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DESCRIPTION OF
INTERNATIONAL UNION OF RADIO SCIENCE

The International Union of Radio Science is one of 14
world scientific unions organized under the International
Council of Scientific Unions (ICSU). It is commonly
designated as URSI (from its French name, Union Radio
Scientifique Internationale). Its aims are (1) to promote
the scientific study of radio communications; (2) to aid
and organize radio research requiring cooperation on an
international scale and to encourage the discussion and
publication of the results; and, (3) to facilitate
agreement upon common methods of measurement and the
standardization of measuring instruments. The
International Union itself is an organizational framework
to aid in promoting these objectives. The actual
technical work is largely done by the National Committees
in the various countries.

The officers of the International Union are:

President: W.J.G. Beynon (UK)
Immediate Past President: W. Dieminger (West Germany)
Vice Presidents: H.G. Booker (USA)

W.N. Christiansen (Australia)
V.V. Migulin (USSR)
J. Voge (France)

Secretary General: C.M. Minnis (Belgiumj

Honorary Presidents B. Decaux (France)
C. Manneback (Belgium)
J.A. Ratcliffe (UK)
S. Silver (USA)
R.L. Smith-Rose (UK)

The Secretary's office and the headquarters of the
organization are located at 7, Place Emile Danco, 1180
Brussells, Belgium. The Union is supported by
contributions (dues) from 37 member countries. Additional
funds for symposia and other scientific activities of the
Union are provided by ICSU from contributions received for

this purpose from UNESCO.

The International Union has seven permanent bodies
called Commissions for centralizing studies in the
principal technical fields. In addition, Commission VIII has
been established on a provisional basis. The names of the
Commissions and the chairmen are as follows:
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I. Radio Standards and Measurements
P. 0. Lundbom (Sweden)

II. Radio and Non-ionized Media
P. Misme (France)

ITII. On the Ionosphere
S. A. Bowhill (USA)

IV. On the Magnetosphere |
F. L. Scarf (USA) i

V. Radio Astronomy
J. L. Locke (Canada)

VI. Radio Wa#es and Circuits
K. M. Siegel (USA) |

VII. Radio Electronics
A. L. Cullen (UK)

VIII. On Radio Noise of Terrestrial Origin
N. D. Clarence (South Africa)

Every three years, the International Union holds a meeting
called the General Assembly. The next General Assembly, the
XVIII, will be held in Lima, Peru, in August 1975. The Secretariat
prepares and distributes the Proceedings of these General Assemblies.
The International Union arranges international symposia on specific
subjects pertaining to the work of one Commission or to several
Commissions. The International Union also cooperates with other
Unions in international symposia on subjects of joint interest.

Radio is unique among the fields of scientific work in
having a specific adaptability to large-scale international
research programs, for many of the phenomena that must be studied
are world-wide in extent and yet are in a measure subject to
control by experimenters. Exploration of space and the extension
of scientific observations to the space environment is dependent
on radio for its communication link and at the same time expands
the scope of radio research. One of its branches, radio astronomy,
involves cosmos-wide phenomena. URSI has in all this a distinct
field of usefulness in furnishing a meeting ground for the numerous
workers in the manifold aspects of radio research; its meetings
and committee activities furnish valuable means of promoting
research through exchange of ideas.
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PROPAGATION: THEORY AND EXPERIMENT
W. S. Ament, Chairman

Ir. 1-1 SUBSURFACE. ELECTRICAL PROFILE DETERMINATION ~ THEORY
AND EXPERIMENT. R. J. Lytle, E. F, Lain, D. L. Lager,
and J. T. Okada, Lawrence Livermore Lab, Livermore,
Canada

A variety of cw and swept frequency experiments were performed in a permafrost
region of the Brooks Range in Alaska. Two drill holes, 600 feet deep and
separated by 550 feet, permitted hole~to-hole and surface-to-hole transmission
measurements. Amplitude and phase information was recorded for frequencies of
1-50 GHz. This data enabled determination of the conductivity O and dielectric
constant € of the subsurface medium between the drill holes for a variety of
frequencies. As measurements were taken for numerous depths and relative
orientations of source and receiver (both downhole and on the surface), a
detailed subsurface electrical profile was obtainable. Least square matrix
methods were used to invert the data. Various ways of combining the data
yielded equivalent subsurface electrical profiles. This lends credence to

the results.

A discussion of the experimental method, theoretical basis of the experiments,
data reduction method, and results will be presented. Feasible modes included
direct, ground reflected, up-over-down, and anomalie reflected ray paths. These
modes were evident (for different source-receiver locations) in the swept fre-
quency interference patterns. A correlation between the geophysical state of
the subsurface and its electrical properties was possible. e.g., a permafrost
depth of 425' was measured both electrically and thermally.

II. 1-2 PROPAGATION IN NONUNIFORM MULTILAYERED CYLINDRICAL
STRUCTURES. E. Bahar, Electrical Engineering Department,
University of Nebraska, Lincoln, Nebraska 68508

Due to the lack of rigorous solutions to propagation problems in irregular
structures, it is often necessary to idealize significantly the original
problem under consideration to obtain tractable solutions. TIn this paper,
we derive full wave solutions to the problem of propagation in irregular
multilayered cylindrical structures in order to investigate more suitable
models of propagation problems. It is assumed, in this analysis, that the
electromagnetic parameters MY and € and the thickness of the structure's
layers are functions of distance along the propagation path. Thus, for
instance, this analysis can be applied to problems of diffraction by
irregular objects and propagation in the nonuniform cavity between the earth
and the ionosphere.
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Rigorous boundary conditions are imposed at each interface of the nonuniform
multilayered structure and the solutions are shown to satisfy the reciprocity
relationships in electromagnetic theory. Thus, these solutions are applicable

over a very wide frequency range and they are not restricted by the concept

of a surface impedance which is independent of excitation. At low frequencies,
highly conducting earth may be conveniently characterized by a surface impedance,
however, it is less justified to represent the lower ionosphere by a sharp boundary
characterized by a surface impedance independent of excitatiom.

II. 1-3 THE SINGULARITY EXPANSION METHOD APPLIED TO A THIN PERFECTLY
CONDUCTING DISK. B. D. Graves, T. T. Crow, and C. D. Taylor,
Mississippi State University

The Singularity Expansion Method is used to determine the time histories of the
currents induced on a thin perfectly conducting disk excited by an arbitrary
incident plane wave. The appropriate integro-differential equation is written
for the complex frequency, s, and cast into matrix form by standard method of
moments techniques. The natural frequencies, mode and coupling vectors, and
the time response of the disk are obtained in a straightforward application of
the Singularity Expansion Method.

II. 1-4 ON INTERPRETATION AND APPLICATION OF BALK UNIFORM THEORY OF
ELECTROMAGNETIC EDGE DIFFRACTION. S. W. Lee, Electromagnetic
Laboratory, Department of Electrical Engineering, Unlver51ty
of Illinois, Urbana, Illinois 61801

Since J. B. Keller introduced his geometrical theory of diffraction in 1957,

a major progress to high frequency electromagnetic edge diffraction has been

made in recent years through the development of uniform theory by P. Wolfe (1967),
and that by J. Boersma, R. M. Lewis, D. S. Ahluwalia, and P. H. M. Kersten (1967,
1968, 1969). The first purpose of this paper is to give an interpretation to
BALK's results for the vector fields. We will write the total field as E' = EG+ Ed.
Here Edls precisely the diffracted field in GTD (even though Keller himself found
only the first term); thus we have left it unmodified from the non~uniform theory.
g~ is a modified geometrical optics field, which contains Fresnel integrals and a
double series. When observation point is away from the edge and the shadow boun-
daries, [~ reduces asymptotocally to the conventional geometrical optics field 8.
Otherwise pC becomes infinite in such a way that the singularities in §d are
cancelled, and 3t g~ is continuous and finite everywhere. The second purpose of this
paper is to present a solution of a problem that was obtained by a combination of
BALK's theory and the method of modified diffraction coefficient (S. W. Lee;

1970, 1972). The problem is to compute the radiation field from a line source

in the presence of two staggered parallel-plates when the source, the observation
point, and two edges are on a straight line. Our solution is believed to be new.
For the special case when the plates are not staggered and the line source is
replaced by an incident plane wave, we recover the exact far field solution
obtainable by the Wiener - Hopf technique. When the interaction terms are neglected,
our result checks with those of G. A. Deschamps, and D. S. Jones (1970).

I e 1 T
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We also compare Balk's theory with Kouyoumjian's theory, and find that
these two theories do not agree.

II. 1-5 THEORETICAL AND EXPERIMENTAL SUNRISE MODE CONVERSION RESULTS
AT VLF. R. A. Pappert and D. G. Morfitt, Naval Electronics
Laboratory Center, San Diego, California 92152

Previously [l] a mode conversion program for VLF was presented which made
allowance for both the vertical inhomogeneity and anisotropy of the ionosphere.
Horizontal inhomogeneity was modelled by a slab approximation. The required
height gain functions were determined by full wave solutions and their associated
integrals evaluated numerically. The purpose of the present paper is twofold:

(1) To compare results of that program at several frequencies in the
VLF band with experimental sunrise results obtained with a horizontal multi-
frequency oblique sounder system located on the island of Hawaii [2]. 1In
particular, comparisons are made with vertical field measurements in southern
California.

(2) To simultaneously compare results of a modified mode conversion model
with those of the original. In the modified model, height gain functions are
discarded above some height h in the guide and are approximated below height h
by Airy functions. Merits of the modified version are that a full wave program
for height gains is not required and that the associated integrals may be per-
formed analytically. An obvious disadvantage is the free parameter h. The modi-
fied mode conversion model can be implemented with about the same ease as a WKB
program.

1. R. A, Pappert and F. P. Snyder (1972 Radio Science, New Series, Vol 7,
page 913).
2. D. A. Wulfing and V. E. Hildebrand (1967 Naval Ordnance Laboratory Report 722).

II.. 1-6 ATTENUATION FORMULA FOR THE CRITICAL RAY. Thomas A. Croft,
Belinda Lipa, Center for Radar Astronomy, Stanford University
Stanford, California 94305

When a medium has circular symmetry, it may happen that the refractive index u
decreases with radius r at a rate sufficient to induce “"critical ray" curvature
that precisely matches the medium's curvature. Critical rays are often of in-
trinsic interest as, for example, the ray that can circumnavigate the atmosphere
of Venus at about 33 km altitude, or ionospheric rays in Earth's E and F layers
that travel at constant height.

