blacksburg, VA 24061

Recent time-domain techniques in SEM by
Cordaro and Davis (IEEE Trans. Antennas Propagat.,
AP-29, May, 1981) have reduced the pole extraction
problem to an algebraic eigenvalue problem for
which many efficient and numerically stable
algorithms exist. The most desirable of these
algorithms is full eigensolution by similarity
transformations. However, to implement this method
a general matrix must be stored in full storage
mode. The difficulty with the method of Cordaro
and Davis is that the order of a matrix (A) whose
eigensolution is sought, increases approximately
as the square of the number of unknowns and thus
the class of solvable problems is restricted to
very simple geometries if solution by similarity
transform techniques is desired. :

As is true with most large matrices which
describe physical phenomenon, the matrix (A) is
sparse and real. However, as is unlike many phys-
ically related matrices, A is unsymetric in the
sense that it is its own block companion matrix.
No algorithms exist for the complete eigensolution
of a large matrix of this form. Several methods
do exist, however, which yield a partial eigen-
solution. The merits of power related and root
searching techniques are discussed, and a useful
method for the partial eigensolution of very large
systems is developed. Both computer running time
and storage requirements are considered.
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B6-2 SOME INTERPRETATIONS OF TIME AND FREQUENCY DOMAIN
1350 FORMS OF THE SINGULARITY EXPANSION: L. Wilson
Pearson and D. R. Wilton, Department of Electrical
Engineering, University of Mississippi, University
MS 38677

The large complex frequency asymptotic behavior of the
resolvent kernel of an integral equation of electromagnetic
scattering bears heavily on both the time and frequency domain
singularity expansion of its solution (D. R. Wilton, Nat'nl
Rad. Sc. Mtng., January 1978; L. W. Pearson, Electromagnetics
V. 1, No. 4). The asymptotic form of the resolvent to the
magnetic field integral equation for large S in the right half
of the Laplace transform plane was rigorously determined by
Marin (IEEE Trans. Ant. & Prop., Ap-21, 809-819, 1973) and is
consistent with other high frequency asymptotic formulations-—-
i.e. geometrical and physical optics. The determination of
the counterpart left-half-plane result has proven more
problematic. Recently Wilton has given a non-rigorous
development of the needed asymptotic forms based on a
discretized electric field operator (Electromagnetics V. 1,
No. 4). The result is consistent with that of_Marin in the
right half plane and decays as exp[—|Re s[ |;—r'|] in both
half planes.

The consequences of this form are discussed as they bear
on both time and frequency domain expansions in the resonances
of the scatterer. It is shown that considerable lattitude for
alternative coupling coefficient representations is allowed by
this asymptotic behavior. It is shown, too, that the frequency
domain expansion may be constructed in terms of a pole series
alone, thus obviating the ubiquitous concern over a "possible
entire function," provided one allows the resolvent to set the
turn-on time naturally. TFuthermore, the frequency domain
expansion is uniformly convergent so that termwise operation
on the infinite series is permissible and the time domain
forms' ensue from simple operational calculus.
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B6-3 ON THE EXISTENCE OF BRANCH POINTS IN THE EIGENVALUES

1410 OF THE ELECTRIC FIFLD INTEGRAL EQUATION (EFIE)
OPERATOR IN THE COMPLEX FREQUENCY PLANE, Donald R.
Wilton, Krzysztof A. Michalski, and L. Wilson Pearson,
Department of Electrical Engineering, University of
Mississippi, University, Ms 38677

The SEM representation for the current density on a
scattering object can be derived formally from the
eigenfunction expansion involving eigenvalues and
eigenfunctions of the associated integral operator (C.E.
Baum, AFWL Interaction Note 229, 1975). It is usually
assumed that the inverse eigenvalues are analytic in the
complex frequency s-plane except for pole singularities.
Indeed, "it was shown by Marin and Latham (L. Marin, R.W.
Latham, Proc. IEEE, 60, 640-641, 1972) that in the case of
finite extent perfectly conducting bodies in lossless media,
poles are the only singularities in the SEM expansion.
However, it has been suggested (L.W. Pearson, D.R. Wiltonm,
IEEE Trans. Antennas Propagat., AP-29, 697-707, 1981) that

this does not preclude the possibility of the occurence of
branch point contributions which cancel in the SEM series.

In fact, only for bodies such as the sphere or circular loop
antenna, in which geometrical symmetry completely determines
the eigenfunctions (and they are frequency independent), can
it be shown that branch points cannot occur. Although the
existence of branch integral contributions in the SEM
representation has been speculated upon, no specific examples
of their occurrence have been cited. The aim of this
presentation is to fill this gap.

To gain some insight, we first demonstrate simple circuit
and transmission line examples in which the eigenvalues of the
impedance matrix have branch points. At a branch point in the
s-plane two or more eigenvalues become degenerate and the
inclusion of root vectors (A.G. Ramm, IEEE Trans. Antennas
Propagat., AP-28, 897-901, 1980) in the expansion may be
necessary. Next we consider the scalar scattering problem
from a prolate spheroid and demonstrate the occurrence of
branch points in the eigenvalues of the associated integral
operator. This follows from the analysis of the spheroidal
wave equation (T. Oguchi, Radio Sci., 5, 1207-1214, 1970).
Similar analysis of the Mathieu's differential equation (G.
Blanch, D.S. Clemm, Math. Comp., 23, 97-108, 1969) leads us
to the conclusion that branch points besides the well-known
branch point at the origin occur in the eigenvalues of the
EFIE operator for the infinite elliptical cylinder. (The
branch point at the origin results from the infinite extent
of the object. These examples suggest that branch points
may always be present when sufficient object symmetry is
lacking. .
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B6-4 A HYBRID CREEPING WAVE AND SEM APPROACH TO TRANSIENT
1430 FIELD SCATTERING BY A CIRCULAR CYLINDER
E.Heyman and L.B.Felsen, Department of Electrical
Engineering and Computer Science,
Polytechnic Institute of New York,
Farmingdale, New York 11735

SEM complex resonances are useful for analyzing transient
illumination of smooth convex bodies at long observation times
but inconvenient near the time of arrival of the first response.
In that regime, creeping waves provide a more effective de-
scription. - It has, in fact, been shown [H.Uberall et al, IEEE
Trans.& Prop.AP-28 pgs.924-927, 1980] that there is an analytic
connection between the SEM resonances and the creeping waves,
and that numerical summing of SEM contributions generates a
creeping wave response [K.N.Chen & D. Westmoreland, Proc. IEEE
Vol.69 pgs,747-750, 1981]. The interrelation between these
two descriptions can be systematized and generalized by apply-
ing partial Poisson summation either to the creeping wave
series or to the SEM resonance series. In this fashion, one
may generate a hybrid formulation wherein, within a single
analytical framework, a certain number of creeping waves
dominates for early times and a correspondingly determined
number of SEM resonances for later times, The method is
illustrated for two-dimensional scattering by a perfectly con-
ducting circular cylinder.
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B6-5 INCIDENT-WAVEFORM SYNTHESIS FOR MONOMODE SCATTERING
1520 BY AN INFINITE CYLINDER AND ITS APPLICATION FOR
TARGET DISCRIMINATION: C-I Chuang, D. P. Nyquist,
and K-M Chen, Dept. of Elect, Engrg.; B. C. Drachman,
Dept. of Mathematics; Michigan State University, East:
Lansing, MI = 48824

The waveform-synthesis method for detection of unknown
radar targets is investigated for long, thick cylindrical tar-
gets., It is desirable, for the purpose of identifying and
discriminating a radar target, to selectively excite a specif-
ic natural-resonance mode of that target. Incident radar-
signal waveforms are synthesized to excite return signals con-
sisting of a single natural mode in the late-time period. If
the transient waveform synthesized to excite monomode backscat-
ter from a preselected target is incident upon a different tar-
get, the resulting return signal differs significantly from the
expected single natural mode; the wrong target is comsequently
sensitively discriminated, The narrow-band spectrum of a mono-
mode return signal facilitates simplified signal processing,

The impulse response of an infinite, perfectly-conducting
cylinder to nommally incident, transversely-polarized illumi-
nation is first obtained. Spectral-domain analysis reveals
that this response consists of a discrete series of natural-
resonance modes (distribution of complex natural frequencies
is computed) augmented by a series of continuous-spectrum terms
(approximately decaying exponentials). An approximate method
for summing an infinite number of natural modes leads, outside
the immediate early-time period, to an accurate impulse re-
sponse which includes the creeping-wave contribution. It is
found that the late-time impulse response can be approximated
by a finite number of terms. The late-time backscatter field
is determined in terms of this latter impulse response, and is
exploited to synthesize the incident-field waveform required to
excite a monomode return signal.

Numerical examples are obtained to demonstrate the requir-
ed incident waveforms which excite various monomode responses.
When the waveform synthesized to excite monomode backscatter
from a preselected cylinder is incident upon a cylinder of
different radius, the return signal differs from the expected
natural mode. The sensitivity of target discrimination based
upon this method is studied,
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B6-6 APPROXIMATE CHARACTERISTIC EQUATIONS
1540 FOR SIMPLE STRUCTURES
D.L. Moffatt, J.G. Bagby
ElectroScience Laboratory
Department of Electrical Engineering

Ohio State University, Columbus, OH 43212

In this paper, geometrical and physical considerations are
shown to lead to useful approximations of the characteristic
equations and corresponding natural frequencies of oscillation
of several simple structures. For thin wires, simple approxima-
tions for path attenuation and phase delay, junction reflection
and transmission and end reflection and radiative coupling are
stressed. These approximations are applied to various wire con~
figurations including curved and bent wire segments, loops and
multi-legged structures.

For solid conducting objects, the application of a charac-
teristic equation procedure using GTD (E.M. Kennaugh, IEEE Trans.
AP-29, 327-331, 1981) to the case of a circular disc is discussed.
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B6-7 EXCITATION OF SINGLE-MODE BACKSCATTERS
1600 FROM TWO SKEW COUPLED WIRES

Che-I Chuang, K. M. Chen and D. P. Nyquist
Department of Electrical Engineering and
Systems Science

Michigan State University, E. Lansing, MI 48824

For the purpose of identifying and discriminating a
radar target, it is desirable to have capacity to selectively
excite natural modes of the target. To do so, it is nec-
essary to synthesize an aspect-independent waveform for the
incident radar signal in such a way that it excites a single-
mode backscatter from the target in the late-time period.

A system of two isolated wires oriented at an angle
and being illuminated by a pulse of radar signal is considered.
The induced currents in the wires in the late-time period
can be expressed in terms of natural modes of the system.

The natural modes of the system can be divided into symmetri-
cal and anti-symmetrical modes. The natural frequencies

and spatial variations of the natural modes are found as
functions of the separation and the orientation angle between
the wires. After the natural frequencies of the major natural
modes, which have low damping coefficients, are determined,

it is possible to synthesize a required, aspect-independent
waveform for the incident radar signal to excite a single-
mode backscatter from the system in the late-time period.

A special case of these study results can be used to
explain the experimental results on the excitation of a
single-mode backscatter from an arbitrarily oriented wire
above the ground plane. For this case, the wire and its
image form a pair of skew coupled wires carrying only the
anti-symmetrical modes of induced currents. Since the natural
frequencies of the wire are dependent on the orientation
angle with the ground plane, the aspect-independent excita-
tion of a single-mode backscatter from the wire is only.
possible when the spacing between the wire and the ground
plane is large and that the coupling between the wire and
its image can be neglected.
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B6-8 DEGENERACY IN THE NATURAL MODES OF A LOADED
1620 THIN-WIRE ANTENNA:
Ahmad Hoorfar and David C. Chang,
Electromagnetics Laboratory, Department of
Electrical Engineering, University of Colorado,
Boulder, CO 80309

Equipped with an accurate analytical expression in the
frequency-domain for the current induced on a thin-wire dipole
antenna, previously obtained by Chang, Lee and Rispin(IEEE-APS,
26,5; 683-690, 1978), we have recently derived simple closed-
form expressions for the SEM poles, natural mode current and
coupling coefficient of .an unloaded thin-wire antenna. Excel-
lent agreements with the numerical works for both the trans-
mitting and receiving antennas were demonstrated. In the
present work, the problem is extended to include the transient
response of a loaded thin-wire antenna. Locations of the
first-layer SEM poles (i.e., natural frequencies) in the complex
w-plane can be determined from the modal equation:

2 2, . . -

D(ws) = 1-R (ws)Im(@s,L) + Zz(ws)f(ws,d,d) =0
where R is the current reflection coefficient from the end
of the antenna; I {w;z-z') is the current at z along an infi-
nitely-long antenna, of radius a, eminating from a source at z'.
The function f(w,z,z') is the corresponding normalized input
admittance of an antenna of finite length L in the absence of
the Toad; finally, Zyp 1is the load impedance located at z=d on
the antenna. Natural mode current and admittance function can
also be determined explicitly. For a center-loaded antenna,
the natural frequencies of this structure varies from ones
corresponding to the symmetric modes of an antenna of length L
when Zy =0, to ones corresponding to an antenna having half of "
the length, i.e. L/2, when Zp> ., In this transition the
natural frequencies wg,s=0,1,2,..., pass through points with
maximum attenuation (i.e., where Ip(wg) is maximum). We have
been able to show that for a very thin wire antenna these
points occur when Zg =|Z.(w)|, where Z(w) is the input impe-
dance of the corresponding infinitely-long thin-wire antenna.
In addition, as the values of a resistive load increases from
0 to«, the natural frequencies of the first two modes trans-
verse in opposite directions in such a manner that for some
specific values of a/L and Zy, degeneracy of the two modes
occur. A detailed structure of this degeneracy, and the
associated current distributions of two near-degenerate modes
will be discussed in the presentation. Transient response for
a loaded antenna that satisfies the degeneracy condition will
also be presented.
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COMMUNICATION SATELLITE SYSTEMS INCORPORATING
- MULTIPLE BEAM ANTENNAS
Thursday afternoon, 14 Jan., CRO-30
Organizer and Chairman: Douglas 0. Reudink,
Bell Telephone Laboratories, Holmdel, NY 07733

C4-1 AN EXPERIMENTAL RAPID SCANNING PHASED
1330 ARRAY REPEATER FOR HIGH-SPEED DIGITAL
SATELLITE COMMUNICATION:
A. J. Rustako, Jr.
Bell Laboratories
Holmdel, New Jersey 07733

An experimental phased array satellite repeater
capable of rapidly scanning independent receiving
and transmitting beams between multiple pairs of
ground stations is described. The array repeater
can interconnect these stations by re-orienting the
beams in less than 10 nsec. permitting efficient
use of time division multiple access techniques at
high data rates (600Mb/s). Both receiving and trans-
mitting arrays can be automatically co-phased under
microprocesser program control from any ground
station. The array implementation and performance
are described.
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C4-2 MOTIVATION FOR MULTI-BEAM SATELLITES
1400 D. 0. Reudink

Bell Laboratories

Crawford Hi1l Laboratory

Holmdel, New Jersey 07733

A simple fundamental relationship is derived between antenna
gain and transmitter power which maximizes the effective radiated
power in mass-Timited satellite systems. In the most common case,
maximum effective radiated power is achieved when the payload mass
is divided equally between the antenna system and the power system.
Although this may have been known intuitively to satellite designers,
to the author's knowledge this relationship has never been published.
Example calculations show that considerable increases in performance
can be expected for satellites which employ high-gain multibeam
antennas.
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C4-3 30/20 GHz EXPERIMENTAL FLIGHT SYSTEM DEFINITION:

1430 David L. Wright, Head, Systems Engineering Section,
Space Communications Division, NASA Lewis Research Center
Cleveland, OH 44135

The 30/20 GHz Satellite Communications Program has been de-
veloped in concert with the communications industry. Phase I of
the program defined the characteristics of the operational system
and identified the associated critical technologies which must be
developed before viable, spectrum-conservative operational sys-
tems can be implemented by the common carriers. During Phase II
the final experimental flight system requirements and definition
were developed through the in-house synthesis of five system
studies which were conducted with the U.S. satellite communica-
tions suppliers (Ford, General Electric, Hughes, RCA and TRW).
These requirements are consistent with the critical technologies
identified in Phase I. 1In this paper, which focuses on Phase II
system requirements, results are presented for the space and
ground segment requirements of the experimental flight system
for both trunking and customer premise services (CPS). The tech-
nology development program which is responsible for creating the
required technology for operational systems has been previously
reported and will not be considered in this paper.
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Ch—4 A FOUR-PHASE COMMUNICATION SYSTEM EMPLOYING
1530 ADAPTIVE ANTENNAS*

J. H: Winters

Bell Laboratories, Holmdel New Jersey 07733

This talk discusses a four-phase communication system employ-
ing adaptive antennas. A system is described that provides pro-
tection against interference (including repeat jamming) with rapid
acquisition of the signal at the receiver. A method is shown for
generating reference signals required by the adaptive array from
the received signal. With these reference signals, the received
antenna pattern can be adapted to maximize desired signal to inter-
ference and noise power ratio at the receiver. The signal acquisi-
tion technique is also described. Analytical and experimental
results demonstrate both the rapid signal acquisition and inter-
ference protection of this system.

