
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Voltage-Gated Membrane Channels under GSM and DECT 
Exposure: 

A Global Analysis 

F. Apolloniol, G. D'Inzeo1, L. Tarricone2 

IDepartment of Electronic Engineering, University "La Sapienza" of Roma, Italy. 
2 Institute of Electronics, University of Perugia, Italy 

In the recent past an increasing attention has been focused on environmental 
problems: a typical example is the evaluation of possible risks in the use of 
wireless communication systems due to effects of electromagnetic (EM) fields on 
human beings [K.Mann, J.Roschke, Neuropsychobiology , vol. 33, 41-47, 
1996]. 
Bioelectromagnetic effects can be studied both at macroscopic and at microscopic 
level. Researchers interested in the biological effects of EM fields, at microscopic 
level, are focusing their attention on the behaviour of transmembrane ionic 
channels and on their kinetic properties: ionic channels, in fact, act as a gate 
regulating current fluxes through cell membrane. Theoretical studies of the 
biochemical dynamic properties of the channels have suggested the development 
of a modelistic approach considering the membrane channel as a non­
deterministic state machine [G. D'Inzeo, S.Pisa, L.Tarricone, Bioel. & Bioen. 
Joum., 29, 290-304, 1993]. 
In this work the response of these theoretical models, for voltage-dependent 
channels such as Potassium, Calcium, Sodium channels, is analyzed for the 
electromagnetic fields used in GSM and DECT cellular phones, typical examples 
of wireless communication devices. 
"Pulsed" signals, as GSM and DECT can be considered, usually consist of a 
single frequency carrier (900 MHz for GSM and 1900 MHz for DECT), 
modulated by a digital waveform of lower frequency, generally in the range of 
ELF frequencies. 
Two different techniques have been followed in order to consider the low­
frequency contribution and the high-frequency contribution ofthe external signal. 
In the former case a serial implementation resulted a good way to describe the 
effects of the low-frequency contribution of GSM and DECT signals on the 
channel behaviour; in the latter case a parallel implementation has been required in 
order to simulate the effects of the single frequency carrier of GSM and DECT. 
In the parallel implementation a master-slave methodology is used: a master 
process activates a fixed number of slave processes. Each slave process takes 
care of generating a fragment of current signal. After a certain number of time 
steps, the master collects all the signal fragments from the slaves and links them. 
In this way the sensitivity of the channel to "pulsed" signals is fully considered, 
taking into account both the low-frequency and the high-frequency signal 
contributions. 
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K13.5 
SIMULATION OF RADIO FREQUENCY COILS 

FOR SUPER HIGH FIELD 
MAGNETIC RESONANCE IMAGING 

T. S. Ibrahim', and R. Lee 

ElectroScience Laboratory 
Department of Electrical Engineering 

The Ohio State University 
1320 Kinnear Rd. 

Columbus, Ohio 43212-1191 

Magnetic resonance imaging (MRI) was introduced in the late 1970's as a 
tool for imaging slices through the human body. Since its start, the magnets 
used in MRI had a field strength which varied between 0.5 to 2.0 Tesla (T). 
A typical MRI system, such as the one at the Ohio State University Hospital, 
uses a 1.5 Tesla magnet. Currently, an 8 T MRI system is in the process 
of being built at the same hospital. Being twice as powerful as the largest 
MRI systems in the world, it will be possible to obtain images with much 
greater details. This would help ~any diagnostic applications including early 
detection of small tumors. 

The current MRI system uses quadrature radio frequency (RF) coils for 
high field and whole body imaging. The resonance frequency for the 1.5 T 
system is approximately 64 MHz. The goal of the RF coil design at this 
frequency is to produce a uniform magnetic field distribution and low values 
of specific absorption ratio (SAR) in the human body. It is expected that the 
resonance frequency for the new magnet will rise to approximately 340 MHz 
which will affect the distribution of the magnetic field and the values of the 
SAR in the human body. In order to retain to nice properties of a uniform 
magnetic field and a low SAR, we must redesign the RF coils. A simulation 
tool would be a great aid to the redesign of the coil. 

In this paper, the finite-difference time-domain (FDTD) technique will be 
used to present some numerical simulation models of some of the RF coils 
used for the existing MRI system. The results of the magnetic field and SAR 
calculations will be presented at 64 and 340 MHz for an empty coil, one filled 
with a homogeneous medium, and one containing a human head model RF. 
At 340 MHz, the values of the SAR calculations and the distribution of the 
magnetic field will be discussed and compared to those at 64 MHz for all the 
above 3 mentioned cases. 
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MOLECULAR SIMULATION TO STUDY THERMAL VARIATIONS 
AT MICROSCOPIC SCALE IN BIOELECTOMAGNETICS 

M. Zago', L. Tarricone2, A. Palombo', G. D'Inzeo', 'Department of Electronic 
Engineering, "La Sapienza" University of Rome, Via Eudossiana 18, 00184 
Rome, 2Institute of Electronics, University of Perugia, Via G. Duranti lIA, 
06131, Perugia, Italy. 

Introduction: An important issue in the investigation of bioelectromagnetic 
(BEM) problems is the exact evaluation of the energy transferred in short 
intervals of time from the electromagnetic field (EM) to small regions of the 
target system. This typical dosimetric problem is generally rather complex in 
most BEM situations, especially when a possible non-thermal effect is studied 
(Om P. Gandhi, Biological Effects and Medical Applications of 
Electromagnetic Energy, Prentice Hall, 1990). In fact, even if in that case the 
field level can be very low, a long debate has been carried on the possibility to 
have local thermal variation both on time and spatial microscale (S. F. Cleary, 
"Biophysical Mechanisms of interaction", Review of Radio Science 1990-1992, 
Oxford University Press, 1993). We propose a theoretical approach to micro­
dosimetry, based on Molecular Dynamics (MD). We shortly describe MD tools 
to analyze dosimetric aspects at microscopic level, and discuss their advantages 
and promising perspectives. 

Materials and Methods: In the recent past, dielectric properties of fluids have 
been investigated with MD packages by the authors, demonstrating the 
usefulness of the approach (D'Inzeo et al., "Evaluation on water response to 
electrostatic fields via molecular simulation", Abstract Book of the BEMS 
XVIII Annual Meeting, 1996). GROMOS has been chosen as the reference 
package and customized for BEM purposes. Its force field has been modified so 
that external EM exposure is taken into account. 
This allows the local evaluation of EM effects on target bodies, such as changes 
in the bond energies and conformational variations. As simulations are time­
marching, the time variation of local energies inside a body can be monitored at 
interatomic level, with very small time resolutions (such as femtoseconds). 
GROMOS has been used to investigate electrostatic effects on a water box. 
Debye's and Langevin's theories have been accurately verified and extended, 
extrapolating some analytical relationships among the field amplitude E, the 
local body temperature T and the molecular relaxation time t. 

Results and Conclusions: This methodology is now used to study the thermal 
variations at microscopic scale induced by continuous wave microwave fields 
and pulsed wave microwave fields with small amplitudes such as GSM and 
DECT signals. The amount of local energy can be evaluated as the coupling is 
due to dipole orientation. 
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COMPACT, LOW COUPLING, HIGHER EFFICIENCY, 
BROADBAND STACKED-PATCH ANTENNAS FOR 

CELLULAR TELEPHONES 

SHYAM s. PATTNAIK, GIANLUCA LAZZI and OM P. GANDHI 
Department of Electrical Engineering, University of Utah, 
Salt Lake City, UT, 84112, E-Mail: pattnaik@ee.utah.edu 

ABSTRACT: Public concern and increasing federal regulation have spawned extreme 
interest of the wireless industry in design of low coupling (lower rates of energy absorption 
by the human body) antennas that are additionally very compact and have high gain. We· 
have designed a lower coupling (specific absorption rates or SARs) microstrip antenna for 
cellular telephone applications. To overcome the inherent narrow bandwidth of a 
microstrip antenna and to cover both the transmitting band (825MHz-850MHz) and 
receiving band (870MHz-895MHz) of the present day cellular telephone, a stacked 
microstrip antenna is designed by stacking two patches one above the other. Using the 
FDTD simulation code, the radiation patterns of this designed antenna are calculated for 
X-Y, Y-Z and X-Z planes over the entire range of frequencies of interest. The antenna 
maintains a fairly high gain (2-2.9 dBi) over the entire range of frequencies even with a 
finite ground plane. In the absence of the head, the calculated radiation patterns are almost 
omni-directional with a somewhat lower radiation (3 to 4 dB lower) towards the side of the 
ground plane. This makes it possible to mount the antenna both on the side and on the top 
of the cellular telephone. We have used the anatomically-based model of the head and neck 
to show that this stacked microstrip antenna gives a considerably reduced coupling of the 
EM energy to the human body. 

Experimental radiation pattern measurements have been performed in our laboratory 
by using a computer-controlled automated set up. In all of the considered situations, the 
co- and cross-polarized components have been measured by mounting the antenna on a 
cellular telephone. The experimental measurements are in good agreement with the 
calculated results using the FDTD method, both with and without the tissue-simulant model 
of the head. 

Such reduced size, high gain, broadband microstrip patch antennas will go a long 
way in fulfilling the requirements of low SAR antennas for personal wireless devices. 
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Potential Effects of 60 Hz Magnetic Fields on Cell-Cell 
Communications in Vitro 

E.J. Rothwe11*, K.M. Chen, G.S. Wallinga, and F. Nan 
Department of Electrical Engineering 

C.C. Chang, J.E. Trosko, and B.L. Upham 
Department of Pediatrics and Human Development 

Michigan State University 
East Lansing, MI 48824 

While a link between exposure to low-frequency electromagnetic fields and 
various types of cancer has been suggested by several epidemiological studies, a 
causal relationship has not yet been established. It must be remembered that 
carcinogenesis is a multi-step, multi-mechanism process, consisting of an 
initiation, a promotion and a progression phase. Evidence seems to rule out a 
connection between EM fields and cancer initiation where DNA damage leads to 
gene or chromosome mutations. This leaves the possibility that exposure to EM 
fields affects the promotion phase, during which an initiated cell is clonally 
multiplied by a mitogenic process. 

Much recent evidence suggests that an alteration of gap junctional 
intercellular communications (GJIC) is closely linked to the promotional stage of 
carcinogenesis. Many growth factors associated with tumor promotion have been 
shown to down-regulate GJIC, while several anti-tumor promoters have been 
shown to be associated with the up-regulation of GJIC. This suggests that if EM 
fields are involved in the cancer promotion phase, they may either directly down­
regulate GJIC, or may modulate existing tumor promoters or suppressors. 

This paper will discuss several experiments performed at Michigan State 
University to investigate the potential effect of EM fields on GJIC. Normal rat 
liver epithelial cells have been exposed to a 60 Hz magnetic field at various field 
strengths and for various time periods. Scrape loading and photobleaching 
techniques will be used to measure the effect of field exposure on GJIC, and the 
results reported. 

In establishing a mechanistic connection between tumor promotion and 
magnetic field exposure, it is necessary to accurately determine the intracellular 
exposure level, as well as the nature and strength of the currents induced within 
each cell. To this end, numerical techniques such as the quasistatic (Faraday's 
law) and finite element methods have been employed to solve Maxwell's 
equations within simple models of biological cells. Results from these studies 
will also be presented. 

657 

j,i 

K13.8 



K13.9 
Frequency Response of Transmembrane Potential in Gap Junction 

Connected Biological Cells . 

E.C. Fear, Department of Electrical and Computer Engineering, 
University of Victoria, Victoria, British Columbia, Canada 

INTRODUCTION and OBJECTIVE: The mechanisms for biological interac­
tions of weak electromagnetic (EM) fields remain unknown. To gain insight into 
these interactions, the behaviour of biological cells exposed to EM fields can be 
modeled. Some cells are connected by gap junctions which provide intercellular 
communication. In this work, the frequency responses of various configurations of 
gap-connected cells are examined. 

METHODS: The finite element method (FEM) is used to model cell configura­
tions, as FEM is well-suited to these geometrically complex models. At lower fre­
quencies, quasi-static approximations apply. A commercial FEM solver, EMAS 
(Ansoft), is used to perform computations. An equivalent circuit model is devel­
oped and used to further examine cell behaviour. 

RESULTS: The transmembrane potential (TMP) as a function of frequency was 
computed. With an applied electric field parallel to the long axis, FEM results 
indicate that cell chain and cluster relaxation frequencies are much smaller than 
those of similarly shaped elongated cells. Additionally, the relaxation curve shape 
changes (Figure 1). Using the ECM model, the relaxation curve can be decom­
posed into a low-pass filter component (single cell with overall shape of the chain) 
and a band-stop component (gap junctions). The width of the band-stop region 
decreases with increasing gap area and decreasing gap conductivity. The two 
method approach facilitates both insight into the cell behaviour, and quantitative 
evaluation of the TMP for large gap-connected cell chains and clusters. 

,~-----------------<c--------_ 
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FIGURE 1. Decomposition of relaxation curves derived from ECM for a 2 cell chain. 
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COMPARISON OF CALCULATED AND MEASURED NEAR-FIELDS, 

RADIATION PATTERNS, AND SAR DISTRIBUTIONS FOR MODEL OF 

THE HUMAN HEAD FOR SOME TYPICAL CELLULAR 

TELEPHONE ANTENNAS 

Gianluca Lazzi and Om P. Gandhi 
Department of Electrical Engineering 

3280 MEB, University of Utah 
Salt Lake City, UT 84112, USA 

We have used the Finite-Difference Time-Domain (FDTD) method to compare the 
numerically-computed near- and far-fields generated by various cellular telephones with 
measurements. Different antenna configurations have been considered, and a novel 
technique to model helical antennas working in the normal mode, as well as helix­
monopole antennas, is presented in order to avoid both the stair-casing approximation in 
the FDTD code and the subgridding technique. By observing that a helix working in the 
normal mode is equivalent to a sequence of loops and dipoles, it is possible to model the 
helix as a stack of electric and magnetic sources with relative weights calculated using 
information obtained from analytical expression for the far-fields. 

Three typical cellular telephones have been used, one with monopole antenna, one 
with helix antenna, and one with helix-monopole antenna, and measurements of the far­
fields as well as the near-fields show the reliability of the FDTD code. These telephones 
have also been tested against the ANSIlIEEE safety guidelines that prescribe a maximum 
Specific Absorption Rate (SAR) of 1.6 W/kg as averaged over any 1 g of tissue. A 1.974 
x 1.974 x 3 mm resolution model of the human head based on MRI scans of a male 
volunteer has been used in the FDTD code, and results compared with those measured by 
using the Utah heterogeneous -- four tissue -- experimental model. Even though peak 1-g 
SARs from 0.13 to 5.41 W/kg are obtained, agreement between the measured and the 
calculated data is very good and generally within ± 25 percent. 
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Investigation of Action of the Unheat Millimeterwave 

Radiation on Animal 

Murav'ev V. V. l, Tamelo A.A. l, Vishnyakova IN. l, Byahun UM. 1 , Fedosova N.H2 

lBelarusian State University ofInformatics and Radioelectronics 
6,P.Brouki vul., Minsk 220027 Republic of Belarus 

teI.398-095, fax (017) 231-0914, E-mail: cit@micro.rei.minsk.by 
2Belarusian Agricultural Academy 

10, International ave., Gorky, 213410 Republic of Belarus, tel.lfax (02233) 25-907 

Introduction- Experimental results of the unheat millimeterwave influence at 
transplatation cows embryos are described. Results of the treatment of cows mastitis 
and endometritis are described also. The authors hypothesis about parametric 
millimeterwave influence are discused. 

Results of Experiments and its Discution- The receach work for elaborating the 
method and the apparatus for informational influence by the electromagnetic fields 
(II<10 mW/cm2) have been carry out since that very important for make cattle more 
productive including profilaxis and treatment such diseases as mastitis, endometritis and 
others. Results of practical application of the informational electromagnetic wave 
processes at purposeful rearing of high productive animal, prophilaxis and undrugs 
treatment are being considered. New method of treatment of mastitis without contra­
indications by the microwave unheat doses have been suggested. Effectiveness of cows 
mastitis treatment methods are being corroborated by laboratory investigations of milk 
gland sekret. At 4 days we have good quality milk according to the standarts. Dinamics 
of harmful microflora icreasing in the potions of the milk and increasing number of 
blood leucocytes have been described. At treatment, the level of the harmonys have 
stable phisiologicaly standart character. The conception of rapid selection of high 
productive scattles stocks using unheat microwave doses, infrared and low frequency 
oscillations was develop by the authors. Record number of settle down cows embryos 
is 71.43 per cent. That is 24.4 per cent higher than test group. Increasing of settle down 
of the microorganisms contominated embryos at the microwave radiation influence is 
20 per cent. The authors hypothesis about parametric influence are discused. The 
experimental results corroboted the hypothesis of electromagnetic influence 
phenomenon. The authors considered that the method are providing adaptation 
processes effective control of organism at restoring of homeostathis through 
neirohumoral system. 
Conclusion - At influence unheat millimeterwave number of settle down cows embryos 
is 71.43 per cent. Using the method at 4 days we have good quality milk according to 
the standarts. The authors hypothesis about parametric millimeterwave influence are 
confirmed. 

References 
1. Muraviev V.V., Tamelo A.A., Fedosova N.H. Vesczi Academii Agrarnih Navuk 
Belarusy.-1994, N2,-p. 73-78. 
2. SU Al No 1782488, 1990. 
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K88.1 
FLEXIBLE MICROWAVE ARRAY APPLICATOR FOR 

SUPERFICIAL HEATING OF LARGE CONTOURED SURFACES 

Paul R. Stauffer', Dana Deardorf, and Francesca Rossetto 
Radiation Oncology Dept., University of California, San Francisco CA 

Guido Biffi Gentili and Marco Leoncini 
Electronics Engineering Dept., University of Florence, Florence Italy 

This effort describes the design and radiation characteristics of a multi aperture 
microwave array applicator intended for use in heating large superficial tumors for 
the treatment of cancer. Previous microwave applicators have tended to be bulky and 
awkward to couple to human tumors, with centrally peaked radiation patterns that fall 
below 50% of maximum heating rate well inside the aperture periphery, preventing 
the combination of applicators for treating large areas. A new Conformal Microwave 
Array (CMA) applicator has been designed to meet the following specifications: 

• Easily adjustable radiation pattern for uniform heating of large tumors overlying 
contoured anatomy, 

• Thin and lightweight so it can be secured comfortably to the patient to allow 
movements during therapy for improved patient tolerance, 

• Transparent to external beam radiation to allow delivery of heat and x-irradiation 
therapies simultaneously for maximum synergism of biological effects, 

• Simple low cost construction easily customized to meet patient requirements. 

CMA applicators were constructed from very flexible (0.15 mm thick) copper-plated 
polyamide substrate by etching a series of 0.1-10 mm wide annular gaps from the 
front copper surface producing an array of isolated square patches surrounded by a 
continuous rim of copper foil (p.R.Stauffer et al. IEEE MTI-S Intl Microwave Symp. 
Digest 1:531-4, 1994). The isolated patches were coupled to independently controlled 
915 MHz generators via microstrip feedlines etched on the back side of the substrate. 
The rest of the contiguous front copper surface served as a co-planar ground plane 
surrounding all radiating slots. Applicator performance characteristics were 
investigated with: i) theoretical electromagnetic modeling, ii) empirical measurements 
of radiated patterns in layered tissue loads, and iii) thermal dosimetry during clinical 
treatments. Finite Difference Time Domain (FDTD) analysis was used to calculate 
radiation patterns in layered tissue models from single patch apertures (p.R. Stauffer 
et al. IEICE Trans. Communications, E78-B: 826-35, 1995) and from multiaperture 
arrays for optimization of antenna design parameters such as aperture and gap size, 
thickness of water bolus coupling medium, and microstrip feedline excitation. 

Both theoretical simulations and empirical measurements demonstrate that individual 
square slot radiators produce > 50% of maximum power deposition out to the 
periphery of apertures ranging from 1.5-5 cm square, making them effective building 
block elements of larger arrays. When driven with independent generators to 
minimize field interaction between elements, the array applicators demonstrate 
effective heating out to the perimeter of the array. Clinical results demonstrate the 
ability to maintain therapeutic temperatures of 41.5-44.0°C comfortably, both on the 
skin surface and interstitially in target tissue I cm beneath diffuse disease. 

