


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































HIGH FREQUENCY ANALYSIS 
OF THE ELLIPTICUS ANTENNA 

N.H. Younan 
B.L. Cox 

C.D. Taylor 

Department of Electrical and Computer Engineering 
Mississippi state University 
Mississippi state, MS 39762 

w.O. Prather 

Phillips Laboratory 
Kirtland AFB, NM 87117 

ABSTRACT 

Present EMP test facilities, in general, do not provide the 
required high frequency illumination. Accordingly, a low level CW 
facility that incorporates the Ellipticus antenna is used to 
provide a horizontally polarized electric field to illuminate test 
objects. The original design specifications for the Ellipticus are 
provided such that it operates over the frequency range of 10 KHz 
to 100 MHz. Upgrading the Ellipticus to cover frequencies up to 1 
GHz is accomplished by using a transition section from the driver 
to the antenna. The transition section is needed for impedance 
matching and for driving efficiently the Ellipticus antenna. 

Due to the wide operating frequency range, a numerical rather 
than an analytical analysis of the Ellipticus illuminator is 
required. Accordingly, a procedure that incorporates the use of 
the NEC-2 computer code is used to examine the electromagnetic 
fields· that can be developed in the working volume of the 
Ellipticus antenna. A parametric study is performed to ascertain 
the performance of the antenna for frequencies up to 1 GHz. 

In the NEC modeling of the Ellipticus illuminator at high 
frequencies, i.e., 200 MHz and up, the entire transition section is 
replaced by its Thevenin model due to the large structure to be 
analyzed and to the limitations of the wire spacing in the NEC 
code. For frequencies below 200 MHz, the transition section is 
modeled with straight wires up until the wire spacing approaches 4 
or 5 wire radii. Thevenin model is then used for the remaining 
length of the transition section. 

,The NEC results obtained from modeling the Ellipticus 
illuminator over a lossy ground plane indicate that the amplitude 
of the current decreases rapidly with distance from the driving 
point at high frequencies. Moreover, field uniformity is achieved 
within the working volume of the Ellipticus antenna. 
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A Simple Approach to Multiple Interactions In 
Physical Optics Scattering 

* Robert T. Brown and Laszlo A. Takacs 
Lockheed Advanced Development Company 

Dept. 25-52, Bldg. 311, Plant B-6 
P.O. Box 250 

Sunland, California 91041 

The most widely used computational method for predicting the scattering of elec­
tromagnetic radiation from electrically large targets of arbitrary shape is that of phys­
ical optics (PO) combined with the physical theory of diffraction (PTD). Currently 
available PO techniques do not include the effects of multiple scattering, although 
there have been studies of physical optics scattering from concave bodies constructed 
of electrically large flat plates. This is the approach used for example by Atkins and 
Shin (J. Electromagnetic Waves and Applications vol. 2, pp. 687-712, 1988), and 
Balanis and Griesser (in Radar Cross Sections of Comple", Objects, W. Ross Stone, 
ed., New York: IEEE Press, 1989, pp. 260-274). Other PO-based approaches combine 
PO with geometrical optics ray tracing (Cleveland) or beamtracing (Lam), described 
in Data Book of High-frequency RCS, S. W. Lee and R. J. Marhefka, eds., Urbana: 
Electromagnetics Code Consortium, 1989. 

This paper describes an extension of the methods of physical optics to bodies in 
which multiple interactions between portions of the target are included. The method 
uses the standard tangent-plane approximation of physical optics, with the surface di­
vided into planar triangular facets. Multiple interactions are handled by nested bistatic 
PO integrals, and each bistatic interaction is assumed to form an approximate plane 
wave for the secondary illumination. There are two significant differences between 
the approach outlined here and the bistatic PO methods mentioned above. One is in 
the treatment of the phase of the bistatic field, which is assumed linear rather than 
quadratic. The other is in the inverse rij factor, which is assumed constant over each 
surface element. With these two approximations the bistatic integral that is required 
reduces to the usual far-field bistatic PO formulation for a planar facet, greatly reduc­
ing computational complexity. Another advantage is that the method is immediately 
applicable to arbitrary shapes, since the surface has to be tessellated whether curved 
or not. The method has been found to give very satisfactory results provided that 
the surface elements are not much larger than a wavelength. For a dihedral corner 
reflector 5.6>. on a side, an element size of 1.4>' gives results in very good agreement 
with moment method calculations. 
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RCS COMPUTATION OF 3D COATED RADAR TARGETS AT HIGH FREQUENCY 

VERMERSCH - C.E.A. / C.E.S.T.A. - BP W2 - 33114 LE BARP FRANCE 

The Physical Theory of Diffraction (P.T.D.) is very well suited to RCS computation of 
complex objects, because it is free from divergence problems at caustics ans shadow 
boundary and gives always bounded results, regard less of incidence. We have extended the 
range of applicability of the PTD to coated bodies. To this end, we use an approximate 
solution for the diffraction by a wedge at oblique incidence. We deduce from this solution 
fringe wave equivalent currents that have the same properties as those of classical PTD. 

Moreover, we have included double reflection and reflection diffraction effects to be able to 
compute the RCS of objects with reentrant corners. To do this, we have added to the PTD 
surface field, the field due to the reflection of the incident wave on other parts of the target. 

In order to validate this approach, we have compared the results with those obtained with a 
MoM method, on axysimetric objects, and with experimental measurements. 

The figure compares the computed (plain line) and measured ( dashed line) impulse 
responses on a missile mock up. The agreement is good for the main contributors. Low 
level peaks are due to the residual noise of the anechoic chamber. 
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OPTIMAL CONTROL APPLIED TO R.C.S. 

M. MANDALLENA - C.E.A. I C.E.S.T.A. - BP W2 33114 LE BARP FRANCE 

We minimize the RCS of coated 2D bodies by using an optimal control method. The shape 
of the body is specified. The control variable is the impedance Z on the surface. Z is chosen 
in a set of admissible impedance: U .dm. The cost function J to be minimize, is the square of 

the RCS norm: J = I RCS I 2 = J ( Z , g (Z) ) ,where g represents the surface's 
currents, which are solution of the Maxwell equation by a variational integral formulation: 

a( Z ; g , <p ) = F( Z, <p) >f <p € V . 

The problem is to find Zopr U.dm so that J( Zopt ' g(ZopJ ) inf J( Z , g(Z) ) 

Z& u.dm 

We deal with time harmonic fields, thus the quantities a( Z ; g , <p ) and F( Z ; <p) are 
complex numbers. So we introduce the Lagrangian, which must be a real number: 

L( Z , g , q) = J( Z, g) - a( Z ; g , q) + F( Z ; q) - a( Z ; g , q) + F( Z ; q) 
We -obtain the optimality system by deriving L with respect to the control Z and the state 
variable g, and solve our minimization problem by a steepest descent method. The figure 
compares RCS for constant (plain line) and optimized (dashed line) impedance for an airfoil 
The optimization is made for incidence angles between 180 and 270 degrees. We see from 
the figure that the optimization method allows signification reduction of the RCS in a wide 
range of angle of incidence. 
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RCS OF STEALTH AIRCRAFT: 
PREDICTION AND OPTIMIZATION 

BY GRAPHICAL PROCESSING TECHNIQUES 

Juan M. Rius', Merce Vall-llossera, Angel Cardama, Lluis Jofre 

Introduction 
A new and original approach to compute RCS in real-time has been presented 

by J.M.Rius et a!. in the preceding IEEE-APS Symposia: Da11as'90 and London'91. 
Real-time computation is achieved through graphical processing of an image of the 
target present at the workstation screen, using the hardware capabilities of a 3-D 
graphics accelerator. First-order reflections are obtained by rendering of the target 
with a local illumination algorithm, and mUltiple scattering with a global illumination 
one. 

The I-DEAS computer aided design package for geometric modeling of solids 
has been used for modeling target geometry. The target is described as a collection 
of parametric surfaces, defined with two-dimensional NURBS (non-uniform rational 
B-splines). 

The following high-frequency scattering phenomena are considered by the 
real-time graphical processing approach: Reflection at perfectly conducting surfaces 
by physical optics approximation, reflection at coated surfaces by physical optics and 
!BC approximations, diffraction at edges by method of equivalent currents using PTD 
diffraction coefficients, and multiple reflections between surfaces by radiosity global 
illumination method. 

Graphical processing has the following advantages over the classical facets and 
wedges model approach: Hardware graphics accelerator removes hidden surfaces and 
edges so that they do not contribute to surface or line integrals, real-time computation 
(from 0.2 sec. to 10 sec.) is independent of target electrical size, the target can be 
modelled by parametric NURB surfaces, requiring less mass storage memory that the 
faceting approach and, finally, real-time RCS prediction software can be integrated 
with CAD geometric modeling package, thus providing an efficient tool for interactive 
modeling, design and analysis of aircraft with RCS specifications. 

High-frequency RCS prediction by graphical processing techniques has been 
fully validated for simple objects and non-stealth radar targets. 

RCS of F-117 Stealth Aircraft 
In this communication, RCS prediction for Lockheed F-117 stealth aircraft will 

be presented, compared with RCS measurements of a scale model performed at our 
compact range facility. A perfectly conducting (PEC) surface will be assumed for 
both the numerical and scale models, so that the results will not correspond to the 
RCS of the real F-117, which has radar absorbent loading. 

Although the results of graphical processing using the physical theory of dif­
fraction (PTD) are very good for non-stealth radar targets, we expect that it will fail 
for the F-1l7 stealth aircraft. The reason is very simple: PTD, like GTD, is valid 
only for observation on the Keller cone. In the case of monostatic RCS prediction, 
the observation lies on the Keller cone only when the incidence direction is per­
pendicular to the edge. This means that there must be a specular reflection point on 
the edge, which is not expected on any stealth aircraft. In particular, all the edges 
on the F-117 are straight lines that may be oblique to the direction of incidence. 

For that reason, Mitzner's Incremental Length Diffraction Coefficients (ILDC) 
will be implemented in the graphical processing algorithm, and the results will be 
compared with those of PTD. A better agreement with scale model measurements is 
expected. 

We will also present results for the problem of RCS minimization of PEC shapes 
using constrained non-linear optimization teChniques together with the real-time 
graphical processing algorithm for RCS prediction. 
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Computing Open-ended Waveguide Scattering 
via Iterated Physical Optics 

* Laszlo A. Takacs and Robert T. Brown 
Lockheed Advanced Development Company 

Dept. 25-52, Bldg. 311, Plant B-6 
P.O. Box 250 

Sunland, California 91041 

The high-frequency EM scattering from 3-dimensional open-ended waveguides of 
arbitrary shape is computed using a modification of the usual Physical Optics (PO) 
procedure. The Iterated Physical Optics (IPO) method is related to the Shooting and 
Bouncing Rays (SBR) method in precisely the same way that Phyical Optics is related 
to Geometrical Optics (GO). The IPO method is only approximate and reduces to the 
SBR in the short-wavelength limit. 

At finite wavelengths however, the IPO carries additional information about the 
fields internal to the guide. Unlike any technique which uses GO rays to propagate 
fields inside the guide, the IPO method implicitly contains the partial effects of internal 
ray caustics, inflection scattering, and any diffraction due to electrical or physical 
discontinuities. While the Generalized Ray Expansion (GRE) method does include 
the significant initial diffraction caused by the aperture itself, it fails to account for 
any subsequent diffractions inside the guide. 

In the IPO formulation, the usual far-field PO expressions for the bistatic scattered 
fields are written so that the scattered fields form secondary plane wave sources for the 
subsequent re-illumination of adjacent surfaces. In order to simplify the integration, a 
constant-phase approximation is made. This permits a surface-current sampling rate 
possibly as coarse as ~ 16 samples per square wavelength. In practice, 20 or more are 
found to be adequate. The constant-phase approximation also causes the computation 
time to be proportional only to nB, the number of bounces, rather than to a quantity 
raised to the power nB. Results from various calculations will be presented. 
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Cross Section Calculations and Measurements 

of Conducting Test Target Towlines 

E. D. Evans 
M.I.T. Lincoln Laboratory 
244 Wood St. 
Lexington, MA 02173 

The detection performance of a radar system can be measured by towing unpow­
ered airborne targets of known cross section through the radar's coverage region. 
Such targets are usually towed with a steel cable attached to a conventional Learjet­
size aircraft. To ensure that the towline does not interfere with the return from the 
test target, it is important to understand the towline's scattering characteristics. 
This paper presents calculated and measured cross section results for a typical tow­
line shape and orientation. 

Figure 1 shows the geometry of a typical radar test with a towed target. In 
the figure, a towing aircraft pulls a test target directly towards a ground-based 
surveillance or tracking radar. The aircraft, towline, and test target are usually 
at a low elevation angle and a large distance from the radar. The towline adopts 
a profile that is essentially linear and horizontal near the towing aircraft and has 
a gradual curvature near the target end. Test target towlines may have a length 
up to 8 nmi and a diameter near 50 mils. The lines are usually constructed with 
conducting materials because they are stronger, cheaper, and more reliable than 
nonconducting materials such as nylon or kevlar. 

In this paper we derive expressions for the cross section of conducting towlines. 
We consider the case where the range extent of the illuminating radar pulses are 
much smaller than the towline length. This complicates the derivation because 
the entire towline length is not uniformly illuminated. We first consider the cross 
section of the curved end of the line and then derive general expressions for the 
longer straight section. For both cases we give measured cross section results. 

w 

~~ 
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TARGET 
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Figure 1: Typical configuration of towed target tests. 
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RADAR CROSS SECTION COMPUTATIONS OF COMPLICATED TARGETS 
BY THE APPLICATION OF THE PANEL METHOD 

Zhou Jianjiang and Shu Yongze 
Department of Electronic Enginerring, Nanjing 

Aeronautical Institute, Nanjing, China 

Abstract The present paper deals with the panel method for the 
radar cross section (RCS) computations of complicated targets 
based on the work by D. Klement et al.{D. Klement, J. Preissner & 
V. Stein, IEEE Trans. on AP, 2, 228-237, 1988). With this method, 
the surface of a complicated target consisting of convex,concave, 
cavities and edges is broken up into panels with the deviation 
between a panel and the corresponding true surface not exceeding 
a value of ~/16.The Stratton-Chu vectorical integration of three 
dimensional curved surface may be converted into' the sum of the 
vectorical integration of two dimensional flat plate on each 
panel,thus obtainin~ an analytical expression of the Stratton-Chu 
integration for a metal tar~et. In the same way, a curved edge of 
the target may be replaced by straight edges, and an analytical 
expression of the vectorical line integration concerning the 
curved edge--the line integration resulting from the equivalent 
current (EC) method and the physical theory of diffraction (PTD) 
--can also be obtained. The field distribution on a cavity 
aperture, which is taken as a panel, is determined by analyzing 
the transmission characteristics of electromagnetic wave inside 
the cavity, and the scattering field of the cavity may be 
calculated according to the equivalent electric current and 
magenetic current on the panel. By the method, the RCS of classic 
scatters, for example, a cone and a cylinder, are computed with 
the result of good agreement of the computations with experi­
mental data. Then the RCS of an aircraft model, including the 
inlet and nozzle, at various attitudes is calculated with the 
result of good a~reement of computations with experimental data 
also (see Fig.1), except for the computational data around 30 
degree. The errors around 30 degree arise from the application of 
a rectangular straight wave~uide to simulating the ellipsoidal 
and S-shaped inlet. The examples show that the panel method is 
convenient in use, fast in operation and precise in calculating 
RCS of a complicated target. 
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ELECTROMAGNETIC SIMILARITY FOR THE COATED TARGETS 

Abstract: 

Xuegang Zeng, Geyi }IT en and Chengli Ruan 

Institute of Applied Physics 

University of Electronic Science and Technology of China 

Chengau, 610054 ,P. R. China 

Electromagnetic scale models are of value in the design and testing of 

electromagnetic systems that are on a scale too large or too small for routine laboratory 

investigation. For example, the Radar Cross Section (RCS) of large targets can be evaluated 

in the laboratory using reduced size scale models (scaled-down models) operated at frequencies 

higher than those used for the actual targets. Scaled-down measurements of RCS depend on 

principle of similitude, which allows a relationship to be established between model and full­

scale behavior (Proc. IRE, Vol. 36, 1364-1370, Nov. , 1948 and AD A167467 ,1986). 

However, practical difficulties with scaling properties of realistic mllterials now exist that, for 

most scattering measurements, discourage all but simple geometric' scaling, especially for the 

targets coated with lossy materials. Ge01)1etric scaling is a partial form of scaling, where the 

scaled target has the same dimensions in scaled wavelengths as the actual target has in actual 

wavelengths, but material properties are ignored. 

In terms of an asymptotic high frequency estimation of monostatic far field RCS of the 

rectangular flat plate coated with lossy material, which is derived here from a UTD formula 

of the impedance wedge, the electromagnetic similarity for the coated targets is studied in this 

paper, while the lossy material used in scaled-down model cannot satisfy the physical 

similitude conditions. Some results are obtained as below: 

It is theoretically possible to construct an exact scaled-down model to simulate a 

given full-scale electromagnetic system by choosing a suitable scale factor p and materials 

satisfying the simiiitude conditions. However, in practice, there are many difficulties in 

preparing scaled-down models satisfying the similitude conditions, especially for the targets 

coated with lossy materials. 

If the lossy materials used in scaled-down models cannot satisfy the similitude 

conditions, it is impossible to find a simple relationship between RCS and RCS'. Even for a 

simple situation, the coated rectangular flat plate, the multiple factor Po' is a function of the 

incident angle So. 

Although there are many problems in preparing the models themselves and in 

making measurements, scale models provide important means of qualitatively detenning the 

scattering performance of ta!gets for which no other method is practical. 
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BIOLOGICAL EFFECTS IN ANIMALS EXPOSED TO EXTREMELY LOW 
FREQUENCY (ELF) ELECTRIC AND MAGNETIC FIELDS 

Larry E. Anderson, Pacific Northwest Laboratory 
PO Box 999, Richland, ~ashington 99352 USA 

There is now convincing evidence from a large number of laboratories that 
exposure to extremely low frequency (ELF) electric and magnetic fields produces 
biological responses in animals. Many of the observed effects appear to be 
directly or indirectly associated with the neural or neuroendocrine systems. 
Such effe::ts inc 1 ude increased neuronal excitabi 1 ity, chemi ca 1 and hormonal 
changes in the nervous system, altered behavioral responses related to sensing 
the presence of the field, and changes in endogenous biological rhythms. Many 
additional indices of general physiological status appear relatively unaffected 
by exposure, although effects have occasionally been described in bone growth and 
fracture repair, reproduction and development, and immune system function. Two 
major challenges exist for ongoing research 1) knowledge about the mechanisms 
underlying observed bioeffects is still incomplete, and 2) although no animal 
studies clearly demonstrate deleterious effects of ELF fields, several are 
suggestive of potential health impacts. The need to define basic mechanisms and 
investigate health consequences of ELF exposure has been enhanced because of 
emerging information on possible field associations with cancer and immune system 
impairment. 

Studies have been conducted at Battelle, Pacific Northwest Laboratory, to examine 
ELF electromagnetic fields for possible biological effects in animals. Three 
areas of investigation will be reported 1) studies on the nervous system, 
including behavior and neuroendocrine functions, 2) experiments on cancer 
development in animals, and 3) measurements of currents and electric fields 
induced in animal models by exposure to external magnetic fields. 

In behavioral experiments, rats have been shown to be responsive to ELF electric 
field exposure. Further experimental data indicate that short term memory may 
be affected in albino rats exposed to combined ELF and static magnetic fields. 
Neuroendocrine studies have been conducted to demonstrate an apparent stress­
related response in rats exposed to 60-Hz electric fields. Nighttime pineal 
melatonin has been shown to be significantly depressed in animals exposed to 
either electric or magnetic fields. A number of animal tumor models are 
currently under investigation to examine possible relationships between ELF 
exposure and carcinogenesis. Finally, theoretical and experimental measurements 
have been performed which form the basis for animal and human exposure 
comparisons. Work sponsored by U.S. Department of Energy/Office of Energy 
Management under Contract #DE-AC06-76RLO 1830. 
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BIOLOGICAL EFFECTS OF WEAK LOW FREQUENCY ELECTRIC 
AND MAGNETIC FIELDS: THE SEARCH FOR PHYSICALLY 
PLAUSIBLE MECHANISMS. 

Charles Polk, Department of Electrical Engineering, University of Rhode Island, 
Kingston, RI 02881 

The electrical properties of biological materials and the principal, relevant 
characteristics of low frequency (LF) electric and magnetic fields will be reviewed. 
As a consequence of boundary conditions, low frequency electric fields that are 
applied through air are reduced by many orders of magnitude upon penetration into 
living tissue. Modes of action of spatially uniform and non-uniform electric fields 
upon charges, dipoles and polarizable matter are, depending upon the specific 
environment, conduction current or electrophoresis, polarization and 
dielectrophoresis. Simple application of Ohm's law to biological fluids will 
frequently not be possible since diffusion currents may become important. 
However conservation of charge will always be obeyed. 

A simplified model of a biological cell will be described and the possible effects of 
applying to it a low frequency electric field will be considered, taking into account 
reasonably realistic properties of the cell membrane, the "electrical double layer" 
and "counterion polarization." Signal-to-noise considerations will then be 
introduced. The nature of thermal and Ilf noise will be discussed and it will be 
shown under what conditions LF fields can possibly affect receptor molecules in 
cell membranes or influence inter-cell ion traffic. Necessary field amplitudes will 
be compared with amplitudes that have been shown to produce measurable effects 
in several in vitro experiments. 

At number of recent experiments, as well as some epidemiological studies suggest 
that LF magnetic fields of low intensity «100 11T) are more effective in producing 
biological effects than low intensity electric fields «10-3V/m in tissue). It is first 
shown why the paths of electric currents induced into tissue or cell cultures by time 
varying magnetic fields differ substantially from the paths of currents that are 
caused by an externally applied electric field. Conditions under which such 
magnetically induced currents can be more effective biologically are then illustrated. 
For example, when multiple cells are connected by gap junctions, magnetically 
induced LF currents can flow through the cytoplasm of cells - a situation which 
cannot be achieved by the application of a LF electric field. Nevenheless, some 
reports of LF magnetic fields (B) involve such low intensities «lilT) that the 
possibility of direct magnetic field effects must be considered. Rotation of 
anisotropic diamagnetic and paramagnetic particles, which are known to be present 
in some biological systems, requires relatively large values of B. Lorentz (v x B) 
forces on moving charges are very small when B<l00 I1T unless velocities are 
higher than is possible within biological fluids. "Cyclotron resonance", which 
requires simultaneously present DC and AC magnetic fields, cannot affect particle 
motion in that environment, although the cyclotron frequency of many biologically 
important ions lies below 100 Hz in the presence of the geomagnetic field. 
However several quantum mechanical effects at the molecular level cannot be 
entirely excluded as candidates for field - biosystem interactions. They are the 
influence of magnetic fields on free radical chemical reactions, nuclear magnetic 
resonance and Lednev's "parametric resonance" of Ca ions in Ca-binding proteins. 
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A MODEL FOR POSSmLE EFFECTS OF ELECTROMAGNETIC 
FIELDS ON THE OCCURRENCE OF CANCER 

Lothar O. Hoeft 
BDM International, Inc. 
1801 Randolph Rd., SE 

Albuquerque, NM 87106 USA 

Concern is growing, both inside and outside the electromagnetics 
community, that there is a possible relationship between exposure to 
electromagnetic fields and the occurrence of various cancers. To date, most of the 
evidence is epidemiological. Attempts to find a mechanism have generally been 
unsuccessful. To a large extent, this is because the electromagnetic fields of 
concern (particularly fields at power line frequencies) do not have enough energy to 
damage cell in the same manner as nuclear radiation and certain chemicals. In 
addition, the occurrence of cancer does not seem to be directly related to field 
strength or exposure. Some evidence even suggests that field strengths above a 
certain level have no effect. This is quite different from most other carcinogens 
which are generally lethal at extremely high doses. 

A new model has been developed that has a mechanism by which 
electromagnetic fields could produce cancer. The essence of this model is that 
exposure to electromagnetic fields produces a physiological stress that increases the 
rate of cell division and therefore increases the rate of occurrence of natural or 
spontaneous cancers. The postulate is that electromagnetic fields are mutagens, not 
a carcinogens. A similar model has been proposed for explaining how natural and 
artificial pesticides cause cancer. 

The literature contains a considerable number of references to experiments 
where electromagnetic fields have increased the rate of cell division, although the 
mechanism for this effect does not seem to be established. This model recognizes 
that the human body produces a significant number (maybe 15 to 25) of defective 
cells a day. Most of these do not survive. Very occasionally, one survives and is 
able to reproduce. The off-spring of this cell have defective genes, but their 
primary function is not significantly disrupted. These type of cells have been found 
in people who eventually suffer from colon-rectal cancer. When enough of the 
DNA is removed, enzymes that suppress tumor growth are no longer produced or 
other mechanisms are activated for the uncontrolled growth of tumor cells. 