*The work reported in this talk was supported, in part, by
Contract F30602-79-C-0068 between the Rome Air Development
Center and the Ohio State University Research Foundation.
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C4-5 A NARROW MULTIBEAM, DUALLY POLARIZED GROUND STATION
1600 ANTENNA EMPLOYING A LINEAR ARRAY WITH A
GEOSYNCHRONOUS ARC COVERAGE OF 60°
N. Amitay and M. J. Gans
Bell Laboratories
Holmdel, New Jersey 07733

We have investigated various schemes for utilizing a linear
scan in narrow multibeam ground station antennas employing phase
arrays. The feasibility of using an appropriately squinted
Tinearly scanned antenna was demonstrated. We have done this by
deriving formulas for optimum (in the mean square sense) antenna
orientation. This orientation yields an accurate mapping of a
60° segment of the geosynchronous equatorial arc (GEA) onto a
plane parallel to a cardinal plane in the antenna directional
cosine coordinates.

Calculations for properly oriented, linearly scanned, and
narrow (<0.5°) multibeam antennas placed at selected cities in
the USA are very encouraging. They indicate that the peak beam
pointing deviation in the 70°W to 130°W GEA segment is under
5/1000th of a degree. Even higher beam pointing accuracy exists
for shorter segments.

For a 300 Mbaud rate at 11.95 GHz, a relatively simple time
equalization can be used to minimize PSK bit error rate degrada-
tion due to array dispersion.

These ground station antennal, with relatively simple mechani-
cal structure, are suitable for multi-satellite communication
systems, intersatellite systems communication, multi-satellite
receive only stations, etc.

We examined various implementation alternatives for the above
mentioned antenna system. The current antenna structure, for the
11.7-14/5 GHz band, consists of cut horns. There are approximately
250 closely spaced horn elements in the array feed so as to elimi-
nate the formation of grating lobes when the beams are scanned over
a 60° segment of the geosynchronous equatorial arc. The present
antenna design possesses a dual polarization capability. A linear
array feed is required per single polarization. In order to uti-
Tize the same feed design for both polarizations, a wide angle
polarization rotator is used in conjunction with the vertical
polarization feed.

161



Commission F Session 4

RADAR OCEANOGRAPHY
Thursday afternoomn, 14 Jan., CB2-26
Chairman: Donald E. Barrick,
NOAA/ERL/WPL, Boulder, CO 80303

F4-1 ATTENUATION RATES OF AN HF RADAR OVER THE SEA
1330 R.S. Lyons
NOAA, ERL, Wave Propagation Laboratory
Boulder, Colorado 80302
D.E. Barrick
NOAA, ERL, Wave Propagation Laboratory
Boulder, Colorado 80302

The attenuation rates of an HF radar, CODAR (Coastal
Ocean Dynamics Applications Radar), are studied as a function
of wave height and orientation with respect to the radar beam
direction. These empirical propagation losses are compared
to a model .of HF surface-wave attenuation based on
theoretical sea-surface impedance calculations. The radar
system transmits at 25.4MHz and includes directional antennas
which ~show variations of attenuation rates dependlng on wave
as well as wind direction. The propagation losses in  dB/km
were calculated from data on sea-echo spectral
signal-to-noise ratio taken at the ARSLOE experiment during
October-November, 1980 at Duck, N.C. where sea conditionms
varied from calm to wave heights of 4.5m. Besides the simple
situation when only wind waves are present, conditions were
analyzed when both swell and wind waves from different
directions existed simul taneously. These empirical
attenuation rates agree with the model of ocean waveheight
directional spectrum effects on HF propagation losses.
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F4-2  REAL-TIME SEA-STATE SURVEILLANCE WITH
1400 HF SKYWAVE RADAR

T.M. Georges,

NOAA, ERL, Wave Propagation Laboratory,

Boulder, CO 80303

J.W. Maresca, Jr.,

SRI International,

Menlo Park, CA 94025

J.P. Riley,

NOAA, FRL, Wave Propagation Laboratory,

Boulder, CO 80303 ‘

C.T. Carlson,

SRI International

Menlo Park, CA 94025

A NOAA/SRI team has conducted tests of the coverage
efficiency of HF skywave (ionospheric) radar for mapping
ocean waveheight and surface wind direction at ranges between
1200 and 3000 km. We found that surface wind direction can
be mapped routinely in less than two hours over the entire
radar coverage area, and that rms wave height can be mapped
in 3 to 5 hours, depending on ionospheric conditions. Two
brief tests with the SRI-WARF radar showed that skywave radar
can cover either large or small selected regions of ocean
with about 60 percent efficiency. Greater efficiencies could
be expected operationally with more sophisticated radars. We
show for the first time how on-line waveheight processing
algoritims and real-time ionospheric diagnostics help select
space-time-frequency windows with low ionospheric distortion.
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F4-3 TONOSPHERIC DISTORTION OF SKYWAVE SEA-ECHO
1430 DOPPLER SPECTRA
R.M, Jones,
NOAA, ERL, Wave Propagation Laboratory
Boulder, CO 80303

Skywave (ionospheric) radar gives more coverage of the
ocean than does surface-wave radar, but ionospheric motions
often distort the received signal s0 much that it is
difficult to extract the sea-state information that the
sea-echo Ioppler spectra contain. Tne most significant
ionospheric  distortions of sea-echo  spectra are (1)
contamination of the second-order part of the spectra, and
(2) an increase in variance of the spectra by a factor of two
to three. The main causes of the ionospheric distortion are
(1) multilayer multipath, (2) ordinary-extraordinary wave
multipath, (3) traveling-ionospneric-disturbance multipath,
(4) Doppler spreading from a time-varying frequency shift on
a single path, and (5) icnospheric reflection coefficient
variability. .

Measurements in October, 1980 of ionospherically
propagated ground-backscatter spectra (which represent in
most respects a direct measure of the ionospneric distortion)
show (1) Doppler spectra that are more continuous rather tnan
made up of a small number of - discrete spectral components,
(2) significant ionospheric distortion (as measured by
contamination of second-order sea echoes) most of the time,
and (3) large variability in ionospheric distortion with time
and place.

Tne larger variance of individual spectra with skywave
requires longer incoherent averaging to get the necessary
variance reductien for average spectra. Tnat the ionospheric
distortion cannot be accurately modeled by a small number of
propagation paths prohibits the use of simple deconvelution
schemes to remove the distortion. That the distortion is
significant most of the time implies that sopnisticated
algoritms for reducing the effect of distortion are nearly
always necessary. Because the average ionospheric distortion
spectrum varies much more rapidly than the average
sea-scatter spectrum, and because the average effect of the
distortion is to increase the second-order part of the
spectrum, the average spectra with the smallest second-order
part are probably the least distorted. Georges et al (NOAA
Tecmical Memorandum ERL WPL-73) discuss this and other
tecmiques for reducing the effects of ionospheric distortion
of skywave sea-echo spectra. The ionospheric distortion
measurements presented here are for only about two hours of
F-layer propagation. Future measyrements should include a
variety of ionospheric conditions, including sporadic E.
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F4-4 REMOVAL OF CURRENT DOPPLER DISTORTION FROM SECOND-
1500 ORDER HF BROAD-BEAM SEA ECHO BEFORE SEA-STATE
DETERMINATION

Belinda J. Lipa

CODAR Research

165 Harcross Road

Woodside, California 94062

Donald E. Barrick

NOAA, ERL, Wave Propagation Laboratory
Boulder, Colorado 80303

Methods have . been developed and demonstrated that
allow extraction of the ocean waveheight directional spectrum
from second-order HF sea-echo Doppler spectra. The frequency
resolution obtainable in the derived wave spectrum is for all
practical purposes the same as the frequency resolution of
the echo spectrum. If a current is present in a narrow-beam
radar, it shifts all parts of the echo spectrum (first and
second order) uniformly, and is therefore easily identified
and removed. In a broad-beam system (such as the compact
CODAR crossed-loop system developed by NOAA), however,
variation of the radial component of current across the
resolution cell produces a smearing of the echo spectrum that
can represent an -intolerable degradation in frequency
resolution.

We demonstrate a technique whereby the first-order
echo is used to measure the radial current pattern over the
scatter area. This pattern is then employed in the frequency
relationship in the equation for the theoretical second-order

_sea—echo to remove this distortion. Thus the resulting
waveheight directional spectra obtained have the same
frequency resolution as if no currents had been present.
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F4-5 COMPARATIVE RESULTS OF DELTA-K OCEAN WAVE
1545 SPECTROMETER MEASUREMENTS WITH A VARIETY
OF SURFACE ILLUMINATION GEOMETRIES
J. W. Johnson and H. F. Thornton, NASA
Langley Research Center, Hampton, VA 23665;
and D. E. Weissman, Hofstra University,
Hempstead, NY 11550

Measurements of the relative strength of ocean surface wave
spectral components have been made from an aircraft using the

‘two-frequency microwave resonance technique. A coherent Ku-band

radar was used to study the Bragg type resonance matching (at

the difference frequency, Af) to the surface wave components.

The spatial spectrum of the surface reflectivity modulation was
then computed as the value of Af was varied over a matching range
of approximately 15 - 150 m in surface wavelength. This paper |
contains experimental results from flights conducted during the
1979 MARSEN project and the 1980 ARSLOE project, and the object-
ive here is to present the radar results in terms of the variety
of surface illumination geometries encountered.

In MARSEN, a .5° x 25° fan beam antenna at a fixed angle of
incidence was used with the aircraft flying at three different
altitudes. A 3.5° pencil beam antenna was used during ARSLOE
at incidence angles of 15°, 25°, 40°, 50°, and a variety of
altitudes. The experimental results will be presented in terms
of the effect of incidence angle, along track footprint length,
and footprint area on both the strength of individual resonances
and the shape of the modulation spectrum. It will be shown
that the MATSEN results, with the narrow footprint, are consist-
ent with a one-dimensional theroetical approach and that the
ARSLOE results, with a symmetric beam pattern, agree well with
the existing two-dimensional theory.
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T4—6 DISTRIBUTIONS OF CAPILLARY-WAVE ON
1615 LARGER WAVES AS MEASURED BY RADAR
R.K. Moore, S. Barkeshli, I.J. Birrer,
G.J. Dome

Remote Sensing Laboratory
University of Kansas Center for Research, Inc.
Lawrence, Kansas 66045

The modulation of capillary-wave amplitudes on the ocean
govern the production of radar images of the ocean, parti-
cularly those using synthetic-aperture systems. Simultaneous-
radar measurements of wave height and radar backscatter were
made from a tower in the North Sea. Correlations between the
radar signal and the wave heights are used to deduce the
relationships between positions of the capillary wave maxima
and the wave crests, taking slope modulation into account.

167




Commission F Session 4

F4—7 MEASUREMENTS OF THE CAPILLARY-WAVE SPECTRUM
1645 FOR THE OCEAN BASED ON RADAR SCATTEROMETER
MEASUREMENTS FROM A TOWER
R.K. Moore, G.J. Dome, I.J. Birrer
Remote Sensing Laboratory
University of Kansas Center for Research, Inc.
Lawrence, Kansas 66045

Measurements of radar backscatter from a tower in the
North Sea over a wide range of frequencies and angles of
incidence permit determination of the capillary-wave spec-
trum. The capillary wave spectrum produced by using Bragg-
resonance theory on the observations is similar to that
based on wave-tank observations and previously used in radar
backscatter theory, but it differs enough that the theoretical
radar backscatter curves vs wind speed and angle of 1nc1dence
must be modified.
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TROPOSPHERIC PROPAGATION
Thursday afternoon, 14 Jan., CR1-40
Chairman: Juergen H. Richter, Naval Ocean Systems
Center, Electromagnetic Propagation Division,
San Diego, CA 92152

F5-1 RELIABILITY OF THE EVAPORATION DUCT

1400 FOR OVER-THE-HORIZON PROPAGATION
K. D. Anderson, EM Propagation Division, Code 532
Naval Ocean Systems Center
San Diego, CA 92152

The analytical models describing propagation in the
presence of an evaporation duct are well known, but several
practical questions remain unanswered. First, can the duct
reliably support propagation to ranges of twice the horizon?
Second, what are the short and long term fading rates?
Lastly, what is the probability of significant enhancement on
a worldwide basis? This talk presents preliminary results
from an ongoing effort to answer these specific questions.
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F5-2 PROPAGATION STUDY FOR A TROPOSPHERIC
1425 TRANSHORIZON RADAR:
K. Toman, Propagation Branch
Electromagnetic Sciences Division
Hanscom AFB, MA 01731

Derived from an early NBS tropospheric transhorizon
propagation data base, a particular loss term defined as
path attenuation was used in the radar equation to esti-
mate the behavior of signal-to-noise ratio with frequency,
distance including percentile variabiiity. This loss term
depends on frequency, distance, climate, refractivity and
an empirically derived attenuation function which takes in-
to account effects of antenna heights. Equivalent antenna
temperatures are assumed to be due to galactic noise. Re-
ceiver noise is characterized by noise figure F. For con-
veniently chosen system parameters, signal-to-noise ratio
behavior is illustrated for several known target cross
sections as a function of frequency, distance, variability
for particular climates. Conversion to other system para-
meter combinations is simple. For the conditions considered
above, an attempt is made to assess detectability in terms
of realistic parameter ratios.
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F5-3 SEA CLUTTER UNDER-ATMOSPHERIC
1510 DUCTING CONDITIONS

F. Perry Snyder

EM Propagation Division
Naval Ocean Systems Center
San Diego, CA 92152

Atmospheric ducting phenomena can seriously influence
radar coverage, significantly extending radar ranges or
causing radar "holes." Such atmospheric ducting conditions
influence not only the radar target return signal, but also
the signal returned from other objects, i.e., radar clutter.
Expected improvements in radar performance due to some ducting
conditions can be seriously diminished, if not converted to
degraded performance, due to clutter effects. An "onboard"
capability to sensor performance has been developed in the
IREPS (Integrated Refractive Effects Prediction System)
project at NOSC. Presently, the IREPS, or any other known
general purpose performance assessment system, does not
adequately consider clutter.

Radar clutter return has been investigated extensively,
both theoretically and experimentally, and several empirical
models for sea clutter have recently been developed. These
sea clutter models have many features in-common, particularly
the consideration of only standard atmospheric conditions. A
sea clutter effects model, capable of consideration of non-
standard atmospheric conditions, has been developed for in-
tended usage in the IREPS. The model, which couples a clas-—
sical ray-optics propagation formulation with an empirical sea
clutter cross-section model, is discussed. Also presented are
predicted effects on radar coverage due to a variety of atmos-
pheric ducting environments. The clutter effects model is
most appropriate to a propagation environment resulting from
an elevated refractive layer producing a ground based duct.
For such ducting conditions, the clutter effects model pre-
dicts the occurrence of discretely spaced "clutter rings," in
agreement with observations.
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F5-4 EHF ATTENUATION AND DELAY PROPERTIES

1545 OF MODEL ATMOSPHERES
H. J. Liebe, National Telecommunications and Infor-
mation Administration, Institute for Telecommunica-
tion Sciences, Boulder, CO 80303

A complex transfer function for radio wave propagation
through moist air at frequencies below 1000 GHz has been for-
~mulated (H. J. Liebe, Radio Sci., 16(6), 1981). This model
is applied to calculate and piot EHF attenuation and delay
rates for ten model atmosphéres encompassing tropical to
arctic height profiles of pressure, temperature, and relative
humidity. Homogeneous (horizortal radio path) and inhomoge-
neous {e.g., zenith paths) air masses are evaluated with the
following objectives:

(a) optimizing computer run time by reducing the number of
molecular (H,0 and 0,) absorption lines (typically be-
tween 30 and 80 lines) and Timiting the number of height
intervals (typically 20 to 60 for h = 0 to 100 km);

(b) demonstrating the influence of total precipitable water
vapor (w) and cloud water (W) contents within a radio
path;

(c) correlating cumulative quantities with meteorological
surface conditions; and

(d) estimating the anisotropic behavior of mesospheric 0,
spectral Tines caused by Zeeman-splitting in the geomag-
netic field.