Our results confirm the usefulness of electromagnetic simulation programs for both 
prediction of radiation patterns and applicator design optimization. Furthermore, we 
have demonstrated that CMA applicators can effectively heat arbitrarily large 
contoured tissue regions < 1.5 cm deep with improved patient comfort, facilitating 
new treatment protocols -involving simultaneous heat and radiation, and longer 
duration heat treatments for accumulation of higher thermal dose or local activation 
of systemic chemotherapy agents. 
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EM ANALYSIS OF THE FEEDING NETWORK OF DCC PLANAR 
APPLICATORS FOR SUPERFICIAL MICROWAVE HYPERTHERMIA 

G. Biffi Gentili, C. Salvador, M. Leoncini* 
Electronics Engineering Department, University of Florence, Florence - Italy 

P. Stauffer, F. Rossetto 
Radiation Oncology Department, University of California, San Francisco - USA 

A planar Dual Concentric Conductor (DCC) radiator for superficial 
microwave hyperthermia was recently proposed which, when used in array 
configuration, would allow the treatment of large contoured surfaces (P. Stauffer et aI., 
IEEE MTT-S Int. Microwave Symposium Digest, 531-534, 1994), (P. Stauffer et al., 
IEICE Trans. Comm., E78-B, 826-835). The radiating aperture consists of a squared 
radiating slot 0.1-10 mm wide, etched from the front surface copper layer of a very 
thin dielectric substrate (Fig. 1). This applicator provides a good field uniformity to 
the periphery of each aperture and is lightweight and flexible for reliable fixation over 
the tumor. Because the applicator is very thin (0.15 mm) it is transparent to external 
beam radiation thus facilitating simultaneous radiotherapy applied directly through the 
applicator. 

In order to fully exploit its capability in actual clinical applications, its planar 
characteristics must be maintained by also using a planar feeding network rather than 
cumbersome coaxial cable connections from the back plane. This would indeed 
enhance the conformability and lightness of the applicator with the possibility of 
simultaneous radiotherapy becoming a true reality. A possible way to feed each 
radiating element by using planar microstrip transmission lines is that depicted in Fig. 
2 where microstrips, printed on the back side of the thin dielectric substrate, are used 
to feed energy to the front surface radiating slots. Power from the microwave source is 
electromagnetically coupled to each aperture at the microstrip-slot crossing point. This 
very simple construction produces planar applicators that can be implemented easily 
by properly defining suitable layouts on double-sided flexible PCB material. 

In this work, a moment method approach was used to design appropriate 
microstrip feed network for DCC applicators operating at 915 and 432 MHz. 
Simulations were run by modeling the feed transmission line, the radiating aperture, 
the layered tissue load (i.e. skin/fat/muscle). The presence of a water bolus coupling 
medium between the radiating elements and tissue load was also considered. Results 
indicate that in order to obtain a good matching, the slot width at the crossing points 
must be approximately equal to the thickness of the dielectric substrate. 

drivenpotch 

Fig. 1: The DeC applicator. 

DDD 
DDD 

Fig. 2: Microstrip feeding of DeC apertures. 
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The Input Impedance of Inhomogeneous Cylindrical Tissue Layers Excited 
with Axial and Circumferential Polarization Waves 

Reza M. Najafabadi 
Bolton Dr. N.W. 

Atlanta, GA 30318 

Andrew F. Peterson 
School of Electrical and Computer Engineering 

Georgia Institute of Technology 
Atlanta, GA 30332 

For efficient power deposition in hyperthermia treatment of cancerous 
tumors, the information about the input impedance of tissue layers is necessary. In 
this paper, inhomogenous cylindrical tissues will be excited with two polarizations, 
axial and circumferential, with a single rectangular waveguide aperture on its 
surface. We formulate the problem using the Helmholtz equations to find the 
electric field within the cylinder and incorporate a Fourier transformation to cast 
the electric field into the Fourier domain. From the two-dimensional Fourier 
transforms of the aperture excitation field, we determine the unknown coefficients 
associated witha cylindrical wave expansion. At a rectangular aperture, the input 
impedance of tissues will be calculated at 915 MHz for various thicknesses and 
tissue properties. An optimal bolus layer thickness will be found for both axial and 
circumferential polarizations in order to maximize the power deposition to the 
tumor. 
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TEMPERATURE IMAGING BY NON-CONTACTING 
MICROWAVE RADIOMETRY 

Emidio Di Giampaoloh and Fernando Bardati2 
IDept. of Electrical Engineering, University of Aquila, 67040 L'Aquila, Italy 

2DISP, University of Rome "Tor Vergata", 00133 Rome - Italy 
bardati@disp.utovrm.it 

Microwave radiometry is based on the measurement of spontaneous 
temperature-dependent electromagnetic emission from lossy bodies. Maps of sub 
superficial temperatures can be obtained by inversion of data measured by a 
radiometer operating at various microwave frequencies. In terms of free-space 
wavelength A, a typical range is between 6 and 30 cm. The mathematical problem 
can be formulated as the solution of the following Fredholm integral equation of 
first kind in the temperature T with discrete data g 

grAn) = jW([,An)T([)d[ 
n. 

where D is the emitting body and W is a weighting function depending on the 
antenna in use. Because reciprocity in antenna theory, W can be obtained by 
power loss distribution at the points of D when the antenna radiates onto the body 
(Bardati et al., in Non-Invasive Thermometry of the Human Body, M. Miyakawa 
and C. Bolomey Eds., CRC Press, Boca Raton, FL, 1995, pp. 225-253). 

In most radiometric systems the antenna contacts the body. Since a 
contacting antenna has some disadvantages, we are considering the feasibility of a 
non-contacting device. Due to clinical application, easy-handling is a prerequisite. 
Therefore the non-contacting antenna should be relatively small, i.e. not exceeding 
a few wavelengths at the lowest frequency. Moreover it should focus to a small 
area of the body to achieve transversal resolution. 

We assume a layered cylindrical model for D, the physical parameters 
being those of skin, fat, muscle and bone in this order. The cross-section (on a 
plane, a, tangent to D) of the antenna beam is assumed to be a gaussian pulse, 
the waist of which is comparable with the body external radius (10 cm). The 
weighting functions for the above geometry and eight wavelengths have been 
computed analytically and the retrieval of a hot-spot embedded in the muscle 
region of D has been performed. 

The antenna is required to radiate a beam whose cross-section on a is the 
gaussian pulse already used for the temperature retrieval. For the sake of 
simplicity, also the antenna has cylindrical symmetry, being composed of two 
reflectors and a TEM horn. The reflectors are shaped to comply with the above 
requirements. A method, originally developped by Kildal, is used for the 
synthesis. The method is based on geometrical optics and power conservation 
inside ray tubes. It maps biunivocally points on two given wavefronts and has 
been exploited in a preliminary paper (Bardati and Di Giampaolo, 1996 
USNC/URSI Radio Science Meeting, Baltimore, MD, p.131). The solution of the 
synthesis problem is not unique, since it depends on the initial ray-path passing 
through an edge of each wavefront and reflector. Different solutions are compared 
on the basis of size reduction and easy access to allow simultaneous operations in 
a clinical environment. Then the weighting functions are obtained for the antenna­
body system. The FDTD method has been used for the analysis, since it works 
efficiently in the presence of dielectric inhomogeneities. Finally the hot-spot 
retrieval has been repeated by means of these weighting functions for a 
comparison with previous results. 
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Calculation of the power absorbed by the head using a 

Non Uniform FDTD. 

Joe Wiart, Stephane Chaillou, Stephane Drago 
France Telecom C.N.E.T DMRlRMC 

38-40 ave General Leclerc 92794 Issy Moulineaux Cedex 9 FRANCE 
wiart@issy.cent.fr 

Recent years have seen an explosive growth in the area of wireless. According to the European 
Community (IBC meeting, London, Nov 1996), in 2010 more than 200 M users will use 
wireless. Questions have arisen about power absorbed by the head, and the reduction of this 
absorbed power is a new challenge. On the one hand it allows to increase the energy used for 
the communication, and on the other hand, it insures, from the health point of view, the use of 
handsets. When an aritenna is close to the head, a large part of the emitted power is absorbed 
by the tissues, moreover the antenna pattern is modified. Standards have been established 
(ANSIlIEEE, CENELEC) for the absorbed power by the tissues, which must be below the 
limits. In the future, mobile phones will have to be in compliance with these standards. 
To compute the local absorbed power, numerical techniques are necessary, and the Finite 
Difference in Time Domain (F.D.T.D) method has been more and more used for this purpose. 
The numerical model of the head has been built from Magnetic Resonance Image (M.RJ) 
with a segmentation process. Previous studies have shown that power is mainly absorbed by 
tissues close to the antenna. To improve the knowledge of the power deposition in these tissues 
finer mesh is required. The decrease of the mesh size in a uniform FDTD code is impractical 
due to memory and CPU time limitations. To refine the mesh at the tissues close to the 
antenna with only a moderate increase of memory size, two avenues can be considered: sub­
gridding and non uniform mesh. The second approach has been adopted in this work, with a 
Non Uniform FDTD code (J.A Svigely «Efficient solution of Maxwell equations using the non 
uniform orthogonal finite difference time domain method» PhD thesis, University of 
Illinois, 1995). 
The non uniform model of the head has been generated from a fine uniform M.RJ model 
(voxels a lxlx1.5 mm3

) trough a non uniform sampling. At regions close to the antenna, e.g., 
the inner ear, a fine mesh from the original M.RJ data is used, whereas on the other side of 
the head and close to the neck, the mesh has been enlarged to about 3x3x3mm3

• Two kinds of 
antenna have been modeled. The first one is a 'J.J2 dipole, and the second one is a handset 
comprising of a 'J.J4 monopole on top of a metal box surrounded by a plastic layer. The 
monopole has been meshed with small cells ( lxlxlmm3

) near the excitation gap and larger 
cells ( lxlx3 mm3

) far away from this gap. In both cases the antenna is located at a distance of 
1.5 cm away from the head, few millimeters from the ear. The dipole and the handset are 
oriented to be lined up with the ear and the mouth. The well known «PML» absorbing 
boundary conditions have been used. 
The numerical results for the real parts of the impedance of the dipole and handset antenna in 
free space are 98n and 44n respectively, and in the presence of the head 79n and 50n 
respectively. When the dipole antenna is used the head absorbs 50 % of the emitted power 
(E.P), and the skin absorbs 14% of this E.P . When the handset is used, the head absorbs 45 % 
of the E.P, the skin absorbs 14%. Next, we have considered the power deposition in a small 
volume including the inner ear. Numerical simulations show that for the case of a 5x5x5 cm3 

cube, about 60% of the power is absorbed in this volume. The skin of this area absorbs 70% of 
the power absorbed by all the skin. 
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Comparison of 60-Hz Uniform Electric and Magnetic induction 
in Human Organs Using High-Resolution Modelling 

Trevor W. Dawson, Maria A. Stuchly, and Kris Caputa 

Department of Electrical and Computer Engineering 
University of Victoria, P.O. Box # 3055 

Victoria, British Columbia 
Canada V8W 3P6 

Abstract 

Accurate and verified modelling of the induced internal fields is an important 
element in the understanding of any possible low-frequency (particularly 50/60 
Hz) electric and magnetic health effects in humans. Calculations using the 
Impedance, Finite-Difference Time-Domain, and Finite Element Methods have 
been reported for both isolated and combined electric and magnetic induction in 
both anatomically-derived and synthetic human models. 

At the low frequencies under consideration, the time-harmonic induced 

internal electric field can be represented in terms of a scalar potential as E=­

jro(A+V",), where A is a vector potential for any external magnetic field. The 

electric field must satisfy the differential equation V e( O'E)=O, and is subject to 

the boundary condition O'n·E=jrops, where Ps is the surface charge density 
induced by any external electric field. In our implementation of this Scalar­
Potential Finite-Difference (SPFD), the finite-difference equations are arranged 
as a sparse symmetrically-preconditioned matrix system, which is reliably 
solvable using the conjugate gradient method. This code requires substantially 
less memory than vector methods. It pennits full-body induction calculations on 
a workstation, for an anatomically-based whole-body model composed of cubic 
voxels with 3.6-mm edges. For magnetic excitation the code can be in isolation. 
For electric excitation, the code is run in a two-stage hybrid mode, in which the 
surface charge density is taken from earlier low-resolution quasi-static FDTD 
calculations. This surface charge density is interpolated onto the 3.6-mm model, 
for use in the boundary conditions for high-resolution SPFD runs. 

The 3.6-mm resolution is sufficient to incorporate representations of some of 
the smaller body structures, such as larger blood vessels and glands. The 
calculations provide detailed dosimetric data for a wide variety of tissues and 
organs. In this paper, the effects of magnetic and electric excitation of the whole 
body, will be compared in terms of their effects on certain organs. In particular, 
the source levels needed to produce threshold maximum or average current 
densities in these organs will be described. The work is of relevance in the 
development and interpretation of any necessary protection standards. 
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A SMALL SENSOR TO MEASURE THE ELECTRIC AND THE 

MAGNETIC FIELD COMPONENT SIMULTANOUSLY IN 
BIOLOGICAL MATERIAL 

A. Gille, J. L. ter Haseborg, Technical University Hamburg-Harburg, 
Department of Measurement Engineering / EMC, Harburger Schlosstr.20, 
21071 Hamburg, Germany, Phone: +49407718-2873, -3013, Fax: -2382 

Email: Gille@tu-harburg.d400.de.terHaseborg@tu-harburg.d400.de 

In this paper a sensor is presented, which is 
able to measure the electric and the magnetic 
field component simultanously in the 
frequency-range 100MHz up to 1 GHz. Of 
special interest is the measurement of the 
electromagnetic field in or on the surface of 
biological tissues, so that the sensor is 
adapted for this case. The sensor consists of 
a double loaded electrically small loop as 
shown in figure 1. The magnetic field 
induces a current circulating in the loop, Figure 1: Double loaded loop 
which results in the voltages V m at the two 
loads. The electric field component in z-direction induces the voltages Ve as 
shown in figure 1. In fact there is a superposition of the two voltages V m 
and Ve at the loads. Assumed, that RJ = R2, it is possible to receive voltages 
proportional to the electric or magnetic field respectively by addition and 
substraction of the two voltages V J and V2 (R.W.P.King and 
Ch.W.Harrison: "Antennas and Waves: A Modem Approach", The M.I.T. 
Press, Massachusetts Inst. of Techn., Cambridge, Massachusetts and 
London, England, 1969). 

If the loop is constructed with microcoaxial cable (semi-rigid-cable), the 
( outer surface) of the shield is part of the sensor and the signal can be 
transmitted through the coaxial cable. A small gap in the coaxial shield 
represents the load. The realized loop has a diameter of 1 cm, so that it is 
electrically small up to 1 GHz. . 

For measurements in biological tissues it must be payed attention to the 
electrical properties of the tissues, they have a conductivity and a 
permittivity, depending on the tissue and the frequency. To decrease the 
influence of the surrounding medium on the sensor and to avoid a direct 
contact with it, the sensor has to be insulated. A suitable insulation for a 
dipole is described by Smith (G. Smith, IEEE Trans. on Biomed. Eng., V.22-
6, p.477-482, 11/75). It is modified for a double loaded loop. 

Measurement values in different media will be presented in comparison with 
analytically and numerically determined values. The results will be discussed. 
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Biological-Tissue-Equivalent Phantom Material for EM Modeling 
of Human Body at Microwave Frequency 

Lira HAMADA t , Rong WANG t and Koichi ITO: 

t Graduate School of Science & Technology 
: Department of Electrical & Electronics, Faculty of Engineering 

Chiba University 
1-33 Yayoi-cho, lnage-ku, Chiba-shi, 263 Japan 

In the past few years, the phantom materials simulating various biological tissues have 
been developed for experimental evaluation of the interaction between the human body 
and the incident electromagnetic fields. Each phantom has different features and 
characteristics to meet the purpose of experiments. As medical application acquires 
popularity, a low cost and easily-made phantom is required not only in laboratories but 
also in hospitals, for the purpose of checking the devices and instruments. 

The saline-solution-based phantoms are widely used from its availability, although its 
permittivity is not the same as actual biological tissues. Therefore, we have developed a 
semi-solid phantom material which realizes the same complex permittivity as the tissues 
for the purpose of SAR (Specific Absorption Rate) estimation by thermographic method to 
develop hyperthermic instruments. 

This static phantom basically consists of easily-available materials; polyethylene 
powder, TX-151(©OIL CENTER RESEARCH INC. USA), sodium azide, sodium 
chloride, agar and deionized water. This phantom can be fabricated manually requiring no 
special equipment, be formed in arbitrary shape and be preserved for months at room 
temperature wrapped by thin plastic film. 

Figure 1 shows the frequency dispersion of measured relative complex permittivity of 
actual muscle tissue (Johnson and Guy, Proc. IEEE,60,6,692-718,1972) and this phantom 
set to be muscle-equivalent (measured with HP 85070M dielectric probe kit). These data 
are showing good correspondence in the wide range of microwave frequency from 200 
MHz to 3 GHz. The permittivity also can be controlled with varying the mix ratio of the 
ingredients and can simulate those of high-water content tissues; such as muscle or brain. 

The phantom has been used for EMC measurements and microwave hyperthermia. 
Some experimental examples have been compared with the saline-solution-based 
phantoms. The results show the difference of the complex permittivity has not negligible 
effect in both case, therefore this tissue.equivalent phantom is effective as human model. 
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Fig.I. Complex permittivity of the muscle-equivalent phantom 
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EM Interaction between a Head and Antennas: 

Exact Scattering Solution of a Double-Layered Lossy Spherical Head 

Kang W. Kim and Yahya Rahmat-Samii 
Department of Electrical Engineering 
University of California, Los Angeles 

Los Angeles, CA 90095-1594 

A powerful computational model has been developed for a systematic and 
parametric study of electromagnetic (EM) interaction between a human head and 
various types of antennas used in personal communication systems. In contrast to 
commonly used, purely numerical techniques, the model solves an exact EM 
scattering problem for a number of infinitesimal dipoles in presence of a double­
layered lossy dielectric sphere. The model calculates the radiation pattern and 
power absorption with dipoles of any orientation and location, and uses a double­
layered head (skin/skull layer and homogeneous brain) model that can produce 
important data for antenna interactions with biological tissues in personal 
communications. Also, the results of this canonical problem can be used to validate 
other numerical schemes that treat more realistic head models. 

The model utilizes free-space dyadic Green's functions so that the exact EM 
field of an infinitesimal dipole with arbitrary orientation and location, scattered 
from a double-layered lossy dielectric sphere, is expressed as an infinite sum of the 
spherical vector wave functions. In this calculation, however, the number of terms 
in summation is adaptively determined by ensuring that the magnitude of the last 

term is less than 5xlO-7 times total sum of the previous terms. Also, an actual dipole 
antenna of any type is modeled as finite array of infinitesimal dipoles with varying 
amplitude and phase. For example, the near and far field of an array of infinitesimal 
~ipoles (;e: 50 infinitesimal dipoles) which simulates a half-wavelength dipole 
antenna agrees well with the analytical formula. Since multiple loops of 
calculations are required to determine a field value at a desired point, computational 
time can be significantly reduced using parallel processing algorithm. 