Experiments suggest that electromagnetic fields affect the production of 
chemicals, that, in turn affect the rate of cell division. The time history of the 
production of these chemicals suggests that the body adapts to the presence of these 
fields with a rather long time constant. Thus, the most harmful exposure times are 
of the order of hours. This should comfort the people working in EMP where the 
duration times are in microseconds. It is not very comforting to people who use 
electric blankets. 

This model predicts that the rate of cancer occurrence due to magnetic fields 
should be related to how much electromagnetic fields can change the cell division 
rate. This is probably in the range of tens of percent to a few factors of two. Thus 
it would never be a lethal effect in the sense that nuclear radiation and some 
chemicals are. 

Finally, electromagnetic fields may be only one of many different kinds of 
stress that can increase the cell division rate and therefore can affect the occurrence 
of various cancers. 
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ALTERED PROTEIN SYNTHESIS IN A CELL-FREE SYSTEM 
EXPOSED TO A SINUSOIDAL ELECTROMAGNETIC FIELD 

I If. h kl d 2 E.M. Goodman, B. Greenebaum , I. Sustac e an M.T. Marron. 
IBiomedical Research Institute, University of Wisconsin-Parks ide, Kenosha, WI 
53141 and 20fficeofNaval Research, Arlington, VA 22217. 

Most of the theories addressing the mechanism of interaction between 
electromagnetic fields and biological systems invoke the plasma membrane as 
the primary site of interaction and transduction between the environment and 
the cytoplasm (Blank, M. ,and Findl, E.1987). We have been examining weak 
fields interactions using a cell-free transcription/translation system. This 
approach allows a rigorous test of the hypothesis that an intact plasma 
membrane isaprimary and necessary site of EMF interaction. We prepared S-
30 extracts of Escherichia coli by breaking the bacteria in a French pressure cell 
(Aminco Instrument Co.) and centrifuging the lysate at 30,000 x g. The 
supernatant was combined with plasmids containing the alpha and beta subunits 
of DNA dependent RNA polymerase and exposed to a sinusoidal 72 Hz, 1.5 mT 
peak magnetic field. The transcription/translation system was exposed to the 
field for periods ranging from 10 minutes to an hour. The data show that 
exposures as short as 10 minutes significantly enhanced the incorporation of (35S) 
methionine into protein. We are currently using this system to determine if the 
enhanced synthesis of protein is a result of altered transcription or translation. 
The data obtained to date indicate that an intact plasma membrane is not 
required to induce an bioeffect from EMF exposure. 
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NEW COILS FOR MAGNETIC NERVE STIMULATION 

Karu P. Esselle' and Maria A. Stuchlyt 
• Bureau of Radiation and Medical Devices 

Health and Welfare Canada 
Room HPB-66, Tunney's Pasture, Ottawa, ON, KIA 012, Canada 

t Dept. of Electrical and Computer Engineering 
University of Victoria 

P.O. Box 3055, Victoria, B.C., V8W 3P6, Canada 

Since mid-1980s magnetic stimulation of neurons has gained rapid acceptance 
as a diagnostic and research tool in neurology (L.A. Geddes, 1. Clin. 
Neurophysiol. 8, 3-9, 1991). Various medical conditions associated with 
abnormal conduction in motor pathways can be diagnosed by stimulating an 
appropriate neuron and measuring the conduction velocity by recording motor 
action potentials. Neural stimulation occurs when an externally applied 
stimulus has a sufficient amplitude and duration to cause current to flow 
through a cellular (neural) membrane and change its potential above a 
threshold value. In case of magnetic stimulation the stimulus is produced by 
a pulse of magnetic field from an external coil. 

The spatial derivative of the induced electric-field component along the 
neuron, also referred to as the activating function, plays an important role in 
magnetic stimulation of long, straight neurons; the situation is more complex 
in case of short neurons with dendrites. Apparently both the electric field 
component and its spatial derivative are important. 

We have derived in a previous paper analytical expressions for the induced 
electric field and its spatial derivatives in a semi-infinite tissue half-space 
produced by a very short element of current-carrying coil (KP. Esselle & 
M.A. Stuchly, IEEE Trans. Biomed. Eng., in press). In this presentation we 
further extend this method and develop closed-form expressions for coils 
consisting of linear segments of wire parallel or perpendicular to the air-tissue 
interface. Methods are developed to calculate the inductance of such coils. 
The coil size is optimized to obtain the strongest stimulus at a given depth. 
Three promising coil configurations: quadruple square coil (QS), quadruple 
triangular coil (QT) and three-dimensional (3D) coil are described, analyzed 
and compared. Performance of these coils is evaluated by considering the 
following criteria: the strength of the peak stimulus for a given voltage, the 
rate at which the peak stimulus decreases with depth, the peak 
hyperpolarization level as a fraction of the peak depolarization level, and the 
size of the stimulation region (spot). 

The QT coil appears to offer advantages over other shapes for stimulation of 
shallow nerves. For deep nerves spaced QS and 3D coils are preferred. 
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PRACTICAL ANTENNA COMPOSED OF COAXIAL SLOTS 
FOR INTERSTITIAL MICROWAVE HYPERTHERMIA 

Koichi Ito·, Katsumi Furuya and Haruo Kasai 
Department of Electrical and Electronics Engineering 

Faculty of Engineering, Chiba University 
1-33 Yayoi-cho, Chiba, 260 Japan 

Hyperthermia is a cancer treatment to heat tumors up to therapeu­
tic temperatures (42°C to 45°C) without overheating the surrounding 
normal tissue. Microwave interstitial hyperthermia is considered to be 
an effective technique to heat deep-seated or large-volumed tumors. 

The authors et al. have proposed a practical interstitial antenna 
made of a thin semirigid coaxial cable. Several small slots, which will 
radiate microwave energy into the tumor, are cut at short intervals on the 
outer conductor of the cable. The antenna is loaded into a thin plastic 
catheter and then inserted into the tumor to be treated. Typical antennas 
used at 430 MHz have 8 to 12 coaxial slots at intervals of 5 mm along 
the cable of 0.86 mm outer diameter. 

An SAR (specific absorption rate) distribution along an antenna is 
one of the most important characteristics to evaluate such an interstitial 
microwave antenna. A heating pattern produced by the antenna can be 
derived from the SAR distribution. To demonstrate the validity of the 
coaxial-slot antenna, SAR distributions around various antennas were 
measured in 0.4 % saline solution. From the experiments, wide SAR 
distributions were observed along the antenna as expected. In addition, a 
considerable SAR was obtained around the antenna tip. This "hot tip" is 
desirable for the interstitial antenna. The SAR distribution along the 
antenna can be controlled by adjusting the slot parameters. 

An antenna array will be formed to treat large-volumed tumors. 
As an example, a seven-element array was inserted into an agar phan­
tom which is almost equivalent to muscle tissue. Six antennas were on 
the apexes of a hexagon and the last at its center. The antenna spacing 
was chosen to be 3 em. After 3-minute heating, the size of the heating 
region within 1 °C degradation from the peak temperature was found to 
be more than 7 cm. The heating volume will be easily expanded by 
using more antennas. 

The coaxial-slot antenna has been found to be practical and 
useful through some animal experiments. Clinical trial is planned in the 
near future. On the other hand, the antenna has been analyzed theoreti­
cally as a boundary value problem to know its basic characteristics and 
to establish the design procedure for the antenna. 
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ABSORBED POWER DISTRIBUTION PREDICTIONS FOR 
SUPERFICIAL ELECTROMAGNETIC HYPERTHERMIA 

v. Sathiaseelan *, B. B. Mittal 
Radiation Oncology Center 
Northwestern Memorial Hospital 
and Northwestern University, 
Chicago, Illinois 60611 

C. Reuter, M Piket-May, A. Taflove 
Electrical Engineering and Computer Science 
McCormick School of Engineering 
Northwestern University, 
Evanston, Illinois 60208 

Electromagnetic techniques are extensively used at present in the clinical 
application of hyperthermia for superficially located tumors. Electromagnetic 
hyperthermia has been demonstrated to be a safe and useful adjuvant to ionizing 
radiation in the treatment of malignant tumors. However, at present applicators and 
systems for delivering the optimum treatment prescribed by the physicians are far from 
being available. Also the performance of the applicators currently used in the clinic 
have not been investigated extensively in realistic clinical set up. Experimental 
investigation of the optimum applicator set up and a coupling configuration for a given 
treatment can be very time consuming and may not be practically achievable. 
Alternatively computer modeling can provide a reasonable solution to this difficult 
problem. 

In this paper, we present the results of finite-difference time-domain (FD-TO) 
computational models of realistic clinical applicators for superficial hyperthermia. FD­
TO is the only numerical modeling approach currently available to calculate specific 
absorption rate (SAR) patterns in complex 3-D heterogeneous biological objects. It is 
accurate and has a small computer burden relative to frequency-domain integral 
equation and fmite-element techniques. Following extensive validation of the code, 2-
D and 3-D absorbed power distributions have been calculated for a number of realistic 
tissue geometries excited by a waveguide-type applicator with different coupling 
confignrations. A model of the human thigh reconstructed from computed tomography 
scans and a model of a planar phantom were used in these studies. 

Some interesting results have been observed. Consider the water bolus that is 
routinely used in the clinic to provide energy coupling and surface (skin) temperature 
control. With the bolus in place, we find that inhomogeneous tissue structures 
significantly modify the SAR patterns compared to those computed in planar and 
homogeneous structures. For example, with the water bolus, a hot spot is observed in 
the inhomogeneous thigh case near the top edge of the applicator. This hot spot is not 
present in the case of the homogeneous thigh. Deepening and broadening of the SAR 
pattern is also observed with the bolus in place. Further, for the inhomogeneous case, 
a number of smaller hot spots and cold spots arise due to tissue inhomogeneities. 

Our results indicate that the SAR patterns measured in planar phantoms may not 
give an accurate picture of the SAR patterns in clinical situations where patient tissue 
shape and inhomogeneity arise. This will be demonstrated v.ia a comparison of 2-D 
and 3-D results. We will conclude with a discussion of the clinical significance of these 
findings. 
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NUMERICAL CONVERGENCE PROPERTIES OF 2-D FD-TD MODELS 
OF THE SIGMA-60 HYPERTHERMIA APPLICATOR 

C. Reuter*, M Piket-May, A. Taflove 
Electrical Engineering and Computer Science 
McCormick School of Engineering 
Northwestern University, 
Evanston, Illinois 60208 

V. Sathiaseelan, B. B. Mittal 
Radiation Oncology Center 
Northwestern Memorial Hospital and 
Northwestern University 
Chicago, Illinois 60611 

Currently electromagnetic (EM) energy is used clinically to provide therapeutic 
heating of malignant tumors. An example of a commercially available EM 
hyperthermia unit is the BSD-2000 which has four amplifiers each driving a pair of 
dipole antennas radiating in the frequency range of 60 to 120 MHz. The eight dipole 
antennas are equally spaced around a 60-cm diameter plastic annulus and are phased to 
provide constructive interference of the energy deep inside the body of a patient 
centered in the annulus. Energy is coupled from the antennas to the patient via a water 
bolus filling the space between the plastic annulus and the patient 

As a first step to provide patient-specific treatment planning, we have developed 
2-D finite-difference time-domain (PD-TD) models of this system for the case of an 
elliptical phantom embedded in the circular water bolus. Initial results were 
encouraging and showed a close correlation between FD-TD computed E2 field values 
and experimental measurements. However, further investigations revealed the water 
bolus/phantom to be an extremely high-Q structure. The high conductivity of the 
phantom does not quickly damp out the applied fields as initially expected. Apparently, 
energy is repeatedly reflected from media interfaces causing the model to slowly 
progress towards the sinusoidal steady-state. 

In fact, to reach the sinusoidal steady state, the FD-TD code required 
computation of 150 or more sinusoidal cycles of the exciting fields. The convergence 
properties of the 2-D FD-TD code were investigated with respect to 1) space resolution, 
2) air gap between the modeled geometry and the grid radiation boundary, and 3) 
number of sinusoidal cycles that are time stepped. It was concluded that both (1) and 
(2) affect the rate of convergence of the model to steady state. Generally a larger air 
gap between the modeled geometry and the grid radiation boundary shortens the time 
required to attain steady state. However, a condition is reached when adding additional 
air gap has no improved effect on convergence. Furthermore, insufficient air gap will 
result in an unstable model. 

With respect to (3), we have observed a curious "mode flipping" in our 
computations. Two distinct electromagnetic field patterns within the bolus/phantom 
structure alternated every 40 sinusoidal cycles of computation. 

We are attempting full 3-D models of the Sigma-60 to determine if these 
phenomena persist. These phenomena have not been reported before, and could affect 
the accuracy of future clinical applications of the modeling process. 
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TEMPERATURE RECONSTRUCTION IN CYLINDRICAL 
STRUCTURES BY MULTIFREQUENCY RADIOMETRY: THEORY 

AND EXPERIMENT 

F. Bardati*, V. J. Brown and P. Tognolatti, Electronic Engineering Dept., 
''Tor Vergata" University of Rome, Italy. 

The temperature distribution within a lossy body may be imaged by 
externally measuring the electromagnetic microwave radiation emitted naturally by 
the body itself. A thermal image may be formed in a completely passive non­
invasive manner if measurements are made at a number of different frequencies. 
The technique is of promising interest clinically for the monitoring of temperature 
during hyperthermia treatment of cancer. In the microwave frequency range 
emission of radiation from the subcutaneous tissues, which, at these frequencies, is 
directly proportional to the temperature of the tissues, may be received at the skin 
surface by an antenna. Since this emission is also dependent on frequency, the 
information- carried by measurements at different frequencies may be used to 
reconstruct the temperature distribution in the tissue. 

To ascertain the capability of multifrequency microwave radiometry for 
imaging an inhomogeneous temperature distribution inside a cylindrical region of 
the human body such as a neck, a limb or a thigh, equivalent cylindrical phantoms 
have been constructed. Experiments have been made with the use of a four-channel 
radiometer (1.1,2.5,4.5,5.5 GHz). The thermal structure was a small cylinder at 
temperature T + dT embedded off-axis in an outer cylindrical region at uniform 
temperature T, for various distances of the cylinders axes. Both cylinders were 
filled by a liquid having the dielectric properties of a muscle, and their temperature 
was externally controlled by thermostats. The data were generated by rotating the 
antennas around the phantom on a plane normal to the axis. 

The temperature retrieval from radiometric data has been modelled as the 
solution of a Fredholm integral equation of the first kind. This inverse problem has 
been shown (F. Bardati et al., Inverse Problems 3, 347-369,1987) to be severely 
ill-conditioned, therefore only a small number of independent pieces of information 
can be extracted from radiometric noisy data. As a consequence the spatial 
resolution of temperature retrieval is usually poor. The use of a suitably defined 
space of temperature functions can improve the retrievals. In this paper the 
temperature space has been assumed to be the space of continuous functions which 
satisfy a steady-state heat transfer equation together with a Dirichlet condition on 
the boundary of the observed region. Results show an improvement in the 
retrievals with respect to reconstructions obtained by other techniques. 
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Interaction between Person and Handheld Telephone at 900 and 1800 MHz 

J. Bach Andersen, J. Toftgaard, S. N. Hornsleth 
Aalborg University, Aalborg, Denmark 

The FDTD-method has been applied to the situation of a person holding a 
portable telephone. The telephone is modelled by a metallic box and a quarter­
wave monopole, and the person is modelled by a spheri ca 1 head and a hand 
surrounding the box. The modelling is based on cubic cells and the material 
parameters correspond to muscle tissue, the antenna assumed to be perfectly 
conducting. The frequencies of interest, 900 and 1800 MHz, are related to the 
forthcoming European mobile and cordless telephone systems, GSM and DECT. The 
applied signal is a modulated pulse in the time domain of a width correspon­
ding to the bandwidths of interest. Antenna characteristics such as impedance, 
gain, cross-polarization and efficiency are computed and compared with experi­
ments with good agreement. The experimentrs are carried out in an anechoic 
chamber with real persons. The reaction back on the antenna gives a decrease 
in resonance frequency of about 10 percent. The results clearly show the rapid 
decay of the fields inside the head, the shadowing by the head and the near­
field diffraction around the head. At the higher frequency the shadowing is 
larger. A considerable cross-polarization takes place with deep minima in the 
radiation pattern. The absorption in the head is about 50% of the total power, 
the absorption in the hand being minimal. When a person moves around in a 
natural manner, deep null s may occur due to the interaction between the 
antenna and head. 
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Measured Equation of Iuvariance 
A New Concept in Field Computation 

by K. K. MEl, R. POUS, Z. CHEN, and Y. LIU 

Department of Electrical Engineering and Computer Sciences 
and the Electronics Research Laboratory 

University of California, Berkeley, CA 94720 

In recent years, there has been a surge of effort in solving field problems by finite differ­
ence and finite element methods. The advantage of using those methods over the popular method 
of moment is their ability to solve problem which are locally inhomogeneous as convenient as 
they solve homogeneous problems. The additional advantage of having sparse matrices, however, 
is off set by the need to have the mesh covering large volumes, so that the absorbing conditions 
can be applied at the expanded mesh boundaries. It is not surprising that there have been several 
attempts to terminate the mesh boundaries close to the object boundary. The first attempt is 
represented by Kriegman et al.'s on surface radiation condition, which brings the high order 
absorbing boundary conditions on to the object surface [1]. The most recent effort is by Ramahi 
et al. [2], which uses multi poles to c3J.culate the radiation condition near the scatterer surface. 
The results associated with the above close to boundary radiation conditions are mixed. They 
seem to offer good results if the object is close to be circular but in general the errors are 
unpredictable. And, furthermore, they are not expected to work on concave bodies. 

In this paper, we shall approach the problem from a different perspective. Instead of radia­
tion conditions, we shall try to arrive at a finite difference type equation, i.e., same sparsity, at a 
mesh boundary, which satisfies both the conditions of near fields and far fields. This is indeed a 
topic of great challenge to an electromagnetic scientist. 

In this paper, we shall first explore different methods of arriving at the finite difference 
equations. In doing so, we realize that the conventional finite difference equation is actually a 
general equation of invariance. Other methods may lead to equations of limited invariance. By 
controlling the conditions on invariance, we may arrive at the desired equations at the mesh 
boundaries, which can accomodate both the near field conditions and the far field conditions. 

There are several ways the amount of invariance can be measured. And, these measured 
equations lead to robust solutions. The comparisons of surface current densities on scatterers 
using this new method and those using method of moment on a varieties of geometries including 
concave objects show that the new method is in general better than the method of moment and 
uses ouly a small fraction of time and memories required by the method of moment. 

The measured equation of Invariance is very general in that it can be applied to antenna 
scattering and microwave component problems. It can reduce many important computations to 
PC level. 

[1] O. A. Kriegman, A. Taftove, and K. R. Umashankar, "A New Formulation of Electro mag­
netic Wave Scattering Using an on Surface Radiation Condition Approach," IEEE Trans. 
on Antennas and Propagation, vol. AP-35, no. 2, pp. 152-161, February 1987. 

[2] D. M. Ramahi, A. Khebir, and R. Mittra, "Numerically Derived Absorbing Boundary Con­
dition for the solution of Open Region Scattering Problem," IEEE Trans. on Antennas and 
Propagation, vol. AP-39, no. 3, pp. 350-354, March 1991. 
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NEW GENERATION OF BROADBAND GIGAHERTZ FIELD SIMULATORS 

Andrew S. Podgorski 
National Research Council of Canada 
Ottawa, Ontario, Canada K1A OR6 

Over the years, the Electromagnetic Field Protection Community has developed 
many methods for the measurement of radiated susceptibility and radiated emission. 
The widely used measuring methods rely on facilities that were developed over the 
last 50 years. These facilities constitute a tremendous asset that cannot be replaced 
with just another concept. For that reason it was the intention of the author to 
enhance the existing facilities, by proposing unifying modifications that will broad­
band the measuring capability of currently existing facilities. 

The development of the Broadband Gigahertz Field (BGF) Simulator is based 
on a hybrid concept, as it consists of a parallel line simulator and a broadband horn 
antenna. The parallel line simulator provides a uniform TEM field under the septum 
at frequencies extending from DC to about 300 MHz. At frequencies below 
300 MHz the resistors at the end of the septum provide for the termination. At 
frequencies higher than 300 MHz, most of the field in the testing area is supplied 
by the broadband horn. The electromagnetic field is very well focused into a narrow 
20% cone of radiation that is terminated with a wall covered by absorbing material. 
However, if the energy leakage is not a problem the absorbing wall can be removed 
and the septum can be terminated to the ground. The BGF Facility concept assures 
that all of the currently used facilities, except for Reverberation Chambers and TEM 
cells, can be modified into a BGF Facility. Modification performed on an Open 
Area Facility will reduce the noise level by 20 dB and will lower the environmental 
radiation impact by the same amount. The proposed modification will result in 
better electromagnetic field confinement, which in turn will be beneficial to a 
Weather Protected Open Area Facility. Because of better field confinement in the 
simulator, the metallic building can be used as a weather protector. For that reason, 
the EMP and EMC testing of an aircraft can be done in existing hangars without 
being concerned that noticeable degradation in electromagnetic field uniformity 
exists. 

The greatest advantage of the use of BGF simulator can be observed when the 
BGF simulator is incorporated into an Anechoic Chamber. Such a design provides 
for a field uniformity of :1:4 dB, which is considerably better than the :1:6 dB field 
uniformity obtained for a BGF simulator used in an Open Area Test Facility. The 
use of the BGF simulator in Shielded Rooms and Anechoic Chambers also assures 
low background noise level and low emission level. The use of the BGF simulator 
with an Anechoic Chamber will permit simulation of both horizontal and vertical 
polarities.To summarize, the BGF simulator is the only field simulator that provides 
broadband simulation for both vertical and horizontal polarizations. 
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CV FIELD HAPPING OF THE SWISS EMP SIMULATOR HEMPS 
FOR PREDICTION OFPULSE DATA 

B. Brandli*, E. Dorr, B. Reusser, M. Nyffeler 
NC Laboratory Spiez, Spiez, Switzerland 

F.M. Tesche 
Dallas, TX USA 

The fields in the working volume of an EMP simulator are usually 
described by field-map data. Several problems, however, make an 
accurate description of these fields difficult. Pulse-to-pulse 
variations of the pulser output must be taken into account by 
measuring the field for each shot at a suitable reference point. 
In addition, the pulse shape depends, to some extent, on the 
operating voltage of the pulser and other pulser settings. A 
more accurate way of determining the working volume fie~d on a 
shot-by-shot basis is to use the measured reference fields, and 
calculate the field components at a desired location in the 
working volume with the help of field transfer functions. 

As the Swiss MEMPS simulator can be modified to operate in a CY 
mode, a CY field-mapping was conducted to directly measure the 
field transfer functions from the reference point to selected 
points in the working volume. Using these CY transfer functions, 
the working volume transient fields were calculated, based on 
the measured transient fields at the reference location. A 
comparison of these results with measured transient fields at 
the same locations shows a fairly good agreement. 

The measured CY transfer functions are also used to analyze some 
properties of the simulator and its environment, such as 
structural symmetry, waveform reflections, antenna resonances, 
etc. To conclude, it may be stated that these CY measurements 
yield a good description of the pulsed simulator fields, 
including the effects arising from the simulator surroundings. 
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PREDICTION OF THE E AND H FIELDS 
PRODUCED BY THE SWISS MOBILE 

EMP SIMULATOR (MEMPS) 

F.M. Tesche* 
Electromagnetics Consultant 

Dallas, TX, USA 

Bruno Brandli and Markus Nyffeler 
AC Laboratory Spiez, Switzerland 

It is often necessary to test critical systems for hardness against 
electromagnetic (EM) field threats such as an electromagnetic pulse (EMP). To 
this end, a number of full-scale, threat-level simulators have been developed to 
permit system-level testing. Typically, these simulators produce an EM field 
within a specified "working volume" of the simulator. Of key importance in the 
simulator design and its use is the accurate knowledge of the EM fields within 
this volume. These fields are usually measured before a test, in an activity 
referred to as a "field mapping." This can be a time consuming and expensive 
proposition. 

An alternative to a detailed field mapping procedure is to measure the 
field at one or several reference points. These limited measurements are then to 
calculate the fields at other locations within the working volume using a suitable 
calculational model. In this manner, the details of the pulser source waveform, 
such as amplitude and rise-time are taken into account in determining the 
simulator fields. 

This paper discusses the application of this concept to the Swiss Mobile 
EMP Simulator (MEMPS). A simple transmission line analysis procedure for 
determining the electromagnetic fields radiated by the simulator is described. The 
currents flowing on the simulator structure are first obtained. This takes into 
account both the resistive loading along the simulator and the dispersive nature of 
the lossy earth under the simulator. Once this current distribution is determined, 
the fields at an arbitrary location are determined by integrating the fields 
produced by an electric current element located over a lossy air-earth interface. 
As will be shown in the paper, results from this calculation compare favorably 
with both measurements and other results using a different modeling approach. 