For example, an evaluation of zenith path transfer proper-

ties between 1 and 300 GHz with three values of w {0 to 70

mm) and two values of W (0 to 3 mm) requivres about 107 indi-

vidual summations excluding the Zeeman effect.

The results are useful to analyze signal 1mpa1rments due
to deterministic amplitude and/or phase variations within
the signal bandwidth. This problem gains importance with the
advent of gigabit-rate data links employing EHF carriers.
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F5-5 THEORETICAL AND CALCULATIONAL ASPECTS OF THE
1610 RADIO REFRACTIVE INDEX OF MOIST AIR
R.J. Hill, Wave Propagation Laboratory
Environmental Research Laboratories
National Oceanic and Atmospheric Administration
Boulder, Colorado 80303

According to the Kramers-Kronig relation, an absorption
resonance produces a frequency-dependent refraction. This
refraction is nondispersive at frequencies much lower than
the resonance frequency. For instance, the ultraviolet elec-
tronic resonances provide the refraction at visible frequen-
cies. These induced-dipole type transitions produce refrac-
tion that is proportional to the number density of molecules.
The radio refraction is caused by the infrared as well as
the ultraviolet transitions. Classically, the infrared
rotational resonances (permanent-dipole transitions) of
water vapor provide a radio refraction proportional to water
vapor number density divided by temperature. The quantum
theory shows that this classical notion is true provided
that no transitions involve energy changes of the order of
the thermal energy. The water-vapor rotational resonances
certainly include strong transitions involving energy changes
near the thermal energy. Thus, it is expected that the radio
refractive index caused by the rotational resonances of water
vapor is not precisely proportional to number density divided
by temperature.

The radio refractive index is calculated by summing the
refraction due to the infrared resonances of the water vapor
monomer. Although this calculated refraction agrees well
with measured values, its temperature dependence departs
significantly from the measured variation with temperature.
As expected, the rotational resonances of water vapor give a
contribution to the radio refractive index that does not vary
precisely as number density divided by temperature. The
vibrational-rotational resonances contribute a radio refraction
that is nearly, but not precisely, proportional to number den-
sity of water vapor. This vibrational-rotational contribution
is much smaller than that by the rotational resonances.

It has been hypothesized that the term proportional to
number density in the radio refractive index equation should
be equal to its counterpart in the optical refractive index
equation, and that this relationship can be used to improve
the values of the coefficients in the radio refractive-index
equation for moist air. The hypothesis is found to be false,
and it is suggested that it is best to use the empirical co-
efficients of the refractive-index equation.
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F5-6 OPTICAL, RADIATIVE, AND MICROPHYSICAL
1635 INHOMOGENEITIES IN CLOUDS
V.E. Derr, Office of Director, and
Wave Propagation Laboratory, Environ-
mental Research Laboratories, Boulder,
Colorado 80303

The performance of many radar and lidar systems is
influenced by cloud microphysical properties, such as
dropsize distribution.

Clouds modulate solar influx and terrestrial and atmos-
pheric thermal emission. The lack of uniformity of cloud con-
centration and characteristics from global to microscopic
scales affects transmission of electromagnetic radiation over a
wide range of frequencies. Experimental data are presented on
optical, radiative, and microphysical properties of clouds, and
statistical properties of spatial variations of clouds are pre-
sented. Data obtained in many flights of the NOAA P-3 research
aircraft include radiative and microphysical parameters. Hemi-
spherical downward and upward fluxes were measured in four
spectral bands from .3 to 50 um as functions of depth of cloud
under various conditions. Simultaneous measurements of liquid
water content and drop-size distributions were made as well as
standard meteorological variables. Relations between Tiquid
water content and optical attenuation and the effect of clouds
on solar flux at the ocean surface will be presented.
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TRANSIONOSPHERIC RADIO
Thursday afternoen, 14 Jan., CR1-46
Chairman: K.C. Yeh, University of Illinois
Urbana, IL 61801

G2-1 TOTAL ELECTRON CONTENT STRUCTURE IN THE
1330 MIDDLE EAST _
Haim Solcher, Center for Communications
Systems

U.S. Army Communlcations-Electronics Command
Fort Monmouth, N.J. 07703

Polarization rotation data recorded from the geo-
stationary satellite SIRIO at Haifa, [srael, have
been used to study the structure and varlablility of
the total electron content (TEC) during the maximum
phase of the current solar cycle. [In addifion fo the
overall diurnal and seascnal variation, the TEC Is
regularly modulated by the effects of travelling ion-
ospheric disturbances (TIDS). The behavior of TIDs
in terms of thelr frequency of occurrence, amplitude,
perliod, and time of occurrence ls seasonally dependent.
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G2-2 MODELING THE IQNQSPHERIC ELECTRON .CONTENT MEASURED BY
1400 ATS6: 0.M. Grimelizzi and K. Davies, Space Enviromment
Laboratory, NOAA, Boulder, CO 80303

A model that solves the time-dependent ion-continuity equa-
tion was used for comparison with total electron content data
measured, with the ATS6 radio beacon, at Boulder, Colorado during
sunspot minimum (June 1974 to May 1975). Calculated and observéd
critical frequencies (foF2) at Boulder were compared also.

With the inclusion of atomic oxygen ions O+ only it was
possible to obtain good agreement between model and observed foF2
by adjusting the neutral wind. However, under these conditions,
the calaculated TEC were much below the observed TEC. Inclusion
of molecular ions NO+ and Oy* in the model gave better agreement

with the observed TEC.

176




Commission G Session 2

c2-3 F LAYER IRREGUILARITY PHENOMENA AT SUB-AURORAL
1500 AND AURORAL IATITUDES
Jules Aarons,* Air Force Geophysics Laboratory,
Hanscom AFB, MA 01731

Both scintillation intensity and F layer clutter
observed with HF backscatter radars are effects of the
F layer irregularity electron density (AN) and the
irregularity configuration. Using data obtained at Goose
Bay, Labrador and the Sagamore Hill Radio Observatory in
Hamilton, Mass. plots of continuous. levels of scintillation
intensity were developed for latitudes ranging from 53° CGL
to 69° CGL.

For any individual night F layer scintillation activity
similar to that of sub-storm activity is revealed with a
longitudinal region affected for several hours while paths at
the same CGL but 15° away in longitude remain unaffected.

On other nights the boundary of F layer irregularity intensity
is quite sharp across a range of longitudes.

Using other scintillation data taken over long periods
of time, the role of sunspot cycle will be assessed. Lower
median levels of scintillations have been noted with lower
sunspot number at plasmaspheric, sub-auroral and auroral lati-
tudes. The irregularity electron density, AN, in some
regions appears to be affected by the relevant intability
mechanisms in the same way that polar and equatorial irregu-
larities are affected i.e. as a percentage of the ambient
electron density, N. In years of relatively low electron
density, i.e. the low sunspot years, AN in the irregu-
larity will be smaller and scintillation levels for the same
magnetic conditions lower than those at the peak of the sun-
spot cycle.

*At present at Boston University, Bostdn, MA
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G2-4 PROPAGATION OF BEAM WAVES THROUGH AN IONOSPHERIC
1530 IRREGULARITY LAYER
Yean-Woei Kiang, Department of Electrical Engi-
neering, National Taiwan University, Taipei,
Taiwan, Republic of China
C. H. Liu, Department of Electrical Engineering,
University of Illinois, Urbana, IL 61801

The problem of a beam wave propagating through a turbu-
lent layer is investigated. Applying the phase screen
approach exact analytical expressions for beam wander and
spread are derived for the case of a beam wave passing
through a random slab containing irregularities with general
power-law spectrum. The results are valid for all scintil-
lation strengths including the strong cases. Depending on
the parameters of the beam and the properties of the turbu-
lent layer, the effects of irregularities on the beam wave
may be appreciable. In particular, it is found that these
effects are dependent on the spectral index p of the power-
law spectrum for the irregularities. To further investigate
the instantaneous behavior of the beam, a numerical approach
is used to propagate the beam through a simulated irregularity
layer based on in-situ ionospheric measurements. It is found
that hot spots may develop in the beam when irregular struc-
tures with sharp spatial gradients drift across the beam.
These results are applied to investigate the possible effects
of ionospheric irregularities on the proposed solar power
satellite systems.
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G2-5 TEMPORAL VARIATIONS OF EQUATORIAL IONOSPHERIC
1600 IRREGULARITIES DEDUCED FROM SCINTILLATION DATA
K. C. Yeh, T. R. Tyagi, A. W. Wernik, C. H. Liu,
Department of Electrical Engineering, University
of Illinois at Urbana-Champaign, Urbana, IL 61801

In most ionospheric scintillation studies, the "frozen-
in" assumption is made for which the irregularities are
assumed to be frozen as they drift across the beam of radio
wave. In reality, the irregularities will change with time
as they move. Indeed, the temporal evolution of the irregu-
larities is closely related to the generation mechanisms of
the irregularities. In this paper, we attempt to investigate
the temporal variations of the equatorial ionospheric irregu-
larities using scintillation data received at two stations
located in Natal, Brazil. The two stations are separated by
278 m in the East-West direction. Radio signal at 257.55 MHz
from Marisat 1 was received at the stations. The scintilla-
tion signals at the two stations are found to be well corre-
lated. Cross correlation analysis yielded the drift speeds
of the irregularities. Cases were selected when the drift
speed was near zero. The variations of the signals in these
cases are assumed to be due to the temporal variations of the
irregularities. Several such cases were analyzed. A theoret-
ical analysis based on a temporal-spatial irregularity spec-
trum model has been carried out. The results will be used
to interprete the experimental data.

G2 PRESENTATION OF THE 1982 HARRY DIAMOND AWARD TO
1630 DR. JULES AARONS
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RADIO ASTRONOMY (GENERAL) AND INSTRUMENTATION
Thursday afternoon, l4 Jan., CR2-6
Chairman: M. Ewing, California Institute of Technology,
Pasadena, CA 91103

J5-1 A BEAM-RATIO TECHNIQUE FOR STUDIES OF SOLAR MICROWAVE
1410 SOURCES: K.F, Tapping, NRC, Canada

The conventional beam-switching or beam-difference observing
technique is highly effective in reducing the effects of tropo-
spheric noise fluctuations upon the measurement accuracy. How-
ever, when very strong sources are observed, the direct effect
of the varying tropospheric loss upon the source signal is much
larger than the comtribution from the tropospheric noise. 1In
this case the beam-difference method is not useful.

In a study of the intensity variations of compact microwave
sources on the solar disc, it was found that the time-varying,.
troposphéric attenuation, under most conditions, made total power
observations rather suspect. These sources are bright, producing
antenna temperatures ranging from * 103-10°% K at 2.8 cm wavelength.
The receiver and tropospheric noise contributions were insigni--
ficant compared with this. The background solar disc temperature
was about 10% K. TFor observation of these sources, the beam-
ratio technique was found to be highly effective. The system is
set up so that the main antenna beam falls on the source under
study and the reference beam on the background solar disc. The
main and reference beam signal powers are given by:-

= - + w + 0, T, - w /9
Pmain G[TR * Tt(l 0Lt) OLth S/QO 0Lt disc (1 s/ o)]
= - + T_.
Pref G[TR ¥ Tt(l OLt) OLt disc
Where T. = Receiver noise temperature, G = Receiver gain-band-

width product, @, = Antenna beamsize; Ty = Mean tropospheric
temperature, Ot = Overall transmissivity of tropospheret

(0 < oy < 1); Tg = Brightness temperature of compact source,

wg = Angular size of source and Tdis = Temperature of background
solar disc.

Cc

The receiver is switched between the main and reference
feeds at a rate faster than the tropospheric fluctuations. The
outputs are separated and filtered. The ratio Pmain/Pref is then

derived. Since Tgug/R,, T 4. . >> Tg,T,, we obtain:—
. T W + E -
main = S S/QO lesc(l ws/Qo)
P T
ref disc

or, for compact sources small compared with the beam-size,

P, T W

main = s s + 1

Pref TB Qo

The tropospheric fluctuations are eliminated from the receiver
output. In practice, the rejection of tropospheric and receiver
fluctuations was found to be at least 100 times smaller compared
with single beam, total power observations.
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J5-2 A COMPARISON OF TERRESTRIAIL AND PLANETARY VLF
1425 EMISSIONS: W.S. Kurth, Department of Physics and h
Astronomy, University of Iowa, Iowa City, TA 52242

The Voyager missions to Jupiter and Saturn have provided
the first observations of VLF wave phenomena in non-terrestrial
magnetospheres. Perhaps the most important analysis to be per-
formed with the Voyager observations is a comparison of plasma
wave phenomena found in the Jovian and Saturnian magnetospheres
with those detected in the terrestrial magnetosphere. This com-
parison not only advances the identification and understanding
of the non-terrestrial emissions, but also greatly enhances our
knowledge of the terrestrial counterparts. At first glance,
this comparison yields the somewhat extraordinary result that
the terrestrial and non-terrestrial plasma wave "zoos" are quite
similar in many respects. Virtually all phenomena observed at
Jupiter and Saturn have close terrestrial cousins. Conversely,
there are few, if any, terrestrial emissions which are not de-
tected in the magnetospheres of Jupiter and Saturn. These simi-
larities exist despite obvious differences between the solar
wind-dominated magnetosphere of the earth and the magnetospheres
of the giant planets which are dominated by internal plasma
sources (such as Io) and driven largely by the rotational energy
of the planet,

0f course, one other major difference between earth and the
two giant planets is the presence of man and civilization on the
former. Now, at least in theory, it is possible to compare VLF
emissions in the terrestrial magnetosphere with those of another
magnetosphere not affected by civilization in order to begin to
sort out which phenomena at the earth are naturally occurring,
and which are triggered, modulated, or even generated by man.
Some preliminary results of such a comparison will be given,
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J5-3 - THE MODE SWITCHING PHENOMENON IN PULSARS
1440 N. Bartel, M.I.T., D. Morris, IRAM,
W. Sieber, MPIFR, T. H. Hankins, NAIC,
Arecibo Observatory

We report on a multifrequency full polarization
analysis of the two classical mode-switching
pulsars PSR 0329+54 and PSR 1237+25 and compare
properties of all known mode-switchers.

Simultaneous observations of PSR 0329+54 at 1.4
and 9.0 GHz show that the switch between modes is
broadband as it occurs simultaneously at both fre-
guencies. During a switeh, components in the pro-
file alter their longitudinal positions so that the
total pulse width is reduced. The spectra measured
at the peak of different pulse components have only
slightly different spectral indices in the normal
mode. The pulse component spectra steepen or
flatten when the pulsar switches to the abnormal
mode so that abnormal pulse profile shapes tend to
be more frequency dependent than normal ones. All
polarization properties, i.e. linear and circular
polarization percentage and the polarization posi-
tion angle sweep, are affected by a mode change;
and furthermore the periodic intensity fluctuation
from pulse to pulse, also known as the drifting
phenomenon, changes its behavior dramatically from
one mode to the other.