In the paper, results of parametric study of EM interactions between a lossy 
dielectric head model and various antennas will be presented. Calculations of power 
absorption in the lossy dielectric head model will be determined by varying 
parameters such as: 1) distance between a spherical head model and antennas, 2) 
size of the head model (adult and child head), 3) input frequency, 4) electrical 
parameters of the head model (permittivity and conductivity), 5) type of antennas, 
6) effect of skin, etc. Averaged and local specific absorption rate (SAR), and SAR 
distribution will be presented for a range of parameters. Finally, a possible design 
of directional antennas which reduce the radiation toward the head, thus absorption 
into the head, will be explored. 
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EM-Energy Absorption in Human Heads Depending on Age, Size and Shape 
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Introduction 
Several studies have recently been performed to assess the absorption of EM-energy in 

human heads induced by handheld mobile communications equipment (MTE). These studies 
have mainly been based on MRl data of human heads and conducted using volume techniques 
such as the Finite-Difference-Time-Domain (FDTD) method. The results, which greatly differ 
in their details and even in their conclusions, have proven to be difficult to compare, since the 
complexity of the problems involves too many parameters. For example, (O.P. Gandhi et al., 
IEEE MTT-44, 1884-1897, 1996) reported increased absorption in heads of children compared 
to adults, which contradicts other findings. 

Objectives 
The objective of this study was to l'nvestigate possible differences in the energy absorption 

in human heads in the close vicinity of RF transmitters depending on anatomy, shape, size and 
age. In addition, the requirements for a ~eneric phantom representing an entire user group was 
to be derived. 

Methods 
The study was conducted on the basis of different numerical head phantoms derived from 

MRl data: Two newly discretized adult heads and two children's heads with voxel sizes of 
approximately lx2x2mm3, as well as the three head phantoms of adults described in (V. 
Hombach, IEEE MTT-44, 1865-1873, 1996). The phantoms varied in age, size, shape, resolution 
of the discretization and number of distinguished tissues. Additionally, one head model was 
scaled down to the size of those of children, corresponding to a small baby, a 3 year old and a 7 
year old child. The child heads based on MRl data were those of a 3 year old and a 7 year old 
child. The human head data originates from Europe, USA and Asia. Since the objective was 
to evaluate the differences of the absorption between child and adult heads, it was important 
to have a well defined source at a well defined distance from the head. A 0.45'\ dipole was 
chosen and oriented parallel to the body's axis. The selected frequencies were those of the 
major mobile communications bands, te., 900 MHz and 1.8 GHz. The numerical simulations 
were performed with two FDTD based codes. In addition, the results were validated by layered 
spherical phantoms computed by FDTD and the Generalized-Multipole-Technique (GMT), as 
well as with the results obtained by the near field scanner DASY2 (T. Schmid, IEEE MTT-44, 
lO5-ll3, 1996). 

Results and Discussion 
The spatial peak SAR values averaged over 1 g and lO g of tissue were computed for the 

different heads exposed by the two dipole sources operating at 900 MHz and 1.8 GHz and at 
different distances. For the same exposure conditions, the spatial peak SAR values averaged over 
1 g varied less than ±20% and those averaged over lO g less than ±15%. In conclusion, there is 
no significant difference between adults and children in the absorption of electromagnetic fields 
at both frequencies for a defined source at a given distance. However, if the position of MTE is 
defined in absolute angles with respect to the line connecting both auditory canals, the spatial 
peak SAR significantly depends on the shape of the head, which defines the distance between 
the RF currents on the device and the skin (N. Kuster et aI., Mobile Communications Safety, 
Chapman&Hall, 13-64, 1996). Therefore, the maximum absorption. occurring among a group 
of users including children can reliably and efficiently be simulated by using a homogeneous 
phantom of worst-case shape. 
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B.I.Khaikin, Doctor of veterinary medicine, Proffesor, All-Russian 
Institute for Scientific Reseach in Brucellosis and Tuberculosis of Animal. 
Russia, Omsk, 644048, Pr.Marksa, 38, tIat # 264, phone: (381-2) 41-99-38, 
E·mail: vsv@Voskr.omsk.su 

I.D.Zolotarev, Doctor of science { Engineering), Omsk State Engineering 
University. Russia, Omsk., 644050, Pr.Mira, I I, td: (381-2) 63-04-39. 

Unavailability of a rcaliable and easily controllable method of 
decontaminating milk, with pathogenic microorganisms as contaminants, results 
in frequent cases when people and animals, who take milk contact such diseases 
as tuberculosis, brucellosis and the like. At the same time, the decontamination 
procedures that have been in use are based on setting certain heat conditions 
( 85° C for 30 minutes or boiling ). The installations employed to this effect are 
cumbersome, their mode of operation is hard to control, they decrease the 
biological value of milk ( with protein denatured andvitamins and ferments 
inactivated ), moreover, they consumemuch dectric power. 

Microwaves to sterilize, various objects in fast volume heating conditi, 
with positive results achieved, have been applied in many countries, russia 
included. 
1 F.Borodina, S.G.Kuznetsova, 1991 and others I. Howere most of the research 
dcalt with the effect of heat conditions on microorganisms in matters other than 
milk. 

Our research to theeffect of U.H.F. irradiation was carried out by means 
of an experimental plant that contained of a SHF oscillator, a wave guide line, 
an exposure chamber and a power unit. The subject of inguiry were samples of 
milk ( 20 m1 ) conta· 
minated by potentially pathogenic mycobacteria ( m.Perfingins close to 
virulentstocks from the point of thier stability. 

The results of the multiple duplication showed that the optimum 
conditions in which 100% ofthe test objects were destroyed were the following: 
pulse length - 2.5 mcsec, pulse rerurrence I repetition 1 frequency - 600 hertz and 
exposure· 10 sec. or 300 hertz fnd 17 sec. at a temperature of not more than 
62° C. During the study of the qualitiC5'ofthe·treated milk it was established that 
in compliance with the GOST 70-x stand art requirement,they had not in the least 
become worse, some of them had ever improved, to mention just one point -
pyroxidase test proved positive which testifies that the vitamin.~ and ferments 
remained intact as wdl as possibly carbohydrates, and there was no bacteria 
contamination and the lik.e. The main qualities appeared unchanged. 

Conclusion. 
The researrh testifies that the procedure of decontaminating milk, 

contaminated by some stable and pathogenic microorganisms I mycobacteria I 
by means of sdective U.H.F. irradiation, which results in considerable power 
consumption decrease, shows promise and may serve to get environmentally pure 
biological produce of high value. 
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UHF Periscope Detection and Discrimination 

Ingrid H. H. Zabel and Phillip K. W. Phu 
Massachusetts Institute of Technology 

Lincoln Laboratory 

UHF airborne early warning systems may offer potential for both periscope 
detection and discrimination at long range. We present UHF doppler and 
time domain scattering signatures of periscopes and discuss detection per­
formance as a function of periscope height and type, sea state, and dwell 
time from measurements made with Lincoln Laboratory's Radar Surveil­
lance Technology Experimental Radar (RSTER). We find that for long 
dwell times, the periscope return dominates over the surrounding sea clutter. 
The periscope return is narrow in doppler space, whereas the sea clutter is 
broad-band and centered slightly off of zero doppler. The periscope scatter­
ing signature is modulated in the time domain by a function with a period on 
the order of 10 seconds; other observations suggest that this modulation is 
due to fluctuating multipath from the sea surface. We can detect periscopes 
in relatively high sea states given sufficient dwell time. We are unable to 
discriminate the periscope types investigated; this is expected at UHF, 
where the wavelength is longer than the discriminating structural features on 
the masts. Measurements were made at low grazing angles; we extend 
these measurements to higher grazing angles using method of moments 
RCS modeling. This modeling suggests an operational mode for periscope 
detection that is practical for airborne early warning systems. To begin to 
address the discrimination problem, we compare doppler signatures of peri­
scopes and a small boat, both moving and under power. The boat's doppler 
signature typically has a larger spread than the periscope's. We find that 
bulk filtering, based possibly on doppler signature, target RCS, or length 
may go a long way toward improving periscope discrimination capabilities 
of early warning radar. 

This work was sponsored by DARPA under Air Force contract FI9628-95-
C-0002. Opinions, interpretations, conclusions, and recommendations are 
those of the author and are not necessarily endorsed by the United States Air 
Force. 
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S. Kashyap, A. Louie and A. Drosopoulos 
Defence Research Establishment Ottawa 

Ottawa, Ontario, Canada 

JOINT-12.12 

A submarine depends upon its masts for its operation. Figure 1 shows a typical mast 
configuration of a submarine. These masts include periscopes, communication masts, 
electronic counter-measures (ECM) masts, among others. The radar cross-section (RCS) 
of these masts must be minimized to avoid detection by enemy radar. The RCS varies 
with the number of masts, the size and shape of the masts, and whether they are coated 
with an appropriate radar absorbing material (RAM). The RCS is also a function of the 
sea state, because of the induced rocking motion, and because of the blockage of the 
microwaves by the sea surface. In addition to these factors, the detection of the masts 
by an airborne radar depends also upon radar parameters and effects of the sea clutter. 

This paper concerns the computation of the RCS of submarine masts, and includes an 
investigation into various aspects of airborne radar detection of submarine masts under 
different mast states and sea states. We use the physical theory of diffraction (PTD) to 
compute the RCS of the masts, with their axes leaning at various angles to the sea 
surface, to represent fluctuation due to the rocking motion under different sea states. We 
also fmd the probability of mast detection by an airborne radar for the noise-limited and 
the sea-clutter-limited cases. 

Res 

Figure 1 A submarine mast configuration used for analysis. 
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CM. MANN2, W.L. BISHOP', P.J. KOHl, J.L. HESLER', R.M. WEIKLE, Ill, 
'University of Virginia, Charlottesville, VA, USA; 2Rutherford Appleton Laboratory, 
Didcot, UK (URSI) 
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JOINT-26.1 
Microwave and Millimeter-wave Propagation in Photonic Band-Gap Structures 

J. D. SHUMPERT", T. ELLIS, GABRIEL REBEIZ, AND LINDA P. B. KATEHI 

RADIATION LABORATORY 

DEPARTMENT OF ELECTRICAL ENGINEERING AND COMPUTER SCIENCE 

THE UNIVERSITY OF MICHIGAN, ANN ARBOR, MI 48109-2122 USA 

Electromagnetic wave propagation in periodic dielectric media is analogous to electron-wave propagation 

in crystals. From solid-state theory, we know that semiconductors allow electron conduction without 

scattering only in certain "band-gaps". Early work at optical frequencies successfully demonstrated that 

light propagation could be inhibited in certain frequency gaps in special photonic crystals [E. Yablonovitch, 

Phys. Rev. Lett., 58 (20), 2009-62, 1987). Carrying this idea into the macroscopic world, preliminary 

results suggest that microwave and millimeter-wave frequencies could be also be manipulated by carefully 

designing and fabricating photonic structures composed of regions of differing dielectric constants. This 

inhibition of electromagnetic wave propagation in periodic dielectric media is due to interference effects 

between the alternating regions of high and low dielectric constants. Although the term photonic band-gap 

is used extensively in the literature, the reality of extending this property to infrared and other frequencies 

suggests that the former term be replaced by electromagnetic band-gap. Photonic band-gap structures are 

found to have unique properties that are advantageous in applications involving semiconductor integrated 

circuits. Such structures offer the advantage of changing the physical properties of substrates used in 

fabricating planar circuits. A number of applications for such a structure can be imagined including 

dielectric mirrors, resonant cavities, filters, isolators, and waveguides. 

For simple structures, one can theoretically determine the eigenvalues and subsequently the band-gap 

regions of the system. In order to determine the frequencies of interest for a complex structure, a moment 

method code has been developed to determine the eigenvalues of a two-dimensional, inhomogeneous 

dielectric region. This region is then used as a unit cell of a three-dimensional structure. By using the 

periodicity of the unit cell, one can model the photonic structure and determine the desired band-gaps. 

Future work should include metallizing the cover layer to include antennas and other more interesting 

circuit components. 

In parallel to the theoretical modeling, experimental studies with micro-machined dielectrics are un­

der way to corroborate the theoretical values for the band-gaps. A one-dimensional periodic dielectric 

substrate has been fabricated and tested to see if the band-gap predicted by coupled-mode theory exists 

for microstrip excitation. After establishing the existence of this band-gap in one-dimensional structures 

at mierowave frequencies 1 many different two-di~ensionallattice structures including the square, hexag­

onal, and rectangular lattices, have been fabricated and tested. Results from these experiments will be 

presented and compared to theoretical predictions at the conference. 
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A Study of a Grid Amplifier Circuit using a Two Dimensional Array of Slots 

Nancy jane Bailey· and Robert M. Weikle, II 

School of Engineering and Applied Science 
University of Virginia, Charlottesville, VA 22903 

• National Radio Astronomy Observatory 
2015 Ivy Road, Charlottesville, VA 22903 

All grid amplifiers reported to date have used a two-dimensional array of dipoles as the 
radiating elements. Transistors are placed at the intersections of the dipoles, so the only grid 
parameters a designer can adjust are the width and length of the dipoles. External polarizers 
and tuning slabs are often required. 

This work examines a new grid amplifier circuit that uses a two-dimensional array of slot 
radiators. The slots are fed by coplanar waveguide feedlines. Transistors are embedded in 
the feedlines, which act as part of a matching network. The input and output slots are 
orthogonally polarized, providing isolation between the amplifier input and output. 

Two circuits were built and tested. The first was a 5 X 5 array. This circuit proved to be 
unstable at the design frequency. The second circuit consisted of a single unit cell (see figure 
1 below). This circuit also exhibited instabilities, but was stable when only one device in 
the cell was biased. With a single device biased, the amplifier circuit had ll.4dB of gain at 
5.1 GHz. With both devices biased, the circuit could be stabilized by adding a diagonal metal 
sheet that split the unit cell in half. Coupling between the orthogonal input and output slots 
is believed to be the cause of the instability. At present, it is not clear if the instability is 
inherent to this array architecture or is a feature of the specific geometry of the unit cell. 
Currently, a fullcwave analysis of the cell is being conducted and the results will" be reported 
at this conference. 

Antennas 

Figure 1. Diagram of the single-cell quasi-optical amplifier. 
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JOINT-26.3 
Effects of the Variations of the Doping Densities on the 
Performance of High Efficiency LHL InP IMPATT Diodes 

EI-S. A. EI-Badawy\ s. H. Ibrahim2
, and H. A. EI-Motaafy3 

1 ECED, Fac. of Engineering, International Islamic University Malaysia(IIUM), 
Jalan Gombak, 53100 Kuala Lumpur, Malaysia, e-m: sayed@iiu.my, Fax: 603-6867566. 

Senior Member IEEE, Member of OSA. 
2 EED, MTC, Cairo, Egypt. 

3 EED, High Technology Institute(HTI), Ramadan-Tenth City, Cairo, Egypt. 

Abstract 
The purpose of this paper is to shed further light on the effects of the variations of 
the doping densities of the drift and avalanche regions and the size of the doping 
clump on the performance of n-type LOW-lllGH-LOW (lJIL) IMPATT diodes 
with wide range of structural parameters. This has been achieved by studying the 
performance of a properly-chosen set of such devices employing an IMPATT 
diode full-scale computer simulation program (H. A. EI-Motaafy "Full-scale 
Computer Simulation of TRAPATT Diodes", The Third National Radio Science 
Conference, Cairo, Egypt, 1985). 

It is found that if the doping density in the drift region, Nd, is too low, the diode 
will operate according to the regular IMPATT mode. IfNd is increased, the diode 
will be capable of supporting high-efficiency modes where the avalanche generated 
pulse (AGP) is bunched and accelerated and may be prematurely collected by the 
undepleted region. If Nd is too high, the depletion layer width modulation 
(DLMW) effect degrades the performance. Furthermore, the bunching and 
acceleration of the AGP will be less significant. It is found that by increasing Nd, 
optimum values of the dc-bias current and the operating frequency increase, but 
the optimum RF voltage level decreases; this is attributed to the fact that an 
increase in Nd makes the DLWM effect more significant. It is also shown that for a 
given set of operating conditions there is an optimum value ofNd below which the 
high efficiency operation may be suppressed and the diode operates according to 
the regular IMP ATT mode. 

The effects of the variation oftlie avalanche region doping density, N., and the size 
of the doping clump, Qc, are also investigated. It is found that: tlie variation ofN. 
has no significant effect on the performance , tlie optimum RF level is slightly 
reduced with increasing N •. the efficiency increases with Qc. and, in the regular 
IMP ATT mode, tlie optimum RF level increases with Qc. 
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Modeling of IMPATT diode and High Power 
Operation of IMPATT Oscillator 

Subal Kar 

Institute of Radio Physics & Electronics, 
92, A. P. C. Road, Calcutta: 700 009, INDIA 

A large-signal analytical model for IMPATT diode has been developed. 
With practical approximations near the oscillation threshold the model 
equations are : 

Ilh = e 2 COo 2 C/ R, / 3a' (I-Cos e) 

1 
p=-IGlv 2 

o 2 D ,. f 

The analysis and also the experiment used SDR (p+nn+) Silicon IMpATT diode 
(Type No: HP 5082-0432) in X-band (8-12 GHz) 
[With a' =0.176V ·1 , e =0.741t , Cd= 0.5 pF, R,= 1.6 ohms]. 

Numerical results show that smaller values of the parasitic series resistance (R,) 
can produce higher power output (Po)' thus diamond heat-sink with very small 
R, will be suitable for the design of high power microwave and millimeter-wave 
sources. The nature of variation of the power output (P J with d.c bias current(Id.J 
obtained from the model and also from the experiment are in good agreement 
and the power saturation at higher current levels observed in both the curves 
may be explained on the basis of the model in which v,. f saturates at large Id.c• 

The optimum threshold current for oscillation to yield maximum power output 
has been observed experimentally to be one third of the typical d.c. operating 
current as specified by the manufacturers and this is in agreement with the Ilh 
calculated from the model for maximum power output. 

Further work on modeling is in progress to investigate the effect of harmonic 
frequency circuits on the improvement of the power output ofIMPATT oscil­
lator which will help to account for the experimentally observed (S. Kar and 
S. K. Roy, Int. J. of Elect., 75, 941-950, 1993) increase of the power output 
of an IMP A TT oscillator with the device embedded in a modified resonant-cap 
cavity (a double-resonant circuit) with optimally chosen resonant frequencies. 
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JOINT-26.5 
INTER-COMPUTER FREE-SPACE DATA LINK 

Dr. Salim Akbar, Department of Avionics Engineering, 
College of Aeronautical Engineering, PAF Academy, Risalpur, Pakistan 

This paper describes electronic circuits and software of semiconductor­
laser based free-space digital link for inter-computer data comnmnications. Block 
diagrams and schematics of designed and tested circuitry are presented. 

The free-space inter-computer data link operates between two personal­
computers in half-duplex handshake-mode, without the use of standard modems 
(modulators/demodulators). The computers' serial ports, compatible with the RS-
232C protocol, have been employed for data transmission and reception and a 
parallel port on each computer has been used for handshake signals. The 
handshake signals and transmitted/received data have been converted to one-line 
serial transmission/reception with the help of simple transmitter/receiver interface 
circuits featuring voltage-level translations and tri-state buffers. The serial-data 
handshake signals in the transmitters, at each end, are fed to an electrlcallaser­
drive circuitry which, in turn, feeds an aluminum gallium arsenide semiconductor 
laser. Three different schemes for electrical modulation of semiconductor lasers are 
also discussed and detailed circuits are presented. The received optical data at the 
other ends is converted back to electrical signals using a large-area silicon 
photovoltaic photodiode detector and a transresistance amplifier circuit. From the 
received signals, the data and handshake information are recovered using the 
mentioned interface circuitry before feeding to computers' serial and parallel ports, 
respectively. Based on data exchange, the two computers undertake necessary 
processing and may, consequently, feed data to external peripheral devices such as 
remote optical search and tracking systems based on quadrant photodiodes, and 
remote antenna positioning systems. Electronic circuit implementation for 
interfacing the above two applications with the personal computers are also 
described in detail. 
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Computer Simulation for Optical Manipulator 

using fiber-probe by GMEIE's 

Masabiro Tanaka and Kazuo Tanaka 
DepartrnentofEledm1ics and Computer Engineering Gifu university 

1-1 Yanagido, Gifucity, Gifu501-11, Japan 
Tel. 81-58-293-2779 Fax 81-58-230-1895 

e-mail: masabiro@tnkinfo.gifu-uacjpand1anaka@lnk.info.gifu-ua;;jp 

An oplical manipuIata is a technology to trap and manipulate a ~ small 
particle using Iaser-ligbt fcree. In this p:esentation the fiber-probe which has a tip is 
used to trap and manipulate a vay small particle (DW.Pohl and D.Comjon ed, 
"Near FIeld Optics," Kluwer Academic Publishers, 1993). Since it can occur to trap 
and manipulate only spatial cmdiIioo, it is vay difIicult to unders1and inIuiIively. So 
we have to calculate the fcree on the particle, for we know whether it is possible or 
impossible. There are few papers to repcrt the force m the particle by the ligbt 
emitted fum the fiber-pmbe. However most of 1hem are calcuIared by using 
gecmeIrical1heay. It is necessmy to sinruIate using by more accurate method. 