Even assuming perfect symmetry, it is difficult to derive an expression for the
refractive defocussing of a critical ray. Digital computer ray-tracing methods are
limited by roundoff error, and furthermore, they would not give the refractive loss
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as a function of the parameters of the medium. We have solved the equation
of the eikonal for the critical ray and obtained a simple result: the loss

2
due to defocussing in the vertical plane is 4-343 é—%-— 2%. dB/unit length.

or r
The loss in the lateral horizontal plane can be obtained by flux tube reasoning,
since rays stay in great circles indefinitely in a symmetric medium. Some appli-
cations of this result to Venus and Earth will be described, and derived quanti-
tative conclusions will be presented.

L I T
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N j TURBULENCE

R4
J. W. Strohbehn, Chairman

II. 2-1 FREQUENCY SPECTRA OF MULTIFREQUENCY WAVES IN LOCALIZED
SMOOTHLY VARYING TURBULENCE. R. Woo, Jet Propulsion
Laboratory, Pasadena, California, and A. Ishimaru,
University of Washington, Seattle, Washington

The recently launched Mariner 10 spacecraft will fly by the planets Venus and
Mercury. A coherent dual frequency downlink operating at 2.3 and 8.4 GHz is
provided and will be employed' to sense and study the planetary atmospheric
turbulence during occultation of the spacecraft.

In this paper, we present the general formulation for the frequency spectra

of the fluctuations of plane and spherical waves operating at two frequencies
and propagating in localized smoothly varying turbulence. The formulation,
based on weak turbulence and frozen-in assumptions, is applied to radio occul-
tation of a fly-by spaceprobe by a planetary atmosphere. The planetary atmos-—
pheric turbulence is assumed to exist as a layer, while the localized turbulence
is assumed to be described by the Kolmogorov spectrum. Closed-form solutions
for the cross spectra and the coherence are obtained for the amplitude at two
frequencies, phase at two frequencies, and the amplitude at one frequency with
the phase at another. Typical results are shown to illustrate their dependence
on the characteristies and extent of the turbulence.

II. 2-2 ) FREQUENCY SPECTRUM OF A WAVE PROPAGATING THROUGH THE TURBULENT
ATMOSPHERE. R. L. Fante, Air Force Cambridge Research
Laboratories (AFSC),L. G. Hanscom Field, Bedford, Massachusetts

Using transport methods we have studied the effect of turbulent winds on the
frequency spectrum of a wave propagating through the atmosphere. We first
considered the case of a plane wave propagating through a medium with a constant
wind, V, and found that for large propagation paths, z, the spectrum broadens
with distance as 4 VkOG/S(C 2)3/5 z3/5, where k 1is the signal wavenumber and
n []
an ig the strength of the turbulence. (For short paths, the spectrum behaves
as w” for large w, since the intensity spectrum is then proportional to the
sum of the log-amplitude spectrum and the phase fluctuation spectrum.)

We next considered the case when the wind is not constant but varies along the
path. The results for this case are compared with those when the wind is constant.

Finally, we studied the case of a finite beam, rather than a plane wave. Under
certain conditions, which we have derived, the spectrum for a beam differs

from that for a plane wave. Detailed numerical results will be presented showing
the effect of beam area and focal length on the frequency spectrum.




COMMISSION IT

0830 Tuesday, June 11 Mechanical Engineering Bldg.
Rm 213
II. 2-3 TEMPORAL FREQUENCY SPECTRUM OF MULTIFREQUENCY BEAM WAVES

IN THE TURBULENT ATMOSPHERE. F. Kavala and M. A. Plonus,
Northwestern University

This work is an extension of the previous studies [1,2], on the temporal fre-
quency spectra of the plane and spherical waves, to multifrequency beam waves
which are assumed to have a common axis. The development of beam wave analysis
is general and incorporates the plane and spherical waves as limiting cases.
Temporal frequency spectrum of the log-amplitude and phase fluctuations, cross
spectra and coherence for log-amplitude and phase at two frequencies, relation-
ship between beam wave spectrum and plane wave spectrum are given under the
assumption of Taylor's hypothesis. The results are studied in detail for
Kolmogorov's spectrum in the inertial subrange and by assuming a uniform wind
velocity. As w > O the amplitude spectrum approaches a constant value depending
on the frequency and parameters of the beam wave whereas the phase spectrum
increases as w™8/3 and thus, it is not finite as w = 0. As w > ®, the amplitude
and phase spectrum become identical and decrease as w13, as w - 0, the
amplitude coherence function reaches a constant value depending oun the ratio

of the two frequencies, whereas the phase coherence function approaches unity.
As w » «©, both coherence functions tends to zero. In general, the asymptotic
forms of the spectrum and coherence functions for beam waves behave in a similar
way to those of plane waves, except for coefficients which depend on the fre-
quency and the beam wave parameters in a complicated manner.

1. V. I. Tatarski, The Effects of the Turbulent Atmosphere on Wave Propagation,
National Science Foundation, Washington, D. C., 1971.

2. A. Ishimaru, "Temporal Frequency Spectra of Multifrequency Waves in the
Turbulent Atmosphere,” IEEE Trans. Antennas and Propagation, Vol. AP-20,
pp. 10-19, January 1972. :

II. 2-4 HIGHER MOMENTS OF THE INCOHERENT FIELD IN ATMOSPHERIC
SCATTERING. C. I. Beard, Naval Research Laboratory,
Washington, D. C.

Some preliminary results are given of the higher moments of the phase quadrature
components of the incoherent field measured in atmospheric scattering. In 1968~
1969, the phase quadrature components of the 10.4-GHz received signal were mea-

sured over a 3.57-km line-of-sight path to a 952-meter high ridge.* As reported
previously, the quadrature components of the incoherent field could be approxi-

mately described by a bi-variate normal distribution with unequal variances

and with correlation in general.

Further analysis has shown the skewness and kurtosis of the inphase component
of the incoherent field. Plots are shown of the behavior of the 3rd and 4th
moments with rotation of the quadrature axes from the coherent field phase.

* Work done when author was in Boeing Scientific Research Labs.,
Seattle, Washington

~
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These plots are compared to Twersky's theoretical calculations and laboratory

measurements for spherical scatterers. The distortion of these curves varies

with wind speed, and may indicate a semsitivity to the shape of atmospheric

turbulence eddies.

I1. 2-5 4 A COMPARISON OF THE TURBULENT FLUCTUATIONS IN CLEAR AIR
CONVECTION MEASURED SIMULTANEOUSLY BY AIRCRAFT AND DOPPLER
RADAR. Freda L. Robison and Thomas G. Konrad, Applied Physics
Laboratory, Johns Hopkins University, Silver Spring, Maryland

A comparison between the fluctuations in the horizontal component of velocity
measured simultaneously by Doppler radar and aircraft has been made in clear

air convective conditions. This experiment is the first in which such a
comparison was attempted where the radar return was from fine-scale refrac-
tivity fluctuations due to turbulent mixing and not from precipitation particles
or artificial scatterers. Good agreement was found between the velocity spectra
obtained from Doppler measurements of the variations in the mean wind field

and the spectra of velocity fluctuations measured by a hot-wire anemometer.
Although the velocity spectrum from Doppler radar measurements is limited to
those scales larger than the dimensions of the pulse volume, the comparison
with the hot-wire data shows that the spectrum of wind variations for scales
smaller than the pulse volume may be confidently estimated by extrapolating

the velocity spectrum along a -5/3 slope. This result is further supported

by the good agreement found between the predicted level of the velocity spectrum
based on the variance of the individual Doppler spectra and the measured
velocity spectra from the mean Doppler fluctuations and hot-wire anemometer
data.

I1I. 2-6 A SPATIAL FILTERING TECHNIQUE FOR REDUCING SCINTILLATION
NOISE IN OPTICAL RECEIVERS. C. S. Gardner, Department of
Electrical Engineering, University of Illinois, Urbana,
I1linois 61801

The problem of reducing the received fluctuations of an optical beam wave

that has propagated through a turbulent atmosphere is considered. It is
assumed that the processing of the received energy can be modeled as a linear
spatial operation on the E field in the receiver aperture. A perturbation
technique is applied to the result of the linear operation (rather than to

the E field) to obtain an expression for the turbulence induced fluctuations.
The log-amplitude variance is then calculated using the zeroth-and first-order
perturbation terms.

The special case of a linear operator (L) of the form

LE = ‘J drE(D)W(x) (&
pe

rture
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where W(r) is a complex receiving aperture weighting function and E(r) is the
complex field in the aperture is examined in detail. This operator can be
easily implemented using optical spatial filtering techniques. It is shown
that the log-amplitude variance can be reduced to zero provided the aperture
weighting function, W(x), is appropriately chosen. The properties of the
optimum W(x)for a gaussian transmitting aperture distribution are examined
with particular attention given to the effects on the log~amplitude variance
due to slight perturbations of W(r) about the optimum value. The results
indicate that this type receiver may present an effective methed for reducing
scintillation noise in optical communication systems.

T 1
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REMOTE SENSING OF THE CLEAR ATMOSPHERE
J. Richter, Chairman

II. 3-1 CONVECTIVE PROCESSES OBSERVED SIMULTANEOUSLY BY RADAR,
SODAR, AND INSTRUMENTED AIRCRAFT, D. R. Jensen, J. H.
Richter, and V. R. Noonkester, Propagation Technology
Division, Naval Electronics Laboratory Center, San Diego,
California 92152. 'T. G. Konrad, A. Arnold, and J. R.
Rowland, Applied Physics Laboratory, Johns Hopkins
University, Silver Spring, Maryland 20910.

Convective processes in the atmospheric boundary layer have been studied with
various direct and remote sensing techniques. Separate investigations of
convective activity have used high-power pulsed radars which provided wide
region horizontal and vertical scans, FM-CW radars which provided ultra-high
range resolution observations, acoustic sounders (sodar) which provided
temperature structure observations compared to moisture structure sensed by
microwave radars, and instrumented aircraft which provided direct measurements.
Because these sensors have different characteristics and have made independent
measurements at different locations, a consistent picture of convection could
not be formulated. To resolve these apparent discrepancies a unique experiment
was conducted during October 1973." An FM-CW radar and sodar were placed in the
vicinity of Wallops Island so that the same volume of a convective region could
be simultaneously observed by these two vertical sounders and high-power pulsed
radar at Wallops Island. Directly sensed measurements included an instrumented
aircraft, rawinsondes, pilot balloons, and surface observations. The purpose
of this experiment and the experimental procedure is described in this paper.

A companion paper will describe some preliminary results.