We interpret the moding phenomenon as a change
in the inhomogeneous chemical composition and/or
structure of the pulsar surface followed by an
alteration of the electrostatic conditions in the
polar cap region above the surface, which leads to
a different distribution of the particles in the
magnetosphere. In the abnormal mode the average
plasma flow rate is apparently reduced so that
radio emission is observed from lower levels in the
magnetosphere. Comparison with other pulsars
suggests that the sequence of drift bands A, B, C
(PSR 0031-07) or A, B, ABN (PSR 2319+60), followed
by nulls, is a sequence of increasing plasma flow.
Thus, in contrast to modes, nulls may be associated
with episodes of high plasma flow leading to over-
heating or changes in the composition of the pulsar
surface. ’
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J5-4 HIGH RESOLUTION RADAR MAPS OF THE MOON AT

1455 70 CM WAVELENGTH: T.W. Thompson, Plane-
tary Science Institute, 283 S, Lake Ave.,
Suite 218, Pasadena, CA 91101

The long-range goal of this research is to produce a
new radar map of the moon at 70cm wavelength with improved
resolution and radarmetric calibration over the existing
data which was obtained in the late 1960's. This is under-
way with five observations in May 1981 using the 430Mhz
radar at the Arecibo Observatory. (Some eleven more ob-
servations are needed to map the lunar earthside hemisphere.)

The May 1981 observations had radar cell-sized of
2.5 to 4.0 kilometers; we used 10 to 15 microsecond pulses
and spectra resolutions of 0.0lhz. Radar pulses were
transmitted from the main (1000 foot) antenna. Both polar-
ized and depolarized echoes were simultaneously recorded
using new 430Mhz radar equipment at an auxiliary (Los Caflos,
100 foot) antenna. These data are currently being processed
to produce digital images similar to those already existing
at 70cm and 3.8cm wavelength., The new 70cm radar maps of
the moon will have resolutions which are three times better
than the existing 70cm data and which are near that of the
existing 3.8cm Haystack Observatory radar maps. This will
permit detailed study of Tunar craters with diameters 7.5
kilometers and greater.
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NEAR FIELD MEASUREMENTS II
‘Commission A, Session 5, CR1-42
Chairman: Carl F. Stubenrauch,
Electromagnetic Fields Division
National Bureau of Standards, Boulder, CO 80303

A5-1 COMBINING PLANAR AND CYLINDRICAL NEAR-FIELD MEASURE-
0830 MENTS TO OBIAIN INCREASED ANTENNA PATTERN COVERAGE:

A.C. Newell, Electromagnetic.Fields Division, National

Bureau of Standards, Boulder, CO 80303

It has long been realized that for electrically large
antennas, measurements on a planar surface normal to the bore-
sight direction are the most efficient of the near-field tech-
niques. One of the main limitations of the planar technique
however, is that for measurements on one plane, the results
are valid only for a cone of angles somewhat less than a full
hemisphere as determined from the measurement geometry. If
results are required for the back hemisphere, another measure-
ment must be made on a plane behind the antenna and, in gen-
eral, there will always be a region of angles close to.graz-
ing incidence to the measurement planes where reliable re-
sults are not available. '

To overcome this limitation, it has been suggested that
a combination of planar and cylindrical measurements be em-
ployed to extend the coverage to almost the full sphere. The
planar technique would be used to obtain results for the main
beam and first few sidelobes and the cylindrical technique
used to obtain the additional sidelobes and into the backlobe
region. Using this approach, pattern, gain, and polarization
results would be available in all directions except near the
axis of the cylinder on the back hemisphere.

To test this idea, a research program was undertaken to
determine the feasibility of such a measurement approach.

The study was devoted to the cylindrical measurement part,
since the planar portion is already well developed and, in
this application, is being used in the conventional way. The
cylindrical measurements outlined above, however, are differ-
ent than those usually employed since they are being used to
determine the sidelobe and backlobe patterns only, with the
boresight direction of the antenna parallel rather than nor-
mal to the axis of the measurement cylinder. The results of
this research has shown that this cylindrical sidelobe mea-
surement, as it has been called, can be quite successful. Re-
sults have shown that by using somewhat directive probes, and/
or artifical extention of the measured data, the error pro-
ducing effects of main-beam components of the spectrum are
minimal. General relations are also obtained from the geome-
try of the measurement to predict the angular region of vali-
dity for these measurements and therefore ensure overlap of
planar and cylindrical results.

184




Commission A Session 5

A5-2 AN ALGORITHM WITH ENHANCED EFFICIENCY FOR

0855 COMPUTING THE FAR-FIELD FROM NEAR-FIELD DATA ON
A PARTTAL SPHERICAL SURFACE: Doren W. Hess and
Joseph J. Tavormina, Scientific-Atlanta, Inc.,
3845 Pleasantdale Road, Atlanta, GA 30340

Both the Wacker algorithm for the spherical near-field
to far-field transform in its original form and the improved
version devised by Larsen are conventionally applied to near-
field data sets corresponding to complete spherical pattern
coverage; if only partial coverage is of interest then zero-
filling is typically used over those portions of the sphere
where the near-field pattern levels are negligible. This
paper describes an enhancement of the Wacker and Larsen
algorithms which requires that only the significant portion
of the near-field data set be processed.

The enhanced algorithm operates upon the 51mplifying
assumption that the antenna's radiation pattern may be
assumed to be periodic in the spherical coordinates.
Periodicity in the azimuthal coordinate is especially
important because it restricts the number of permissible
spherical modes considered to comprise the pattern, and
significantly reduces the number of scattering matrix elements
that must be calculated. Efficiency in the running time is
realized when the main beam of a radiation pattern lies on
the equator of the spherical grid.

This enhanced partial sphere algorithm has been imple-
mented on a minicomputer and its numerical results checked on
measured data against numerical results for full spherical
coverage. Reduction factors in running time of three to ten
are easily obtained, depending on the measurement radius and
the coverage area of the partial sphere.
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A5-3 PRACTICAL CONSIDERATIONS FOR NEAR-FIELD MEASURE-
0920 MENTS AND THE USE OF PROBE CORRECTION:
Doren W. Hess, Scientific-Atlanta, Inc., 3845
Pleasantdale Road, Atlanta, GA 30340

A simplified case of spherical near-field scanning
measurements occurs. when the geometry of the near-field range
configuration is arranged so that numerical correction for
the finite dimension of the probe antenna can be avoided.
This is accomplished by meeting the criterion that

., dD

R >> > u
where R is the length of the range, A is the wavelength of
the radiation and D and d are the dimensions of the test
antenna and the range antenna respectively. The criterion
follows by requiring that the angle intercepted by the range
antenna at the center of the scanning sphere be appreciably
less than the sample increment at which near-field data is
recorded. Avoiding the need to measure the directivity
pattern of the probe antenna affords the important practical
advantage of simplicity in the measurement procedure.

However a second consideration which is very important
in range design -- that of signal power -- makes it difficult
to meet the above criterion when the size of the test antenna
becomes large. To appreciate the difficulty consider a near
field range configuration that marginally meets the above
criterion and which operates at the power capacity of its
signal generator; then let the dimension of the test antenna
increase, with the frequency held fixed. In order to main-
tain the same fraction of signal power transferred between
the ports of the test antenna and the range antenna the
dimension of the range antenna would have to be made larger.
On the other hand, for a fixed range length, increasing the
site of the test antenna reduces the angular sample
increment; and, in order to avoid probe correction the
dimension of the range antenna would have to be reduced.
Clearly the desire to avoid probe correction and the desire
to conserve signal power can come into conflict.

One is led then to the interesting conclusion that as
the dimensions of antennas to be tested increase, probe cor-
rected measurement procedures will be required unless either
(a) larger range lengths are used, (b) longer measurement
times are available, (c) more sensitive receivers are avail-
able or (d) more powerful signal sources are available.
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A5-4 HIGH PRECISION 6.7m x 6.7m NEAR-FIELD PLANAR SCANNER
1005 C. A. Raquet, G.R. Sharp, and R. E. Alexovich

Space Communications Division

National Aeronautics and Space Administration

Lewis Research Center

Cleveland, OH 44135

A 6.7m x 6.7m near-field planar scanner is being con-
structed at the NASA Lewis Research Center. This facility,
scheduled to be completed in early 1982, will be used to test
and evaluate advanced space communication antenna concepts in
support of the Center's space communication program. The
near-field measurement technique offers several important ad-
vantages for testing present and future large, high frequency,
complex space communication antennas for which the convention-
al minimum far-field probe-antenna separation distance 20/ A
(D=aperture diameter, X = wavelength) exceeds several kilo-
meters. The Lewis facility has been designed to measure high
gain antennas with aperture diameters as large as 6.2m at
frequencies from 0.8 to 60 GHz.

- The scanner is configured to acquire near-field data on a
vertical rectilinear planar grid. The two axes of scan are
provided by the motion of the probe along a vertical gantry
truss and the horizontal motion of the gantry and support
structure along precision rails. Probe location along both
axes in the vertical plane is determined with a laser inter-
ferometer system. The horizontal and vertical chain drive
systems, for the gantry and probe respectively, use d. c.
motors with precision tachometers and sychronous belt reduc-
tion drives and are operated by a computer controlled posi-
tion programmer. Automatic data acquisition is under control
of a computer in the test facility. Both the scanner and the
wall surrounding the scanning plane on three sides will be
covered with 46 cm (18 inch) thick microwave absorbing mater-
ial.

In order to achieve the scanning plane flatness required
for high frequency near-field measurements, an extremely
rigid mechanical design providing high structural stability
and the capability for easy and accurate adjustment has been
developed. System alignment is performed using laser
straightness measuring devices, a precise optical level and
jig transits. Achievement of the surface flatness design
goal of 0.01 cm will permit accurate measurements at 60 GHz.
without corrections. First order corrections for deviations
from a true plane will, in the future, permit extending the
frequency capability beyond 60 GHz.

187




Commission A Session 5

A5-5 PLANE-POLAR NEAR-FIELD MEASUREMENTS FOR FAR-FIELD CON-
1030 STRUCTION: Y. Rahmat-Samii, Jet Propulsion Laboratory,
California Institute of Technology, Pasadena, CA 91103

Far—field construction from near-field measurements has been shown
to be ‘a potentially powerful scheme, and the amount of work to
justify this observation is voluminous. In constructing far-field
patterns from near—-field measurements, three basic geometrical
surfaces surrounding the test antenna have been probed: 1) planar,
2) c¢ylindrical, and 3) spherical. This presentation will focus
on the planar scheme. In the past the planar configuration has been
used with a probe scanning a rectangular geometry and -computations
have been done using FFT algorithms. Recently an alternate useful
scan geometry based on the plane-polar configuration has been inves—
tigated (Rahmat—Samii, et. al, IEEE AP-S, March, 1980) and results
have been presented to demonstrate its applications.

In this presentation, a short review of the plane-polar measurement
technique will be made in order to demonstrate the application of
the computational steps for constructing both the far and Fresnel
fields using the Jacobi-Bessel series expansion. Results will be
shown for both the far and Fresnel fields and the need for probe
correction will be discussed. The usefulness of a method for measur-
ing the absolute gain will also be addressed. Finally, some of the
electrical and mechanical features of a newly constructed plane-
polar near-field facility at JPL will be presented.
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A5-6 REVIEW OF GEORGIA TECH NEAR-FIELD
1055 SCATTERING MEASUREMENTS
Charles E. Ryan, Jr.,
Engineering Experiment Station
Georgia Institute of Technology
Atlanta, Georgia 30360

The Georgia Tech EES automated planar near-field
scanner has been employed for scattering measurements
since 1973. These measurements have included bi-
static (J. L. Edwards, C. E. Ryan, Jr., and W. J.
Storey, 1974 IEEE Ant., & Prop. Symposium Digest, 174-
177) and forward scattering (C. E. Ryan, Jr. and
E. E. Weaver, 1979 IEEE Ant. & Prop. Symposium
Digest, 59-62) and measurements of the effects of
model aircraft external stores on antenna performance
(T. B. Wells, 1981 IEEE Ant. & Prop. Symposium
Digest, 257-260). This paper will present a review
of near—-field scattering measurement techniques
including measured results for model targets. Also,
data processing methods to enhance the field-of-view
of planar measurements of non-aperture limited fields
will be suggested.
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GUIDED WAVES
Friday morning, 15 Jan., CR2-28
Chairman: David A, Hill, NTTA/ITS, Boulder, CO 80303

B7-1 INTEGRAL-OPERATOR DESCRIPTION OF INTEGRATED

0830 DIELECTRIC WAVEGUIDES: D. P. Nyquist, Dept.
of Electrical Engineering and B. C. Drachman,
Dept. of Mathematics, Michigan State Univ.,
East Lansing, MI 48824

A new integral-operator formulation is presented
which provides an.exact description for surface-wave
eigenmodes supported by graded-index, integrated di-
electric waveguides of arbitrary cross-section shape.
As indicated in the figure, the waveguide core yith
cross section CS and graded refractive index n(p) is
deposited over a substrate of index ng and embedded
in a cladding overlay of index n . 2 &

5 ,1f gore/overlay contrast is 8escrib%d+by §n%(0) =
n<(2)-n~, then surface-wave eigenfield E(r) = e(p) x
exp(-jBZ) is found to satisfy the 2-d electric-field,
polarization integral equation (EFIE)

2,>.,
E(S)-(kiwv-)f 80700 7) “XF13)-2(F7)as = 0
n
€S e ... all peCS
R el

where kc=n k and‘g'= gp-¥2;ris a 2-d Green's dyadic
comprised §r principal and reflected wave components
(in integral representation) which depend upon un-
known eigenvalue B. When applied to planar, asym-
metric-slab waveguides, the above EFIE reduces to a
pair of independent, 1-d, scalar IE's for resulting
TE and TM modes; closed form solutions provide the
well-known eigenvalue equations for step-index slabs.
Quasi-closed-form, exact solutions are obtained
for the step-index, integrgted rectangular dielectric
waveguide. Unknown field e in its core is expressed
exactly in terms of 4 integration constants and 2
eigenvalue parameters. Satisfaction of the x and z-
component IE's leads tc a pair of determinantal ei-
genvalue equations D_(x_,«_)=0 and D_(k_,x }=0.
These equations are $o1¥ed'numerical y ¥orYk_ anad «
by a 2-d generalization of Newton's method, resultng
in an exact quantification of the surface-wave mode.
Extensive numerical results are obtained.

y
CORE £(7) = (d)exp(-jBz)

; n,
OVERLAY / x

SUBSTRATE
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B7-2 EVANESCENT WAVES AND COMPLEX RAYS FOR CURVED
0855 DIELECTRIC WAVEGUIDES
. E.Heyman and L.B.Felsen, Department of Electrical
Engineering and Computer Science,
Polytechnic Institute of New York,
Farmingdale, New York 11735

Evanescent wave theory has been shown to provide an
effective tool for high-frequency asymptotic analysis of non-
leaky guided waves in straight graded index slabs and fibers
[J.M.Arnold and L.B.Felsen, J.Acoust.Soc.Am.67 (1980), 757~
763]. It is therefore suggestive to seek extension of the
theory to curved waveguides wherein radiation occurs, This
problem has been studied on the prototypes of two-dimensional
cylindrically curved surface impedance and dielectric layer
configurations., Assuming weakly radiating modes, an attempt
has been made to express the phase paths and phase fronts for
the leaky case as perturbations of thoge for the non-leady
case. This was unsuccessful because of the failure of the
perturbation in the transition region between the essentially
evanescent and essentially propagating fields near and far
from the convex side of the waveguide, respectively. The
difficulty may be overcome with the use of complex rays,
which result upon extension of generating caustics and re-
flecting surfaces into a complex coordinate space. Complex
rays are shown to accommodate smoothly the above-noted
transition in real coordinate space, where an evanescent
wave interpretation now provides the previously lacking
connection between the non-leaky and leaky regimes. By in-
voking self-consistency between outgoing and incoming complex
ray congruences, one may derive a resonance condition for the
modal fields. Numerical examples for varying degrees of
leakage furnish insight into the modal complex ray and
evanescent wave behavior. Some difficulties are noted when
one attempts to generalize these results for the canonical
circular waveguide contour to configurations deviating
weakly from the circular case.
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B7-3 RESOLVENT GREEN'S FUNCTION FOR A TAPERED DIELECTRIC
0920 WAVEGUIDE:
A.Kamel and L.B.Felsen, Department of Electrical
Engineering and Computer Science,
Polytechnic Institute of New York,
Farmingdale, New York 11735

By the method of resolvents or characteristic Green's
functions, one may construct general contour integral repre-
sentations of Green's functions for separable geometries.
From these general integral representations, one may derive
a variety of alternative field representations, including
those involving normal (discrete and continuous) modes,
leaky modes, conventional and generalized rays, hybrid ray-
mode combinations, etc. The method cannot be applied
rigorously to non-separable problems such as a wedge-shaped
dielectric. However, for small wedge angles, we have
managed to comstruct an approximate characteristic Green's
function integral based on the requirement that the result-
ing normal mode representation arising from residues at the
resonance poles yields the properly normalized and sym-—
metrized trapped local modes far from their cutoff points.
For propagation toward the narrow portion, as a mode
approaches cutoff, its resonance pole approaches a branch
point and therefore couples strongly to its radiation field.
In this transition region, the Green's function may be
reduced asymptotically to a canonical integral which is
discussed in detail. Beyong the transition region, the
previously trapped mode pole becomes a leaky mode pole.