We have alreOOy repcrted a new mefuod of the optical manipuIatoc using 
UllCOOIed fiber-}X"Obe (M Tanaka and K Tanaka, Trans. IEICE Japan, J'79.CJ, 101-
108, 1996 Q"apanese~ M Tanaka and K Tanaka, sutmitted to J. Opt:. Soc. Am. A). In 
this presentatim. we show a mefuod and results of computer simulation for the 2 
dimensiooal opical manipulatausing the opical-fiber cooled with perfect conductor. 

The medxxl is based m Guided Mode ExIra::ted Integral Equalims (GMEIE's) 
\\hich have developed in Gifu University, Japan (K. Tanaka and MKojima, J. Opt 
Soc. Am. A, 6, ffj7~74, 1989). GMEIE's can be solved by using <Illy convmtiooal 
bomxImy element medxxl or moment rnedtod without mode expansim tfclmique 
etc .. And the force exerting m the particle can be calcuIared by Maxwell's s1ress 

1msor andIa LaenIz's force. We can check the results ofGMEIE's by using the 
ener.gy cwservation law and the forces by using equality between above two 
di:ffermt expiessims of the fm:es. Computer simulati.m results satisfies the enogy 
conservaIion law within an accuracy of 0.1% and satisiY 1he equality between two 
di:ffermt expressims of the force within an accuracy of a few percents. We can 
compare physical properties of two types of fiber-probe which are not coated and 
coated with perfect cxnducttr. 

683 

JOINT-26.S 



JOINT-26.9 
New Boundary Integral Equations of Photon Scanning Tunneling Microscope 

Kazuo Tanaka and Masahiro Tanaka 

Department of Electronics and Computer Engineering ofGifu University, 

Yanagido Japan 501-11, 

Recent development of near-field optics (NFO) anticipates promising and fantastic 

applications such as an ultra high-resolution optical scanning microscope called photon 

scanning tunneling microscope (PSTM) and optical manipulator for small particles 

[D.W.Pohl and D.Courjon ed., "Near Field Optics", Kluwer Academic (1993), M. 

Ohtsu, Oyo Buturi 65, 2(1996)]. Since it is difficult to apply conventional optical theory 

to NFO, it is important subject to fmd accurate and efficient method in developing 

software of computer-aided design (CAD) and simulations of NFO equipment. 

Especially, the basic and effective simulator of PSTM is strongly expected. 

So far, many researchers have tried to use various techniques. Integral equation 

method are most popular among them, because we can apply various techniques in 

solving integral equations. However, most of these works presented so far employed 

some kind of approximation in the formulation and/or in numerical calculations. 

We have developed a boundary-element method based on new integral equations 

called Guided-Mode Extracted Integral Equations (GMEIE's) for CAD of optical 

waveguide circuits [K.Tanaka and M.Tanaka, 1. Opt. Soc. of Am. A, 13, 1362 (1996)]. 

In this paper, we apply GMEIE's to simulations of the two-dimensional NFO 

problems and show the validity of our new method in analyzing NFO problems. We 

have applied GMEIE's to the optical manipulator [M.Tanaka and K.Tanaka, Trans. of 

IEICE Japan J79-C-I, 101(1996), M.Tanaka and K.Tanaka, submitted to J. Opt. Soc. 

Am. A (1996)] previously. So, a PSTM is analyzed by using GMEIE's in this paper. 

Rigorous boundary integral equations for PSTM are derived and they are solved by the 

conventional boundary-element method. A strong point of our new method is that 

numerical results can be verified by several universal laws. For the problem treated in this 

paper, we can derive three universal laws, Le., optical theorem for collection-mode, 

energy conservation law for illumination-mode and reciprocity relation between 

collection-mode and illumination-mode. Results of numerical simulations by this method 

are verified by using these universal laws. Many important physical properties are 

investigated in detail by the numerical simulations. 
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INEXPENSIVE SUBMILLIMETER WAVELENGTH 
RECEIVER COMPONENTS 

Thomas W. Crowe, Chris M. Mann t, William L. Bishop, Philip J. Koh, 
Jeffrey L. Hesler, Robert M. Weikle, II 

JOINT-26.10 

Applied Electrophysics Laboratories 
University of Virginia 

Charlottesville, VA 22901 

t Space Science Department 
Rutherford Appleton Laboratory 

CHILTON, DlDCOT, aXON 
OXI IOQx, United Kingdom 

Abstract 

The submillimeter wavelength portion of the electromagnetic spectrum has been 
primarily exploited only for scientific applications, such as radio astronomy, 
studies of the composition of the upper atmosphere, chemical spectroscopy and 
plasma diagnostics. The most significant impediment to potential commercial 
applications is the overwhelming cost of building standard receiver components, 
such as sources and mixers. Although many groups have demonstrated quasi­
optical components which in principal can be manufactured at low cost, the best 
receivers t and sources continue to rely on waveguide technology and whisker 
contacted GaAs Schottky barrier diodes. However, three relatively recent 
developments promise to make the manufacture of submillimeter components 
much more cost efficient. These are the fabrication of excellent planar 
(whiskerless) GaAs Schottky diodes, the availability of advanced computer aided 
design tools suitable for this wavelength range, and the demonstration of 
inexpensive techniques for fabricating large numbers of waveguide components. 

This talk will begin with a review the status of all-so lid-state heterodyne receivers 
and sources based on planar GaAs Schottky mixers and multipliers. Next the 
design of a 585 GHz fundamentally pumped mixer with Hewlett Packard's 
Microwave Design System software will be reviewed. This mixer has yielded 
results comparable to the best whisker contacted mixer in this frequency range, but 
has the benefit of using planar diodes and achieves wide RF bandwidth with no 
physical tuning elements. Finally, the potential fabrication of large quantities of 
high quality submillimeter wavelength waveguide assemblies by micromachining 
and molding techniques will be presented. 

t Excluding superconductive mixers which require cooling to cryogenic 
temperatures and are thus not practical for commercial applications. 
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Ionospheric effects on synthetic aperture radar at VHF 

T. Joseph Fitzgerald 
Los Alamos National Laboratory, Los Alamos, New Mexico 87545 

Synthetic aperture radars (SAR) operated from airplanes have been used at VHF because 
of their enhanced foliage and ground penetration compared to radars operated at UHF. A 
satellite-borne VHF SAR would have considerable utility but in order to operate with 
high resolution it would have to use both a large relative bandwidth and a large aperture. 
The presence of the ionosphere in the propagation path of the radar will cause a 
deterioration of the imaging because of dispersion over the bandwidth. The range 
resolution of a SAR is given by p, ~ C/2B where B is the bandwidth and c is the speed 
of light. Therefore, as the center frequency, f" is reduced, a larger relative bandwidth, 
Blf" is necessary to attain the same resolution. The azimuth resolution of a SAR, p .. 
is given by 

(I) 

where !1e is the synthesized angular aperture. As the frequency is reduced the size of the 
aperture, !1e, must be increased to retain the same resolution. The first effect of the 
ionosphere on a SAR pulse is to produce a group path change; that is, the target will 
appear to be displaced in range, !1r. This effect depends upon the operating frequency, f" 
and the integrated electron column density (total electron content or TEC) along the ray 

path and is!1r ~ 81 TEel/} meters if f, is given in Hz and TEe in m·'. Values of 

TEe of 10" m" give !1r ~ 130 m at f, = 250 MHz. The displacement will also be 
affected by refractive effects as the radar pulse traverses the ionosphere. The second 
effect of the ionosphere on the radar pulse is that of dispersion; that is, higher 
frequencies will return sooner than lower frequencies from the same target. The amount 
of spreading, !1pr depends upon the bandwidth of the pulse and is given by 

(2) 

In this paper we present calculations of the effects of a deterministic slab ionosphere on 
SAR imaging for a radar operated with a 100 MHz bandwidth centered at 250 MHz and 
over an angular aperture of 23" at a look angle of 26". An ionosphere with vertical TEe 
of lO"m" induces a point spread function with an approximate halfwidth of 150 m in 
the slant-range direction compared to the nominal resolution of 1.5 m. 
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Ionospheric frequency-dispersion effects in polarimetric 
spaceborne-radar applications 

Y. Le Helloco, B. Uguen and G. Chassay 

Laboratoire Composants et Systemes pour Telecommunications (LCST) 
URA CNRS 834 - lNSA 

20, avenue des buttes de Coesmes, 35043 Rennes cedex, France 

Introduction 
Over the past few years, progress in polarimetric treatment and SAR 

imaging has led to a wider use of polarimetric tools in the study of high 
resolution radar data. We analyze here the Ionosphere frequency-dispersion 
effects on the quality of these polarization-diversity images. 

Ionosphere dispersion effects on the wideband SAR images quality 
The Ionosphere is a frequency-dependent medium which leads to a 

frequency-dependent value of the refraction index. Furthermore, the 
Ionosphere is anisotropic. This leads to the well-known Faraday effect. 
Therefore, the transmitted electromagnetic wave undergoes frequency­
dependent phase shift and attenuation, which lead to an alteration of the 
wideband signals and the image resolution [ ENERT P., International 
Conference on Radar, 512-517, 1994 ]. Consideration is given in this 
presentation to the polarization-diversity linear-frequency modulated 
gaussian and rectangular shaped pulses. In particular, a novel wideband 
polarimetric formalism is investigated. 

Ionosphere dispersion effects on the SAR images polarimetric information 
In full polarimetric SAR applications, we have to deal not only with 

resolution alterations, but also with polarimetric information lost. The first 
point we take into account is the non-reciprocal Faraday rotation influence 
on some widely-used polarimetric tools such as the covariance matrix or the 
Huynen parameters. This is performed by introducing a suitable 
methodology and deriving the measured parameters as a function of the 
target ideal parameters. We also show that the polarization degree of the 
propagated electromagnetic wave is less than unity, because of the 
frequency-dependent nature of the Faraday rotation. This so-called 
depolarization effect is quantitatively analyzed from a radar system point of 
view (up and down propagation), through a Stokes vector and wave 
coherency matrix formalism. 

Conclusion 
To conclude, the Ionosphere-dispersion effects on the wideband signals 

and SAR images are studied in the case of polarization-diversity systems, 
which emit short pulses. These different aspects are investigated in a radar 
situation and are shown to be significant in the case of wideband low­
frequency (P,L band) applications. 
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Effects of Ionosphere 3D-Disturbance on Waveguide Propagation 

T.I.Bichutskaya, G.I.Makarov 
St.Petersburg University, 
Institute of Radiophysics, 

St. Petersburg, Russia 

Introduction 
The presence of a border 3D-irregularity in the waveguide leads ,among other effects, both 

to vertical and to horizontal polarization of the scattered electromagnetic field whatever the 
polarization of transmitted field. It has usually been suggested (E.C.Field et al.,Radio Sci. 
21, 511-517, 1986) this depolarization is negligible that gives rise to the simplified scalar 
problem. In the present paper the problem is considered as vector and the above mentioned 
effects are studied and estimated. 

Discussion 
The strong problem of propagation of electromagnetic waves of point vertical electric 

dipole in the 3d-irregular earth-ionosphere waveguide is 6-vector one. The solution of 
Maxwell's equations is constructed as the sum of vertical vector modes with coefficients 
containing the lateral dependence. The vertical problem is formulated in each cross-section 
of irregular waveguide. The result of integrating of differential equations in the ionosphere 
determines the effective reflection height and the ionosphere impedance - the parameters 
that are needed to resolve the vertical problem. The local both TE and TM modes 
are characterized by complex eigenvalues and by vector eigenfunctions of the transverse 
operator and are utilized as the basis vector functions to resolve a lateral problem. The 
system of dependent lateral equations in partial derivatives is solved by both numerically 
integrating and geometrical optics method. In the last case the phase and amplitude of 
lateral distribution of field in zero aproximation are determined of the eikonal equation and 
the transfer equation. In this problem the real part of lateral wave number is analogous to a 
refractive index and its imaginary part determines the field absorption. The differential 
equation for a beam divergence added to the equations in ray variables describing the 
ray trace are integrated numerically. As result the focusing effects of 3d-irregularity were 
obtained. The numerically integrating of lateral equations system gives rise to the estimation 
of depolarizating effect of a border 3d-irregularity. 

Conclusion 
It is presented the theoretical computations which evaluate the both depolarizating and 

focusing effects of ionosphere 3d disturbance on VLF propagation in the earth-ionosphere 
waveguide. The evaluation of these effects shows that its magnitude is strongly dependent 
on irregularity position relatively the propagation path. 
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San Francisco State University 
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Lockheed Martin 
Sunnyvale, CA 94088-3504 

1. S. Savage 
Georgia Institute of Technology 
Atlanta, GA 30332-0250 

A. F. Peterson 
Georgia Institute of Technology 
Atlanta, GA 30332-0250 

The finite element method (FEM) based on edge elements is a powerful 
numerical technique for solving a variety of waveguide and cavity problems. 
However, many of these structures contain conducting or dielectric edges 
embedded in an inhomogeneous isotropic or anisotropic medium, and the field 
behavior can be singular in the vicinity of these edges [J. Meixner, AP-20, 442, 
1972], [J. Van Bladel, Oxford: Clarendon Press, 1991]. If polynomial edge­
elements are used to model these rapidly varying fields, it becomes necessary to use 
a fine mesh in the vicinity of the edge [Po Daly in J. R. Whiteman Ed, London: 
Academic Press, 337, 1973]. The increase in the number of unknowns in the mesh 
has the effect of increasing the computational time as well as memory requirements. 
One way of coping with the singular field behavior is to augment the trial functions 
with appropriate singular functions associated with a nodeless (unknown) variable 
[J. P. Webb, MTI-36, 1819, 1988] which leads to an increase of the bandwidth of 
the global FEM matrix. A more efficient approach is to use singular elements. In 
this case the ordinary elements touching the singular node are replaced with singular 
elements whose trial functions properly model singular field behavior. Scalar 
singular elements have been used in various FEM formulations resulting in faster 
convergence of the numerical solution [Z. Pantic and R. Mittra, MTI-34, 1096, 
1986], [J. M. Gill and J. Zapata, MTT-42, 92, 1994], [Z. Pantic-Tanner, C. H. 
Chan, and R. Mittra, URSI Symp. Dig., 336, 1988]]. 

. In this paper a new edge-based singular element similar to one presented in [Z. 
Pantic-Tanner, D. R. Tanner, S. A. Savage, and A. F. Peterson, URSI Symp. 
Dig., 90, 1995] is proposed. This new vector singular element is used in the H­
field FEM formulation and is compatible with edge elements, specifically the linear­
tangential/quadratic-normal edge element. Two edge-based basis functions 
associated with the singular node are modified to mimic the analytically predictable 
singular behavior, while the rest (four edge-based and two face-based) are the same 
as in [A. F. Peterson, AP-43, 357,1994]. This element can cope with any order of 
singularity. Basis functions are expressed in a triangular polar coordinate system 
and all the necessary integrations are performed in closed form. The sparsity of the 
FEM equations is preserved, and spurious modes are eliminated. The number of 
unknown parameters needed to model the fields is significantly reduced by 
employing singular elements, as the numerical data show. Results also suggest that 
for the same number of unknown parameters needed to model the fields, the field 
distribution produced by the singular elements is much smoother in the vicinity of 
the singular point. 

Numerical results for the circular cavity with septum, L-shaped cavity and 
similar structures are presented in the paper. 
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A Spectral-Polarization Method 

for Analyzing the Radio Signal Interference Pattern 

E. L. Afraimovich and K. S. Palamartchouk* 

Institute of Solar-Terrestrial Physics, p. o. box 4026, Irkutsk, 664033, Russia 
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Abstract 

The preponderance of the data on ionosphere irregularities dynamics and struc­
ture was obtained from ground-level measurements of spatio-temporal character­
istics of the radio signal interference pattern (IP). Such measurements were always 
made with spatially separated receiving antennas, beginning with he simplest ver­
sion of three antennas in a pioneer paper of S. N. Mitra (Proc. Inst. Electr. Engrs., 
3,441-482, 1949) and ending with radio astronomical interferometers (C. Mercier 
J. Atmos. Terr. Phys., 48, 605-624, 1986). 

The objective of this paper is to demonstrate that it is in principle possible to re­
construct the some characteristics of the shape of IP and to measure IP velocity 
characteristics at the terrestrial surface level without recourse to a conventional 
spaced-antenna method, but by analyzing three mutually orthogonal projections of 
the radio signal field vector using a single receiving antenna. The proposed tech­
nique can also improve spatial resolution when carrying out remote sounding op­
erations from moving platforms such as satellites and aircrafts. This idea seems to 
have been pioneered in a monograph (Afraimovich E. L. Interference Methods of 
ionospheric Radio Sounding. Moscow: Nauka, 198 p., 1982) but has not yet re­
ceived an appropriate development. 

As early as 1951 Morgan and Evans (Proc IRE, 39, pp. 552-556) showed that the 
complex amplitudes of three mutually orthogonal projections of the one-mode 
regular signal field determine parameters of the ellipse of polarization and the di­
rection rotation of the polarization vector, as well as the angles of arrival. The 
above-listed parameters constitute a description of a full field vector of a plane ra­
dio wave and are related to complex amplitudes of the field projections by a system 
of equations. However, this method can be used directly in a data treatment only 
for a strictly regular one-mode signal. External noise and signal scattering contrib­
ute to an increase of the error of measurement, and the multimode approach with 
similar values of mode amplitudes causes irreversible interference distortions, 
which imposes a drastic limitation on the use of this method in research and ap­
plied radio engineering. 

This problem is resolved in large part by a spectral-polarization method for 
analyzing a full field vector of the radio wave based on integrated Doppler filtering 
of modes (E. L. Afraimovich et aI., A method to measure the full vector of field. 
USSR Inventor's Certificate No. 650026, 1979). The method, in essence, implies 
that all algorithms for calculating parameters of a full field vector using a system of 
equations with respect to mutually orthogonal projections utilize, instead of com­
plex amplitudes of projections, complex amplitudes of the components of a com­
plex Doppler spectrum of these projections. 

So the initial stage of analysis involves calculating complex Doppler spectra of 
time variations of these projections. Thereupon, for each spectrum component, 
these data are used to determine angle-of-arrival spectra. In conjunction with data 
on Doppler frequency shifts, this procedure makes it possible to reconstruct some 
characteristics of the IP shape and parameters such as direction and velocity of its 
motion. 
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AND RF STRUCTURES 

R. A. Kishek, Y. Y. Lau, and R. M. Gilgenbach, 
University of Michigan, Ann Arbor, MI, and 

D. Chemin, Science Applications International Corp., McLean, VA 

Multipactor is a resonant, low-to-medium rfvoltage breakdown 
phenomenon in microwave cavities, windows, and accelerator structures. A 
simple model is used to study the temporal evolution of a first-order, two-surface 
multipactor discharge and its interaction with the surrounding rf structure. The 
model assumes an infinitesimally thin sheet of electrons released with 
monoenergetic velocities in a parallel plate geometry. 

The loading of the structure by the changing multipactor current, a 
combination of de-tuning and of reducing the quality factor of the resonant 
structure, is found to cause saturation. The steady state multipactor current has 
been derived analytically, and compares favorably with the computational results 
of the model. Transiently, the behavior of the multipactor depends on the quality 
factor of the rf structure. Non-resonant structures experience a fairly steady 
growth of the discharge towards the steady state level predicted by the theory. 
Highly-resonant structures, on the other hand, experience large oscillatory 
transients in the level of the discharge before it settles to the steady state. During 
these oscillations, the discharge feeds from the significant energy stored in the 
structure, and can be very damaging to the structure itself. 

