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c3-2 IDENTIFICATION OF TOEPLITZ AND CIRCULANT

1440 CORRELATION MATRICES FOR THE SPECTRUM ANALYSIS OF
STATIONARY AND PERIODIC TIME SERIES
Louis L. Scharf and Philippe J. Tourtier
Electrical and Computer Engineering
University of Colorado
Boulder, CO 80309

Stationary time series have Toeplitz correlation
matrices and periodic time series have circulant correlation
matrices. This forms the basis of our claim that the first
step when estimating spectra should be to compute maximum
likelihood, minimum entropy, or constrained minimum entropy
estimates of Toeplitz or circulant matrices. The next step
is to pass these matrices to MA, AR, or eigen methods of
spectrum modelling.

We review our refinements to the algorithm published
by Burg, et. al., for estimating structured correlation
matrices and present the results of our numerical
experiments.
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C3-3 AN EXPERIMENTAL ADAPTIVE SUPER-RESOLUTION RADAR
1540 SYSTEM
Simon Haykin, Vytas Kezys, Terry Greenlay and
Ed Vertatschitsch
Communications Research Laboratory
McMaster University
Hamilton, Ontario, Canada L8S 4K1

The subjects of adaptive signal processing and super-
_resolution spectrum estimation are currently attracting a
great deal of attention. In this paper, we describe an
experimental radar system intended to provide real data for
the experimental evaluation of these techniques in the context
of a low-angle tracking radar environment. A distinguishing
feature of this environment is the presence of multipath (due
to the proximity of the target to a reflecting water surface),
which can vary from a highly specular (correlated) to a highly
diffuse (uncorrelated) condition. The description includes
detailed accounts of the transmitter, the 32-element sampled-
aperture receiver, and calibration of the receiver. The
experiments are being conducted at a site located on Lake
Huron. The apparatus has been designed with the aim of
evaluating algorithms for angle-of-arrival estimation and
adaptive signal detection in the presence of nonstationmary
multipath conditions.

The paper also includes a presentation of preliminary

results on the modified FBLP and minimum-norm algorithms,
obtained with radar data collected from the apparatus.
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C3-4 SPECTRAL EXTRAPOLATION WITH POSITIVITY:

1620 Fhilip Stark, Scripps Institute of
Oceanography, LaJolla CA 920933 and David Lw
Donoho, Dept. of Statistics, Univ. of
California, Berkeley, CA 94720

Super-resolution is the (claimed) ability of some
nonlinear signal processing algorithms to exceed the
fundamental limits of resolution which have besen
established for linsar methods {(e.g. the Rayleigh
criterion, Backus—Gilbert theory, etc.) For example,
some of these methods claim to be able to reconstruct a
wide-band signal from noisy band-limited data. Such
methods claim to work because they exploit side
information about the signal to be recovered (e.g. that
the signal is time-limited, or positive, or blocky, or
sparse). They are currently of great interest in radio
astronomy, absorption and NMR spectroscopy, and in
seismic prospecting.

In this talk I will study the resolving power of
positivity constraints. I will investigate how
positivity can be used in reconstructing wide hand
signals from narrow-band measurements. FPositivity
constraints can be very valuable, but only for certain
very special classes of positive signals. Computing
the resolving powsr of such constraints reguires the
solution of certain nonlinear eigenvalue problems whoss
linear forms remind one of problems familar from the
theory of prolate spheroidal functions. I will give
results of calculations quantifying the resolving power
of positivity constraints. I will also briefly discuss
various methods which claim to be super-resolving, such
as maximum entropy.
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Session E-1 1355-Tues. CR1-42
ELECTROMAGNETIC INTERFERENCE ENVIRONMENT:
MEASUREMENT AND MODELS

Chairman: Prof. Joel Morris, Electrical
.Engineering Dept., Howard Univ., 2300 6th St. NW
Washington, DC 20059

E1-1 OUT-OF-BAND RESPONSE OF REFLECTOR ANTENNAS
1400 David A, Hill

Electromagnetic Fields Division

National Bureau of Standards

Boulder, Colorado 80303

The response of antennas to out-of-band frequencies
plays an important role in interference and jamming problems.
Reflector antennas are of particular interest because they
are used so frequently and because they have a strong
response to above-band frequencies. The analysis of
reflector antennas at above-band frequencies is complicated
by the presence of higher-order modes which can propagate in
typical waveguide feeds. Frequencies well below the in-band
frequency are not important because they are cut off by
typical waveguide feeds.

We have analyzed a symmetrical parabolic reflector in
the receiving mode using physical optics. Approximate
expressions for the fields and the Poynting vector in the
focal region can be obtained for either on-axis or off-axis
incidence [A.R. Valentino and P.P. Toulios, IEEE Trans., AP-
24, 859-865, 1976]. For above-~band frequencies, we integrate
the Poynting vector over the aperture of the feed horn to
obtain the total received power in all the propagating modes.
Realistic feed systems respond differently to the different
waveguide modes, but the total multimode power provides a
useful upper bound to actual received power. The analysis
yields an approximate expression for the effective aperture
which yields both the receiving pattern and the frequency
response.

The theory has been compared with previously published
measurements for frequencies from 3 GHz (in-band) to 10 GHz.
The pattern agreement is good, but the measured gain falls
below the theoretical results. This discrepancy is caused by
mismatch loss in the coax-to-waveguide adapter, and this loss
tends to increase with frequency. We have analyzed the
mismatch loss of the adapter using a variational technique,
and it can be included in the theory to improve the agreement
with the above-band measurements.
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E1-2 POISSON NOISE FIELD MODELS FOR TELECOMMUNICATIONS
1420 David Middleton

127 East 91 Street

New York, NY 10128, USA

Both natural and man-made noise sources, with emitters
and emissiomsrandomly distributed in space and time, provide
the principal (external) interference against which tele-
communication systems must operate. When emissions are in-
dependent, or when the location of the (possibly correlated)
sources are independent, or both, various forms of poisson
space-time processes can be constructed. From these, in
turn, it is possible to obtain not only the lower order field
moments, e.g., means, variances, and covariances, which are
useful in assessing the effects of spatial processing, but
even first- and second-order probability densities (pdf's).
These latter are critical in the derivation and approximation
of optimum and suboptimum algorithms for threshold signal de-
tection and estimation (D. Middleton, IEEE Trans. Electromag.
Compat., Vol. EMC-26, No. 1, pp. 19-38, Feb. 1984; D. Middle-
ton, Proc. 6th Int'l, Symp. on EMC, Zirich, Switzerland, pp.
429-435, March 5-9, 1985).

Here we construct a general class of quasi-poisson
(q.p.) distributions (e.g., those having at least one set of
independent physical parameters, namely, emission times,
locations, etc.) (D. Middleton, Proceedings of 20th Confer-
ence on Information Sciences and Systems, Princeton Univ.,
Dept. of E.E., March 1986). From these we obtain the canon-
ical first— and second-order pdf's describing most classeg of
interference fields, a, (and received noise processes X =Rd,
R = array operator). The gaussian class is shown to be a
limiting case. Specific results illustrate the general model:
field moments and. first— and second~order pdf's representative
of telecommunications interference scenarios arising in multi-
link transmission and reception are presented and discussed;
(based on work supported under contract with ITS/NTIA,
Boulder, Colo., U.S. Dept. of Commerce).
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E1-3 A MODEL FOR PREDICTING VHF/UHF ELECTROMAGNETIC NOISE
1440 FROM POWER LINES
R.G. Olsen, B. Stimson
Electrical and Computer Engineering Department
Washington State University
Pullman, WA  99164-2752

It has been shown that corona discharges on power line
conductors can be modeled as electric dipoles driven by
impulsive currents. Each dipole induces traveling wave
currents in both directions along the conductor. These
currents radiate as back to back traveling wave antennas. The
response of a receiver to a single discharge can be predicted
by calculating the far field of the induced current
distribution and using the directional pattern and input
impedance of the receiving antenna. Since the corona sources
are incoherent at these frequencies (R.G. Olsen, Radio Sci.,
18, 399-408, 1983) the received noise power is the sum of the
noise powers from each source.

A computer program for an IBM personal computer has been
written to implement this model. The output of the program
has been calibrated using measured 75 Mhz noise data taken in
steady rain conditions. Comparisons will be shown between
predictions and measured results in the VHF and UHF ranges.
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E1-4 A NEW THEORY OF LEAKAGE FOR BRAIDED COAXIAL CABLE
1500 Charles M. McDowell

Department of Electrical Engineering

University of Missouri-Rella

Rolla, MO 65401

A new theory that fully accounts for braid periodicity
has been developed to explain the leakage mechanisms for
braided coaxial cable. The fields and the propagation
constant are found for a cable dimmersed in its own
insulating material. The braid is modeled as a multifilar
contrawound tape helix, and fields are obtained that satisfy
Maxwell's equations and Floguet's theorem. The technique is
based on a method developed by Sensiper and applied to
analyze a helical delay line (L. Stark, JAP 25, 1155-1162,
1954) and a slow-wave structure for traveling wave tubes (M.
Chodorow and E.L. Chu, JAP 26, 33-43, 1955). Perturbation
theory is then used to remove the outer dielectric.

The results show than an infinite set of space-harmonic
surface waves exists on the braid. The zeroth order wave
accounts for all leakage unless a discontinuity occurs in
the period of the braid; then space harmonics are converted
to radiated modes and leakage may increase by many orders of
magnitude. The power contained in the surface harmonics is
computed and compared to the power in the zeroth order
surface wave.

Another facet of this theory is a more accurate formula
for surface transfer impedance ZT’ according to which

Z

e, - 1\ & . 2
L2302 cos a (tanza _;L__>Z sin 3m11F (u2)
m
m=1

1rF2C 2 € +1

where F = fill of braid, C = number of carriers, a = pitch
angle, and e, = dielectric constant. This formula shows
that optimum Braid is achieved when

-1
, 1 (5 " -
tan a = 5 <€r+1>

These formulas will be supported by published measurements
(E.F. Vance, IEEE Trans EMC, 17, 71-77, 1975; K.J. Teperek
and F.A. Benson, Proc. IEE, 120, 1219-1225, 1973).
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E1;g WIDEBAND HF NOISE AND INTERFERENCE MEASUREMENT SYSTEM
15
L.G. Abraham, L.S. Dozier, L. Lau, D.C. Rogers,
W.K. Talley, B.G. Thornton, and B.J. Turner

The MITRE Corporation
Burlington Road
Bedford, MA 01730

MITRE is engaged in a comprehensive program to develop
and apply wide bandwidth spread-spectrum technology to new
HF communication systems. Worldwide characterizations of
wide bandwidth interference (signals) and noise
(atmospherics) are essential in designing such HF radio
systems. These factors are important in sizing the
antennas, transmitter power, and receiver sensitivity. More
directly, such information is essential in designing
interference excision and noise canceling circuits.

It has become practical with VLSI devices to use
extensive coding for error correction and to seriously
consider the use of wideband (1 MHz) direct sequence
(pseudonoise) signals coupled with interference excision
techniques. Increasingly powerful digital processing makes
it possible to take advantage of short-term (seconds or
fractions of seconds) variations in interference and noise
and permits more detailed resolution (100 Hz) in the
frequency spectrum processed.

In 1986 a wideband HF noise and interference
measurement system to record data over instantaneous
bandwidths of 1 MHz was completed. This system is able to
gather data in the form of four different 100 millisecond
long "snapshots" with known time separations between
adjacent "snapshots" up to ten seconds. This will permit
frequency resolution of at least 100 Hz. The measurement
system will be deployed in the field in 1987 to selected
spots in the U.S.

This paper will describe that wideband HF noise and
interference measurement system. Samples will be presented
of the 1 MHz wide bandwidth frequency spectrum that is
obtained.
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E1-6 TIME DOMAIN ANALYSIS FOR A TRANSMISSION LINE

1600 SUBJECTED TO THE ELECTROMAGNETIC PULSE ENVI-
RONMENT: B. Costache, Univ. of Ottawa,
Ontario, Canada E1IN &N3

A time domain analysis for a transmission line
subjected to fast transient electromagnetic
environment, such as produced by EMF, is presented.
The time varying property of the transmission line
parameters is taken into account by solving the
corresponding field problem in time domain (figure 1).

The analysis has shown that when very fast transients
such as EMF, ESD or lightning have to be addressed, a

time domain solution can be used to characterize their
impact into transmission lines and to obtain the
induced voltages and currents for very short time
pariods.

Based on a time domain solution of the Maxwell’s
equations a time domain resistance characterizing the

losses in transmission lines is taken into account for
calculations.

AN
L v>‘ 2a

g u
L]

A/

Figure 1. Transmission line above ground
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E1-7 SECOND-ORDER NON-GAUSSIAN PROBABILITY DISTRIBUTION OF
1620 CLASS B NOISE AND INTERFERENCE FIELDS

David Middleton

127 East 91 Street

New York, NY 10128, USA

First-order probability density functions (pdf's), wy(x),
are usually sufficient to determine optimum threshold algo-
rithms for signal detection and estimation. However, with
second-order pdf's wz(xl,xz), it is now possible to obtain
estimates of performance improvement, as well as modifications
in algorithm structure, which result when sample correlationms,
in both space and time, are specifically taken into account.
Moreover, the "classical" theory of rectification, measure—
ment, and signal detection, which employs zero-memory non-
linear (XMNL) devices can now be implemented explicitly for
general nongaussian (e.g., Class A, B, or C) noise (D. Middle-
ton, Proceedings 20th Conference on Information Sciences and
Systems, Princeton Univ., Dept. of E.E., March 1986). Noise
processes x(t), and noise fields 0(R,t), where x=Rg (R=array
operator) can be constructed, examined, and employed. It is
emphasized that these noise processes (and fields) are not ad
hoc, but are physically derived.

Here we are specifically concerned with Class B inter-~
ference. Class B noise or interference is a nongaussian pro-
cess characterized by random, overlapping impulsive transients
produced in typical receivers by broad-band incoherent
sources, EM examples of which are ignition noise, lightning,
etc. (D. Middleton, IEEE Trans. on Electromag. Compat., Vol.
EMC-26, No. 1, pp. 19-38, Feb. 1984; D. Middleton, ibid.,

Vol. EMC-19, No. 3, pp. 106-127, Aug. 1977). To obtain ex-—
plicit results in application, it is necessary to approximate
the Class B structure. This is done here by a new model,
using a second-order set of gaussian characteristic functionms,
and associated pdf's, matched to the means, variances, and co-
variances of the process or field in question. The result is
a canonical, manageable four-term sum of gaussian forms. Ap-
plication to telecommunication noise and interference, as well
as other cases (e.g., scattering from random rough surfaces)
illustrate the approach; (work supported under Contract
N0O0O014-84~C-0417 with Code 1111-SP).
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Session F-4 1355-Tues. CR2-26
REMOTE SENSING OF ATMOSPHERIC AND OCEANIC WAVES,
SEA ICE AND VEGETATION :
Chairman: Calvin Swift, Dept. of Electrical
Engineering, Univ. of Massachusetts, Amherst, MA

01003
Fl-1 THE LOW FREQUENCY MICROWAVE RADIOMETER FOR THE
1400 NAVAL OCEAN REMOTE SENSING SYSTEM: W. Linwood
Jones, David E. Ball, and William F.
Croswell, Harris Corp., Government Aerospace

Systems Division, Melbouwrne, FL I2902; and
Gene A. Foe, ferojet Electro Systems Company,
Azusa, CA 21702

The Maval Ocean Remote Sensing Sytem (NROSES) will be
established in FY 91 with the launch of the NROSS-1
Spacecraft. MNROSS-1 employs a synergistic complement
of four microwave sensors: MNASA Scatterometer (NSCAT)
operating at 14 GHz to measure ocean surface windspeed
and directions; Radar Altimeter (ALT) operating at 13.5
GHz to measure ocean surface heighti Special Sensor
Microwave Radiometer Imager (§8M/I) operating at 19,
P2, 36 and 85 BHz to measure sea ice edge, atmospheric
water vapor, cloud mass and precipitations and Low
Frequancy Microwave Radiometer (LFMR) operating at 5
and 10 BHz to measure sea surface temperature, ocean
surface wind speed and sea ice edge.

The LFMR is a conically scanned, large aperture,
precision, 20-channel microwave radiometer to provide
accurate brightness temperature images of the ocean
surface. The scan geometry matches that of the

85M/1 instrument by selecting a nominal earth incidence
angle of 5%.1% and a swath width of 1400 Em. The LFMR
instantaneous field-of-view is 25 Em (along track) by
15 Em (cross track) at 5.4 GHz and 12.5 Em by 7.5 kEm at
10.8 BHz. @& multi-beam dual polarized feed cluster
provides two spot beams at C-band and four beams at X-
hand; and in conjunction with the 15.8 rpm spin rate
and radiometer sampling rate, LFMR achieves Nyguist
sampling of the ocean surface in both the along and
cross track directions.

This paper presents an overview of the proposed LFMR
design with particular emphasis on the radiometric
performance, antenna design, and in—orbit scan
geomatry.
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Fl-2 THE EFFECTS OF ASYMMETRY AND DOPPLER SHIFT ON GRAVITY
1420 WAVE SPECTRA IN THE ATMOSPHERE OBSERVED BY MST RADAR
A, 0. Scheffler and C. H., Liu
Department of Electrical and Computer Engineering
University of Illinois at Urbana—Champaign
Urbana, IL 61801-2991

The shapes and levels of observed atmospheric velocity
fluctuation spectra can be altered by the presence of vertical
and azimuthal asymmetries in the gravity wave spectrum. Such
asymmetries can be parameterized in the model spectrum which
enables the computation of theoretical radar—observed
spectra. The results of these theoretical spectra will be
presented and discussed. In addition, asymmetries can be
incorporated into the numerical analysis by which the effects
of the Doppler shift due to a background wind are evaluated.
The results for numerical frequency spectra indicate that the
combination of azimuthal asymmetry and Doppler shift can
produce significant changes in spectral shape and level in
comparison to the non-shifted spectrum.
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F4-3 ON THE OBSERVATIONS OF INFRASONIC WAVES AND
1440 ACOUSTIC-GRAVITY WAVES AT GROUND LEVEL

XIE Jin-Lai, YANG Xun-Ren, TIAN Shi-Xiu
(Institute of Acoustics, Academia Sinica)
and
LI Qi-Tai
(Meterological Science Institute of Guizhou)

Abstract

The investigation on atmospheric infrasonic
waves from various sources 1is significant in many
fundamental aspects concerning atmosphere. In
this paper, a systematic description of observations
at ground level is given, including the detailed
discussions about the equipment system, the multi-
element detector array, the data analysis and some
typical results.

The infrasonic signals we have detected during
the period more than twenty years involve both
natural and man-made natures, such as those from
typhoon, thunderstorm, hailstorm and other severe
weathers and also from the eruption of Volcano
St. Helens(1980) referred to the former, and those
from atmospheric tests of nuclear bombs and also
from the tragic explosion of space shuttle "Chal-"
lenger"(1986) referred to the latter.

Especially, we have Jjoined the WAGS campaign
of October 1985, and lots of data have been recorded
at our infrasonic observation stations situated
in Yongan, Guiyang and Lasa respectively. The
analysis to these data shows there are strong AGWs
with periods within 5-42 minutes attached to the
variations in solar cycle, and the coupling effects
between ionosphere and ground layer 1is obvious.

The advantages of our observation means lie
in the simplicity and economy in equipments, the
continuity and reliability in records and the easi-
ness in operation and maintenance. Futhermore,
the advantages express also in the 1intuition of
results and in the fact that the analogue data
can be reserved on paper or magnetic tapes and
thus can be real-time processed.
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Fl-U EVOLUTION OF THE DIRECTIONAL WAVE SPECTRUM
1540 FROM SHORET;DIE TO FULLY DEVEIOPED
E.J. Walsh™, D.W. Hancock III, D.E. Hines
NASA/GSFC Wallcps Flight Facility
Wallops Island, VA 23337
R.N. Swift and J.F. Scott
EG&G Washington Analytical Services Center
Pocomcke City, MD 21851

The Surface Contour Radar (SCR) is a 36-GHz computer-
controlled airborne radar which generates a false-color coded
elevation map of the sea surface below the aircraft in real-
time, and can routinely produce ocean directional wave
spectra with post-flight data processing which have much
higher angular resolution than pitch-and-roll bucys. A cold
air outbreak was occurring on January 20, 1983 when the NASA
P-3 aircraft took off from Wallops Flight Facility and flew
up the coast to the center of Iong Island. The aircraft then
turned and proceeded in the downwind direction for 300 km
with the SCR measuring the evolution of the directional wave
spectrum with fetch.

The surface weather cbservations were cbtained from the
National Climatic Data Center, Asheville, NC for sixteen
reporting stations from Wallops Flight Facility to Nantucket.
The observations indicate a spatially homogeneous offshore
wind field in direction during a three day period before the
flight. The Long Island shoreline is relatively straight and
the contours of constant water depth are approximately
parallel to the shoreline. The water depth increases rapidly
and is never a factor in influencing the wave field.

When the SCR directional wave spectra are compared to
the empirical expressions for wave growth, the JONSWAP growth
rates for wave height and period are found to be in best
agreement. The expression developed by Donelan et al. in
Lake Ontario are furthest off, but they gave the best
predictions for the direction of propagation of the waves
near shore where the wind was briefly 25° off the normal to
the shoreline. Assuming that Donelan et al.'s measurements
in Lake Ontario were correct leads to a new expression for
the growth of fetch~limited waves which reconciles the
disparities.

*Presently on assigrmment at the NOAA, ERL, Wave Propagation
Iaboratory, R/E/WP, Boulder, CO 80303
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F4-5 OBSERVATION OF SEA ICE USING THE

1600 36-GHZ SURFACE CONTOUR RADAR
Ieonard S. Fedor
NOAA/ERI/Wave Propagation Iaboratory
Boulder, CO 80303
Edward J. Walsh® and Donald J. Cavalieri
NASA/Goddard Space Flight Center
Greenbelt, MD 20771

In January 1984 a 36-GHz scanning pencil-peam radar was
used at 175-m altitude over ice in the Greenland Sea to
produce high-spatial-resolution (3 m by 5 m) topographic and
backscattered power maps. Incidence angles from nadir to
approximately 30° off-nadir were included in the data set.
When the radar maps were compared with the ice topography
indicated by simultaneous photography and an analysis of the
shadows of the ridges cast by the low sun angle (3. 59), it
was found that the backscattered power data sharply
delineated many of the features cbserved in the photography.
The elevation data were less impressive but still consistent
with the general variation of the topography.

For incidence angles more than 5° off-nadir, multiyear
floes tended to be uniformly high in backscattered power in
contrast to the lower power from the brash ice surrounding
them. An observation was made of a composite flow in which
two multlyear floes were connected by a band of interstitial
first year ice. The multiyear portions produced hlgh
backscattered power while the band of first year ice joining
them did not. Low backscatter was also produced by the brash
ice on one side of the floe and the first year rubble on the
other side of it.