The resulting formulation is compared with recent results
obtained by other techniques. It is also shown how ray,
ray-mode; and other relevant field representations can be
obtained from the original integral.

192




Commission B Session 7

B7-4 LOCAL MODES IN A TAPERED DIELECTRIC WAVEGUIDE

0945 J.M. Arnold, Department of Electrical and
Electronic Engineering, University of Nottingham,
England, and L.B,Felsen, Department of Electrical
Engineering and Computer Science, Polytechnic
Institute of New York, Route 110, Farmingdale,
New York, 11735

An asymptotic procedure of inherent general validity for
weakly tapered dielectric waveguides is presented, whereby an
initial ray-optical field undergoing multiple reflection is
converted into uncoupled local mode fields by Poisson sum-
mation. Independent numerical calculations performed else-
where have shown that neglecting intermode coupling is
justified for this class of guiding regions. Before the ray-
to-mode conversion, a plane wave spectrum is fitted to the
ray family, and the resulting Poisson-transformed spectral
integrals, after asymptotic evaluation by the stationary
phase method, are found to produce trapped modes in regions
far from their cutoff points. As mode cutoff is approached
in the narrowing portion of the waveguide, the simple station-
ary phase procedure must be modified, and the transformed
spectral integrals become 'canonical integrals" that trace the
transition of each mode uniformly from the trapped to the
radiating (leaky) regime. TFor small-angle linear tapers,
results are shown for the transition function and its connec-
tion to the trapped and leaky mode fields below and above the
cutoff region.
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B7-5 THEQRY, DESIGN AND MEASUREMENT OF A 3 dB
1030 DIELECTRIC DIRECTIONAL COUPLER:
L. Lewin and M. Abouzahra, Electromagnetics
Laboratory, Dept. of Electrical Engineering,
University of Colorado, Boulder, CO 80309

Transmission Tine equations are used to derive expres-
sions for the coupling of degenerate modes on two curved
rectangular dielectric waveguides sandwiched between two
parallel conducting plates. The coupling region avoids
using a linear section in order to achieve a good bandwidth.
This comes about through the achievement of a tight coupling
region at the closest approach of the curved sections.
Expressions for the directivity and reflection are derived
and found to be very small. In order to test the accuracy
of the theoretical results a 3dB dielectric directional
coupler was designed. The accuracy of the 3dB design is
confirmed by the experiments though there is substantial
insertion loss in the experimental model at 95 GHz due to
dielectric losses. Comparison between theoretical and
experimental results is presented.
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B7-6 A TM MODAL SHUT-OFF PHENOMENON IN A LOSSY SLAB; S.K.
1055 Chang, Schlumberger-Doll Research, P.0. Box 307,
Ridgefield, CT 06877

The TM modal characteristics of a lossy material slab
surrounded by a lossy environment were studied. The pole trajec—
tories of the TM modes for various frequencies were traced on the
complex wavenumber plane. Only the condition when the slab was
electrically denser than the enviromment was considered. TUnder
such a condition the TM_ mode always exists at very low frequen-~
cies. In most cases thé TM_ pole would move from near the wave-
number of the surrounding medium to near that of the slab when
the frequency was increased. Such a trajectory was distinct from
those of the higher order modes, which always have apparent cut-~
off at low frequencies.

A parametric study varying the material constants had re-
vealed an unusual phenomenon for the TM modes. When the material
contrast was quite high and the attenuation of the surrounding
medium was small (for example: €glab = 75-§29.4 and €environment
= 3.71) the ™M mode would depart from the branch point and dis-
appear into theé lower Riemann sheet of the Sommerfeld branch cut
as the freqnency was increased. In the meantime the TM, mode
would move down to near the wavenumber of the slab medium and
would resemble the characteristic of the TM0 mode at high fre-
quencies. The mode numbering notations should deserve further
discussions since the lowest order modes at low and high fre-
quencies could be apparently different on this situation,
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B7-7 NARROW SLOT COUPLED WAVEGUIDING SYSTEMS:

1120 Perry F. Wilson and David C. Chang,
Electromagnetics Laboratory, Department of
Electrical Engineering, University of
Colorado, Boulder, CO 80309

The stot coupling between two waveguiding systems has
various applications. Examples include the usage of one guide
to Taunch modes in the other, and remote sensing schemes. The
specific coupling configuration to be considered here is that
of a narrow slot, running longitudinally in the direction of
propagation, which connects the guides. The propagation con-
stant associated with each system mode -is an important quantity,
either as a design consideration to insure maximum coupling, or,
when measured, as part of remote sensing inversion algorithm.
The analytical determination of system mode propagation con-
stants will be one of. the primary topics addressed.

The above problems may be approached by first considering
the manner in which two paraliel plate waveguides, coupled as
above, are excited by TEM modes obliquely incident upon the
slot. This canonical problem may be solved by formulating an
integral equation for the unknown fields in the gap. The
kernel, which is singular, may be simplified by assuming that
the gap width 2g is electrically small, that is (kgg) << 1.

This results in a simpled closed form solution. The dominant
behavior of the gap fields is of the order (g2 -x2)'%, where
xe[-g,9], and may be attributed to an equivalent magnetic
quadrupole Tocated in the gap. The contributions from equiva-
lent electric, and magnetic dipole sources are of the order

kog(g2 —xz)'li and therefore may be neglected, except for cer-
tain special symmetries. The solution to this problem may be
used to formulate a scattering matrix which represents the
slot effect in the plane transverse to the slot. The scatter-
ing matrix will not be unitary due to partial power flow in
the longitudinal direction. The amount of this longitudinal
power will be determined by the angle of incident TEM modes.
More complicated structures may be modeled by introducing
appropriate reflection matrices. For specific system modes,
conditions on resonance will lead to a modal equation which
must be satisfied by the propagation constant. Various
examples will be discussed.
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SIGNAL DESIGN AND SENSING
Friday morning, 15 Jan., CR0O-30
Organizer: Martin Nesenbergs,
U.S. Department of Commerce, NTIA/ITS,
Boulder, CO 80303
Chairman: TRobert F. Linfield,
U.5. Department of Commerce, NTIA/ITS,
" Boulder, CO 80303

C5-1 SIGNAL GENERATION USING MARKOV CHAINS:

0830 A. Steinhardt and R.A. Roberts,
Department of Electrical Engineering
University of Colorado .
Boulder, CO 80309

The generation of colored noise is typically achieved by
exciting a Tinear system with white noise. An appealing alter-
native scheme is to employ Circulant Markov Chain Random
Processes (CMCRP). CMCRP have been studied as a means of gen-
erating colored noise by several authors. The appeal of this
approach is that the implementaion is fast and simple. This
is because a CMCRP basically consists of a random number
generator that accesses a RAM. The utility of this approach
has been limited by the fact that only a restricted class of
spectra could be matched. In this paper a procedure is pre-
sented which will design a CMCRP having any specified rational
power spectra. This new result is achieved by having the out-
put map depend on the previous as well as the present state
that the chain is in. This results in a modest increase in the
system memory. The Tack of multiplies and adds in these struc-
tures permits them to operate very fast at reasonable expense.
Potential applications include spread spectrum modulation, as
well as new models for spectral estimation. Existence and
uniqueness issues of. the design procedure are discussed and
examples are given based on direct simulation.
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C5-2 RAPID SCAN RADAR--A PRELIMINARY DESIGN
0900 R.J. Keeler and GC.L. Frush
National Center for Atmospheric Research
Field Observing Facility
P.0. Box 3000
Boulder, €O 80307

Multiple Doppler radar systems used in present met-
eorological studies are severely limited by the excessive
time required to scan a storm volume. When a large storm
is directly overhead, nearly a full hemispheric scan is
required and present systems require many minutes to measure
reflectivity and Doppler velocity for this important case.
Multiple Doppler analysts have found that advection and
temporal evolution of the storm during the volume scan
require data filtering that obscures the smaller scales of
storm motion which are necessary in understanding the
kinematics of the storm. Thus, the storm "snapshot" is
smeared and contaminated by bias errors.

A rapid scan radar, which accurately measures reflec—
tivity and velocity from only a few pulses, has the capa-
bility of scanning a hemispheric volume in tens of seconds
and gives a measurement which more accurately characterizes
the instantaneous properties of the storm. Krehbiel and
Brook (1979, IEEE Trans. on Geoscience Electronics, GE-17:
196-204) have utilized a 30 MHz bandwidth random signal radar
that can accurately estimate storm reflectivity in a single
pulse and can scan a full hemisphere in about 20 seconds.
The large bandwidth pulse combined with a radiometer-type
detector simultaneously gives several independent esti-
mates of reflectivity which obviates the long dwell time
requirement. However, the random signal radars that are
described in the literature require an unacceptably long time
to estimate the velocity.

We intend to develop a Doppler rapid scan radar by
using a suitable combination of frequency, time, scattering
angle and space diversity techniques which will allow a
dwell time of only a few pulses. Rayleigh fluctuations must
be averaged over to obtain accurate mean reflectivity esti-
mates and random noise components must be averaged over to
obtain accurate Doppler velocity estimates. We will pro-
pose a preliminary rapid scan Doppler radar design that will
measure reflectivity and velocity over a full hemispheric
scan in approximately 20 seconds and present a schedule that
will allow NCAR to field a triple Doppler rapid scan system
by the mid-1980's. By combining large time-bandwidth
pulses, real-time Doppler processing and efficient elec-
tronic antenna scans, we will measure scales of thunder-
storm air motion that heretofore have not been observed.
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C5-3 MICROWAVE HOLOGRAPHY AND THE RADIO CAMERA
0930 Bernard D. Steinberg
Valley Forge Research Center
The Moore School of Electrical Engineering
University of Pennsylvania
Philadelphia, Pennsylvania. 19104

The microwave holographer has certain tools available to
him that generally are denied the optical holographer. Three
such advantages are: (1) reference field may be eliminated and
replaced by a correctly phased local oscillator within the
microwave receiver; (2) reference field need not coexist in
time with the object field; (3) object field need not be mea-—
sured simultaneously across the array, e.g., synthetic aperture
radar. These differences are due to differences in components
(#1), the pulsed nature of radar wave forms (#2), and phase
coherent local oscillators and coherent signal processors (#3).

A major advantage of optical holography is the small optical
wavelength, which permits exceedingly fine resolution imaging
with small optical apertures. To achieve equally fine resolution
with microwaves requires apertures so large that they would be
mechanically unstable. A fourth tool available to the micro-
wave holographer, however, can compensate for this disadvantage.
By introducing self-cohering or adaptive beamforming techniques,
it is possible to design large-aperture microwave imaging systems
in which (4) the coordinates of the antenna elements need not be
known accurately. Such an instrument is called a radio camera.

The paper first discusses the relation of microwave to op-
tical holography, and then reports on a two-dimensional microwave
radio camera imaging experiment with a 40-meter random, distorted
and time-varying aperture operated at 3 cm wavelength which in-
corporated features (2), (3), and (4).
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C5-4 VHF RADAR OBSERVATIONS OF THE ANGULAR
1030 PROPERTIES OF SCATTERING FROM TURBULENT
AND STABLE ATMOSPHERIC LAYERS:

J.L. Green, J.M. Warnock, W.L. Clark,
and K.J. Ruth, Aeronomy Laboratory,
National Oceanic and Atmospheric Admin.,
Boulder, CO 80303

The Sunset Radar, located near Boulder, Colorado,
has been recently modified so that its antenna beam
can be steered t 45° in either the north-south or
east-west vertical plane. This new capability has been
used to investigate the angular properties of scatter-—
ing and reflection from the troposphere and lower
stratosphere at a wavelength of 7.4 m.

Tt has been found that during an observation period
the scattering from most altitudes is not strongly sensi-
tive to the observing angle when the data is averaged for
an hour. Individual angular scans, which can also be
interpreted as horizontal spatial sweeps, show instan-
taneous changes in intensity with angle or position. ' The
behavior of these echoes is in agreement with current
theories of scattering from turbulence.

On the other hand, the echoes from stable layers of
the atmosphere have a sharp peak in intensity near the
zenith with a half power width of only a few degrees. The
angular characteristics of this latter class of echoes is
consistent with the theories of Fresnel scattering.
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C5-5 AN OPTICAL PATH-AVERAGED BAIN GAUGE BASED ON NEAR FIELD
1100 MEASUREMENT: C.H, Chen and D.J. Fang, COMSAT Labs.,
Clarksburg, MC 20871

In modern satellite communications systems
utilizing automatic power control and/or polari-
zation compensation networks, a knowledge of
instantaneous area rainfall information is essen-
tial. The conventional tipping bucket rain gauge,
which has a slow response and a low saturation
level is not adequate. The present paper examines
laser sensing techniques for developing a high
precision/fast resolution rain . .gauge. It is
intended to show contrary to earlier theoretical
studies that such an optical system samples pre-
cipitation accurately only in the far field region,
the system can be used for near field applications
as well, provided that a proper calibration proce-
dure is established.*

*In the course of this work, the authors are
indebted to Dr. Ting I. Wang of NOAA.
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EARTH-SATELLITE COMMUNICATIONS

Friday morning, 15 Jan., CB2-26
Chairman: Donald Cox, Bell Laboratories,
Crawford Hill Laboratory, Hoimdel, NY 07733

F6-1 19 GHz SPACE-EARTH DEPOLARIZATION MEASUREMENTS
0900 AT 4° POLARIZATION
H. W. Arnold, D. C. Cox, M. F. Wazowicz and
H. H. Hoffman, Bell Laboratories, Crawford
Hi11 Laboratory, Holmdel, New Jersey 07733

Polarization transformation of rain and ice depolari-
zation measured on an earth-space propagation path at
Crawford Hill, New Jersey indicated very low depolarization
values most of the time for linear polarizations near ver-
tical and horizontal. The importance of the low-depolarization
results in the design of satellite communication systems
made their confirmation desireable.

This paper compares depolarization transformed to a
polarization angle of 4° from vertical with depolarization
measured at 4° along another path and scaled to the path
elevation angle of the transformed measurements. Over the
ranges of attenuation and depolarization for which both
measurements are meaningful, the agreement between them is
good. The results further reinforce our high confidence in
the important results and conclusions obtained earlier using
the polarization transformation technique.
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F6-2 PRELIMINARY RESULTS FROM THE FIBST YEARS WOBK WITH AN

0925 11.6 GHz DUAL POLARIZED SITE DIVERSITY EXPERIMENT
EMPLOYING THE SIRIO SATELLITE:. R,E, Marshall, E,A,
Manus, G,C., Towner, and R.L., Lyall, Department of
Electrical Engineering, Virginia Polytechnic Institute
and State University, Blacksburg, VA 24061

The degradation of earth-space radio 1links above 10 GHz
by hydrometers is significant enough to warrant the use of
site diversity introduced as an answer to excess attenuation
by D. C. Hogg.  (SCIENCE, January 1968, Vol. 59, No. 3810,
pp. 39-46)  Site diversity for dual polarized paths is a re-
latively unexplored topic.

This paper describes an 11.6 GHz dual polarized site
diversity experiment with a 7.3 km baseline and an 11 degree
elevation angle. A tipping bucket rain gauge is located at
each antenna, and an S band range gated meteorclogical radar
observes the main site earth-space path during propagation
events.