Simulations performed with two electron sheets instead of one reveal a 
novel phase-focusing mechanism in which one sheet grows at the expense of the 
other. This "cannibalism" results from the different impact energies, hence 
different yields, encountered by the different sheets (parts of the bunch). This 
mechanism may result in the multipactor electrons being very tightly bunched. A 
multipactor discharge can take place during the "fill-time" of an rf structure, even 
if the operating voltage is above the multipactor region, if the rise time of the 
voltage is long enough. The conventional susceptibility diagram is modified to 
include the effects of surface materials. This is the first attempt where the 
dynamics of a multipactor discharge are linked to the material properties. 
Comparison with published experimental data is given. 
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Cindad Universitaria 
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Abstract: The numerical performance of the wavelet-like transforms (It is 
important to note that these orthogonal transforms are not wavelet transforms in 
the true sense!!) is illustrated through the solution of a large (4096 x 4096) 
complex matrix equation arising in the solution of electromagnetic scattering from 
a collection of wire structures arbitrarily situated in free space.· The objective 
is to illustrate that for these class of problems there may be some advantages in 
compressing the large matrix by a wavelet-like transform. However, it is rather 
inconclusive as to what the appropriate parameters are that achieves the best 
results. This is because, the various mathematical properties of monotonic 
convergence of the wavelet coefficients and so on that are associated with the 
classical wavelet transform does not translate directly to the wavelet like 
transforms. For example, it will be shown that increasing the order of the filter 
does not necessarily provide a better compression for the matrix - in fact, in some 
cases it becomes worse. Secondly increasing the order of the filter does not also 
provide a better accuracy in the reconstruction of the original matrix form its 
wavelet coefficients. The reasons for lack of such monotonic convergence results 
are due to the fact that these are wavelet-like transformations and since they are 
not true wavelet transforms, the theorems associated with such transforms 
therefore are not applicable. 

However, an advantage with these type of transformations are that they are 
orthogonal transformations and they provide a sparse matrix. Therefore 'the 
application of an iterative method like the conjugate gradient for the solution of 
these sparse systems would be computationally efficient but the number of 
iterations for the conjugate gradient to field the final result is the same whether 
it is applied to the dense complex matrix or to the wavelet - compressed sparse 
matrix. 
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JOINT-53.2 

Abstract: The objective of this presentation is to present the discrete wavelet 
transfonn from a filter theory perspective. This provides a physical insight into 
the mathematical aspects of the wavelet transfonns. For DWT one need not worry 
about the scaling and the wavelet functions at all but basically has to construct 
some finite impulse response filters. The objective is to illustrate how such 
constructs are done and how to carry out the DWT. The DWT had much success 
in the compression of images and other matrix like structures. However the DWT 
cannot be directly applied to the solution of large matrix equations. DWT has to 
be modified and it is shown how the wavelet-like transfonns can be utilized in the 
solution of large matrix equations. Because these are wavelet-like transfonns, the 
various mathematical properties of monotonic convergence and increased accuracy 
do not scale in a straight forward function. In addition increasing the order of the 
filters also does not provide more accurate solutions. The strengths and the 
weaknesses of the wavelet like transfonns in the solution of large matrix equations 
will be illustrated. 

Also it is interesting to note that these wavelet-like transfonns are orthogonal 
transfonns and hence do not change the condition number of the matrix. This is 
in direct contrast to the choice of wavelet bases in the solution of an operator 
equation where the resulting system of the equations are often ill-conditioned. 
Unless the wavelet bases are properly decimated, in the solution of the operator 
equation, the condition number of the resultant matrix deteriorates in a very rapid 
fashion. 
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It has now become clear that for a wide variety of applications, a method of 
moments impedance matrix obtained with a wavelet basis function can be much 
more sparse than one obtained using a classical basis. This is because the 
impedance matrix elements computed using a classical basis function, such as a 
pulse or triangle, contain components that convey only amplitude and phase 
information while each wavelet matrix element is constructed as a product of the 
amplitude/phase and the frequency information. The mechanism through which 
frequency information is imparted on the matrix elements can be attributed to the 
orthogonality, vanishing moments and localization properties of the wavelet basis. 

In this presentation we will compare the two competing methods for computing 
the impedance matrix, the direct method and the transform matrix method. The 
direct (or traditional) method is to formulate the integral equation, expand the 
unknown current in a wavelet basis, and test with the same wavelets used in the 
basis. This Galerkin procedure produces individual matrix elements that require 
double integration over a product of two wavelets or a wavelet and a scaling 
function. With this method, actually evaluating impedance matrix elements 
becomes complicated, not only because wavelets are complicated functions, but 
also because the multi-resolution aspect of the formulation results in singularities in 
both the diagonal and off-diagonal terms in the impedance matrix. Even with a 
semi-orthogonal wavelet, where singularities can be evaluated analytically, 
identification and evaluation of these singularities is tedious. With an orthogonal 
wavelet, singularities are often more numerous and can only be evaluated 
numerically. 

A alternative to the direct method is to instead compute the impedance matrix (Z) 
and the excitation vector (V) using a classical basis function (1) and then obtain the 
wavelet basis equation, [£I [l] = [EI, by. the change of basis operations: 
[EJ = [W] [V], [l] = [W] [1], [£] = [H:J[Z][W]T where [W] is a basis 
transformation matrix. 

Wavelet impedance matrices obtained by these two methods will be compared in 
terms of computation time, and accuracy using plane wave excitation of a thin 
finite length wire and a two-dimensional finite width flat plate as examples. 
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Abstract. The accurate near-field characterization of printed antenna arrays, and in particular, the 
calculation of their input impedance, require a rigorous full-wave modeling of the entire array 
structure. With the size of the array or complexity of the feed circuit growing, the numerical 
modeling of the overall structure turns into a large-scale computational problem. The recent 
developments in the application of wavelet techniques to the numerical solution of integral 
equations has made it possible to utilize the method of moments (MoM) for the full-wave 
modeling of this type of complex open-environment structures in a very effective manner. 

The use of multiresolution expansions in conjunction with the method of moments can 
generate highly sparse linear systems due to the cancellation property of wavelet basis functions. 
Using rooftop multiresolution expansions eliminates the difficulties related to the correct 
enforcement of the PEC boundary conditions. The resulting sparse linear system is stored with 
minimal memory usage and is inverted very efficiently using a sparse-based iterative solver like the 
biconjugate gradient (BiCG) method. A major advantage of using a wavelet-based MoM 
implementation is a notable improvement in the condition number of the linear system. This 
improvement directly contributes to a very fast convergence of the BiCG iterative process. A 
dramatic acceleration of the matrix fill process can be accomplished by invoking the fast wavelet 
transform (FWT). Using this algorithm enables us to limit the tedious task of numerical integration 
of the Green's function to only scaling functions at the highest resolution level. The moment 
matrix is then generated recursively for all lower resolution levels. Taking advantage of improved 
condition numbers, it is possible to identify in advance all interactions which eventually lead 
through the FWT to negligible matrix elements. The numerical evaluation of such interactions is 
thus skipped during the matrix fill process. 

In this paper we apply the approach described above to the modeling of finite-size arrays of 
printed microstrip patch antennas with a corporate feed circuit as shown in the figure below. A 
non-uniform high-resolution mesh is initially utilized to discretize the geometry. This mesh is 
subsequently transformed into a coarser multiresolution grid using the FWT. The input feed line of 
the array is excited using a voltage gap generator. After computing the current distribution on the 
structure, the input impedance is calculated within a very high degree of accuracy using a least­
squares Prony's method. 
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A new approach to incorporating wavelet transforms in the solution of three­
dimensional scattering by surfaces is presented. The problem is formulated by 
the EFIE and reduced to matrix form via a moment procedure using triangular 
patch basis functions (S.M. Rao, D.R. Wilton, and A.W. Glisson, IEEE Trans. 
Antennas Propagat., vol. AP-30, pp. 409-418, May 1982). The matrix equation 
is then wavelet-transformed, yielding new expansion functions. These expansion 
functions themselves are not wavelets, but rather "wavelet combinations" of the 
initial triangular patch basis functions. The solution of the transformed matrix 
equation is subsequently effected by an iterative impedance matrix compression 
(IMC) scheme. The underlying idea behind the IMC approach (Z. Baharav and 
Y. Leviatan, Microwave and Optical Technology Letters, vol. 12, pp. 268-272, 
August 1996; Z. Baharav and Y. Leviatan, IEEE Trans. Antennas Propagat. vol. 
AP-44, pp. 1231-1238, September 1996) is that only a few of the new expansion 
functions may be needed for an accurate representation of the current on the 
scatterer. The iterative procedure (Z. Baharav and Y. Leviatan, Microwave and 
Optical Technology Letters, vol. 12, pp. 145-150, June 1996) provides the means 
to determine these dominant expansion functions in a systematic manner. Taking 
only the dominant functions into consideration, the matrix equation is readily 
compressed into a much smaller one, which can therefore be solved with much less 
computational effort. It also facilitates an effective way to refine the resolution 
locally. Numerical results for the problem of scattering by a conducting patch 
will be given to illustrate the salient features of the proposed approach. 
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FEM/BEM Approach for Solutions of Large Scattering Problems 

Zhonggui Xiang and Yilong L u 
School of Electrical and Electronic Engineering 
:-;anyang Technological University, Singapore 

Several different approaches are available for the analysis 
of scattering from arbitrarily shaped. inhomogeneous and 
la&>-y bodies. Some finite methods such as the finite ele­
ment method (FEM) are suitable for the so-called interior 
problems while some other methods such as the boundary 
element method (BEM) are preferred for the so-called ex­
terior problems. Some hybrid methods [Gong and Glisson, 
IEEE Trans. Antennas Propag., 1990; Jin, Volakis and 
Collins, IEEE AP Magazine, 1991] combining the advan­
tages of the above-mentioned methods are able to efficiently 
solve a more general class of problems. As well known, the 
use of the FEM results in a sparse matrix. However, a 
dense matrix will be encountered when solving the bound­
ary integral equations by using the traditional basis and 
weighting functions in the method of moments (MoM), un­
less some other techniques are co-operated [Collins, Jin and 
Yolakis, Electromagnetics, 1990]. Recently, wavelet trans­
form method (WTM) is applied to solve electromagnetic 
(DI) problems because the use of wavelets as the basis and 
weighting functions in the MoM results in a sparse matrix 
equation. In this paper, a hybrid technique uniting advan­
tages of the WTM, FEM and BEM is proposed. The FEM 
is used to formulate the fields within a fictitious boundary 
r enclosing the considered structure and establish a rela­
tionship with those at the opening. The fields outside the 
fictitious boundary r are formulated by the BEM involving 
an integral expression of the fields 0\..,. r. A system is then 

,f5.I ,~I I~I~ 
o so 100 0 so 100 

(a)'tIm=IE-S tbltlm=IE-4.5 

,~ ,~I I~I~ 
o 50 100 0 so 100 

tel tlm=IE-4 !dltlm=IE-3.8 

Fig. 1. The sparse patterns of A by the :s'CSW transfonn 

derived by enforcing field continuity across r as follows: . 
[K]{u} + [C]{'lI} = {O}, (1) 

[Cf{u} - [P]{u} - [Q]{'lI} = {B}, (2) 

where u and 'lI are electric or magnetic field and its normal 
derivative on r, respectively. K is a sparse matrix from the 
FE..\I and C is a diagonal matrix. B stands the incident 

matrix and T denotes the transpose of a matrix. The use 
of conventional basis and weighting functions in the MoM 
always results in dense matrices P and Q. The cost to di­
rectly solve the combined system equation of (1) and (1) is 
expensive, especially for large-size EM problems. Here, we 
factorize sparse matrix K once to solve u in (1) and sub­
stitute u into (2) to obtain a matrix equation in the form 
of A'lI = B. .-1 is the combination of P and Q, and there­
fore, is a dense matrix. Here, we use an effective wavelet 
matrix transform method by which the so-called "edge ef­
fect" problem and the exhaustive wavelet integrations are 
overcome. The numerical results for the scattering by TM 
excitation from a four-layered dielectric cylinder with cir­
cular cross section are given to demonstrate the validity 
and capability of the method. Note that the singularity 
of A is completely determined by P and Q. To obtain 
a satisfactory compression rate and solution accuracy we 
choose non-orthonormal cardinal spline wavelet (N CSW) 
transform with 8-order vanishing moments [Xiang and Lu, 
IEEE Trans. Antennas Propag., 1997]. Fig. 1 shows the 
sparsity of.-1 by the NCSW transform with different thresh­
old values. The off·diagonal elements are nearly equal to 
zeros only if the chosen fictitious boundary r is smooth 
enough. Fig. 2 shows the accuracy of the approximate s0-

lution by the proposed technique, compared with the one 
by the FEM/BEM method. Even with so sparse a matrix 
(R = 2.62%. ratio of the number of remaining elements 
after thresholding to the total elements) one can obtain a 
good accurate solution by a sparse solver. The proposed 
technique can handle other more complicated scattering 
problems. It is more effective than the traditional ap­
proaches for large EM problems. 

- the Proposed Technique (tlm=IE-3.8) 
R=2.62'ii1: for lossy and lossless cases 

..•• FEMlBEM Technique (R=IOO'i.a=O.Ol 
-- FEMlBEMTecbnique (R=IOO'i,a=O.1S) 

o 30 60 90 120 ISO 180 210 240 270 300 330 360 
Cl(deJt['Ce) 

Fig. 2. ReSs of a four-layered circular homogeneous cylinder (a = 
0.15>., b = 0.20.:\,c = 0.25>', d = 0.30>', Erl = 8.0, Er 2 = 6.0, 
Er3 = 4.0. E,.4 = 2.0, /Jr = 1.0, f = 300MHz, :.pi = 1f, and q is 
the same in all layers) under TM plane wave incidence. 
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JOINT-53.9 
Determination of Method of Moments Impedance Matrix 

Using Wavelet Expansions. 

1. Passais, B. Uguen. G. Chassay 

Laboratoire Composants et Systemes pour Telecommunications (LCST) 
URA CNRS 834 - INSA 

20, a\'enue des buttes de Coesmes, 35043 Rennes cedex, France 

Introduction 
A technique of computation of the Method of Moments impedance matrix 

elements is proposed, using wavelet as bases and testing functions in order 
to decrease matrix element computation time and obtain a sparse matrix 
equation. 

Th" analysis of electromagnetic scattering by objects which contain a 
large number of length scales is ' 'o1';"al !"fobler 1. The Method of Moments' 
is based on projection of the unknowns on expansion and testing functions. 
But this method is limited when the size of the matrix equation increases. 

Recently, the electromagnetic community employed wavelets in the 
Method of Moments, allowing a reduction in the number of unknowns of 
the problem. A reductio'l in cunputation tilae was also made possible. 

The meth0d which consists in applying a fast wavelet hansform on the 
impedance matrix, obtained using a standard pulses bases-point matching 
procedure, has been used. It leads to a sparse impedance matrix after 
application of a thresholding operation. Sparse matrix algorithms can then 
be used to s"lve the matrix equation (conjugate gradient method associated 
with appropriate storage procedure). It has been shown that matrix inversion 
time is then considerably reduced without damaging the accuracy of the 
solution. However, this method ~0es 110l alloy, ~ reduction in ihe time of 
computation of the original impedance matrix elements. 

Our aim is iherefore to improve the mah'ix element computation time. The 
matrix equati'lll obtain:d is sparse and will then be solved C)' the method 
described ab,,· .. :. We l;Je the wavelets as expan3ion and testbg functions in 
the ivlethod 0 f Mom('lIts. Thanks to the properties of these functions, we 
compute the matrix elements efficiently. At each resolution, an adaptive 
mesh is proposed and, according to the scatterer shape under study, the 
computation of all the matrix components may not be needed. 

To illustra.e the method, it is applied to structures containing several 
;';iffelent lengthscales. 

Conclusion 
In order to predict the scattering of objects which contain different 

dimensional lengthscnles (in comparaison with the wa\ elength), the 
ca1cuhtion of i:npedaLse matr;x elements is presented using :-,~'Method of 
Moments U$'L~ wave: 1 ti.met;, liS is presented. The pel'spe(.i ,0 ,"fthe study 
is to apply th: method to 3 D probl ems. 
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JOINT-61.6 
BOUNDARY INTEGRAL ANALYSIS OF FUSED BICONICAL 

OPTICAL FIBER COUPLING DEVICES WITH 
ASYMMETRICAL STRUCTURE 

Jia-Han Li and Hung-chun Chang" 

Department of Electrical Engineering, National Taiwan University 

Taipei, Taiwan 106-17, China 

*also with the Graduate Institute of Electro-Optical Engineering, National Taiwan University 

This paper concerns numerical modeling of fused optical fiber couplers composed 
of fibers with different sizes made with biconical tapering technology. Such coupler 
structure can be designed for wavelength-flattened couplers and Brewster-window­
type all-fiber devices. One feature of the fused coupler is that in the neck region 
of the coupler the light is guided by the boundary between the (reduced) fiber 
cladding and the external medium which is air in our case, so that the fused structure 
becomes a strongly guiding composite waveguide. The cross-sectional structure in 
the coupling region has the (asymmetrical) dumbbell shape under strongly fused 
condition. Because the tapered structure is slowly varying, it is an appropriate 
assumption that only the lowest-order even-like and odd-like modes are excited. 
The coupling coefficient which is defined as half the difference between the even-like 
and odd-like supermode propagation constants depends on the polarization state. 
The difference in the coupling coefficient between orthogonal polarization states is 
usually called the form birefringence. The form birefringence is thus an important 
parameter that determines the polarization-dependent performance of the coupler. 
However, the form birefringence is small, and accurate determination of such small 
quantity requires careful numerical calculation. We have reported such accurate 
calculation of the small form birefringence for fused couplers composed of identical 
fibers at PIERS 1997, Hong Kong. In this paper we present and discuss our results 
for the asymmetrical coupler structure. 

The boundary integral method is again employed, which is a suitable technique for 
solving the modes on the coupler since the reduced fiber cladding, which is now the 
waveguiding region of the coupler, is essentially a homogeneous medium. We have 
also established a three-dimensional computer model, based on the vectorial modal 
calculation and by properly modeling the tapered structure, which can simulate 
the power transfer characteristics of the fused coupler during the tapering process. 
The coupled power versus the drawn length at different wavelengths and the depen­
dence on the polarization of the input wave can then be predicted. In summary, we 
have performed detailed analysis of the coupling characteristics, including the form 
birefringence, of fused biconical 2 X 2 optical fiber coupling devices with asymmetri­
cal structure based on full-wave boundary integral method. A 3-D vectorial model 
has also been established to simulate the polarization-dependent device function of 
realistic coupler structure. 
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JOINT-65.6 
FULL WAVE ANALYSIS OF GEOMETRICALLY COMPLEX ANISOTROPIC 

MMIC WAVEGUIDING STRUCTURES 

Magdalena Salazar-Palma', Luis-Emilio Garcia-Castillo 
E.T.S.l. Telecomunicaci6n, Universidad Politecnica de Madrid, Spain 

Email: salazar@gmr.ssr.upm.es, Tel.: 34-1-336-7358, Fax: 34-1-336-7362 

Accurate computation of the propagation characteristics of waveguiding structures 
is of paramount importance in the design of monolithic microwave integrated circuits 
(MMICs). In many cases such structures exhibit rather complex geometries. To start 
with, the fabrication process generally involves undercutting or overcutting effects in the 
metallizations. It has also been proposed the use of conducting strips with V cross 
sections and other peculiar shapes showing given advantages over the ordinary rectangular 
ones. Dielectric ridges, proximity between conductors and dielectric corners, mutual 
couplings, and so on, are other typical configurations and effects in high density packaged 
MMICs. Furthermore, MMICs are also physically complex structures, due to the use of 
multilayer techniques, with materials exhibiting dielectric and magnetic anisotropies. 