I1. 3-2 THREE REMOTE SOUNDERS LOOK AT CLEAR AIR CONVECTION. A. Arnold,
J. R. Rowland, and T. G. Konrad, Applied Physics Laboratory,
Johns Hopkins University, Silver Spring, Maryland; and J. H.
Richter, V. R, Noonkester, and D. R. Jensen, Naval Electronics
Laboratory Center, San Diego, California.

An experiment was conducted to observe, simultaneously, the same region of the
lower atmosphere using three sounder systems, a high power pulse radar, an
FM-CW radar and an acoustic sounder. Particular attention was directed to
the condition when clear air convection dominated the lowest one or two kilo-
meters of the atmosphere. In the past there has been a discrepancy in the
description of the convective elements as seen by each sounder individually.
The experiment showed that the discrepancy was largely due either to the
separate characteristics of the sounders or the ability of one sounder to
better observe certain aspects of convection. With this recognition, the
upper part of the convective field looked similar to the three sounders.

The FM-CW radar and to a lesser extent the acoustic sounder see fine detail;
this is largely smoothed out by the pulse radar but the heights and the
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horizontal dimensions of convective domes are similar when measured with
all three sounders. The lower parts of the convective field are seen
differently and further resolution of the discrepancy is needed. The
return seen by the acoustic sounder is strongest at low altitudes, while
the FM-CW radar generally does not see a strong echo. The pulse radar
only rarely detects a return at the low altitudes beneath the convective
domes.

II. 3-3 SOUNDING THE ATMOSPHERE BY MEANS OF A PURE ACOUSTIC SOUNDER.
H. Dean Parry and Melvin J. Sanders, Jr., NOAA, National
Weather Service, Equipment Development Laboratory

Information about the temperature and humidity of the lower atmosphere as a
function of height can now be obtained by remote sensing techniques. The
pure acoustic sounding system transmits a sound pulse upward and then listens
to echoes sent back by the atmosphere to derive information about its tem-—
perature structure. A somewhat analogous technique which employs an FM-CW
electromagnetic radar obtains information about the humidity structure.

These new remote sensing techniques which were recently used side by side
at a location near Wallops Island make it possible to continuously observe
both temperature and humidity characteristics of the lower atmosphere. Not
only is the remotely sensed information much less expensive to obtain than
is information obtained by the conventional radiosonde but the ability of
remote sensing systems to continuously monitor the atmosphere makes it
possible to establish a real time relationship between changes in EM pro-
pagation and the short term variations in the structure of the atmosphere.

Temperature inversions and convections in the atmosphere are detected by the
acoustic sounder and the heights of their occurrence are measured. The
sounder can follow large scale as well as short term motions of inversion
surfaces. The small scale motions are usually undulatory in nature.

II. 3-4 REMOTE SENSING OF WINDS WITH PASSIVE OPTICAL SOURCES.
S. F. Clifford and G. R. Ochs, National Oceanic and Atmospheric
Administration Environmental Research Laboratories, Boulder,
Colorado 80302 and Ting-i Wang, Cooperative Institute for
Research in Environmental Sciences*, University of Colorado,
Boulder, Colorado 80302

(Remote sensing of atmosphere and sea using Doppler)

The theory of optical propagation through the turbulent atmosphere shows that
irregularities of refractive-index, drifting through the line-of-sight from

the source to receiver, produce measurable fluctuations in the beam intensity.
This property has been exploited earlier to monitor the path-averaging transverse

* University of Colorado/National Oceanic and Atmospheric Administration
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wind speed along a laser~illuminated path. We report on a new technique that
requires no active light source, such as a laser or headlight, but only the
naturally-occurring ambient illumination of a scene, e.g., a mountainside,
clouds, etc.  Preliminary theoretical and experimental results indicate the
feasibility of continuously measuring the average wind between target and
receiver while maintaining a fixed weighting function. The semsitivity of
the results to the changing spectrum of the scene and an adaptive technique
for controlling the path-weighting will be discussed. )

II. 3-5 WIND AND C% SENSING WITH BOTH RESOLVABLE AND UNRESOLVABLE
SETS OF OPTICAL SOURCES. Ting-i Wang, Cooperative Institute
for Research in Environmental Sciences*, University of
Colorado, Boulder, Colorado 80302 and S. F. Clifford and G. R.
Ochs, National Oceanic and Atmospheric Administrationm,
Environmental Research Laboratories, Boulder, Colorado 80302

(Remote sensing of atmosphere and sea using Doppler)

We describe a modification of the optical scintillation technique**, using
multiple sources, to measure the transverse wind velocities and strength of
refractive turbulence C; at several positions along the optical path. The
width and the location of a path-weighting function can be adjusted simply by
changing the separations between the transmitters and between receivers. The
resulting weighting functions are insensitive to changes in the spectrum of
refractive-index turbulence. However, this technique is mainly limited by
signal-to-noise considerations. We discuss the use of both resolvable and
unresolvable sources for both the spherical and plane wave cases. This
technique is not only useful for providing wind and refractive turbulence
profiles along horizontal or slant paths but also provides a reasonable model
for testing our ability to use double stars for measuring the turbulence
profiles aloft. Experimental measurements of the horizontal path-weighting
functions agree with the theoretical predictions.

*  Lawrence, R. S.; G. R. Ochs, and S. F. Clifford (1972), "The use of
scintillations to measure average wind across a light beam," Appl.
opt., 11, No. 2.

*% TUniversity of Colorado/National Oceanic and Atmospheric Administration.
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SEA AND LAND SCATTER
D. E. Barrick, Chairman

II. 4-1 ON THE IMAGING OF SEA WAVE WITH COHERENT MICROWAVE
RADAR. David L. Drake and John W. Wright, Naval
Research Laboratory, Washington, D.C.

An idealized, coherent radar traveling at a speed, V maps a scatterer at a
range, R and position X (X parallel to the direction of travel and measured
from the axis of radar look) into an imaged position

X' = X + U/ /R)

where U(X) is the component of scatterer velocity along the line of sight.
Since the number of scatterers p(X), say, is conserved in this transformation:

dx p Xy
pX')y =pX) d_x' = ~1dv
1+ (V/R) x
Image patterns will thus be formed if either p(X) or U(X) varies significantly
with X. The former case is analogous to ordinary incoherent optical imaging
but the latter is uniquely coherent imaging.

In a two scale model incoherent imaging of sea waves results from tilting

of Bragg scatterers by the large wave and by modulation of the Bragg wave
amplitude through straining by the large wave. The tilting and straining
effects have a similar dependence on large wave slope but the latter has a
much different windspeed and Bragg wavenumber dependence. Since, in the two
scale case, U(X) is derived from the orbital velocity of the large wave it

is quasi-periodic and can also produce a wave-like image by coherent imaging.
We have recently examined a number of examples of coherent imagery of the
sea for evidence of the above outlined mechanisms and find that we are able
to isolate the characteristics of both coherent and incoherent type imagery.

IT. 4-2 HIGH RESOLUTION DOPPLER SPECTRA FROM SHORT GRAVITY-
CAPILLARY WIND WAVES. T. R. Larson, Naval Research
Laboratory, Washington, D.C.

Microwave CW Doppler backscatter spectra from wind waves have been measured
in a controlled laboratory environment at &4.283, 9.375, and 23.9 GHz. Inde-
pendent variables and their ranges were: windspeed, 0 to 15 m/s; fetch,

1 to 10 m; and Bragg water wavelength, 7 to 0.7 cm. The use of parabolic

*Commission II, Session 4, joint with Commission VI, Session 12.
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antennas focused in the near field, and digital signal processing and aver-
aging techniques has yielded considerable improvement in Doppler frequency
resolution over that previously achieved [1].

The observed spectra contain considerable fine structure at intermediate and
higher winds. At the intermediate winds, this is largely explainable on the
basis of second order scattering and hydrodynamic effects [2]. The second
order splitting is found to be given by

Af [1——5—]

where Cg(kB) is the group speed of the first order Bragg wave and fg and Cq
are the frequency and phase speed of the dominant wave. At higher winds a
transition to two scale scattering is clearly discernible in the measured
spectra. Crest speeds and optical slope spectra measurements were made to
allow comparison of the measured spectra with a two scale model.

1. Wright, J. W. and Keller, W. C., Physics of Fluids 14(3), 466-474, 1971.
2. Valenzuela, G.R., USNC/URSI Meeting, August 21-24, 1973,

II. 4-3 TRANSIENT RESPONSE OF A CORRUGATED SURFACE. David M.
Le Vine, Goddard Space Flight Center, Greenbelt, Md.

A calculation is presented for the signal scattered by a corrugated surface
due to a point source above the surface which transmits a short pulse of high
frequency radiation. The analysis is restricted to two dimensions and to
perfectly conducting, sinusoidal surface, although the approach lends itself
to generalization. The analysis is based on the physical optics approximation.

This problem is pertinent, although in a much simplified context, to problems
of radar sensing of undulating surfaces, such as a swell dominated sea. 1In

particular, this analysis leads to a definition of the criteria applicable to
the use of a short pulse radar to sense the dominate wave structure of a sea.

I1. 4-4 RADAR OBSERVATION OF OCEAN WAVE SLOPE SPECTRA. Jerome
Eckerman, NASA, Goddard Space Flight Center, and Donald
L. Hammond, Naval Research Laboratories

Sensors for remote sensing of ocean wave directional spectra are needed for
global wave forecasting application. Backscatter from off-nadir, short pulse,
radar-illuminated ocean waves gives the wave impulse response. Wave slope
and wave length can be determined from the applitude time radar signature.
Analysis of some preliminary wave spectral data taken with a 10 nanosecond
aircraft mounted radar will be compared with wave spectra derived from laser
prolifometer measurements.
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II. 4-5 RADAR SEA CLUTTER AT 9.5, 16.5, 35, and 95 GHz.
F. B. Dyer, M. J. Gary, and G. W, Ewell, Engineering
Experiment Station, Georgia Institute of Technology,
Atlanta, Georgia 30332

This paper outlines results of investigations of the nature of radar back-
scatter from the sea at millimeter wavelengths. Included are measurements
which span the frequency range 9.4-95 GHz and both horizontal and vertical
polarizations; however, the measurements were confined to grazing angles below
one degree. A variety of sea conditions were observed. All of the measurement
radars were carefully configured to permit accurate measurement of the pulse-
to-pulse fluctuations of the radar sea clutter return. In order to reduce
variability of results due to changes in environmental conditions, the multi-
frequency data were taken simultaneously, and data for the various polarizations
were separated by only a few seconds.