Data will be presented which include single site and
joint rainrate, attenuation, and isolation statistics for the
period July 1980 through June 1981. Attenuation diversity’
gain, isolation diversity gain, and faderate statistics for
the same period will also be presented. Three dimensional
plots of dBz vs range vs time and simultaneous attenuation
and isolation plots of selected events will be presented.
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F6-3 AN EARTH/SPACE RAIN ATTENUATION DISTRIBUTION PREDICTION

1010 MODEL FOR THE '8Q0's: ‘E.J, Duttom, U.S. Department of
Commerce, National Telecommmunications and Information
Administration, Institute for Telecommunication Sciences,
Boulder, Co 80303

An attenuation distribution prediction model for earth/
space telecommunications links has been developed over the
decade of the 1970's at the Institute for Telecommunication
Sciences (ITS), of the National Telecommunications and Informa-
tion Administration (NTIA). This model, generically titled the
"Dutton-Dougherty (DD) model", was primarily intended for micro-
wave (3 to 30 GHz) satellite/earth-station application. In the
1980's, certain refinementsg of this model have become necessary
to tailor the model for prospective future users.

Some of this refinement has been recently accomplished,
with specific orientation toward the NASA Communications and
Information Systems Program. These refinements include an
extension of the range of the distribution predictions from
0.01% (99.99% system availability) to 0.001% (99.999% system
availability). This refinement, however, revised the distribu—
tion prediction above 0.01%, as well as below.  Another new
feature in the DD model is a wider choice of raindrop size dis-
tributions and models of specific attenuation due to rain from
which to select and compare distribution predictions at a given
location and carrier frequency.

The development of cost-effective hardware and lack of
spectrum crowding make the millimeter-wave (30 to 300 GHz) region
of the radio spectrum extremely attractive for telecommunication-
market expansion augmented for expansion into the 30 to 300 GHz
region. This, of course, presents additional atmospheric prob-
lems to be analyzed. Among these are different gaseous absorp-
tion behavior, increased attenuation by cloud cover, tail con-
siderations for small dropsizes of rainfall drop size distribu-
tions, and enhanced rainfall attenuation at these higher fre-
quencies.
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F6-4 DETERMINATION OF EARTH-SATELLITE SPACE

1045 DIVERSITY PERFORMANCE CRITERIA USING
RADAR TECHNIQUES, Julius Goldhirsh,
Applied Physics Laboratory, Johns
Hopkins Road, Laurel, Maryland 20707

Employing a radar data base of the rain reflec-
tivity environment recorded on magnetic tape at
Wallops Island, Virginia, a modeling program was
pursued enabling space diversity criteria to be es-
tablished for earth-space path configurations. A
large number of paths through rain are modeled and
the path attenuations and ground rain rates are de-
termined using measurements of the radar derived
rain reflectivity factor profiles Z(mmG/m3) along
the paths. :

The technique uses an ergodic type of hypothe-
sis, where pairs of modeled paths separated a dis-
tance, d, are sampled for attenuation and ground
rain rate; as opposed to sampling in time. Specif-
ically, an expression is derived given by,
Nd{Al,A2>A }

N{R1>Rp}

Pd{Al,A2>Aq} = P{R1>Rp}

where Py{A;,Ag>A,} is the desired absolute joint
probability that the attenuation along two paths
separated a given distance, d, have attenuations
which jointly exceed, Ay. On the right hand side,
Nd{Al,A2>Aq} represent %he number of pairs of paths
with separations, d, that jointly have attenuations
greater than A,, and N{R>Rp} represents the number
of paths sampléd which have rain rates greater than
the level Rp (mm/hr). The factor P{R1>Rp} is the
probability that the rain rate at the base of single
path exceeds Rp. This latter term represents the
absolute rain rate distribution and is arrived at
from long time raingage data at Wallops Island, Vir-
ginia. The N values in the numerator and demonina-
tor of the above fraction are arrived at through
sampling of the paths from which the attenuations
and base rain rates have been derived using radar
methods.

Employing a data base consisting of 81 radar
vertical scans (RHIs) corresponding to 16 rain days
and the sampling of 15000 paths, joint fade distri-
butions for a family of path separations are pre-
sented for the COMSTAR frequencies, f=28.56 and
19.04 GHz. Using these results, the corresponding
"diversity gains'" and '"diversity advantages' are
characterized.
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F6-5 SIMULTANEOUS 19/29-GHz SIGNAL ATTENUATION

1110 MEASUREMENTS FROM COMSTAR SATELLITES
Prabha N. Kumar, COMSAT Laboratories
Clarksburg, Maryland 20871

Measurements of precipitation attenuation for 19/29-GHz
signals from COMSTAR D-1 (128°W Tong.), D-2 (95°W long.), and
D-3 (87°W Tong.) satellites along the earth-space paths, were
carried out at COMSAT Laboratories during a four-year period
from 1976 through 1980. Auxiliary measurements included 12-GHz
radiometric sky-noise temperature and tipping bucket precipi-
tation. In this paper, simultaneous fades at 19 and 29 GHz
are assessed for the four-year measurement period together with
the auxiliary data. Results include the variations of measured
fade ratios of 29- and 19-GHz fades with 19-GHz fades, and com-
parison with the available theoretical models based on the fre-
quency scaling of attenuation. Year-to-year variation and
elevation angle dependence are also provided, which give a
useful indication of the margin of errors should one have only
one-year data for a specific elevation angle for establishing
the so-called long-term statistics.
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F6-6 A TERRESTRIAL POLARIZATION ADAPTION

1135 EXPERIMENT AT 11.7 GHz
W. J. Vogel, Electrical Engineering Research Lab
The University of Texas
10100 Burnet Rd., Austin, TX 78758

Depolarization caused by rain at 11, 7 GHz is due to both
differential phase shift and attenuation, In dual polarized com-
munication systems it gives rise to crosstalk which may be
severe enough to cause an outage even though the fade margin
has not been exceeded. Since differential attenuation causes
loss of orthogonality, any compensation method will have to
achieve rejection of the unwanted signal by also rejecting some
of the wanted signal,

This paper describes results obtained in an experiment
over a 10 km path with circular polarization at 11,7 GHz.
Three receivers are used on two antennas mounted side by
side, Two receivers have fixed polarization and measure co-
pol attenuation and cross-polarization of the transmitted wave.
The third receiver, under control of a computer, can be ad-
justed to match any two orthogonal polarizations; one output is
terminated, however, Moving in the polarization plane requires
two variables. In this experiment in order to cause no system
noise degradation, they are implemented with the use of a turn-
stile junction feed system, where one adjustment is the position
of waveguide shorts in the junction and the other adjustment con-
sists of rotating the whole receiver about the antenna axis,

A step tracking algorithm, using only the amplitude of
the signal, continually attempts to keep this signal 35 dB below
the level of the copolarized signal, The data presented demon-
strate the stable performance of this scheme during several
rain events, At fades below about 15 dB significant isclation
improvements are achieved, compared to the fixed cross-
polarization channel,
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TONOSPHERIC MODIFICATION
Friday morning, 15 Jan., CR1-46
Chairman: W.E, Gordon, Rice University,
Houston, TX 77001

G3/H2-1 THE RISE AND FALL TIMES OF HF-INDUCED FIELD-ALIGNED
0900 STRIATIONS: A.J, Coster and W.E. Gordon, Department
:  of Space Physics, Rice University, Houmston, TX 77001;
F.T. Djuth, The Aerospace Corporation, P.0. Box 92957,
Los Angeles, CA 90009; and J. Jost, N.A.S,A., Lyndon
Johnson Space Center, Houston, TX 77058

In June, July, and September of 1981, heating experiments
were performed to study 3 meter artifically induced field aligned
striations in the E and F regions of the ionosphere. These ex-
periments combined the use of the new and more powerful heating
facility at the Arecibo Observatory with a portable 50 Mhz field
radar. The 50 Mhz radar, situated either on the island of Guade-
loupe or St. Croix, had a line of sight that was perpendicular to
the magnetic field lines in the heated region and was used to de-
tect the 3 meter irregularities. In addition, background iono-
spheric conditions were monitored with the 430 Mhz radar at
Arecibo. For the first time during the Arecibo campaigns, the
rise and fall times of the 3 meter striations were measured to
millisecond accuracy. These rise time measurements were also
coordinated with the simultaneous rise time measurements of the
.enhanced plasma line at Arecibo. A summary of our preliminary
results will be presented.
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G3/H2-2 MULTITECHNIQUE PROBING OF THE ARTIFICIALLY MODIFIED

0925 TONOSPHERE OVER ARECIBO:
Santimay Basu and Sunanda Basu, Emmanuel College,
Boston, MA 02115; E.J. Weber, J.G. Moore and J.
Buchau, AFGL, Hanscom AFB, MA 01731; S. Ganguly and
W.E. Gordon, Department of Space Physics, Rice
University, Houston, TX 77001; M.C. Lee, Regis
College Research Center, Weston, MA 02193; R.C.
Livingston, SRI International, Menlo Park, CA 94025;
B.W. Reinisch, University of Lowell, Center for
Atmospheric Research, Lowell, MA 01854; R.A. Behnke,
National Astronomy and Ionosphere Center, Arecibo,
Puerto Rico 00613

A variety of experiments have been planned to probe the
F-region ionosphere over Arecibo when it is modified by the
new high-power high-frequency heating facility during Sep-
tember, -1981. The equipment to be used include an all-sky,
imaging photometer to determine airglow emissions at 5577 A
and 6300 R, a vertical spectrometer, digital ionosonde and
phase and amplitude scintillation receivers at 250 MHz on
board the AFGL Airborne Ionospheric Observatory. The moving
platform will help in defining the artificially modified
volume both in horizontal and vertical extents. The air-

. borne observations will be supported by a variety of ground-
based measurements using the 1000-ft dish which may include
radio-star scintillation observations, measurements of iono-
spheric density Ne and temperatures Te, Ti and ion drifts to
help in analyzing the airglow and scintillation measurements,
as well as, the HF induced plasma line enhancements. A

50 MHz portable radar will be operated from Guadaloupe to
probe the heated volume over Arecibo at 250 km altitude to
determine the generation and decay of 3-m scale-length ir-
regularities in conjunction with the larger scales (v km to
a few hundred m) probed by the scintillation technique.

Initial results from this large experiment set will be
reported.
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G3/H2-3 GENERATTION OF EXTRATHERMAL FLECTRON FLUXES
1000 IN TONOSPHERIC HEATING EXPERIMENTS
M.C. lee, Regis College Research Center,
Weston, Massachusetts 02193

Enhancement of 6300 g airglow in ionospheric heating
experiments indicates the acceleration of electrons up to at
least 1.98 ev. It is generally believed that Langmuir waves
excited by O-mode pump waves via parametric instabilities are
responsibje for the generation of energetic electrons causing
the 6300 A airglow enhancement. Very recently, Carlson and
Mantas (XXth URSI, Washington D.C., 1981) analyzed the height
distribution of enhanced plasma lines and deduced that fluxes
of energetic electrons with energies even greater than 20 ev
could be generated via the O-mode heating. Broad energy
spectra of extrathermal electrons were found in Carlson and
Mantas' analyses. Simple wave-Particle interaction via
lLzndau's mechanism obviously cannot explain the generation of
these extrathermal electrons since the parametrically excited
waves have a narrow range of phase velocities. Possible
mechanisms of accelerating electrons in ionospheric heating
experiments will be discussed. Theoretical calculations will
be compared with the experimental results.
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G3/H2-4 UHF-RADIOSTAR SCINTILLATIONS DURING HF-MODIFICATION OF
1045 THE IONOSPHERE: ‘A, Frey, Department of-Space Physics
and Astronomy, Rice University, Houston, TX 77001

HF-waves incident on an overdense ionosphere produce large
scale (several hundred meters) electron density irregularities,
These irregularities are intense enough to affect UHF-waves propa-
gating through the modified volume., Celestial radio sources which
had a line of sight slicing through the HF-modified volume within
15 to 30 minutes were observed at UHF with the 300m-dish of the
Arecibo-Observatory. The measured effects of the electron density
irregularities on these UHF-waves will be discussed.
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G3/H2-5  THE IONOSPHERIC RESPONSE TO EXPLOSIVE CHEMICAL
1110 RELEASES. -
P.M. Kintner, School of Electrical Engineering,
Cornell University, Ithaca, NY 14853

Warm expanding plasmas have been produced in the iono-
sphere by explosive chemical releases. The plasmas are pro-
duced by using either a cesium doped high explosive or a
barium shaped charge. In situ diagnostic measurements on the
same magnetic flux tube as.the plasma release indicate that
the expanding plasmas produce a large electric field pulse
followed by the precipitation of hot electrons (~ 200 eV).

At higher frequencies the expanding plasma immediately pro-
duces broadband VLF fields followed by a narrow band emission
which appears to be an acoustic mode associated with the
plasma cloud boundary. Results from the Trigger and Ba-GEOS
are described along with future plans to exploit these me-
thods for the study of geophysical plasmas.
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G3/H2-6  MAKING THE SPACE PLASMA RING LIKE A BELL

1135 Morris B. Pongratz, Space Plasma Physics
Group, Mail Stop 438, Los Alamos National
Laboratory, Los Alamos, NM 87545 -

High altitude shaped-change barium plasma injections have
a wide potential for providing free energy to the space plasma.
The Buaro experiment (June, 1976) injected about 50 megajoules
of barium jon kinetic energy perpendicular to the local geo-
magnetic field. Free energy appeared in the form of streaming
ions, temperature anisotropies, non-Maxwellian ring-shaped ion
velocity distributions, and plasma density gradients. The
dominant form of the free energy is a function of time after
injection and distance from the injection.

In the highest free energy density regions of the re-
sultant plasma the space plasma will try to radiate in every
mode available. And the barium plasma injection can be
sufficiently homogeneous to allow modes not available to
particle-beam type injections to grow.

We will review the forms of free energy available using
in situactive experimental techniques and discuss some plasma
instabilities and wave modes that may be excited by these
experiments, ‘ ' ‘
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BOLOMETERS FOR BADIOASTRONOMY
Friday morning, 15 Jan,, CR2-6
Chairman: J.M. Payne, National Radio Astronomy
Observatory, Tucson, AZ 85745

J6-1 He-3 BOLOMETER CRYOSTAT DESIGN FOR TELESCOPES
0900 I. Noltl P. Adeg J. Davis3 J. Payne§ S. Prdeko}
and J. Radostitzl '
%Physics Dep't, Univ. of Oregon, Eugene, Or.
3Physics Dep't, Queen Mary College, London,U.K.
NRAO, Tucson, Az.

The advantages of bolometer operation at pumped
He-3 temperatures of « 0,4 kelvin were recognized in the
original description of germanium bolometers by Low
(J. Opt. Soc., 51, 1300-1304, 1961)., The first He-3
cooled bolometer was built in 1966 by Drew and Sievers
(Appl. Opt., 8, 2067-2071, 1969), but its size and use
of diffusion pumps precluded application to astronomy.
In 1969 absorption cryo-pumping of the He-3 was demon-
strated to be a practical solution for telescope ap-—
1031-1033, 1971). - -

In recent years this basic cryogenic technology has
been refined and adapted to various operational situa-
tions. The University of Oregon group has constructed
He-3 cryostats for the £/14 NRAO 36-ft millimeter tele-
scope and for the £/35 cassegrain 158-inch UKIRT tele-
scope at Mauna Kea. The Cornell/Caltech group has
operated a He-3 system at the £/3.3 prime focus of the
200-inch. The design of these instruments illustrates
current He-3 cryogenmic practice as applied to bolometers
for near-millimeter ground-based astronomy.
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J6-2 A ONE MILLIMETER 3He BOLOMETER SYSTEM
0930 FOR THE 5m HALE TELESCOPE
' Thomas P. L. Roellig
NASA/Ames Research Center
Moffett Field, CA 94035
James R. Houck
Department of Astronomy
Cornell University
Ithaca, NY 14853

A 1mm 3He bolometer system has been developed to work at
the prime focus of the 5m Hale telescope. The system is used
in conjunction with the reimaging photometer described in
Elias et al, (AP. J., 220, 25-41, 1978), to give a beam size
of 55" FWHM on the sky.  The system employs an internal
adsorption pump so that no pumping31ines are needed in the
prime focus cage. Typically, the “He maintains the bolometer
at a temperature of 0.379K for 14 hours before recycling
becomes necessary. This recycling process takes less than
one hour. The bolometer is of a composite design with a
sapphire nichrome substrate and a Ge:I%Sb thermistor. The
electral NEP of the bolometer is 1x10™° W/yHz . Filters and
internal diffraction, respectively, give spectral half power
points of 750 ym and 1200;m. The system NEFD on the
telescope in good weather is 5.8 Jy//Hz .
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36-3 NEAR-MILLIMETER OBSERVATIONS USING THE 3.8 m
1000 UKIRT FLUX COLLECTOR ,
P. Ade, C. Cunningham} I. Nolt% E.I. Robsonj
and J. RadostitzZ
lPhysics Dep't, Queen Mary College, London, U.K.
2Physics Dep't, Univ. of Oregon, Eugene, Or,
Preston Polytechnic, Preston, U.K.