Since the early work of P.P. Silvester (Alta Freq., vol. 38, May 1969, pp.313-
317; IEEE Trans. Microwave Theory Tech., vol. MTT-17, Apr. 1969, pp.204-21O; etc.) 
up to date, the Finite Element Method (FEM) has demonstrated to be a powerful and 
flexible tool, able to deal with a wide variety of configurations and arbitrary shaped 
geometries. The FEM is very well suited to handel problems involving inhomogeneities 
and anisotropies. In fact the FEM formulation of such problems may be done in a 
straightforward way. The historical drawback of the FEM full-wave analysis of such 
structures, namely the appearance of spurious modes, that was also addressed by P.P. 
Silvester, together with Z. Cendes, already in 1970 (IEEE Trans. Microwave Theory 
Tech., vol. MTT-18, Dec. 1970, pp. 1124-1131), may be easily solved nowadays by 
means of discretizations based in edge elements. The accuracy of the FEM solutions may 
be enhanced by using higher order elements and curved elements, if curved boundaries 
are present (see F. Blanc-Castillo, M. Salazar-Palma, L.E. Garcia-Castillo, 25th 
European Microwave Conf. Proc., Sept. 1995, pp.444-448). 

Nevertheless, the accuracy of the FEM greatly depends on a proper discretization 
of the domain of definition of the problem, namely on the number and the size of the 
elements in which the domain is subdivided and, as a consequence, on the number and 
the distribution of the nodes where the degrees of freedom are defined. In general, the 
method is used in an iterative way applying it to a sequence of meshes, with an increasing 
'number of degrees of freedom, until a convergent solution is obtained. In fact, once a 
FEM code is available the user's most cumbersome task is to create an adequate mesh. 
The authors have recently published (see Ch. 16, in Finite Element Software for 
Microwave Engineering, John Wiley & Sons, 1996) a self adaptive mesh technique that 
provides numerical results to a prespecified degree of accuracy, The procedure 
automatically generates meshes well adapted to the electromagnetic field behavior, with 
local errors of the same order of magnitude. The achievement of these type of meshes, 
called equilibrated or optimal, ensures the maximum rate of convergence of the finite 
element method, minimizing the overall computational time required to obtain the final 
result. Thus, the self adaptive mesh technique is most adequate for the analysis of the 
complex MMIC waveguiding structures described previously. This paper will present its 
application to the full wave analysis of a number of such structures: anisotropic coplanar 
waveguides, multiconductor and multilayer structures with overcutting and undercutting 
effects, dielectric ridges, etc. Comparisons with results by other authors will be provided. 
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TREE-COTREE DECOMPOSITIONS FOR 
HIGHER ORDER TANGENTIAL VECTOR ELEMENTS 

J. B. Manges and Zoltan J. Cendes 
Ansoft Corporation 

Four Station Square, Suite 660 
Pittsburgh, PA 15219 

JOINT-65.9 

Edge-based finite elements have important applications in modeling both quasi-static and 
high frequency electromagnetic problems. Because they model the curl nullspace well, 
discretization of the curl-curl operator by all orders of tangential vector elements results in singular 
matrices. n was first demonstrated in 1988 that in the case of edge elements, this singularity is 
intimately related to the graph structure of the finite element mesh (R. Albanese and G. Rubinacci, 
"Integral Formulation for 30 Eddy-current Computation Using Edge Elements," lEE Proceedings, 
135, PI. A, pp. 457-462, 1988). 

Specifically, a tree-cotree decomposition of the edges of the finite element mesh was 
shown to sort edge variables into dependent and independent degrees of freedom for the curl 
operator. In approaching the matrix singularity issue in the high-order element case, the question 
therefore naturally arises whether this tree-cotree decomposition methodology can be 
generalized. This was accomplished in (J. Webb and B. Forghani, "A T-Omega method using 
heirarchal edge elements," lEE Proceedings, Sci. Meas. Technol., 142, No.2, pp. 131-141, 
1995). 

In the current work we wish to take a more fundamental look at how this generalization 
takes place, especially in regard to the properties of the underlying finite element space itself. We 
begin by presenting a unifying framework for the construction of 20 tangential elements that 
includes the familiar zero order and first order complete elements. A second order complete 
element is then constructed and its convergence rate is verified. Finally, the high order element 
tree-cotree decomposition is presented as an extension of the edge element (zero order) case 
and the theory is illustrated with examples from 20 electromagnetics. 
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JOINT-73.1 
Complementary Structures in Two Dimensions 

CarlE. Baum 
Phillips Laboratory WSQW 
3550 Aberdeen Avenue SE 

Kirtland AFB, New Mexico 87117-5776 

Self-complementary antennas are based on the Babinet principle in which 
electric and magnetic fields are interchanged (duality) with the structure invariant 
to this transformation. This paper develops self-complementary structures from 
the electric and magnetic parts of a complex potential as used in conformal 
transformation. This leads to various geometries of electrically small impedance 
sheets with relatively simply calculable admittance properties. However, the 
results are the same as those derived from the Babinet principle for more general 
electromagnetic scattering and antennas involving planar structures (not in general 
electrically small). 

This interchange of electric and magnetic potential functions for defining 
self-complementary leads to some generalization of the concept of self­
complementary structures. Starting from some self-complementary structure 
involving geometrical symmetry, (e.g., rotation, reflection, etc.), the original 
geometry can be changed to a generally non-symmetrical one via a conformal 
transformation. The values of the electric and magnetic potentials are unchanged 
by the transformation, thereby leaving the terminal impedance properties 
unchanged. So one can think of any single-port device (two terminals) with 

fg = 1 (or ilu = ilv) as self-complementary, and similarly for N-terminals devices 
with an admittance matrix. 

By including both Rs (in) and Rs (out) to fill the entire plane, and invoking 

reciprocation symmetry so as to make the electric and magnetic boundaries all lie 
on a common circle, one has a self-complementary geometry applicable to a 
special cylindrical TEM transmission line (plane wave). The N terminals occupy 
equal arcs, equally spaced around the circle. By a stereo graphic transformation 
(plane to sphere) a conical TEM transmission line (spherical wave) is defined. 
However, there are various possible stereographic projections depending on the 
selected radius of the sphere, and point of tangency of the sphere to the plane (i.e., 
not necessarily in the center of the circle). This gives various possible conical 
transmission lines, all with the same admittance properties. If desired, one can 
apply the stereographic projection back to a different plane to obtain yet other 
geometries for a cylindrical transmission line. All of these can be considered 
self-complementary in the generalized sense discussed above. 
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RADIATION AND SCATTERING BY ISOREFRACTIVE STRUCTURES 

Piergiorgio L. E. Uslenghi 
Department of Electrical Engineering and Computer Science (M/C 154) 

University of Illinois at Chicago 
851 South Morgan Street, Chicago, Illinois 60607-7053, USA 

An isorefractive body is made of a linear, isotropic and homogeneous material whose 
refractive index is equal to the refractive index of the medium surrounding the body, 
although the intrinsic impedances of the two media have different values. If a planar 
surface separates two semiinfinite media isorefractive to each other, an incident 
plane wave produces a reflected wave, and a transmitted wave which propagates in 
the same direction of the incident wave; both reflection and transmission coefficients 
are independent of angle of incidence and polarization of the primary wave. The fact 
that lateral waves on either side of a planar isorefractive boundary propagate with 
the same phase velocity has been utilized in obtaining an exact solution to plane 
wave scattering from a class of wedge structures (P. L. E. Uslenghi, IEEE Trans. 
Antennas Propagat., vol. 45, no. 1, Jan. 1997). 

If the surface which separates two isorefractive media is a coordinate surface in a 
system of orthogonal curvilinear coordinates for which the wave equation is 
separable, then the boundary conditions at the interface between the two media can 
be satisfied by mode matching and an exact, canonical solution to the boundary -
value problem is obtained. This exact solution is possible because the eigenfunction 
expansions of the electromagnetic field on either side of the interface contain the 
wavenumber as a parameter (and this has the same value in both media), but not the 
intrinsic impedance. 

Exact solutions are presented for plane-wave scattering by isorefractive elliptic and 
parabolic cylinders. The radiation from electric or magnetic dipoles located on the 
symmetry axis of an isorefractive prolate or oblate spheroid, or of an isorefractive 
paraboloid, is exactly determined. All these new canonical solutions are important 
not only per se, but also because they constitute limiting cases of more general 
solutions which may be developed in the future. 
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TOPOLOGICAL AND GEOMETRICAL CONSIDERATIONS 
FOR MAXWELL'S EQUATIONS ON UNSTRUCTURED MESHES 

Cynthia K aus', Department of Mathematics, and 
Richard W. Ziolkowski, Department of Electrical and Computer Engineering 

The University of Arizona, Tucson, AZ 85721 
Tel: (520) 621-6173, Fax: (520) 621-8076, E-mail: ziolkowski@ece.arizona.edu 

There is a great deal of interest in computational electromagnetics (CEM) to develop numerical 
methods based upon unstructured grids in three dimensions. Original attempts to achieve this have 
not been completely successful. Unusual late time instabilities occur which are directly connected 
to grid elements with some form of severe skewing. The actual cause of these instabilities and their 
late time appearance are not well understood. We believe that problems exist in the geometrical 
representation of the differential calculus on these unstructured grids and that the resolution to these 
numerical problems may be found with a systematic approach based upon connections between the 
associated global and discrete (local) mathematics. 

Maxwell's equations have a very natural representation in differential form notation. The 
exterior derivative, d, takes the place of the usual curl, gradiant and divergence operations and is 
independent of a change in coordinate systems. Maxwell's equations can be written in terms of 
the exterior derivative as dF = 0 and d * F = J where F = B + Edt is the field two-form and 
J = p - jdt is the current 3-form. The Hodge star oper~tor, *, which is dependent on the choice 
of metric, connects the basic field quantities through the constitutive relations B = I-' * Hand 
D = <*E. 

These differential form representations naturally lead to integral relations that can be localized 
to topological objects - the simplices, s., of the space. The integral relations are as follows: dEls. = 
-otBls. and dHls. = otDIS., where s. is the primary grid (simplices) and s, is the complementary 
grid. Using Stokes' theorem on each equation we obtain: Elos. = -otBls. and Hlos, = otDls,. 
The boundary operator, a, is a map which takes k-simplices into (k - i)-simplices. Its adjoint, 
a', the coboundary operator, takes (k -i)-simplices into k-simplices. Using the definition of the 
adjoint of a linear operator, we can determine the coboundary operator in terms of the boundary 
operator and a star operation which is analogous to the Hodge star operator. The integral relations 
can then be interpreted as follows: 

and G*OtB) Is: = EI(o*s:) 

We believe that this form of Maxwell's equations will lead to the desired discretization scheme 
if the underlying topology is properly preserved. For instance, this representation leads to the 
combinatorial Laplacian 6. = 0;0. + 0.+,0;+1 which can be used to show that the space of chains 
satisfies a Hodge decomposition: C. = B. EEllmo; EEl H., where B. is the image of 0.+, and H. 
is the kernel of the combinatorial Laplacian. The corresponding discretization scheme should then 
preserve the divergence properties of the original Maxwell system. The question still arises about 
which types of unstructured grids can be used such that this mathematical theory will still hold. 
The mathematical literature assumes tetrahedral elements are used for the primary grid, but we 
believe that the theory will hold with quadrilateral and parallelpiped elements as well. 

Our progress to date on these topological and geometrical considerations for Maxwell's equa­
tions on unstructured meshes will be discussed in detail in the presentation. 
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Coherent Scattering and Propagation Model 
for 

Coniferous and Deciduous Tree Canopies 

*Yi-Cheng Lin and Kamal Sarabandi 

Radiation Laboratory 
Department of Electrical Engineering and Computer Science 

The University of Michigan 
Ann Arbor, MI 48109-2122 

Phone: (313) 763-8162 FAX: (313) 747-2106 
Email: yclin@eecs.umich.edu 

ABSTRACT 

In this paper a coherent scattering and propagation model for coniferous and 
deciduous tree canopies is developed and tested. In contrast to the traditional 
incoherent approaches such as radiative transfer theory, the present model 
preserves the phase information of the scattered field, takes into account the 
coherent effects due to the tree structure and incorporates the inhomogeneous 
extinction profile within the tree canopies in the scattering formulation. This 
study has a number of important practical applications including remote sens­
ing of vegetation using polarimetric and interferometric SARs, performance 
evaluation of wireless communication systems near trees, and simulation of 
GPS measurements under vegetation canopies. 

The model comprises three major components: 1) accurate generation of 
t~ee structures, 2) modeling the interaction of electromagnetic wave with veg­
etation particles, and 3) the Monte Carlo simulation. Generation of tree ar­
chitectures is implemented by a stochastic fractal-based Lindenmayer systems. 
The electromagnetic problem is formulated by considering the tree structure as 
a cluster of scatterers composed of dielectric cylinders (trunks and branches), 
disks (broad leaves), and needles (needle leaves). The total scattered field is ob­
tained from the coherent addition of the individual scattering of each scatterer 
which is illuminated by a mean field. The mean field at a given point within 
the tree structure accounts for the accumulated attenuation and phase change 
caused by vegetation particles. Finally, the desired statistics of the scattered 
field is obtained using a Monte Carlo simulation. The model is successfully 
validated using the measured data acquired by SIR-C and JPL TOPSAR over 
the selected coniferous and deciduous stands in Raco, Michigan. 
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JOINT-73.8 
HEAVISIDE OPERATIONAL CALCULUS 

AND THE THEORY OF IMAGES 

Ismo V. Lindell 
Electromagnetics Laboratory 

Helsinki University of Technology 
Otakaari 5A, Espoo FIN-02150 FINLAND 

ismo.lindell~hut.fi 

The operational calculus originally introduced by Heaviside is shown 
to be directly applicable to forming image principles for various electromag­
netic structures. The image expression is reduced to the compact form of a 
pseudo-differential operator applied to the original source function The final 
step is an interpretation of this result in terms of computable functions. For 
complicated operators an approximation can be done at the last stage. The 
Heaviside method replaces previously applied, often heuristic, identification 
processes by a simple logical procedure. 

The method is demonstrated though some examples by finding im­
age solutions to selected electromagnetic problems. The general idea is shown 
first in terms of transmission-line concepts. As a first example the time­
harmonic problem of electromagnetic source in front of a planar interface of 
another medium is considered. The image solution has been worked some 
time ago by this author and colleagues under the label Exact Image Theory 
(IEEE Trans. AP 32(2)126-133,(8)841-847,(10)1027-1032), to improve various 
approximate image methods. The original derivation was loaded by rather 
complicated turns of algebra, which made it hard to digest. It is shown that, 
by applying the Heaviside method, the image expressions can be derived in the 
form of an operational expression through a few universal steps. As a second 
example, the electrostatic Neumann image for a dielectric sphere, previously 
obtained through more or less heuristic reasoning, is arrived at in a logical 
fashion. Novel image principles for the anisotropic half space and the rough 
interface are discussed at the end of the paper. 
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JOINT-77.1 
A Ray Tracing Technique for Predicting the Steady State Performance of 

Arbitrarily Shaped Reverberation Chambers 

D.-H. Kwon, R.J. Burkholder', and P.H. Pathak 
The Ohio State University ElectroScience Laboratory 

1320 Kinnear Road, Columbus, Ohio 43212 

A useful high-frequency asymptotic ray technique is presented for the efficient compu­
tational analysis of electrically large and arbitrarily shaped reverberation chambers. Such 
chambers are being considered as an attractive alternative to the usual anechoic chambers 
for the purpose of testing the effect of high strength electromagnetic (EM) fields, with rela­
tively arbitrary polarization, on objects containing vulnerable electronic components. The 
test object is placed within the chamber, and the chamber is excited by a source antenna 
or a waveguide fed aperture. The fields excited by the source build up to a high value 
via multiple wave interactions between the metallic walls of the chamber: hence the name 
reverberation chamber. A rotating "mode stirrer" may also be placed inside the chamber so 
as to try and produce a nearly uniform field distribution within the chamber much like in 
a conventional microwave oven. As a result, the test object can be subjected to an almost 
uniform high EM field with a relatively arbitrary polarization, thereby allowing a rapid 
testing procedure. While rectangular cavity shapes are of interest in the design of such 
reverberation chambers, other shapes are also being considered. 

To date, it appears that the analysis of such large metallic enclosures has been performed 
largely by using statistical power balance techniques which provide average field values 
rather than a detailed field structure, or by perturbational local plane wave procedures 
that may require the computation of a perturbational series. While a modal analysis of 
such cavities has also been presented previously for rectangular enclosures, this procedure 
is rather inefficient due to a very large number of modes present in the large cavity, and it is 
restricted to a handful of cavity shapes for which the wave equation is separable such that 
the modes can be found in closed form. A purely numerical solution may be used at lower 
frequencies of operation for which the chamber may not be electrically large, but would 
quickly become intractable at higher frequencies. 

Recently, a time domain ray tracing approach was proposed for analyzing the transient 
field build-up in a chamber, using a stepped input modulated at the steady-state frequency 
of interest (w). While this approach can be applied to arbitrarily shaped chambers and 
can predict the early-time field build-up, it was found that an unrealistically large number 
of ray reflections would have to be included to predict the steady-state fields because very 
little energy is lost when a ray reflects from the highly conductive metallic walls used in 
practice. (Although it was shown that the ray fields in lossier chambers do indeed converge 
to steady-state after a manageable number of reflections). The early-time transient field in a 
realistic chamber due to a stepped input is highly erratic, and there is very little evidence of 
the expected 1-e-'/T energy build-up, where 1" is the time constant of the chamber related 
to the quality (Q) factor by 1" = Q/w (D.A. Hill, et. ai., IEEE Trans. Electromag. Gompat., 
36, 169-178, 1994). However, it has now been found that a non-coherent summation of the 
power in each ray arriving at a point as a function of time is smoothly monotonic and has 
the expected 1 - .-'/T behavior. Furthermore, the time constant 1" extracted from this 
function using curve-fitting closely agrees with the time constant of reference chambers, and 
is relatively independent of the observation point in the chamber (although the steady-state 
level of the function may change with position). This strongly supports the supposition 
that the steady-state performance of a reverberation chamber may be predicted from the 
early-time transient behavior which is obtainable using ray methods. The ray tracing and 
1" extraction technique will be presented along with computed results for a rectangular 
chamber and compared with a reference solution. 
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JOINT-77.2 
Comparative Study of UTD and PTD Codes 

for Airborne Antenna Applications 

Jacob J. Kim* and Oren B. Kesler 

Texas Instruments Incorporated 
2501 West University Drive, MS 8019 

McKinney, Texas 75070 

If modern antenna systems are to function properly, the antenna radiation 
pattern must meet certain specifications. In fact, the antenna system performance 
is very much dependent upon the resulting antenna radiation patterns. For this 
reason, the design of airborne antenna systems requires radiation analysis of 
antennas on an aircraft structure. In recent years, many computer codes based 011 

low frequency numerical techniques (e.g., MoM, FEM, FDTD, etc.) have been 
developed to predict the radiation characteristics of various antenna types. 
However, the global modeling of the large electrical size of realistic aircrafts is 
not usually included in the full-wave analysis. Thus airborne antenna radiation 
analysis techniques in the literature generally employ high-frequency 
approximations such as uniform geometrical theory of diffraction (UTD) and 
physical theory of diffraction (PTD). 

Although there is a general understanding of the difference between UTD 
and PTD techniques, the capabilities of computer codes based on these techniques 
are not well known for airborne antenna applications. Thus we need a more 
accurate understanding of these techniques and the detailed capabilities of the 
computer codes to apply the prediction codes for optimum airborne antenna 
design. Currently there are three typical computer codes available for airborne 
antenna radiation analysis. The Ohio State University Aircraft code and 
NECIBasic Scattering Code (NECIBSC) are based on the UTD technique, and the 
DEMACO Apatch code is based on the PTD and Shooting & Bouncing Rays 
(SBR) technique. 

This paper compares the accuracy, compuational efficiency, and geometry 
modeling capabilities of the above analysis codes when the antennas are mounted 
on a large airframe such as an aircraft fuselage or wing. A systematic investigation 
of various assumptions and their limitations in such techniques has been 
undertaken. The results were compared with measurements. 
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JOINT-77.4 
UTD ANALYSIS OF INTER-ANTENNA EMC ON FULLY 

REALISTIC AIRCRAFT MODELS 

Vladimir Oliker 
Matis, Inc. 