Carefully calibrated measurements at 9.5, 16.5 and 35 GHz indicated that the
radar cross-section per unit area was generally larger at 16.5 GHz than at

9.5 or 35 GHz, and that the 16.5 GHz return was more sensitive to local en-
vironmental conditions. The average return for horizontal polarization was
generally less than for vertical at these frequencies. Distributions were
approximately log-normal with horizontal having the larger standard deviation.

There were two surprising features of the set of 9.4 and 95 GHz data. The
first was reversal of polarization dependence, i.e. vertical having a smaller
return than horizontal. The second was that the average radar cross-section
per unit area for sea clutter was not significantly higher at 95 than at

9.4 GHz, and for higher sea states, some decrease at 95 GHz was evident.

II. 4-6 SOME COMMENTS ON THE CHARACTERIZATION OF RADAR SEA
CLUTTER. F. B. Dyer and N. C. Currie, Engineering
Experiment Station, Georgia Institute of Technology,
Atlanta, Georgia 30332

Among the more serious and persistent problems encountered in the use of radar
in a maritime environment is the masking and/or confusion which results from
the presence of sea return. The frustrating nature of sea return, or clutter,
has been demonstrated to radar designers time and time again as efforts to
develop truly effective automatic detection devices have been less than satis-
factory. The key to these devices is the development of clutter processing
techniques which provide adequately low false-alarm outputs, while still pre-
serving the return from targets of interest. A fundamental requirement for
such developments is that of definitive data on the characteristics of clutter
under the wide range of environmental conditions which are possible, and for
the span of values potentially available for the various parameters of a radar
system.

15
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This paper addresses several important concepts which have perhaps not re-
ceived adequate attention in the general literature. Specifically, these

are: (1) the wide dynamic range of the return power from a limited area of

the sea, (2) the spatially nonhomogeneous nature of sea return, (3) the

effects of atmospheric propagation conditions on sea return, and (4) the
distortion of information by the measuring equipment. Of special significance
here is the case against the use of a single parameter, such as the cross-
section per unit area, 0 , as an estimator for determining detection capa-
bility of a radar, particularly if .it is based on "averaged" data or "standard"
conditions.

II. 4-7 THE GENERALIZED IOMMELL-SEELIGER CROSS SECTION OF
A FOLIAGE ENVIRONMENT. C. Donn, Intelcom Rad Tech,
Box 80817, San Diego, California 92138, and W. H.
Peake, The Ohio State University, Columbus, Ohio
43210

In the upper microwave frequency range, the size of leaves is often larger
than the operating wavelength. Hence, the scattering from foliage can be
studied by approximating the individual leaf as a plane sheet of uniform
thickness, random orientation, and arbitrary shape with the same electrical
parameters as the leaf itself. The scattering cross section of a foliage en-
vironment (i.e., a volume distribution of randomly distributed leaves) can be
found from the generalized Lomell-Seeliger bistatic cross section (GLSBS cross
section) of the above leaf model. The GLSBS cross section is given here in
an integral representation which takes into account the various polarization
states of incident and scattered fields, the scattering geometry, the proba-
bility distribution of the leaf orientation, and the effect of both singly
and doubly scattered radiation. As a part of the formulation, a convenient
expression for the "optical depth" (or penetration depth) of the leaf medium
is obtained. Numerical results, based on typical leaf parameters are obtained
for the back scattering cross section, and show fairly good agreement with
measured cross sections of green and desiccated soybeans at frequencies of

2 GHz, 10 GHz and 35 GHz. :
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RADAR AND COMMUNICATIONS SYSTEMS: - THEIR
ENVIRONMENT AND SIGNAL PROCESSING TECHNIQUES

E. Brookner, Chairman

II. 5-1 THE INFLUENCE OF THE EVAPORATION DUCT ON RADAR COVERAGE.
J. H. Richter & H. V. Hitney, Propagation Technology
Division, Naval Electronics Laboratory Center, San Diego,
California 92152

Ducting phenomena close to the ocean's surface significantly influence
radar coverage conditions. The oceanic evaporation duct which is found
nearly all the time over all oceanic areas is of particular importance

for over-the-horizon surface to surface radar coverage. An extensive
analytical and experimental program has been conducted by the Naval Elec-
tronics Laboratory Center with the goal to assess the effect of evaporation
ducting from simple in-situ meteorological measurements and to estimate its
significance over any oceanic area from long term meteorological statistics.
A computer program has been developed which permits calculation of radio
propagation in a leaky wave guide. Extensive meteorological and radio
propagation measurements in various oceanographic areas were conducted

and checked against the computer calculations., Simple meteorological
measurements were found to be quite sufficient to describe ducting condi-
tions. Horizontal homogeneity of the duct was found to be good for the
propagation paths used in this investigation. Ducting effects deduced
from long term meteorological averages cofmpared well with the actual
measurements, permitting estimates of ducting conditions to be made for any
oceanic area for which such statistical meteorological data are available.

II. 5-2 A COMPARISON OF RADAR ANGLE ERROR CORRECTION TECHNIQUES.
D. C. Thorn, W. R. Cramond, J. E. Leeman, Univ. of Akron

A series of radar observations taken at White Sands Missile Range between
3 August 1959 and 17 April 1961 are used with meteorological data taken

in the vicinity of the ray path to provide a basis for studying three
techniques for correcting atmospherically produced errors. The three
methods compared are the so-called Fannin-Jehn [1], Rainey-Thorn.[2], and
Bean-Cahoon [3] methods. The radar observations used are quite special in
that the target was a beacon geometrically fixed on a mountain. In this
paper, based in large part on two internal reports [4,5], we will compare
the methods above with one another as well as comparing the geometry indi-
cated by radar observations as corrected by these methods to the actual
geometry., .Particular attention is given to the limitations imposed on the
methods by availability of appropriate (in terms of type, place, and time)
meteorological data.

* Commission II, Session 5 joint with Commission VI, Session 7
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On the basis of these observations and application of the correction methods
it is concluded that the Fannin-Jehn and Rainey-Thorn methods, while differ-
ing in many ways, are quite comparable in their end results and are primarily
limited only by the quality of available meteorological data. It is further
concluded that, while the Bean-Cahoon method is certainly easier to use, it

is competitive in accuracy only when limited meteorological data is available.

Azimuth variations recorded on the same test site are reported to justify
interest in correction methods which will handle such situations.

Additional experimental designs are proposed to further this work.

1. Anderson, W. L, and R. J. Rainey, "Comparison of Experimental with
Computed Tropospheric Refraction', IRE Transactions on Antennas and
Propagation, Vol. AP-8, No. 5, September 1960.

2. Rainey, R. J. and D. C. Thorn, "A Refraction Correction Technique
which Includes Non-Symmetric Index of Refraction", IEEE Transactions on
Antennas and Propagation, Vol. AP-11 , No. 4, July 1963.

3. Bean, B. R. and B. A. Cahoon, "The Use of Surface Weather Observations
to Predict the Total Atmospheric Bending of Radio Waves at Small
Elevation Angles', IRE Proceedings, Vol. 45, No. 11, November 1957.

4. Crammond, Wallis R., James E. Leeman, and Donald C. Thorn, Radar
Elevation Angle Errors and Refraction Corrections, Technical Report
EE-79, University of New Mexico, September 1963 (Also available from
DDC under AD 287 231).

5. Thorn, Donald C., Ralph J. Rainey, Jr., and Wallis R. Crammond,
Horizontal Angular Error Statistics: Preliminary Report, Technical
Report EE-41, University of New Mexico, February 1961 (Also available
from DDC under AD 287 229).

Ir. 5-3 COMMENTS ON PAPER BY THORN, ET AL. Gordon D. Thayer,
NOAA Environmental Research Laboratories

The data on vertical (elevation) angle radar refraction errors presented

by Thorn, et al, are in good agreement with the theoretical values given

in NBS Tech. Note 44 (Bean, Cahoon, & Thayer, 1960), when adjusted for the
altitude of the experiment site. The standard deviation of the azimuthal
(horizontal) angle errors is, however, only about one half as large as the
expected residual standard deviation of the elevation angle errors after
correcting for the expected systematic vertical refractive index gradients,
indicating a fairly stromg isotropy in the smaller-scale atmospheric refrac-
tive index fluctuations. The mean refractive index gradients for the
experiment can be derived from the mean abgolute angle errors; the mean
vertical gradient thus derived is -27 Nkm ~ and the mean horizontal gradient
(averaged over the path) is + 2.5 Nkm -. The latter value is about an order
of magnitude greater than typical synoptic-scale gradients of pressure,

18




COMMISSION II

1330 Wednesday, 12 June Space Science Bldg.
Rm 1

temperature, humidity would produce, implying that mesoscale temperature
and humidity variations are probably responsible for most of the observed
azimuthal angle errors.

II. 5-4 IONOSPHERIC PULSE TIME DISPERSION DUE TO EARTH'S MAGNETIC
FIELD, Eli Brookner, Raytheon Company, Wayland,
Massachusetts 01778

Previous analyses giving the time dispersion due to the ionosphere on
signals having carrier frequencies greater than 100 MHz have neglected the
effect of earth's magnetic field [1 - 6]. It is shown that for a linearly
polarized signal, conditions can exist where the dispersive effects due to
the earth's magnetic field can be appreciable for frequencies up to L-band
(1 GHz), the dispersion contributed by the presence of the earth's magnetic
field equaling that in its absence. This occurs for the combination of
(1) severe ionospheric conditions, (2) a low propagation path elevation
angle, and (3) propagation essentially along the earth's magnetic field
through the whole ionosphere when the signal is an RF pulse having a
Gaussian envelope for which the width is such as to produce 107 broadening
in the absence of the earth's magnetic field. For this case a 28 ns wide
pulse (3 dB width) is spread 10% for 2.8 ns of dispersion when the earth's
magnetic field is neglected, whereas, the effect of the earth's magnetic
field itself is to introduce a 2.8 ns dispersion.

The region for failure of the approximation that the earth's magnetic field
can be neglected for a linearly polarized signal is specified in detail as
a function of ionospheric conditioms, path geometry, and allowable pulse
width broadening. The time dispersion due to the earth's magnetic field
becomes more important when one is concerned with small distortions of the
received signal (e.g., only 107 pulse width broadening) rather than large
distortions (e.g. 100% broadening). It also increases in significance with
increasing severity of the ionospheric conditions.