In 1979 the University of Oregon and Queen Mary
college infrared groups conducted a joint study of our
available bolometer materials and the performance limits
of He-3 cooled bolometers for near-millimeter detection.
The results of this study (S. El-atawy, P. Ade, J.

467, 1980) prompted a systeméfié_gffg;f—gince then to
develop and test a He-3 bolometer system for near-milli-
meter observations using the UKIRT 3.8 m Flux Collector at
Mauna Kea Observatory, Considerable instrument evolution
has occurred over the past two years, The current
instrument features f/35 optics, self-resonant bendpass
filters(J. Davis, Infr. Phys., 20, 287-290, 1980), and
nodding secondary chopping at 15 Hz. Observations

in Sept. 1981 demonstrated a noise equivalent flux
density (NEFD) of less than 5 Jy/{ﬁ? with an 86 GHz

FWHM wide filter at 270 GHz(1.1 mm). With good weather
conditions and some further system improvements we think
an ultimate sensitivity of about 1 Jy/¥Hz is possible

in the 1 mm. band.
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J6-4 THE NRAO 0,4 K BOLOMETER RECEIVER SYSTEM FOR
1030 MILLIMETER CONTINUUM OBSERVATIONS
J. Payne} J. Radostitzg S. Predkog I, Noltg
R. Howardl J. Davis} and P, Ade3
1NRAO, Tucson, Az.
Physics Dep't, Univ. of Oregon, Eugene, Or.
Physics Dep't, Queen Mary College, London, U.K.

An evaluation of 0.4 K bolometer technology (S. El-
atawy, P. Ade, J. Radostitz, and I. Nolt, Int'l J. IR
and Mm Waves 1, 459-467, 1980) indicated sensitivities
could be achieved which are competitive with those
of cooled mixer receivers for continuum source observa-
tions at near-millimeter wavelengths. A custom He-3
bolometer system has been built for NRAO by the U of 0/
QMC infrared group. This instrument, for use on the 36-ft
telescope, incorporates the following unique features:

(1) bandpass filters for the 1,2, and 3 mm bands of 7.5

cm aperture cooled to a20K by helium gas (J. Davis, Infr.
Phys. 20, 287-290, 1980); (2) a He-3 cooled detector stage
which will operate at 0.37 K for more than 40 hr with

the full system charge of 10 1 STP; (3) remotely control-
lable recycling; and (4) a cryogenics design adaptable, if
desired, to closed cycle 4.2 K cooling for continuous
operation.

Limited engineering tests were conducted in the
1980/81 observing season. In the March tests we acheived
about an 8 mK rms brightness temperature sensitivity at
270 GHz with an 86 GHz FWHM band width, The input op-
tics are matched to the £/14, 4.1 cm aperture of the tele-
scope. The same tests showed that the background radiation
levels through the cold filters permit some additional
improvement in the bolometer performance. . These results
can be compared to current cooled mixer recievers which
achieve typical sensitivities of 25 mK for a double side-
band system temperature of 400 K and an instantaneous
bandwidth of 1 GHz, ’
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RADIO ASTRONOMY INSTRUMENTATION
Friday morning, 15 Jan,, CR2-6
Chairman: T.A, Clark, Goddard Space Flight Center,
Greenbelt, MD 20771

J7-1 UPGRADING THE NBAQ 11-METER ANTENNA--A PROGRESS REPORT:
1100 John W. Findlay and J.M. Payne of the National Radio

Astronomy Observatory, and Gene Rhoades and M,J. Brenner
of ESSCO, Concord, MA 01742

The ll-meter mm-wave antenna on Kitt Peak is being
provided with a new surface, supported by a new structure down
to the elevation axis. The telescope in its upgraded form will
have a 12-meter diameter reflector, with an f/D of 0.42 and a
surface RMS of 70 um.

Progress on this work will be reported in three areas:

(a) The surface panel manufacture and measurement at
ESSCO. It is expected that panel fabrication will be nearing
completion so that the results of the measurements of the
panels will be reported.

(b) Measuring and setting the surface at NRAO. A
template measuring and setting system will be used, and results
of first tests of this will be available.

(¢) The radiometer system. The layout of radiometer
front-ends and the radio-optical systems associated with them
will be described.

The present telescope will cease observing in early June
1982 and resume, in its new form, before the end of the year.

* National Radio Astronomy Observatory is operated by
Associated Universities, Inc., under contract with the
National Science Foundation.

t Electronic Space Systems Corporation, Concord, MA 01742
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J7-2 THE CLARK LAKE TEEPEE-TEE TELESCOPE: W.C. Erickson,
1130 M.J. Mahoney, and K. Erb, CLRO, Astronomy Program,
University of Maryland, College Park, MD 20742

A new, fully steerable, decametric array for radio astronomy
has been built at the Clark Lake Radio Observatory near Borrego
Springs, California. This array is a "T" of 720 conical spiral
antennas, 3.0 km by 1.8 km. It is capable of operating between
15 and 125 MHz, but has best sensitivity in the 25 to 75 MHz
range. Both its operating frequency and beam position are ad-
justable in about one millisecond.

A 1024~channel digital correlator has been built and attached
to the array. This permits the simultaneous measurement of the
complex visibility function on 512 interferometer baselines
between various portions of the array. After Fourier transforma-
tion these visibility data yield a 32 x 32 resolution element
picture of the area of sky under observation with angular reso-
lution ranging from 15 to 3 arc-minutes. The system is described
and some initial observations are presented.
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FRIDAY AFTERNOON, 15 JAN., 1330-1700

NUMERICAL METHODS
Commission B, Session 8, CR2-28
Chairman: Allen W. Glisson,
Department of Electrical Engineering,
University of Mississippi, University, MS 38677

B8-1 WIRE BADIATORS ON ASYMMETBIC BODIES:; L.N. Medgyesi-
1330 Mitschang, McDonnell Douglas Research Laboratories,
St. Louis, MO 63166

A formulation is developed for the analysis of
off-surface wire radiators on asymmetric bodies,
such as formed by surfaces of translation. An
electric field integral equation representation,
solved by the method of moments, is used for both
the body and the antennas. Specific antennas con-
sidered are loops and monopoles. An analytical
representation for the junction region at the
antenna attachment points is obtained. Trapezoidal
patch modeling is used to describe the ends of the
body. A subcase of the analysis treats the near
fields in the vicinity of the radiators. Gain
pattern predictions using this formulation are com-
pared with experimental data and published results
for wire antennas on cylindrical surfaces. Exten-
sions of the method, incorporating optic derived
techniques to treat radiators on electrically
extended surfaces, are discussed.
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B8-2 TETRAHEDRAL CELL MODELING OF ARBITRARILY-SHAPED

1400 INHOMOGENEOUS DIELECTRIC BODIES: D. R. Wilton,
Department of Electrical Engineering, University
of Mississippi, University, MS 38677; D. H.
Schaubert, Division of Electronic Products,
Bureau of Radiological Health, 12721 Twinbrook
Parkway, Rockville, MD 20857; A. W. Glisson,
Department of Electrical Engineering, University
of Mississippi, University, MS 38677.

Several numerical approaches have been developed for
treating the problem of scattering and absorption by inhomo-
geneous lossy dielectric bodies. Most of the approaches
developed to date, however, either restrict the body to have
rotational symmetry, or model the body by means of cubic cells
which may not conform well to surface boundaries nor to the
interface surfaces between regions of differing material
parameters.

This paper describes a recently-developed numerical
approach for modeling an arbitrary inhomogeneous body by
means of tetrahedral cells. The formulation employs an
integro-differential equation for the volume polarization
current from which the desired internal fields, absorption,
scattered fields, and other quantities of interest can be
determined. Special basis functions defined om the
tetrahedral domains ensure continuity of conduction-plus-
displacement current normal to the interfaces between tetra-
hedral cells containing different media, and has constant
divergence (charge density) in each cell., The integro-
differential equation is formulated in terms of both vector
and scalar potentials, and a testing procedure is used
which obviates the need for integration over the potentials
vet which properly handles the derivatives in the equation.
Preliminary calculations using the method show good agreement
with existing data.
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B8-3 "ON THE CONDITION NUMBER OF BOUNDARY INTEGRAL
1430 OPERATORS FOR THE EXTERIOR DIRICHLET
PROBLEM OF THE HELMHOLTZ EQUATION
R. Kress, Department of Mathematics
University of Delaware, Newark, DE 19711

Brakhage and Werner, Leis and Panich suggested
to reduce the exterior Dirichlet boundary value
problems for the Helmholtz equation to an integral
equation of the second kind which is uniquely solv-
able for all wave numbers by seeking the solution
in the form of a combined double~ and single-layer
acoustic potential. We present an analysis of the
appropriate choice of the parameter coupling the
double- and single-layer potential in order to min-
imize the condition number of the integral operator.
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B8-4 PIANE WAVE REFIECTION FROM A PERIODIC ARRAY OF

1500 APERTURES IN A THIN SCREEN OF FINITE CONDUC-
TIVITY: B. Rubin® and H.L. Bertoni, Department
of Electrical Engineering and Computer Science,
Polytechnic Institute of New York, Brooklyn,
N.Y. 11201

A moment method is developed for computing the induced
currents and reflected fields generated by a plane wave in-
cident at an angle on a thin screen that is perforated by a
two-dimensional periodic array of apertures. The screen may
be perfectly conducting or have finite surface resistivity
RSQ/square, and the apertures need not be rectangular. Using
a double Fourier series expansion, the scattered fields are
expressed in terms of the Fourier coefficients of the surface
current Ji. Within each unit cell, J; is approximated by a
set of currents, each of which has '"rooftop' dependence over
different subsections of the cell (A.W. Glisson and D.R.
Wilton, IEEE Trans., AP-28, 593-603, 1980). With this approx-
imation, the doubly infinite set of unknown Fourier coeffi-
cients can be expressed in terms of the finite number of un-
known subsectional current amplitudes.

The unknown current amplitudes are found from an equal
number of tests of the boundary conditions for the electric
field E on the screen. These tests result in a finite dimen-
sion matrix equation relating current amplitudes to incident
fields, where the matrix elements are double Fourier sums.

If point testing is used, the Fourier sums are conditionally
convergent, and the matrix equation is not practical for
numerical evaluation. To improve convergence, and thus allow
efficient numerical evaluation, a weighted average of E is
tested over subsectional regions of the screen. Such testing
of E introduces complications since its line integral in the
screen is not necessarily equal to the line integral of RgJg
(which must vanish for a perfect conductor). To overcome this
difficulty, some tests for E are replaced by tests for the
weighted average of the normal component of magnetic field H
over subsectional regions. A simple scheme has been devised
to relate the various test regions to the subsectional regions
use to approximate the current.

The current distribution and reflection coefficient has
been computed for apertures in the forms of squares and
crosses. Computations have been made for Rg = 0 and 377Q.
Results display the behavior expected for low frequencies.

* On leave from IBM, East Fishkill, N.Y. 12533, under their
Resident Work-Study Program.
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SPECIAL TOPICS
Friday afternoon, 15 Jan., CR2-26
Chairman: Dusan S. Zrnic,
National Severe Storms Laboratory, NOAA,
Norman, OK 73069

F7-1 DETECTION OF AIRCRAFT WAKES BY RADAR.
1340 R. B. Chadwick

NOAA/ERL/WPL, RA5x6

325 Broadway

Boulder, CO 80303

A valid approach to increasing the efficiency of
commercial air travel is to decrease the spacing between
aircraft on take-offs and landings. This reduces the
amount of time and fuel spent in holding patterns. One
of the obstacles to reducing spacing between aircraft is
the presence of the trailing wingtip vortices behind a
heavy jet. These vortices are hazardous to smaller air-
craft. Several methods for detecting these vortex systems
involving optics, acoustics, anemometers and pressure
sensing devices, have been under investigation for the
past decade, but none have proved to be operationally
promising.

It is known that radar can detect returns from air-
craft wakes, but little is known about the details of
the interactions between aircraft wakes and electromagnetic
waves. Since all of the experimental work has been done
at 10 cm, nothing is known of the frequency dependence of
the scattering or the polarization dependency. Before
radar can be considered a viable candidate for hazardous
wake detection, more knowledge of this scattering phe-
nomena is needed.

Data from four different wake detection experiments
will be presented and puzzling inconsistencies with
present vortex models will be pointed out. The region
causing the return appears to narrow in range and narrow
in velocity even though an aircraft wake is distributed
in range and velocity.
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F7-2 EVALUATION OF TECHNIQUES FOR RECORDING AND REDUCTION
1400 OF ENTOMOLOGICAL RADAR DATA:
C. R. Vaughn, National Aeronautics and Space
Administration, Wallops Island, VA 23337
J. R. Rowland, Applied Physics Laboratory,
Johns Hopkins University, Laurel, MD 21227
W. W. Wolf, USDA-ARS, Southern Grain Insects
Research Laboratory, Tifton, GA 31793

Radar is a proven tool for entomological research. Primary
data is presently obtained from visual observations of intensity
modulated displays and from small numbers of gated range cells
recorded on analog tape. A computer controlled data collection
system has been constructed to collect entomological data with
radar. A field experiment was conducted in the fall of 1981
with this prototype system connected to a short pulse width
9.4 GHZ mobile radar. Data gathered with the computer system
were compared to data obtained from a conventional intensity
modulated display. A case study comparison of the two forms of
data is presented.
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F7-3 THE ATTENUATION OF MICROWAVE PROPAGATION THROUGH VEGE-
1420 TATION AND OVER HILLS: .Per Krogh Hansen, Hinsburg, VT

A theoretical propagation model is develoied and implemented
on the computer, The vegetation is set equivalent with a knife~

edge, which is semitransparent above the earth with the attenua-
tion of the vegetation. The hill is also set equivalent with a
knifeedge, with attenuation =, and corrections are made after an
empiric model for rounded hills. The model separates the fields
into transmitted, reflected, and diffracted fields.

A transmitter/receiver measurement system is developed to
test the theoretical model. ' The system operates at five different
frequencies in the UHF, L, S, C, and X-band and is able to operate
over more than 500 m.A short-back-fire antenna is used at UHF and
horn antennas are used at the higher frequencies. The trans-
mitted signals are modulated with a 5 kHz square wave. A heterodyn
receiver is used at UHF with a sensitivity of =120 dBm. The square
wave is detected in this receiver and used for syncronization of
the crystal-diode detectors in the other receivers, resulting in
a sensitivity better than -80dBm. The system also includes a
position measurement system and a control unit, which stored the
measurements on paper tape.

Measurements were made over one year at selected sites. The
measurements were made with the transmitter at a fixed position
at one side of the vegetation and the receivers at a fixed dis-~
tance from the transmitters as a function of the receiver height
up to 12 m above the ground.

The comparison of measurements and calculations show good
agreement, when the different fields are added in phase. Some
disagreements exist when the receivers are close to the ground.
Some small displacement errors do occur in the line-of-sight
area. There is almost no attenuation in the UHF and L-band,
whereas the approximately 1 dB/m attenuation at S, C, and X-band.
No practical difference (<0.05dB) was measured in the attenua-
tion between horizontal and vertical polarization. A very small
variation (< i 0.05 dB/m) occured over the year at the higher fre-
quencies.
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F7-4 PREDICTION OF SAND AND DUST STORM ATTENUATION OF

1440 MICROWAVE SIGNAL: S.C, Gupta and A. Srinivasan, De-
partment of Electronics and Communication Engineering,
U.0.R., Roorkee, India

Sand and dust storms are frequent in desert areas. During
sand and dust storms, the sand particles rise up to the height of
100 meters or more for short duration, the optical visibility re-
duces to twenty meters or less, under severe conditions, The sand
particles like rain, snow, hail, fog are expected to absorb and/or
scatter electromagnetic waves at higher-frequencies and also modi-
fies the refractive index of the atmosphere. It is the order of
the day to go for higher and higher frequencies, for the obvious
reason of increased band width and increased traffic handling
capability. Thus it is very important to evaluate the various
effects of sand-particles on the microwave radio links, satellite
earth stations and radar, operating under adverse sand and dust
storms.