Using this modeling approach, a technique to accurately calculate the 
transient field at an arbitrary location within the simulator is described. This 
requires a knowledge of the primary E and H field components at a reference 
point near the simulator, or equivalently, a knowledge of the incident E or H field 
at this point. Results of this limited study indicate that it is possible to predict the 
simulator fields at other points, based on the reference fields and the calculational 
model. 
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100 MHz - 4 GHz NEAR-FIELD FACILITY 
FOR COUPLING CROSS-SECTION MEASUREMENTS 

J.Ch.Bolomey * 
Ecole Superieure d'Electricite 

Plateau du Moulon, F 91190 Gif-sur-Yvette 

G.Cottard 
Satimo, ZA Courtabreuf, F 91940 Les Ulis 

D.Serafin 
Centre d'Etudes de Gramat, F 46500 Gramat 

Understanding coupling mechanisms and determining coupling cross­
sections (CCS) are of prime importance in view of hardening processes. Most 
of time, CCS are determined directly from a convenient illumination of the test 
object, in a simulator or in free-space. As well known, a reciprocal approach 
consists of considering the test object as a transmitting antenna. Indeed, it 
can be shown that the CCS of an object in a given direction is proportional to 
its radiation pattern in the same direction. As it is usual in antenna practice, 
far-field (FF) patterns can be derived from near-field (NF) measurements by 
means of NF to FF transformations. Two advantages of this indirect approach 
with respect to the direct one are 1) to avoid plane wave illumination over a 
broad frequency band, and 2) to provide increased flexibility to simulate 
arbitrary polarization state and incidence angle. For these reasons, a NF 
facility has been designed for microwave CCS measurements, in a broad 
frequency band extending from 100 MHz to 4 GHz. The spherical geometry 
has been selected to accomodate poorly directive radiating objects. In the 
upper part of the frequency band, from 1 GHz to 4 GHz, NF measurements 
are performed by means of a semi-circular array of 128 dual-polarized 
probes. Such an array allows to drastically speed up the probing process. 
The radius of the array is equal to 2 meters. Each probe consists of two 
orthogonal short dipoles loaded by a PIN diode, modulated at a low 
frequency rate according to the modulated scattering technique 
(J.Ch.Bolomeyet aI., IEEE Trans. AP-36, 804-814, 1988). Rapid NF data are 
obtained while the test object is continuously rotated. After only one 
revolution, the whole NF distribution on a sphere has been measured, from 
which FF patterns can be derived in arbitrary cuts. The lower part of the 
frequency band, from 100 MHz to 1 GHz, is covered by classical single-probe 
scanning technique. In that case, the probe is mechanically moved along a 
semi-circular arc. This NF spherical arrangement is located in an anecho"ic 
chamber, the external dimensions of which are 10 m X10 m X 8 m. This paper 
describes the performances and the capabilities of this NF facility, and 
presents some preliminary results obtained with generic objects of simple 
shapes. 
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MEASURED VARIATION OF RF FIELD AMPLITUDES INSIDE 
ENCLOSURES 

Paul Tsitsopoulos, William Slauson·, Llewellyn Jones 
Equipment Division, Raytheon Co. 

The penetrating RF field levels in different locations within 
enclosures can vary by an order of magnitude or more. The internal 
structures impose complex resonant behavior on the leakage, causing 
order of magnitude changes within small frequency ranges. These 
variations along with those for orientation will cause great variations in 
the induction in any exposed interconnects within the enclosure. 
Consequently, estimates of RF induction for HPM evaluations must 
include a large error bar to account for field variations. An experiment 
showed these large variations. 

Two relatively generic enclosures, a rectangular "box" and a 
sphere, were tested for RF penetration from 0.85 to 12.4 GHz. They had 
seams, apertures, and attached cables. The sphere had a covered port 
as the main point of entry and was relatively empty inside. The box had 
seams around the connectors as the main points of entry and had many 
metallic partitions inside. 80th were tested in several orientations to the 
RF source and °in two basic conditions, normal and "sealed" with copper 
tape. 8-dot probes were used to measure the magnetic fields. All 
measurements were made relative to the incident fields; i.e., shielding 
effectiveness (SE) was measured. 

The results showed that both resonances and location can change 
the internal fields by an order of magnitude. Even the relatively empty 
sphere showed very fine resonant structures in the SE spectrum. The 
resonances were greatly reduced by placing some RF absorbing 
material inside. The cover on the port was ineffective in maintaining SE 
in lower spectral regions. The box showed an order of magnitude 
change in field with probe location. The orientation of the box or sphere 
caused at least half an order of magnitude of change in field. Sealing 
each with copper tape proved effective only with the main points of entry. 
These results illustrate the large variations in internal fields caused by 
location, resonances, enclosure orientation, and condition of points of 
entry. RF field levels can vary by 2.5 orders of magnitude just due to 
location, orientation and resonances. 
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FACIUTIES FOR RADIO FREQUENCY SUSCEPTIBILITY TESTING. 

Jeffrey E. Casper, SRI International, Menlo Park, California 

This talk will review the various types of facilities that can be used to 
evaluate the radio frequency (RF) susceptibility of electronic equipment. 
The advantages and limitations of each type of facility will be discussed. The 
facilities considered include: 

Anechoic chambers 
Reverberation chambers 
TEM cells and tapered TEM cells 
Open area test sites 
Stripline test facilities 
Direct drive facilities 
Special RF facilities. 

The parameters of interest for these facilities include the usable frequency 
range, the capability for continuous wave (CW) and/or pulse exposure, and 
the ability to provide free-field illumination. 

Anechoic chambers and open area test sites simulate free space propagation, 
can illuminate large test objects, and can be used for either CW or pulsed 
operation within certain practical limits. Reverberation chambers (also 
known as mode-stirred chambered) allow the simultaneous testing of 
frequencies, angles of illumination, and polarizations, but the system 
response is not relatable to the source specifics. Its value is in the 
identification of frequencies of concern, for which additional testing would 
be warranted. Tapered TEM cells provide a well-controlled, uniform RF 
environment and are useful for small test objects. Strip line and direct drive 
test facilities provide high field strengths and input powers from limited 
energy sources. Their usefulness is in maintenance and surveillance efforts. 

A brief description of the design and capabilities of the SRI Microwave 
Exposure for Damage and Upset Susceptibility Assessment (MEDUSA) 
facility will also be provided. 
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Friday PM AP-S, URSI-B Session FP06 
Room: Grand F Time: 1320-1700 

Antenna ReS 

Organizers: John L. Volakis, The University of Michigan; N. G. Alexopoulos, University of 
California, Los Angeles 

Chairs: John L. Volakis, The University of Michigan; N. G. Alexopoulos, University of California, Los 
Angeles 

1320 RADAR CROSS SECTION ANALYSIS and CONTROL of MICROSTRIP PATCH 
ANTENNAS 
John L. Vo!akis', A. Alexanian, J. M. Jin; The University of Michigan; C. Long Yu, Pacific 
Missile Test Center 

1340 SCATTERING and RADIATION PROPERTIES of VARACTOR-TUNED MICROSTRIP 
ANTENNAS 
James T. Aberle', M. Chu, C. R. Bincher, Ariwna State University 

1400 RADIATION and SCATTERING from PLANAR MICROSTRIP STRUCTURES of 
ARBITRARY SHAPE 
K. A. Michalski', C.-I. G. Hsu, M.-H. Ho, Texas A&M University; D. Zheng, Integrated 
Engineering Software, Inc. 

1420 ULTRA-WIDEBAND SCATTERING from RESONANT STRUCTURES USING 
OPTOELECTRONICALLY SWITCHED ANTENNAS 
Kamil Agi', Lawrence Carin, Polytechnic University 

1440 STEADY-STATE SCATTERING from MICROSTRIP DIPOLE and PATCH ANTENNAS 
EVALUATED by the SINGULARITY EXPANSION METHOD 
George W. Hanson', University of Wisconsin-Milwaukee 

1500 RCS of CONDUCTINGIDIELECTRIC STRUCTURES OVER a FINITElINFINITE 
LAYERS of a DIELECTRIC MEDIUM 
Sadasiva M. Rao, Auburn University; Tapan K. Sarkar', Syracuse University 

1520 MULTIFUNCTIONAL ANTENNAS with LOW RCS 
Hung-Yu Yang', Jesse A. Castaneda, Phraxos Research and Development Inc.; N. G. Alexopoulos, 
University of California, Los Angeles 

1540 SCATTERING from a FINITE MICROSTRIP ARRAY with a MULTIPLE-LAYER 
RADOME 
Adrian S. King', Sandia National Laboratories; David R. Jackson, University of Houston 

1600 RCS of PRINTED DIPOLE ANTENNA ARRAYS with a DIELECTRIC COVER 
Gary D. Hancock', New Mexico State University; Adrian S. King, Sandia National Laboratories 

1620 RESONANT FREQUENCY & RCS of ARBITRARILY SHAPED MICROSTRIP 
ANTENNAS 
Manohar D. Deshpande', Vigyan Inc.; Dave Shively, AVRADA JRPO, NASA LaRC; C. R. 
Cockrell, NASA LaRC 

1640 AN ITERATIVE MPIE FORMULATION for the RCS COMPUTATION of MICROS TRIP 
PATCHES 
S. A. Bokhari', H. K. Smith, J. R. Mosig, F. E. Gardiol, Ecole Poly technique Federale de Lausanne 
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RADIATION AND SCATTERING FROM PLANAR MICROSTRIP 
STRUCTURES OF ARBITRARY SHAPE 

K. A. Michalskit., C.-I. G. Hsut, M.-H. Hot, and D. Zheng~ 

tElectromagnetics & Microwave Laboratory 
Department of Electrical Engineering 

Texas A&M University 
College Station, Texas 77843-3128 

~Integrated Engineering Software, Inc. 
347-435 Ellice A venue 
Winnipeg, Manitoba 
Canada, R3B 1 Y6. 

A space-domain approach based on the mixed-potential integral equation for­
mulation is applied to the computation of electromagnetic fields radiated and 
scattered by planar microstrip structures having arbitrary or irregular shapes. 
The effects of the substrate-which may consist of any number of planar, 
possibly uniaxially anisotropic dielectric layers backed by a grou!ld plane­
are rigorously incorporated in the analysis by means of the vector and scalar 
potential Green's functions. The latter are expressed in terms of two scalar 
functions, which are the voltages on the transmission-line analogues of the 
layered medium, associated with the TM and TE partial fields. The cur­
rent distribution induced on the conducting patch is approximated in terms 
of vector basis functions defined over triangular elements. Once the current 
expansion coefficients are computed by the method of moments, the far zone 
fields are easily found by the stationary phase method, and are given in terms 
of the Fourier transformed basis functions and the transmission line voltages 
evaluated at the stationary point values of the spectral variables. Computed 
current distributions, radiation patterns, and RCS results are presented for 
several microstrip patch antennas of various shapes. For patches of simple, 
regular shapes, the results are in agreement with measured data and with 
published computed results obtained by specialized techniques, which-unlike 
the method presented here-are not easily extendable to arbitrary shapes. 
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Ultra-wideband Scattering From Resonant Structures 
Using Optoelectronically Switched Antennas 

Kamil Agi* and Lawrence Carin 
Weber Research Institute 

Department of Electrical Engineering 
Polytechnic University 

Route 110 
Farmingdale, N.Y. 11735 

Planar antennas are photoconductively switched to 
generate and coherently detect ultra-wideband (UWB), 
transient radiation. This radiation has a bandwidth covering 
from 5 to 70 GHz. The antennas are switched 
photoconductively using a 76 MHz train of 5 psec duration, 527 
nm wavelength optical pulses generated from a frequency 
doubled, pulse compressed, mode-locked Nd-YLF laser. The 
UWB microwave and millimeter-wave radiation generated by 
these antennas, is used to perform UWB transient scattering 
measurements from resonant targets. 

The resonant behavior of a given target is manifested in 
the late-time response of the scattered transient signal. This 
has lead many researchers over the years to study transient 
scattering from targets both experimentally and theoretically. 
By using an UWB waveform, there is the potential to excite 
more resonances in a given target, thus enhancing resolution. 

In this work prototype UWB time-domain scattering 
measurements will be performed using a unique table-top 
scattering facility. The experimental results will be compared 
with theory. Particular attention will be addressed to the 
application of accurately measuring the late-time response of 
targets using such a system. The scattering facility mentioned 
above has no conventional microwave or millimeter-wave 
devices (Le. sources, waveguides, etc.), and uses a low 
frequency measurement technique to obtain the desired 
information. 
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RCS OF CONDUCTING/DIELECTRIC STRUCTURES OVER A 
FINITE/INFINITE LAYERS OF DIELECTRIC MEDIUM 

Sadasiva M. Rao 
Department of Electrical Engineering 

Auburn University 
Auburn, Alabama 

Tapan K. Sarkar* 
Department of Electrical Engineering 

Syracuse University 
Syracuse, New York 

Abstract: The objective of this paper is to develop a unified 
methodology for the computation of bistatic and monostatic RCS of 
conducting/dielectric objects situated over a layered media. The 
analysis is quite different if the layered media is finite as opposed 
to an infinite dielectric layer. The surface equivalence principle 
along with the conventional integral equation technique is utilized 
to convert the physics to a mathematical entity. The integral 
equations are then solved utilizing the conventional method of moments. 
For the infinite layered structures, the Sommerfeld Green's functions 
are utilized to take into account the effect of the various 
lossless/lossy dielectric media. For finite layered media, one utilize 
the equivalence principle and replaces the layers by surface equivalent 
electric and magnetic currents. So as a part of the solution procedure 
one also has to solve for this additional equivalent surface electric 
and magnetic currents. The former approach gives rise to a complex 
Green's function, however the number of unknowns are quite small. 
For the latter, one utilizes the free space Green I s function however 
the number of unknowns becomes large. For complicated structures 
greater than a few wavelengths, one need to use computers with 
significant memory. However, this is not a problem as computers 
with gigebytes of memory are becoming quite common. 

Once the electric/magnetic currents are known the monostatic 
or the bistatic RCS can easily be computed. For finite structures, 
this process is quite straightforward a However for infinite 
structures, one has to image the excitation over the layered media 
to obtain the correct excitation. This has been achieved in this 
formulation by utilizing the reciprocity principle. For the bistatic 
RCS computation this procedure has to be repeated again. 

Numerical results will be presented to describe the application 
of this technique for the computation of monostatic and bistatic 
RCS of structures over a layered media, both of finite and infinite 
extent a 
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RCS OF PRINTED DIPOLE ANTENNA ARRAYS 

WITH A 

DIELECfRIC COVER 

Gary D. Hancock * 
New Mexico State University 

Las Cruces, NM 88003 

Adrian S. King 

Sandia National Laboratories 

Albuquerque, NM 87185 

Printed dipole antenna arrays have found wide use on low observable (LO) plat­
fonns due to their low cost and low profile properties. The design and analysis of 
these antenna arrays is often times complicated by the addition of a dielectric 
cover to protect the printed dipoles from the environment. Due to the widespread 
use of printed dipole antenna arrays for many government applications, the ability 
to predict array perfonnance sensitivities, limitations, and tradeoffs without undue 
experimental effort is very important to the LO community. In this presentation, a 
full-wave solution for the RCS of a finite array of printed dipoles in a substrate­
superstrate geometry will be discussed as well as a massively parallel computer 
implementation of the solution. RCS data is to be presented as a function of the 
printed dipole antenna array geometry and incident signal properties. 

The technical approach to be presented is to solve the exact electric field integral 
equation utilizing the spectral domain moment method. This method is very time 
consuming due to the slow convergence and oscillatory nature of the function to be 
evaluated for the matrix fill operation. In addition, the matrix solve operation is 
computationally intensive for large arrays. The need for high resolution wideband 
RCS infonnation further increases the amount of computations required. The use 
of massively parallel computing overcomes the computational intractability of the 
full-wave moment method solution. The moment method solution presented is 
based on massively parallel computers with hypercube architectures. The moment 
method solution to be presented utilizes toroidal wrap mapping to minimize the 
communication penalty associated with a large number of processors. This scheme 
has achieved order of magnitude speedups relative to a Cray X-MP supercomputer. 
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Resonant Frequency & ReS of Arbitrarily 
Shaped Microstrip Antennas 

Manohar D. Deshpande*, Vigyan Inc., liampton , VA. 
Dave Shively, AVRADA JRPO, NASA LuRC, Hampton, VA 

C. R. Cockrell. NASA LuRC. Hamjlton, VA. 

The paper describes an application of the method of 
moments to determine the resonant frequency and monostatic ReS 
of arbitrarily shaped micros trip patches. The Electric Field 
Integral Equation (EFlE) in conjunction wilh the method of 
moments has been extensively used to determine radiation 
characteristics. of micros trip antennas. However, the early work 
on the EFlE approach is restricted to microstrip patches of regular 
shapes such as. rectangular, circular etc.. The present work 
describes extension of EFlE approach to predict ReS and resonant 
frequencies of arbitrarily shaped micros trip antennas. 

An arbitrarily shaped patch is first assumed to be enclosed 
by a rectangle. By dividing the rectangle into -rectangular 
subdomains the surface current density over the patch is then 
expressed in terms of subdomain basis functions and a shape 
function. The shape function, which is 1/0 if subdomain is 
inside/outside the patch, insures zero current outside the patch. 
The surface current density on the patch is dctermined by solving 
the EFlE. The figure below shows variation of current density at 
the center of the patch as a function of frequency. The resonant 
frequency of the patch is defined as a frequency at which 
imaginary part of the current density goes to zero. 
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Friday PM URSI-B Session FP07 
Room: Columbus A Time: 1320-I700 
Theoretical Electromagnetics II 

Chairs: R. D. Nevels, Texas A&M University; Xiao-Bang Xu, Clemson University 

1320 REFLECTION and TRANSMISSION of CANONICAL ELECTROMAGNETIC PULSES at 
a CONDUCTIVE HALF-SPACE 
K.-D. Leuthauser', Fraunhofer Institut fur Naturwissen. 

1340 EXTENDED RAY THEORY for ANALYZING TRANSIENT SCATIERNG from a 
SMOOTH DIELECTRIC CYLINDER 
Hiroyoshi !kuno', T. Ohmori, Masahiko Nishimoto, Kumamoto University 

1400 UNIQUENESS THEOREMS for STATIC INTEGRAL EQUATIONS USED in the 
CALCULATION of SCATTERING from NARROW CYLINDRICAL DENTS 
Thorkild B. Hansen', Rome Laboratory / ERCT 

1420 THE FOURIER TRANSFORM PATH INTEGRAL METHOD 
R D. Nevels', Zuoguo Wu, Chenhong Huang, Texas A&M University 

1440 THEORETICAL COMPARISON of MODAL EXPANSION and INTEGRAL EQUATION 
METHODS for NEAR-FIELD to FAR-FIELD TRANSFORMATION 
Peter Petre', Tapan K. Sarkar, Syracuse University 

1500 Break 

1520 MODELING of ELECTROMAGNETIC WAVES AS FIELD VORTEXES 
Swen Alfas', ELKRAFT Power Company Ltd 

1540 ALGEBRAIC INTEGERS and MODE DEGENERACIES in mGHLY OVERMODED 
RECTANGULAR WAVEGUIDES 
P. L. Overfelt', Naval Weapons Center 

1600 SCA TIERING from BURIED INHOMOGENEOUS CYLINDERS-A HYBRID INTEGRAL 
EQUATION APPROACH 
Xiao-Bang Xu', Wen Yan, Clemson University 

1620 mGH FREQUENCY BRAGG REFLECTORS for SELECTIVE FEEDBACK in 
CYLINDRICAL RESONATORS 
Masoud Kasraian', University of Wisconsin-Madison 

1640 COAXIAL-FED MODEL for MICROSTRIP PATCH ANTENNA USING the 
FINITE-DIFERENCE TIME-DOMAIN METHOD 
Chen Wu', Ke-Li Wu, Zhiqiang Bi, John Litva, McMaster University 
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REFLECTION AND TRANSMISSION OF 
CANONICAL ELECfROMAGNETIC PULSES 

AT A CONDUCTIVE HALF-SPACE 

K.-D. Leuthauser 
Fraunhofer-Institut fUr Naturwissenschaftlich-Technische Trendanalysen (lNT) 

Appelsgarten 2 
5350 Euskirchen, Gennany 

ABSTRACT 

If an electromagnetic plane wave of frequency co impinges from the vacuum (or 
air) on a conductive half-space, the reflected and transmitted wave can be 
determined by means of Fresnel coefficients which depend on frequency, angle of 
incidence, polarization of the wave as well as on conductivity, permittivity and 
penneability of the half-space. 

For an electromagnetic pulse of arbitrary time dependency E(t), the 
corresponding problem can be solved in the frequency domain, with subsequent 
transformation to time domain. 

The present paper especially deals with analytical expressions for reflected and 
transmitted electromagnetic fields if delta or unit step function pulses impinge on a 
conductive half-space. Their response functions are obtained by analytic 
continuation of the Fresnel coefficients into the whole complex co -plane and their 
Fourier transform back to the time domain by means of contour integration 
techniques. From a mathematical point of view, the Fresnel coefficients are 
double-valued with a branch cut, and it is important for all considerations to 
remain on the 'physical' Riemann surface. Besides the branch cut no further 
singularities (e. g. poles) appear on this Riemann surface. 

All response functions for reflection R(t) and transmission T(t) can be 
represented by sums of two tenns. The first term originates from the path integral 
encircling the branch cut, the second corresponds to the incident pulse shape 
multiplied by the asymptotic value (i. e. co -> 00) of the Fresnel coefficient. 

Numerical results are presented for the two states of polarization. Other 
representations of the response function are also given (e. g. in terms of modified 
Bessel:functions, and series expansions), and some examples for the convolution 
with specific canonical wavefonns (unit step funtion, exponential decay, 
reciprocal sum.of exponentials) in time domain are presented. 
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EXTENDED RAY THEORY 
FOR ANALYZING TRANSIENT SCATTERING 
FROM A SMOOTH DIELECTRIC CYLINDER 

H.lkuno*, T.Ohmori, and M.Nishimoto 
Department of Electrical Engineering and Computer Science, 

Kumamoto University, Kurokami 2-39-1, Kumamoto 860, Japan 

When we treat the transient scattering problem that an incident electromagnetic pulse is 
illuminated on a target, it is possible for us to reveal its scattering mechanism by using the 
extended ray theory (ERT) that is an extension of the ordinary ray theory and the GTD to 
complex coordinate space. For example, we encounter non-specular events in reflected field 
which can not be explained by real ray theory; these events can be expressed in terms of 
complex rays [H.Ikuno and L.B.Felsen, IEEE Trans. AP-36, p.1272, 1988]. On the other 
hand, transient scattering from a dielectric circular cylinder has been interpreted by using the 
ERT, although it is complicated due to the surface scattering and volume one [H.Ikuno et aI., 
1989 URSI, Stockholm]. 

In this work, we show that the scattering mechanism by an arbitrarily shaped smooth 
dielectric cylinder can be explained by the ERT systematically. Here we postulate that 
scattering processes on a smooth object can be represented in terms of reflection, refraction, 
and diffraction events in the ERT. Then, we can show that any scattering process can be 
classified into six elementary processes on electromagnetic scattering problem, as indicated 
in reference [Y.M.Chen, J. Math. Phys., 5, p.820, 1964]. To investigate these elementary 
processes, we have constructed two kinds of charts with the help of the ray tracing technique. 
These charts represent the relation between the observation angles versus the incidence 
points of GO rays or creeping rays and show the distinctive scattering angular regions 
described by Nussenzveig [J. Math. Phys., 10, p.125, 1969] e.g. I-ray and 2-ray regions and 
so on. Then, from these charts we can easily calculate scattering centers such as reflection, 
refraction or diffraction points and positions of the caustics; there are not only real scattering 
centers but also complex ones with a selection rule [H.Ikuno et aI., 1989 URSI, Stockholm]. 
After giving the ray path, the amplitude and phase of the ray for each elementary process can 
be determined by the intuitive rule of the ray theory and the GTD; the amplitude and phase 
can be calculated by the conservation of energy and the ray path length, and reflection, 
refraction, and diffraction coefficients are given by Fresnel ones [Y.M.Chen, ibid., 1964]. 
Thus we can evaluate the transfer function of the scattering problem with the aid of the ERT. 
To check the validity of the ERT solutions, reconstructed scattered waveforms from a smooth 
dielectric object are compared with those given by the reference solutions provided by the 
Yasuura method [H.Ikuno.and K.Yasuura, Radio Sci., 13, p.937, 1978]. Both solutions well 
coincide with each other except for the ray fields in the near caustic region and near the 
forward directions. Therefore, the unified theory based on the ERT interprets scattering 
processes on two-dimensional arbitrarily shaped objects. 
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UNIQUENESS THEOREMS FOR STATIC INTEGRAL EQUATIONS 
USED IN THE CALCULATION OF SCATTERING FROM 

NARROW CYLINDRICAL DENTS 

Thorkild B. Hansen, 
Rome Laboratory /ERCT 

Hanscom AFB, MA 01731, USA 

It has been shown recently in (Hansen and Yaghjian, IEEE AP-S Symposium Digest, London, 
Ontario, Canada, 794-801, June 1991) how three-dimensional incremental length diffraction co­
efficients can be found directly from the corresponding two-dimensional far-fields for cylinders of 
arbitrary cross section using a direct substitution procedure. Thes,\! incremental length diffraction 
coefficients can be used, for example, to determine the scattering contribution from curved ridges 
and channels in conductors. 