When using a receiver network for compensation of the pulse time dispersion
due to the ionosphere, it may be necessary to have a separate network
designed for compensation of the dispersion due to the earth's magnetic
field. If the time dispersion not due to the earth's magnetic field is
compensated for only, one can in many cases be left with a very large time
dispersion due to the earth's magnetic field. For example, assume a radar
situation for the above example with two-way propagation instead of one.
Also assume that the earth's magnetic field can be neglected (as it could be
if it were perpendicular to the signal direction of propagation). Without
compensation the minimum pulse width one could transmit before 10% pulse
width spreading arises is 40 ns (28 ns becomes .2 28 = 40 ns for twe-way
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propagation). Using standard techniques one can compensate for the disper-
sion in the absence of the earth's magnetic field so as to able to transmit
a 200 MHz wide (3 dB points) pulse having a 6.5 ns 3 dB width with only
10% broadening. Thus the residual dispersion is 0.65 ns. However, if the
earth's magnetic field is directed essentially along the direction of
propagation it will give rise to a dispersion of 5.6 ns, 8.6 times larger
than the 0.65 ns residual dispersion (and twice as much earth-magnetic-
field dispersion as for the one-way propagation example given above).

A potential technique for compensation of the dispersion due to the earth's
magnetic field is presented.

For a circularly polarized signal the earth's magnetic field changes the
ionospheric dispersion by only a few percent for the worst case assumptions
of a carrier frequency of 100 MHz and propagation along the earth's magnetic

field. Hence, except for some instances where compensation for the ionospheric

pulse time dispersion is used, the dispersion due to the ionosphere can be
neglected for carrier frequencies above 100 MHz when circularly polarized
signals are propagated.

1. R. B. Dyce, "Effects of the ILonosphere on Radio Waves at Frequencies
Above 50 MHz'", SRI Project 2802, December 1959.

2. A. M. Peterson, 'Upper Atmosphere Clutter Research" Part XIII Effects
of the Atmosphere on Radar Resolution and Accuracy'", RADC-TR-60-44,
SRI Project 2225, April 1960.

3. E. Brookner, "Effect of Ionosphere on Radar Waveforms', J. Franklin
Institute, Vol. 280, pp. 1-22, July 1965.

4, G. H. Millman, "Atmospheric Effect on Radio Wave Propagation’, in
Modern Radar Analysis, Evaluation and System Design, R. S. Berkowitz,
ed, John Wiley, 1965.

5. E. Brookner, "Ionospheric Dispersion of Electromagnetic Pulses',
IEEE Transactions on Antenmas and Propagation, Vol. AP-21, No. 3,
May 1973, pp. 402-405.

6. E. Brookner, "Effects of Ionosphere on Radar Waveforms', Lecture
No. 1 TEEE Boston Section Series on 'Modern Radar Technology",
October 1973, Lexington, Mass.

7. E. Brookner, "Optimum Clutter Rejection', IEEE Transactions on
Information Theory", Vol. IT-11, pp 597-599, October 1965.
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II. 5-5 TIME DIVERSITY CODING FOR COMMUNICATION OVER UHF

CHANNELS WITH IONOSPHERIC SCINTILIATION. Edward A.
Bucher, MIT Lincoln Laboratory¥*, Lexingtom,
Massachusetts 02173

Diversity techniques combining signals transmitted over diverse coordinates
with independent fading often achieve reliable efficient communication with
fluctuating signal levels. Theoretical and experimental studies of UHF
ionospheric scintillation indicate that neither frequency diversity nor
polarization diversity is available for practical UHF satellite communica~
tions systems. Moreover, space diversity is available only to those
terminals with antenna separations of tens of kilometers. This leaves

time diversity coding as the only possible diversity technique for achieving
reliable efficient communication with power limited UHF satellites during
ionospheric scintillation. This paper discusses several techniques of
obtaining time diversity in data communications systems. Implementation
of time diversity requires that the receiver have an accurate channel
quality measurement. If communication back to the transmitter is possible,
time diversity can be obtained by dividing the message into segments
comparable to the "average' fade duration and retransmitting upon request
those segments obscured by fading. Without feedback, the faded segments
must be filled-in using algebraic coding techniques; particularly, direct
product codes and burst-trapping codes. Computer simulation of these time
diversity techniques against both simulated and measured UHF scintillation
are reported. Issues involved in implementing time diversity are also
discussed.

*This work was sponsored by the Department of the Navy.

II. 5-6 DIVERSITY SCHEMES FOR UHF IONOSPHERIC SCINTILLATION.*
R. K. Crane, Lincoln Laboratory, Massachusetts Institute
~ of Technology, Lexington, Massachusetts

Morphological studies of ionospheric scintillation at UHF have shown that
scintillation is a fact of life for communication systems operating through
either the equatorial ionosphere or the high latitude (auroral and polar)
ionosphere. To mitigate the deleterious effect of scintillation the use of
one or more possible diversity schemes are often proposed; frequency, space,
time and polarization. The effectiveness of each of these schemes was
studied using simultaneous UHF (400 MHz) and VHF (150 MHz) measurements
between the low orbiting Navy Navigation satellites and the Millstome Hill
Radar Facility[l].

* This work has been sponsored by the Dept. of the Navy.
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Simultaneous observations using orthogonal circular polarization channels

at UHF show that the fluctuations:in the received signal amplitude for each
channel were highly correlated and polarization diversity will not work.
This result was obtained both for weak and strong amplitude scintillations.
The correlation coefficient for simultaneous UHF and VHF amplitude measure-
ments ranged from 0.0 to 0.6 depending upon the elevation angle. At high
elevation angles, values near 0.6 were obtained indicating that frequency
diversity is of limited usefulness. ‘The data show that either time or

space diversity will be useful. The spatial diversity distance is the order
of the first Fresnel zone radius and, knowing the path geometry and effective
drift rate of the irregularities across the line of sight, the diversity
distance or time may be computed.

1. "The Millstone Hill Radar Propagation Study: - Scientific Results",
J. Evans, ed. Technical Report 509, Lincoln Laboratory, M.I.T.
(In press, 1973). ’

II. 5-7 COMPARISON OF MEASURED LORAN-C SIGNALS WITH PREDICTED
VALUES. J. D. Illgen, General Electric~TEMPO, Santa
Barabara, California, P. K. Carlston, D. E. Hamel, Computer
Sciences Corporation, Falls Church, Virginia

The results of an analysis which compares measured LORAN-C (100 KHz pulse-
type system) signal characteristics and calculated values (for the once
reflected wave) based upon measured election densities shown. Low fre-
quency data obtained from East Coast LORAN-C navigational chain was chosen
because of its favorable geographical location with respect to Wallops
Island, Virginia.

Direct rocket measurements of the electron density are utilized as an
input to the propagation program (subroutine ANIREF) which calculates
ionospheric reflection coefficients. The rocket measurement technique and
the selection of rocket data obtained are discussed. The reflective
properties are then used as inputs to another routine of the propagation
program (subroutine ANIHOP) which is used to calculate signal amplitude
and phase. The electron density profiles were measured over Wallops
Island, which is the midpoint region of the propagation paths of interest.
The path Nantucket-Jupiter is a nearly north-south path while Dana,
Indiana-Bermuda is an east-west one. The calculated values using the
propagation program are then compared to the measured LORAN-C signals.

The LORAN-C signals and direct rocket measurements of the electron
density were made simultaneously. The comparisons for both the normal
and disturbed environments show excellent agreement.
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II. 5-8 COMMUNICATION VIA THE SEA SURFACE. J. C. Hassab,

Naval Underwater Systems Center, Newport, Rhode
Island 02840

In many instances, the sea surface forms part of a communication link
(Hassab, URSI, p. 82, 1973). An analysis has been conducted on the disper-
sive characteristics of such a rough surface. The Kirchhoff approach is
used in the derivation of formulas for the corresponding transfer function.
The transfer function is then utilized to assess the relative effect on
the channel's capacity and fidelity, of such items as Gaussian and non-
Gaussian forms for the distributions of héights and their correlation
functions. The implications of the surface's structure to coherent
tracking of parameters contained in the specularly scattered signal will

be described and illustrated,.
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REMOTE SENSING OF PRECLPITATION
R. J. Doviak, Chairman

II. 6-1 VELOCITY SPECTRA OF VORTICES SCANNED WITH A PULSED
DOPPLER RADAR. Dusan S. Zrnic* and Richard J. Doviak,
National Severe Storms Laboratory, NOAA, Norman,
Oklahoma 73069

Doppler velocity spectra of a Rankine model vortex are computed assuming

a Gaussian antenna pattern, various vortex sizes, pulse volume depths,

and reflectivity profiles. Both very narrow and very broad antenna beam-
widths may produce bimodal spectra. In most instances, the theoretically
derived spectra exhibit a rapid power decrease for spectral components
which is in agreement with an experimental observation previously reported.

In spring 1973, NSSL's 10~cm, high resolution Doppler radar scanned the
vicinity of a large tornado that devastated Union City, Oklahoma. Digital
radar samples were recorded and Fourier analyzed to derive power spectra
for sample volumes spaced about the vortex location. These spectra are
compared with those theoretically derived to estimate the velocity field.

* A National Research Council-NOAA Research Associate.

II. 6-2 ATMOSPHERIC PROBING WITH A DUAL DOPPLER RADAR SYSTEM,
Richard G. Strauch, Wave Propagation Laboratory,
Environmental Research Laboratories, National QOceanic :
and Atmospheric Administration, Boulder, Colorado 80302 |

A 3-cm dual Doppler radar system capable of measuring two-dimensional parti-
cle velocity fields has been operational at the Wave Propagation Laboratory
for approximately two years and has been utilized in a variety of meteorologi-
cal experiments. Some of the long awaited promise of meteorological Doppler
radar has been realized with this equipment. Three-dimensional wind fields
can be derived from the measured two-dimensional fields using assumptions
about the fall speed of the particles and the continuity equation. The
present system has limited data processing capability and utilizes only a
small fraction of the total available data. A second generation radar with
a minicomputer as an integral part of the radar is now in operation. The
minicomputer controls the radar and the experimental procedure in addition
to processing data. This radar will be one station in a dual Doppler system
that will be able to measure and display particle velocity fields almost in
real-time. Wind fields in a convective storm and in a snow storm are

shown which demonstrate the future potential of the system for displaying
the evolving wind fields in severe storms and thus provide essential data
for numerical models of storm dynamics and weather modification processes.

24




COMMISSION II

1330 Wednesday, 12 June Space Science Bldg.
Rm 2

II. 6-3 ESTIMATION OF RAINDROP SPECTRA USING MULTIPLE
WAVELENGTH RADARS. J. Goldhirsh and I. Katz,
Applied Physics Laboratory, Johns Hopkins University,
Silver Spring, Maryland

An analysis is made of the feasibility of using multiple wavelength radar
systems to estimate raindrop size distributions. Pairs of radars at 1 and
3, and 1 and 10, and 3 and 10 cm are considered. The methods involve
measurements of rain reflectivities at two wavelengths and at two range
intervals separated by about 1 km. Assuming a general exponential form for
the drop size spectra, equations are developed relating the distribution
parameters to the measurements.