*Currently on assignment at the NOAA/Wave Propagation
Laboratory
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F4-6 RADAR CROSS SECTIONMEASUREMENT CHARACTERISTICS
1620 OF SIMULATED VEGETATION CANOPY STRUCTURES

C. E. Nanceand A. J. Blanchard

WaveScatteringResearchCenter

DepartmentofElectricaiEngineering

University of Texas at Arlington

P.O. Box 19016

Arlington, Texas 76019

Radar return characteristics of vegetation structures has become an important
matter to address in order to better understand the remote sensing of the surface of
planet earth. The experimental data that could be obtained from living vegetation
structures is very difficult and time consuming to aquire due to the uncontrollability of
the growth process of the plant matter. Simulation of vegetation structures is very
vseful due the fact the targets can be configured rather quickly compared to living
structures, and can be varied in many different ways to more fully study the effects of
the geometric structure on the return characteristics. The symmetry and consistencyin
structure of plants of a given type lendsitself well to simulation of the canopy structure
byacollection of identical simulation plantstoproduce a simulated canopy.

Several theoretical derivations to predict the backscattering cross section of a
modeled canopy structure containing discrete scattering elements in a half space have
been presented. The radiative transier theory was applied to a layer of smail randomly
positioned and ariented ellipsoidal scatterers (L. Tsang, M. C. Kubacsi, and J. A.
Kong, RadioScience, 321-329, 1981), and a canopy consisting of randomly oriented
circular discs to model a vegetation canopy (M. A. Karam and A. K. Fung, Radio
Science, 557-565, 1983) to calculate the backscatter from each modeled vegetation
layer. These types of canopy structures could be used for modeling leafy vegetation
canopies, but experimental data from live plant structures is difficult to apply for
comparison to these models due to the fact that the geametry of the live plants cannot
be represented in such models. The use of simulated vegetation canopies with plants
comptised of elements with simple geometrical shapes to model branches, leaves, and
stalks are simple enough to compare theoretical predictions, but are a good step toward
more complex simulationthat canbe applied when thetheoretical derivationscan handie
morecomplexgeometries.

Previous research has dealt with the measurements of a simulated nodal
structured plant canopy (D. F. Zook, Masters Thesis, University of Texas at Arlington)
which examined the scattering response when the nodal spacing on a simulated stalk

oaches one wavelength. This paper presents a more complex simulation of a
:}e?gtation canopy resemnlgl?;lg that of soybeans or other leafy gro?md cover plants. The
canopy structure consists of thirty simulated low dielectric plants each having adjustable
branch angles. Metal circular disks, attached tothe end of each branch, will serve asthe
leaf structure and the main scattering elements. The branch angle effects of the
simulated plants on the scattering characteristics for distributions with small branch
angles (0 - 20 degrees) and for uniform branch angle (0 - 90 degrees) will be presented.
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Fi-7 SHORT-RANGE FM RADAR MEASUREMENTS WITH FINE

1640 SFATIAL RAESOLUTION: R.E. Moore and 5.F.
Gogineni, Radar Systems. and Remote Sensing
Lab, Univ. of Kansas Center for Research, Inc

Swept-frequency methods have long been used to
accomplish the same kinds of results as short-pul se
measurements. Some swepl measurements have been based
on interpretation of the standing wave patterns caused
by reflections using models for the target complex. FHM
radar, however, uses an approach more like that for
short pulses. The received spectrum from a linearly—
swept FM radar is essentially the same as a time-domain
representation of a pulse return, and most of the same
analysis technigues can be used to extrach signal
information. The FRF of the FM radar acts as a
sampling comb in the freguency domain that is
equivalent to temporal sampling of & time—-domain
return.

FM systems have advantages in that high peak powers
are not required, and that the spectrum of the
transmitted signal may be tailored to compgnsate for
differences in antenna response and medium attenuation.
Other processing on the receiving end may be used to
compensate for phase distortions in the medium, if the
nature of the distortion is known. Coherence
cancellation of svstem and nearby static echoes may be
achieved in the receiver.

Examples are given of systems and some of the problems
gncountered and, in most cases, solved.
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Session G-6 1355-Tues. CR1-46
AURORAL AND POLAR CAP IRREGULARITIES
Chairwoman: Sunanda Basu, Emmanuel College,
400 The Fenway, Boston, MA

G6-1 PATTERNS OF POLAR IONOSPHERIC EFFECTS
1400 Herbert C. Carlson, Edward J. Weber and Jurgen Buchau
Air Force Geophysics Laboratory, Hanscom AFB MA 01731

A polar network of radio, radar and optical diagnostics
has been applied to the testing, development, and validation of
a framework within which major variability of the polar iono-
sphere can be ordered. Such variability is of direct importance
to high Ilatitude communication, tracking, positioning, and
imaging by radio or radar techniques over the available portion
of the rf spectrum. Deep within the winter polar cap, values
of peak electron concentration, total electron content, and
bottomside ionization can vary from quiet polar night values
to values comparable to midlatitude midday conditions. Further—-
more, these dramatic changes can appear to switch on or off in
times as short as a few minutes, or more appropriately over
distances as short as tens of km. These remarkable enhancements
can persist over spatial scales of 10 to 1000 km (or intercept
line of sight ray paths from minutes to an hour). Associated
amplitude scintillation can switch from negligible to saturated
250 MHz and phase scintillation from negligible to that exceed-
ing auroral and comparable to equatorial spread-F events.
Widely diverse observed conditions can be ordered into two
basic patterns of behavior, after allowing for identified
dependences on interplanetary magnetic field (B and Y,
universal time, an index of magnetic activity, season and solar
cycle. The source, evolution, coupling, and ultimate fate of
ionospheric features leading to these polar effects are reviewed
in light of the most recent experimental evidence collected to
address these specific issues.
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G6-2 HF CHANNEL PROBE
1420 R.P. Basler, G.H. Price, C.L. Rino,
R.T. Tsunoda, and T.L. Wong
Radio Physics Laboratory
SRI International
Menlo Park, California 94025

An experiment in Greenland has measured the transfer
characteristics for HF signals propagating through disturbed
regions of the ionosphere. Transmissions over the 1-hop path
from Narssarssuag te Thule have suffered distortions in the
range (propagation time) and Doppler domains on the order of
hundreds of microseconds and tens of Hertz, respectively. A
frequency-modulated continuous wave (FMCW) waveform was used
for oblique sounding purposes, and a pseudorandom noise
modulation with a 20-kHz bandwidth was used to measure range
and Doppler spreads. Spaced receivers were used to measure
azimuthal angle of arrival, and independent ionospheric
diagnostic data for points along the path were provided by the
incoherent-scatter radar and HILAT satellite ground station at
Sondre Stromfjord. The results are interpreted in terms of
scatter effects produced by high-velocity plasma irregularities
encountered along the mean ray paths.
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G6-3 HIGH LATITUDE IRREGULARITIES: PLASMA
1440 INSTABILITY THEORIES

P.K. Chaturvedi

Plasma Physics Division

Naval Research Laboratory

Washington, DC 20375-5000

The theorlies on the generation of high 1latitude
irregularities by plasma instability mechanism are
discussed. The processes causing the irregularities at short
scalesizes (on the order of ion Larmor radius) by kinetic
instabilities and at longer scalesizes by fluid instabilities
would be included.
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G6-4 THE STATE OF THE THEORY OF HIGH LATITUDE
1540 IONOSPHERIC PLASMA TURBULENCE

Charles E. Seyler

School of Electrical Engineering

Cornell University

Ithaca, NY 14853

A review is given on the theory of the turbulent plasma
dynamics of the high latitude ionosphere. The principal purpose
of this review is to draw connections between the existing
body of experimental evidence of plasma turbulence in the
ionosphere and the predictions of various plasma models which
have been proposed to describe the dynamics of the turbulent
ionosphere. The description of the macroscopic dynamics of
the plasma motion is suggested to be embodied in a low frequency
plasma model, which incorporates gradient drift, collisional
drift, kinetic Alfven, current convective, and Kelvin Helmoltz
processes. Various limiting forms of the model can be analyzed
to determine the existence of a similarity range for the spatial
power spectra of particular processes. The spatial predictions
are testable in those situations where adequate plasma diagnostics
exist to determine both electric and density fluctuations as well
as potential sources of free energy for instability drive. An
attempt is made to correlate the spectral predictions to the
existing body of observations.
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G6-5 RADAR INTERFEROMETER STUDIES OF HIGH
1620 LATITUDE E-REGION IRREGULARITIES

Jason Providakes and Bela G. Fejer

School of Electrical Engineering

Cornell University

Ithaca, NY 14853

This work will review recent experimental results on the
study of meter-scale auroral E-region plasma waves. VHF
radar observations have shown that in addition to the type 1
(two stream) and type 2 (gradient drift) waves observed in the
equatorial region, there are also plasma waves unique to the
high latitude E-region. These include resonant echoes with
Doppler shifts of about 70 Hz independent of the cross field
plasma drift (type 3 waves), and two stream waves with phase
velocities sometimes in excess of 900 m/s, associated with very
large electron heating events (type 4 waves). High temporal and
spatial radar interferometer observations have shown that during
active periods strong echoes are often observed from highly
localized and very dynamic scattering regions. These localized
regions are generally associated with horizontal shears in the
cross field plasma flow, and with large scale (> 10 km) irregular
structures within the scattering volume. Recently, wvertical
interferometer measurements have been used to determine the
height dependence of the different Doppler spectral components,
and the effect of the magnetic aspect angle on the backscattered
power and wave spectra. These results will be compared with
previous observations and with recent theoretical studies.
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G6-6 NUMERICAL MODELING OF HIGH LATITUDE PHASE

1640 SCINTILLATION SPECTRA
S. J. Franke and C. H. Liu
Department of Electrical and Computer Engineering
University of Illinois at Urbana-Champaign
Urbana, IL 61801-2991

The theoretical phase scintillation spectrum is computed
for irregularity models having scale size dependent aniso-
tropy, and for ionospheric layers that do not satisfy the
"thick slab" approximation. These features have been sug-
gested as characteristics of nighttime auroral zone irregu-
larities. The dependence of observed phase spectral indices
on propagation geometry will be studied. Applications of the
model to interpretation of experimentally measured spectra
will be discussed.
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ELF/VLF RADIO WAVE PROPAGATION
Chairman: A.C. Fraser-Smith, Space,
Telecommunications and Radioscience Lab, Stanford
Univ., Stanford, CA 94305

G/H1-1 STRUCTURE OF TM AND TE VLF MODES IN THE
1400 DAYTIME EARTH-TONOSPHERE WAVEGUIDE:
CALCULATIONS AND MEASUREMENTS
E. C. Field, Jr.
Pacific-Sierra Research Corporation
12340 Santa Monica Boulevard
Los Angeles, California 90025
P. A. Kossey
Air Force Geophysical Laboratory
AFGL/LID
Hanscom Air Force Base, MA 01730

This paper reviews the properties of VLF transverse
electric (TE) and transverse magnetic (TM) modes in the
earth-ionosphere waveguide and presents measurements of the
structure of such modes. Rocket probes launched from Wal-
lops Island, Virginia measured TE and TM fields at all alti-
tudes between the ground and the base of the ionosphere. The
fields were radiated from a nearly horizontal airborme trans-
mitting antenna and comprise one or more well-defined TE or
TM waveguide modes. Calculated height profiles agree well
with the measured ones and correctly reproduce details of
profile structure caused by interaction between two or more
modes. Additional calculations show the dependence of mode
structure on ground conductivity.
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G/H1-2 MODELING OF VLF AND LF PROPAGATION USING WAVEGUIDE
1420 CONCEPTS
J. A. Ferguson
Ocean and Atmospheric Sciences Division (Code 544)
Naval Ocean Systems Center
San Diego, CA 92152-5000

Propagation in the earth-ionosphere waveguide at very low
frequencies (v1f) is sensitive to low levels of electron den-
sities and to the direction of propagation with respect to
the geomagnetic field. Signals at vlf propagate to very long
ranges introducing the additional complications of varying
ground conductivity and ionosphere. The WAVEGUID and MODESRCH
computer codes have been developed for application to the
earth-ionosphere waveguide at vlf. Use of these computer
codes in modeling paths for which experimental data exist
will be described.

196




G/H-1 Tu-PM

G/H1-3 EMPIRICAL MODELING OF EASTERLY AND WESTERLY VLF
1440 PROPAGATION IN THE EARTH-IONOSPHERE WAVEGUIDE
R. A. Pappert
Ocean and Atmospheric Sciences Division (Code 544)
Naval Ocean Systems Center
San Diego, CA 92152-5000

It has been known for many years that easterly and
westerly propagation of VLF in the earth-ionosphere waveguide
is non reciprocal with the mean attenuation rate to the west
being greater than to the east for ground to ground transmis-
sions. It is also true that nighttime propagation to the west
is more difficult to predict than is propagation to the east.

For example, a simple exponential 8 = 0.5 kﬁ} h' = 87 km
(notation of Wait & Spies) profile does an excellent job of
predicting nocturnal in-flight measurements over the Hawaii-
San Diego path but does not predict nighttime propagation
over the Hawaii-Wake path. This is partly due to the fact
that propagation to the west is less stable than propagation
to the east. In this paper full wave solutions will be used
to show that propagation to the west is more sensitive to up-
per levels of the ionosphere than is propagation to the east.
It therefore seems reasonable that propagation to the west
senses more variable regions of the ionosphere than does
propagation to the east and that this, at least in part, is
responsible for the difficulty of predicting westerly
propagation. Comparisons between calculations based on em-
pirical electron density profiles and in-flight measurements
between Hawaii and San Diego, and Hawaii and Wake will be
presented.
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G/H1-4 ALFAN: A BALLOON EXPERIMENT TO MEASURE
1500 TE & TM NOISE IN THE EARTH-IONOSPHERE
WAVEGUIDE
A.C. Fraser-Smith, P. McGill, and R.A. Helliwell
Space, Telecommunications and Radioscience Laboratory
Stanford University
Stanford, CA 94305
J.P. Turtle
Radio Propagation Branch
Rome Air Development Center
Hanscom Air Force Base
Massachusetts, MA 01731

Rome Air Development Center and the STARLAB at Stanford
University recently cooperated on an experiment to measure low-fre-
quency TE and TM noise at high altitudes in the Earth-ionosphere
waveguide. The experiment, called ALFAN (for Airborne Low Fre-
quency Atmospheric Noise), involved the flight of a specially-designed
instrumentation package on a balloon. It took place on August 4, 1986,
in New Mexico: the balloon was launched from a location near Roswell,
it flew at an altitude of about 18-21 km for roughly five hours, and the
flight was terminated near White Sands. The instrumentation package
was parachuted to the ground and recovered without damage.

Atmospheric noise was measured throughout the flight using a
three-axis loop antenna (two orthogonal vertical loops and one hori-
zontal loop) suspended below the instrumentation package. Each loop
had its own receiver circuitry, and the noise was measured in a band of
about 1.5 kHz in the range 30 — 60 kHz. The center frequency of the
1.5 kHz band could be changed within its overall range by telemetry
from the ground; the outputs from the receiver were digitized during
the flight and transmitted to ground, where they were monitored and
changes made to the center frequency of the 1.5 kHz measurement band
as circumstances warranted.

It was anticipated before the flight that the TE noise levels would
be on the order of about 10 dB lower than those of the TM noise. Pre-
liminary analysis of the data suggests that the noise levels were roughly
comparable. This result and other features of the noise measurements
will be discussed. .
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G/H1-5 THE SIPLE, ANTARCTICA VLF TRANSMITTER AS A PROBE
1540 OF THE EARTH~IONOSPHERE WAVEGUIDE

D.L.Carpenter, T.F.Bell, U.I.Inan, T.Wolf

STAR Laboratory

Stanford University

Stanford,CA 94305

A.J.Smith

British Antarctic Survey (NERC)

Madingley Road

Cambridge CB3 OET, U.K.

Waveguide signals from the Siple, Antarctica VLF trans-
mitter (76S,84W,L=U4.3), have been used in studies of (i)
burst precipitation into the nighttime D region of the iono~
sphere, (ii) frequency dependent effects of radiation in the
2 =~ 10 kHz range from a single horizontal antenna element,
and {iii) effects of radiation from crossed horizontal an~
tenna elements. The observation points were at Antarctic
stations Halley, Palmer, and South Pole, each about 1500 km
from Siple. The burst precipitation experiments revealed
fast changes in received signal phase and amplitude (Trimpi
effects) associated with whistlers and VLF emissions prom~
pagating in the magnetosphere.

The frequency dependent effects included observation in
the endfire direction of strong signals at the third har=
monic of the half wave antenna resonance frequency. A pre=
liminary explanation of frequency dependent effects in the
2 - 10 kHz range is given in terms of antenna properties
and frequency dependent waveguide attenuation.

Recently a crossed element was added to the antenna
system at Siple. A series of experimenfts has been con-
ducted in which the antenna elements were excited so as
to simulate radiation from horizontal antenna elements
oriented in various directions. Preliminary results from
these experiments will be described.
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G/H1-6 LIGHTNING-INDUCED ELECTRON

1600 PRECIPITATION EVENTS OBSERVED AT L~2.4
AS PHASE AND AMPLITUDE PERTURBATIONS
ON SUBIONOSPHERIC VLF SIGNALS

U. S. Inan and D. L. Carpenter
STAR Laboratory, Durand 324
Stanford University, Stanford, CA 94305

Lightning-induced electron precipitation (LEP) events are studied using
the Trimpi effect, in which the precipitation induced ionization enhancements
in the lower ionosphere (D-region) give rise to rapid perturbations of subiono-
spheric VLF signals. In 1983, the phase and amplitude of signals from the
NPM transmitter in Hawaii (23.4 kHz) and the Omega transmitter in Ar-
gentina (12.9 kHz) were measured at Palmer, Antarctica (L ~ 2.4), together
with the magnetospheric whistler background. The long baseline and over-sea
great circle paths from these two sources made it possible for the observed
perturbations to be interpreted using a single waveguide mode theory. Ana-
lytical expressions are used to relate the magnitude of the phase perturbations
to differential changes in ionospheric reflection height along a segment of the
propagation path. The predicted relationship between relative perturbation
sizes on the two different signals is compared with measurements. From this in-
formation, the whistler-induced flux levels are inferred to be in the 10~*—10"2
erg cm~% 57! range and the precipitation regions are inferred to be roughly
‘circular’ in shape, rather than elongated along L-shells. Measured amplitude
changes tended to be small (~ 0.5 dB) and negative, as expected from a single
mode theory, but the ratios of simultaneous amplitude and phase perturba-
tions were slightly larger than the theory predicts, probably due to to the
effects of an additional mode(s). An assessment of the relative detectability
of amplitude versus phase perturbations favors phase perturbations by ~ 10
dB, irrespective of the detection scheme used.
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G/H1-7 STEERABLE ELF/VLF RADIATION PRODUCED

1620 BY AN ARRAY OF IONOSPHERIC DIPOLES
GENERATED FROM HF HEATING
D. H. Werner and A. J. Ferraro
Communications and Space Sciences Laboratory
Department of Electrical Engineering
The Pennsylvania State University
University Park, PA 16802

A VLF or ELF dipole source has been created within the
lower ionosphere by modulating the atmospheric dynamo currents
with a ground based high power HF source from the Arecibo
Observatory. The authors and their colleagues have
demonstrated that ELF or VLF generated this way and injected
into the earth-ionosphere waveguide could be received a few
thousand kilometers away. The injection properties due to an
array of ionospheric dipoles as a function of array geometry
and element currents that will allow steerable ELF/VLF
radiation within the earth=ionosphere waveguide are
investigated theoretically. The ionospheric array factors for
a linear and a planar array of Hertzian dipole sources are
developed and their properties examined. The principle of
pattern multiplication is then applied to include the effect of
the ionospheric array element. This provides a means for
predicting the field strengths at a remote receiving site due
to a steerable linear or planar array of ionospheric sources
generated by high power HF periodic plasma heating.
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G/H1-8 DIRECT PROBE MEASUREMENTS RELEVANT TO

1640 RADIO WAVE PROPAGATION
L. C. Hale, J. D. Mitchell, C. L. Croskey,
S. P. Blood, and K. J. Goodnow
Communications and Space Sciences Laboratory
Department of Electrical Engineering
The Pennsylvania State University
University Park, PA 16802

In the sensible ionosphere (above about 70 km),
parameters affecting radio wave propagation can be measured
using radio techniques as well as direct probes, which
include RPA's, ion traps, and "Langmuir" and impedance
probes. At lower altitudes Gerdien condensers are used for
ion conductivity, mobility, and density; but ion
conductivity can readily be measured using simple probes,
although below about 60 km, this must be done subsonically
to reduce error. Simple probes have been used for electron
measurements, with some discrepancies, A "last frontier"
may be the accurate measurement of free electrons at very
low altitudes, even into the stratosphere under disturbed
conditions. Electronic conductivity at these altitudes is
important to radio propagation, particularly at VLF and ELF.

The design of probe systems for making accurate
measurements at low altitudes is considered. Identified
problems include:

1. Probe theory including fluid flow, angle of attack, and
optimum velocity, the non*linear mobility of electrons, and
the effects of negative ions and aerosol particles.

2. Practical considerations such as surface uniformity, the
effects of insulating surfaces, outgassing, sensitivity, and
time response.

3. Radiation effects, including photo=emission and the
effects of energetic particles.

4, The effects of electric fields, including "stray"
fields, vehicle potential effects, and environmental fields.
5. The design of "return" and ancillary electrodes,
including area and length ratios necessary to minimize
error.

6. A fundamental problem that some of fhese considerations
dictate large, and some small, probe radius of curvature.

Strategies for overcoming these problems are discussed
and a tentative proposed probe system design is described.