It was also shown that the exact expressions for the leading terms in the low-frequency far 
fields diffracted by an arbitrarily shaped perfectly conducting cylindrical dent in a ground plane 
are completely determined by evaluating one single constant. This constant depends only on the 
shape of the cross section of the dent and it is found from the solution to either an electrostatic 
or magnetostatic problem. Once the value of the constant is determined for a certain dent, the 
three-dimensional incremental length diffraction coefficients for the corresponding narrow channel 
are immediately obtainable using the direct substitution procedure. The constant can be written 
as a simple integration over the dent of a magnetostatic current K?D or an electrostatic potential 
F'.'D. The magnetostatic current K~D is determined by the three coupled integral equations 

fo K?D(r') a~,d'(f,r')dS' = ~ - H~D(f), f E A 

[ K?D(f')G'Jy(f,r')ds' + 2 r H~D(f')GO(f,f')ds' = 0, rED 
JD 1.4 

r K~D(r')ds' + J. H~D(r')ds' = 0 JD .4 

while the electrostatic potential F'jD is determined by the two coupled integral equations 

fv F'jD(r') a:,GU(r,f')ds' = ~,,- F'jD(f), f E A 

Iv ~D(r') a~,G'b(f,r')ds' + 2 L ~D(f') ~,GO(f,r')ds' = _~~D(f), rED 

where D is the dent and A is its aperture. The functions GO, G'Jy, and G'b are two-dimensional 
static Green's functions. These static integral equations were derived from time-harmonic integral 
equations given in (Asvestas and Kleinman, Private communication, 1990). 

In the present paper it is shown that each of the two sets of coupled static integral equations 
have a unique solution. It is also shown how the integral equations can be solved numerically using 
pulse expansion functions and point matching. A similar analysis has been carried out for the 
bump on an infinite ground plane. The qualitative results for the bump are the same although the 
integral equations and uniqueness proof are much simpler. 
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THE FOURIER TRANSFORM PATH INTEGRAL METHOD 

Robert D. Nevels', Zuoguo Wu, and Chenhong Huang 
Electromagnetics & Microwave Laboratory 

Department of Electrical Engineering 
Texas A & M University 

College Station, TX 77843-3128 

The path integral is a single integral expression which is the Green's func­
tion for Helmholtz equation at every point in an inhomogeneous region. Re­
search on the path integral relevant to classical electromagnetic field analysis 
is rare and has primarily been concerned with asymptotic diffraction theory 
and propagation through stochastic media. Methods for evaluating the path 
integral have been mostly analytical and have relied heavily on asymptotic 
approximations. Applications therefore have been limited primarily to wave 
propagation in continuously varying media with media parameters that have 
a smooth continuous first derivative and scattering from conducting objects 
for which real or complex images of the source can be constructed. 

In this paper we will describe a Fourier transform path integral (FTPI) 
method which takes advantage of fast Fourier transform (FFT) numerical 
routines and which can compute the scattered field in a region which is inho­
mogeneous with a permittivity profile that can contain discontinuities. FTPI 
method advances the status of the path integral as an alternative to various 
other numerical methods. However there are certain numerical constraints as­
sociated with the FFT algorithm. Among these are first order limitation of 
the source and observation points to the region of the FFT grid points, the 
matrix size of the FFT grid, anomalous data around the grid periphery caused 
by aliasing and jaggedness of the scatterer surface produced when the FFT 
grid points are equally spaced. Methods for resolving each of these problems 
will be discussed. Comparison will be made between the path integral and 
moment method for transverse magnetic scattering from a perfect conducting 
cylinder. 
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Theoretical Comparison of Modal Expansion and Integral Equation 
Methods for Near-Field to Far-Field Transformation 

Peter Petre and Tapan Sarkar 
Department of Electrical Engineering 

Syracuse University; Syracuse, NY 13244-1244 

Near-field antenna measurements have become widely used in 
antenna testing since they allow for accurate measurements of 
antenna patterns in a controlled environment. 

The earliest works based on the modal expansion method in 
which the fields radiated by the test antenna are expanded in terms 
of planar, cylindrical or spherical wave functions and the measured 
near-fields are used to determine the coefficients of the wave 
functions. The primary drawback of the modal expansion technique 
is that when a Fourier transform is used, the fields outside the 
measurement region are assumed to be zero. Consequently the far­
fields are accurately determined only over a particular angular 
sector which is dependent on the measurement configuration. 

The equivalent current approach which represents an alternate 
method of computing far-fields from measured near-fields has been 
recently explored. This method utilizes near-field data to 
determine equivalent electric, magnetic or both electric and 
magnetic current sources over a fictitious planar surface which 
encompasses the aperture of the antenna. These currents are used 
to ascertain the far-fields. Under certain approximations the 
currents produce the correct far-fields in all regions in front of 
the antenna regardless of the geometry over which the near-field 
measurements are made. 

A theoretical comparison for the application and derivation of 
both modal expansion and integral equation method is presented. It 
is shown that one formulation can be transformed into the other one 
using the Fourier transform. From this point of view it can be 
stated that both method solves the same integral equation but for 
the modal expansion approach, the integral equation is solved in 
the spectral domain while for the integral equation method the same 
equation is solved for the space domain. In the numerical solution 
process for the first approach the approximation that the 
measurement field plane is truncated is assumed while for the 
second method the source plane is truncated. It is shown that for 
most of the practical antenna types the integral equation approach 
gives more accurate far-field estimation than the modal expansion 
method, particularly in the planar and cylindrical case. 

Numerical results are presented using both integral equation 
and modal expansion approach for several antenna configurations by 
extrapolating the far-fields using synthetic and experimental near­
field data. 
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ALGEBRAIC INTEGERS AND MODE DEGENERACIES IN 
HIGHLY OVERMODED RECfANGULAR WAVEGUIDES 

P. L. Overfelt, Research Department, Naval Air Warfare Center 
Weapons Division, China Lake, CA 93555-6001 

Overmoded waveguides have been used for many years as 
a means of reducing the ohmic losses of smaller dominant­
mode waveguides at microwave frequencies and have been 
used also to avoid breakdown when high-power transmission 
applications at millimeter wavelengths are needed. The 
analysis of highly overmoded rectangular waveguides can be 
made easier by the use of some concepts in number theory. In 
particular, we show that the expression for the cutoff wave 
numbers in such a waveguide can be viewed as the norm of an 
algebraic field, i.e., either the field of the rationals or the 
complex quadratic field, Q [-V-cr], where (J must be a positive 
square-free integer. We can then use the simplest algebraic 
integers (the rational and quadratic integers of the above 
fields) and {(j = (a/b) (the length-to-width ratio of the 
waveguide) to obtain analytic formulas for the complete mode 
degeneracy of those guides with length-to-width ratios given 
by rational integers or by the square roots of rational integers. 
The general complex quadratic field can be divided into those 
fields that are Euclidean (those in which the fundamental 
theorem of arithmetic is true) and those that are not. In the 
former case, unique factorization into primes and conjugation 
devices exist and give procedures for finding degenerate 
modes. In the latter case, we must consider the products of 
ideals (G. H. Hardy and E. M. Wright, Introduction to the Theory 
of Numbers, Oxford, 1938) rather than the products of numbers 
as for Euclidean fields. We speculate that interpreting the 
cutoff wave number formula as the norm of an algebraic field 
can be extended to more complicated waveguide geometries. 
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SCATTERING FROM BURIED INHOMOGENEOUS CYLINDERS 
- A HYBRID INTEGRAL EQUATION APPROACH 

Department 
Xiao-Ban~ Xu* and Wen Yan 

of Electr~cal and Computer Engineering 
Clemson University 

Clemson, SC 29634-0915 

This paper presents a hybrid integral equation 
method for determining the scattering from 
inhomogeneous dielectric/ferrite cylinders buried below 
the planar interface seperating two semi-infinite 
half-spaces of different electromagnetic properties. 
The inhomogeneous cylinders of general cross section 
are of infinite extent and the excitation can be either 
transverse magnetic or transverse electric to the 
cylinder axes. The hybrid integral equations are 
formulated by employing both the surface equivalence 
principle and the volume equivalence theorem. In the 
formulation, attention is focused on avoiding the 
computation of Sommerfeld integrals which is often 
encountered in dealing with buried objects, and on 
reducing the number of unknowns. The Green's functions 
of all the volume integrals and part of the surface 
integrals in the formulated integral equations, which 
will be encountered in the computation of the majority 
of the matrix elements in the numerical solution 
procedure, are simply free-space Green's functions that 
do not contain Sommerfeld integral terms. Also, the 
formulated integral equations have less unknowns 
comparing to volume integral equation formulations. 

The formulated hybrid integral equations are 
solved by employing a moment method numerical solution 
technique. Based on the knowledge of the equivalent 
surface current, the far-zone scattered field is 
computed. The equivalent currents and the far-zone 
field patterns are presented graphically as functions 
of electromagnetic properties of the two half-spaces 
and the buried cylinder. As a partial check, the 
numerical results for buried homogeneous cylinders, 
which can be considered as a special case of 
inhomogeneous cylinders, obtained by using the hybrid 
integral equation method are compared with those 
determined by employing surface integral method, a good 
agreement is observed. 
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IUGH FREQUENCY BRAGG REFLECTORS 
FOR SELECTIVE FEEDBACK IN 
CYLINDRICAL RESONATORS 

Masoud Kasraian 
Department of Electrical and Computer Engineering 

University of Wisconsin-Madison 
Madison, Wisconsin 53706 

A treatment of Bragg reflectors in the form of azimuthally 
symmetric periodically corrugated cylindrical waveguides is 
presented. Four coupled mode equations for both the transverse 
electric (TE) modes and the transverse magnetic (TM) modes are 
deduced. Selective coupling of forward and backward waves is 
discussed. Using the governing equations, a Bragg reflector 
carrying only the fundamental waveguide (TEll) mode is designed. 
Characteristics of the designed Bragg reflector as a function of 
amplitude and length of the corrugated section are investigated. 
Effects of the parasitic modes such as the TMll mode and the TE12 
mode on the performance of the designed reflector are discussed. 
Two methods of optimization of this distributed reflector are 
presented. The optimization procedures are based on slight 
alteration of the corrugated section and introduction of a phase 
adjustment region in the corrugated structure. The characteristics 
of a Bragg resonator consisting of a smooth section of a cylindrical 
waveguide terminated by Bragg reflectors on both sides (see Fig. 1) 
are determined. The spectral response of the quality factor 
(selectivity) of the Bragg resonator is obtained using an 
approximation method (neglecting the contribution to the resonator Q 
of stored energy within the Bragg reflectors themselves) and the 
steady state oscillation condition. 

Fig. 1 
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COAXIAL-FED MODEL FOR MICROS1RIP PATCH ANTENNA 

USING TIffi FINITE-DIFFERENCE TIME-DOMAIN METHOD 

Chen Wu, Ke-li Wu, Zhiqiang Bi and John Litva 

Communications Research Laboratory, 
McMaster University, Ontario, Canada, L8S 4KI 

ABSTRACT 

The coaxial feed is a common used structure in microstrip antenna design. There are 

many numerical techniques to model this structure in frequency domain. The most accurate 

treatment of a coaxial probe in frequency domain assumes that the portion of the inner 

coaxial conductor embedded in the substrate belongs to the patch. The whole structure is 

then excited by a frill of magnetic current existing between the inner and outer conductors of 

the coaxial line on the ground plane. The magnetic current is determined by the transverse 

electromagnetic (TEM) mode in the coaxial line. However, the discontinuity between the 

coaxial line region and patch region cannot be taken into account. 

The Finite-Difference Time-Domain (FD-TD) method has been widely used to solve 

electromagnetic problems since 1966. Because Maxwell's equations are discretized directly 

using central difference in both space and time, the FD-TD method is more flexible than 

frequency method and can be applied to very complex structures, which may not be amenable 

to model by using frequency domain methods. On the other hand, one simulation in time 

domain can give very wide frequency domain information. Some investigaLOrs have used the 

FD-TD method to analyze microstrip problems, but for coaxial line-fed patch antenna the 

analysis is still based on the assumptions that deviate from practice. For example, the effect 

of the discontinuity between the coaxial line and patch antenna is replaced by an equivalent 

lump resistance. Furthermore, the characteristic impedance of the coaxial line is not reflected 

in the model. Obviously it is very difficult LO give an accurate resistance to incorporate all 

the details contained in the discontinuity near the connector. 

In this paper, the FD-TD method is used to model the coaxial line-fed microstrip patch 

antenna directly. The patch antenna can be an arbitrarily shaped and can consist of 

multilayerd structures. In this model the antenna is divided into two computation regions. 

One is the coaxial line region and another is the patch region. These two regions are 

carefully merged near the connector place. The advantage of using twO region is that the 

electromagnetic field in the coaxial line can be defined by a small matrix, so that the 

computational space as well as CPU time expended in the coaxial line region is less than two 

percent of that expended in a single patch antenna region. Although the step boundary is 

used to approach the curve of the coaxial line, it has been found that a very good result can 

be obtained as long as the numerical coaxial line has 50 Ohm Characteristic impedance. As 

the leap-frog time marching computation carries on in the time domain, all of the 

discontinuities will be taken into account. It can be used to study the coaxial line fed 

microstrip patch antenna, as well as other structures fed by coaxial line. The refined lattice 

model will be used in the coaxial line region to improve the model. More details will be 

presented in the conference. 
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The Antenna K-Pulse-Oefinitions and Illustrations 

D.L. Moffatt* 
ElectroScience Laboratory 

The Ohio State University 
1320 Kinnear Road 

Columbus, OR 43212 

Kennaugh (E.M. Kennaugh, IEEE Trans. Antennas Propagat., AP-29, 2, 
327-331,1981) defined the K-pulse ofa linear distributed parameter system as that 
waveform of finite duration which, as an excitation, produces response 
waveforms of finite duration at each point of the system. As noted by Kennaugh 
(E.M. Kennaugh, unpublished notes), the concept can be applied to a radiating 
antenna, in which case the appropriate generator waveform of finite duration is 
selected so as to produce antenna currents and radiated fields of finite duration. 
The internal impedance of the generator influences this waveform as well as the 
antenna itself. In application to the receiving antenna, an incident plane 
waveform of finite duration is specified which is independent of the antenna 
orientation. Such a waveform produces finite duration waveforms of terminal 
voltage and current. The terminal impedance of the antenna also influences 
these waveforms. 

For the radiating antenna, assuming single-mode currents and voltages at 
the receiving terminal, Thevenin and Norton equivalent circuits are used to 
demonstrate the nature of the system K-pulse transform. Both the Thevenin and 
Norton models lead to the same system K-pulse. In the Thevenin model, the 
transform of the generator waveform is an entire function of s (complex 
frequency) whose zeros match the zeros of the sum of the antenna impedance and 
generator impedance. The response in each case is an entire function of s whose 
zeros match the poles of the impedance sum. Given the poles and zeros of the 
terminating impedance (assumed to be a ratio of polynomials) the K-pulse for any 
terminal impedance can be expressed in terms of the special K-pulses of an open­
circuited and short-circuited antenna. K-pulse waveforms are illustrated for 
various thin wire antenna models. 

569 

itit 



EFFECT OF FINITE GROUND PARAMETERS ON 
THE RADIATION CHARACTERISTICS OF A LINEAR 

ARRAY OVER A CLIFF 

S.A. SAOUDY 
Centre for Cold Ocean Resources Engineering 

Memorial University of Newfoundland 
st. John's, Newfoundland, Canada AlB 3X5 

The Ground Wave Radar (GWR) which has been built at Cape Race, 
Newfoundland is being used for over the horizon target detection. 
It has a log periodic array dipole antenna as a transmitter with 
120 degree azimuthal beam width. The receiver antenna is in the 
form of 40 element linear array with half wave spacing at 6.75 MHz. 
The receiver array has a total length of 866 meters with half power 
beam width of 2.5 degrees when the main lobe is directed toward the 
broadside direction. The array elements which are planer diamond 
shaped monopoles are placed on top of a 50-foot high cliff. 

In this work, the linear array radiation characteristics are 
investigated for different schemes of the ground wire-grid. 
Scattering and diffraction effects due to the cliff are studied in 
both transmission and reception modes. For a non-straight cliff 
top, the linear array elements lie at different distances to the 
cliff edge. Accordingly, the differences in the values of received 
power of every array element are investigated. 

Present results are obtained using the Numerical 
Electromagnetics Code ( NEC-2) which is based on the moment 
method. This study considerS three types of array elements, namely 
quarter wavelength monopole whips, planer diamond shaped monopoles, 
and set of three elements Yagi-Uda monopoles directed toward the 
broad side direction of the linear array. 

The outcome of this investigation will enhance present 
knowledge for choosing the proper coastal site for a ground wave 
radar and setting correction factors used to compensate for the 
difference of received power values due to different spacings among 
each element and the cliff edge. 
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RADIATION CHARACTERISTICS OF A CmCULAR LOOP ANTENNA 
ABOVE A FINITE CONDUCTING SCREEN 

* Hassan A. N. Hejase and Stephen D. Gedney 
Department of Electrical Engineering 

University of Kentucky 
Lexington, KY 40506-0046 

ABSTRACT 

In the analysis of an antenna or scatterer above a conducting ground plane, 

it is a co=on practice to assume the ground plane to be of infinite extent. 

However, this assumption may significantly influence experimental 

measurements if the edge effects are not considered. This work is aimed at 

establishing a criterion into how large should a conducting screen be in order 

to be considered infinitely large. This information will be invaluable in EMC 

as well as antenna applications. In this paper, we will study the radiation 

characteristics of a loop element above a finite conducting screen of square 

shape. The current distribution of a loop antenna above a ground plane of 

infinite extent is first computed by solving a Pocklington integral equation in 

terms of the antenna current. The current distribution is expanded in terms of 

Fourier series and the moment method is then applied to solve for the 

unknown Fourier current coefficients. Once the loop current is computed, we 

calculate the current induced on the finite screen from the tangential magnetic 

field component. If the screen is assumed to be infinite in size, the radiated 

fields may then be obtained from the equivalent two-element loop antenna by 

enforcing image theory. For a finite screen, the fields can be expressed as a 

sum of the electric field due to the loop antenna current (determined from the 

infinite ground plane case with the array factor removed) and the electric field 

due to the surface current induced on the finite ground plane (correction 

term). This approach represents only a first-order approximation. The effect 

of the screen edge diffraction is also considered. The computer code is 

validated by comparing results with those obtained using a MOM patch code. 

Numerical results show the far-field radiation pattern as well as the loop gain 

as a function of the screen size. 
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TIME DOMAIN STUDY OF ANOMALOUS ELECTROMAGNETIC RADIATION. 

"George C. Giakos+ and T. Koryu Ishii++ 

+Departmem of Biomedical Engineering, University of Tennessee, Memphis, TN 38163 

++Departmem of Electrical and Computer Engineering, Marquette University, 
Milwaukee WI 53233 

Recemly, time-domain experimemal investigations of pulse-modulated X-band microwaves revealed an anomaly in the detected power. This introduces an analogous anomaly in the trans~ time observation of these microwaves reported in elsewhere ( G.C. Giakos, PhD Dissertation, Marquette University, August 1991). 

Figs 1 and 2 display detected received power and propagation speed respectively, of pulse-modulated microwaves of 8.245 GHz, launched through an X-band rectangular waveguide. Microwave signal detection was perfonned on the H-plane, through a hom amenna, set in~ially at a distance of 71.5 cm, face to face with respect to the transmitter, and then moved on a plane parallel to the transmitter waveguide aperture. Power and propagation speed measuremems were obtained, at every 2 cm, for a maximum parallel shifting distance as is shown in Figs. 1 and 2. Data are reported in two differem receiver oriemations. One is when the receiver hom amenna is parallel oriemed to the geometrical axis of the microwave transmission. The other is the case where the receiver is aimed towards the geometrical center of the transmitter wavegUide aperture. 

This work is differem from previously reported cases of large veloc~ies of propagation of microwave signals with no detected power anomalies (see for example, G.C. Giakos and T.K Ishii, IEEE Microwave and Guided Wave Letters, vol.1, No. 12, 1991). On the other hand, the anomalous observed power spectra and speed shown in Figs 1 ,and 2 are attributed to the coexistence of differfnt modes of propagation. 

• "ACE TO FACt 

0!!Y!!l.-

m w ~ ~ ~ ~ 

PARALlEL SHIFTING DISTANCE [em) 
Fig. 1. Received relative power 
measuremems detected versus parallel 
shifting of the receiver with a face to 
face distance of 71.5 cm at the 
operating frequency of 8.245 Ghz. 
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Fig. 2. Measured velocity of the 
pulse-modulated signals versus 
parallel shifting of the receiver at 
a frequency of 8.245 Ghz. 



SCATTERING AND RADIATION ANALYSIS OF 

THREE-DIMENSIONAL CAVITY ARRAYS VIA A HYBRID 

FINITE ELEMENT METHOD 

J.M. Jin* and J.1. Volakis 

EECS Department 
University of Michigan 

Ann Arbor, MI 48109-2122 

C.L. Yu 
Pacific Missile Test Center 

Pt. Mugu, CA 93042-5000 

Recently, a hybrid numerical technique was proposed for a characterization of 

the scattering and radiation properties of several three-dimensional cavity-backed 

structures including microstrip patch antennas and arrays (J.M. Jin and J.L. Volakis, 

IEEE Trans. Antennas Propagat., vol. AP-39, pp. 1598-1604, Nov. 1991). The 

technique combines the finite element method with the boundary integral equation 

to formulate a system which is solved via the conjugate or biconjugate gradient 

method in conjunction with the fast Fourier transform. By virtue of the finite 

element method, the proposed technique is applicable to complex structures such as 

those involving patches, strips, probes and impedance loads. Accurate results have 

been obtained for scattering and radiation by cavities, slots and microstrip patch 

antennas which demonstrated the promise of the technique. 

In practical applications, one often encounters an array of cavities or patches 

rather than an individual element. Though the technique can be readily applied for 

a numerical solution of the problem, it is nevertheless very costly when the array 

is large. Recent investigation shows, however, that the approximate solution based 

on the analysis of a corresponding infinite array using Floquet's theorem is quite 

accurate for medium and large size arrays and can thus be used for an efficient 

engineering analysis or design (J.M. Jin and J.L. Volakis, "Scattering by a finite 

frequency selective surface," submitted for publication). In this presentation we 

describe the infinite array solution and its use for computation relating to finite size 

arrays. 

Though in principle the aforementioned hybrid finite element technique is ex­

tendable for an analysis of infinite cavity arrays, there are new issues that must 

be addressed. For example, the application of Floquet's theorem leads to a system 

which is not only non-symmetric but also dependent on the incidence or scaning an­

gie. Obviously, for such a system an iterative method such as the conjugate gradient 

method is preferred over direct methods. In the presentation, we will show how the 

finite element method is combined with the boundary integral involving Floquet's 

field expansion and how the conjugate gradient method is applied to the solution 

of the resultant system. Numerical examples will also be presented to demonstrate 

the application of the technique. 
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ON AN EXACT CLOSED FORM LINEAR ARRAY 
ANTENNA SAMPLING THEOREM 

Gary A. Somers 
The Ohio State University ElectroScience Laboratory 

Department of Electrical Engineering 
Columbus, Ohio 43212 

A sampling theorem has been developed for a finite linear array of equidis­
tant identical elements with arbitrary excitations. It is shown that by sam­
pling the field at a finite number of specified points in the far field, the exact 
radiation pattern over all space can be efficiently reconstructed in closed form. 

In recent years there has been much work done in the area of field re­
construction based upon values of the field sampled at a sequence of field 
locations. The emphasis has been primarily on the application to large reflec­
tor arrays. The work presented in this paper is spatially bandlimited, as is 
the reflector work, and in addition is also discrete and periodic (finite) which 
unlike the reflector sampling theories provides an exact closed form simple 
sampling expression. 

We are considering a linear array of equally spaced elements. The elements 
of the array are arbitrary providing the element pattern is known and all the 
element patterns (and orientations) are identical. Since there exists a Fourier 
series relationship between the array element domain and cosine space, and 
the array is spatially bounded, Shannon's Sampling Theorem is applied in 
cosine space. The infinite number of sampling points dictated by the sampling 
theorem and the array factor are periodic in cosine space. This periodicity 
permits a simplification by which only a finite (minimal) number of sampled 
points are required to exactly reproduce the array factor. A limitation in the 
application of this theorem is that the inter-element spacing must be greater 
than or equal to one half of a wavelength for the sampled field points to lie in 
real space (at a real angle). The latter restriction is significant and excludes 
an empirical application of this theory to some practical arrays. 
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A DUAL-FREQUENCY K/KA-BAND SMAIL REFLECTOR 

ANTENNA FOR USE IN MOBILE EXPERIMENTS wrrn 
ADVANCED COMMUNICATIONS TECHNOLOGY SATELUTE 

Vahraz Jamnejad 
Jet Propulsion Laboratory 

California Institute of Technology 
Pasadena, Ca 91109 

JPL/NASA has recently undertaken the development of a mobile terminal 

system to be used in experiments with the Advanced Co=unications 

Technology Satellite developed by NASA/LeRC. The ACTS satellite to be 

launched in 1993 is an advanced co=unications technology satellite with 

advanced on-board switching and multiple fixed and switched beams operating 

at Ka band (20/30 GHz). Two types of small antennas for use on the mobile 

vehicles on the ground are under development. One is an active planar array 

and the other is a small reflector antenna which will be discussed here. The 

AMT anteuna system shall be able to acquire and track the ACTS satellite 

signal while maintaining a specified gain. 