The sensitivities of the various systems to errors are elaborated upon in
terms of uncertainties in the parameters defining the drop spectra and
these are transferred into rain rate errors.

The basic limitations of the systems described are:

(1) Combined measurement errors with two radars of less than 1 dB
are required.

(2) A large number of independent measurements (of the order of 104)
are required to obtain estimates of attenuation coefficients with high
confidence levels.

(3) One must average raindrop distributions over range intervals
of about 1 km,

(4) The assumption of uniformity of reflectivity at range intervals
of about 1 km is implicit in the formulatiom. :

Considering the present state-of-the-art, we conclude that radar inaccuracies
as well as other constraints preclude the practical use of multiple wave-
length radar systems of the type described to estimate raindrop spectra.

II. 6-4 PRECIPITATION PARAMETERS DETERMINED BY MULTIPLE DOPPLER
RADARS AT VERTICAL INCIDENCE. Gene B. Walker, University
of Oklahoma, Norman, Oklahoma 73069 and Peter S. Ray,
National Severe Storms Laboratory, NOAA, Norman, Oklahoma 73069

A multiple vertically looking Doppler radar technique to estimate storm

parameters is presented., The ratio of the velocity power density spectra
from two radars of different frequency are uniquely related to the radar
scattering cross section ratios at a given temperature. This ratio curve
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is-used to estimate vertical drop velocities and therefore drop-size
distributions and vertical wind. Turbulence, which broadens the velocity
power spectra, may be estimated by deconvolution prior to computation of
drop-size distributions.

II, 6-5 SIMUIATION OF DUAL WAVELENGTH DOPPLER RADAR EXPERIMENT
TO MEASURE VERTICAL VELOCITY AND DROP-SIZE DISTRIBUTIONS.
Peter S. Ray, National Severe Storms Laboratory, NOAA,
Norman, Oklahoma 73069

Estimates of drop-size distributions aloft are sensitive to the errors in
the vertical wind estimate. To reduce estimate errors, the technique to
deduce vertical velocity from power spectra ratios obtained from two
vertically pointing radars at two different wavelengths is examined.

Using assumed distributions, ratios of spectra were computed from environ-
ments of water, ice, and water~coated ice and are presented for several
wavelength ratios. The effects of turbulence, errors in the estimate of
drop temperature, and fluctuations in the power spectral estimates are
derived for simulated weather spectra. Data processing techniques are
suggested and the required sampling time is indicated.

IT. 6-6 A NUMERICAL COMPARISON OF FIVE MEAN FREQUENCY ESTIMATORS.
Dale Sirmans and Bill Bumgarner, National Severe Storms
Laboratory, NOAA, Norman, Oklahoma 73069

The performance of five techniques for estimating the mean frequency of
pulse Doppler signal returns from precipitation is measured in terms of
estimate bias, accuracy, and noise immunity. All estimators have been
previously introduced in the literature and are presented without derivation.
Techniques examined are: (1) Fast Fourier Transform, (2) covariance argu-
ment approximation, (3) vector phase change, (4) scalar phase change, and

(5) time derivative form of covariance.

All estimators are applied to the same two data sets of uniformly time
spaced digital samples of a complex signal. Data sets are: (1) a computer
simulated signal having a pseudo-Gaussian spectral density with full
control exercised over all pertinent parameters such as mean frequency,
standard deviation, signal-to-noise ratio, and number of time samples;

and (2) real data in the form of precipitation return from a pulsed

Doppler radar.

The absolute and relative performance of each are noted, and numerical re-
sults are compared with theoretical calculations made by other investigators.
For mean frequency estimation of the signal types examined (narrow, symmetri-
cal spectral densities), the covariance technique is unbiased and superior
in terms of accuracy and noise immunity.
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POLARIZATION AND INTERFERENCE FROM
PRECIPITATION AND CLOUDS

D. C. Cox, Chairman

II. 7-1 FINE SCALE STRUCTURE OF PRECIPITATION AND EM
PROPAGATION: A REPORT ON IUCRM COLLOQUIM.
T. G. Konrad, Applied Physics Laboratory, Johns
Hopkins University, Silver Spring, Maryland

A Colloquim sponsored by the Inter-Union Commission on Radar Meteorology
(IUCRM) concerning "The Fine Scale Structure of Precipitation and EM
Propagation' was held in Nice, France during October, 1973, Following the
presentation of the papers in the scientific sessions, working groups were
formed which reviewed the state-of-the-art and prepared summary reports
with recommendations. This paper will review some of the highlights of the
reports of these groups.

II. 7-2 POLARIZATION EFFECTS IN MILLIMETER WAVE SPACE LINKS
THROUGH RAIN: A REVIEW OF PRESENT THEORY AND A
DISCUSSION OF THE VPI&SU ATS-F POLARIZATION EXPERIMENT.
Robert E. Marshall, C. W. Bostian, W. L. Stutzman,
P, H. Wiley, E. A. Manus, and W. W. Farley, Jr.,
Virginia Polytechnic Institute and State University
Blacksburg, Virginia

Millimeter wave rainfall depolarization may limit the effectiveness of
future satellite communication systems using orthogonal-polarization fre-
quency sharing. Although present understanding of rain-induced depolariza-
tion for ground links is such that reliable predictions can be made, there
is little quantitative information existing about depolarization on earth-
satellite millimeter wave paths.

The authors are preparing an experiment which will involve monitoring and
recording the cross-polarized and co-polarized signals on the ATS-F 20 GHz
downlink and relating them to weather data.

This paper will present the details of the VPI ATS-F depolarization experi-
ment and will explain some of the problems associated with gathering milli-

meter wave depolarization data. A review of existing ground link and
space link theory is included.

* Commission II, Session 7 joint with Commission VI, Session 9
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Ir. 7-3 THE EFFECTS OF MEASUREMENT ERRORS ON CALCULATING

RATN PRODUCED CROSS-POLARIZATION COUPLING FOR SIGNALS
OF A GIVEN POLARIZATION USING MEASUREMENTS ON SIGNALS
OF DIFFERENT POILARIZATIONS. D. C. Cox, Bell Telephone
Laboratories, Incorporated, Crawford Hill Laboratory,
Holmdel, New Jersey 07733

Measurements of rain produced depolarization for linearly polarized 20 and
30 GHz satellite signals oriented vertical (V) and horizomtal (H) and a few
degrees either side of V and H are required to determine both the proper
polarization orientation for future systems and the depolarization at

that orientation. The 20 and 30 GHz beacons on the AT&T communications
satellites will provide the capability for making these measurements.

Calculation of rain produced depolarization of one pair of orthogonally
polarized signals from measurements of depolarization and differential
attenuation and phase of a significantly different pair of orthogonally
polarized signals is shown to be quite sensitive to measurement errors.
Therefore, it is better to measure the propagation parameters for the
polarization orientation for which the parameters are desired. However,
useful depolarization information can be obtained by calculation if the
satellite configuration requires measurement of propagation parameters at

a polarization orientation other than the desired orientation. The accuracies
required in the measuring system to insure adequate accuracy in the calculated
propagation parameters from measurements at a different polarization are a)
error in differential attenuation between the two transmitted polarizations
<+ .5 db, b) error in differential phase for the same two signals <+ 2°,

and ¢) cross-polarization coupling in measuring system < 30 db. High clear
air carrier to noise rations (> 45 db) are required in the measuring system.

II. 7-4 RAIN DEPOLARIZATION AT &, 6, AND 11 GHz. R. Taur,
Comsat Laboratories

The effect of rain upon polarization isolation has been calculated as a
function of rainrate, path length and frequencies, including differential
phase shift due to oblate raindrops. In order to test the theory, an
experiment measuring the rain depolarization of a satellite-to-earth link
at 4 GHz was implemented. The experimental values generally agree with
the theoretical predictions, but the theory tends to underestimate the
effect as compared with the measurements. This is possibly due to some
near field effect plus the errors introduced by approximating the raindrops
as ellipsoids, especially at high rainrates. Nevertheless, theoretical
and experimental values would generally differ at most by 3 dB in the level
of depolarization due to rain.
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Three methods of restoring polarization isolation will be presented and
their application and feasibility will be discussed. The canting angle
correction method is useful for single transmitter and a single receiver
communication links and can also be used in determining the optimum polari-
zation orientation for a frequency reusing system. The matching axial
ratio method can be used for communication systems reusing frequencies
below 10 GHz. For systems reusing frequencies above 10 GHz, orthogonality
restoration method must be used.

Ir. 7-5 RATN DEPOLARIZATION SCATTER PREDICTION. J. L.
Hogler, C. W. Bostian, W. L. Stutzman and P. H.
Wiley, Virginia Polytechnic Institute and State
University, Blacksburg, Virginia

This paper extends an existing mathematical model of rain depolarization
and attenuation to include the expected variances as well as the usually
predicted mean values. It emphasizes depolarization and develops data for
waves with frequencies ranging from 4 to 34.8 GHz propagating in rain cells
which vary in intensity from light to severe. General causes of output
scatter are included, and the scatter induced by the rain drop size
distribution is examined in detail. Predicted cross polarization variances
in excess of 9 dB for certain frequencies are shown. This variance is
significant in that it can easily exceed system threshold criteria of mean
value designs. Methods for extending the depolarization predictions to
attenuation variances are discussed. The paper concludes with a brief
examination of resonance encountered when drop diameters are multiples or
submultiples of eritical wavelengths. Conclusions drawn are applicable to
polarization diversity design; multiple hop systems requiring frequency
reuse and systems constrained to operate under fixed polarizatioms.

II., 7-6 TRANSHORIZON INTERFERENCE MEASUREMENTS AT 15.7 GHz.
R. L. Olsen, Communications Research Centre, Department
of Communications, Ottawa, Ontario, Canada and U. H. W.
Lammers, Air Force Cambridge Research Laboratories,
Bedford, Massachusetts, U,S.A.