Session H-4 1355-Tues. CR1-40
WAVE, PARTICLE, AND MASS INJECTIONS IN SPACE
PLASMAS
Chairman: W.W.L. Taylor, TRW Space and Technology
Group, One Space Park, Redondo Beach, CA 90278

Hi4-1 INSTABILITIES OF ARTIFICIAL FINITE SIZE ELECTRON
1400 BEAMS IN THE IONOSPHERE

C. S. Lin

H. K. Wong

Southwest Research Institute

Department of Space Sciences

P.0. Drawer 28510

San Antonio, TX 78284

The linear theory of excitations of electrostatic waves
by the interaction of a finite-size electron beam in a cold
magnetized plasma is presented. The electron beam is
assumed to be cold and to drift along the magnetic field
with a beam energy about several keV. Charge and current
neutralization are assumed to be maintained. The temporal
and spatial growth rates of beam plasma instabilities are
computed for frequencies from ion cyclotron frequency to the
electron plasma frequency. Initial results indicate that
the perpendicular wave length inside the beam is of the
order of the beam radius. The spatial damping length
outside the electron beam is examined for estimating the
heating region and the wave propagation distance. These
results are applied to explain measurements from the SEPAC
(Space Experiments with Particle Accelerators) and recent
Spacelab 2 electron beam experiments.
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H4-2 10N RELEASES AT ROCKET ALTITUDES
1420
Craig J. Pollock and Roger L. Arnoldy
Institute for the Study of Earth, Oceans and Space
University of New Hampshire
Durham, New Hampshire 03824

Lawrence J. Cahill and Robert E. Erlandson*
School of Physics and Astronomy

University of Minnesota

Minneapolis, Minnesota 55455

Paul M. Kintner

Department of Electrical Engineering
Cornell University

Ithaca, New York 14853

NASA flight #29.015 was the third in a series of
missions designed to study the interaction of injected
heavy ion beams with the ambient ionospheric plasma. As in
the two previous flights, phenomena assoclated with ion
injections were clearly distinguishable in both the
charged particle and plasma wave signatures. In this case,
beam~associated waves and particles were observed on the
main payload as it moved away from the beam-emitting
subpayload up to separation distances of nearly 1 km.
The sub-payload featured two Ar+ ion generators with one
firing across geomagnetic field lines and the other firing
anti-parallel to the field lines, toward the main payload.
Each generator was designed to produce a ~200 eV, 100 mA
ion beam with an angular spread of ~30 degrees (FWHM).
During both perpendicular and parallel f£firings, strongly
ordered and highly =reproducible ion populations were
observed at the main payload at unexpected energies and
pitch angles. Anti-parallel firings produced the expected
200 eV anti-parallel ion component as well as two unexpected
components at 90 degrees pitch angle; one near the gun
energy and the other at ~15 eV. Cross-field firings also
produced two 90 degree populations; one near 100 eV and the
other, as in the anti-parallel case, at ~15 eV. The plasma
wave data show emissions at several species gyro-harmonics
as well as near the local lower hybrid resonance frequency
for an Ar+ - 0+ plasma in addition to absorption features at
H+ gyro-harmomics. :

* Currently at The Appliéd Physics Laboratory, Johns Hopkins
University, Laurel, Maryland.
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HY-3 WAVES GENERATED BY AN ARGON ION BEAM
1440 L. J. Cahill, Jr. and R. E. Erlandson
Space Science Center
University of Minnesota
100 Union Street S.E.
Minneapolis, MN 55455

Two argon beams were operated on a spinning subpayload of
a sounding rocket at 200 to 400 km altitude. One of the beams
was emitted perpendicular to the magnetic field and the other
upward, parallel to the field. Waves were observed at the
main payload, above the guns, on the same field line at
separation distances up to 800 m. During perpendicular beam
operations, ion cyclotron harmonics of hydrogen ions were
observed near 350 km altitude and harmonics of oxygen ions
above that. Line emissions near hydrogen cyclotron harmonics
and also near the lower hybrid frequency were observed during
parallel beam operations. Near peak altitude at 404 km
absorption lines in the auroral hiss band were observed with
separations near the hydrogen cyclotron frequency. Ions were
also observed at the main payload during gun operation, some
with energies and pitch angle appropriate for the beam ions
and others at higher and lower energies.
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HY-4 INITIAL MOTION AND MOMENTUM COUPLING FOR THE AMPTE
1520 COMETS
A. T. Yo Lui
The Johns Hopkins University
Applied Physics Laboratory
Laurel, MD 20707
K. Papadopoulos
SAIC
McLean, VA 22102
J. D. Huba
Naval Research Laboratory
Washington, D. C. 20375-5000

The Active Magnetospheric Particle Tracer Explorers
(AMPTE) program has created two artificial comets, ome in
the solar wind on December 27, 1984 and the other in the
magnetosheath on July 18, 1985, with the release of about 2
kg of barium on each occasion. This experiment was con-
ducted with comprehensive in situ plasma diagnosis. One
unanticipated feature common in both cases is that the
barium cloud did not move initially in the direction of the
solar wind flow as a result of momentum coupling between the
two plasmas. Instead, the cloud was seen moving perpendicu-
lar to both the solar wind flow and the interplanetary mag-
netic field direction (A. Valenzuela et al., Nature, 320,
700-703, 1986). Based on the in situ magnetic field obser-—
vations, we deduce that the barium ions within the main
portion of the cloud were magnetized. Consequently, the
unsxpegted sideway motion of the cloud can be understood as
a F x B drift resulting from any momentum coupling force
¥ between the barium cloud and the streaming solar wind.
Another prominent feature from the AMPTE comet experiments
is the occurrence of intense electrostatic waves during the
gradual recovery of the compressed interplanetary magnetic
field back to the nominal value (D. A. Gurnett et al.,
Geophys. Res. Lett., 12, 851-854, 1985). We suggest that
this wave activity is also a product of momentum coupling
between the Ba” cloud and the solar wind protons via a
cross—field counter—streaming ion instability. The observed
wave frequencies and saturation amplitudes are found to be
consistent with this interpretation.
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Hi-5 STRUCTURING OF THE AMPTE MAGNETOTAIL BARIUM
1540 RELEASES
J.D. Huba, J.G. Lyon, and P. Bernhardt¥
Naval Research Laboratory
Washington, DC 20375-5000
A.B. Hassam*¥*
Science Applications International Corp.
McLean, VA 22102

The AMPTE magnetotail barium releases of March 21, 1985
and May 13, 1985 displayed the expected characteristics of a
high kinetie beta (By = plasma kinetic energy/magnetic field
energy >> 1), radial plasma expansion: (1) the barium plasma
forms a relatively dense shell and expands at roughly the
magnetosonic speed, (2) diamagnetic currents are set up on
the surface of the shell which generate a magnetic cavity,
(3) the expansion stops when the initial plasma kinetic
energy of the expansion 1s -comparable to the 'swept-up'
magnetic field energy, and (4) the magnetic cavity eventually
collapses, returning to the pre-release field
configuration. These gross features are. reasonably well
described by ideal MHD theory even though the ion Larmor
radius (pj) is comparable to the scale size of the
expansion. One aspect of these releases which is not well
described by ideal MHD theory is the large scale, field-
aligned structuring of the shell; this occurs during the
latter half of the expansion phase. We develop a set of one-
fluid FLR (finite-Larmor-radius) MHD equations whieh is
applicable to the AMPTE magnetotail barium releases, i.e.,
pi ~ Reg. The gross expansion characteristics are studied
using a 2D MHD magnetic-flux-tube-coordinate code. The
stability properties of the cloud are studied using standard
linear stability theory. Two unstable regimes are found:
the usual magnetic interchange mode (Y = /g?Ln), and a new,
faster growing mode {Y = k/EE;). Here, Y is the growth rate,
g is the deceleration of the cloud, L, is the scale length of
the density at the edge of the cloud, and k is the azimuthal
wavenumber, The results are compared to AMPTE data.

* Permanent Address: Los Alamos National Laboratory
Los Alamos, NM 87545
**Permanent Address: University of Maryland
College Park, MD 20742
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H4-6 SIMULTANEOUS OBSERVATIONS OF PC 3-4 PULSATIONS IN
1600 THE SOLAR WIND AND IN THE EARTH'S MAGNETOSPHERE

M. J. Engebretson

Augsburg College

Minneapolis, MN 55454

L. J. Zanetti and T. A. Potemra

The Johns Hopkins University

Applied Physics Laboratory

H. Liuhr

Technische Universitdt Braunschweig

W. Baumjohann

Max—-Planck-Institut fur extraterrestrische Physik

M. H. Acuna

NASA/GSFC

The equatorially orbiting AMPTE CCE and IRM satellites
have made numerous observations of Pc 3-4 magnetic field
pulsations (10-100 s period) simultaneously at locations
upstream of the earth's bow shock and inside the magneto-
sphere. These observations show solar wind/inteprlanetary
magnetic field (IMF) control of two categories of dayside

magnetospheric pulsations. 1. Harmonically structured,
azimuthally polarized pulsations are commonly observed from
L = 4 to 9 in association with upstream waves. Varying

levels of broadband, compressional wave power are associated
with these pulsations. 2. More monochromatic compressional
pulsations are clearly evident on occasion, with periods
identical to those observed simultaneously in the solar
wind. Harmonically structured, azimuthally polarized
pulsations also occur in conjunction with these compres—
sional pulsations. In both cases the harmonic pulsations
display frequencies characteristic of local resonant con—
ditions. As in earlier studies there is clear control of
the occurrence of pulsations both inside and outside the
magnetosphere by the cone angle of the IMF, and the ampli-
tude of magnetospheric pulsations increases when the solar
wind velocity increases. This data set and other recent
observations at cusp latitudes suggest a high latitude entry
mechanism for wave energy related to harmonically structured
pulsations.
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H4-7 SUBSIDIARY DIFFUSE FLASMA RESONANCES IN THE

1620 IONOSFHERE: Vladimir A. Osherovich, Coopera-
tive Institute for Research in Environmental
Science, Colorado State Univ., Ft. Collins,
co

A recently developed theory of force-free electromag-—
netic oscillations is employed to interpret the diffuse
plasma resonances stimulated by topside ionospheric
sounders at the frequenciea'wa The main prediction
of the theory, namely, that the spectrum of freguencies

should be proportional to: n1/25 n =1, 2, Z,.... has
been checked against obserations. It has been found
that fpp = 0.95 (foHﬂ/2n1/2 is a fair approximation

for diffuse ionospheric resonances where £ and f are
the plasma freguency and electron gyrofrequency,
respectively. The author suggested that hvbrid
frequency Fp = (fDnz + fH2)1/2 should be found in
topside sounder ooservational data. This second pre-
diction is verified in the paper. The author
identifies subsidiary diffuse plasma resonances with
hybrid resonances Fn for n =1, 2, 3, 4.
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MILLIMETER AND SUBMILLIMETER TECHNIQUES IN RADIO

ASTRONOMY IIL
Chairman: P.F. Goldsmith, FCRAO, Univ. of
Massachusetts, Amherst, MA 01003

J5-1 STATUS OF THE IRAM INTERFEROMETER

1400 J. Delannoy and D. Downes
Institut de Radioastronomie Millimetrique
Voie 10, Domaine Universitaire
38406 St. Martin d' Heres - France

The millimeter Interferometer of the Institut de
Radiocastronomie Millimetrique (I.R.A.M.) is being
constructed on the Plateau de Bure, 100 Km south of
Grenoble, France. In its iniial stage, the interferometer
will consist of three 15m antennas movable on baselines of
288m EW and 160m NS.

The antennas represent new technology for radio
astronomy, in that the panels are carbon fiber, with a
Hostaflon film coating, and the reflector support structure
has lower and upper struts also made of carbon fiber. The
purpose of incorporating carbon fiber in the reflector
structure is to obtain high thermal stability.

As of October 1986, all three movable mounts of the
telescopes, built by Neyrtec (Alsthom Atlantique, Grenoble)
are finished. Of the reflectors, built by Neue Technologie
(M.A.N., Munchen), the first one has been mounted on the
Plateau, and the initial surface adjustment gave an overall
accuracy better than 80 micrometers RMS. The second and
third antennas of the interferometer are expected to be
finished by Summer 1987.

An additionnal antenna of this series Iis being
completed at La Silla, Chile, under the supervision of
I.R.A.M., for the European Southern Observatory (E.S.0.)
and the Onsala Space Observatory.
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J5-2 IMAGING FOCAL PLANE ARRAY FOR MILLIMETER
1420 WAVELENGTH ASTRONOMICAL SPECTROSCOPY
Paul F. Goldsmith
Neal R. Erickson
F. Peter Schloerb
Five College Radio Astronomy Observatory
Department of Physics and Astronomy
University of Massachusetts
Amherst, MA 01003

We have been engaged in the development of a focal
plane array receiver for the 1l4m FCRAO radio telescope.
This is a critical area for development of millimeter
receiver systems, since the best receivers are approaching
being limited by atmospheric emission and imaging is the
only way of significantly increasing the data rate. The key
frequency range identified is 90-116 GHz which includes
the J=1-0 transition of CO (widely used for galactic and
extragalactic mapping) as well as tracers of higher—density
interstellar material such as CS and HC3N, and also isotopic
variants of carbon monoxide. The Cassegrain focal ratio of
4.15 is not a serious limitation in terms of number of focal
plane pizels. Rather, the expense of equiping each pixel
with a spectrometer system of broad capability encompassing
high resolution (A f < 100 kHz) for studies of dark clouds
to broad coverage (A V = 1000 km s™l; A f = 300 MHz) limits
the number of pixels. An array of 15-16 elements, each with
a cooled Schottky barrier diode mixer and FET IF amplifier
is the present design concept.

High efficiency cold optics should result in single
sideband receiver temperatures < 200 K over the band of
interest, with somewhat higher noise at frequencies down to
~ 85 GHz. The focal plane array should result in a greater
than order of magnitude reduction in observing time for pro-
jects involving extended objects.

Other important aspects of the system include:
1) cooled single sideband filter and image termination;
2) high efficiency scalar feedhorns with high packing den-
sity achieved by partial truncation of aperture sections;
3) fixed-tuned mixers for ease of operation;
4) polarization interleaving of beams to minimize area on
the sky covered by the array beams.

General aspects of focal plane imaging as well as the
logic leading to the present design will be discussed.
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J5-3 MILLIMETER/SUBMILLIMETER IMAGING
1440 WITH PLANAR FOCAL PLANE ARRAYS
K.S. Yngvesson and J.F. Johansson
Department of Electrical and Computer Engineering
University of Massachusetts
Ambherst, MA 01003

Although focal plane arrays are being used in the optical and infrared, efforts
at applying similar technology for millimeter and sub-millimeter waves have only
started quite recently. Much improved efficiency in the utilization of telescopes,
both ground-based and space-based, should result, from the use of multi-beam focal
plane array systems.

A planar, integrated circuit type, technology is almost certainly required, for
mm/sub-mm focal plane arrays to be affordable. We have made substantial progress
with arrays of Tapered Slot Antennas (TSA’s), and this talk will review results on
these arrays and present a comparison with other planar arrays, as well as arrays
of traditional waveguide type feeds. In developing the new technology, one finds
it necessary to re-examine a number of issues regarding the design of mm/sub-mm
telescope receiver systems. For example, the need to supply LO power to a number
of receivers, makes cryogenic operation favored, and especially SIS mixers. The
f-# at the position of the array is an important factor to optimize, and in this
respect TSA arrays are advantageous since they can be matched to f~#’s as large
as 2.0. TSA’s have demonstrated Rayleigh resolution in two-dimensional imaging,
and imaging telescope systems using such arrays are presently estimated to be able
to yield a total aperture efficiency of 50% or higher. We will discuss in detail
some recent calculations which show the trade-offs between different factors when
attempting to design an imaging mm/sub-mm system with the maximum possible
resolution, and compare different focal plane arrays in this context. There are
definite upper bounds for the aperture efficiency for any array with a given element
spacing, for example, as shown in the Figure below.
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J5-4  CRYOGENIC SUBMILLIMETER HETERODYNE RECEIVERS
1500 WITH SOLID STATE LOCAL OSCILLATORS
Neal R. Erickson
Five College Radio Astronomy Observatory
University of Massachusetts
Amherst, MA 01003

Two cryogenic submillimeter receivers are under
construction using single mode waveguide mixers and solid
state frequency multiplied local oscillators. One receiver
is for 490 GHz and is designed for use on an optical
telescope. To minimize the complexity of set-up and
operation, it uses a miniature self-contained 70 K
cryocooler to cool the mixer and IF amplifier, and a solid
state local oscillator system. Since the noise of Schottky
mixers and FET amplifiers changes relatively little below
70 K there is only a small performance penalty to operating
at this temperature. The solid state LO source consists of
a 65 o InP gunn oscillator at 82 GHz followed by a high
efficiency tripler and finally a doubler to produce a net
output of 0.4 mW at 492 GHz. The mixer uses a rectangular
horn tapering to waveguide of 0.5 x 0.15 mm cross section.
The mixer diode has Cj = 0.18 fF and Rs = 16 Q. LO power is
injected using a room temperature Martin-Puplett
interferometer. All optics are off-axis reflectors. The
receiver noise temperature has previously been measured at
20 K to be 1700 K SSB with probably a 20% increase at 70 K.

A second receiver is for 690 GHz, using a similar
approach, but with cooling provided by a 20 K refrigerator
since this unit is presently for lab tests only. The mixer
uses waveguide of 0.09 x 0.30 mm cross section with an
integral smooth walled conical horn. The mixer diode has
Cj =2 fF and Rs = 17 Q. 1LO will be provided by a two-diode
InP oscillator at 86 GHz producing 120 mW output power.
This oscillator will drive a balanced doubler using a pair
of Schottky varactors with an expected output power of
35 uW. Following this will be a cascaded pair of single
diode doublers with a projected output power of 0.3 mW at
692 GHz. While this LO chain is still under construction,
the mixer has been tested with a laser LO and gives a noise
temperature of 3000 K SSB at 20 K. Required LO power is
<0.5 oW and comparable results are expected with the
solid-state source.
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J5-5 SIS MIXERS FOR RADIOASTRONOMY

1540 M. J. Wengler, D. P. Woody, T. G. Phillips
California Institute of Technology, Pasadena, CA 91125
R. E. Miller

AT&T Bell Laboratorics, Murray Hill, NJ 07974

Superconducting tunnel diodes (SISs) are the most sensitive detectors available for
broadband near-millimeter heterodyne detection. Quantum heterodyne theory (J. R. Tucker,
IEEE J. of Quantum Electronics, QE-15, 1234-1258, 1979) is extended to include quanti-
zation of the electromagnetic field (M. J. Wengler and D. P. Woody, /EEE J. of Quantum
Electronics, submitted 1986). This theory predicts that good quality NbN SISs will be ca-
pable of nearly perfect photodiode response to frequencies as high as 3000 GHz. Computer
results from this theory are presented which show the effect of input source impedence on
the mixer gain and noise.

We have fabricated lead alloy SISs at the center of bowtie antennas mounted on quartz
lenses. A heterodyne receiver based on this quasioptical coupling (M. J. Wengler ef al.,
Int'l. J. of IR and MM Waves, 6, 697-706, 1985) has excellent sensitivity from 115 to
466 GHz. This receiver is the most sensitive heterodyne receiver yet reported for 300 to
466 GHz. Recently, a series array of two SISs cooled to 2 K yielded a receiver temperature
Tr = 165 K DSB at 230 GHz, which is nearly as good as the best waveguide results at this
frequency.

The beam pattern of a bowtic antenna is not optimum (R. C. Compton ef al., IEEE
Trans. Antennas and Propagation, submitted 1986). Transformed by a small quartz lens
and a polyethylene lens, our mixer has a beam describable as the sum of a Gaussian pattern
and an extended diffuse pattern. Much of this diffuse pattern is terminated inside the
cryostat in which the mixer is mounted. Sensitivity degradation due to beam lost in the
cryostat is included in the receiver temperatures we report.

The mixer beam that does see out of the cryostat is not as clean as the nearly Gaussian
beams produced by feedhom-coupled mixers. Our mixer has been tested on one of the 10.4
meter dishes at the Owens Valley Radio Observatory for comparison with the feedhorn-
coupled SIS mixers which usually operate there (D. P. Woody et al., IEEE Trans. on
Microwave Theory and Technique, MTT-33, 90-95, 1985). At 115 and 230 GHz, the
bowtie beam couples to the telescope with about 3/4 the efficiency of feedhom coupling.
The effect on system sensitivity due to this lower efficiency is to be traded against the
advantages of having a single mixer for multi-octave response.

We discuss the design and manufacture of an efficient bowtie mixer. SIS junction
area must be < .3(um)” to keep capacitance below about 15 fF. Normal state resistance
should be below 100 Q to minimize RC roll-off and the possibility of saturation, but above
~ 30  to avoid mismatch with the 120 Q bowtie antenna. The design of the mixer optics
is discussed. The IF output circuit is designed so the 50 Q IF amplifier input is transformed
to 100 Q at the junction in the 1 to 2 GHz IF range. Simultaneously, the IF circuit presents
a low impedence to the junction from about 3 to 40 GHz. This lowers the root mean square
voltage developed across the junction, reducing mixer saturation problems.
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J5-6 MEASUREMENT AND CORRECTION OF ANTENNA
1600 SURFACE TOLERANCE ERRORS
Charles E. Mayer and John H. Davis
Electrical Engineering Research Lab
The University of Texas at Austin
10100 Burnet Rd
Austin, TX 78758

Surface tolerance losses prove to be the
limiting factor of an antenna's high frequency
performance, 1f the antenna surface can be
accurately measured, then certain errors may be
corrected. Measuring the antenna by an
electromagnetic metrology technique allows
complete confidence that the measurements
correlate strongly to the actual antenna
per formance, The power of the holographic
technique (Mayer, et. al., IEEE Trans, Instrum.

Meas., Vol. IM-32, pp. 102-109, 1983) is that <the

total system phase tolerance, i.e. through
secondaries, terciaries, and qguasi-optical
diplexing and collimating optics 1is measured.
Further, the measured amplitude illumination

function can add much insight to evaluating the
system.

We at the Millimeter Wave Observatory (MWO)
have designed and implemented an error correcting

second —HiLLOr on the 5-m telescope. — The
antenna aperture efficiency was doubled over the
range from 230-300 GHz. The error correcting

technique involves modifying the surface of an
analytical secondary with a computer controlled
milling machine (0.1 mil accuracy) to create a
constant phase path 1length through the entire
telescope optics.

We have also designed and tested dual shaped
reflectors to redistribute the feed energy around
the central blockage and to obtain a more
desirable taper function.
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PLENARY SESSION

PS-1 FHASE-DNLY ANTENNA SYNTHESIS FOR LINEAR AND

0840 FLANAR ARRAYS: John F. DeFord and Om P.
Gandhi, Electrical Engineering Dept., Univ.
of Utah, Balt Lake City, UT 84112

Minimization of the madimum sidelobe level for a given
array geometry by phasa-only adijustment of the element
axritations is considered. Optimum phases are obtained
by using a numerical search proceduwe to minimize the
expression for the pattern sidelobe level with respect
to the element phases, and results for both linear and
planar arrays of equispaced slements are presented.
Data suggests that optimum sidelobe level is a
logarithmic function of array size. Optimuwn patterns
kave relatively low efficiencies, with efficiency
approaching an asymptotic nonzero limit as the array
size is increased. Array efficiencies can be :
significantly improved by introducing a sidelobe taper,
at the eupense of raising the peak sidelobes somawhat.
An analytic svnthesis algorithm is presented for use on
very large arrays for which the numerical search
techrigue for the minimization of the sidelobe level

is computationally impractical. This method produces
patterns with characteristics similar to arrays
synthesized using the numerical search method, and it
may be used to synthesize either uniform or tapered
sidelobes, allowing flexibility in determining the
efficiency and peak sidelobe level for a given array.
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PS-2 ACCURATE ANALYSBIS OF METAL-STRIF-

0900 GUIDE LEAEY WAVE ANTEMNAS: M. &
AL, Oliner, Folvtechnis Unive,
11201

The dispesrson behavior of metal-strip-loaded
diglectric guide leaky wave antennas is carefully
analvezaed and completely characterized. Many
megasuwremnents have begen made on this antenna type but
urntil now no satisfactory theory was available from
which such antennas could be svstematically designed.
A onew small o acle equivalent network is developed
T arour ) bhe multimode metal strip
grating at Lo interta a kay constituent
antennas. Finally, it is shown how the
behavior and the antenr parformance can
1y controlled by properly adiusting the

parameater
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PS-3 CHARACTERISTIC MODES AND DIFOLE REFPRESENTA-
0920 TIONS OF SMALL APERTURES: Taoyun Wang

(Advisor: FRoger F. Harrington), Dept. of
Electrical and Computer Engineering, Syracuse
Univ., Syracuse, NY 13210

In this paper the characteristic modes of the egui-
valent magnetic current are related to the dipole rep-
resentation of a small aperture in an infinitely large
conducting screen. The esigeneguations for the first
three lowest sigencurrents are derived from the low
frequency approximation to the integral asquation. It
is shown that these three characteristic currents are
rlosely related to the three dipoles of Bathe-hole
theory. An example of a small circular aperture in

an infinite conducting plane is discussed.
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PS-5 RECENT SEARCHES FOR MAGBNETIC MONOFOLES:

1015 Michael W. Cromar, Mational Bureau of Stan-—
dards, Electromagnetic Technology Division,
Boulder, CO 80303

Fredictions of Grand Unified Theories have stimulated
renewed interest in the detection of single magnetic
charges. A brief review of the predicted properties of
a magnetic monopole will be followed by a description
of recent experiments at MBS Boulder and at other
laboratories. The next generation of much larger
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Session A-3 1515-Weds. NW 248
TRANSIENT RESPONSES FROM CW MEASUREMENTS
Chairman: Edmund K. Miller, Nichols Hall,
Univ. of Kansas, Lawrence, KA 66045

A3-1 APPLICATION OF LATTICE FILTERING TECHNIQUES TO
1520 cw MEASURED TIME DOMAIN DATA*
S. Giles, H.G. Hudson, S.R. Parker, and R.J. King
0ffice of Naval Technology/
Lawrence Livermore National Laboratory
P.0. Box 808, L-228
Livermore, CA 94550

Understanding basic phenomenology of EM coupling into
configured cavities and onto conductors is important in pre-
dicting the vulnerability of electronics systems to EM
threats. Often, knowledge of the behavior of these systems
is best gained through small scale experiments. Experiments
and numerical modeling codes serve to describe the actual
response of test systems--in our case, the monopole and
cavity-backed spiral antennas exposed to a spherical wave.