1565 Adelia Place 
Atlanta, GA 30329 

Paul Hussar' 
lIT Research Institute 

185 Admiral Cochrane Drive 
Annapolis, MD 21401 

Previously, implementation of the Uniform 
Geometrical Theory of Diffraction (UTD) to solve 
antenna radiation and coupling problems in platform 
environments has relied on simplified platform geometry 
representation as an assortment of simple shapes such 
as cylinders, ellipsoids, plates, etc. In contrast, 
solution of scattering problems via the Physical Theory 
of Diffraction commonly relies on highly realistic 
flat-faceted platform CAD models. The availability and 
faithfulness of flat-faceted models of numerous 
military aircraft makes it attractive to consider 
whether the utility range of these models can be 
extended to include support of analyses of radiation 
and coupling problems via the UTD. Here, the 
applicability of flat-faceted models to the computation 
of aircraft inter-antenna coupling will be 
demonstrated. A general procedure, known as the 
Propagation Path Finder (PPF) has been developed to 
permit identification of UTD propagation paths linking 
points (representing antenna terminals) located in the 
vicinity of a single flat-faceted geometrical object of 
general shape. The employment of the PPF-computed 
paths in the analysis of inter-antenna coupling in 
terms of TJTD wedge-diffraction and surface-diffraction 
mechanisms will be described. In particular, it will 
be shown that realistic values for curved-surface 
geometrical parameters required by the UTD can be 
directly obtained from suitable flat-faceted aircraft 
representations. 
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JOINT-77.5 
SCATTERING BY THE UNIDIRECTIONALL Y CONDUCTING STRIP 

- COMPARISON OF DIFFERENT TECHNIQUES 

Olav Breinbjerg', Morten Vogh Jensen, Micha,el Lumholt 
Department of Electromagnetic Systems 

Technical University of Denmark 
DK-2S00 Lyngby, Denmark 

The plane wave scattering from a unidirectionally conducting CUEC) strip is analysed 
employing different approximate techniques. These are based on the exact analytical solution 
for the UEC half-plane problem and account for different scattering mechanisms such as first­
order edge diffraction, second-order edge diffraction and surface wave diffraction. The 
accuracy of the different approximate techniques is determined through comparisons with 
integral equation (IE) results. 

The UEC strip (-w S; x S; w, y = 0, -00 < z < 00) is illuminated by a plane wave incident 
from the direction (e i

, ¢ i). The direction of infinite conductivity is u = x cos a - z sin a. The 
UEC strip is modelled by two partly overlapping UEC half-planes occupying 
(x ~ -w,y = 0,-00 < Z < 00) and (x s; w,y = 0,-00 < Z < 00), respectively. For the surface 
current density, the following three approximate techniques are investigated: PO being the 
physical optics current for the infinite UEC plane, PO+FW being the superposition of the PO 
current and the fringe wave currents on the two half-planes, PO+FW+SW being the 
superposition of the PO+FW current and the surface wave currents on the two half-planes. 
For the scattered far-field, three approximations are calculated as the fields radiated by the 
aforementioned three sets of currents. A fourth approximation is based on edge diffraction 
coefficients extracted from the exact UEC half-plane solution. The techniques based on 
currents constitute a Physical Theory of Diffraction formulation while the technique based on 
diffraction coefficients constitutes a Geometrical Theory of Diffraction formulation. 

Results for the surface current density are shown below for one specific configuration. 
The accuracy of the different techniques and the importance of the SW current are apparent. 
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JOINT-77.6 
HIGH-FREQUENCY DIFFRACTION BY A STRIP 

ON AN INFINITE MATERIAL SLAB 

Sevtap Sapmaz and Kazuya Kobayashi' 
Department of Electrical and Electronic Engineering, Chuo University 

1-13-27 Kasuga, Bunkyo-ku, Tokyo 112, Japan 

The problem of diffraction by strips in the proximity of medium discontinuities is an 
important subject in diffraction theory, and it is relevant to several engineering applications. 
Regarding the diffraction by strips in a homogeneous medium, a number of papers were 
published and various significant results have been obtained. However, there are only a few 
contributions related to the diffraction problem where the strips are located between two 
media (J. M. van Splunter and P. M. van den Berg, Can. J. Phys., 57, 1148-1156, 1979; A. 
Biiyiikaksoy and G. Uzgoren, Radio Sci., 22, 183-191, 1987). In our recent paper, we have 
analyzed the high-frequency diffraction by a perfectly conducting strip located at the plane 
interface between two semi-infinite media using the Wiener-Hopf technique to derive lateral 
wave contributions and uniform asymptotic expressions for the diffracted field, which are not 
known in the previous works (S. Sapmaz, K. Kobayashi, A. Biiyiikaksoy and G. Uzgoren, 
lElCE 7tans. Electron., E79-C, 709-719, 1996). As an important generalization to the 
problem treated in our previous paper, we shall investigate in this paper the plane' wave 
diffraction by a strip located on an infinite material slab for both E and H polarizations 
by the Wiener-Hopf technique. 

The geometry of the problem is illustrated in Fig. 1, where "i is the incident plane wave 
of E or H polarization, and the regions y > 0, y < -d and the region -d < y < 0 are 
characterized by the relative permittivity /pel'meability (cl> 1',) and (C2' 1'2), respectively. In 
the figure, the perfectly conducting strip ofzero thickness occupies the region {(x, y, z)j 0 < 
x < I, y = 0, z E (-oo,oo)). Applying boundary conditions to the Fourier integral 
representations for the unknown scattered field, the problem is formulated in terms of 
the modified Wiener-Hopf equation, which is reduced to a pair of simultaneous integral 
equations via the factorization and decomposition procedure. The method of successive 
approximations is then applied, and the first, second and third order asymptotic solutions 
of the integral equations are derived explicitly for the strip width large compared with the 
wavelength. Taking the inverse Fourier transform and applying the saddle point method, 
the high-frequency scattered far field expression is derived. It is shown that the first order 
solution leads to the geometrical optics field, the singly diffracted field and the surface waves, 
while the second and third order solutions correspond to the doubly and triply diffracted 
fields, respectively. Numerical examples of the radar cross section are presented and the far 
field scattering characteristics of the strip are discussed. 

y 

Fig. 1. Geometry of the problem. 
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HIGH-FREQUENCY ANALYSIS OF ELECTROMAGNETIC 
FIELDS SCATTERED BY THE EDGES OF CYLINDRICALLY 

CURVED CONDUCTING SURFACES 

T. Ishihara* and T. Yamaki 
Dept. of Electrical Engineering 

National Defense Academy 
Hashirimizu, Yokosuka, 239, Japan 

High-frequency solutions for the diffraction of an electromagnetic 
wave incident on the edges of cylindrically curved perfectly conducting 
surfaces are examined in the present study. When the creeping wave or 
the geometrical ray is incident on one of the edges of the cylindrically 
curved surface, the edge diffracted rays, the surface diffracted rays, and 
the whispering gallery modes are excited in the respective regions. These 
waves again become the incident waves on the other edge of the 
cylindrically curved surface. Between the regions for the edge diffracted 
rays and the surface diffracted rays, the transition region surrounding the 
tangent to the surface at the edge of the cylindrically curved surface is 
appeared in the convex side. Also, the field points in the concave side are 
divided into two regions by the existence of the edges of the cylindrically 
curved surface; the creeping waves (or the surface diffracted rays) are 
observed in one of the regions, while those waves disappear in the other 
region. 

We have derived analytically the uniform asymptotic representations 
for the radiated field from the concave surface exited by the incident 
whispering gallery modes by applying the asymptotic techniques in 
evaluating the integral representation of the scattered field. We have also 
derived the asymptotic representation for the scattered field in the 
transition region between the surface diffracted rays and the edge 
diffracted rays. In order to obtain the smooth variation of the scattered 
field in the transition region in the concave side, we have derived the 
pseudo creeping wave representation. 

The asymptotic field representations proposed here are compared 
numerically with the results calculated from the moment method. 
Numerical comparisons with the reference solution reveal the validity and 
the utility of the various asymptotic representations and the pseudo 
creeping wave representation. Also shown are the transient 
electromagnetic scattered fields excited by the incident pulse with 
truncated Gaussian time variation. 
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JOINT-77.8 

ON RADAR INVISIBILITY OF AN IMPEDANCE WEDGE 

Andrey V. OSIPOV 
Institute of Radio Physics, St. Petersburg State University 

Uljanovskaja 1, Petrodvorets, 198904 RUSSIA 

This paper presents the far-field analysis of the electromagnetic scattering from a 
wedge of exterior angle 2<1> with impedance faces. It starts with Malyuzhinets' 
solution (G.D.Malyuzhinets, Sov. Phys. Dokl., 3, 752-755, 1958) for diffraction 
of a plane wave in a wedge-shaped domain defined in the polar co-ordinate 
system by O:s; r < +co and - <I> < I/J < <I> with <I> ~ 7r / 2, while the material 
properties of the wedge faces are described by an associated Brewster angle e 
that relates to the normalised surface impedance through the relation '7 = sin e if 

the field is H polarised, or through '7-1 = sin e for E-polarised field. At large 
distances from the edge of the wedge where r» A and A is the wavelength, the 
Malyuzhinets solution is evaluated asymptotically and a simple expression for the 
backscattering diffraction coefficient of an impedance wedge is derived. It is 
demonstrated that the monostatic tip diffraction from a wedge of arbitrary angle 
can be made to vanish by appropriate choice of the surface impedance. The 
unique value of impedance is always real, and explicit formula is given for its 
evaluation. The figure shows the monostatic backscattering echowidth a / A (in 
dB) of a wedge with <I> = 77r / 8 as a function of the observation angle I/J for 
several values of the face impedances: e = 7r / 2 - curve 1, e = 7r / 5 - curve 2, 
e = 7r / 8 - curve 3, e = 7r /10 - curve 4, e = 0 - curve 5, and e = ioo - curve 6. 
Curves 2 and 3 demonstrate the phenomenon of the "invisibility" of an 
impedance wedge at I/J '" ±37" and I/J = 0", respectively, because in these 
directions the backscattering diffraction coefficient nullifies. Also in a notable 
vicinity of those observation angles, the RCS level remains rather low, lower than 
that of the so-called absorbing wedge with normalised surface impedance unity 
(curve 1). 
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In Search of a Physically Realizable Perfectly Matched Absorber 

Raj Mittra & Douglas H. Werner 
EE Department & Applied Research Laboratory 

Pennsylvania State University, University Park, PA 

The quest for an efficient absorber for microwave frequencies has had a very long 
history because of its potential application in the reduction of reflection from radar targets. 
One promising candidate that has been extensively researched in recent years is the chiraI 
medium which has been shown to absorb microwave energy, though for a limited range of 
frequencies and incident angles. Since it is desirable for the absorber to perform over a 
relatively wide band of frequencies as well as range of incident angles, and since none of 
the available candidates satisfy these criteria sufficiently well, a vigorous search for such 
an absorber still continues unabated today. 

Recently, Berenger introduced the concept of a Perfectly Matched Layer (PML), and 
demonstrated that a haIf-space of such a medium is indeed non-reflecting, regardless of the 
frequency, angle of incidence and polarization of the incidence wave. Subsequently, a 
whole host of authors have found alternate descriptions of such a medium, using, for 
example, a stretched coordinate system (Rappaport, IEEE Microwave Guided Wave Lett., 
5, 90-92, 1995), anisotropic constitutive parameters (Sacks et aI., IEEE Trans. Antennas 
Propagat., 43, 1460-1463, 1995; Gedney, IEEE Trans. Antennas Propagat., 44(12), 
1630-1639, 1996), and an unsplit representation (Mittra and Pekel, IEEE Microwave 
Guided Wave Lett., 5, 84-87, 1995; Veihl, Ph.D. Dissertation, 1996). It has been 
adequately and unquestionably verified that the PML indeed possesses the kind of 
remarkable non-reflecting characteristics claimed by Berenger in his originaI paper. 
However, while the PML concept has been extensively applied for mesh truncation in 
Finite Difference Time Domain (FDTD) and Finite Element (FE) codes, neither the split­
field representation of Berenger, nor the stretched-coordinates or anisotropic medium 
representations have, ~ yet, been translated into a physically-reaIizable absorbing medium 
that can actually be fabricated. There are several obvious reasons for this: Berenger's 
equations contain split, non-physical E and H-field components; the coordinate streching 
cannot be accomplished in practice as it can be on paper; and, the anisotropic E and J.I. 
tensors have negative real conductivities in one of their elements. More recently, at the 
1996 AP-S/URSI symposium, Zilkowski has provided an insight into the fundamental 
differences between the chiraI and PML-type media, and has gone on to propose the 
concept of a time-dependent Lorentz medium that also possesses absorbing characteristics 
similar to PML. However, to date, the development of a physically realizable version of 
this medium is still pending. 

The objective of this paper is to develop a version of the PML equations, derived from 
their unsplit fonDS originally introduced by Mittra and Pekel, that has the potential for 
systematic translation into an artificial (but physical) dielectric/magnetic medium with the 
desirable absorption characteristics over a broad band of frequencies and a wide range of 
incident angles. Unlike a chiral medium, the proposed PML neither relies upon the 
resonance characteristics of the inclusions, nor on the absorption characteristics of the 
background medium in which they are embedded. The geometrical characters of the 
inclusions themselves are very different than those of the helices and loop-dipole 
combinations employed in the chiral medium, and are comprised, instead, of periodic 
arrays of discs, knots, and variants of these configurations. 
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Fractal Superlattices and Scattering: 

Lacunarity, Fractal Dimension and Stage of Growth 

Aaron D. Jaggard*t and Dwight L. Jaggardt 
*Department of Mathematics tMoore School of Electrical Engineering 
Wheaton College Complex Media Lab., Univ. of Pennsylvania 
Wheaton, IL 60187 Philadelphia, PA 19104-6390 
adj@pender.ee.upenn.edu jaggard@pender.ee.upenn.edu 

Introduction 
Reflection and transmission properties of finely divided fractal layers 

(superlattices) are formulated, solved analytically, and characterized for variations 
in lacunarity (texture or "gappiness"), fractal dimension, and stage of growth. The 
scattering coefficients are found for different stages of fractal growth using a 
doubly recursive method. This computational technique efficiently provides the 
reflection and transmission coefficients for a large number of interfaces. This is a 
continuation of the initial research [D. L. Jaggard and A. D. Jaggard, Optics Lett. 
22, 145-147 (Feb. 1, 1997)] on the effect oflacunarity on fractals and waves. 

Reflection from Superiattices 
Fractals are characterized by their 

self-similarity and are invariant under 
change of scale. The research 
reported here is concerned with the 
reflection and transmission of electro­
magnetic waves from polyadic 
superlattices. We characterize wave 
interactions with these structures and § 
relate scattering properties to:;:: 
geometrical fractal descriptors such as a. 
lacunarity, fractal dimension, and 
stage of growth. The results for valid 
for arbitrary angle of incidence. 

The analytical solution developed 
here displays the functional form of 
the solution of a family of fractal 
structures which are formed through 
iteration. In this way, the iterative 
nature of the geometry is directly 
related to the iterative nature of the 
solution and the physics of the 
problem is linked to its mathematics. 

Reflection from stage one and 
stage two of a three-gap fractal § 
superlattice is shown as a function of :;:: 
kL (normalized superlattice length) a. 
and a measure of lacunarity (epsilon). 
Light regions denote large reflection 
and dark regions denote nulls. Note 
the fine structure of second stage of 
growth (lower plot) when compared 
to its first stage of growth counterpart 
(upper plot). 
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JOINT-100.4 
Fractal Apertures: The Effect of Lacunarity 

Dwight L. Jaggardt and Aaron D. Jaggard*t 
tMoore School of Electrical Engineering *Departrnent of Mathematics 
Complex Media Lab., Univ. of Pennsylvania Wheaton College 
Philadelphia, PA 19104-6390 Wheaton,IL 60187 
jaggard@pender.ee.upenn.edu adj@pender.ee.upenn.edu 

Introduction 
Electromagnetic waves can be used to remotely extract information on the fractal 

nature of a structure through observation of the scattered fields. Here, the 
wavelength of the incident fields is used as a variable length electromagnetic 
yardstick to interrogate the multi-scale nature of a family of fractal apertures. The 
goal is to investigate the effect of fractal type, fractal dimension, lacunarity, and 
stage of growth on the diffracted fields. 

This work has applications to the synthesis of new arrays and apertures based 
on fractal geometry. The first work in this area considered the fractal distribution of 
array elements for robust, sparse linear arrays [Yo Kim and D. L. Jaggard, Proc. 
IEEE 74, 1278-1280 (1986)]. More recent work has investigated fractal antenna 
elements as well as self-similar apertures. The latter forms the basis for the 
research reported here. 

Diffraction from Fractals 
Fractals are characterized by their self-similarity and are invariant under change 

of scale. This dilation symmetry can be used to calculate the diffracted fields 
through iteration. The amount of space a fractal occupies is measured by its fractal 
dimension. The texture or "gappiness" of a fractal is measure by its lacunarity. Of 
particular interest here is the effect of lacunarity on diffraction. 

This research builds on previous investigations of triadic Cantor targets [D. L. 
Jaggard and T. Spielman, Microwave and Optical Tech. Lett. 5, 460-466 (August 
1992)] and two-dimensional generalized Cantor apertures [D. L. Jaggard, T. 
Spielman, and M. Dempsey, IEEE AP-S/uRSI Meeting, Ann Arbor (1993)]. 

Fractal Apertures 
Examples of fractal apertures are shown below. On the left is the triadic cantor 

target while on the right is a Cantor square. The iterative process used to generate 
these apertures allows one to find closed-form solutions for the diffracted fields. 

Here we fmd the self-similarity of the apertures below and others is evident in 
their diffraction patterns. 

•• •• •• • • •• •• •• • • 
•• •• •• • • •• •• •• • • 

•• •• •• • • •• •• • • • • 
•• •• •• • • •• •• •• • • 
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JOINT-l00.5 

Recently, we introduced and studied the idea of electrostatic fractional image 
methods for perfectly conducting wedges and cones using the tool of fractional 
calculus [N. Engheta, "Electrostatic "Fractional" Image Methods for Perfectly 
Conducting Wedges and Cones" IEEE Trans. on Antennas and Propagation, Vol. 
44, No. 12, pp. 1565-1574, Dec. 1996]. This idea was based on our earlier work 
on the concept of fractional multipoles in electromagnetism [N. Engheta, "On 
Fractional Calculus and Fractional Multipoles in Electromagnetism" IEEE Trans. 
Antennas & Propagation, Vol. 44, No.4, pp. 554-566, April 1996]. In that image 
method, we have shown that for the two-dimensional (2-D) electrostatic potential 
distributions in front of a perfectly conducting wedge with arbitrary wedge angles, 
and for the three-dimensional (3-D) potential in front of a perfectly conducting cone 
with arbitrary cone angles, electric potentials can be described equivalently as the 
electrostatic potentials of sets of equivalent "image" charge distributions that 
effectively behave as "fractional-order" multipoles, hence the name "fractional" 
image methods. The fractional orders of these so-called fractional images depend 
on the wedge angle (for the wedge problem) and on the cone angle (for the cone 
problem). 