The reflector antenna has an elliptic aperture (6 x 15 cm) in an offset-fed 

configuration. A single feed hom is used which provides illumination for the 

reflector at both 20 and 30 GHz bands. Transmission at 30 GHz is with a 

linear horizontal polarization, while reception at 20 GHz uses a vertical 

polarization. The antenna provides an elliptic beam ( .:4° beamwidth in 

azimuth, ",12° in elevation). The antenna peak gain in the transmit mode will 

be 22 dB while in the receive mode it will maintain a figure of merit (G/T) 

of better than -8 dB/Ko. 

The antenna platform is rotated by a flat pancake motor. Satellite Tracking 

in azimuth is provided by a mechanical dithering scheme. The beam is fixed 

in elevation but can be manually adjusted. The whole antenna system fits 

within an elliptic radome of 9 em in height and 22 cm in diameter. 

The reflector antenna system parameters will be addressed in detail and 

design figures and pattern measurement results on the feed and reflector at 

both frequency bands and polarizations will be presented and discussed. 
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MEASUREMENT AND MODELING OF HF MONOPOLES AND DIPOLES 
IN IRREGULAR TERRAIN 

J. S. Young*, J. K. BreakaU, D. H. Werner 
Department of Electrical and Computer Engineering 

The Pennsylvania State University 
University Park, PA 16802 

G. H. Hagn 
SRI International 

Arlington, VA 22209 

D. Faust 
Eyring Corporation 
Provo, UT 84601 

R. W. Adler 
Naval Postgrsduate School 

Monterey, CA 93943 

The patterns of HF monopoles and dipoles were measured in irregnlar terrain using a full-scale antenna pattern measurement system. The antennas were situated on hilltops, on hillsides and near the bases of hills. The patterns exhibited perturbations, especially at the lower elevation angles compared to patterns for the same antennas over flat earth. These perturbations, which could be operationally significant for communications systems, have been successfully modeled using a Geometrical Theory of Diffraction (GTD) approach where the hills were approximated by a series of two-dimensional dielectric-coated plates. In general, the dipole patterns experienced greater perturbations than the monopole patterns for similar siting situations, and the size of the perturbations tended to increase with frequency. The effects of adjacent hills were found to be significant. Comparisons between the GTD model predictions and measured results will be presented for frequencies of 8, 15 and 27 MHz for a 16 ft whip and a half-wave horizontal dipole at 15 ft above local ground. These initial modeling results are significant in that the model has the potential for helping establish antenna siting criteria in irregular terrain. 

The patterns were measured by using helicopter flyovers with trailing beacon antennas. The helicopter contained the transmit antenna which was a dipole. Three polarization options were available for the transmit antenna. Vertical polarization was obtained by hanging the dipole vertically under the helicopter. Horizontal on axis polarization was obtained by suspending the dipole antenna in a plane parallel to the ground and aligned with the flight path. Horizontal cross axis polarization was obtained by suspending the dipole antenna in a plane parallel to the ground and aligning the dipole perpendicular to the flight path. The vertical polarization was used to measure the monopole pattern, and the horizontal cross axis polarization was used to measure the dipole pattern. Patterns are obtained by data reduction software involving range correction, conversion of the helicopter position into elevation and azimuth angle, and polarization and pattern effects of the transmitter beacon antenna at the helicopter. 

The results show that the GTD approach is a viable technique for modeling irregular terrain. Although not a complete solution GTD extends the valid prediction range to beyond the caustics of geometrical optics techniques. 
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BACKFIRE ANTENNA WITH MODULATED SURFACE WAVE 
STRUCTURE 

A.Kumar 
AK Electromagnetique, Inc. 

P.O. Box 240 
30 Rue Lippee 
Coteau Station 

Quebec 
Canada JOP lEO 

The objective of this research work is to develop a medium size high gain backfire antenna 
at S-band. The antenna consists of a leaky cavity resonator formed from two shaped 
reflectors of different diameters, spaced four to six wavelength apart, with a source (feed) 
placed near the small reflector. An addition small reflector is added to provide optimum 
performance. The main reflector diameter is in the range of five to seven wavelength. A 
gain of 25 dBi has been achived by optimization of reflectors and surface wave structure. 
The antenna size can be reduced by using a modulated corrugated surface wave structure. 
A critical review of the work on the cylindrical corrugated surface wave structure has been 
described by Kumar and Hristov (Microwave Cavity Antennas, Artech House, 1979). An 
antenna has been developed at AK Electromagnetique, Inc. to provide 24.5 dBi gain in the 
frequency range of 2.50 to 2.75 GHz. 

A detailed description on design, measured results and application will be given at the 
conference. 
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ELBCTROMAGNETIC COUPLING INTO A CAVITY CONTAINING A THIN 
WIRE WITH ARBITHAHY LENGTH UNDER RESONANT CONDITIONS 

Gu Zeji 

Box 33, Radio ElIlJineerilllJ Department, BeijilllJ B£oadcastilllJ Institute 
Beijing, 101l0Z4 P.R. China, Fax 0086 1 5762817 

ABSTRACT: A thin wire with arbitrary length in a rectalllJular cavity is treated 
by the moment method. The wire and cavity interior are excited by 
electromagnetic sources exterior to the cavity which couple to the cavity 
interior through a slot-aperture in the cavity wall. Some' important resonant 
behavior have been found which were previously not noted by other authors. It is 
pointed out that two aperture-cavity resonances and two aperture-cavity-wirc 
resonances exist. in which the wire is attached to both ends of the wall. and 
that three aperture-cavity-wire resonances exist in the lar!)8 reo ion of the 
different length wire corresponding to the given cavity configuration. The 
electric currents excited on the uifferent length wire at resonances arc 
calculated and compared with t.hat of the same wire in a free space. The maximum 
current raUo peaks at 146 when the lelllJth is 0.8 times of the wall lelllJth. 

Note: 
lca: The electric current excited on the 

wire at resonances 
Ifs: The electric cnrrent on the infinite 

length wire in a free space 
Angular frequency. from wale. it 
easy to obtain frequency f. 

c : Light speed in a free space. 

Cavity dimensions: 
b/a=I./Z.25, dl/a=O.o. dUa=0.1 
li/a=0.04, I/a=0.55, r/a=0.1I1 
h channed from II to b Fia.t. Geometry of a rectan!)ular cav i t.y 

wi th a thin wire 

Ilca/Ifsl •• a/c 
1-------------------------------------------1 7.01-----------------------------------1 

160.1
1 

III 6.51
1 

~III 
h=0.8b 

140.. I 6.01 
I I I 

120.1 I 5.5!------J 
I I I I 

100.. I 5.01 I 
I I I I 

:::! ! :::~: : 
/ / / I 

20.1 / 3.5~ I 

0./-----+-----.-----.--Jf~1 3.01------_------+------_------,-------: 
3.32 3.33 3.34 3.35 4.5 5.0 5.5 6.0 6.5 0.0 0.2 0.4 0.0 0.8 1.0 

W·a/c 

Fis.2. Ratio of the electric current on 
the wire at resonances to that on the 
infinite lelllJth wire in a free space 
as a function of frequencies. 
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Friday PM AP.S, URSI·A B, NEM Session FP10 
Room: Columbus G Time: 1320-1700 

Electromagnetic Properties of Materials 

Organizers: R MitlIa, University of Illinois, Urbana-Champaign; Richard G. Geyer, National Inst. of 

Standards & Technology 

Chairs: R Mittra, University of Illinois, Urbana-Champaign; Richard G. Geyer, National Inst. of Standards 

& Technology 

1320 THE DETERMINATION of DIELECTRIC PROPERTIES at NEAR MILLIMETRE 

WAVELENGTHS 
J. R. Birch', National Physical Laboratory 

1340 MICROW AVE CHARACTERIZATION ofHIGH-Tc SUPERCONDUCTING THIN FILMS 

and DEVICES 
W. G. Lyons', D. E. Oates, MIT Lincoln Laboratory 

1400 BROADBAND MICROWAVE DIELECTRIC MEASUREMENTS with 

OPTOELECTRONICALLY GENERATED PICOSECOND TRANSIENT RADIATION 

G. Arjavalingam', mM Research Division 

1420 MICROWAVE TECHNIQUES for MEASUREMENT of RADAR ABSORBING 

MATERIALS- a REVIEW 
Genevieve Maze-Merceur', J. L. Bonnefoy, J. Garat, CEA-CESTA; R Mittra, University of 

Illinois, Urbana-Champaign 

1440 MICROW AVE CHARACTERIZATION of FERRITES 

Richard G. Geyer', James Baker-Jarvis, National Inst. of Standards & Technology 

1500 Break 

1520 THEORY of MEASUREMENT of the CONSTITUTIVE PARAMETERS of CERTAIN 

MAGNETOELECTRIC MEDIA 

T.-T. Kao, P. L. E. Uslenghi', University of Illinois at Chicago 

1540 ESTABLISHMENT of EMPIRICAL MODELS for LOW-LOSS DIELECTRICS 

K. Fidanboylu', H. Geramifar, loannis M. Besieris, Sedki Riad, Virginia Polytechnic Inst. & State 

Univ. 

1600 MEASUREMENT of ELECTROMAGNETIC PROPERTIES of ABSORBING MATERIALS 

in the AEROSPACE INDUSTRY: ISSUES and (SOME) ANSWERS 

D. A. Luippold', K. M. Mitzner, D. S. Hunzeker, W. Hant, F. J. Murray, Northrop Corporation; 

S. S. Locus, ElectrOmagnetic Engineering Co. 

1620 MEASUREMENT of MICROWAVE DIELECTRICS: EXPERIENCE, NEEDS and IDEAS 

G. R. Traut', Rogers Corporation 

1640 A QUASI·CLASSICAL, LINEAR KINETIC THEORY for a FERRIMAGNETIC 

MEDIUM·LINEAR MAGNETIZATION 

Robert A. Schill, Jr:, University of Illinois at Chicago; John M. Tischer, Motorola, 

Communications Sector 
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THE DETERMINATION OF DIELECTRIC 
PROPERTIES AT NEAR MILLIMETRE 

WAVELENGTHS 

J. R. Birch 

Division of Electrical Science 
National Physical Laboratory 

Teddington, Middlesex TWll OLW, UK 

Abstract 
There are several important scientific and technological reasons why ac­

curate knowledge of the optical or dielectric constants of solids are required 
in the near millimetre wavelength region of the electromagnetic spectrum 
between about 1 cm and 0.3 mm. First, interests in radar, telecommuni­
cations, remote sensing and surveillance applications will create their own 
design requirements for quantitative knowledge of the frequency variation 
of these constants. Second, the general increase in the use and application 
of near millimetre wave techniques in areas of potentially important devel­
opments such as fusion plasma diagnostics and biological studies points to 
a requirement for standard reference materials. These would be specimens 
of known dielectric properties for use in the calibration of spectrometers 
in order to assess levels of measurement error. Third, the detailed origins 
of many loss mechanisms at near millimetre wavelengths are poorly under· 
stood. Accurate knowledge of the frequency dependence of the real and 
imaginary parts of the complex permittivity would permit a detailed evalu· 
ation of various models of such loss processes. This improved understandillg 
of the microscopic charge transport dynamics of materials should point to 
advances in areas of technological and industrial interest. 

The presentation will review those methods which are presently being 
used for dielectric measurements on solids at near millimetre wavelengths 
over a range of t'Cmperatures from 4.2 to values in excess of 1500 K. The 
methods will include both resonant and non-resonant techniques, and mono­
chromatic and broad band ones. There will be sonie discussion of the results 
of a recent intercomparison exercise in which a number of such techniques 
were used in a study of the dielectric properties of a group of specimens. 
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MICROWAVE CHARACTERIZATION OF 

HIGH-Tc SUPERCONDUCTING THIN FILMS AND DEVICES 

W. G. Lyons· and D. E. Oates 
Lincoln Laboratory, Massachusetts Institute of Technology 

Lexington, MA 02173-9108 

Development of high-transition-temperature (Tc) superconducting thin-film 

microwave components has progressed dramatically over the past five years 

following the discovery of YBa2Cu3o,.x (YBCO) in 1987. This material isa 

member of a new class of superconductors with transition temperatures higher than 

the boiling point of liquid nitrogen. Although other superconducting materials with 

higher transition temperatures have been produced since 1987, most efforts toward 

device fabrication have focused on YBCO because of the comparative ease with 

which single-phase material can be grown. A very successful microwave 

application for high-Tc materials has been planar passive components such as 

resonators and filters which take advantage of the low loss of superconductors. 

The high-frequency surface resistance Rs of high-Tc thin films is typically 

determined by measuring loss (or quality factor Q) in a resonator and then 

accounting for the current distribution in the f!lm so that an equivalent surface 

resistance for a semi-infinite-thick slab can be calculated. A stripline resonator has 

been the characterization tool of choice at Lincoln Laboratory, although other 

resonators and cavity techniques can also be used. The best Rs values obtained in 

this work for YBCO at a frequency of 1.5 GHz are 2.6 x 10·6 Q at 4 K and 

8.3 x 10·6 Q at 77 K. The surface resistance depends on power, not only because 

of the nature and quality of the superconducting film, but because the design of the 

device will affect current distribution. In particular, current crowding at the edge of 

transmission lines produces a nonlinearly increasing Rs with increasing power, and 

this, in turn, leads to the generation of harmonics, intermodulation products, and 

reduction of the Q. In linear device applications, power levels must be selected to 

avoid such nonlinear effects. Noise generated by nonlinearities and other 

mechanisms is also an important consideration. This talk will summarize the 

current state of reported Rs measurements. 

Many passive high-Tc microwave components have been demonstrated thus 

far, including narrowband filters for frequency multiplexers, chirp filters for real­

time multigigahertz spectrum analysis, delay lines for analog memory storage, 

resonators for oscillator stabilization, and superconductive feed networks for 

microstrip antenna-patch arrays. An overview of the results obtained at Lincoln 

Laboratory for each of these components will be presented. Performance of each 

component must be carefnlly characterized for loss, accuracy, power-handling 

capability, intermodulation, and noise because of the impact on the corresponding 

microwave subsystem performance. 

High-Tc superconducting components will have a substantial impact on 

microwave systems. Depending on the frequency of operation, superconductors 

provide many orders of magnitude lower loss than equivalent metallic components. 

For many types of devices and systems, this lower loss enables system 

performance that would otherwise be unattainable. Integration ofhigh-Tc passive 

components into microwave receiver subsystems for actual field demonstrations is 

now beginning, and convincing applications are promised within this decade. 
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Broadband Microwave Dielectric Measurements with OptoelectronicaUy 
Generated Picosecond Transient Radiation 

G. A1javalingam 
IBM Research Division, Thomas 1. Watson Research Center, 

P.O.Box 218, Yorktown Heights, NY 10598. 

The recently developed coherent microwave transient spectroscopy (COMITS) technique 
will be described and its application to the characterization of the complex dielectric 
properties of materials, in the 15 - 140 GHz frequency range, will be presented (G. 
A1javalingam et al., Trans. M1T, Vol. 38, P 615, 1990). The COMITS technique is 
based on freely propagating electromagnetic pulses radiated and received by broadband 
antennas which are integrated with high-speed optoelectronic devices. Ultrashort optical 
pulses are used to generate the picosecond-duration electrical pulses which drive the 
antennas and also to photoconductively sample the received waveforms. No traditional 
microwave sources or detectors are used in the experiment. The spectrum of the tran­
sient radiation has components extending up to 150 GHz and vanishes towards zero 
frequency. Since the measured time-dependent waveform is proportional to the received 
field, phase information is preserved. In order to characterize a given material two 
waveforms are recorded with two different sample thicknesses. The time-domain data 
are Fourier transformed and the corresponding spectra are divided to eliminate the effect 
of the sample surfaces and to extract the net contribution due to the bulk. The real part 
of the dielectric constant is calculated from the net phase delay, and the loss coefficient 
from the reduction in amplitude. Consequently, the complex dielectric constant of the 
material is determined over the wide available bandwidth, in a single experiment. 

The COMITS experimental set-up has been used to characterize low-loss materials 
such as Teflon, and materials of interest to the digital electronics industry such as 
Polyimide and ceramics. Recently, it has been extended to characterize the properties 
of thin polymer films and also to explore the dispersion properties of novel photonic­
band structure (PBS) samples. The radiation is highly polarized facilitating the charac­
terization of anisotropic material properties. These include crystals such as Sapphire and 
Quartz, and anisotropic conductors such as some conducting polymers. 

In addition to the transmission experiments, we have also developed a 
reflection-COMITS configuration to characterize lossy materials such as doped semi­
conductors. The same set-up has been used to study the scattering of pulses by three­
dimensional objects. 
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MICROWAVE TECHNIQUES FOR MEASUREMENT OF RADAR 
ABSORBING MATERIALS - A REVIEW 

G. Maze-Merceur·, J.-L. Bonnefoy·, J. Garat·, R. MiUra" 

• CEA-CESTA, DT/PE, BP N°2, 33 114 La Barp, FRANCE 
.. Electromagnetic Communication Laboratory, University of 1111no15, Urbana, Il, U.S.A. 

The characterization of radar absorbing materials is of great interest in a 
number of microwave and millimeter-wave applications. Examples include reduction 
of clutter due to multipath reflections from buildings and structures; minimization of 
radiations pattern perturbations due to coupling between antennas and their 
environment; and stealth applications for RCS reduction of radar targets. The 
synthesis of absorbing screens typically leads to requirements for specific material 
properties, i.e., complex permittivities and permeabilities, for the various layers. It is 
essential to be able to measure the properties of the materials in the frequency 
range of interest with good accuracy to ensure that the synthesized screen would 
indeed perform as designed. It is also necessary to be able to do this for various 
ranges of temperature. The characterization of the complex permittivity and 
permeability, £ and 11, is carried out in different environments, e.g., in transmissIon 
lines and waveguides, in resonant cavities, or in free space, depending upon whether 
the material is thick or thin, homogeneous or inhomogeneous, and isotropic or 
anisotropic. Whatever the approach, it is essential that the method of measurement 
be efficient enough to handle a large variety of manufactured samples from which 
the final selection of the materials is to be made. 

In this paper, we begin by describing the transmission line approach, used in 
conjunction with a network analyzer, to measure the complex values of £ and' 11 of 
homogeneous as well as heterogeneous, but isotropic and thick samples. For biaxial 
samples, we present a method that uses a guided-wave structure with a 
preferential axis, such as a coaxial line or a waveguide of rectangular cross-section. 
Next we turn to the problem of measuring the permeability of anisotropic thin films 
by using a loop, the extraction of 11 from the knowledge of the flux variation, and 
the validation of these results by comparison with theoretical values of 11 vs. 
frequency that can be computed from the static measurements (VSM). This is 
followed by a discussion of the single frequency measurement techniques, based on 
cavity resonance perturbation approach, for accurate characterization of small 
samples. 

Finally, we turn to the free space techniques that are useful for the 
measurement of anisotropic and heterogeneous materials. Typically, free-space 
mesurements are carried out in anechoic chambers, involve both the reflection and 
transmisSion measurements, and yield information on absorption and surface 
impedance characteristics of the sample. This information is useful for designing the 
shape as well as the coating of complex targets with a view to reducing their RCS. 

In situ measurements for validating such low-observable designs are also 
described in the paper. 
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MICROWAVE CHARACTERIZATION OF 
FERRITES 

Richard G. Geyer and James Baker- Jarvis 

National Institute of Standards and Technology 
Broadband Microwave Metrology 
325 Broadway, Boulder CO 80303 

Abstract 

With continued advances in microwave and millimeter-wave theory and 
computer technology, computer-aided design plays an important role in the 
development of ferrite devices. In order to utilize these advances, it is neces­
sary to have accurate broadband spectral characteristics of ferrite materials. 
This presentation is limited to magnetic spectra of polycrystalline ferrites for 
several reasons. First, satisfactory ferrite mono crystals are difficult to grow 
and produce. Second, the perfection and regularity of monocrystals make 
it difficult to observe important resonance phenomena due to domain walls 
and the influences of internal demagnetizing fields on relaxation behavior 
due to domain rotations. Finally, major microwave applications of ferrites 
still involve sintered polycrystalline materials. Ferrite electromagnetic prop­
erties may be anisotropic and nonlinear. In the presence of an externally 
applied dc-bias field or in the case of a significant internal anisotropy field. 
the behavior will be non-reciprocal, and the permeability must be described 
as a tensor rather than scalar. The emphases in this investigation are on the 
techniques by which accurate, constant- temperature complex permeability 
and permittivity measurements can be made, as well as on the construction 
of physical models which spectrally characterize ferrite permeability vari­
ation. Magnetic loss mechanisms due to classical hysteresis, domain-wall 
motions, and gyromagnetic resonance are examined, and differential uncer­
tainty analyses which treat sources of measurement error are performed. 

584 



THEORY OF MEASUREMENT OF THE CONSTITUTIVE 
PARAMETERS OF CERTAIN MAGNETOELECTRIC MEDIA 

T.-T. Kao and P.L.E. Uslenghi* 
Department of Electrical Engineering and Computer Science 
University of illinois at Chicago 
Box 4348, Chicago, IT.. 60680, USA 

We consider linear magnetoelectric (or bianisotropic) materials with constitutive relations in 
the frequency domain: 

- 1,-B = u. J.I, H - C- 'r) E _ Jol _ 0 (,-) 

where E:' J ji ,i and ii are dimensionless tensors represented by 3 x 3 
matrices in the rectangular (x, y, z) coordinate system: 

(7.) 
- [Ei 0 0] 
f. = 0 £2. 0 ) 

o 0 E3 

- [fi 0 0 J f = 0 fA''' 0 ) 
o 0 f-3 

Several interesting materials have constitutive relations which are particular cases of (1,2). 
The case .16 = '7 = "l~:: "l.7= 0 has been previously studied: the measurement of 
constitutive parameters lias been discussed (P.L.E. Uslenghi, Proc. ICEAA'91, pp. 149-
151, Turin, Italy, Sept. 1991) and the propagation in slab waveguides examined (J.D. Ali 
and P.L.E. Uslenghi, Nat. Radio Science Meeting, Boulder, CO, Jan. 1992). Propagation 
in slab waveguides for the more general case (1,2) will be presented (URSI Intui. Symp. 
on Electromagnetic Theory, Sidney, Australia, Aug. 1992). 

The determination of the consitutive parameters (2) is considered when a slab of material 
with planar boundaries at % = 0 and z= a. is available. If the slab is sufficiently large, 
free-space measurements may be possible; hence, we study the case of a linearly polarized 
plane wave incident on such a slab, and extract as much information as possible on the 
constitutive parameters from the measurements of amplitude and phase of the reflection and 
transmission coefficients. 

When the sample cannot be made sufficiently large, other types of measurements must be 
conducted. Firstly, we examine what information can be extracted by measuring reflection 
and transmission coefficients for a sample inserted in a rectangular waveguide. Secondly, 
we consider measurements in a strip line configuration. 

A general conclusion is that no single experimental setup can provide all the information 
needed to solve this inverse problem. Hence, several measurements utilizing different 
experimental setups must be conducted on the same material. 
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ESTABLISHMENT OF EMPIRICAL MODELS FOR LOW-LOSS 
DIELECTRICS 

K. Fidanboylu, H. Geramifar, I. Besieris, 
and S. Riad 

Bradley Department of Electrical Engineering 
Virginia Polytechnic Institute and state University 

Blacksburg, VA 24061-0111 

An overview of existing empirical dielectric 
models, as well as trends for establishing new ones, is 
presented. The ultimate goal is to develop models that 
provide physical representations for low-loss 
dielectrics that are applicable over a wide frequency 
spectrum. The commonly used Debye model for the complex 
dielectric permittivity has been shown to be valid only 
for some liquid dielectrics. The dielectric behavior 
of more general materials, especially solids, departs 
from the Debye representation drastically. In order to 
obtain more accurate representations for a general 
group of materials, several researchers, such as 
Cole-Cole, Davidson-Cole, Havriliak-Negami, 
Nakamura-Ishida, Jonscher, Fuoss-Kirkwood and Hill, 
have attempted to obtain empirical models by modifying 
the basic Debye representation. 

Later on, Shin-Yeung have shown that the Debye 
model as well as the empirical models developed by the 
above researchers satisfy a non-linear differential 
equation having the following property: 

Q(Q(F» = k Q(F) 

,:,here, Q is the non-linear differential operator, k 
1S a proportionality constant, and F is the 
susceptibility spectral shape function. The solution 
to this non-linear differential equation provides a 
guide for developing new empirical models that might be 
applicable for certain class of materials. 