The facility used to produce the wave is the EMP Engi-
neering Research omni-directional radiator (EMPEROR). The
EMPEROR and accompanying measurement and test systems can be
operated in either the pulsed or CW mode. The CW mode is
used more often than the pulsed mode primarily because a
wider bandwidth is possible, 0.1-18.0 GHz vis-a-vis
0.1-2.5 GHz; and, with the HP8510A system, large improvements
in dynamic range and measurement accuracy are possible. How-
ever, the data must be transformed to obtain time domain
information.

Lattice parameters are generally used in modeling time
domain data by building a standard lattice structure
(S.M. Kay and S.L. Marble, Proc. IEEE, 69, 1389-1390, 1981).
A different lattice structure 1s needed to model complex
data. The theory of the complex data compatible lattice and
its application to produce the time domain response of the
monopole and cavity-backed spiral antennas are presented in
this paper.

* Work performed under the auspices of the U.S. Department of
Energy by the Lawrence Livermore National Laboratory under
contract number W-7405-ENG-48.

221



A-3 We-PM

A3-2 THE MEASUREMENT AND CHARACTERIZATION OF A

1540 FULSED EDDY CURRENT WAVE IN ALUMINUM AS
ALTERED BY A SLOT DEFECT: Ir. Kenneth H.
Cavecey, Center for Electronic and Electrical
Engineering, Electromagnetic Fields Division,
National Rureaw of Standards, Boulder, G0
GOZ0E

The nondestructive testing of conductors used for
shielding purposes dates back as far as the 1930°s. By
subjecting an aluminum sheet containing a defect on one
of its surfaces to an electromagnetic pulsed eddy
current source, EM fields are created in and outside

of the conductor. 6s the wave reachers the defect, its
time dependent and amplitude characteristics are modi-
figd. As a result the detection and interpretation of
the wave components are an important way of verifying
conductor integrity.

This paper describes a novel way of experimentally
measuring the field components of interest. In
addition, the problem is modeled mathematically using
the method of moments approach. Results are presented
for comparison and analysis purposes.
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A3-3 TARGET TRANSIENT RESPONSE DETERMINATION FROM
1600 FREQUENCY-DOMAIN RCS MEASUREMENTS
L. E. Sweeney, Jr., Lloyd A. Robinson,
Alfred J. Bahr, and William B. Weir
SRI International
333 Ravenswood Ave
Menlo Park, CA 94025

Modern automatic network analyzers (ANAs) when combined
with RCS ranges have enabled quick and precise coherent
measurement of target scattering as a function of frequency.
While frequency domain data has great utility in itself,
even greater value can be attained by transforming to the
time domain. Such transformations can be performed easily
and efficiently via the Fast Fourier Transform (FFT)
implemented by software on a separate computer or by
firmware incorporated into the ANA itself.

Target transient response measurements made via the
frequency domain have the advantage that the target
transient respomnse can be determined accurately from a
single frequency domain data set for any and all excitation
pulses having bandwidths contained within the measurement
bandwidth. Derivation of similar data by determining the
target impulse response from deconvolution of actual pulse
measurements can produce inaccuracies caused by low signal-
to-noise ratios where the illuminating pulses lack
sufficient spectral content.

This paper will describe the use of frequency-domain
measurements in an RCS model range to determine the
transient responses of typical targets, and will illustrate
how such measurements can be used to characterize targets
and understand their scattering mechanisms, particularly in
the resonance scattering regime.

A companion paper will discuss how frequency-domain
measurements transformed to the time domain can be used to
diagnose clutter sources and background ‘scattering within an
RCS range itself, and how transforming between the frequency
and time domains can be used. to excise unwanted range
clutter from the data to provide substantially improved RCS
data as a function of frequency and azimuth.
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A3-14 TIME-DOMAIN DIAGNOSTICS OF RCS RANGES USING
1620 FREQUENCY-DOMAIN MEASUREMENTS
Lloyd A. Robinson, L. E. Sweeney, Jr.,
Alfred J. Bahr, and William B. Weir
SRI International
333 Ravenswood Ave.
Menlo Park, CA 94025

Modern automatic network analyzers (ANAs) when combined
with RCS ranges have enabled quick and precise coherent
measurement of range background as a function of frequency.
Extremely valuable information about the sources of range
background clutter can be attained by transforming to the
time domain. Such transformations can be performed easily
and efficiently via the Fast Fourier Transform (FFT)
implemented by software on a separate computer or by
firmware incorporated into the ANA itself.

This paper will discuss how frequency-domain
measurements transformed to the time domain can be used to
diagnose clutter sources and background scattering within
an RCS range itself, and how transforming between the
frequency and time domains can be used to excise unwanted
range clutter from the data to provide substantially
improved RCS data as a function of frequency and azimuth.

A companion paper will describe the use of frequency-
domain measurements in an RCS model range to determine the
transient responses of typical targets, and will illustrate
how such measurements can be used to characterize targets
and understand their scattering mechanisms, particularly in
the resonance scattering regime.
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A3-5 PULSE-GATED ANTENNA MEASUREMENTS
1640 .
Doren W. Hess
Scientific-Atlanta, Inc.
P, O. Box 105027
Atlanta, Georgia 30348

Pulse-gated antenna measurements have conventionally been performed out of
doors for the purpose of removing the effects of clutter from the measurement. The
earlier methods utilized higher power transmitters to make up for the loss in signal
caused by the duty factor of the pulse waveform. Since the advent of phase-locked
receivers, technology has proceeded without implementation of pulse-gating for antenna
measurements.

By special configuration of the instrumentation, it is now possible to construct
antenna ranges with the advantage of phase-locked receivers which provide the
capability of pulse gating to remove clutter. The configuration promises dynamic ranges
of 80 dB or more with rejection of clutter.

Compact range measurements can also be performed in the pulse-gated mode to
reduce the chamber related clutter effects. Although operating in a different time
regime, the compact range instrumentation is similar to the outdoor range.

In this presentation I review the considerations one makes in designing a system,

the current limitations of hardware and the potential benefits of pulse-gated antenna
measurements.
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GUIDED WAVES
Chairman: X.A. Michalski, Dept. of Electrical
Engineering, Univ. of Mississippi, University,
MS 38677

B9 -1 RADIATIVE AND SURFACE WAVE LOSSES IN MICROSTRIP TRANS-

1400  MISSION LINES: J. S. Bagby, Department of Electrical
Engineering, University of Texas at Arlington,
Arlington, Texas 76019, and D. P. Nyquist, Department
of Electrical Engineering and Systems Science, Michigan
State University, East Lansing, Michigan 48824.

An exact dyadic integral equation is utilized in the
analysis of propagation in uniform integrated microstrip trans-
mission lines. The object of the analysis is to predict and
quantify the radiative and surface wave losses in such systems.

The axially-transformed surface current K(S;c) of a
natural mode on an integrated microstrip line satisfies the
homogeneous integral equation:

> >

%-(kﬁ + VVe) 9€a<s:3';c>.k<p'; ) def =0, P&t
1

where k_ is the wavenumber in the cover region, g(p!3’:%) is
the Hergzian potential Green’s dyad of the background stryc-
ture, ¢ is the complex propagation constant of the mode, t is a
unit tangent to the transmission line, and & is the cross-
sectional contour of the line.

The integral representation of the Green’s dyad exhibits
singularity when the real part of ¢ is less than the propag-
ation constant of a surface wave mode in the integrated circuit
background structure. It is shown that for the dominant mode
of the line the singularity is not implicated, and all losses
are due to radiation into the cover medium. For higher order
modes, however, the singularity is implicated, requiring inclu-
sion of a residue term representing excitation of surface waves
in the film layer. For higher order modes, higher losses are
observed due to excitation of surface waves in the film layer.

This equation is solved numerically by the method of

moments for narrow and wide microstrip transmission lines. The
above-described effects are demonstrated in both cases.

cover medium, €¢

microstrip line

T,
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B9-2 EXACT IMAGE THEORY FOR MICROSTRIP GEOMETRY
1420 I.V.Lindell*, E.Alanen, A.T.Hujanen
Dept. E.E., Helsinki Univ. of Technology
Otakaari 5A, Espoo 15, Finland, 02150
*address for the academic year 1986-87:
Dept. EECS, MIT, rm 26-3%311, Cambridge
MA 02129, USA.

Exact image theory, which was recently intro-
duced for problems involving a plane interface
between two homogeneous media (IEEE Trans, Ant. &
Prop., vol. AP-32 (1984), pp.126-133, 841-847,
1027-1032), is here extended for problems with the
microstrip geometry. The basis field problem for
the horizontal current upon a dielectric substrate
with ground plane is solved in terms of an image
current function, for which an exact expansion in
terms of modified Bessel functions is developed.
Some asymptotic tests for the image theory are made
and the resulting current functions are seen to co-
incide with those calculated through another, totally
different, theory applying Mittag-Leffler expansion
(IEE Proc. vol. 1%33H (1986), pp.297-304). In con-~
trast to the Mittag-Leffler method, there is no need
to solve for a large number of poles and their
residues in the present method. In practical prob-
lems involving the microstrip geometry, the image
current functions can be calculated once for all
and stored in computer memory for multiple use in
field calculations, which allows a rapid means of
analysis of microstrip structures.

227



B-9 We-PM

B9-3 RESONANT FREQUENCY OF RECTANGULAR
1440 MICROSTRIP PATCH ON SEVERAL
ANISOTROPIC LAYERS

R.M. Nelson, D.A. Rogers, A.G, d’'Assuncao
Dept. of Electrical Engineering

North Dakota State University

Fargo, North Dakota 58105

A fullwave analysis for determining the reso-—
nant frequency of rectangular microstrip patches
using several uniaxial anisotropic layers is pre-
sented. The structure considered as shown below
consists of two uniaxial amnisotropic layers beneath
the patch, with omne uniaxial anisotropic layer
covering the patch.

Two different spectral domain methods were used
independently to derive the immittance matrix for
the structure comsidered. The first one uses Hertz
vector potentials oriented along the optical axis,
which is assumed to be in the y—direction for the
three different anisotropic layers (H. Lee, V.K.
Tripathi, MTT-30, No. 8, 1188-1193, Aug. 1982). The
second method uses a transverse equivalent trans-
mission line (T, Itoh, MTT-28, No. 7, 733-736, July
1980), modified to include anisotropic substrates.
Both methods yield the same source immittance mat-—
rix., This immittance matrix is then used in con-
junction with Galerkin’s method to obtain the reso-

nant frequency of the microstrip patch,.

Numerical results are presented which show the
effect of anisotropy on the resonant frequency for
various configurations including patch resonators on
both single and double anisotropic layers (with or
without an anisotropic overlay) as well as suspended
patch resonators with anisotropic media (with or
without an anisotropic overlay).
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B9-4 SURFACE WAVES AND THEIR DISPERSION RELATIONS
1500 IN A DIELECTRIC ROD
A. R. Vaucher, J. V. Subrahmanyam, Gregory Cowart,
Mustafa Keskin, and H. Uberall
Department of Physics
Catholic University of America
Washington, DC 20064

The conventional formulation of the electromagnetic
field solution for a cylindrical dielectric rod is
reinterpreted in a novel fashion in order to show the presence
of surface waves which propagate over the rod's surface
along helical pahts. The eigenfrequencies of the rod are
interpreted as the resonance frequencies at which these
helical surface waves match phases after each circumnavigation
of the rod, effectively forming resonating standing waves
around the rod. This interpretation permits us to obtain
a continuous interpolation between the resonances, furnishing
us with the dispersion curves (phase velocity as a function
of frequency) of the surface waves.

The procedure here follows our previous approach in
which helical surface waves were studied on the conducting
interior walls of cylindrical cavities (J. V. Subrahmanyam
et al., IEEE Trans. MTT-29, 1066-1072, 1981). In the
dielectic rod, the problem is more complicated due to the
mixing of modes.

The merit of the described approach 1lies in our
reinterpretation of the conventional modal solution, which
offers little physical insight, in terms of helical surface
waves which offer a physical picture of the solution. Based
on such a picture, one will be able to modify the solution
e.g. by the use of ribs or slots, in a purposeful manner
to influence the propagation of the surface waves, and hence
the form of the radiated field as desired.
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B9-5 ANALYSIS OF A NOVEL O-TYPE MILLIMETER WAVEGUIDE:
1540 J. S. Bagby and C. V. Smith, Department of Electrical
Engineering, University of Texas at Arlington,

Artington, Texas 76019,

In the mitlimeter-wave and sub-millimeter-wave frequency
range both metallic closed-pipe waveguides and standard optical
fibers exhibit prohibitive losses. In order to overcome this
limitation a novel hollow, multi-layered O-type dielectric
waveguide is proposed for use at these frequencies.

In contrast to conventional dielectric waveguides, in this
proposed waveguide electromagnetic energy is not guided by
surface waves; instead, guidance is accomplished in the air-
core region by reflection of incident radiation from the inner
air/dielectric interface. This results in minimization of
energy confined to the lossy dielectric material, and hence
lower loss.

The number of layers used, layer thicknesses, and layer
composition are chosen to maximize reflection at the inner
interface for a large range of incidence angles, in close
analogy to the process used in design of dichroic laser cavity
mirrors. Fabrication techniques perfected in the construction
of optical fibers can be adapted to this configuration.

Numerical results in the form of dispersion curves for the

waveguide are presented, demonstrating feasibility with real-
istic material parameters.

air

e
dielectric layers
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B9-6 THE QUASI-STATIC CHARACTERISTICS OF
1600 SLOTTED PARALLEL-PLATE WAVEGUIDES

HESHAM A. AUDA

DEPARTMENT OF ELECTRICAL ENGINEERING
UNIVERSITY OF MISSISSIPPI
UNIVERSITY, MS 38677, USA

The quasi-static characteristics of parallel-plate waveguides
with multiple slots in its upper plate (see Figure 1) are in-
vestigated. The analysis utilizes the characteristic currents
for the slots determined under the quasi-static approximation.
The equivalent magnetic currents on the slots and radiation
pattern are determined when the array of slots is illuminated
by a transverse electromagnetic wave incident in the waveguide
or by a transverse electric plane wave incident in the upper

half-space. Analytic expressions in the case of a single slot
are also given.

Figure 1. A slotted parallel-plate waveguide.
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B2—7 PROPAGATION CHARACTERISTICS OF RECTANGULAR GROOVE GUIDES
1620

Edward K N Yung, K M Iuk and K F Tsang

Department of Electronic Engineering
City Polytechnic of Hong Kong
700 Nathan Road, Hong Kong

The open groove guide is a special waveguide for the use
at millimeter wavelengths which exhibits low attenuation and
wide band characteristics. Using the mode matching technique,
a characteristic equation for rectangular groove guides was
first developed by Nakahara and Kurauchi (Sumitomo Eectric
Tech. Rev., 5, 65-71, 1965). However the characteristic
equation is too complicated that it is necessary to ignore all
evanescant modes. = Nevertheless propagation constants obtained
by this first order approximation agree reascnably with
experimental results for cases where the step discontinuity of
the groove quide is small. Recently a transverse equivalent
network for the rectangular groove guide has been derived by
Oliner and Iampariello (IEEE Trans. Microwave Theory Tech., 33,
755-763, 1985) and with which a very accurate yet simple
dispersion formula for the determination of the propagation
constant was developed. The latter approach is semi-empirical
because the shunt susceptance of the step discontinuity was
determined by comparing its results with guides having a
reactive diaphragm experimentally.

In this paper, an innovative technique will be presented
for the analysis of the groove guide.
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B9-8 CASCADED SYSTEM OF WIRE-GRID FOLARIZERS:

1640 Rajendra K. Arora and Devi Chadha, Dept. of
Electrical Engineering, Indian Institute of
Technology, Delhi, Hauz Khas, New Delhi
110014, India

Wire-grid polarizers, consisting of unidirectionally
conducting screens mounted on dielectric substrates,
have application as quasi-optical transmission type
polarization rotators. In practice, two or more of
such polarizers are required to give broadband and
wideangle characteristics. A wave matrix method is em-

ploved to analyze the transmission and scattering
properties of the cascaded system of wire-grid

polarizers for the general case of arbitrary polariza-
tion and angle of inclination of a plane electromag—
netic wave. An optimum design of the system can be ob-
tained with the proper choice of grids and their rela-
tive orientations.
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Ch-1 MULTIVARIATE MULTIPLE-WINDOW
1400 SPECTRUM ESTIMATES

David J. Thomson .

AT&T Bell Laboratories, Murray Hill, N.J. 07974

We describe the estimation of coherence, cross-spectra, transfer
functions, and related multivariate time-series entities using the
multiple-window approach. This method of spectrum estimation
(Proc.IEEE 70, pp 1055-96, 1982) differs from conventional
approaches in that an orthogonal set of data tapers is applied to the
data before Fourier transforming. The tapers, or data windows, are
discrete prolate spheroidal sequences characterized as being the
most nearly bandlimited functions possible among functions defined
on a finite time domain and so have very low ‘leakage’. The
method is essentially a small-sample inverse method applied to the
finite Fourier transform. Major advantages of this approach
include: a statistical efficiency typically a factor of 2 to 3 higher
than conventional methods with the same degree of bias protection;
seperation of the continuous and line parts of the spectrum; esti-
mates of coherence, phase, and similar quantities may be obtained
without the usual averaging ambiguities. Sample variances of the
frequency-domain entities are estimated by a jackknifing method
where each of the different windows is successively dropped from
the analysis.

Recent developments in the theory to be discussed include:
improved line-extraction methods; maximum-likelihood coefficient
weights for multivariate spectral matrix and coherence estimates
(the method is closely related to optimum filter theory and the
weights are essentially the filters on the prolate basis); narrow band
phase-tracking techniques; and combinations with segment averag-
ing methods.
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Cl-2 MULTITAPER POLARIZATION ANALYSIS OF SEISMIC
1440 DATA

F. Vernon

IGPP UCSD

La Jolla, CA 92093

J. Park

Yale University

New Haven, CT 06511

In this paper a technique is presented to estimate the frequency depen-
dent polarization of three component data. This technique is based on the
multiple taper spectral analysis methods (D.J. Thomson, Proc.IEEE, 70,
No.9, 1055-1096, 1982) which apply a set of orthogonal tapers to the data
series. The tapers are constructed such that each taper samples the time
series in a statistically independent manner while optimizing resistance to
spectral leakage.

The set of K tapers v,(") which is used is a subset of discrete prolate
spheroidal sequences. These tapers are orthogonal, i.e., v(*)-p,* ')=6k,‘ “
To construct spectral estimates, one first calculates complex "eigenspectra"
Y,(f) from the time series z, with N points which are tapered by the
respective v,(")

N-1
(f)= 71\,‘ g t(k)’—'te”ﬂ

We calculate the "pure state" polarization at frequency f, by calculating the
first K eigenspectra.

YEm(£0), Y™ (o), -y YE_1 (f0)

for the three component (m = 1,2,3) wave field. The dominant polarization
of motion is given by the linear combination # of the three components that
contains the greatest fraction of the seismic energy in the frequency neigh-
borhood of f;. The components of # can be complex, allowing for phase lags
between components. The phase lags between components represent ellipti-
cal partical motion. The vector 7 also defines a specific horizontal azimuth

and a vertical angle of incidence.

This technique is applied to three component seismic data recorded on
the Anza Seismic Array. Local and regional earthquakes recorded at several
different sites are studied in the frequency band from 1 Hz to 30 Hz. Partic-
ular emphasis is given towards studying bodywave phases and identifying
possible site resonances.

235



C-4 We-PM

C4-3 HUNTING FOR PALEOCLIMATE PERIODICITIES IN
1520 A GEOLOGIC TIME SERIES WITH AN UNCERTAIN
TIME SCALE
Jeffrey Park (Dept. of Geology and
Geophysics, Yale Univ., P.O. Box 6666,
New Haven, CT 06511)
Tim Herbert (Dept. of Geology, Princeton
University, Princeton, NJ 08544)

We report results of spectral analysis of
CaCO03 weight-% measurements taken at roughly 2
cm intervals from an 8m section of a mid-
Cretaceous (Albian) sediment core from Piobbico,
Italy. Fourier analysis finds strong evidence
for an oscillation correlated with the ~ 100 kyr
period oscillations in the eccentricity of the
earth's orbit about the sun. The uncertainty in
the depth-age relation hampers a more complete
assessment. We fit for long-term (time scale >
75 kyr) fluctuations in sedimentation rate by
tracking the frequency modulations of the
presumed 100 kyr cycle by means of a multiple-
taper F-test analysis. Variations in
sedimentation rate are determined by fitting a
smoothed cubic spline to the set of discrete
frequency-modulation estimates, specifying a ¥
misfit criterion. We infer fluctuations of a
factor of two in the sedimentation rate, which
occur on a time scale of 400 kyr. When we tune
the carbonate series using the inferred age-
depth function we obtain greater correlation
with the earth's orbital oscillations. The ~
100 kyr cycle resolves principally into two
harmonic components whose frequency ratio
corresponds to that of the modern 95.8 and 126
kyr eccentricity oscillations. We also observe
a sinusoidal oscillation of lower amplitude with
period close to the period of the modern
obliquity cycle.

2
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Cl-y DETECTING NONSTATIONARY SIGNALS IN NOISY
1620 DATA USING SEVERAL TAPERS

Craig Lindberg,! Jeffrey Park,2 and David J. Thomson3

Hnstitute of Geophysics and Planetary Physics,

Scripps Institution of Oceanography,

University of California, San Diego, La Jolla, CA 92093
2Department of Geological and Geophysical Sciences,
Yale University, New Haven, CT 06511;

3AT&T Bell Laboratories, Murray Hill, NJ 07974

We present a multiple taper method for detecting nonstationary sig-
nals in a time series based on a statistical test that measures the
confidence one can assign to a signals’s existence at any given fre-
quency. We consider the problem of detecting decaying sinusoids
immersed in additive white noise. This type of data is common in the
analysis of mechanical vibrations and nuclear magnetic resonance exper-
iments. The data are multiplied by K tapers derived by a variational
principle, creating K independent time series. A decaying sinusoid
model is fit to the K time series in the frequency domain. A statistical
test of the fit gives a measure of the chance that a decaying sinusoid is
in the data. We compare the method to conventional direct spectral
estimates and find it superior. We present a number of examples of the
method’s use on single and multiple records.
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C4-5 REDUCED RANK, RANK-ONE UPDATING OF THE SYMMETRIC
1640 EIGENPROBLEM
R.D. DeGroat
R.A. Roberts
University of Colorado
Department of Electrical and Computer Engineering
Boulder, CO 80309

Tt is often desireable to adaptively update the
eigenvalue decomposition (EVD) of a symmetric, nxn matrix when
modified by a rank-one matrix, i.e.,

ﬁ =R + xxT,

T . ~ o~~~
where the FVD of R=UDU is known, the EVD of R=UDU" 1is
. ] T o "
desired, and xx  1ls a rank-one matirix contalning new
information.