The probability of interference between terrestrial and space communication
systems sharing the same frequency bands is presently calculated for condi-
tions of no precipitation using an empirical technique based on measured data.
This procedure has not been adequately evaluated at frequencies above 10 GHz
and over long paths. An experiment was conducted at 15.7 GHz to obtain the
required transmission loss statistics for a 500 km overland path. The use
of various antenna scanning procedures and additiomal Doppler frequency
measurements enables the data to be separated according to propagation
mechanism. Measurements were made primarily with 9m transmitting and
receiving antennas. However, a 1.2m transmitting antenna was also used to
determine the amount of gain degradation for various interference levels.
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The analysis of the measurements obtained over a fifteen month period
indicates that, for this path, the empirical method underestimates the trans-
mission loss not exceeded for small percentages of the time by an amount
which increases with the elevation angle of the earth-station antenna. The
predominant interference mechanisms over the path are scattering from turbu-
lent irregularities and hydrometeors, with the latter, due mainly to cloud,
producing the higher levels of interference.
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PASSIVE RADIATION TECHNIQUES
W. H. Peake, Chairman

IT. 8-1 THE MICROWAVE RADIOMETRIC PROPERTIES OF FOAM.
L. U. Martin, Naval Research Laboratory,
Washington, D.C.

Of primary importance in the study of the microwave radiometric characteris-
tics of foam are the maximum radiometric temperature and it's variation
with frequency, polarization and viewing angle. However, the inherent
variability in foam depth, bubble size, air/water content and areal coverage
among various observations has led to wide variations in results. By making
simultaneous dual-polarization measurements at three frequencies of a surf-
zone, information on the frequency and polarization dependence of foam has
been obtained under a variety of foam thickness conditions.

The measurements were made with a multi-frequency airborne radiometer sys-
tem using identical seven-degree beamwidths which viewed the same surface
area. The measurements were made at vertical polarization at 1.4 GHz and
with simultaneous dual polarizations at 8.35 and 14.5 GHz. Viewing angles
from nadir to 53 degrees from nadir were obtained during the measurements.

The increase in observed radiometric temperature above the background sea
temperature was used as a variable in the data analyses. Results obtained
by plotting this temperature increase at L and X-band versus K,-band for
the various viewing angles and polarizations are presented. The results
indicate that sufficient foam thickness was observed at the higher fre-
quencies to provide maximum foam temperatures, while large variations in
foam temperature were found at L-band. Both polarizations gave near iden-
tical foam temperatures at nadir, while horizontal polarization provided a
greater temperature increase than vertical polarization with increasing
viewing angle.

II. §-2 APPLICATION OF FOURIER TRANSFORMS FOR RADIOMETRIC
INVERSIONS., F. L. Fisher, C. A. Balanis, J. J. Holmes,
W. M. Truman, Department of Electrical Engineering, West
Virginia University, Morgantown, and J. W. Johnson, W. L.
Jones, B. M. Kendall, NASA, Langley Research Center
Hampton, Virginia

Existing microwave radiometer technology now provides a suitable method for
remote determination of absolute brightness temperature measurements.
Specifically, the ability to periodically determine, via satellite, the

* Commission II, Session 8 joint with Commission VI, Session 11
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surface temperature of the oceans is extremely important. This information
has several potential applications in the fishing industry, the marine
transport industry, marine meteorology, and oceanography.

Unfortunately, factors other than the surface temperature affect the radiometer
brightness temperature. Salinity, surface roughness, and foaming are capable
of producing erroneous interpretations of the surface brightness temperature.
To control the influencing parameters, the Flight Instrument Division of NASA,
Langley Research Center, has established a laboratory wave tank to be inves-
tigated using microwave radiometric techniques. Since the experimental
facility does not include the vastness of the ocean, several possible sources
of error may exist in the setup that will not be of concern in remote environ-
ments. The contributions to the apparent antenna temperature from the adjacent
earth and sky must be known for all viewing angles so they can be selectively
eliminated.

In this investigation the laboratory finite size wave tank system is analyzed
assuming a two-dimensional geometry, the resulting integral equations are
evaluated using Fast Fourier Transform techniques, preliminary measurements
are reported, and inversions are performed on the measurements. Although
the method is more accurate for narrow beam antennas, which are usually
employed in radiometry, it does represent a computationally efficient and
diversified tool. In addition, it casts the equations into a correlation
form which is very counvenient, in the transform domain, for inversion of
experimental measurements, With the recent availability and advances of
Fast Fourier Transform techniques, the methods become very attractive in the
evaluation of large quantities of data.

II. 8-3 APPLICATION OF INFORMATION THEORY TO THE DESIGN OF RADIO
TELESCOPES., William R. Goddard, Space Applications,
Communications Research Centre, Ottawa, Canada

An optimum design of a radio telescope for observation of a brightness
distribution can be obtained by an appropriate tradeoff between resolution
and sensitivity. An observational information theory is used to derive

the expected information gain for a scan of the visible sky (one-dimensional).
This gain embraces the conventional measures of performance (resolution,

and sensitivity), and this gain can be maximized to optimize the telescope
performance. We consider the special case of infinite averaging-time., (The
general case has been studied).

The simple example of a telescope whose spatial frequency response consists
of an equilateral triangle on a rectangular pedestal is used to demonstrate
the theory. We show that the maximum average information gain is achieved
when the pedestal height is 40% of the maximum spatial frequency response.
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II. 8-4 ESTIMATION OF SOLAR LIMB BRIGHTENING AT RADIO WAVELENGTHS

FROM SOLAR ECLIPSE MEASUREMENTS. P. L. Smith, The Aero-
space Corporation, Los Angeles, California 90009

The center of limb brightness distribution of the sun at radio wavelengths
gives information about the structure of the solar atmosphere. However
radio telescopes have poor spatial resolution and caunnot provide detailed
angular measurements of the brightness distribution. During a solar eclipse,
the sharp edge of the moon can be used to greatly increase the angular
resolution of the radio telescope in one dimension. This paper describes
the techniques used to estimate the brightmness distribution from measurements
made in the 3mm wavelength region during the total solar eclipse which
occured on June 30, 1973. The techniques can be applied to partial eclipses
as well. A parametric solar flux density model is formulated and the flux
distribution is estimated using the Kalman estimation algorithm, Unlike
deconvolution and transform methods, independent and detailed knowledge of
the antenna pattern is not required since only relatively short intervals

of data are used.
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J ELECTROMAGNETIC THEORY

A. Hessel, Chairman
vI. 1-1 THE STRUGCTURE OF DYADIC GREEN'S FUNCTIONS AND THEIR
EIGENFUNCTION EXPANSIONS. C-T. Tai, Radiation
Laboratory, Department of Electrical and Computer
Engineering, The University of Michigan

A more refined classification will be given to various dyadic Green's functions
encountered in eletromagnetic theory. These functions correspond to the dyadic
version of the electric field, the magnetic field, and the vector potential
function for point sources. Because of the different characteristics of the
differential equations defining these functions, their eigenfunction expansions
are also different. Using the rectangular waveguide as an example, it will

be shown that the expansion of the magnetic dyadic Green's function is the
simplest. Several expansion theorems involving two-dimensional and three-
dimensional singular dyadic functions have been derived. These theorems are

used in deriving the residue series of the eigenfunction expansions of various
Green's functions. The omission of the singular terms in the author's previous

work will be pointed out for functions pertaining to different diffracting bodies, !
including the cylinder, sphere, wedge, cone, and waveguide with a moving iso-

tropic medium, .

VI. 1-2 ON THE RESONANCES OF A DIELECTRIC RESONATOR. J. Van Bladel, i
Laboratorium voor Electromagnetisme en Acustica, Belgium i

The resonances are examined in the limit of very high ¢ . The modes are of the
"confined" or 'mon-confined" type. Their orthogonality properties and a varia-

tional principle are derived. The Q's and equivalent electric or magnetic

dipole moments are calculated. The excitation of the resonator by internal

volume sources or incident waves is examined. Particularly simple formulas are I
obtained for the peak value of the moments at resonance, and for the resulting
scattering cross-section.

vIi. 1-3 ANALYTICAL EXPRESSIONS FOR ERROR BOUNDS IN THE METHOD
OF REGULARIZATION IN RECONSTRUCTION PROBLEMS. Hrair S.
Cabayan, Intelcom Rad Tech, P. 0. Box 80817, San Diego,
California 92138, and Raj Mittra, Department of Electrical
Engineering, University of Illinois, Urbana, Illinois

In a previous paper [l], the authors have shown how the method of regularization
can be used to solve problems of wavefront reconstruction formulated in terms

of an integral equation. The problem was posed as follows: Given the knowledge
of the field distribution over an aperture, reconstruct the source distribution
that produced the field. Computer experiments were reported showing how wave-
front reconstruction can be achieved by the method of regularization even when
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the given data is noisy and how the choice of the regularization parameter
is crucial for performing a successful reconstruction.

In this paper, error bounds are derived when estimating the solution function;
i.e., the source distribution. For a measurement error level v, upper and
lower bounds are found for the regularization parameter «. Substantiating
the previously published numerical results, it is shown that only for values
of o within these bounds, will the method yield good recovery of the solution.

Although the method proposed here is deterministic, similarities can be ob-
tained with a statistical approach to the problem. It can be shown that the
regularization parameter introduced here plays the same role as the ratio of
signal to noise power introduced when the Wiener-Kolmogorov smoothing theory
is applied to solving matrix equations problems in the presence of error in
the data whose statistical properties are assumed known.

1. H. S. Cabayan and R, Mittra, '"Numerical Aspects of Wavefront Reconstruction,"

1970 G-AP International Symposium.

VIi. 1-4 NUMERICAL STABILITY AND NEAR-FIELD RECONSTRUCTION
IN THREE DIMENSIONAL GEOMETRIES. H. S. Cabayan,
Intelcom Rad Tech, and R. G. Murphy, McGill University,
Montreal, Quebec, Canada

In electromagnetic inverse scattering problems, it is often necessary to re-
construct the near fields assuming that the far-fields are given. Usually

this is achieved by analytic continuation of the far-fields into the near-
fields. As is often the case, the far-fields are measured and are therefore
known only with a certain degree of accuracy. These small measurement errors
may lead to inaccurate near-field reconstruction if special care is not taken
on how the numerical reconstruction is carried out. The authors [1] had pre-
viously considered the numerical reconstruction problem for two-dimensional
geometries where upper and lower bounds were derived on the number of Fourier
components N required for accurate field convergence., There it was shown that
N depends on both the distance from the origin of the near-field reconstruction
point and the error level ¢ which arises from errors in the data. This method
has presently been extended to three dimensional reconstruction problems.
Equivalent expansions for the fields are derived and appropriate criteria for
stability are obtained.