Very few literatures are available in the study of the effects
of sand and dust storms., On microwave propagation compare to
literatures on similar line such as rain, snow and fog, etc,

Ghobrail et al (1) have used Maxwell-Garnet equation for cal-
culating the attenuation. Chu (2) has derived an empirical formula
for calculation of attenuation and has compared his calculated
result at 10 GHz given by Ahlmed et al. Gupta et al (3) have de~
veloped an empirical formula for the estimation of attenuation of
microwave signal using the concept of Form-factor, and they have
compared their results with the Mic-Ryde, Maxwell-Garnet and Chu,
expressions. )

Ahmed et al (4), Gupta et al (3) have measured attenuation in
the Laboratory under the simulated dust and storm conditions
using Fabry-perot resonator.

The above theories developed have assumed spherical shape of
the particle with single-layer. A theoretical model is proposed
to study the effects of sand and dust particles on microwave propa-
gation, which deals with the non-spherical and multilayered di-
electric. The Extended Integral equation method can be easily
applied to non-spherical objects (5) (6). The Extended integral
equation provides a mathematical tool in the estimation of attenua-
tion of microwave signals due to sand and dust storms.
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F7-5 ELECTROMAGNETIC SCATTERING FROM RANDOM

1520 CONDUCTIVITY FLUCTUATIONS:
J. W. Sari, R. I. Joseph, and M. E. Thomas,
all at:
The Johns Hopkins University/Applied Physics
Laboratory, Laurel, Maryland 20707

Scattered electromagnetic fields are considered for a
source and receiver Tocated in a conductive medium which
contains small perturbations in conductivity. The
conductivity perturbations are assumed to be random and
describable by a spatial correlation function. The
scattered fields in the near field are computed for a
finite-sized source/receiver system located in-situ
with the perturbations. Properties of the scattered
fields are examined as a function of source frequency and
system dimension size. Cases of a spherical system in a
region of isotropic perturbations are considered for
exponential and gaussian correlation functions. The
normalized root-mean-square scattered fields can be
generalized in terms of ratios of the electromagnetic
skin depth of the medium, system radius and the correlation
length of the random conductivity perturbations.
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F7-6 SUPERRESOLUTION TECHNIQUES WITH PERFORMANCE BETTER-

1540 THAN MAXIMUM ENTROPY METHOD (MEM): Ajay X, Luthra,
Valley Forge Research Center, The Moore School of
Electrical Engineering, University of Pennsylvania,
Philadelphia, PA 19104; and Interspec Inc. 3508 Market
Street, Philadelphia, PA 19104

Two of the major problems associated with maximum entropy
method (MEM) are: (i) in the presence of coherent sources its
performance--the resolving power and accuracy in finding the
directions of the sources--is very poor and (ii) although its
performance is very good in the presence of incoherent targets
it needs very high signal-to-noise ratio to resolve very closely
placed targets. In this paper it is shown that if the estimate
of the noise power is available the restriction on the maximum
noise power for the desired resolving power can at léast be
released by 7 to 15dB, depending upon the desired resolution.

In addition, a new technique is developed which performs
much better in the presence of coherent sources and is very much
less sensitive to noise than MEM. The relationships among this
technique, MEM and Prony's method are also pointed out. In
the presenée of incoherent targets the concept presented can
be extended to aperiodic arrays.
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F7-7 PRELIMINARY RESULTS OF FM RADAR PROBING OF
1600 CONCRETE BLOCK WALLS AND THE GROUND
C. Nasseri, R. Onstott, R.K. Moore
Remote Sensing Laboratory
University of Kansas Center for Research, Inc.
Lawrence, Kansas 66045

FM radars with very broad sweep bandwidths can be used
to probe volumes such as concrete and soil. An FM radar with
sweep from 8 to 12 GHz and another with sweep from 1.1 to 1.9
GHz have been tested in penetrating the soil and a block wall
with and without voids. Design problems for such a short-
range FM radar are discussed, and results of the experiments
presented.
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INDUCED PLASMA WAVE EMISSTIONS
Friday afternoon, 15.Jan., CR1-46
Chairman: R.F. Benson, GFSC, NASA, Greenbelt, ¥D

H3-1 WIDEBAND INVESTIGATIONS OF THE WAVES SIMULATED

1330 IN PLASMA IN ACTIVE EXPERIMENTS - A REVIEW:
Yu. V. Kushnerevsky, S. A. Pulinets, V. V.
Selegey, Institute of Terrestrial Magnetism,
Ionosphere and Radio Wave Propagation, USSR
Academy of Sciences, 142092, Troitsk, Moscow
Region, USSR

The wideband receiver employment in plasma wave
experiments 1is especially effective in active experiments
where several plasma modes are stimulated simultaneously (in
the case of particle beam injection) or in the case of
multifrequency nonlinear processes under the influence of
powerful radio pulses emitted into a plasma. In geophysical
research this method was used for the first time in 1975
during the French-Soviet experiment Araks. Several types of
waves stimulated by the electron beam were registered onboard
the separable nose cone in the course of two launches of
Eridan rockets with onboard electron guns.: Two modes were
observed continuously during the whole flight: in the
frequency band w < w < w - plasma mode and w £ ® - the
whistler mode. Tﬁé analysis of the results obtaine&ipermits
us to determine the coherent Cherenkov emission of the leading
edge of the electron beam as responsible for emission in the
frequency band of the plasma mode. According to the whistler
mode emission mechanism, there are several hypotheses. In
particluar for the first launch, where the influence of the
plasma source for the rocket charge neutralization was
noticed, the bDiocotron instability mechanism was suggested. A
series of effects observed in the Araks experiments forces us
to the conclusion that the near rocket environment region is a
very important factor in the physical processes of the plasma
wave stimulation. puring the second launch of the Araks
experiment, the electron precipitation stimulated by the
whistler mode emission of the electron beam was detected as
well as the whistler decay in the interaction region. The
results obtained in the Araks experiment inspired us to
include the similar wideband receiver to the wave measurement
complex of the Intercosmos-19 satellite which participated in
the IMS program. Several new experimental results, related to
interaction of powerful pulse radio-emissions of the topside
ionosonde with the ambient plasma, will be reported.
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H3-2 CHARACTERISTICS OF THE WAVES PRODUCED IN THE BEAM
1400 PLASMA DISCHARGE
X. Llobet*, W. Bernstein*, Rice University, Houston,

TX 77001
P, J. kellogg, University of Minnesota, Minneapolis,
MN 55455

R. J. Jost, Johnson Space Center, Houston, TX 77058

A moderately high perveance (K> 1 x 1077 Amp Volts'alz)
non-relativistic, electron beam injected into the lower iono-
sphere (h < 200 km) from a rocket borne accelerator can pro-
duce the beam-plasma-discharge (BPD) at the injection point.
We have reproduced the ignition of the BPD in a series of
experiments performed in the very large (17.5 m diam x 26 m
high) vacuum chamber at the Johnson Space Center. Because of
the large chamber size, the important exper1ment parameters
(B # 0.5-2.0 G and neutral dens1ty 5 x 1010-1012 em™3)  were
very similar to those encountered in flight.

Ignition of the BPD is identified by 1) a characteristic
wave spectrum, 2) enhanced ionization of the neutral gas and
consequent elevated plasma density, 3) heating of the mono-
energetic injected beam, and 4) modification in the beam
spatial profile. BPD waves have been studied in the VLF
(10 Hz-16 KHz), LF (16 KHz-fce) and HF (> fee, = fpe of the
enhanced plasma density) ranges. The HF band shows large
amplitude . peaks at ~ (n + 1/2) feo with 5 < n < 10. The
remarkable similarity between flight and laboratory data will
be shown. Preliminary results of theoretical analysis of
possible wave generation mechanisms will be given.

* Supported by NASA Grant NAGW-9 and NSF Grant ATM 80-22550.




Commission H Session 3

H3-3 WAVE MODES AND PARTICLE HEATING BY A keV
1430 ELECTRON BEAM IN CHAMBER A, JOHNSON SPACE
CENTER

P.J. Kellogg and S.J. Monson,
School of Physics and Astronomy,
University of Minmesota,
Minneapolis, MN 55455

We have continued our analysis of data on identification
of the wave modes responsible for particle heating and
production of beam-plasma-discharge in the large vacuum
chamber, Chamber A, at Johnson Space Center.

We tentatively propose that there are three frequency
ranges which are important in energy transfer and diffusion,
i.e., (1) a usually featureless band near the ion cyclotron
frequency, of order 100 Hz; (2) a higher frequency band,
from a few to 10 kHz; (3) the '"plasma line", usually 10-30
MHz. Indirect evidence that the ion modes (1) heat ioms
significantly, even at beam currents well below BPD threshold
These hot ions drive an instability (mode (2)), which
energizes electrons. Evidence for and against significant
particle heating by each of these modes will be presented.

At present, it seems on theoretical grounds that the
Whistler mode, although it is an accurate diagnostic for
the transition to BPD (Kellogg and Monson, Adv. Space Res.

1, 61-68 (1981)), is not a major energizer of particles, but
is rather a result of particle energization.
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H3-4 THE DYNAMIC BEHAVIOR OF WAVES STIMULATED BY A FAST
1530 PULSE ELECTRON GUN IN A SPACE SIMULATION CHAMBER:
W.F. Denig and -W.J. Raitt, Center for Atmospheric and
‘ Space Sciences, Utah State University, Logan, UT 84322;
and P,M. Banks, Radioscience Laboratory, Department of

Electrical Engineering, Stanford University, Stanford,
CA 94305

The results from a series of experiments that deal with
the onset and dynamic behavior of HF and VLF waves due to
electron beam emission inside a large space simulation chamber
are presented. The electron gun had an adjustable beam cur-
rent from 1 ma to 100 ma at a fixed accelerating potential of
1 KeV and a switch-on time of about 100 ns. Chamber A at JSC
is a 27 meter high cylindrical vessel with an 8 meter radius
that can be evacuated to a gas pressure of about 5x10-6 torr.
A set of coils can induce an artificial magnetic field up to
about 1.5G and a plasma source can be used to generate a back-
ground plasma. Experiments were performed using a variety of
pitch angles, beam currents and magnetic field strengths in
either an initially neutral or partially ionized background
gas. The work was undertaken to better understand the plasma
instability commonly known as the Beam Plasma Discharge (BPD).

Temporal variations in the HF electric spectrum were
monitored by making video recordings of a spectrum analyzer
yielding 40 msec resolution. Flickering at low frequencies
(v10 Hz) of discreet emissions at the cyclotron fundamental
and harmonics attest to the unstable nature of the.beam
induced plasma column. The rise in the local plasma density
during the first few milliseconds after beam commencement can
be determined by measuring the plasma frequency as a function
of time. This information may provide clues into the nature
of the instability through its associated growth rate. The
VLF electric spectrum was examined in detail by producing a
series of frequency versus time sonagrams. Flickering at
near 10 Hz is also a feature in the VLF regime as it was in
the HF measurements. Coherent emissions were observed in the
YLF spectrum produced by analyzing current variations mea-
sured by a spherical Langmuir probe.

Some of the apparatus used in these experiments will be
flown aboard STS-3 to investigate the effects of an electron
gun on the charging of the Space Shuttle and on the local
ionosphere. The Shuttle measurements will be complemented by
a NASA sounding rocket with the objective of investigating
the transient behavior of electron injection on the rocket
and its surroundings. The chamber tests will help to deter-
mine if there are differences between the BPD in large
vacuum chambers and in space.
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H3-5 COMPREHENSIVE MEASUREMENTS OF A SELF-~CONTAINED PLASMA
1600 COLUMN BY THE UNIVERSITY OF IOWA PLASMA DIAGNOSTIC
PACKAGE (PDP):
Stanley D. Shawhan and Gerald B. Murphy,
Department of Physics and Astronomy,
University of Iowa, Iowa City, Iowa 52242

The interaction between an energetic electron beam and its
self-produced plasma which results in a range of wave emissions
and an enhancement of the thermal plasma density in the vicinity
of the beam was first given the name Beam Plasma Discharge (BPD)
during the experiments of Getty and Smullin (J. Appl. Phys. )
34:3421, 1963). Controversy still exists over whether the BPD
phenomenon is an intrinsic property of a beam excited plasma or a
containment effect and over the role of electrostatic waves.

In March 1981 an experiment was conducted in the large vacuum
chamber A at Johnson Space Center. The experiment made use of two
instruments which will fly together on the 08S-1 pallet on Shuttle
Mission 3. The Utah State University Fast Pulsed Electron Genera-
tor was the source of a variable current, variable pulse rate 1
Kev electron beam. The University of lowa Plasma Diagnostic Pack-
age (PDP), a spacecraft with multiple instruments, was the beam
probe. The PDP was designed to provide a comprehensive set of
data on the near earth plasma by measuring electron and ion den-—
sity, energy, and distribution functions; and measuring magnetic
fields, electric fields, and electromagnetic waves over a broad
frequency range. Thus the PDP serves as the most comprehensive
plasma beam probe yet designed and the chamber A provided the
appropriate size vacuum tube for the measurements. Comprehensive
measurements were made at various generator currents, pulse widths
and injection pitch angles. - The PDP probed in and around the beam )
under ‘all these conditions plus varying magnetic field strengths.

Results of electron and ion energy distribution functions
indicate an enhancement of 10 ev — 100 ev ions following the onset
of BPD as well as a depletion of 2.5 to 20 ev electrons. Angular
distributions indicate significant return current outside the
visible column. Significant parallel electric fields inside the
beam acting in a direction to decelerate primary beam electrons
and perpendicular electric fields outside the beam directed inward
were noted. Several wave modes have been identified with the
onset of BPD including an enhanced lower hybrid resonance and
plasma frequency. Other wave measurements and wideband receiver
studies of a flicker phenomenon marking BPD onset will also be
discussed.
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H3-6 REVIEW OF PLASMA WAVE EMISSIONS STIMULATED

~1630 IN SPACE BY IN SITU TRANSMITTERS AND A
LOOK TOWARD THE SHUTTLE ERA: Robert F.
Benson, Laboratory for Planetary
Atmospheres, NASA/Goddard Space Flight
Center, Greenbelt, MD 20771

A number of observational and theoretical studies over
the last two decades have indicated the importance of non-
linear wave-particle interactions to the energetics of the
ionosphere and the magnetosphere. In most cases, however, it
has been difficult to specify the relevant physical process
because of restricted diagnostic capabilities 1in space
combined with the uncertainties in the initial and boundary
conditions in the ambient medium. In an attempt to overcome
these 1limitations, active experiments have been carried out
involving the injection of particles, waves and chemicals
into space. Wave injection experiments have been performed
using both ground-based and spacecraft-borne transmitters.
The ground-based experiments have mainly been directed toward
the goal of ionospheric modification or the investigation of
wave-particle interactions in the equatorial magnetosphere.
Experiments using space-borne transmitters have been directed
toward the Iinvestigation of plasma waves and wave-particle
interactions in the ambient medlum surrounding the space-
craft. A review of the latter indicates that considerable
progress has been made 1In understanding the stimulated
processes while a number of fundamental questions remain to
be addressed. For example, the stimulated emissions at the
half harmonics of the electron cyclotron frequency fy (which
may be related to the similar emissions observed naturally in
the wmagnetosphere) are: caused by a plasma wave instability
which 1s driven by an electron temperature anisotropy induced
by the transmitted pulse. The long time-durations of these
waves requires a nonlinear mechanism. Two competing mechan-—
isms have been: proposed, -one based on a 3-wave decay process
and one on the process of nonlinear Landau damping. Some of
the future WISP (Waves in Space Plasmas) Spacelab/Shuttle
experiments are being planned to uniquely specify the domin-
ant mechanisms pertinent to space plasmas in such cases.

" Recent observations, which combine the benefits of the
high frequency-resolution available from existing topside-
sounder analog data and modern digital graphics techniques,
have revealed and classified a number of new stimulted
emissions. Among these are waves between the plasma and
upper hybrid frequencies which show a remarkable change in
character when the plasma to electron cyclotron frequency
ratio is near unity. ’
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