In many signal processing problems, including direction
finding, beamforming, and narrow-band spectral estimation, R
is used to estimate a "signal space" from which signal
information may be extracted. Tufts and Kumarasen showed in
{D.W. Tufts and R. Kumaresan, Proc. IEEE, 70, pp. 975-989,
1982) that a low rank approximation to R often gives a better
representation of the signal space than the full rank matrix.
Combining this idea with the rank-one update method described
in (R.D. DeGroat and R.A. Roberts, SPIE Proceedings, 696,

1986), can significantly reduce the computation.

If R is full rank, the rank-one update is O(ns). But
if a rank r approximation, R(rz is used in place of R, the

o
reduced rank, rank-one update is Of(n{r+1)“). The reduction in
computation is due to the fact that all but one of the n-r

null eigenvalues of R(r) can be deflated out of the update,
resulting in a reduced eigenproblem of size r+1.

The reduced rank, rank-one update not only achieves a
better representation of the signal, but also a significant
reduction in computation.
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SPECIAL SESSION ON HIGH POWER
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E/B1-1 AN ANISOTROPIC LENS FOR TRANSITIONING PLANE
1400 WAVES BETWEEN MEDIA OF DIFFERENT PERMITTIVITIES

A.P. Stone

University of New Mexico

Department of Mathematics

Albuquerque, NM 87131

C. E. Baum

Air Force Weapons Laboratory

Kirtland AFB

Albuquerque, NM 87117

In this paper we consider a particularly simple geometry
in which an anisotropic lens is specified for the transition-
ing of plane waves between media of different permittivi-
ties. In the case of non-normal incidence we can have the
situation where a TEM wave propagates with a TM polarization,
and the wave can pass through the boundary with no reflec-
tion. That is, the angle of incidence is the well known
Brewster angle which can be calculated if the properties of
the media are known. We show that enforcing the requirements
of differential impedance matching and transit-time conserva-
tion at boundaries of regions of different permittivities
leads to the Brewster angle condition. The case of a plane
wave propagating in a region I, normally incident on a
boundary between I and a lens region, and on into a region II
is investigated. The requirements of impedance continuity
and transit-time conservation at all boundaries then lead to
the lens design, specified by the shape of the lens region
and its permittivity.
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_ E/B1-2  DESIGN PROCEDURES FOR ARRAYS WHICH APPROXIMATE A
1420 DISTRIBUTED SOURCE AT THE AIR-EARTH INTERFACE

Y.G. Chen, 5. Lloyd and R. Crumley

Maxwell Laboratories, Inc., 8888 Balboa Ave.

San Diego, CA 92123

C.E. Baum

Air Force Weapons Laboratory, Kirtland AFB, NM 87117
and

D.V. Giri

Pro-Tech, 125 University Ave., Berkeley, CA 94710

Abstract

This paper addresses a general electromagnetic problem
of simulating a distributed source at an interface of a con-
ducting dielectric by an array of pulsers. One possible
application lies in the distributed source at the air-earth
interface associated with a nuclear EMP (C.E. Baum, Sensor
and Simulation Note 240, January 1978 and Joint Special Issue
on the Nuclear EMP, IEEE Trans. on Antennas and Propagation,
26, 35-53, 1978). OQther electromagnetic applications may
include geological prospecting, detection of buried objects
and study of the coupling of the field generated by natural
Tightning to underground objects. In general, the design
procedures of arrays approximating distributed sources con-
sidered here are applicable whenever, a need for coupling
electromagnetic waves into earth arises. Approximate
theoretical considerations, as well as design procedures for
the arrays are discussed.

u(-distributed source

Mediﬁm 1 —

(air or upper e — o - oL LT
conducting medium) T T 3T T T T Tt ——m = - — — e

Figure 1. Distributed source near the interface.
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E/B1-3 ELECTROMAGNETIC INTERACTION
1440 J. P. Castillo

R & D Associates

P.O0. Box 9335

Albugquergque, NM 87119

This paper will address the basic inter-
action mechanisms and associated modeling for electro-
magnetic waves impinging on objects of arbitrary shape.
Methods which are used to decompose a complex scatterer
into simple shapes will be presented. Basic electro-
magnetic topological approaches will be used in defining
the basic interaction problem. This interaction problem
will be divided into the following fundamental sub-
problems:

Interaction with exterior surfaces
Interaction with appendages

Interaction with apertures

Coupling to interior objects

Propagation along interior conductors
Limitations of this approach will also be presented.
The necessity for complementary experiments will be
discussed. Finally, simple examples of how these
basic models are applied to abstract objects will be
given.
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E/B1-4 CALCULATIONAL MODELS FOR LIGHTNING AND
1500 EMP INTERACTION WITH LONG LINES

F.M. Tesche

LuTech, Inc.

P.0. Box 796012

Dallas, TX 75379

The determination of the response of above-ground and
below-ground transmission lines to an incident
electromagnetic field is necessary in performing an
assessment of how communications systems or electrical power
systems would behave when exposed to a natural lightning
excitation, or to a transient electromagnetic pulse (EMP).

In a recent study of the commercial power transmission
and distribution system in the U.S. [1], several
computational models for transmission line coupling were
discussed. Recently, other models have been developed to
permit the analysis of a wider class of electromagnetic
coupling problems than those mentioned in [1].

In this paper, a summary of these field to line
coupling models is presented. These include models for:

1. Single and multiconductor line over the ground.

2. Single coaxial and shielded multiconductor line over
the earth.

3. Single buried cable.

4. Buried coaxial cable.

5. Single transmission line having non-linear and/or
time varying parameters.

6. Simple above-ground single conductor transmission

line network (no loops).
7. Generalized multiconductor transmission line
network.

All of these models involve the use of a TEM
transmission line theory which has been suitably modified to
account for the effects of the lossy earth. Moreover, these
models require only a modest computational capability: all
run on the IBM-PC. In this paper, typical computed responses
for problems of interest are presented to illustrate the use
of these transmission line models.

[1] Legro, J.R., et, al., "Study to Assess the Effects of
High Altitude Electromagnetic Pulse on Electric Power
Systems", ORNL/Sub/4-3374/1/v2, Westinghouse Electric Co.
Report, Prepared for Oak Ridge National Laboratory, February,
1986.

* Work Sponsored by the Westinghouse Electric Corporation and
Ozak Ridge National Laboratory through U.S. Department of
Energy Contract DE-AC05-840R21400.
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E/B1-5 GROUND BASED C3 SYSTEMS EMP HARDENING
1520 B.K.Singaraju
Air Force Weapons taboratory
Kirtiand Air Force Base
NM 87117-6008

High altitude Electromagnetic Pulse generated by nucliear
explosions can cause disruption and damage to electronics
components and communications systems and power systems. This
disruption and possible damage to associated egquipment is in
general undesirable and can be a serious problem for
critical Department of Defense (DoD) missions. Over the
years, DoD and the United States Air Force in particular have
been working on hardening critical Command, Control and
Communications systems.

Although there are various methods of hardening facilities,
United States Air Force has been using shielding and
protecting the conductive penetrations as the principal
approach for hardening the facilities. Underlying reasons for
this approach are: (1) Ease of verification, (2) Ease of
modification and (3) Ease of maintenance.

It has been found that it is easier to verify that a facility
is meeting its design specifications on a shielded facility
rather than other designs. In this procedure, if the
specification for the design of the facility are adequate,
then it is clear that this verification is adequate to
ascertain that the design is implemented properly.

In general, the equipment in these facilities is either
modified or replaced on regular basis. This modification and
the associated efforts to maintain the survivability
originally built into the facility are easier to perform on a
facility built using the shielded design rather than by other
means.

Maintenance of hardened facilities such that they remain hard
is a critical issue. In a facility that is hardened using
the integral shielding approach, it is relatively easy to
determine when maintenance 1is necessary and it is even
possible to design automated systems that can detect and
localize the required maintenance.

In this paper we will discuss the general philosophy used in
the design, specifications and verification. We will also
discuss the on going programs to automate the hardness
maintenance of facilities hardened using the shielding
approach.
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E/B1-6  NORMS OF TIME-DOMAIN FUNCTIONS AND
1540 CONVOLUTION OPERATORS
C. E. Baum
Air Force Weapons Laboratory/NTAAB
Kirtland AFB NM 87117-6008

This paper develops various norms of time-domain
functions and convolution operators to obtain bounds for
transient system response. Besides the usual p-norm one can
define another norm, the residue norm (or r-norm), based on
the singularities in the complex-frequency (or Laplace-
transform) plane.
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E/B1-7 A UNIFIED WAY OF QUANTIFYING EM NOISE ENVIRON-
1600 MENTS: L. Marin, kKaman Sciences Corp., Dike-
wood Division, 2800 2Bth St., Suite 370,
Santa Monica, CA 904035

The noise environments that electronic equipment
installed in different systems experience can vary
drastically depending on the system and the source of
the noise environment. The transient stresses induced
on wiring by lightning or switching of internal power
typically have a complex waveform. This waveform
usually has a broadband spectrum covering several
decades in the freguency domain.

On the other hand, the test waveforms commonly used in
determining the strenath (or noise immunity) of
equipment are usually a family of simple and relatively
narrowband signals. The capability of comparing
equipment strength to the stress environment imposed on
it is a necessary ingredient in any design validation,
surveillance or maintenance program.

The purpose of this paper is to present transient
waveform guantities that can be used in:

o quantifying the minimum tolerable strength (or
immunity) levels of equipment

o quantifying the maximum allowable stress levels
inside a system

o verification that equipment strength is indeed
larger than the stress it is subjected to

Ouantities used to capture different features of a
given waveform f(t) will be discussed. The
relationship of these guantities to equipment failure
modes will be discussed as well as their application to
different system interfaces. Finally, it should be
pointed out that the guantities used to characterize
the waveform satisfy the properties of a mathematical
norm and they are thersefore sometimes referred to as
waveform norms.
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E/B1-8 APPLICATION OF SHIELD TOPOLOGY TO EMP PROTECTION
1620 Edward F. Vance

SRI International

Route 3, Box 268A

Fort Worth, TX 76140

This paper discusses the use of shield topology in
interference control, with particular emphasis on high-
strength external sources such as lightning and nuclear
EMP. Fundamental principles of electromagnetic interference
control are identified as spatial separation, orthogonal-
ization, and exclusion by means of a barrier. Space waves
and guided waves are introduced to demonstrate the impor-
tance of the shield to the proper performance of barrier
elements, such as filters and surge arresters, on conductors
penetrating the shield. A consistent approach to grounding
is deduced from the shielding principles.

Verifiability implies limiting the number of protection
features that must be verified. A high-quality closed
shield can be made to limit the stresses induced by exterior
sources to an arbitrarily low value. Thus, the stress
allowed to penetrate the shield can be effectively limited
to that guided along input/output, power, and other con-
ductors and that penetrating openings made for ventilation,
personnel entry, etc. These stresses must be limited to
values that do not cause spurious arcing inside the shield.
They must also be limited to values that cannot cause fail-
ure of components inside the shield. Since the number of
ways that a system can fail when overstressed is virtually
unlimited, the latter criteria is tantamount to requiring
that the components inside the shield shall not be
overstressed by external sources.

A bound on the amount of shielding needed to protect a
circuit or system from a known external sources is thus
evident. Although the ability to analyze the interaction of
broad-spectrum transient with complex structures is limited,
it is possible to reduce the transient to a level such that
understanding the exact interaction is no longer impor-
tant. Thus, if the induced transient stresses are much
smaller than those that occur during normal operation, it is
not necessary to know these smaller stresses. It is shown
that protecting system circuits from external sources such
as lightning and the EMP is topologically similar to the
electromagnetic compatiblity problem of protecting one
circuit from the interference produced by another,
separately packaged, circuit.
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IONOSPHERIC WAVE EXPERIMENTS FROM THE SPACE
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Chairman: R. Post, Plasma Fusion Center, MIT,
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H5-1 ACTIVE HF WISP (WAVES IN SPACE PLASMAS)
1400 EXPERIMENTS FROM THE SPACE STATION
R. F. Benson
Laboratory for Extraterrestrial Physics, Code
692, Goddard Space Flight Center, Greenbelt,
MD 20771

A transition of the WISP instrumentation from
the Shuttle/ Spacelab flight called Space Plasma
Lab to the Space Station is anticipated. The
extended time-line available from WISP operations
on the Space Station will allow a large number of
experiments to be performed. This paper will
discuss some of those in the HF range including
experiments investigating 2 to ordinary mode wave
coupling; wave-mode ducting; transmitter-
accelerated particles; stimulated plasma
instabilities, nonlinear effects and ion effects on
electron resonant phenomena. In addition,
coordinated experiments between WISP and particle
accelerators and chemical release activity will
allow stimulated phenomena in an artifically
perturbed ionosphere to be investigated.
Coordinated WISP/Space Station operation over low-
latitude incoherent scatter facilities will allow
repeated simultaneous investigations of naturally-
produced equatorial plasma bubble phenomena from
both topside and bottomside remote detection
facilities. The role of the crew in active
participation in the conduct of these experiments
and the placement of WISP instrumentation on the
main Space Station and polar and co-orbiting
platforms will also be discussed.
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H5-2  MULTIPLE PULSE RESONANCE ECHO GENERATION IN TOPSIDE
1420 IONOSPHERIC SOUNDING

D. E. Kaplan
Lockheed Research Laboratory
Palo Alto, CA 94304

Multiple pulse echoes and allied coherent resonance
phenomena, analogous to the spin echo and photon echo
in solid state physics, have been observed in laboratory
p]asma§ in the neighborhood of electron cyclotron reso-
nance. The temporal dependence of echo amplitude upon
excitation pulse interval provides information relating
to momentum and energy relaxation and diffusion of the
electron ensemble. A velocity dependent collision fre-
quency mechanism has been demonstrated to dominate labor-
atory plasma echo formation. The collision frequency
regime characteristic of ionospheric plasmas, with natu-
rally occurring density and magnetic field variations,
may be expected to support the generation of this type
of resonance echo. Evidence available from Alouette jono-
grams~ indicates that these echoes occur among the many
types of ionospheric plasma responses to pulse stimulation.

Future topsounder satellite platforms provide a unique
opportunity to utilize resonance echo observations to
obtain data associated with electron collision processes
in the ionosphere. Pulse sequences of varying time inter-
vals may be specifically optimized to provide echo data
more comprehensive than that available from the Alouette
experiments. The collision related process of multiple
pulse echo generation 1is reviewed and topsounder instru-
mentation parameters and pulse protocols appropriate to
resonance echo generation are suggested.

REFERENCES

1. G. F. Herrmann, R. M. Hill and D. E. Kaplan,
'Cyclotron Echoes in Plasmas®, Phys. Rev., 156,
p. 118, 1967.

2. D. B. Muldrew and E. L. Hagg, 'Stimulation of
Ionospheric Resonance Echoes by the Alouette II
Satellite', Plasma Waves in Space & in the Laboratory,
Vol. 2, Edinburg Univ. Press, 1970, p. 55.
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H5-3 USE OF THE SPACE STATION AS ONE SOURCE OF A DP
1440 DEVICE*
N. Hershkowitz, D. Diebold, T.Intrator and M.H.Cho
Department of Nuclear Engineering
University of Wisconsin
Madison, WI 53706

Plasma chamber simulations of space phenomena such as
double layers (N. Hershkowitz, Space Sci. Rev. 41, 351,
1985), which make use of double plasma (DP)-like devices,
have provided increased understanding of space phenomena.
Among many good features of such measurements have been;
convenience and the possibility of steady state measure-
ments, control of parameters, and relatively low cost.
Device size (compared to Alfven wavelength and Debye length
X ), perturbations by diagnostics and relatively high
background neutral density have been some of the major
limitations encountered.

This talk will consider five examples of plasma
chamber experiments which either have run up against
limitations which may be remedied by Space Station measure-
ments or have developed new diagnostic techniques which
would be beneficial for space measurements but do not appear
to be suited to satellites. In many applications, the Space
Station could function as one boundary of a DP device by
using electron and ion beams with the background plasma,
diagnosed using a satellite, as the other. Applications
include experiments to study:
1."Stairstep-like" multiple double layers, non-BGK
structures which resemble space double layer data, have been
produced in plasma chambers by increasing the normalized
chamber length L/X .
2.Plasma wakes. Mgny laboratory investigations have demon-
strated that emissive probes, consisting of small diameter
hot wires, operated in "the limit of zero emission", provide
a good technique for determining the plasma potential. This
diagnostic is ideal for determining plasma wakes but hot
wires often must be replaced and are not suited to satellite
medsurements.
3.Newly discovered ion acoustic and currentless double
layers. The structures are difficult to investigate in the
laboratory because probe sizes are larger than A and
perturbations are significant. b
4.Ion acoustic solitons. These structures evolve from arbi-
trary initial compressive pulses in plasmas. Studies of
such phenomena has been limited by device dimensions.
5.Potential dip filling. Recent experiments have demon-
strated that filling in of plasma potential dips by charge
exchange or Coulomb scattering can alter plasma potential
profiles, e.g. near hot cathodes.

*This work was supported by NASA Grant NAGW-275.
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H5-4 BASIC RESEARCH EXPERIMENTS THAT CAN BE PERFORMED
1500 ON THE SPACE PLATFORM
N. Rynn

Department of Physics
University of California
Irvine, CA 92717

A basic research program, based on the Q-machine, that
models plasma phenomena in the magnetosphere, supported by
the National Science Foundation has been functioning for
some time at U.C. Irvine. A brief explanation of the
program will be given, including a description of our laser
induced fluorescence (LIF) technique to measure ion velocity
distributions in situ in barium plasmas. Some of the
experiments will be described, including those involving the
electrostatic ion cyclotron (EIC) instability, modeling of
ion conics, measurement of three dimensional velocity
distributions, and the interaction of lower hybrid waves
with the magnetosphere. The region in the vicinity of the
space platform could be an exciting laboratory and raises
the possibility of translating some of these experiments to
the space enviromment. In particular, the possibility of
launching large amplitude EIC, or ion Bernstein waves, or an
EIC instability along a magnetic held line in space and then
probing the effects over large distances, either via a
diagnostic package on a satellite, or via ground-based
transmitters will be discussed. Some of the effects to be
looked for would be particle trapping, non-linear effects in
general, ion heating, and stochasticity and enhanced
diffusion. It may be possible to build what is effectively
a long Q-machine, without vacuum chamber walls, in space.

This work supported by the National Science Foundation Grant
Nos. ATM-8411189 and PHY-8606081.

Commission H -~ Waves in Plasmas
Chairman: K. J. Harker
Session: Ionospheric Wave Experiments from the Space
Station (R. S. Post)
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H5-5 THERMAL PLASMA PERTURBATIONS IN THE VICINITY OF
1520 LARGE COMPLEX SPACE STRUCTURES AS OBSERVED IN THE
VICINITY OF THE SPACE SHUTTLE
J. M. Grebowsky
Laboratory for Atmospheres/614
NASA/Goddard Space Flight Center
Greenbelt, MD 20771

Large space structures produce significant perturba-
tions of the ambient thermal plasma medium. These effects
may compromise the reliability of measurements in their
vicinity of ambient plasma properties and ambient wave
phenomena. On the other hand they can provide useful
scientific platforms for the study of plasma phenomena that
cannot be duplicated in the laboratory. Not only the size
of the structures is significant, but under conditions
requiring artificial atmospheres and water releases, or
precise attitude control through frequent thruster firings,
or the use of gas releasing experiments the structure will
be encompassed by a complex contaminant gas cloud that will
extend and perturb the ambient plasma environment far from
the source regions. Such effects were measured directly by
the thermal ion spectrometer measurements made as part of
the Plasma Diagnostic Package (PDP) experiment flown on two
Shuttle missions: 0SS-1 and Spacelab 2. Plasma contami-
nating effects on these missions were most readily apparent
in the presence of water ions throughout the missions.
These ions were particularly evident in the deep wake of the
Shuttle and in many instances comprised the dominant ion
species current collected by the spectrometer. Other
contaminant ions notably the moleculars NO* and 0,1 were
also present which could not be clearly distinguished from
similar ambient ion species that are present up to F-Region
altitudes. Thruster firings, water dumps and the
interaction of neutral gases and ions with the Shuttle
surfaces also are associated with changes in the immediate
plasma environment. Thruster firings produce short
burstlike concentration enhancements of several molecular
ion species. Water releases on the other hand provide a
very effective chemical sink for ambient ot ions.
Measurements made during PDP free flight indicate that the
interactions of the Shuttle with the plasma produce not only
a prominent wake effect which is detected far downstream,
but also has an influence several hundred meters upstream
where water ions were detected. The Shuttle geometry as
well as the necessarily complex bayload bay configurations
introduced further complexity in the nearby plasma
environment e.g., attitude dependent ion scattering and/or
production effects were observed in the vicinity of the open
bay. :
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H5-6 A VIEW TOWARD SFACE FLASMA FHYSICS INVESTIGA-

1600 TIONS FROM THE SFACE STATION: N.H. Stone,
Space Science Lab, NABA Marshall Space Flight
Center, Huntsville, AL 353814

A briet review of scaling concepts and the
investigation of space plasma phenomena (particularly
the plasma dynamics of orbiting spacecraft) in ground-
based laboratories will be given, followed by several
example comparisons between the results of ground-based
investigations and measurements obtained in space. The
advantages of extending the simulation techniques used
in ground-based laboratories to an orbiting ionospheric
laboratory will be assessed. The investigation of
space plasma processes from the Space SBhuttle Orbiter
will be discussed, including a brief review of initial
investigations conducted on the 8T8-Z and Spacelab-Z
missions and their preliminary results, and
investigations planned for future space shuttle
missions. Finally, the guestion as to why the Space
Station should be used will be addressed in light of
the capabilities of ground-based laboratories and the
Space Shuttle Orbiter, followed by some general
requirements such experiments would place on the Space
Station.
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H5-7 AMBIENT PLASMA INTERACTION WITH EXTENDED MAGNETIC
1620 FIELD STRUCTURES FROM THE SPACE STATION AND
IMPLICATIONS FOR RADIO NOISE GENERATION
B.G. Lane, R.S. Post, J.D. Sullivan
Plasma Fusion Center, MIT
Cambridge, MA 02139

The possibility of flying magnets on the Space Station
opens up nev possibilities for research on plasma
interactions. For example, the ASTROMAG magnet would create
an extended magnetic field whose strength drops to the
ambient level of 0.2 G over a scale length of approximately
10 m. The combined cusp field from the magnet and the earth
field produce a complex extended configuration with ring
nulls which separate open from closed field 1ines.5 Thi§
configuration will move through the ambient 1 x 10” cm~
plasma at a velocity of approximately 7 x 10 cm/sec. The
ambient plasma crosses the field structure in a time short
compared to an ion Larmor period, but long compared to an
electron Larmor period. Thus electrons behave as a
magnetized fluid while ions move ballistically through the
ambient field and reflect from the stronger magnetic field of
the cusp. Since the ambient plasma Debye length is short
compared to the field scale length, an electrostatic shock
structure forms to achieve quasi-neutrality. Fluctuations at
the lower hybrid frequency as well as instabilities driven by
the ion two stream instability may be expected. We will
compare the estimated plasma currents and resulting
collisionless shocks with situations where experimental data
exists. The associated fluctuation levels and detection
schemes will be discussed.