1. H. S. Cabayan and R. C. Murphy, "Numerical Stability and Near-Field Re-
construction,’ IEEE Trans. Antennas Propagation, Vol. AP-18, pp. 663-642,
Sept. 1970. '
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vi. 1-5 THEORETICAL PREDICTION OF ELECTROMAGNETIC NEAR-FIELD

DISTRIBUTION OF TWO-DIMENSIONAL OBJECTS FROM KNOWN
FAR-FIELD DATA. S. J. Hamada, TRW Systems Group, and
C. W. Yeh, University of California, Los Angeles

The purpose of the research study was to develop an analytical means for pre- |
dicting the near-zone electromagnetic field distribution of two-dimensional !
objects from known far-zone field data.

To obtain the fields, the homogeneous vector wave equation is first solved in
free space.  Solutions to the homogeneous vector wave equation are described
completely by the superposition of cylindrical wave functions and their
derivatives. Discrete fourier analysis technique is used to determine the
modal coefficients by matching the known far-fields on a cylindrical surface.
Once the modal coefficients are determined, the electromagnetic field can
then be reconstructed at any intermediate distance from the source. This
distance must be greater than the radius of the smallest cylinder enclosing
the source.

The validity of this analytical technique is verified by using well established
theory of Mathieu functions. The exact solutions of the classical infinite

slit configuration in terms of Mathieu functions has been solved by Morse and
Rubenstein [1]. These exact solutions are used to verify the analytical tech-
nique. The numerical investigation shows that serious numerical problems in

the transformation of the far-field to the near-field can be avoided by properly
truncating the cylindrical wave expansion.

Also, a complete treatment of existing two-dimensional classical electromagnetic
scattering problems (G.T.D., Vector Integral Formula, and Helmholtz and Kirchoff's
Integral Theorem) are performed numerically using this analytical technique.

1. Morse, P. M. and P. J. Rubenstein, "The Diffraction of Waves by Ribbons i
and Slits," Physical Review, Vol. 54, pp. 895-898 (December 1938).

Vi. 1-6 MUTUAL ADMITTANCE BETWEEN NARROW SLITS ON A CONCAVE,
CIRCULAR CYLINDRICAL SURFACE. Wasyl Wasylkiwskyj,
Institute for Defense Analysgs, Arlington, Virginia

This paper deals with the determination of mutual admittance between narrow slits

on a concave, perfectly conducting, circular cylindrical surface. To isolate
the direct contribution to mutual admittance from that due to reflections within

the cylindrical cavity, a "perfect' planar absorber is postulated along the

cylinder diameter. Finiteness of the field at the origin requires the spectral
representation of the characteristic Green's function to possess, in addition
to a discrete spectrum comprising a finite number of Whispering Gallery modes,
also a continuous spectrum. The latter is a factitious result, related to the
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properties of the cylindrical coordinate system and appears to introduce con-
ceptual difficulties of interpreting the solution in ray optical terms. One
approach is to place at the origin a small cylindrical scatterer, thus render-
ing the -spectrum purely discrete [1]. The technique adopted herein involves
the construction of an approximate, high frequency form of the Green's function,
comprising only a finite number of Whispering Gallery modes. This representa-
tion is readily transformed into an (infinite) geometrical optics ray series.
The series diverges when the source and observation points approach the cylinder
surface, where the Whispering Gallery mode series constitutes a suitable form
for numerical computation. Numerical results are presented for mutual ad-
mittances as a function of element separation for several cylinder radii.

1. L. B. Felsen, Polytechnic Institute of New York, Private Comm.

Vi. 1-7 ANALYSIS OF THE ELECTRON DENSITY PROFILE IN A
CYLINDRICAL PLASMA COLUMN BASED ON THERMAL RESONANCES.
Jack G. 0lin and Kun-Mu Chen, Department of Electrical
Engineering and Systems Science, Michigan State Uni-
versity, East Lansing, Michigan 48824

The electron density profile and other plasma parameters of a cylindrical
warm-plasma column are studied through the excitation of thermal resonances
using an electron-acoustic probe. The electromagnetic field from the probe
excites a series of thermal (Tonks-Dattner) resonances as the current density
is varied.

For each driving frequency, the dipole resonance and the first three T-D
resonances are recorded. In this study, it is sufficient to measure the
relative magnitudes of the plasma densities at which these resonances occur
in order to determine the density profile and other plasma parameters such as
the temperature and the number density.

In the determination of the plasma density, the thermal resonances are used to
determine the unknown parameters appearing in the solution of Poisson's equa-
tion in the plasma column. The boundary conditions for the thermal resonances
in the plasma column are derived and the total phase for the thermal resonances
is determined using the WKB approximation. The dipole resonance is used to
determine the average electron density in the plasma column.

The analysis leads to numerical values for the electron density profile param-
eters, the wall potential and the electron temperature. Graphs for the thermal
resonances %fe also presented.

vi. 1-8 PULSE COMPRESSION IN BOUNDED DISPERSIVE MEDIA. A. C.
Raptis, Joseph T. Mayhan®* and C. S. Chen, Electrical
Engineering Department, The University of Akron, Akron,
Ohio 44325

The pulse compression problem through the bounded dispersive media is considered.
In this paper, the transfer function characterizing the bounded dispersive media
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is derived and the group velocity concept is used to synthesize a frequency-
modulated input pulses based on the phase characteristics of the transfer
function such that the energy in the trailing portion of the pulse will
propagate through the media with greater group velocity than that in the
leading portion of the pulse resulting in an output with enhanced amplitude
at a specified point.

The output pulse was obtained with the aid of the Fast Fourier Transform and
the compressed output pulse is compared with that of the transmitted signal
through the unbounded media, which was reported in the literature. It is

shown that the effects of the boundaries are the slight reduction in amplitude
and the additional ripples in the output pulses due to the multiple reflections
from the boundaries. The Geometrical Optics Concept is utilized to help demon-
strate the interrelationship of the bounded and unbounded media transfer
functions.

*Dr. Mayhan is now with MIT Lincoln Laboratory.
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TRANSIENT ELECTROMAGNETICS
G. F. Ross, Chairman

vi. 2-1 A SPACE-TIME INTEGRODIFFERENTIAL EQUATION SOLUTION FOR
SCATTERING BY OPEN THIN SURFACES. K. S. Menger, C. L.
Bennett, D. Peterson, and GC. Maloy, Sperry Research
Center, Sudbury, Massachusetts

A new technique for the numerical solution of time domain integral equations
is applied to the problem of determining the currents on open thin surfaces
with arbitrary time-dependent excitations. A space-time integrodifferential
equation is obtained for the surface currents on a thin perfectly conducting
surface by applying the E-field boundary condition. The form of this equa-
tion is such that it specifically displays the wave nature of the surface
currents, and thus, provides useful insight into the transient mechanism even
before the numerical techniques are applied. The actual solution of this
equation for a particular problem is carried out on a digital computer after
a numerical representation of it has been obtained which reduces the equation
to a recurrence relation in time. Results for rectangular plates, circular
plates, and cylinder sections will be presented and compared with direct time
domain measurements. The numerical computations are in good agreement with
experimental measurements for these targets.

vIi. 2-2 NUMERICAL SOLUTION OF THE SPACE-TIME INTEGRAL EQUATION
FOR SCATTERING FROM SOLID CONDUCTING BODIES WITH EDGES.
C. L. Bennett and D. Peterson, Sperry Research Center,
Sudbury, Massachusetts

In the past, solution of the space-time integral equation for solid conducting
bodies had been accomplished by reducing it into the form of an explicit re-
currence relation in time. The solution was then obtained by "marching on in
time" using a digital computer. Using this approach, however, required that
the minimum distance between space sample points must be greater than the

time increment in order to satisfy stability requirements for the solution.
Therefore, from a solution efficiency standpoint, this approach implied equal
spacing of sample points on the surface.

This paper presents an implicit approach which uses an implicit recurrence
relation in the solution procedure. This approach no longer requires that the
time increment be less than the minimum distance between space sample points
and thus, is well suited for targets with edges. This approach permits the
unequal spacing of sample points on the surface and allows a greater density
of points where the current is known to vary more rapidly. At each time step,
however, the surface current must be solved by the solution of simultaneous
equations. This is carried out efficiently from both a computer time and
memory usage standpoint by use of iteration. Results obtained with this nu-
merical technique are in good agreement with theoretical results for the case
of the wedge geometry. Results will also be presented and discussed for some
solid conducting bodies with edges. '
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Vi. 2-3 TIME DOMAIN APPROACH TO INVERSE SCATTERING. R. Hieronymus,

C. L. Bennett, and J. D. Delorenzo, Sperry Research Center,
Sudbury, Massachusetts

In the past, much work has been done on the solution of the inverse scattering
problem. Most of this effort has been carried out in the frequency domain.
The work, which has been in the time domain, has been based on the assumption
that the currents set up on the surface are given by the physical optics ap-
proximation. This yields the approximate result that the projected area
function of a target is equal to its ramp response.

The purpose of this paper is to present an exact relationship between the
target ramp response and the target geometry for the rotationally symmetric
scattering problem. The relationship is in the form of a space-time integral
equation that may be solved numerically. The first-order solution of this
equation turns out to be exactly equal to the solution that one obtains by
using the physical optics approximation. Thus, this space-time integral
equation may be viewed as the physical optics approximation solution plus

the correction terms that provide the exact solution. The numerical solution
of this equation will be described and results will be presented for several
rotationally symmetric targets. For the case of the sphere, the results ob-
tained with this procedure is in good agreement with the actual geometry.

VI. 2-4 RECENT ADVANCES IN TIME-DOMAIN MEASUREMENT TECHNIQUES.
C. L. Bennett, H. M. Cronson, and A. M. Nicolson, Sperry
Research Center, 100 North Road, Sudbury, Massachusetts

Over the past several years, precision techniques have been developed for the
measurement of subnanosecond transient responses of microwave components, and
materials, and for the measurement of free-space scattering responses of
targets. Recently these techniques have been further improved by development
of waveform generators which enhance the higher frequency component of the
incident pulse, permitting accurate measurements of responses whose frequency
content can span 0.1 to 18 GHz. After a brief overview of the time-domain
metrology area, particular descriptions will be given of scattering measure-
ments, time-to-frequency domain characterization of microwave components to
18 GHz, and measurements of complex permeability and permittivity of ferrites
to 16 GHz.

vVi. 2-5 TRANSIENT FIELDS OF SOURCES LOCATED ON A PLANAR SURFACE.
Charles E. Smith, Electrical Engineering Department,
University of Mississippi, University, MS 38677

This paper presents expressions and computations for both the far and near
transient fields of a planar array of sources with elements having known
electric field distribution located on an infinite, perfectly-conducting,
plane. 1In this study, a formulation of the time-history of an array of N
infinitely~long slots for a step response excitation is obtained in terms of
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an equivalent magnetic surface current de