In order to investigate the spectral behavior of 
these models, several computer simulations have been 
performed. By using the Debye model as a reference, 
the empirical models available in the literature have 
been compared with each other. This comparison have 
revealed very useful information about the limitations 
of each model. As a result of these simUlations and 
experimental data, in this paper, we discuss the 
validity of the existing empirical models for low loss 
dielectrics, especially for Polymer type materials. 
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MEASUREMENT OF ELECTROMAGNETIC PROPERTIES 
OF ABSORBING MATERIALS IN THE AEROSPACE INDUSTRY: 

ISSUES AND (SOME) ANSWERS 

D. A. Luippold*, K. M. Mitzner, D.S. Hunzeker, 
W. Rant, F. J. Murray 

B-2 Division, Northrop Corporation, 
8900 Washington Blvd., pico Rivera, california 90660 

S. S. Locus 
Electromagnetic Engineering Co. 

Van NUys, CA 91405 

An overview is given of electromagnetic measurements 
problems that arise in connection with the use of Radar 
Absorbing Material (RAM) in aerospace design and 
production. Some of the most successful and most 
promising measurement techniques are discussed. These 
include resonant stripline, waveguide, free space 
insertion loss, impedance measurement in a capacitive 
fixture, and Q-spoiling of a cavity. In many cases, a 
customary measurement procedure has had to be modified to 
take into account the special properties of the material 
under test, the necessity for data over frequency ranges 
where neither quasistatic nor high frequency techniques 
are convenient, and/or the special demands of a reliable 
quality assurance system for routinely checking bulk 
quantities of material. Accuracy and precision 
requirements vary from a few percent to stringent. 'The 
availability of modern network analyzers with 
supplementary custom software has greatly simplified the 
d~velopment and implementation of these materials 
characterization procedures. 

One case history shows how a requirement to measure 
resistive sheet material at very high frequency (VHF) 
through Q dielectric coating was satisfied by developing 
a network analyzer probe that couples capacitively to the 
sheet. This device exhibits some of the properties that 
are important to a practical industrial application: 
portability, robustness, ability to measure continuously 
along a run of material, and sensitivity to local 
material variations and defects. 
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MEASUREMENT OF MICROWAVE 
DIELECTRICS: EXPERIENCE, NEEDS AND 

IDEAS 

G. R. Traut 

Rogers Corporation 
One Technology Drive, Rogers, CT 06263 

Abstract 

For several decades foil clad laminates based on PTFE-based compos· 
ites for microwave and mm-wave applications have seen extensive use where 
printed circuit technology has been exploited for producing microwave com­
ponents and systems. The formats used include stripline, microstrip, copla­
nar waveguide, finline with variations on these. The most critical character­
istic for success of almost any design is complex permittivity at the frequency 
of the application. 

This characteristic must be monitored and controlled by supplier ~d 
user. We have lacked convenient standardized definitive methods with trace­
able reference specimens. The ASTM D3380 (IPe 2.5.5.5) stripline resonator 
method with its numerous limitations is in use along with some less conve­
nient micros trip methods. A variety of possible methods see less use. 

New compositions, many not based on PTFE, are finding their place. 
Some do not lend themselves to present measurement methods. 

The permittivity of dielectric substrates cannot simply be considered in· 
dependently of other parameters. Its relationship to temperature, frequency, 
electric field orientation needs to be understood. Its variability and the pre­
cision with which it can be determined are important. 

Measurement methods are needed to satisfy several important goals in 
areas of convenience, specimen cost, relevance to the application, repeatabil­
ity, traceability, cost and complexity of instrumentation. Some measurement 
methods are proposed but they need to be better understood and developed 
into standards. 
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A QUASI-CLASSICAL, LINEAR KINETIC THEORY FOR 
A FERRIMAGNETIC MEDIUM - LINEAR MAGNETIZATION 

Robert A. Schill, Jr. * 
Department of Electrical Engineering and Computer Science OOC 154) 

University of Illinois-Chicago, Chicago, Illinois 606.80 

John M. Tischer 
RF Power Technology Center, Communications Sector 

Motorola, Inc. 
1301 East Algonquin Road, Schaumburg, Illinois 60196 

An enormous amount of theoretical and experimental works in the area of magnetic 
mediums exist. The classical phenomenological approach is widely used by engineers. 
Quantum mechanics provides a more rigorous structure in the study of magnetic medi­
ums. Such a description is very difficult if not nearly impossible to apply in practice. 
There are a variety of effects which can not be accounted for using a classical descrip­
tion. A classical kinetic theory modeling the effects of magnetic mediums does not 
exist and for good reason. In statistical mechanics, the phase space approach violates 
the Hiesenberg uncertainty principle since each phase point designates the exact state 
of the particle, magnetic ion. Even so, the correspondence principle stipulates under 
suitable limits that both classical and quantum theory must agree. 

A self consistent, quasi-classical, linear kinetic theory adopting a six dimensional angu­
lar momentum/configuration phase space, is used to develop the linear magnetization 
for a finite, anisotropic, magnetic medium biased with a large, uniform, magnetostatic 
field. Only the classical dipole and quantum mechanical exchange interactions are 
incorporated into the theory. With suitable approximations, the equilibrium and linear 
magnetizations agree with existing theories. The ferrimagnetic medium is composed 
of two interpenetrating magnetic ion sublattices. The exchange interaction gives rise 
to transverse wave oscillations due to boundary effects. With exchange interaction, 
Maxwell's equations are of differential/integral form. The kinetic model and simple 
characterizations of the magnetization will be presented. 
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Friday PM URSI-B Session FPll 
Room: Columbus H Time: 1320-1620 

Advances in Numerical EM Analysis II 

Chairs: Anthony Martin, Clemson University; L. N. Medgyesi-Mitscbang, McDonnell Douglas Research 
Laboratories 

1320 ELECTROSTATIC IMAGE THEORY for the DIELECTRIC SPHERE with an INTERNAL 
SOURCE 
Joban C-E. Sten', Ismo V. Lindell, Helsinki University of Technology 

1340 AZIMUTHAL PROPAGATION CONSTANTS of WAVES GIDDED ALONG a 
CYLINDRICAL SUBSTRATE- SUPERSTRATE GEOMETRY 
K. Naishadham', Wright Slate University; L. B. Felsen, Polytechnic University 

1400 ON the EFFICIENT EVALUATION of SINGULAR and INFINITE INTEGRALS 
Surendra Singh', Ritu Singh, The University of Tulsa 

1420 RESONANT FREQUENCIES of DIELECTRIC OBJECTS by the SURFACE WAVE PHASE 
MATCHING METHOD 
Douglas Taylor', Naval Research Laboratory; Herbert Uberall, The Catholic University of America 

1440 ON the THEORY of ORTHOGONAL TRANSMISSION LINE WIRES 
Jeffrey L. Young', University of Idaho 

1500 Break 

1520 ON USING DEL-SQUARED PLUS BOUNDARY CONSTRAINTS INSTEAD of 
CURL-CURL for VECTOR SCATTERING PROBLEMS 
J. W. Parker', R. D. Ferraro, P. C. Liewer, Jet Propulsion Laboratory 

1540 THE NON-HUYGENS PRINCIPLES of the SCATTERED FIELD'S APPEARANCE in the 
DIFFRACTION PROBLEMS 
V. F. Apelt'cin', Faculty V. M. K. of Moscow University 

1600 THEORY for RADIATION of TIME-HARMONIC ELEMENTARY CURRENT in 
MAGNETIZED ELECTRON PLASMA HALF-SPACE 
Dajun Cheng', Weigan Lin, Liangjin Xue, Univ. of Elect. Science & Tech. of China 
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ELECTROSTATIC IMAGE THEORY FOR THE DIELECTRIC SPHERE 
WITH AN INTERNAL SOURCE 

Johan C-E. Sten " lsmo V. Lindell 
Helsinki University of Technology, Otakaari 5A, 02150 Espoo, Finland 

The well-known electrostatic image theory for a point charge in front of a conducting sphere, 
originally discovered by Lord Kelvin some time before 1850 [Maxwell, J.C., Treatise on Electricity 
and Magnetism] has by one of the authors been generalized to the dielectric sphere with sources 
located outside the sphere [ I.V. Lindell, "Electrostatic image theory for the dielectric sphere", 
Radio Sci. Jan-Feb. 1991]. Subsequently the theory was also extended to the problem of a 
magnetic sphere, a more general bi-isotropic sphere and a multilayer sphere. As an application, 
the interaction of two dielectric spheres in a homogeneous electric field has been examined_ The 
present paper treats the image problem for a point source located inside the dielectric sphere, thus 
completing the theory. The point charge is located at the distance d from the center of the sphere 
with radius a. 

The approach is to compare the expressions for the electrostatic potential, written in terms of series 
of spherical harmonics, with the expression for the assumed image line charge. The image charge 
function can be solved analytically by applying the Mellin integral transformation on the integral 
equation for the charge function. For the two problems, the field outside and inside the sphere 
there are two different image charge functions_ In both cases they turn out to be combinations 
of simple point charge and line charge functions_ The line charge obeys a simple power law with 
an integrable singularity at the center of the sphere. Depending on whether the field is calculated 
outside or inside the sphere, the corresponding image charge distribution is located at the opposite 
side of the surface of the sphere. For field calculation outside the sphere the image line charge 
function extends from the center of the sphere to the charge point. The transmitted field outside 
the sphere can be calculated through an image line charge, extending from the Kelvin point a2 / d 
outside. the sphere to infinity. The special limiting cases are examined and image functions for 
differently oriented static dipole sources inside the sphere are developed. 

The present problem has been straightforwardly reformulated to cover DC current problems with 
general values for the conductivities of the sphere and the surrounding medium. The theory can 
be applied for example to problems of electrocardiography. 
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AZIMUTHAL PROPAGATION CONSTANTS OF WAVES GmDED 
ALONG A CYLINDRICAL SUBSTRATE - SUPERSTRATE 

GEOMETRY 

* Krishna Naishadham 
Department of Electrical Engineering 

Wright State University 
Dayton, OH 45429 

Leopold. B. Felsen 
Department of Electrical Engineering/ 

Weber Research Institute 
Polytechnic University 

Farmingdale, NY 11795 

Wave propagation along the outermost surface of thin dielectric layers 
deposited on a perfectly conducting circular cylinder serves as a canonical 
problem for the analysis of conformal antenna arrays mounted on more 
generally curved bodies. In this paper, we examine the effects of curvature 
and of the electrical parameters of the layers on the modal dispersion of 
waves guided tangentially along the outer lsuperstrate) layer of a two-layer 
geometry, the inner layer being referred to as the substrate. To chart the 
propagation characteristics of the dipol~xcited layer-guided modes 
relevant to the three-dimensional Green's function for this geometry, it is 
necessary to solve the radial eigenvalue problem for the complex azimuthal 
propagation constants vp({3), p = 1,2, ... , which also identify pole locations 

in the v-dependent spectral integrand of the Green's function. Here, fl is the 
spectral variable along the axial direction and the Green's function is 
synthesized as a double spectral integral over v and fl. The pole locations are 
obtained numerically by solving the characteristic (dispersion) equation for 
several values of fl using Davidenko's method, and are parametrized in terms 
of layer radius, dielectric constant and thickness. They are classified as 
leaky, creeping or trapped, depending on the magnitude of the ratio of 
azimuthal to radial wavenumbers relative to unity (L.B. Felsen, J.M. Ho and 
I.T. Lu, J. Acoust. Soc. Am., 87, 543-569, 1990). 

Although an infini te number of modes are supported by the substrate -
superstrate cylindrical geometry, only a few low-attenuation modes occur, 
which are potentially significant in the analysis of radiation by elements 
deposited on the layers. The number of such modes to be retained in the 
analysis depends on layer thickness and source-observer distance on the 
surface. It is shown that thin or low dielectric constant layers support highly 
attenuated creeping wave modes, while thick or high dielectric constant 
layers support well-trapped modes, characterized by low attenuation. Leaky 
wave modes occur for electrically small cylinder radii, but appear to be 
well-damped. The dispersion relation, and hence the propagation constants, 
are shown to reduce correctly to the corresponding results for the planar 
geometry in the limit where the superstrate outer radius approaches infinity. 
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ON THE EFFICIENT EVALUATION OF SINGULAR 
AND INFINITE INTEGRALS 

Surendra Singh" and llitu Singh 
Department of Electrical Engineering 

The University of Tulsa 
Tulsa, Oklahoma 74104 

In recent years, a considerable amount of work has been carried out for 
the efficient evaluation of finite range singular and infinite integrals. The 
evaluation of such integrals is needed in a variety of problems in compu­
tational electromagnetics. The most notable among these being integrals 
encountered in the Sommerfeld halfspace problem. Such integrals often pose 
difficulty in their efficient computation as the integrands may exhibit sin­
gular and oscillatory behaviour. The methods suggested include the use of 
fast Fourier transform, chirp z-transform and the accelerated quadrature se­
quence technique employing Wynn's €-algorithm. However, the techniques 
suggested so far for efficient evaluation of these integrals apply for only a 
limited range of parameters. 

In this work, we present general purpose techniques which are applicable 
to a variety of infinite integrals, oscillatory and singular in nature. The 
procedure involving integration between the successive zeros of the integrand 
to convert an infinite integral to an infinite summation, is extended to handle 
singularities in the range of integration. This is accomplished by using the 
well-known tanh transformation of Schwartz. The transformation effectively 
moves the singular points of the integrand to infinity. Following this, a low­
order quadrature rule such as the trapezoidal rule can then be effectively 
used. The transformation is simple to implement and has proved to be very 
effective for a wide class of integrals. The simplicity and numerical stability of 
the tanh rule allows an easy extension to double integrals with singularities. 
Numerical examples showing the effectiveness of this method are presented. 
The work is expected to be applicable in moment method solution of printed 
circuit antenna problems where Sommerfeld type integrals are encountered. 
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RESONANT FREQUENCIES OF DIELECTRIC OBJECTS 
BY THE SURFACE WAVE PHASE MATCHING METHOD 

Douglas J. Taylor* 
Naval Research Laboratory 

Washington, DC 

Herbert Uberall 
Physics Department 

The Catholic University of America 
Washington, D.C. 20064 

Dielectric objects display a rich resonance spectrum that has been the subject of inquiry by 
many researchers, both theoretical and experimental. A mathematical model for complex 
electromagnetic resonances based on phased matched circumferentially propagating surface 
waves has provided a physical basis for further work with penetrable dielectric objects with 
non-canonical geometries. The lowest order (m=O) resonant frequencies of a dielectric 
cylinder with hemispherical endcaps are predicted using a phase matched surface wave 
method. The resonance condition is expressed mathematically as, 

f ....dL=-Lf k(s)ds=n +11. 
A.(s) 21t 4 

where a surface wave traverses a path which is n wavelengths plus ~ advance for each 
time a caustic is encountered. The surface wave propagation constant, k(s), and 
wavelength, ;I.(s) vary along the path s, and depend on the surface curvature and dielectric 
properties of the object. The propagation constants of the surface waves are not known 
exactly and are approximated with values computed from equivalent spherical and 
cylindrical canonical geometries. 
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ON THE THEORY OF ORTHOGONAL TRANSMISSION LINE WIRES 

Jeffrey L. Young 
Department of Electrical Engineering 

University of Idaho 
Moscow, ID 83843 

In a previous article (Young, J.L. and J.R. Wait, IEEE AP, vol. 39,1991), 
the canonical problem of two crossing wires over a homogeneous half plane 
was rigorously addressed. The unknown spectral currents were shown to be 
solutions to a set of coupled Fredholm integral equations of the second kind. 
For example, 1.(>.) + 1;'(>') + 1:(>') = 0 where, 

Here, I. and Iy are the induced currents and I: is the applied current. If 
the conductivity of the half space approaches infinity, then the problem is 
reduced to two crossing transmission lines which share a common ground 
plane. This is the point of departure for this work. 

On the spectral plane, the kernel Gy has a set of poles on the real axis (i.e. the 
TEM mode response), an infinite number of poles along the imaginary axis 
(i.e. evanescent modes) and a logarithmic branch-cut. These singularities 
form the complete spectrum for the induced spatial currents. The real axis 
pole is rendered removable by the following singularity extraction technique: 

where G~EM is the limiting form of Gy near the real axis singularity. The 
difference kernel contains only a logarithmic singularity along the integration 
path, which is integrable; the second term is the weighted TEM response. 
After additional manipulations, the integral equations are cast into a form 
which is then numerically approximated. 

The iterative method of successive approximations is applied to decouple the 
integral equations. The first term in the series is evaluated in closed-form 
and is given in terms of the Exponential Integral; the remaining terms are 
evaluated numerically. Due to the weak electromagnetic coupling between 
wires, the series converges to an acceptable accuracy after two terms; for 
all practical purposes, the third term is shown to be inconsequential. A 
numerical example is presented to demonstrate the theory. 
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ON USING DEL-SQUARED PLUS BOUNDARY CONSTRAINTS 
INSTEAD OF CURL-CURL FOR VECTOR SCATTERING PROBLEMS 

J. W. Parker-, R. D. Ferraro, P. C. Liewer 
MIS 198-231 

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

An operator-based technique for avoiding vector parasite errors with node-based finite 
elements has been advocated (K. D. Paulsen & D. R. Lynch, IEEE MTT 39, 395-404). Their 
method replaces the curl-curl operator with a del-squared operator in the second-order vector 
differential equation for the electric field. In addition, an extra boundary condition on the nonnal 
field component is imposed at material interfaces. 

We numerically examine the technique for 2-d vector solution of a wave scattered from a 
2-d dielectric cylinder in free space, with the computational domain truncated by an absorbing 
boundary condition at twice the cylinder radius. In order to implement the extra boundary conditiou 
at conductors and dielectrics, we interpret the degrees of freedom at the interface to be the tangential 
E component and the nonnal D component This interpretation is enforced by a coordinate rotation 
and scaling of both E and the test vector field T in the element assembly phase of the 
computation. The absorbing boundary condition is related to the second-order Bayliss-Turkel 
condition for scalar scattered field, relating the field curl to the tangential field and the tangential 
second derivative of the tangential field component. We find empirically that no additional 
conditions at this boundary are required. When using the del-squared operator, vector parasites are 
dramatically eliminated for a dielectric 2.56 cylinder, at incident frequencies ranging from ka=O.3 to 
ka=3, where a is the radius of the cylinder; in contrast, large errors result from the curl-curl 
operator. Numerical tests with a magnetic field wave incident on a conducting cylinder without the 
extra boundary condition enforced at the conductor show large errors, demonstrating the necessity 
of nonnal-field condition enforcement. Comparisons to the analytic solution and the bistatic RCS 
show that solutions with acceptable accuracy are obtained with the del-squared operator plus the 
extra boundary condition. We conjecture that this technique will be successful with 3-D node-based 
finite elements as well. 
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ON THE NON-HUYGENS PRINCIPLES OF THE SCATTERED 
FIELD'S APPE!\RANCE IN THE DIFFRACTION PROBLEMS. 

V.F. 
Faculty V.M.K 

!\pel t' cin 
of Moscow St.University. 

The HuYnens - Poincare principle of scattered 
field's forminn in the wave's diffraction problems 
for the finite bodies supposes the bodie's surface 
beinn a support of the scattered field's sources 
(currents) and absence of the field in the interior 
of a perfect conductor (H.Hon1, A.W.Maue, K. 
Westpfahl, Theorie der Bennunnen. Sprinner- ver1an. 
Berlin. 1961). From the mathematical point of view 
it corresponds to the Fredholm intenral equation 
methods due to the potential theory ( D.Ko1ton. 
R.Kress. Intenra1 equation methods in scatterin[1 
theory. New-York. 19H3) Nevertheless there exists 
another model of the scattered field's formin!1 which 
corresponds to the ima!1e method's !1enera1ization 
when the scattered field is synthesized by the 
sources distributed in the interior of the bodie's 
!1eometric boundary. 

It's demonstrated that an analytic continuation 
of the solutions of external two-dimension wave's 
diffraction problems due to the Dirichlet or 
Neumann's boundar" value conditions into the 
domain's interior with a smooth closed boundar" 
leads to the appearance not only of pOint source's 
sinnularities in the points of an external source's 
ima!1es (as for the most simple boundary value 
problems in the semi-plane, semi-space or strip) but 
also ot' some sin!1ular linear set correspondinn to 
the system of cuts on a Riemann surface due to the 
analytic function induced by the domain's boundary. 
The Riemann surface has a finite-sheet structure if 
the domain's boundary is al!1ebraic (may be described 
by polvnomial). Solutions of the initial boundary 
value problems may be expressed by means of the 
fundamental solutions of the Helmholtz equation on 
the Riemann surface mentioned above. Accordinn to 
the Sommerfeld's branched solutions method these 
fundamental solutions may be constructed by means of 
the solutions o:f Dirichlet and Neumann's boundarv 
value problems :for the sin[1ular set IJJhich is a 
Simple connected starlike system o:f the linear 
se!1ments. 
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THEORY FOR RADIATION OF TIME-HARMONIC ELEMENTARY CURRENT 
IN MAGNETIZED ELECTRON PLASMA HALF-SPACE 

Dajun Chen~ Weigan Lin and Liangjin Xue 
Institute of Applied Physics, University of Electronic Science 

and Technology of China, Chengdu 610054, P. R. China 

Recently, we intl'oduced coupled image principle to descrihe the 
fact that right- and left-circular polarized eigenmodes couple 
mutually to determine the amplitude and phase of the image source for 
the radiation of time-harmonic elementary current in chiral half­
space, hounded by an idea I electric wall (Microwave Opt. Techno l. 
Lett.., 4, 391-394, 1991). And it has long been known that there exist 
two characteristic waves both in chiral materials and in gyrotropic 
media. Due to this similarity between chiral material sand gyrotropic 
media, we can' t help asking: is coupled image principle appropriate 
for gyrotropic half-space? 

In this paper, the radiation emitted by a time-harmonic 
elementary current in the half-space, filled with magnetized electron 
plasma and bounded by an ideal electric plane, is investigated using 
the same method as we have employed for chiral half-space. Two cases 
have been considered: (1) vertical magnetization case and (2) parallel 
magnetization case. For both cases, radiated field expressions are 
rigorously given in terms of two-dimensional integrals in the Fourier­
transform spectral domain. It is found that: conventional image 
principle holds for the vertical magnetization case; while for 
parallel magnetization case, coupled image principle seems to be 
valid. 

In addition, for the parallel magnetization case where coupl ed 
image principle can be applied, explicit expressions for the coupled 
terms are presented for time-harmonic elementary currents placed both 
vertically and in parallel. It may be seen that the coupled term 
depends both on the oriented direction of the elementary current ano 
on the parameters of the magnetized electron plasma. 
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Design, Construction and Characterization of DREMPS 

M. Burton, S. Kashyap, J.S. Seregelyi, and P. Sevat 
Electronics Division 

Defence Research Establishment Ottawa 
Ottawa, Ontario, Canada 

K1A OZ4 

This paper describes the design, construction and preliminary characterization of 
the Canadian Defence Research EMP Simulator (DREMPS). Figure 1 shows an artist's 
view of the bounded wave simulator. It is made from two sets of parallel wires to minimize 
ice and wind loading. The simulator is designed to produce a threat level EMP field of 50 
kV/m within a working volume of 10m x 20m x 30m. This volume is large enough to 
accommodate a helicopter, tank or communication van. The facility has been designed 
with a helicopter pad to allow EMP assessment of heavy transportable equipment. 
Electromagnetic fields inside and around the simulator have been computed and an 
environmental assessment of the simulator regarding health, safety and interference has 
been done. 

Preliminary measurements of both electric and magnetic fields inside and outside 
the simulator and time domain reflection (TOR) measurements have been made. As a 
result of these measurements, changes were made to the load end taper and the 
resistive load in order to minimize the reflections. 

Details of the design, construction, and preliminary electromagnetic field and 
reflection measurements will be presented. 

Figure 1. Artist's View of the DREMPS 

600 



A THREAT-LEVEL EMP SIMULATOR FOR SHIPS (EMPSIS) 

W.Pont* 
I.I.A. Klaasen 

Electromagnetic Effects Group 
TNO Physics and Electronics Laboratory (TNO-FEL) 

P.O. Box 96864 
2509 JG The Hagne 

The Netherlands 

NEMP assessments on large ships have been carried out with the low­
level simulator EMIS-3 in the Netherlands, for many years. Since 1982, the pos­
sibility of a full-threat level simulator for naval vessels has been discussed within 
a cooperation project between the United Kingdom, Norway and the Netherlands. 
A feasibility study was initiated by the navies of the mentioned countries in 1989. 
This study resulted in a small-scale experiment (simulator height 10m) with a 
parallel-plate simulator over sea water and at threat level, in Norway in 1990. The 
experiments showed that sea water can be used as part of the waveguide structure 
of the simulator. 