The proposed addition of an rf plasma source creates the
possibility of introducing an auxiliary plasma in the wake
vhose turbulent wavelength spectrum extends from
approximately 10 m to the Debye length of 1 cm. Measurements
beyond the wake make it possible to measure the nonlinear
mixing of the convective modes.

Earlier information and detailed measurements of these
phenomena could be performed in laboratory based experiments
vwith a significant impact on the understanding of the space
station plasma interactions.

253



H-5 We-PM

H5-8 A ROTATING MAGNETOSFHERE SIMULATION EXFERI-

1640 MENT: 8.M. Kaye and F.W. Perkins, Princeton
Univ., Flasma Physics Lab, Princeton, NJ
8544

Rotating magnetospheres are found in astrophysical
objects ranging from the earth to Jupiter to pulsars
and accretion discs. Experimental study of these
objects is guite limited, apart from the terrestial
magnetosphere. This work outlines a rotating
magnetosphere simulation experiment to be carried out
in the vicinity of the space statiom. The idea is to
create, either by mechanical or equivalent electrical
means, a highly conducting sphere of 1Im radius with a
rotating dipolar magnetic field frozen into its
surface. In general, the dipole will not be aligned.
The sphere contains a source Bal atoms which are
ionized by r.f. cyclotron resonance heating at a radius
of 2-3Zm. Barium is chosen as a working gas because the
455% nm resonance of Ball line will permit flow
visualization under solar illumination. For reasonable
plasma densities, a balance betwesn outward centrifugal
forces and inward magnetic confinement forces shouwld
poouwr in the region 5-10m radius, beyond which the
centrifugally—-driven flow becomes super Alfvenic. The
apace environment will this permit, for the first time,
experimental study of magnetic angular momentum
transfer from a central object to surrounding plasma
flow.
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Coulomb Lattice of Dust Particles in Plasmas.

. IKEZI, GA Technologies Inc., P. O. Box 85608, San Diego,
CA 92138--Dust particles in a plasma accommodate many elec=
tron charges. The Coulomb energy of the dust particles,
q2/b, can become much greater than the kinetic energy in the
ionosphere. (q = the charge on a particle, b = the average
distance between particles.) As a result, a Coulomb lattice
of dust particles may be formed. The dust changes the
electron-to-ion density ratio. It also introduces potential
ripples in the plasma. Thus the feature of the wave propaga-
tion in the dusty plasma is significantly modified.
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SIGNAL PROCESSING IN RADIO ASTRONOMY
Chairman: J.R. Fisher, NRAO, Greenbank, WV

J6-1 FAST PULSAR SEARCH MACHINE

1400 D. C. Backer, D. R. Werthimer, T. R. Clifton
University of California
Berkeley, CA 94720

S. R. Kulkarni
California Institute of Technology
Pasadena, CA 91125

We are using a fast, digital processor to search for
highly dispersed signals from new pulsars with rotation periods
as fast as 2000 Hz. A survey of the sky has been initiated at the
NRAO 300-ft telescope. In each beam area 192 possible dispersions
and as many as 131,072 possible periods are explored for the
signature of a pulsar signal. Most of the computation required in
this search is executed in real-time with the pipeline of CPU's
in our processor.

The initial task in a pulsar search is a two—-dimensional
Fourier tranform of samples in the radio frequency-time plane.
We execute one dimension of the transform by sampling the
autocorrelation products of the video signal. We employ the
Berkeley Radio Astronomy Laboratory, 80-MHz, 3-level correlator.
Data from 64 autocorrelator channels is processed by a pair of
Intel 80286 CPUs, and stored in one of two 4 MB buffers. The
alternate buffer, which contains data from the previous obser-
vation, is read into one of two Mercury 3216 array processors.
The AP's do the time to fluctuation frequency transform, and
reduce the data to power spectrum peaks above a 4-sigma thresh-
hold. Thresholded data is stored in a third buffer. A fourth
buffer containing the previous results is simultaneously
analyzed for the signature of a pulsar: a dispersed signal with
many harmonics.

Final reduction of data is conducted offline. The most
promising candidates are reobserved either by the original
search technique, or by folding the data from the coxrrelator
at the candidate period and dispersion.

256




J-6 We-PM

J6-2 PULSAR DISPERSION REMOVAL:

1420 A SIGNAL PROCESSING PROBLEM
Daniel R. Stinebring, Physics Department
Princeton University, Princeton NJ 08544
Timothy H. Hankins
Department of Electrical Engineering
Thayer School, Dartmouth gollege
Hanover, NH 03755

Recent advances in the timing of millisecond pulsars have
opened up new areas of investigation, including high precision
studies of the interstellar medium and a search for
long-wavelength gravitational radiation. Dispersion caused by
propagation in the ionized interstellar medium must be
removed from the signal before detection in order to achieve the
maximum possible time resolution. We will discuss dispersion
removal as applied to CFulsar timing, concentrating on the signal
processing aspects and emphasizing cost and processing speed
constraints.

Radio pulses from the millisecond pulsar PSR 1937+21, the
most stable known clock over intervals longer than a few
months, sweep downward in frequency at the rate of oo = IMHz /
214 ps at 1400 MHz. To remove dispersion, the incoming signal
must be convolved with a quadratic phase function
h(t) = exp (<iran 2/N ), where n is the lag number and N is the
number of lags in the filter. N = 214 for processing across a
1 MHz bandwidth, and N scales as (Av)? as tﬁe bandwidth Av is
increased. We want to perform this convolution, or its
equivalent in the frequency domain, over a total bandwidth of
40 MHz. We will be able to use a 32 x 1.25 MHz filter bank that
Frovides baseband outputs for each of the filter channels. The
arge data rate requires a real-time or nearly real-time solution,
since a daily observation lasts approximately two hours.
Square-law detection and synchronous averaging at the pulsar
eriod of 1558 s can be done once dispersion has been removed
rom the signal.

We have successfully performed pre-detection dispersion
removal on this pulsar over a 1.6 MHz bandwidth usin%1 a
Reticon 5601A de-chirping chip. This time-domain chip has
fixed lag coefficients, requiring a different sampling rate and
bandwidth for each observing frequency and pulsar. If the
sweep rate becomes too rapid, as it does for frequencies and
pulsars of interest, the required sampling rate increases above
the chip limit of 2.0 MHz. This limitation leads us to look for
other solutions to this problem. We will present our Reticon
results and discuss other approaches to this problem. We
encourage suggestions from the audience.
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J6-3 PULSE DETECTION IN THE SETI MCSA

440 I.R. Linscott, J. Duluk, J. Burr, and
A.M. Peterson, Radio Science Laboratory
Stanford University, Stanford, CA 94305,
A. Szentgyorgyi, Columbia University, and
P. Backus, SETI Institute

A special computer architecture for signal detection
and pattern recognition is being developed at Stanford
University for the SETI Multi-Channel Spectrum Analyzer
(MCSA). The architecture features two custom VLSI chips
that are the hearts of two signal processors, one for
numeric and the other for symbolic computation. These
processors are programmable and connected on a parallel
interconnection network. The MCSA is designed to detect
patterns of weak, narrow band signals among a large
number of noisy narrowband channels. The MCSA can, in
addition, be configured to detect weak, broadband,
dispersed pulses, and is suitable for the study of
pulsars. An implementation of matched filter signal
processing in the MCSA will be presented appropriate
for sensitive pulsar pulse recognition.
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J6-4 TWO MEGACHANNEL HIGH RESOLUTION DIGITAL
1500 SPECTRUM ANALYZER FOR SETI APPLICATIONS
M. Garyantes, M. Grimm,
E. Satorius, and H. Wilck
Jet Propulsion Laboratory
4800 Oak Grove Drive
Pasadena, Califormnia 91109

With the recent advent of fast fixed and float-
ing point arithmetic chip sets, the development of
wideband high resolution digital spectrum analysis
hardware is now possible. In this paper, we present
a flexible FFT architecture for providing two mega-
channels of spectral data at a maximum throughput
rate of 40 MHz. This system is currently under dev-
elopment at JPL for use in various applications of
the Deep Space Network including the Search for
Extraterrestrial Intelligence (SETI) program.
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J6-5 AN FFT SPECTROMETER WITH

1520 PULSAR DEDISPERSION CAPABILITIES
Richard J. Lacasse and J. Richard Fisher
National Radio Astronomy Observatory
Green Bank, WV 2494y

NRAO is constructing a signal processor which
incorporates some novel approaches to both pulsar
radiometry and spectroscopy. Using a pipelined
FFT, the processor operates on individual output
points of each transform to calculate, in real
time, functions that have traditionally been done
with analog electronics or after data have been
averaged in a computer. The signal processor
consists of two parallel pipelines, only one of
which is described below.

The heart of the spectrometer is a pipelined
10~stage FFT engine that can process real data at
up to 80Ms/s, producing 1024 point complex, 40 MHz
spectra every 25 psec. Ahead of the FFT engine are
8 IF-to~video converters and 6-bit analog—to—-digital
converters. A high speed memory acquires, sorts,
and orders the data from the converters for 1, 2,
4, or 8 input processing. User selectable windows
are applied to the data before transformation.
Modules following the FFT pipeline include a self-
or cross—power calculator, a stokes parameter
calculator, a faraday rotation corrector, and an
accumulator/dedisperser. Dedispersion is accom-
plished by a high speed, complex memory addressing
scheme which can accommodate the anticipated ranges
of observation bandwidths and dispersion measures.
In addition, spectra can be accumulated independ-
ently in as many as 8 recurring time periods of
programmable width and spacing.
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J6-6 SIGNAL PROCESSING IN THE MARK IIIA
1600 VLBI CORRELATOR SYSTEM

A. R. Whitney

MIT Haystack Observatory

Westford, MA 01886

The Mark IIIA correlator system is currently operating
at the U.S. Naval Observatory in Washington, D.C. in support
of VLBI geodetic measurements being made by NASA, NGS, NRL,
and USNO. A similar system, to be used for astronomy measurements
as well, is being installed at Haystack Observatory. This
correlator system, developed at Haystack Observatory, is a
second-generation version of the original Mark III correlator,
and adds significant new capabilities.

Data processed by the Mark IIIA correlator system is
taken using the Mark III or Mark IIIA data acquisition system,
which results in data rates up to 224 Megabits/seconds/station.
Data from up to 5 stations (10 baselines) may be simultaneously
processed.

The Mark IITA is a highly-parallel, baseline-based system
which uses signal-processing algorithms that follow generally
along the lines of traditional VLBI correlators. Sample-by-sample
fringe-rotation and cross-correlation is performed over a
specified number of lags for each of a number of several-second
integration periods over the duration of an observation.
Fourier transforms are then performed to create cross-spectral
and delay functions for each integration period, which are
then combined to make estimates of various observables
(correlation amplitude, phase, group delay, phase-delay rate,
etc.) Special algorithms are used for bandwidth-synthesis
measurements which span RF bandwidths of several hundred
Megahertz.

The Mark IITA correlator module incorporates an internal
microprocessor to maintain a high-precision a prioxi model
for several seconds, even under conditions of very high delay
rates or acceleration. This allows processing of data collected
from artificial earth-satellites, and from earth-orbitting
antennae receiving signals from natural sources; these
capabilities were critical in supporting the first space-based
VBLI astronomy observations between ground-based antennae and
an earth-orbitting satellite.
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J6-7 GOLDSTONE -SOLAR SYSTEM RADAR PERFORMANCE ANALYSIS
1620 E.H. Satorius, S.S. Brokl, R.F. Jurgens,
C. R. Franck, and R.M. Taylor
Jet Propulsion Laboratory
4800 Oak Grove Drive
Pasadena, California 91109

The Goldstone Solar System Radar (GSSR) has been
developed to operate in both CW and PN ranging modes. In
this paper, we present the results of a computer-aided
performance analysis of the GSSR operating in the PN mode.
The intent of this analysis is to quantify the effects of
digital quantization errors on the performance of the GSSR in
terms of system sensitivity. The results of our analysis not
only quantify system performance, but also provide useful
quidelines for choosing various GSSR parameters to
enhance system performance.
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CORRELATOR ARCHITECTURE FOR THE AUSTRALIA
TELESCOPE

W. E. Wilson,
CSIRO Division of Radiophysics, Epping, NSW, Australia, and
M. S. Ewing,
Caltech Owens Valley Radio Observatory, Pasadena, CA

The Australia Telescope (AT) is a versatile array of 6 new
22 m antennas at Culgoora NSW in a 6 km east-west "compact
array." Another 22 m antenna at Siding Spring NSW and other
existing Australian antennas will be added to form the AT "long
baseline array.” Wavelength coverage extends from decimeters
to millimeters (327 MHz—116 GHz). Completion of the
compact array is expected in 1988.

The AT will have separate correlators for the compact and
long-baseline arrays; they are based on a novel custom integrated
circuit, the XCELL. Designed by CSIRO Division of
Radiophysics and Austek Microsystems Ltd, an Australian firm,
the chip incorporates an 8x8 array of multiplier-accumulators,
operating at a 16 MHz clock rate. Either 1- or 2-bit samples may
be correlated.

XCELL is suitable for correlation of very high speed data
streams which are blocked into N-sample parallel words before
correlation. The AT correlator "module” consists of a 4x4 array
of XCELLs which effectively produce a 32x32 multiplier-
accumulator array. With a word length N=32 samples, a data
stream of 512 Msample/sec can be correlated. Intermediate
"reconfigurations" of the array permit efficient use of the
XCELLs for higher resolution and lower sample rates, down to
16 or 8 Msamples/sec (1-bit or 2-bit sampling, respectively).
This resolution versatility is readily achieved through data -
switching.  Recirculation may be added for even higher
resolution.
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J6-9 THE HAT CREEK HYBRID SPECTROMETER

1700
J. Carlstrom, D. Thornton, J. Hudson, L. Urry
Radio Astronomy Laboratory
University of California Berkeley, CA 94720

A hybrid spectrometer designed for millimeter-wave
interferometry has been developed for use at the Hat Creek
Observatory. Details of the spectrometer may be found in W.
L. Urry, D. D. Thornton, J. A. Hudson, PASP, 97, 745-751,
1985. Here we give a brief overview of the spectrometer and
then concentrate on recent developments pertaining to the
use of the spectrometer. A strong emphasis will be placed on
online passband calibration.

The spectrometer is ideally suited for multi-line
astronomical observations. For each correlated IF pair,
there are 512 complex channels. Quadrature phase shifting of
the first 10s allow the sidebands to be separated resulting
in 256 complex channels per sideband. These channels may
cover a total bandwidth per sideband of 1.25 MHz ( 4.88 KHz
per channel ) to 320 MHz ( 1.25 MHz per channel). The
spectrometer uses up to four single sideband mixers with
separate LOs for each IF. The bandwidth of the sampled IF at
these LOs may be set from 1.25 to 80 MHz. The spectrometer
may also be used for single dish observing ( autocorrelating
each IF ) with the same bandwidths as above but with a
factor of two higher spectral resolution.

To accurately calibrate the passband of data taken
with an interferometer it has been customary to observe a
strong continuum source with the same spectrometer
configuration that was used to take the data. The continuum
source must be observed long enough to achieve high signal
to noise spectra. This is often a prohibitively long time,
especially when narrow bandwidths are used. We have
developed a quick way to determine the passband by splitting
the IFs one at a time and feeding them into the
spéctrometer. The complex gain corrections are then applied
to the data online. One still needs to observe an
astronomical continuum source to determine the receiver
phase response and the difference between the upper and
lower sideband amplitude gains. However, these are both
slowly varying functions of the IF frequency and may be
determined by fitting a low order polynomial to relatively
quickly obtained noisy broadband spectra of a continuum
source.
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Session A-4 0855-Thurs. NW 248
MICROWAVE MEASUREMENTS AND STANDARDS
Chairman: Harry M. Cronson, The Mitre Corp.,
MS R 35 0, Burlington Road, Bedford, MA 01730

Al MMIC WAFER FROBING TO 26GHz: Adityva K. Bupta,

0900 Rockwell International, Microelectronics Re-
search % Development Center, 2427 W. Hillcrest
Drive, Newbury Fark, CA 91320

With the development of Monolithic Microwave Integrated
Circuit (MMIC) technology, a strong need has evolved
for accurate, on-wafer RF probing of microwave devices
and circuits. In response to this need, Cascade Micro—
tech Inc. has recently introduced an RF probe station
for measurements up to 26 GHx (E.W. Strid, Microwave
Journal, 71-82, Aug. 1986). This system utilizes
tapered 30 ohm coplanar transmission lines. The manu-—
facturer provides coplanar impedance standards to eli-
minate systematic measurement errors (dug to the
probes, cables, etc.) by using standard techniques of
avtomatic network analysis. This measurement scheme
works well with coplanar circuits, but if the MMIC
transmission medium is microstrip, a coplanar—to-
microstrip transition at each RF port of the chip is
required. The implications of these transitions an
measurement accuracy is the subject of this paper.
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Aj-3 MILLIMETER WAVE REFLECTED POWER FROM MOVING
0940 STRIP ILLUMINATED SEMICONDUCTOR PANEL

M. H. RAHNAVARD, A. HABIBZADEH

Electrical Engineering Department
Shiraz University, Shiraz, Iran

One of the needs in air trafic is to know the environ-
mental situation under any weather condition. Visble and IR
radar will fail in adverse weather because of high attenua-
tion (B. J. Levin. "Millimeter Wave Image Conversion, "PH. D.
Dissertation, the Moore School of Elect. Engg. University of
Pennsylvania, Philadelphia 1967.)but there are several windows
in millimeter wave region with low attenuation in bad weather
condition (Weibel, G. H. and Dressel, H. O., "Propagation
Studies in Millimeter Wave Link Systems', Proc. IEEE, Vol. 55,
April 1967, pp. 497-513). One of the method to convert mill-
meter wave to visible light is by using illuminated semicon-
ductor panel (J. Bordogna, et. al. "Millimeter Wave Image Con-
version", Task, D-2, The Moore School of Elect. Eng. Univer-
sity of Pennsyllvania, Philadelphia.). Semiconductor panels
are used as image convertors in both transmission and reflec-
tion mode of operation (H. Jacobs, et. al., "Interformetric
Effect with Semiconductor in Millimeter Wave Region,'" J. Opt.
Soc., V. 57, No. 8, Aug. 1967). In both cases the response of
illuminated panel is important. Excess carrier in semicon-
ductor panel under stationary illumination is obtained by
Levin et. al. (B. J. Levin, "Spot Illumination of Semicon-
ductor Panel, "IEEE Letters Vol. 56, pp. 1230-1231, July 1968,

R. Mavaddat and B. J. Levin "Surface Illumination of Semi-
conductor Panel,'" J. of Applied Physics vol. 40 pp. 5324-5332
(1967)). Using the above result reflection coefficient and
attenuation coefficient for this case is also studied (R.
Mavaddat, "Millimeter Wave Attenuation Through Illuminated
Semiconductor Panel," IEEE Trans. on Microwave Theory and
Techniques, Vol. MIT-18, No. 7, July 1970 pp. 360-364,

R. Mavaddat, "Millimeter Wave Power Transmission and Reflect-
tion in Semiconductor Image-Convertion Systems''. IEEE Trans-
action on Microwave Theory and Technique pp. 555-558, July
1971.). Practically, the response of semiconductor panel to
moving illumination is required. In reference M.
RAHNAVARD, et. al. "Moving Spot Illumination of Semiconductor
Panelys", Journal of Applied Physics Vol. 46, No. 3, pp.1229-
1234 March 1975.) excess carrier in moving spot illuminated
semiconductor panels is studied and profiles of excess carrier
for moving strip illuminated semiconductor panel vs. different
parameters is obtained. In this paper using the excess carrier
results, reflected millmeter wave from strip illuminated semi-
conductor panel vs. scanning velocity, position, thickness
of the strip and time is studied and the resultant curves are
plotted.
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Al-) LOSS CALCULATION IN SYMMETRICALLY SPHERICAL WITH CIRCULAR
1000 APERTURE UNSTABLE OPTICAL RESONATORS USING DIFFERENT TECHNIQUES

M. H. RAHNAVARD, H. ZARE-MOODI

Electrical Engineering Department

Shiraz University, Shiraz, Iran
Telephone Number: Iran, Shiraz 34064-2712

Unstable Optical resonator is used in medium and high power
laser. In stable resonator when Fresnel number is greater
than 0.5 all of the energy is not absorbed by 1st mode but
energy is absorbed in higher order modes. For absorbing maxi-
mum energy from the material we should operate in higher modes
with higher power loss capability. In unstable resonator with
proper gain it is possible to have mode with lowest power loss
and this mode will absorbe most of the energy from the laser
material and it is’'possible to have optical resontor with smal-
ler length. For this reason power loss calculation is import-
ant in unstable optical resonators.
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BACKSCATTERING ENHANCEMENT
Chairman: 1I.M. Besieris, Dept. of Electrical
Engineering, Virginia Polytechnic Institute,
Blacksburg, VA 24061

B10-1 BACKSCATTERING ENHANCEMENT: EXPERIMENT AND THEORY
0840 Akira Ishimaru and Yasuo Kuga

Department of Electrical Engineering

University of Washington

Seattle, Washington 98195

In 1984, Kuga and Ishimaru published a paper describing
experimental evidence for the backscattering enhancement
from a dense distribution of discrete scatterers. Tsang and
Ishimaru then explained this effect theoretically by
demonstrating that two wave paths which transverse through
the same particles in opposite directions can constructively
interfere and produce the backscattering enhancement and
that the angular width is of the order of (wavelength)/(mean
free path). In recent years, this enhancement has been
recognized as evidence of weak Anderson localization
effects, and similar experiments have been conducted by
others. The backscattering enhancement from rough surfaces
appears to be caused by similar mechanisms. However, the
backscattering enhancement from turbulence appears to be
based on different mechanisms with different angular widths.
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B10-2 MEASUREMENTS OF ENHANCED OPTICAL BACKSCATTERING
0900 FROM ROUGH SURFACES

J. C. Dainty, M.-J. Kim, E. R. Mendez and

K. A. O'Donnell

Blackett Laboratory, Imperial College,

London SW7 2BZ, United Kingdom

Significant enhanced backscattering by randomly rough
surfaces has recently been observed (E. R. Mendez and K. A.
O'Donnell, submitted to Phys. Rev. Lett.) at A = 0.63 um.

The surfaces are fabricated by exposing photoresist to
suitable laser speckle patterns, processing the resist and
overcoating with aluminium (or gold). The probability
density of surface height approximates a Gaussian of
standard deviation o,; in our experiments, o = 1-2 um. The
autocorrelation of surface height is also Gaussian of
correlation length & in the range 120 um.

For surfaces with a large correlation length % and low
rms slope, e.g., & = 20 um, o = 1 um, the scattered
intensity v angle of observation agrees well with the
Beckmann prediction for small or moderate angles of
incidence. However, if &/0z =1 (e.g. & = ¢, = 1.5 um), the
scattered intensity shows significant enhanced backscatter
with an interesting polarization structure.

A simple geometrical/physical optics multiple
scattering model can explain the phenomenon qualitatively
but, to our knowledge, there is no quantitative theory that
predicts this effect. In this paper, measurements for
several surfaces will be presented.
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B10-3 BACKSCATTER ENHANCEMENT: GENERIC MODEL
0920 AND ESSENTIALS
David A. de Wolf
Department of Electrical Engineering
Virginia Polytechnic Institute and
State University
Blacksburg, VA 24061

Backscatter enhancement is the term wused to
describe the phenomenon that scattered EM energy
appears to be stronger in a narrow cone around the
backwards direction than in other directions. The
enhancement can be up to a factor 2 for 180 degree
backscatter. The phenomenon has been studied
intensively in the USSR, and to lesser extent in
the USA.

Simple and general models for the phenomenon
for large-scalesize continuously random and for
discrete random media will be given. For the
continuous case, a fairly worked out result can be
expressed in terms of radiative transfer theory,
based on previously published work. In the case of
discrete (particulate) media, an argument for
enhancement can be given by regarding the average
scattered intensity in terms of the iterated
integral-equation series for the electric field.
This model 1is rather general, but it already
incorporates several features typifying much more
specific and limited models.

We will discuss some of the existing work on

backscatter enhancement, and attempt to make a
comparison with what is presented here.
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B10-4 BACKSCATTERING ENHANCEMENT FOR RANDOM DISCRETE
0940 SCATTERERS OF MODERATE SIZE
Leung Tsang and Akira Ishimaru
Department of Electrical Engineering
University of Washington
Seattle, Washington 98195

Backscattering enhancement for random discrete
scatterers was previously studied by calculating the
contributions of cyclical scattering terms in multiple
scattering processes. The method was applied to the case of
small particles, where it was shown that the cyeclical
scattering processes exhibit a peak in the backscattering
direction with angular width 2K"/K' with K' and K" being the
real and imaginary parts of the effective propagation
constant. In this paper, the method is extended to the case
of scatterers comparable to or larger than a wavelength.
The problem of a plane wave normally incident on a half
space of dielectric spheres is considered. The problem is
of particular interest because besides the peak due to
cyclical scattering, there can also be a peak due to single
scattering in the Mie phase function. Numerical results are
illustrated as a function of particle size and
concentration. The relative importance of the two peaks
will be discussed.
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Session C-5 0835-Thurs. NW 238
ROBUST SPECTRAL ESTIMATION
Chairman: J. Park, Yale Univ., P.0. Box 6666,
New Haven, CT 06511

C5-1 ROBUST ESTIMATION OF FOWER SFECTRA, COHEREN-

0840 CES, AND TRANSFER FUNCTIONS: Alan D. Chave
and David J. Thomson, AT&T Bell Labs, Murray
Hill, NJ 07974

Reliable calculation of power spectra for single data
sequences or of transfer functions and coherences
between multiple time series is of central importance
in many fields of science and engineering. Froblems
arise in conventional time series analysis with many
types of data because the methods are essentially
copies of classical statistical procedures para-
materized by frequency. Because these technigues are
based on the least sguares or Gaussian maximum likeli-
hood approach to statistical inference, their advan-
tages include simplicity and the optimality properties
established by the Gauss—Markov theorem. In practice,
this type of model is rarely an accurate description
due to the presence of a small fraction of unusual
data or "outliers" that do not share the statistical
characteristics of the bulk of the sample. 0Outliers
can destroy conventional spectral estimates, often in
a manner that is difficult to detect.

Over the past two decades, the field of robust
statistics has been developed to handle outlier
contamination and yield reliable estimates under non-—
ideal circumstances. We have adapted the principles of
robust statistics, and especially M-estimation theory,
to wnivariate and multivariate spectral analysis using
section-averaging techniques (Chave, Thomson, and
Ander, J Geophys. Res., in press). This results in
robust spectral estimates, and operates in an
automatic, data—adaptive, high-efficiency fashion.
Because robust methods involve nonlingar operations
and implicitly identify abnormal data, we emphasize the
importance of monitoring the statistical behavior of
the output using diagnostics like quantile-guantile
plotting. We also find that nonparametric techniques
like the jackknife vield more reliable confidence
limites and inference tests than the conventional, dis-
tribution—based types.

We have developed a new type of robust spectral
estimator based on the multiple prolate window method
of Thompson (Froc I1EEE, 7Q, 1055-10%96, 1982).
Individual multiple window estimates with large time-
bandwidth products for spectra, coherences, or
transfer functions are first obtained for individual
blocks that are subsets of longer time series. These
quantities have sufficient degrees of freedom to be in-
dividually stastically meaningful, and are combined
using an M-estimator to vield a robust result. A major
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c5-2 TOPICS IN SPECTRUM ESTIMATION
0920 R. D. Martin, D. B. Percival and A. T. Walden
Department of Statistics, GN-22
University of Washington
Seattle, WA 98195 USA

Long-Memory Processes. Various methods have been proposed for
estimating "long-memory" spectrum which are characterized by linearity
near zero frequency, on a log-log scale. We compare the sampling
properties of several methods, including the following: (1) the
periodogram estimator studied by Mohr (1981); (2) the extension of
Mohr’s scheme to include multiple window estimation techniques due to
Thomson; and (3) the maximum entropy method as recently investigated
by Fougere.

Bias-Robust Spectrum Estimation. Averaging of the periodogram
over time, at each discrete Fourier transform frequency, is a very
commonly used method in spectrum estimation. However, this method is
very non-robust, just as is the sample mean for estimating location. We
propose a bias-robust estimate of the spectrum by replacing the sample
mean with an exceedingly simple kind of M-estimate of scale for
exponential random variables. Here, a bias-robust estimate is one which
minimizes the maximum asymptotic bias over epsilon-contaminated
families of nearly exponential distributions.

Robust Filtering and Spectrum Estimators for Unequally Spaced
Data. We describe algorithms for extending robust-filtering based
spectrum estimation (Thomson, 1977; Kleiner, Martin and Thomson,
1979) to the case of unequally-spaced data. The method is improved by
extending robust smoothing based spectrum estimation (Martin and
Thomson, 1982) to the case of unequally spaced data, and using a robust
smoother in place of a robust filter. Applications are described.
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C5-3 IMPLEMENTATION CONSIDERATIONS FOR TIME AND FREQUENCY
1040 DOMAIN PARTIALLY ADAPTIVE ARRAY PROCESSING
Barry Van Veen
Richard Roberts
Department of Electrical and Computer Engineering
University of Colorado
Boulder, CO 80309

The computational complexity of fully adaptive arrays
employing thousands of sensors is often prohibitive and thus,
one 1is led to processors which only use a fraction of the total
adaptive degrees of freedom available. Time (B. Van Veen, Ph.D.
Thesis, Univ. of Col., 1986) and frequency domain (N.L. Owsley,
Array Signal Processing, chap. 3, Prentice Hall, 1985)
implementations of partially adaptive processors based on the

Trans. Antennas Propagat., 30, 27-34, 1982) have been proposed.
The present work reviews time and frequency domain partially
adaptive implementations and compares them on the basis of
performance and complexity.

A fixed number of adaptive degrees of freedom are assigned to
each spectral bin in a frequency domain implementation. Time
domaln implementaltions make more effective use of their adaptive
degrees of freedom by distributing them throughout the the
spectrum of interest and are more robust to a variety of channel
errors. Freguency domaln implementations require more
computational resources but the computations are performed in
parallel.
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C5-4 DEVELOPMENT AND APPLICATION OF A MULTIVARIATE
1120 ERRORS~-IN-VARIABLES MODEL FOR THE ANALYSIS OF
GEOMAGNETIC ARRAY DATA
G. D. EGBERT and J. R. BOOKER (both at Geophysics
Prog. AK-50, Univ. of Wash., Seattle, WA 98195)

In regional geomagnetic array studies, where array
dimensions are smaller than typical source scales, it is usu-
ally assumed that the time varying external source fields can
be approximated by plane waves of infinite horizontal extent.
If this assumption holds exactly and measurements are made
without error, it is easy to show that all field components
can be related by linear transfer functions to the two. hor-
izontal components of the magnetic fields at any chosen
reference station. Such interstation and intercomponent
transfer functions have typically been estimated, one at a
time, from the Fourier transformed time series using least
squares methods. To do this, it is assumed that the refer-
ence fields are measured without error, and that the
discrepancy between predictions and observations due to the
failure of model assumptions can be treated as incoherent
noise in the predicted field component.

We have developed a more physically realistic statisti-
cal model for the estimation of this plane wave response
which allows for (potentially correlated) noise in all meas-
ured field components. We find that much of the "noise" is
highly coherent across the array and can be ascribed to vio-
lations of the uniform source field assumption. The covari-
ance structure for the noise can be parameterized, based on
simple physical models, in a way which allows for the separa-
tion of coherent source "noise" from the desired signal. In
statistical terms, the model is a (complex) multivariate
errors-in-variables model with a generalized, but identifi-
able, error covariance. We will emphasize in particular the
statistical methods we have developed for parameterization
and estimation of the error covariance structure. We will
also discuss some simple ways to "robustisize™ the standard
errors-in-variables estimates which are particularly relevant
to geomagnetic arrays.
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C5-5 SMOOTH EM RESPONSE FUNCTIONS FROM NOISY DATA
1120 J.C. Larsen
Pacific Marine Environmental Lab, NOAA
Seattle, WA 98115

Least squares methods are typically used to determine
band average estimates of magnetotelluric response functions
yielding estimates that are often not smooth functions of
frequency due to noisy data. MT response functions should,
however, be smooth function of frequency since the
electromagnetic data can usually be treated as independent of
the wavenumber of the source. Therefore a weighted least
squares method has been developed to determine response
functions and variances that will be smooth functions of
frequency with the effects of noisy data removed.

To carry out the objective of obtaining smooth response
functions that can also be approximated, as far as possible,
by a response functions based on a one dimensional earth, the
response is represented by a response based on a best fitting
D+ Parker one dimension model earth (a stack of thin
conducting sheets) times a smooth distortion factor given by
a finite sum of simple frequency dependent functions. The
response is then interatively estimated whereby a one
dimensional model is computed at the end of each iteration
and a new distortion factor for the next iteration is then
computed by least squares from the electromagnetic data.

Since least square methods are sensitive to outliers, a
time and a frequency weighting series are generated that are
based, respectively, on the time and frequency residuals.
The present iterative method then incorporates these weights
and provides an unbiased method for removing the effects of
outliers. The weighted residuals are plotted to determine
whether a gaussian distribution is satisfied.
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SPECIAL SESSION ON HIGH POWER
ELECTROMAGNETICS II
Chairman: R.L. Gardner, Mission Research Corp.
1720 Randolph Road, SE, Albuquerque, NM 87801

E/B2-1 | IGHTNING RESFONSE OF AIRCRAFT: K.S.H. Lee

0840 and F.C. Yang, Dikewood Division of kaman
Sciences Corp., 2800 28th Street, Suite 370,
Santa Monica, CA 90403

The 1984 and 1985 F—-106B lightning test data have been
processed and analyzed. Representative internal and
external response data are presented, in both the time
and freguency domains. Feak values, other norm
guantities and spectral envelopes are tabulated and
graphed. These norm guantities and spectral envelopes
can be used for the lightning specification
development. The interaction of natural lightning with
aircraft is also discussed with the aid of the test
data. A mathematical model is then suggested for
calculating aircraft external responses to direct-
strike lightning.
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E/B2-2 PULSE DATA PREPROCESSING TECHNIQUES
0900 TO RECOVER SEM PARAMETERS
C. D. Taylor*, S. Giles**, and E. Harper®¥%*
* Stocker Visiting Professor
Ohio University
Athens, OH 45701-2979
*% Lawrence Livermore National Laboratory
Livermore, CA 94550
#%% Air Force Weapons Laboratory
Kirtland AFB, NM 87117

Generally, the response of a system to a high power
electromagnetic transient can be expressed in terms of a sin-
gularity expansion. This technique is called the singularity
expansion method {SEM). Knowning the SEM parameters it is
possible to characterize the system response and to search
for conditions required to maximize a particular attribute
of the response signal. Thus it is the goal of this study to
.present techniques whereby the SEM parameters can be ex-
tracted from measured data, and in particular, data with a
low signal-to-noise ratio. DBoth linear and nonlinear filter
techniques are considered.

A nonlinear digital filter technique that uses a serial
correlation test is shown to provide a preprocessing tech-
nique which allows the classic Prony method to be applied to
the data. The technique also estimates the noise level and
detects the presence of nonstationary noise. Resulcs are
presented for typical noisy data, as well as for analytical
data with added White-Gaussian noise.
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E/B2-3 MOTION OF ION CLOUDS IN AIR

0920 C. E. Baum
Air Force Weapons Laboratory/NTAAB
Kirtland AFB NM 87117-6008

After the initial processes in a natural lightning
event there can exist clouds of positive and/or negative ions
in air. This paper considers some of the processes involved
in the subsequent motion of such ion clouds in spherical and
cylindrical geometries., In the case of spherical geometry
such a cloud can stay around for a long time. Such clouds of
ions can also be moved by other electric fields in the
environs.
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E/B2-4 CORONA EFFECTS ON FOWER SYSTEMS DUE TO

09140 LIGHTNING AND EMF INDUCED SURGES: J.F.
Rlanchard, LuTech, Inc., 3742 Mt. Diablo BElvd.
Lafayette, CA 243549

Corona discharge effects on power systems have been
studied for many years, particularly because of the
powar loss and radio freguency interference noted due
to these discharges. More recently, changes in the
shape of lightning induced transient surges on power
lines due to corona influences have heen studied.

These studies have led to related investigations of

the effect of corona on currents induced in power lines
by transient electromagnetic pulses (EMF).

This paper will review the concept of corona as related
to transmission lines. Following a brief discussion of
the nature of corona formation and its impact on
transmission lines in their normal operating state, the
bulk of this paper will be devoted to the effects of
corona arising from lightning and EMP induced transient
current surges. Comparisons between analytical
predictions and experimental results will be discussed.
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E/Bg 5 PROGRESS IN THE DERIVATION OF ELECTRICAL CHARAC-

TERISTICS OF LIGHTNING FROM ITS OPTICAL OUTPUT*

R. L. Gardner, A. H. Paxton, and L. Baker
Mission Research Corporation, 1720 Randolph
Road, S.E., Albugquerque, New Mexico 87106

W. Rison
New Mexico Institute of Mining & Technology
Socorro, New Mexico 87801

C. E. Baum

Air Force Weapons Laboratory/NTAAB
Kirtland Air Force Base

New Mexico 87117

In order to develop techniques for remote sensing of
1ightning currents and other internal electrical parameters a
detailed model of the energy balance of a lightning discharge
has been constructed, We present here a detailed one-
dimensional hydrodynamic model of a slice of unit length of a
lightning channel,

The energy is input to the channel by joule heating. A
known current is impressed on a channel whose resistance is
calculated from a conductivity profile which is a function of
the local gas temperature. Energy is distributed across the
cross section of channel as if it were a set of parallel
resistors. The current is assumed to vary slowly enough that
the diffusion time is negligible,

Energy losses are more varied. The hot gas loses energy
immediately through radiation, In this model radiation
losses and redistribution of energy throughout the gas are
calculated using multi-group diffusion, Eight frequency
bands are chosen and for each a diffusion calculation is per-
formed. The bands are chosen in such a way that the opacity
varies by no more than a factor of two over a single band.
Hydrodynamic expansions, including pseudo-viscous pressure
for shocks is included to complete the energy balance. A
complex equation of state for an idealized air molecule is
used in the calculations,

This model is intended for use in remote sensing of
lightning currents, For that purpose, the model must be
experimentally verified. The model is compared to available
experimental data from the KIVA Laboratory on S. Baldy Peak.

*This work was performed under Air Force Contract F29601-85-
C-0009.
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E/B2-6 AN EXPERIMENTAL TEST OF THE "TRANSMISSION-
1020 LINE MODEL" OF ELECTROMAGNETIC RADIATION

FROM TRIGGERED LIGHTNING RETURN STROKES

J. C. Willett

Naval Research Laboratory

Washington, D. C. 20375;

V. P. Idone

State University of New York

Albany, NY 12222;

C. Leteinturier

CNET MER/GER

22301 Lannion

France;

A. Eybert-Berard and L. Barrett

CEA 38041 Grenoble

France;

E. P. Krider

Institute of Atmospheric Physics

University of Arizona

Tucson, AZ 85721.

The “"transmission-line model" of return-stroke radiation,
first proposed by Uman and MecLain (J. Geophys. Res., 75,
5143-5147, 1970), and invoked frequently thereafter to infer
peak currents from remote fields or to estimate propagation
velocities from measured fields and currents, has never
received a thorough experimental test. During the summer of
1985, we were able to measure peak currents (with a coaxial
shunt), two-dimensional average propagation speeds (with a
high-speed streak camera), and electric field waveforms (at
5.2 km range) for a number of subsequent return strokes
in rocket-triggered lightning flashes at the Kennedy Space
Center, Florida. Because of the temporal ambiguity on the
streak-camera films, it has been possible to identify only
the velocity of one individual stroke for which current and
field data are available. Two other multi-stroke flashes, how-
ever, each yielded a tight cluster of veloecity measurements
and a group of peak field/current ratios, though not necessar-
ily for the same strokes. A further six flashes provided more
current and field measurements for which no velocity informa-
tion was obtained. It will be shown that these data indicate
reasonable agreement between the propagation speeds measured
with the streak camera and those inferred from the transmission-
line model.
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Session G-7 0835-Thurs. NW 270
HF IONOSPHERIC PROPAGATION
Chairman: C.M. Rush, NTIA/ITS, Boulder, CO 80303

GT7-1 CALCULATED AND OBSERVED WINTERTIME NMAX(F2) VALUES
0840 AT THULE
D.N. Anderson, J. Buchau, E.J. Weber and H.C.
Carlson, Jr.

Air Force Geophysics Laboratory
Hanscom AFB MA 01731

Extensive observations of the diurnal wvariation in polar
cap ionospheric densities at Thule, Greenland have been made
during winter months from solar cycle maximum to solar minimum
periods. Experimental evidence strongly suggests that the
daytime plasma densities in the ionospheric F-region originate
equatorward of the dayside cusp region and are produced primar-
ily by solar ultraviolet radiation rather than by precipitating
low energy electrons. To study the process in more detail, the
time—dependent ion continuity equation is solved numerically
including the effects of production by solar radiation and
precipitating particles, loss through charge exchange with No
and Og and transport by ambipolar diffusion, neutral wind and
high latitude E x B convection drift velocity. Calculated
electron density values as a function of local time at Thule
are compared with recent observations during a period of decli-
ning sunspot activity. The relative contributions from solar
production and precipitating particle production are discussed
for various E x B plasma convection patterns.
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G7-2 METHODS FOR IMPROVING ACCURACY OF RADARS
0900 TRACKING OBJECTS AT IONOSPHERIC HEIGHTS
D. B. Odom, The Raytheon Company
Wayland, MA 01778
J. A. Klobuchar, Ionospheric Physics Division
Air Force Geophysics Laboratory
Hanscom AFB, MA 01773

The problem of accurately determining the contribution
which the ionosphere provides to the time of arrival of a
signal scattered from an object being tracked by the new
generation of long range high precision radars is addressed
in this talk. For older radars, the estimate of the iono-
spheric contribution is often either not made, or is obtained
from a simple set of correction tables. A few of the older
radars utilize indirect observations, such as Total Electron
Content (TEC) measurements and overhead soundings. These
latter measurements do not provide a sample in the region of
space from which the ionospheric contributions actually come.

The new radar, which requires a special high precision
measurement of the ionospheric contribution, is a long range
phased array radar used by the United States for early warning
and space track missions. The procedure used by this type of
radar is referred to as "self sounding'. The radar makes two
measurements (called pulse pairs) of the total time delay
from the radar to the target and back. Fach measurement is
at a different frequency; the difference in time delays is
used to obtain the total ionospheric contribution. Since
this contribution is applicable for only this region of
space, and for a limited period of time, a procedure is
described which allows this measurement to be applied to
other surveillance sectors. A series of 62 measurements,
each made up of thousands of radar observations, will be
reviewed. The precision which was achieved in the measurement
of the ionospheric range contribution during these observa-—
tions is described in detail. A comparison of these results
with a series of standard TEC measurements taken at the same
time is provided.
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GT7-3 FRECISION TARGETING EXFERIMENT: Eli

0920 Tichovolsky, Rome Air Development Center,
Electromagnetic Sciences Directorate,
Hanscom AFR, MA 01731

A Precision Targeting Experiment (FTE) was performed

in 1984 during which 19 houwrs of OTH-B FM/CW radar
range—~Doppler data were collected by SRI international
from a target aircraft (Air Force Geophysics
Laboratory’™s Airborne Instrumentation Dbservatory) of
precisely known location and speed. Exhaustive
ionospheric diagnostics were collected via three
vertical sounders at the path mid and end points, a
wide—-sweep backscatter sounder at the radar, a radar-
to—-target obligue sounder, and a tilt-measuring sounder
array operated by the University of Lowell Center for
Atmospheric Research at mid-path. This database will
be used to analyze HF radar propagation modes and their
impact upon accurate radar range to ground rangs
conversion. The objective of this experiment was to
detect and identify deficiencies in the wide-swesap
backscatter inversion process——an slement critical to
range Conversion.
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G7-4 A NEW WIDEBAND HF TEST FACILITY

0940 M.N. Richard, E. A, Palo, and B.D. Perry
The MITRE Corporation
Burlington Road, MS E025
Bedford, MA 01730

The MITRE Corporation has maintained and periodically
operated a wideband HF experimental test facility for the
past 5 years. With rhis facility we have been able to
demonstrate the feasibility of the concept of wideband
(megahertz-bandwidth) HF communications using pseudo-noise
(PN) spread spectrum signaling techniques and have
established a useful data base covering wideband HF skywave
propagation, channel equalization techniques (including
pre-transmit equalization), reciprocity of the wideband HF
skywave channel, and PN spread spectrum signal processing
techniques as applied to the wideband HF channel.

We are currently undertaking a major redesign of the test
facility, creating a flexible test bed for performing
communications experiments. A transportable transmit
terminal provides a programmed and remotely controlled
selection of transmission parameters. The fixed receive site
includes several antennas, an analog wideband HF receiver,
and an alternative, nearly-all digital HF receiver. There
are two types of real-time narrowband interference mitigation
processors; a 128~tap, adaptive (FIR) filter and a
16,384-point DFT processor. The PN Matched Filter (for the
despreading of the PN signal) is capable of processing gains
in excess of 10,000 (40 dB). The data waveform (DPSK)
demodulator is supported by several flexible channel
distortion compensation subsystems. All of these signal
processing subsystems are selected, linked, and controlled in
real time by a powerful microprocessor control system.

When the upgrade is completed later this year, we
will have the capability to perform extended duration
experiments requiring minimal operator control. The facility
will allow for real-time control of the transmission
parameters and data collection test points. Test
configurations will include multiple PN spread spectrum modes
(for data communication) and linear frequency modulation
probe modes (for channel characterization). We are planning
a series of experiments aimed at assessing real world HF
communications performance with megahertz-bandwidth spread
spectrum waveforms over selected paths with lengths ranging
from 1000 km to 3000 km.