In 1991 TNO-FEL got the task to draft the pulser specifications and to 
make a preliminary design for the transmission line of the simulator. The simula­
tor, that was baptized as EMPSIS (ElectroMagnetic Pulse SImulator for Ships), 
must be able to test vessels up to 200m length and 46m height at threat level for 
both the old and the new exo-atrnospheric-NEMP requirements. 

Data for the design was gathered from the following experiments per­
formed by TNO-FEL: 
• Measurements in a 6m-high para1lel-plate simulator connected to a 

lOkV/O.9ns pulse generator (1989), 
• Measurements in a 10m-high parallel-plate simulator over sea water in Nor­

way (1990, with participation of UK and Norway), 
• Measurements in 10m-high parallel-plate and conical-plate simulators con­

nected to a 10kV /O.9ns pulse generator (1991). 

In this paper is referred to the results of these experiments. The expected 
rise time, pulse distortion, and the homogeneity of the generated field in the 
EMPSIS simulator will be highlighted. Some expectations are given about Ii fast­
pulse generator and its ability to drive a transmission line with a rather low 
impedance. 
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PRELIMINARY TEST RESULTS FROM INSIEME 
BOUNDED WAVE EMP SIMULATOR IN ITALY 

P. Papucci, 
L. Bolla, 
F. Pandozy, 
C. Noya, U. Sinibaldi, C. Cacciatore, 
* B. Augsburger, K.Salisbury, Y.G. Chen, 
R. White, 
D. Girl, 

CRESAM, Pisa, Italy 
AEITALIA, Torino, Italy 
FACE, Rome, Italy 
ELMER, Pomezia, Italy 
MAXWELL, San Diego, CA. 
USA 
PROTECH, Berkeley, CA. 
USA 

Impianto Nazionale per la £imulazione di Impulsi Electro-Magnetici Esoatmosferici 
is a conical transmission type EMP simulator which was designed and built for 
CRESAM, near Pisa in Italy. In this paper we will present the preliminary test 
results for INSIEME which was conducted into a resistive load. This simulator has 
a 100 n TEM mode characteristic impedance which is excited by a 1.3 MV, < 5 
nanosecond risetime pulse generator. Some aspects of the engineering design will 
be discussed such as the pulse power configuration and the coaxial to parallel plate 
transition. The expected Electromagnetic performance will be compared with the 
experimental test results. 

The INSIEME EMP simulator has been tested with the customers presence 
(CRESAM, ELMER) at the MAXWELL facility in San Diego, California. The 
tests were conducted into a resistive dummy load with a nominal resistance of 100 
n. The dummy load consists of four 400 n water resistors which are connected in 
parallel to a mock-up antenna extenstion. Using a mock-up antenna transition and 
connecting the dummy load resistors in a horizontal fashion provides the clear time 
(25 ns) necessary for conducting the Electromagnetic mesurements. The test series 
demonstrated the pulse power characteristcs such as Marx generator voltage, 
peaking capacitor voltage, and FWHM. The Electromagnetic field data was 
measured to determine the pulse risetime and field amplitude. INSIEME will be 
tested into the CRESAM antenna during the summer of 1992. 
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CALCULATION OF TIIE RADIATED ELECIROMAGNETIC FIElDS 
FROM A PARALLEL-PLATE EMP SIMULATOR 

Frederick M. Tesche * 
Consultant 
Dallas, TX 

Charles T.e. Mo 
Logicon/RDA 

Los Angeles, CA 

William Shoup 
Field Command, Defense Nuclear Agency 

Albuquerque, NM 

Recent concerns about the environmental and biological effects of radiated 

electromagnetic (EM) fields have lead to an increased awareness desire to predict 

and control such fields at locations far from their source. For system-level 

electromagnetic pulse (EMP) testing, large-scale bounded-wave simulators have 

been constructed for the purpose of illuminating systems by a fast-rising, large­

amplitude transient E-field. Although the behavior of the E and H fields in the 

working volume of most such simulators is very well understood, little attention 

has been paid to the field levels outside the simulator at distances of several 

kilometers. The behavior of the fields at these distances depend not only on the 

details of the simulator structure and its pulser source, but also on the nature of the 

lossy ground terrain over which the fields propagate. 

One example of such a concern is the E and H field environment produced by 

the Advanced Research EMP Simulator (ARES). Under the auspices of the 

Defense Nuclear Agency (DNA), this paper investigates an approximate model 

and presents its estimated EM fields on the ground and in the air at locations away 

from the simulator. These estimates compare favorably with preliminary peak 

field measurements on the ground. Further measurements in the air are currently 

being planned. 

The model calculates the radiated fields from the simulator by first 

determining its current. This is done by modeling the parallel-plate ARES 

simulator as a two-conductor transmission line structure, .and using TEM 

transmission line theory. Then the expressions developed by Norton for the fields 

of elementary vertical and horizontal electric dipoles over the lossy earth can be 

used as a Green's function to determine the E and H fields at distant points. As 

this formulation is in the frequency domain, numerical fast Fourier transform 

(FFT) methods are used to obtain the transient responses. This paper describes the 

details of the analysis and compares calculated fields on the ground with 

measured data. Accuracies on the order of 30% are noted in many of the data 

comparisons. In addition, fields at observation locations in the air away from the 

earth, including peak field contours, have been calculated, and the relative 

importance of the Norton surface wave in the overall solution is delineated. 
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TIME-DOMAIN INCIDENT-FIELD EXTRAPOLATION 

J.J.A. Klaasen 
Electromagnetic Effects Group 

TNO Physics and Electronics Laboratory (TNO-FEL) 
P.O. Box 96864 

2509 10 The Hague 
The Netherlands 

Most NEMP simulators do not reproduce the expected NEMP threat They fail to reproduce both the waveform and the peak field strength of the perceived 
threat level. This is especially true for radiating and hybrid simulators, which 
produce a waveform that is significantly different from the waveform of the per­
ceived threat. To compensate for these shortcomings, the measured responses in 
NEMP assessments have to be corrected (extrapolated) to calculate the response that would be expected from a NEMP. 

In this presentation, what is known as incident-field extrapolation will be 
addressed. This type of extrapolation not only corrects for the difference in waveC 
form, but also tries to correct the different spatial behaviour of the incident field 
of the simulator compared with the criterion environment An extrapolation func­
tion that is an average over the space of interest, i.e., the simulator test volume, is therefore constructed. 

The incident-field extrapolation method that will be presented performs 
the extrapolation directly in the time domain (see also J.J.A. Klaasen, Defence 
Research Establishment Ottawa (DREO) report no. 1076, May 1991) .. This 
method is based on a time-domain extrapolation function which is obtained from 
the Singularity Expansion Method representation of the measured incident field of the NEMP simulator. 

Once the time-domain extrapolation function has been determined, the 
responses recorded during an assessment can be extrapolated simply by convolv­
ing them with the time-domain extrapolation function. 

It is found that to obtain useful extrapolated responses, the incident-field 
measurement needs to be made minimum phase; otherwise unbounded results can 
be obtained. 

Results obtained with this technique are presented, using experimental 
data. 
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TRANSIENT SCATTERING FROM TWO-DIMENSIONAL 
DIELECTRIC CYLINDERS OF ARBITRARY SHAPE 

Douglas A. Vechinski* and Sadasiva M. Rao, 200 Broun Hall, Department of 
Electrical Engineering, Auburn University, Auburn, AL 36849, . 

In this work we present a solution technique to determine the transient scat­
tering by two-dimensional homogeneous dielectric cylinders of arbitrary cross 
section located in another homogeneous medium of infinite extent. The cylin­
der is assumed to be illuminated by an electromagnetic pulse of finite duration. 
There exists a number of applications for such a problem: broad-band response of 
dielectric or material targets, target identification, and scattering from biological 
media to name a few. 

The marching-on-in-time technique suffers from late-time oscillations which 
is common to all the time-stepping algorithms. Tijhuis (Electromagnetic In­
verse Profiling: Theory and Numerical Implementation. VNU Science Press, 
1987) attempted to control these oscillations and developed a modified version 
by introducing a relaxation parameter. This relaxation parameter is iteratively 
modified to reduce or eliminate the late-time oscillations. Using this technique, 
he not only solved the conducting cylinders problem (both TE and TM cases 
using the magnetic field integral equation), but also attempted for the first time 
the dielectric cylinder problem using the volume integral equation approach. 

In this work we develop an alternate formulation for the dielectric cylinder 
problem based on the surface equivalence principle. In this formulation, we define 
a pair of equivalent currents on the surface of the cylinder, and by enforcing the 
continuity of the tangential components of the electric and magnetic fields, a pair 
of integral equations are derived. These equations are later solved by employing 
the method of moments and the marching-on-in-time algorithm. The late-time 
oscillations are eliminated by a simple stabilization procedure which involves a 
negligible amount of extra compu tation. Numerical results are presented for two 
cross sections viz. a circle and a square, and compared with inverse discrete 
Fourier transform (IDFT) techniques. In each case, good agreement is obtained 
with the IDFT solution. 
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TRANSIENT SCATTERING FROM 
DIELECTRIC BODIES OF ARBITRARY SHAPE 

SadaSiva M. Rao* and Douglas A. Vechinski, 200 Broun Hall, Department of 
Electrical Engineering, Auburn University, Auburn, AL 36849, 

In recent times the transient analysis of electromagnetic scattering has re­
ceived a great deal of attention. With the advent of faster computers and an 
increase of memory space, many scattering problems of complex objects are be­
ing performed directly in the time domain. In this work, a solution procedure 
is presented to obtain the transient scattering from arbitrarily shaped, homo­
geneous dielectric, three-dimensional objects located in another homogeneous 
medium of infinite extent directly in the time-domain using the marching-on-in­
time method. The scatterer is assumed to be illuminated by an electromagnetic 
pulse of finite duration. A number ~of applications exist for such a problem: 
broad-band response of dielectric or material targets, target identification, and 
scattering from biological media. 

The body is modeled by a set of triangular patches which have the ability to 
conform to any geometrical surface boundary. Also, the patch density may be 
increased in areas where more resolution is required. We develop an alternate 
formulation for the dielectric body problem based on the surface equivalence 
principle. In this formulation, we define a pair of equivalent currents on the 
surface of the cylinder, and by enforcing the continuity of the tangential compo­
nents of the electric and maguetic fields, a pair of integral equations are derived. 
These equations are later solved by employing the method of moments and the 
marching-on-in-time algorithm. The late-time oscillations are eliminated by a 
simple stabilization procedure which involves a negligible amount of extra com­
putation. Numerical results for surface current density and far-scattered fields 
are given for various structures and compared with other methods. 
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INVESTIGATION OF THE EARLY-TIME BEHAVIOR OF 
RADAR TARGETS EXCITED IN THE RESONANCE REGION 

J. Ross*, E. Rothwell, K. M. Chen, 
D. P. Nyquist and John Nathan 

Department of Electrical Engineering 
Michigan State University 
East Lansing, MI 48824 

It is known that the pulse response of a radar target is dominated by a 
number of distinct specular reflections from scattering centers when the excitation 
is within the realm of physical optics. If the excitation waveform has frequency 
content primarily within the resonance region, the response is composed of an 
early-time period during which the excitation field is traversing the target 
followed by a late-time period which is a pure natural resonance series. 

The late-time portion of the target response has received much attention 
recently for use in radar target discrimination. Its physical composition is to give 
a global view of the target; the natural frequencies are aspect independent and 
are functions of the complete target geometry. The early-time period of a 
target response is more complicated. As the waveform passes across the 
scattering centers, specular reflections occur as in physical optics scattering, 
representing the local behavior of discontinuities on the target. In addition to 
these, the early-time scattered field is composed of the resonances of smaller 
substructures and the building resonances of the overall structure. It is important 
to understand these physical phenomena if the early-time period is to be used for 
target discrimination. 

This paper investigates the importance of various components of the early­
time scattered field response for excitations in the resonance region (pulse widths 
approximately 20%-50% of maximal target transit time). An association will be 
made between the physical structure of the target and the features observed in the 
early-time scattered field response. Both the theoretical responses of canonical 
targets and the measured responses of realistic aircraft models are considered. 
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NATURAL RESONANCE EXTRACTION WITH PHYSICAL 

CONSTRAINTS 

P. Ilavarasan*, E. Rothwell, K. M. Chen, D. P. Nyquist 

Department of Electrical Engineering 
Michigan State University 
East Lansing, MI 48824 

Radar target discrimination based on natural resonances requires an 

accurate and efficient means of extracting natural frequencies from measured 

data. The E-pulse technique provides an automated scheme for mode extraction, 

but, like Prony's method, to which it is related, does not restrict the poles to the 

left half-plane. Mode extraction using experimental data often produces 

extraneous frequencies resulting from attempts to fit natural modes to localized 

aberrations. These frequencies often have positive damping coefficients and are 

thus non-physical. A new scheme has been developed based on the E-pulse 

technique with constraints applied to the amplitudes of the E-pulse basis 

functions, restricting the poles of the extracted modes to the left half-plane. 

In this version of the E-pulse scheme, the late-time norm of the 

convolution of the target response with the E-pulse is minimized with constraints 

placed on the amplitudes of the E-pulse. The natural resonance frequencies are 

then taken as the zeroes of the E-pulse spectrum. If the E-pulse basis functions 

are chosen to be rectangular pulses, this leads to a polynomial equation with the 

basis function amplitudes as the coefficients. Since a real polynomial has all the 

roots inside the unit disk when the coefficients of the polynomial satisfy the 

necessary conditions given by the Jury-Marden theorem, these conditions are 

taken as the constraints used in minimizing the norm of the convolution. Finally, 

the optimal E-pulse duration is chosen as that producing the minimum squared 

error between the original waveform and the waveform reconstructed using the 

extracted natural resonances. 

Examples using the theoretical responses of thin wires with additive noise 

and measured responses of various radar target models are considered. Initial 

results have demonstrated that the new scheme produces better results than the 

unconstrained E-pulse technique in the presence of random noise due to the 

elimination of non-physical modes. 
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SURFACE CURRENTS IRDUCED BY SHORT PULSES 

R K. Rltt. Department of Mathematics 
IIIinois State University, Normal, Il, 61761 

We have previously shown that the surface current on a perfectly conducting scatterer, induced by an impulse current source, with compact support. can be represented in the form: 

in which to is the time at which the free space field arrives at the scatterer, 
Eo is the free space field at time to. .ltCEo. cu) is the monochromatic current 
induced by the field Eo exp( ±icut) . and the asymptotic error estimates are in the energy norm. 

In the present paper, we consider the applications of this result to the calculation of currents induced by short pulse current sources, on scatterers for which the geometric optics current is known For such sources, the impulse response is computed by inserting the geometric optics 
approximation for .It(Eo. cu) into the integral For such scatterers there is 
generally a characteristic length, 0, such that the 0(0-1) term in the repre­
sentation can be ignored if 00 »c, c being the propagation velocity. Then 
the O(o2(t - to)2) term can be ignored if (t - to) c < < II. Because the short pulse response is computed by convolution of the short pulse wave form with the impulse response, one expects that the approximation just described will be accurate, provided that the pulse width is much less than the characteristic 
dimension o. This recipe provides an improvement on the physical optics response, computed by the well known method of Kennaugh and Moffett 

We perform the calculation for ellipsoidal scatterers, in which the problem has axial symmetry, and compare the result to the physical optics calculation, for several idealized short pulse wave forms. 
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PULSED BEAM DIFFRACTION 

BY A PERFECTLY CONDUCTING WEDGE 

Reuven Iancunescu and Ehud Heymant 

Department of Physical Electronics, Tel-Aviv University 

Tel-Aviv 69978, Israel 

tOn Sabbatical leave of absence with A.J. Devaney, Assoc. 

355 Boylston St. Boston, MA 02116 

Pulsed beams (PB) are short pulse wave fields that are directed in space like well 

collimated beams and propagate along ray trajectories. Because they are well localized 

in space-time, these wavepackets may be useful in various applications involving high 

resolution interrogation of targets or of the propagation environment. The PBs also form a 

new set of basis functions for spectral expansion of time-dependent fields, as an alternative 

to the conventional plane-wave or the Green's function representations. Since the PBs can 

be tracked locally in inhomogeneous media and though interactions with boundaries, these 

basis functions are convenient for computational algorithms of pulsed fields propagation 

and scattering in large complicated environments. Finally the PBs can be used as basis 

functions for local space-time processing and imaging of ultrawide bandwidth scattering 

data. 
An important part in the development of the theories mentioned above is the deriva­

tion of solutions for PB propagation and scattering. Exact solutions for certain canonical 

configurations can be obtained via the complex source technique. Because of the local 

nature of these fields, it is then possible to extract scattering models that apply for non 

canonical configurations. In this paper we present an exact, simple to calculate, closed 

form solution for the benchmark problem of PB diffraction by a perfectly conducting 

wedge. Different scattering phenomena are monitored as function of the characteristics of 

the incident wavepacket, namely its pulselength, its beamwidth a...'ld collimation, its direc­

tion and its transverse displacement from the wedge's vertex. We also derive approximate 

uniform local model that explains the physics of the scattering process explicitly in terms 

of these local characteristics. It is shown that when the incident PB hits near the vertex 

of the wedge it generates a toroidal wavepacket that propagate essentially along Keller's 

cone. The solution describes uniformly how the excitation of this diffraction phenomenon 

weaken and how the diffraction cone is distorted as the distance of the incident PB from 

the vertex increases. The results extend the uniform geometrical theory of diffractions to 

pulsed beam fields that are compact in space-time. 
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ELECTRIC FIELD ON THE AXIS OF A CYLINDRICAL TUBE 

WITH A TRUNCATED CONICAL CAP 

Chalmers M. Butler and Zhiqiang Qiu 
Clemson University, Clemson, SC 29634-0915 USA 

J. Patrick Donohoe and Clayborne D. Taylor 
Mississippi State University, State College, MS 39762 USA 

Erik K. Reed 
KEMET, Greenville, SC 29606 USA 

Glenn L. Brown 
REAP, 5937 Via Robles Lane, EI Paso, TX 79912 USA 

W. LaVaughn Hales 
U. S. Army MICOM, Redstone Arsenal, AL 35898-5248 USA 

An ultra wideband pulse is considered incident on a conducting cylindri­
cal tube that is closed at one end and linearly tapered to a circular aperture 
at the other. The surface current density on the modified cylindrical tube 
and the axially-directed electric field on its axis are determined. Both time­
domain and frequency-domain interaction characteristics are studied. A sys­
tem of integral equations is derived for components of the frequency-domain 
surface current density. The circumferential variations of the components 
are expressed in terms of Fourier series and tangential variations on the sur­
face normal to the circumferential direction are determined from numerical 
solutions of integral equations for the Fourier coefficients of the current com­
ponents. The influence on convergence of the use of alternate schemes for 
expanding the current coefficients, including one which is forced to satisfy 
the appropriate edge condition, is studied. From these solutions, frequency­
domain data are obtained for the current on the tube surface and for the 
axially-directed electric field on the tube axis. It is demonstrated that this 
electric field component on the tube axis can be computed from knowledge 
of only the zero-order Fourier coefficient of surface current even under con­
ditions for which the total current is rich in modes. The time-domain results 
are obtained from the frequency-domain data by means of Fourier transform 
techniques. Two distinct excitation pulse types are considered: a Gaussian 
pulse with significant spectral energy content up to 4 GHz and a pulse which 
is similar in shape to a single cycle of a 100 MHz sinusoid and whose spectral 
energy is negligible above 2 GHz. Several resonances of the tube are encom­
passed within the spectra of both excitations. Current density and electric 
field are computed for several angles of incidence of the exciting pulses. The 
solution method described above is applied to a thin, straight cylindrical tube 
for which a marching-in-time solution of a time-domain integral equation has 
been developed. Data obtained by the two methods applied to the tube are 
found to be in very close agreement, which lends a degree of confidence to 
the analysis of the modified cylindrical tube structure of interest. 
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Chair. J. Bach Andersen, Aalborg University 
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University of Novi Sad 
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A NEW TECHNIQUE FOR MEASUREMENT OF DIELECTRIC 
CONSTANT OF LIQUIDS WITH LARGE VISCOSITY 

Bin Song , Junmei Fu 
(Dept. of Information & Control Engineering, 

Xi'an Jiaotong University, Xi'an, Shaanxi, P.R.China) 

The main purpose of our study is to develop a method 
for the dielectric constant measurement of liquids. Some 
liquids and especially the biological liquids, e.g., 
blood, have large viscosity which gives to their free 
surface a nonplanar geometry. This geometry does not 
allow to measure the dielectric properties with methods 
applied to solid bodies. If we put the liquids in a 
closed cylindrical glass tube, the free surface problem 
may be overcome.. So we can design a new sensor, where 
the full glass tube is placed in the middle of a 
rectangular waveguide and the reflection and the 
transmission coefficients may be measured by an 
experimental set-up. These coefficients are related to 
the dielectric constant of the liquid, where the 
relation can be found by our theoretical approach. 

In this paper the scattering of a plane electromagnetic 
wave by a cylindrical post placed in a rectangular 
waveguide is presented. In addition, an useful experimental 
set-up has been designed in our laboratory, and with 
it we measure the reflection or the transmission 
coefficients or both then by the help of our 
theoretical model we can define the permittivity r. 
One of the essential advantage of our experimental 
method is that it can be used to measure the 
dielectric constant of liquids with any value of 
viscosity. On the other hand, in some cases, e.g., 
biological liquids, we have very few quantity of the 
liquid and it is impossible to use any other methods 
for measure the dielectric constant, however, this 
measurement can be completed easily with our approach 
because only glass tube with small inner diameter is 
employed. 

Many experiments have been accomplished, and we have 
obtained a large number of data. From the obtained 
results, it can be found that our approach is an 
effective way for the dielectric constant measurement of 
liquids. 
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SAR PATTERNS FROM NON.IDEAL INTERSTITIAL 
MICROWAVE DIPOLE-ARRAYS 

K.L. Clibbon and A. McCowen 
Department of Electrical and Electronic Engineering 

University College of Swansea, Wales, U.K. 

The use of interstitial microwave antenna-array hyperthermia (IMAAH) systems in 
cancer therapy has been under investigation by several groups (notably: Thayer 
School of Engineering, Dartmouth College). The arrays generally considered in the 
literature comprise a uniform arrangement of linear dielectric-coated dipoles. To 
maximise the heating within the array where the tumour. will be sited, the array is 
usually fed coherently so that the electric fields add in-phase. In practice the 
positioning of the dipoles is ofter determined by radiological considerations resulting 
in a non-uniform arrangement in which the dipoles may be off-alignment and skewed. 
The non-ideal positioning of the dipoles upsets the phasing of the electric field 
patterns within the array and degrades the SAR distribution. 

Within the Computational Electromagnetics Group at Swansea, a software package 
has been developed with the capability of calculating the SAR distributions from an 
arbitrary non-ideal array of non-symmetric dipoles embedded in a uniform biological 
medium. In addition the code has been coupled to a CGM-FFf electromagnetic 
solver so that SAR distributions can be determined when the IMAAH system is 
embedded in a heterogeneous biological medium. This paper will discuss the 
development of this work and also present initial results demonstrating the 
degredation of SAR resulting from a non-ideal antenna configuration. 
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Electrical Impedance Imaging of Inhomogeneous Media 

v. Liepa*, K. Reeves, and C. Thomas 

Radiation Laboratory 
Department of Electrical Engineering and Computer Science 

The University of Michigan 
Ann Arbor Ml48109-2122 

Apparatus is described that has been designed and built to generate data to 
test and verify numerical imaging algorithms. The medium is a cylindrical 
tank with 12 equally spaced electrodes placed around the perimeter and, as 
such, creates a two-dimensional geometry. Using relays and digital meters 
interfaced with a computer, a voltage source can be applied to any pair of 
electrodes and voltages measured between any electrodes desired. The 
source current is also measured. The tank is 10.5 in. in diameter and 24 in. 
in height and is made of acrylic (plexiglass) materials. For the tests it is filled 
with distilled water containing about 3 percent tap water to provide 
conduction to give about lkohms resistance between the electrodes. 