In this paper we shall review previous wideband HF
results; describe the test facility, its capabilities and
motivation; summarize experimental results to datej and
preview the experiments to follow.
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GT7-5 HF MUF MODEL UNCERTAINTY ASSESSMENT
1000 T.N. Roy and D.B. Sailors
Ocean and Atmospheric Sciences Division
Naval Ocean Systems Center
San Diego, CA 92152-5000

To assess the accuracy of MUF model prediction, a
statistical analysis of observed oblique sounder median maxi-
mum observed frequencies (MOF) and predicted maximum usable
frequencies (MUF) was conducted. A data base consisting of
13,054 hours of oblique sounder MOFs measured on 70 paths
were compared against the predicted MUF values from MINIMUF-
3.5, MINIMUF 85 and an unrelated MUF model, the HF Broadcast
WARC Model (HFBC 84). The data was screened into subsets to
determine the effect of particular paths, path length and
orientation, season, month, latitude, sunspot number, diurnal
trends, geographic region and sounder type. The accuracy of
all three models was very close, with the MINIMUF-3.5 model
having the lowest rms error of 4.44 MHz. MINIMUF 85 was next
with an rms error of 4.58 MHz and HFBC 84 was last with an
error of 4.67 MHz. Correlation was good for all three
models. Coefficients were .824, .819 and .827 for MINIMUF-
3.5, MINIMUF 85 and HFBC 84, respectively.

The primary difference between MINIMUF-3.5 and MINIMUF
85 appeared when detailed analysis of the accuracies was con-
ducted. When the variation in error was noted as a function
of season, sunspot number, or range, for instance, there was
less variation in the accuracy of MINIMUF 85. In some cases,
MINIMUF-3.5 would exhibit high error, and in other cases it
would exhibit low error.

When the accuracy of the models was investigated as a
function of mid-path local time a large diurnal error was
found in all three models. 1In the case of the MINIMUF
models, linear regression showed that the bias could be
removed and the rms error be reduced. It also showed that the
error is common to both MINIMUF models. Further investigation
for path lengths less 4000 km, also showed that linear
regression could reduce the rms error and remove the bias.
This implies that the error in the models could be attributed
to the foFZ portion of the model. A method for improving

this portion of the model is suggested.
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GT-6 GENERATION OF INTENMSE HF FIELD IN THE IONOS-
1040 FHERE: §. Banguly, Center for Remote
Sensing, Mclean, VA 22102

6 scheme to produce intense HF electric fields in the
ionesphere and the potential applications that could
result is discussed When two strong UHF beams with

a frequency difference equal to the plasma frequency
of the ionosphere, propagates through a common volume
in the plasma, the beat freguency could genarate
intense electric field fluctuations in the HF range.

Generation of the electric field fluctuations at the
beat freguency will depend on the nonlinear processes
in the ionospheric plasma. For parametric and similar
processes, arising through the ponderomotive forces,
the sfficiency of conversion is given by Manley— Rowe
relation, €.9.n = THF/fUHF-

For a 10 MHz HF field generated by beating two radars
at fregquencies near 430 MHz, the efficiency is

2w 1072, With the Arecibo radar radiating 9 » 1012
watts of ERF, about one watt mn 2 of power density
might be deposited in the ionosphere. In order to
produce equivalent power densities using conventional
ground-based HF facilities, it would reguire an ERFP of
the order of 1011 watts. This is at least three
orders of magnitude larger than what can be attained by
any existing ground-based facility. The wealth of
physical processes and the practical applications that
could result from such a facility are numerous.
Applications will range from problems relating to
cosmos, fusion research, particle acceleration, radar,
and communications.

290




G-7 Th-aM

GT-T7 LUF MODEL UNCERTAINTY ASSESSMENT

1100 D.B. Sailors and W.K. Moision
Ocean and Atmospheric Sciences Division
Naval Ocean Systems Center
San Diego, CA 92152-5000

A statistical analysis of observed oblique sounder
lowest observed frequency (LOF) and predicted lowest usable
frequency (LUF) was used to assess the accuracy of the
PROPHET algorithm QLOF version 2.0. A LOF data base of 1814
LOFs from 29 paths was established for the assessment. The
data was screened into subsets to determine the effect of
particular paths, universal and local time, sounder type,
path length and orientation, season, month, sunspot number,
and mid-path latitude. Version 2.0 had a bias of 0.55 MHz
low, an rms error of 1.95 MHz, and a correlation coefficient
with the observed data of 0.89. The rms error increases with
increasing range. A higher residual was noted for the months
of July through October. An increase in residual at mid-
latitude was noted. Reasons for these errors are given. A
modification to the absorption index term which determines
the latitudinal and seasonal variation is suggested.
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G7-8 A PROCEDURE WHICH ALLOWS AN UPDATE OF ABSORPTION
1120 CALCULATIONS UTILIZING IONOSPHERIC SOQUNDINGS
D.B. Odom and N.P. Viens
Raytheon Company
Wayland, Massachusetts 01778

Most predictions of signal strength of energy propagated
through the ionosphere utilize simple median parameter models
to estimate the value of the nondeviative absorption component
which is expected for a selected high frequency communication
or radar system configuration. These median models (see, for
example, K. Davis, lonospheric Radio Propagation, 1965) typi-
cally rely upon semi-empirical fits to experimental data bases
in which variations in time of day, location, season, geo-
magnetic activity, etc. are modeled.

The problems associated with utilizing this type median
absorption estimation technique are two fold: First, the
absorption data corresponding to the generic environmental
conditions of interest (location, time of day, etc.) must be
available and second, the RMS fitting technigues provide
only typical values for the expected absorption along with
estimates of the deviation which is observed about these
typical values. In an attempt to overcome the limitations
inherent in these simple absorption modeling procedures a
raytracing procedure through a realistic three-dimensional
model of the ionosphere that can be readily derived from
vertical and ground backscatter soundings has been developed.
This propagation modeling procedure provides an updated
estimate of both the deviative and non-deviative absorption
components for propagation geometries over which ionospheric
soundings are available. The modeling procedure utilizes a
standard (ARDC, 1960) collisional frequency profile and
provides updates of the jonospheric layer parameters using
the observed sounder data. A comparison with vertical
incidence data collected over a full sunspot cycle has been
made and will be described during the talk. The results of
this comparison are very promising. The importance of
including the deviative absorption term will also be dis-
cussed as well as the results which this modeling procedure
provides in both Northern and mid Tatitudes.
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G7-9 INCOHERENT SCATTER OBSERVATIONS OF D-REGION
1140 MODIFICATIONGS: 8. Ganguly, Center for Remote
Sensing, Mchean, Va 22102

Under the action of a strong HF signal, D-region
electron temperature is increased and the electron
density is modified. For the first time, these changes
have been measuwred using the incoherent scatter

techni que. Increases in Te by a factor of about 2
have been observed. We shall present the details of
this technique for interpretation of D-region results.

293



Session G/H-2 0835-Thurs. NW 268
IONOSPHERIC MODIFICATION

Chairman: Lewis M. Duncan, Los Alamos National

Lab, Mail Stop D-466, Los Alamos, NBM 87545

ggﬁg” THE SATURATION OF PARAMETRIC INSTABILITIES

IN IONOSPHERIC MODIFICATION AT ARECIBO

J.A. Fejer

Department of Electrical Engineering and Computer Sciences
University of California San Diego, C-014

La Jolla, CA 92093

Observations with the 430 MHz radar at Arecibo have yielded consid-
erable information on three mechanisms for the saturation of parametric
instabilities excited in ionospheric modification experiments.

Observations of backscatter by Langmuir waves below threshold
confirm the results of fluctuation theory. Observation in which the
strength of the modifying HF wave exceeded the threshold of the
parametric decay instabilities by factors of only 2-3, are reasonably well
explained by the theory of saturation involving repeated parametric decay,
resulting in a cascade of Langmuir waves. This represents the first satura-
tion mechanism.

Observations (W.T. Birkmayer, T. Hagfors, and W. Kofman,
Phys. Rev. Lett. , 57, 1008, 1986) with a much stronger HF wave show
that the backscatter comes from Langmuir waves trapped inside cavitons
(localized density depletions), from only slightly below the reflection height
of the HF wave. The formation of cavitons represents the second satura-
tion mechanism.

A third saturation mechanism, the acceleration of electrons by the
parametrically excited Langmuir waves, has been suggested during the
early stages of ionospheric modification experiments by several authors.
Observations at night, in the absence of photoelectrons, of the temporal
development after HF switch-on of incoherent backscatter by Langmuir
waves, enhanced by the presence of accelerated electrons, does not seem to
confirm the importance of such a saturation mechanism. Similar observa-
tions in daytime show a considerable enhancement in the fluxes of pho-
toelectrons. The time development of this enhancement, following the
switching on of the HF transmitter, closely follows the time development
of the well known overshoot in the enhanced plasma line.
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G/H2-2 OESERVATIONS OF HF-INDUCED LARGE-SCALE I0ONO-

0900 SPHERIC CAVITIES: Lewis M. Duncan, Los
Alamos NMational Labj; James F. Sheerin, EMS
Fusion: and Richard A. Behnke, National
Science Foundation

High-power electromagnetic radiation incident on a
plasma, acting through the nonlinear ponderomotive
force or collisional thermal forces, can generate
self~consistent density profile modifications resulting
in spatial localization of the pump field. Thess
localized plasma density cavities, when supported by
trrapped electromagnetic radiation or associated
electrostatic plasma waves, may be considered as large-
scale cavitons. Cavity formation, evolution and
collapse have been observed during recent HF ionospher-
ic modification experiments at the Arecibo Observa-—
tory.

Cavities are seen to develop on three distinct spatial
and temporal scales. Ponderomotively-driven cavitons
form on millisecond time scales near the ionospheric
resonance height. Radar observations of the early-time
enhanced plasma waves are used to infer the basic
characteristics of these rapid, small-scale structures.
Thermal self-focusing of the incident HF radiation
leads to kilometer-scale field-aligned density
striations studied by radar scanning technigues.

These irregularities, forming in seconds and decaying
in tens of minutes also are believed responsible for
the reported preconditioning phenomenon. Tvpical
density variations associated with these effects are on
the order of a few percent. Our most recent Arecibo
experimental results have detected a new process
leading to severe profile steepening and several
kilometer density cavities with depletions exceeding
75%. The resultant cavities are supported by thermal
forces and trap the incident electromagnetic radiation
and associated parametrically-excited electrostatic
turbulence. These thermal cavities develop in a manner
identical to computer simulations of ponderomotively-—
driven cavitons in laboboratory wave-plasma inter—
actions. In addition, multiple cavities move along the
profile density gradient and are observed to propagate
through each other, a characteristic unigue to wave
splitons. Other soliton—like behavior phenomena are
observed, including cavity nucleation, fission and
collapse.
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G/H2-3 CONVECTION OF THE 630.0 NM AIRGLOW EMISSIONS
0920 IN AN ARTIFICIALLY HEATED IONOSPHERE

P. A. Bernhardt and L. M. Duncan
Los Alamos National Laboratory
Los Alamos, NM 87545

C. A. Tepley
Arecibo Observatory
Arecibo, PR 00613

Images from a low-light-level CCD camera show the 630.0 nm
airglow clouds resulting from ionospheric heating by the HF
facility near Arecibo, Puerto Rico. The enhanced airglow 1is a
result of electron excitation of metastable oxygen.
Observations from directly beneath heated ionosphere show
elliptical airglow clouds which outline the radiation pattern of
the heater. The clouds are initially formed at the =zenith and
convect to the east. This motion is due to transport of the
modified plasma regions by ambient electric fields. Large
cavities in the F-region are produced by parametric
instabilities and by thermal expansion. As these cavities drift
eastward, the intense HF beam 1is refracted in the same
direction. The airglow clouds follow the movement of the
parametric interaction regionms. When cavities can no longer
trap the HF radio waves the high power beam returns to the
zenith and the alrglow cloud disappears in the east and reforms
directly overhead. This process yields pulsation of the zenith
airglow intensity. Occasionally, the airglow clouds contain
field aligned structure which may be indications of
irregularities produced by the high power HF.
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G/H2-4 PLASMA LINE PREDICTIONS FOR A 138.8 MHz RADAR
0940 D.B. Muldrew, Communications Research Centre
Department of Communications
P.0. Box 11490, Stn H, Ottawa, Ontario K2H 8S2

An experimental study of the plasma line, PL, using a
138.8-MHz radar has been proposed by F.T. Djuth for the
January 1977 ionospheric heating campaign at Arecibo.
Calculations of expected PL characteristics have been made for
this radar frequency using the magnetic field-aligned duct
modeT (D.B. Muldrew, J. Geophys. Res., 84, 2705-2714, 1979).
Some of the assumed parameters for daytime conditions are: HF
frequency of 5.1 MHz, field-aligned electron density scale
height of 50 km, ion temperature of 800 K, electron
temperature of 2000 K, field intensity E. at the first
Airy-function maximum of 0.5 - 1.0 (V/m)°, photoelectron
damping rate of 1790/s, and a vertical-looking radar. Based
on previous 430-MHz radar observations, it is assumed that the
Langmuir waves resulting from parametriqodecay of the HF wave
must grow convectively by a factor of e = in intensity above
the photoelectron enhanced level to be observed by the radar.
This growth factor was assumed even though a somewhat larger
factor might be required for the 138.8-MHz radar.

The calculated decay Tline frequency displacements from
138.8 * 5,1 MHz vary between 1.05 and 1.14 kHz for the
upshifted PL, UPL, and 1.20 and 1.36 kHz for the dowgshifted
PL, DgL. The calculated asymmetry for fields with E* = 1.0
(g/m) at the first Airy maximum is about 0.09 KkHz; for
E“ = 0.6 (V/m)© it is about 0.2 kHz. In a given duct the
calculated DPL grows to the assumed observable level for
significantly smaller fields than those required for the UPL;
hence, DPL can be observed at times when UPL are not. A few
DPL have been observed with the 430-MHz radar when UPL are
absent (L.M. Duncan, M.S. Thesis, Rice Univ., Fig. 4.5, 1976)
but this should be more common for 138.8 MHz observations.
The c§1cu1ated height of observation of the UPE for E°=1.0 2
(V/m)~ is 35-60 m above the DPL height. For E” = 0.6 (V/m)
the UPL is about 80 m or more above the DPL height. A height
measurement is likely the best way to verify if the PL
mechanism requires field-aligned ducting of Langmuir waves
since the theory predicts that for the 430-MHz radar the UPL
hgight is be]og the DPL height. Calculated PL riae times for
E” = 1.0 (V/m)~ are between 1.3 and 1.7 ms; for E° = 0.5-0.7
(V/m)“ they vary from 2.5-6 ms. Although the required density
deviation AN/N in the duct is about one half or less for
138.8-MHz observations than it is for 430-MHz observations,
the duct diameter must be about 3 times as great. Hence, it
is difficult to say whether the required ducts will be more
easily created by the HF wave for the 138.8-MHz observations
or for the 430-MHz observations.
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G/H2-5 NEW INTERPRETATION OF PLASMA-LINE
1000 OVERSHOOT PHENOMENON

S.P. Kuo

Polytechnic University

Farmingdale, New York 11735

M.C. Lee

Massachusetts Institute of Technology

Cambridge, Massachusetts 02139

F.T. Djuth

The Aerospace Corporation

El Segundo, California 90245

One of the most reproducible HF-enhanced plasma line
phenomena in the F region over Arecibo is the so-called main plasma
line overshoot (R.L. Showen and D.M. Kim, J. Geophhys. Res.,
83, 623, 1978). Based upon the experimental observation of
Coster et. al. (J. Geophys. Res., 90, 2807, 1985), it seems unlikely
that anomolous absorption by HF-induced short-scale (1-10m)
irregualarities can account for the overshoot observed at Arecibo.
In addition, recent efforts to carefully measure the differential
absorption of the ionospherically reflected HF wave at Arecibo,
have yielded an upper bound on the anomolous absorption of
~10% in power at an HF frequency of 5.1 MHz, (J.A. Fejer,
F.T. Djuth and M.P. Sulzer, private communication, 1985). Given
the fact that strong plasma line overshoot was present during
the absorption measurements, this data supports the point that
anomolous absorption does not play a key role in the overshoot effect.

It is known that the resonance broadening effect (T.H. Dupree,
Phys. Fluids, 9, 773, 1966) can lead to the saturation of the
parametric instability and further to the mode suppression. This
is because the anomolous damping introduced by the resonance
broadening effect of the instability is proportional to the total
spectral intensity of excited waves, and the growth rate of individual
spectral line is a function of the angle 6 between the propagation
direction of the spectral line and the geomagnetic field, and of the
wavenumber k of the line. As the total energy of the instability
increases, it enhances the anomolous damping (uniformly) to every
plasma line. Consequently, the spectral line having small growth rate
(which depends on 6 and k) will be suppressed when the anomolous
damping exceeds the linear growth rate of thisline. A model based on
this process has been developed to describe the plasma-line overshoot
phenomenon. This model will be discussed and the results compared
with the experimental data will be presented.
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G/H2-6 TIONOSPHERIC MODIFICATION AT ARECIBO - 5 MHz VERSUS
1040 3 MHz HEATING

F. T. Djuth 1, B, Thidé 2, H. M. Ierkic 3,

M. P. Sulzer3, J. A. Fejer 4

1 Space Sciences Laboratory, The Aerospace

Corporation, E1 Segundo, CA 90245

2 Uppsala Ionospheric Observatory,
S-755 90, Uppsala, Sweden

3 Arecibo Observatory, P, 0. Box 995,
Arecibo, Puerto Rico 00612

4 Department of Electrical Engineering and
Computer Sciences, University of California
San Diego, La Jolla, CA 92093

Recent results at Arecibo indicate that the nature and
extent of the F region modifications by high-power,
high-frequency radio waves near 3 MHz are substantially
different from those observed at 5 MHz. While HF-enhanced
plasma lines (HFPLs) are maintained during continuous wave
(CW) heating at frequencies near 5 MHz, HFPLs are never
sustained at 3 MHz. However, HF-enhanced ion lines may be
excited at either frequency during CW operations. At 3 MHz,
HFPLs are detected only during an "overshoot" period lasting
on average several hundred milliseconds. Typically, 4-8
seconds of HF off time is required to produce detectable
HFPLs during the 3 MHz overshoot. In addition, considerably
more absorption of the pump wave due to HF-induced
instabilities is evident at 3 MHz than at 5 MHz. At both
frequencies, strong stimulated electromagnetic emissions are
observed to emanate from the modified ionospheric volume,
but the character of the emissions tends to be different at
the two frequencies. Finally, large HF-induced enhancements
in electron temperature are observed at 3 MHz that, up to
this point, have not been reproduced at 5 MHz. As part of
this presentation, several plasma processes that may play
increased roles at low HF frequencies will be described and
examined within the context of the current observations.
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G/H2-7 LONG TERM EVOLUTION OF THERMAL DENSITY CAVITIES

1100 PRODUCED BY HF HEATING*
Je. D. Hansen, G. J. Morales, Merit Shoucri, and
J. E. Maggs

Physics Department
University of California at Los Angeles
Los Angeles, CA 90024

The results of a previous theoretical study (M. Shoucri,
G. J. Morales, and J. E. Maggs, J. Geophys. Res., 89, 2907,
1984) indicated that macroscopic density cavities (few km in
width) could be generated at the reflection height of a HF
wave due to localized ohmic heating of the ionosphere arising
from the Airy-swelling of the wave's electric field. Density
depletions on the order of a few percent were predicted to be
produced within 60 seconds of heater turn-on. Detailed
experimental observations (J. P. Sheerin, D. R. Nicholson, G.
L. Payne, and L. M. Duncan, APS Bull., 30, 1467, 1985) have
been made in Arecibo of rather large density cavities
(8n/n, > 20%) produced under long term heating conditions
(i.e., larger than 60 seconds). The present analytical and
numerical study examines the evolution of such density
cavities beyond the initial formation stage. In particular,
we investigate the role of cross field drift and self-
consistent displacement of the reflection layer. The
possibility of developing rippling of the reflection surface
and consequences of the resulting shorter density scale
length are examined.

* Work supported by ONR
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G/H2-8 RECENT IONOSPHERIC MODIFICATION EXPERIMENTS
1120 USING ENERGETIC ELECTRON BEAMS ON SPACECRAFT
B.E. Gilchrist, P.M. Banks, A.C. Fraser-Smith
STAR Laboratory, Stanford University
Stanford, CA 94305-4055

Energetic electron beam generators on spacecraft provide opportunities
for conducting a variety of new ionospheric modification experiments,
including, in particular, the creation of plasma density structures such as
plasma sheets and filaments. The properties of these structures necessarily
depend on certain beam and spacecraft parameters, including beam energy,
current, pulsing rate, and spacecraft altitude and velocity, but the form of the
dependence has not yet been well established (Banks, P.M. and B.E.
Gilchrist, GRL, 12, no.4, 175-178, 1985).

During 1985, the Fast Pulsed Electron Generator (FPEG), a low power
(100W) electron gun, on Spacelab-2 and the CHARGE-2 rocket was utilized
to provide information on the detection and form of any structures produced
by electron beams. Because of FPEG's low beam power and the high
(orbital) velocity associated with Spacelab-2 it was calculated that low

undisturbed nighttime background electron density levels (near 10+3 cc-3) in
the 160-200 km altitude range would be needed to detect any electron beam
ionization enhancement. For the most part this did not appear to have been
achieved. The Charge-2 rocket had a much slower horizontal velocity which
allowed the predicted ionization enhancement density to be some forty times
higher than Spacelab-2. Because of anomalous gun operation during the
rocket flight, actual beam current was down by a factor of ten early in the
flight, increasing to a level down by a factor of two late in the flight.

A description of results from both of these missions will be presented
with emphasis given to S0MHz radar data obtained from the Charge-2 rocket
flight, which showed possible indications of electron beam effects.
Suggestions for future experiments will also be outlined.
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G/H2-9 RECENT RESULTS ON HIGH POWER IONOSPHERIC HEATING

1140 EXPERIMENTS USING THE HIPAS FACILITY*
P. Y. Cheung, P. J. Barrett, A. Y. Wong, and
K. L. Lam

University of California, Los Angeles
Department of Physics
Los Angeles, CA 90024

Recent results of ionospheric heating and profile
modification experiments using the UCLA HIPAS facility near
Fairbanks, Alaska will be presented. The HIPAS transmitters
has a total power output of 800 KW and can be operated in
either CW or pulsed mode. On site diagnostics include two
digital ionosondes, a computer controlled multi-~channel
phase array detection system, and computer controlled HF

receiving systems. Experiments are performed under various
ionospheric conditions, including during the occurrences of
aurora. Artifically created spread-F, i.e., the spreading

of return echoes of both O (ordinary) and X (extraordinary)
waves, are observed quite frequently during the heating
experiments. Evidence of heater induced Z-mode will also be
presented. A preview of future experimental program will
also be presented.

*Work supported by ONR grant N00014-78-C-0754 and the UCLA
Physics Department.
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TUESDAY, 13 JANUARY
(Paper presentations will be held in the Engineering Center)
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B-7 Scattering CR2-28
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H-3 Wave, Particle, and Mass Injections in Space Plasmas I CR1-40
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A-2 Antenna and EM Field Measurements CR1-42
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G-5 What is There Left to Study About the Ionosphere CRO-30
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Radio Science Editors Luncheon Aspen Room, UMC
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