With only water in the tank, the medium is said to be homogeneous. 
To provide an inhomogeneous medium, metal (conducting boundaries) and 
plastic strips (insulating boundaries), as well as cylindrical shapes, are 
placed in the tank. The data measured under various loading conditions are 
then provided to University of Delaware, Department of Mathematical 
Science, where algorithms that they have developed are applied to determine 
the "unknown" shape and material of the loading. The extracted images will 
be presented and compared with the actual geometries used. The specific 
algorithms that were used in extraction of images will also be discussed. 
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FREQUENCY RESPONSE OF HUMAN BLOOD TO 
PULSATING ELECTROMAGNETIC FIELDS 

P.Kokoschinegg and M.Kokoschinegg, Institute for Bio­
physics and Ray Research, Jaegerbauerweg 22, A-5302 
Henndorf/Sal zburg , Austria 
N.Pekaric-Nadj*, Faculty of Technical Sciences Univer­
sity of Novi Sad, YU-21000 Novi Sad, Yugoslavia, 
Europa 

The low frequency pulsating electromagnetic fields 
(PEMF) have been shown lately to produce many useful 
biological effects. Although many facts have been 
known for about 20 years, the complete mechanism of 
the fields influence is still not clear. It is evident 
that this mechanism must be very complex. This work is 
aimed to point out one of the aspects. According to 
our researches we found that in vitro PEMF stimulation 
dramatically changes the physical structure of water. 
We were able to observe it by monitoring the pattern 
of dried water drops under microscope (magnification 
100 - 1000 times). The influence was more observable 
and more pronounced when more minerals and diluted 
substances were present. This gave us the idea that, 
as human organisms consist mainly of water, blood and 
body liquids should exhibit the same changes after 
PEMF stimulation. In order to prove this a group of 
volunteers were stimulated with PEMF once a day for 
30 minutes, every second day to a different frequency. 
A suitable applicator generated magnetic field com­
ponent of a peak value of 1 mT in a backbone region 
of the patient. The pulses were 15, 24, 30 and 72 
pps. The venous blood was taken before, immediately 
after the stimulation and 3 hours 1after the stimula­
tion. Blood serum remedy drops were prepared and 
dried. The results were observed by microscope for 
each case. We found different cristallisation patterns 
that were linked to the repetition rate of the pulses. 
The difference remained present for at least 3 hours 
after the stimulation. If we recall that for each 
person the bood serum remedy crystallisation pattern 
is different and expresses the situation in the whole 
organism, it is evident from our researches that PEMF 
changes the information content in blood. Although we 
are not able to do any quantification at the moment 
it seems possible to define a new approach to judge 
the PEMF influence on a patient by a simple blood 
serum remedy test. 
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Bin Song', Gong Long, Junmei Fu, Xi'an Jiaotong University 
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SCATTER INri S lIiNAI. EXmALTI Nr; II~; INri SYSTEM MlIUELLI NI; 
MHlIIUU BASE" UI~ A RII!l-I'RIiPAli,\TIIiN NhllRIII, NEIWlIRK 

Zhang l.ianu-JiQ lI"n9 Wpn--I\in 
Ucpartment of Informal ifln " Conlrol Engineering 

XI' AN J IAUTUNr; UNIVERSITY 
XI'AN 11110i9 SIlMNXI, P.R.CRINA 

In practical transiellt subsnrface radar system(iSRS), there is a problem 
that the direct receiving siunal Y(II) ran nol be direclly obtained hecause 
when the aided antenna will nol !.P. allowed for ronvenient _.the objecl is 
always present. Moreover, the excitation of the transmi tting aolerula is 
atso varying slightly al1hougll its signal can be obtained. Thus ,when the 
exci tation signal x(n) is given • in order to extract the real time 
scallering signal. a prol.tem how to obtain the direct receiving signal 
apllears. 

It is well known thai the syslem modelling method is the only choiced 
way in order 10 solve Ihe ahove IHoblem. In Ihe past, in order to model the 
TSRS, Ihat is. to obtain Ihe DRS when the x(n) is given, we often make use 
of deconvolution 10 filld Ihe impulse response of the TSRS. Unfortunately , 
the traditional deconvolution meth"d "ften result in instability. 

In Ihis paper, we deserih. a neural nelwork called Back-Propagation net 
and its use in learning the impulse response funclion of the the TSRS 
necessary for thi-s system modellin[l. Nenral network modelling was setected 
because of their abi li ty to adapt to the environment through training, which 
allows them to avoid many of the proillems associated with traditional system 
modelling method Generally speaking. lhe neural network is of great 
benefit when the natllre of Ihe nonlinearity is IInknown or is difficutt to 
c11arac te r i ze • 

Simulations are descrih",1 which use experiment data as inpuls and 
desired outputs of tJ,e neural networks during the training process The 
exeitalion signal x(n) are usprl as Ihe inpuls nf the no.ural netwnrk • and Ihe 
DRS y(n) are used as oullllltS res"el'llvel), here. The noural network "learns" 
1.0 solve this Ilfub I ('111 lIy hr.ill!1 Itflinr.iI IHI many t.raining sets of pairs 
(x(n).y(n)} The size" 1I1ll1 nalure IIr the Iraining sri "ill be discllssed 
briefly wi thin this paper 

Results are shown nf lite T~;R~ 111(111"lling. Examples wilh new experiment 
data of Ihe excilation sinllal anti lestinu (nonlraining) resulls are also 
shown The resulls shll" ,-onsi,leralolo promising. When the testing sample 
xO(u) is used as inpul of tho Ifainl',1 nenral network. the reslllt of the 
IlRS's least square error estimntl'd "allle is obtaine,l. i. e" the DRS was 
subtracted from Ihe rereivp,1 signal including Ihe DRS and the scattering 
signal, leaving tbe object scattering signal. The high performance of this 
neural network modetling is shown in the scallering signal extracting 
processing. 
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APPLICATION OF NEURAL NETWORK TO THE TRANSIENT SYSTEM 
CORRECTING FOR IIIPROVED TARGET DETECTION 

Zhang Li ang-Ji e Wang Wen-Bing 
Dept. of Infor.alion &: Control Engineering 

XI' AN JIAOTONG UNIVERSITY 
XI'AN ,SHAANXI ,Po R. CHINA 

ABSTRACT 
The quest for the highest resolution in radar target detection has been 

the primary aotivation for recent develop.ents in transient scattering 
aeasurement In this paper,we consider the design of a inverse transient 
.essurellent systea aodelling fro. co.bioated .easure.ent data by using a 
neural network called Back-Propagation net. First,we discuss the background 
of the proble. and then the design of the systea corrector. 

The transient scattering .easure.ent syste. was developed prlaarily to 
determine the transient response characteristics of scale aodels subjected to 
various electro.agnatic excitations. The systea consists of aajar subsystea as 
fa llOWstpulser generator, trans. it ting antennas, cab le, receiving 
antenna, digitizers, and .icraca.puter .. When the receiving antenna is placed a 
radial distance froa the saurce antenna and no abj ect is present, the antenna 
aeasures the free field response called direct receiving signal(DRS). When a 
test object is present, the receiving antenna .easures the ca.binated signals 
including the DRS and the scattering signal of the test object. Unfortunately 
the DRS and the coabinated signal cannot be .easured siaul taneausly, because 
the field is disturbed by the presence of the object. This practice bring up 
the problell of an output sequence generated by an input sequence different 
from the .easured one because of environaental electro.agnatic noise. 
Moreover, the aapti tude of DRS is auch larger than that of scattering 
signal, and the early Uae signal associated with the antenna coupling excites 
a response which extends into the range window in which the target is to be 
observed. This and aeasure.ent distortions distort the portion of the wavafara 
caused by scattering froa the target and aakes it difficult to 
detect, identify. The purpose of this paper is to cOllpensate for the 
distortions faT co.pressing the DRS by designing a systea corrector using a 
neUTa 1 ne hark. 

Here} a co.puting archi tecture for adaptive inverse systea .odelling based 
on computationaL features of nonlinear neural network is introduced. These 
features are aassively paraLLel and distributed structures for signal 
processing, wi th the potential for ever-i.provlng perforaance through dynaalcal 
learning. In this paper, we describe a neural network called Back-Propagation 
net and its use in learning the inverse i.pulse response function of the 
transient scattering aeasure.ent systea. 

In this work,we train a neural network aodel to identify inverse dynllllics 
of aD unknown transient aeasureaent systea, and then apply it as II. systea 
corrector, as is shown in fig.. 1, where the output signat(DRS) of the 
corrector(neural network),y(t), should .atch the desired response, Xd(t), a delay 
of the excitation signal X(t). The neural network aodel here perforas a 
specific fora of adaptive inverse systea .0daLling,with the adaptable 
paraaeters being tha strength of synaptic connections to the neurons. 

After training the neural network~we input a received signalO. e. 
coabinated signal coaprlse DRS and scattering signal) to the systea 
corrector(i. e. neural network). This output result shows that the input of 
the distortion of the receiving signal aay be reduced, and the direct receiving 
signal Is coapressed. Obviously, this aethod can laprove greatly tha ability 
and perforaance of target detection. Moreover, the advantage of this technique 
is greater 5 eed and toLerance. 
X(t) Transient Scattering Y<t) 
-- Measurement S stea Sys.te. Corrector 

Fig.l. Block diagr .. of Syste. Corrector 
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Adaptive Direct Receiving Signal Cancelling 
Using Neura 1 Ne tworks 

Liang-j le Zhang Wen-bing Wang 

Department of Information & Control Engineering 
XI' AN JIAOTONG UNIVERSITY, P.R. CHINA 

XI'AN 710079 

[ ABSTRACT I 

In time-domain scattering measurement system (TDSMS), the is a main 
unrequired signal called direct receiving signal(DRS) will seriously 
interfere the required target scattering signals(TSS) because that the 
amplitude of DRS is much larger than that of the TSS. So the problem of 
cancelling DRS has been becoming a very key technique in our TDSMS • In other 
words, the problem of interest is the efficient extraction of TSS buried in 
high noise environment. 

Recently, ANN(Arti fidal Neural Network) has attracted the attention of 
scientists and engineers in many fields based on its many computational 
features such as massively parallel and distributed structures for signal 
processing, and gives a new way to solve many problems. So, In this work, we 
make use of a layered neural network mode ls trained according to the Back­
propagation learning algorithm to perform a specific form of adaptive 
filtering ,which will take a role in the DRS cancelling. 

In this paper, the first option is in choosing the problem defined 
specifically so that a selection of inputs and outputs to ANN may be made. 
Next, the internal des.ign choice must be made----including the topology and 
size of the network. Finally, the se lection of training data presented from 
the TDSMS to the ANN influences whether or not the network "learns" a 
particular task. In other words to say that, this paper describes the 
adapation model archi tecture and app Ucation performance in our DRS 
cancelling field. 

One of the problems using neural network is that the training time is a 
function of the size of the training set and the number of weights to be 
learned. During the training time, a DRS sample which is correlated with the 
original corrupting signal DRS is used as input to a single hidden layer 
neural network. At the salle tille, a received signal sample involving the 
TSS and DRS is used as the desired output to the neural network. 

The neural network filters the DRS y(t),which is correlated with the 
original corrupting signal DRS yO(t), and subtracts the result froll the 
prinry input s(t)+yO(t). The obtained TSS s(t) for target identification is 
promising and shows better and 1I0re robust performance than traditional 
signal processing approach because of the parallel nature of the computation 
taking place. This exallp les illustrate the nature and breadth of potential 
ANN applications in the field of the measurement signal processing. 

621 

i,ilt 



Friday PM2 URSI-E Session FP18 
Room: Columbus I/J Time: 1500-1720 

Noise Suppression, Characterization and Interference 

Chairs: Masashi Hayakawa, The University ofElectro-Communications; R. L. Gardner, Phillips Laboratory, 
USAF 

1500 VIABILITY ASSESSMENT for RELIABLE LONG-WAVE COMMUNICATION LINKS 
T. S. Cory, Engineerng Consultant; T. R. Holzheimer', E-Systems Inc. 

1520 SUPPRESSION of RECTENNA HARMONIC RADIATION by a FREQUENCY 
SELECTIVE SURFACE 
James O. McSpadden', Kai Chang, Texas A&M University 

1540 DIRECTION-FINDING ofTWEEK ATMOSPHERICS and THEIR PROPAGATION 
Masashi Hayakawa', The University of Electro-Communications; K. Ohta, Chubu University 

1600 OVERALL PERFORMANCE of DIVERSITY and LEVEL DISTRIBUTION in 
COASTAL-DESERT MICROWAVE LOS LINKS SUFFERING from SEVERE FADING 
CONDITIONS 
Said E. El-Khamy', Alexandria University; Samir A. Matbouly, Saudi TELECOM 

1620 ON tbe MINIMIZATIONS of SKY-WAVE INTERFERENCE in GROUND-WAVE RADARS 
S. A. Saoudy', F. Hartery, Memorial University of Newfoundland 

1640 EMI SUPPRESSION and NOISE REDUCTION in RADIO TRANSCIEVERS by the USE 
of IMPEDANCE MISMATCH METHODS 
Masood Ghadaksaz', GTE Laboratories 

1700 INTERFERENCE from CONTACT POWER LINES of ELECTRIFIED RAILWAY with 
UNDERGROUND TRANSMISSION SYSTEM 
Han Fang', Northern Jiaotong University 

622 



VIABILITY ASSESSMENT FOR RELIABLE LONG-WAVE 
COMMUNICATION LINKS 

T. S. Cory, P. E. 
Engineering Consultant 

1536 Tampico Dr. 
Plano, TX 75075 
*T. R. Holzheimer 

E-Systems, Inc., Greenville Division 
P. O. Box 6056 

Greenville, TX 75403 

ABSTRACT 

The continuous ELF through VLF frequency spectrum in the range of 0.1 
to 30 kHz was revisited for the purpose of assessing statistical 
communication link performance possibilities at long range, nominally 
9000 kilometers, to two widely geographically separated receive 
locations from a variety of transmit locations. The analysis model 
assumed a deterministic MSK-modulated skywave signal of median 
value in the presence of atmospheric noise. C.C.I.R Report 322-2 and 
LNP noise models were considered. A C.C.I.R. based noise model was 
modified to use NBS. Monograph 23 APD's, and the noise power was 
linearly extrapolated downward in frequency from 10kHz. The receive 
locations were inland, in lOW-latitude regions likely to be influenced by 
climatic storm centers. The signal model used the incoherent sum of 
wavehops, per Bremer. These incoherent computations versus 
frequency ignore the difficult-to-predict coherent waveguide cutoff effects 
which to first order apply to both signal and noise. The link analyses 
suggest an optimum frequency for communications for fixed ERP; 
between 7 and 10 kHz for inland ground receive sites, and at 20 kHz or 
above for semester paths to near-coastal or ship-borne receivers 
(confirming the U.S. Navy choice of frequency for VLF broadcast 
stations). Based on analyses with frequencies and ERP's commensurate 
with existing Navy broadcast stations, a 50-baud signalling rate is 
expected to be available at either receive location 90% of the time during 
50% of the hours for error rates of less than 10"-3 if selected transmit 
sites are used. A single transmit site cannot be used for both receive 
locations because each path must be predominantly over sea water. 
Alternatively, similar error rate performance at half the baud rate (25 Hz) 
would be expected from selected Omega radionavigation stations 
running only about a tenth of the ERP of the broadcast stations, if the 
Omega stations were presumed to transmit near the low frequency end of 
the radionavigation band (approximately 10kHz) with no received 
interference from other like transmit stations being experienced. This 
surprising result shows the expected impact of operating near the 
optimum frequency. The overall result from the above analyses is that 
reliable long-wave communications can be accomplished with the use of 
existing transmit stations. 
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SUPPRESSION OF RECfENNA HARMONIC RADIA nON 
BY A FREQUENCY SELECITVE SURFACE 

James O. McSpadde; and Kai Chang 
Department of Electrical Engineering 

Texas A&M University 
College Station, TX 77843 

Frequency selective surfaces (PSS) have been used for a number of applications 
including reflector antenna systems and dielectric radome designs. A new application of 
an FSS is to reject the harmonics produced by a rectenna. A rectenna is a receiving 
antenna that converts a microwave beam into useful DC power. Harmonics of significant 
power levels are produced by a diode that converts the RF to DC power. This harmonic 
power is then radiated into free space which may cause potential problems. If the 
rectenna were placed aboard a satellite, the harmonic radiation could interfere with 
communication signals. It is desirable to suppress these harmonics by use of an FSS. 

A gridded square FSS has been developed to act as a band stop fIlter. The 
theoretical frequency response is shown in the figure below. A transmitting frequency of 
2.45 GHz is normally incident on 4 foot square rectenna array with the FSS located in 
front of the array. The PSS is designed to pass the 2.45 GHz signal and reject the 4.9 
GHz second harmonic. The insertion loss at the fundamental frequency is designed to be 
less than .1 dB. The transmission of the second harmonic is designed to be less than -30 
dB. The third harmonic power level is small compared to the second harmonic but will 
still encounter a transmission of less than -3 dB. To prevent the harmonics from leaking 
at the edges between the PSS and rectenna, reflectors are added at the four sides to 
enclose the structore. An equivalent circuit model of the gridded square PSS is used for 
the design (C.K. Lee & R.J. Langley, IEE Proc., Vol. 132, Pt H, No.6, 395-399, Oct. 
1985). Theoretical and experimental results with and without the rectenna will be 
presented. The effect of placing the PSS in the near-field of the rectenna will also be 
examined. 
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DIRECTION-FINDING OF TWEEK ATMOSPHERICS AND THEIH PROPAGATION 

M. Hayakawa 
The University of Electro-Communications. Chofu. Tokyo 182. Japan 

and 

K.Ohta 
Department of Electronics. Chubu University. Kasugai. Aichi 487. Japan 

The field-analysis direction finding developed for magnetospheric 
VLF waves (whistlers and VLF emissions) has been applied. for the 
first time. to tweek atmosphel'ics. This direction finding system is 
based on the simultaneous measurement of three field components (two 
horizontal magnetic. Bx. By and a vertical electric. Ez) over a wide 
frequency range, which yields the arrival direction (incident. and 
azimuthal angles) and the wave polarization. The following experimen­
tal resu 1 ts are found for tweek atmospheri cs. (1) For t.he O-th (weier 
mode at the frequency below the cutoff frequency of the 1st-order mode 
(=1. 7kHz). the wave is nearly vertically I inearly polarized. (2) The 
incident angle (measured from the zenith) of the 1st-order mode exhib­
its a decrease toward O' (vert i ca I i nci dence) with the decrease of 
wave frequency toward the cutoff frequency, (3) The po I ari zati on of 
the 1st-order mode wave is exactly left-handed circular when the fre­
quency is very close to its cutoff frequency from above. and when the 
frequency departs from the cutoff, the po I ar i zat Ion becomes mOI'e 
I inear, but left-handed ell iptical. These experimental results al'c 
interpreted in terms of the Earth- ionosphere wavegu ide propagat i on. 
and we suggest that these experi mental resu Its wou I d i nd I cate some 
importa~t information on the anisotropy of the ionosphere etc. 
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OVERALL PERFORMANCE OF DIVERSITY AND LEVEL DISTRIBUTIONS IN 
COASTAL-DESERT MICROWAVE LOS LINKS SUFFERING FROM SEVERE FADING CONDITIONS 

Said E. El-Khamy*, Senior M. IEEE 
Department of Electrical Engineering, Faculty of Engineering, 

Alexandria University, Alexandria, Egypt 

Samir A. Matbouly, Student M. IEEE 
Saudi TELECOM, M.inistry of PTT, West Region Administration, 

Jeddah, Saudi Arabia 

ABSTRACT 

Anomalous propagation conditions that cause fading in microwave line­
of-sight (LOS) links are highly pronounced in coastal-desert areas. This is 
due to the high probability of occurrence of temperature inversions and. high 
variations in humidity. Space diversity techniques are often used in such 
links to reduce the effect of fading on the operational unavailabilities. 
Most of the operating analog links use the simple switching combining 
technique. In this paper, measurements on an experimental link located on 
the eastern coast of the red sea (described by El-Khamy and 
Matbouly,MELECON'87, Rome, Italy, Mar. 87) are used to investigate the 
overall performance of such simple diversity techniques in combating severe 
fading effects. Also, the overall distribution functions and the propagation 
parameters that characterize such strong fading area~ are extracted from the 
measured data. Emphasis has been placed on the sunrise period when most of 
the severe fading conditions were monitored. A special chart that helps in 
evaluating the usefulness of the used diversity system has been developed. 
The results show that the used space diversity system is not' efficient in 
combating the severe fading effects and thus more sophisticated diversity 
systems and combining techniques are most suitable for such links. Examples 
of the overall scattering diagrams and distribution function are shown in 
Fig.l and Fig.2 respectively. 
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INTERFERENCE FROM CONTACT POWER 
LINES OF ELECTRIFIED RAILWAY WITH 
UNDERGROUND TRANSMISSION SYSTEM 

HAN Fang, Member, IEEE 
EMC Research Section, Northern Iiaotong Univ., Beijing, 100044, CHINA 

INTRODUCTION 

The Interference from contact power lines of electrified railway with nearby un· 
derground transmission system such as communication cables and metal pipes, has 
aroused more and more attention. In short, the current feeding the electric locomotive 
will flow back to the supply terminal in two path, one is absorbing lines (including rail 
itselO, the other is the earth. All the currents in contact power lines, in absorbing lines, 
and in the earth could excite on and couple with underground transmission systems, 
leading to unwanted interference. There are a few publications discussing the approach 
to calculate the coupling and estimate the interference (y. G. Gao, Railway I., 4,1981; 
W. Machczynski, lEE Proc. 129, 279-288, 1982). However, for underground coupling 
problems with earth conductive effect and loss effect being taken into account, these 
approach is invalid because the transmission line method could not be simply applied. 
Moreover, both inductive coupling and resistive coupling should be taken into account. 

Considering these factors, a more general approach to analyse and calculate the 
coupling of the contact power lines and their return currents with underground con· 
ductors of both infinite and finite length is presented on the basis of equivalent trans· 
mission line equations forwarded previously by the author (p. Han, I. Electr. Tech. 1-
12-17, 1989). By this approach, distributions of the currents and potentials induced 
along two underground conductors of infinite length by unit current can be determined 
respectively by 

II = 1,2 (1) 

where, superscript p and r represents the coupling from contact power line and return 
path, respectively. 
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EMI SUPPRESSION AND NOISE REDUCTION IN RADIO 

TRANSCEIVERS BY THE USE OF IMPEDANCE MISMATCH METHODS 

MASOOD GHADAKSAZ 

GTE Laboratories 

Systems Technology Laboratory 

40 Sylvan Road 

Waltham, MA 02254 

ABSTRACT 

One of the most active areas of research in the field of electromagnetic interference (EMI) is interference 

suppression. In today's congested radio spectrum EM! is a frequent occurrence. In cellular and land mobile 

radio communications networks the increasing proliferation of mobile (vehicular, portable, base station) 

radios has created a serious problem of electromagnetic compatibility (EMC). In tactical communications 

and particularly in combat network environment radio transceivers are commonly subject to colocation and 

other forms of friendly and hostile electromagnetic interference. The interference problems such as spurious 

signals, harmonic anti subharmonic emissions, intermodulation products, and broadband noise are generated 

by transmitting radios. The interference signals arriving at the victim receiving antenna together with the 

lack of adequate receiver channel selectivity and the nonlinear effects within the receiver front-end can cause 

desensitization of the victim receiver or its complete jamming. The characteristics 0/ the interference signal 

such as magnitude, frequency, and bandwidth can exhibit a wide range of values. In addition, time and 

frequency of occurrence of interference signals particularly those generated by transmitting hopping radios 

are unpredictable. Present techniques to combat EMI such as frequency relocation, filtering, relocation of 

equipment, antenna nulling, interference ca.'1celers, .. etc. are inadequate and their eff'!ctivencss is limited to 

only certain types of interference. Furthermore while some of these techniques require costly and elaborate 

complex signal processing, others are not always operationally or mechanically feasible particularly for 

mobile and portable communications sets. As a result it is generally desired to develop a technique for 

suppression of electromagnetic interference independent of its characteristics, mechnisms, time, and 

frequency of OCcurrence such that it can be implemented in any radio communications set. This paper 

describes a universal method for interference suppression in communications receivers. The proposed 

method is based on the simultaneous absorption of RF interference energy in a resistive load in one 

direction, and in the opposite direction reflection of the desired received signal towards a directional network 

for detection and further signal processing. 
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ON THE MINIMIZATION OF SKY-WAVE 
INTERFERENCE IN GROUND-WAVE RADARS 

S.A. SAOUDy'and F. Hartery 
Centre for Cold Ocean Resources Engineering 

Memorial University of Newfoundland 
st. John's, Newfoundland, Canada AlB 3X5 

Ground Wave Radars (GWR) are used for offshore over the 
horizon surveillance of icebergs, ships and low flying objects. 
A prototype monostatic radar system has been built at Cape Race, 
Newfoundland, Canada. At an operating frequency of 7 MHz, a 
reduction of the radar's intended range of 400-450 km to about 235 
km can be attributed to external noise and self-generated sky-wave 
interference. 

Direct ionospheric reflections from the F layer introduce 
a shadow to mask the portion of the radar range from 235 to 450 Km. 
predominantly this relates to high angle radiation from the 
transmitting antenna which is in the form of a Log Periodic Array 
(LPA) dipole antenna. The commercially available transmitting 
antenna was designed for long range communication where the 
reduction of vertical radiation was not fully studied. 

In this work, the radiation characteristics of the log 
periodic array antenna will be studied using the Numerical 
Electromagnetics Code ( NEC-2) which employs the moment method. 
possible modifications in the design of the LPA are investigated 
in an effort to minimize vertical radiation from the antenna. The 
modifications take into account the effects which the GUy wires 
supporting the l20-foot antenna tower and the feedline 
arrangements have on the radiation pattern. 

The modifications of the LPA inclUde changing the antenna 
elements inclination angles with respect to the vertical direction. 
As for the steel guy wires, one can either replace them by non­
conducting support wires or introduce insulators along their length 
every one eighth of the wavelength of the highest operational 
frequency. 
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