In the present work, we have been able to extend this fractional image 
method to the case of 2-D electrostatic potential of a dielectric wedge with arbitrary 
wedge angle. It is well known that the electrostatic potential due to a 2-D static 
uniform line charge in the presence of a 2-D dielectric wedge can be solved using 
Poisson's equation [see, e.g., R. W. Scharstein, "Mellin Transform Solution for 
the Static Line-Source Excitation of a Dielectric Wedge", IEEE Trans. on Antennas 
and Propagation, Vol. 41, No. 12, pp. 1675-1679, Dec. 1993, and K. I. 
Nikoskinen and I. V. Lindell, "Image Solution for Poisson's Equation in Wedge 
Geometry," IEEE Trans. on Antennas and Propagation, Vol. 43, No.2, pp. 179-
187, Feb. 1995]. In our fractional image method for the dielectric wedge, which 
uses the concept of fractional derivatives/integrals, we show that the potential 
distribution can be expressed in terms of electrostatic potentials of several 
"fractional-order images" that are situated at various locations. We also 
demonstrate that the magnitudes and fractional orders of these fractional images 
depend on parameters such as the relative dielectric constant of the wedge and the 
wedge angle. As expected, in the limit of infinite relative permittivity these results 
approach those of the fractional images for the perfectly conducting wedges. In this 
talk, we present some of our recent results of this study and discuss physical 
insights and justifications into these findings. 
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JOINT-100.7 
Scattering Dyadic for Self-Dual Target 

Carl E. Baum 
Phillips Laboratory WSQW 
3550 Aberdeen Avenue SE 

Kirtland AFB, New Mexico 87117-5776 

One of the symmetries one can impose on a target is that of self-duality, i.e., 
invariance to interchange of electric and magnetic parameters (including dyadic 
constitutive parameters). With this symmetry, the scattering dyadic describing the 
scattering of electromagnetic waves attains special properties. A result valid for 
general incidence and scattering directions in that rotation of the incident field 
about the direction of incidence is matched by an equal rotation of the scattered 
field about the direction of scattering. For forward scattering the two rotation 
directions are the same, but for backscattering, they are opposite. The temporal 
waveforms are invariant to this transformation. In backscattering, this makes the 
scattering dyadic symmetric without having yet assumed reciprocity. Various 
point symmetries of the target also introduce simplifications (symmetries) in the 
scattering dyadic. In backscattering, if there is a reflection plane through the 
observer, the scattering dyadic becomes diagonal (with only one independent 
element) when referred to appropriate transverse (h,v) axes. If there is an N-fold 
rotation axis passing through the observer, the backscattering is zero for N;::3. 

In forward scattering, the scattering dyadic is a combination of the "'transverse 
identity and a rotation (only two independent components). For a target with 
inversion symmetry, the scattering dyadic is invariant to reversal of the direction 
of incidence (and scattering). This also applies to special cases of rotation and/or 
reflection symmetry with an axis or normal to the reflection plane parallel to the 
direction of incidence. If inversion symmetry is combined with reciprocity, the 
scattering dyadic is proportional to the transverse dyadic (no depolarization). 

For low frequencies (wavelengths large compared to the target) the scattering 
is dominated by the induced electric-and magnetic-dipole moments. For self-dual 
targets, the two polarizabilities are equal. This gives an invariance to combined 
reversal of directions of incidence and scattering. For the special symmetries of 

tetrahedral (T), octahedral (0), icosahedral (Y), and spherical (03) (including 
reciprocity), the forward scattering is polarization independent for all target 
orientations. 
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Multipath Mitigation in Compact RCS Ranges Using the Network Model and 2-D 
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P.O. Box 134001, Ann Arbor, MI 48113-4001 

stach@erim.org, lahaie@erim.org, lebaron@erim.org 

Recent studies on error budgets for compact RCS ranges have indicated that nonuniform 
illumination of the target can be a significant source of measurement error, particularly if 
the target RCS is characterized by large dynamic range variations (specular flashes, etc.). 
These deviations from an ideal plane wave illumination can arise from both the finite aper­
ture of the collimator (either a reflector or an array) as well as from multipath reflections 
off the chamber walls/structures, and become most significant at the lower frequency lim­
its of the range, where the reduced size (in wavelengths) of both the aperture and the 
absorber treatment makes it more difficult to confine the energy in a well-collimated 
beam. While there has been recent work on accurately characterizing the range illumina­
tion imperfections using 2-D (planar) field probes and/or flat plate scanning, little research 
has been done on using this information to mitigate the resulting RCS measurement errors 
(which we will refer to in general as "multipath"). 

We will present a technique for multipath error mitigation based on the network model 
(NM) algorithm (J.F. Stach, Proc. AMTA, 178-181, 1995). The NM algorithm uses the 
knowledge of the range illumination to perturb a moment method model of the target so 
that it is consistent with the contaminated RCS measurements. It then uses the perturbed 
model to predict the RCS under ideal plane wave illumination. The perturbation is per­
formed in a minimum norm sense, and the accuracy of the prediction is dependent on the 
accuracy of the underlying MoM target and illumination models, as well as on the diver­
sity and signal-to-noise ratio of the measured RCS data. A key aspect of the NM tech­
nique is the need to predict the target RCS under the (known) nonideal illumination. 
Because most available MoM codes are restricted to plane wave illumination, it is desir­
able to represent the range illumination as a discrete spectrum of plane waves. Conven­
tional Fourier analysis of 2-D field probes will yield such a representation, but because of 
its poor resolution at lower frequencies, an extremely large number of plane waves (on the 
order of the number of probe samples) are needed to accurately represent the field. This in 
tum leads to an excessively large burden in the MoM computations. We will demonstrate 
the use of a coherent, 2-D nonlinear spectral estimation algorithm called 2-D Parametric 
Maximum Likelihood (PML) (S.R. DeGraaf, Proc. ASSP Workshop Spectrum Est. and 
Mod., 391-396, 1988) to provide an accurate representation of the field in terms of a small 
number (10-20) of plane waves, thereby significantly reducing the computational burden. 

We will present numerically-simulated results of multipath mitigation using a simple, 
generic model for the compact range illumination. The tradeoff between target/illumina­
tion model accuracy, data diversity, and measurement noise will be illustrated. We will 
show that the multipath contamination can be reduced to the level of the residual measure­
ment errors using a relatively simple MoM model for the target. 
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JOINT-1 05. 1 
DUALITY IN ANTENNAS 

R. C. Hansen 
Consulting Engineer 
Tarzana, CA 91357 

Duality in physics between waves and particles is 
well known. There is also a duality in antenna theory 
between current distributions and discontinuities 
which is less well known. Accelerated charges, or 
varying currents, radiate (Jackson), whereas uniform 
currents do not radiate. Nonetheless all of us 
calculate antenna patterns as the Fourier transform of 
a current distribution and from this one readily 
calculates radiated power and radiation resistance. 
An example is the thin dipole with a sinusoidal 
current distribution. A more complete integral 
transform, performed in 1932 by Carter, yields the 
exact near-fields of the thin dipole, and of course 
radiation resistance and reactance. It is the shape 
(and phase) of the current distribution that leads to 
exact near-fields. 

Examination of Carters result leads to the dual 
model; the near-fields consist of three spherical 
waves in cylindrical coordinates. A spherical wave 
radiates from each end of the dipole, and a third 
spherical wave emanates from the center, if the 
dipole length is different from half-wavelength. The 
standing wave of current might be considered to be 
comprised of two oppositely directed travelling waves, 
and in fact probably all non-constant current 
distributions are composed of some combination of 
travelling waves, leaky waves, and surface waves. 
Thus the dual approach to a dipole assumes the 
sinusoidal current distribution to be produced by two 
travelling waves. These travelling waves do not 
radiate along their length, but radiation occurs at 
the discontinuities: the ends and center of the 
dipole. The complete dual calculation was made 
possible when Chang computed the reflection 
coefficient for a wire using the Weiner-Hopf 
technique. New insight into the behavior of antennas 
might be provided from the consideration of reflection 
coefficients experienced by uniform currents at 
various types of discontinuities. 
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Ronald 1. Marhefka 
The Ohio State University 
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JOINT-105.2 

The Uniform Geometrical Theory of Diffraction (UTD) has been used 
successfully for a long time in the analysis of antennas in the presence of large 
scattering structures. One of the features that has made it useful is that it 
represents the scattering and radiation from an object as discrete localized centers. 
This concept came from asymptotic mathematical theory (stationary phase, end 
points, etc.) as well as physical insight into how light interacts with bodies. At 
frequencies pertinent to communication and radar systems, we more or less took 
the concept on faith. Modern visualization tools allow us to view the scattering 
centers and make one to one correlation of them to our previously hypothesized 
UTD ray paths. The measurement and theory compare, so we are confident in the 
validation of both concepts. 

The process of correlating high resolution measurements with UTD can be 
very useful in many ways. To illustrate this point, an example of scattering from 
plates will be discussed. From a UTD point of view, first order far zone scattering 
from plates can be modeled by radiation from their vertices only. On comparing 
calculated with measured patterns, it is discovered that classical asymptotic 
theories (UTD, PTD, etc.) that include first order and even edge to edge 
diffractions do not predict all the lobes measured. A technique to define a new 
additional vertex component that accounts for these missing lobes has been 
developed. In order to determine the proper interpretation and to validate the 
results, plates were measured over sufficient angle increments and frequency 
bandwidths. The data is processed into the image domain, the returns from 
everything but a localized vertex region is gated out and the data is transformed 
back to the pattern domain. This leaves a result presumably scattering from just 
the chosen vertex. Comparing the new vertex diffi-action coefficient comprised of 
the original first order plus the newly developed vertex component with the 
localized measurements shows excellent agreement validating both results. 

These same scattering centers can apply to antenna radiation as well. Data 
for ultra-wide band rhombic type antennas used in SAR applications measured by 
Young and Gwynne indicate that along with the feed point, vertex locations are 
points of radiation. 
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THE INTERPRETATION OF BODY CURRENT 
DISTRIBUTIONS IN DESIGNING LOW-RCS SCATTERERS 

Steven Castillo 
The Klipsch School of Electrical and Computer Engineering 

New Mexico State University 
Dept. 3-0, Box 30001 
Las Cruces, NM 88003 

The design of a low Radar Cross-Section (RCS) body is an optimization 
process. However, the number of variables affecting the RCS is overwhelming. 
Typically, the design procedure is performed using physical intuition together 
with a high-frequency analysis of the scatterer. In such a case, coupling 
between various parts of the body is small so that the total RCS can be 
considered to be the sum of the individual, independently calculated RCS 
contributions. 

As the frequency is decreased,.-the coupling between the various parts of 
the body increases so that each part can no longer be analyzed seperately. 
Thus, a full-wave solution of the scattering problem must be used. Once 
the RCS is calculated for the scatterer at a given frequency, the question 
arises as to what is contributing to the calculated (or measured for that 
matter) RCS? Considering only the relative magnitude of the currents on 
the body can lead to erroneous conclusions since the phase relationships 
between the fields produced by the currents are being neglected. Standard 
imaging techniques that rely on artificially added bandwidth that are robust 
in the high-frequency regime also fail at lower frequencies since the strong 
coupling between various regions on the scatterer as a function of frequency 
is neglected. 

Examining the coherent, contributions of each of the current elements 
(a single patch for a moment-method solution) to the far field is an accu­
rate method of determining the contribution of the currents to the total 
RCS. Coherent, far-field contribution data is easily extracted from an ex­
isting method-of-moments (MoM) code without adding any computational 
complexity. In this paper, we examine the use of coherent, far-field contri­
bution data for several different scatterers over moderately wide frequency 
bands. Conclusions will be given concerning the affects that changes in a 
given geometry as well as a change in frequency can have on the RCS of 
some relatively simple shapes. 
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JOINT-105.4 

Abstract: Radiation is claimed to be energy emanated from structures when there is 
acceleration or deceleration of charges flowing in that system. In an approximate fashion, the 
radiation fields are given by the time domain by aA/at or in the frequency domain by -jroA. The 
objective of this presentation is how to characterize radiation from transmission lines and 
discontinuities in transmission structures. A unified methodology is presented to illustrate why 
a dynamic solution procedure is required to extract radiation characteristics. Based on the unitary 
properties of the s-parameters for loss less networks it is possible to predict the power leakage 
from a discontinuity and thereby localize the area of energy loss. The presentation will illustrate 
the details of the analysis of open line transmission structures including the dynamic analysis 
which is used to solve for the current distribution on the entire structure. Once the current 
distribution is known, two planes are selected at which the current distribution is decomposed 
into forward and backward travelling waves and other higher order evanescent and propagating 
modes. Based on the dominant mode the s-parameters can be computed and since the mUltiport 
s-parameters form a unitary matrix for lossless structures, the amount of power that is radiated. 
Numerical examples will be presented to illustrate the application of the methodology. 

The objective of this presentation is to illustrate that it is possible to localize regions 
where the power loss has occurred. Since one is analyzing lossless devices, the power loss from 
a region can be directly related to radiation as there is no other mechanism through which 
powerloss can occur in a loss less circuit. 
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An analytical investigation of the loaded V -dipole as a transient radiator 

S. M. Booker' 
Department of Mathematics 

New Jersey Institute of Technology, Newark, NJ, U.S.A. 

P.O. Smith 
Department of Mathematics and Computer Science 

University of Dundee, Dundee, Scotland, U.K. 

In recent years there has been considerable and growing interest in the potential of transient 
electromagnetics for a wide variety of applications. The development of such applications 
depends, in part, on a better understanding of the physical processes underlying transient 
radiation. 

A direct time domain analysis of a V-dipole antenna loaded with an arbitrary impedance 
profile is presented. The V-dipole is assumed to support initially a transient current pulse 
which propagates outwards along the antenna arms; the form of this pulse is directly related 
to the voltage applied to the antenna feed point. The far field radiated by the loaded V­
dipole is determined from this ansatz yielding an approximation for the early-time radiation 
in a simple integral form. The integral obtained is trivial to evaluate, and in many cases a 
closed form solution may be obtained. 

Two examples are presented of a V-dipole antenna excited by a gaussian voltage source: the 
perfectly conducting V-dipole, and a V-dipole antenna loaded with a Wu-King impedance 
profile. Closed form solutions may be obtained for these two examples and these are shown 
to be in excellent qualitative agreement with published theoretical and experimental results. 

The approach presented here has significant practical value since it provides an early-time 
approximation of the far field radiated by a loaded wire antenna, without recourse to nu­
merical computation. In addition, the method provides a clear physical insight into the 
temporal processes involved in transient radiation from such a structure. The role of direct 
time domain analysis in describing the physical behaviour of transient radiators is thor­
oughly examined. 
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JOINT-105.7 

It is well known from the basic principles of Electrodynamics that the 
origin of the radiation field lies in acelerated charges (Panofsky and Phillips, 
Addison Wesley, 1962). This explains why from a macroscopic point of 
view the origin of this field is related to the time derivative of the current. 
Based on this concept, in this paper we study the local variation with time 
of the effective velocity of the charges defined as vet,s) = I(t,s)/Q(t,s) along 
several wire structures, such as curved wires and antennas with concentrated 
or distributed loadings. The goal is to identify where the charges are 
accelerated and to relate the local variations of the velocity to the places 
where the radiation originates. Besides the interest of this study as a 
fundamental problem in electromagnetism, these results could fmd a 
practical application in the control of the the radiation of antennas and 
RCS. 

The study is carried out by feeding the thin wire structures with a 
Gaussian pulse and computing vet,s) along the wire using the code 
DOTIG 1 (A. Rubio Bretones, R. G6mez Martin and A. Salinas, COMPEL, 
1989). This code is based on the solution of the thin-wire Time-Domain 
Electric Field Integral Equation (TD-EFIE) by the method of moments 
(MM), using a marching-on-in-time procedure. In this procedure, the TD­
EFIE is discretized in space and time, and the unknown distribution of 
induced current at a time step is expressed in terms of previously-calculated 
current values, and in terms of the known incident field. The charge is then 
calculated using the continuity equation. 
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Radiation Center Identification by Normalized Pattern 

Function Imaging 

J.S. Gwynne* and J.D. Young 
The Ohio State University ElectroScience Laboratory 

Department of Electrical Engineering 
Columbus, Ohio 43212 

A technique that is applicable to ultra wide bandwidth (UWB) and ultra 
wide angle (UWA) antennas is presented that isolates and characterizes the 
radiation centers from either measured or theoretical complex pattern data. 
The approach is very well suited for those involved with UWB/UWA SAR 
imaging. It provides a means for characterizing the radiation from the antenna 
at all angles in terms of attenuation and dispersion relative to the boresight 
response. Evaluating the antenna effects on the overall SAR image quality is 
much more intuitive with data presented in this form. 

By viewing the antenna as a transducer with a set of complex transfer func­
tions describing the transmit and receive properties, this approach simplifies 
the analysis by normalizing to the boresight response. The normalized bore­
sight receive and transmit transfer functions are equal and are referred to 
as the normalized pattern function. Viewing these data in the time and fre­
quency domains has proven to be very useful where, as an example, a waterfall 
plot showing the normalized pattern function as time versus angle reveals the 
antenna's radiation centers. By carrying this one step farther, images can be 
created that focus the radiation centers into a two dimensional spatial domain. 

Results of several common antennas will be presented in the frequency, time, 
and image domains. In each, radiation centers will be located and off boresight 
performance will be described. This includes data from a horn, log periodic, 
slotline bowtie hybrid, and sinuous antenna. 
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JOINT-1 06. 1 
COMPLEX PERMITTIVITY MEASUREMENT FROM 

COAXIAL CABLE MUTUAL COUPLING 

T.S. Bird & D.B. Hayman 
CSIRO Telecommunications & Industrial Physics 
PO Box 76 Epping NSW 2121 AUSTRALIA 

A number of techniques is available for non-invasive measurement of the complex 
permittivity of dielectric materials. Two common methods involve one- or two-port 
measurement in either a closed structure, such as a coaxial-transmission line or 
wavegnide, or in an open environment, such as for single or two-in-line apertures 
radiating into the material under test. Another possible two-port approach, which 
has received relatively little attention to date, uses mutual coupling between a pair of 
co-planar apertures. Two examples of this arrangement for coaxial cables are 
shown in Fig. l. Coaxial cables are usually preferred for material measurement 
because they can be calibrated over a wide, continuous band of frequencies. 
Providing there is an accurate solution for the cross-coupling between the apertures, 
then the solution can be used to determine the complex permittivity of the material. 
The solution for scattering parameters of both coaxial structures in Fig. 1 is 
available (Bird, lEE Proc. - Microw. Ant. Propag., 143,265-271,1996). For the 
case of separate apertures (Fig. 1b), S21 was shown to be significantly dependent 
on the permittivity. An explanation for this is that S21 is approximately 
proportional to the factor exp( -jkes), where s is the centre-to-centre spacing of the 
cables and ke is the wave-number in the material under test. 

(a) 
Fig. 1: Dual coaxial cables 

(b) 

This paper describes the use of the solution for cross-coupling between coaxial 
cables (Fig. 1 b) to determine the complex permittivity of materials. The approach 
with dual-coaxial cables is similar to a one-port coaxial probe measurement, except 
that now four complex parameters are involved. Care should be taken in preparing 
the dual-coaxial cable mount to ensure that the cables finish flush with a large, 
smooth ground plane. The mount is placed in contact with the material under test 
and the two-port scattering parameters are measured using a network analyser. The 
measured data is then matched to the theoretical solution by adjusting the real and 
imaginary parts of the complex permittivity using a least-squares cost function in an 
optimization loop. Weighting paranleters in the cost function allow the emphasis of 
the four scattering parameters to be adjusted from a simple one-port evaluation to a 
full two-port one. Examples of the use of the method will be presented for several 
materials, including polyethylene and distilled water. 
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Calibration and Modeling of a Large Broadband Coaxial 
Nearfield Sensor for Dielectric Measurements 

William H. Weedon' 
Applied Radar Analysis 

14 Union Street, Suite 2, Watertown, MA 02172 

Wei Shi 
Department of Electrical and Computer Engineering 

Northeastern University, Boston, MA 02115 

JOINT-106.2 

Nearfield coaxial sensors have been used many times in the past for the measurement of the 
dielectric constant and loss factor of materials including liquids, rocks, and biological media, to 
name a few. Many sensors, including commercially-available sensors, have an aperture that is 
small compared to the smallest wavelength in the "unknown" medium. This allows quasi-static 
analysis techniques (N. Marcuvitz, Waveguide Handbook, New York: MIT Radiation Laboratory, 
1951; D. K. Misra, IEEE Trans. Microwave Theor. Techniq., Vol. MTT-35, 1987) to be utilized 
to develop expressions for the sensor input admittance. Recently, a large open-ended coaxial 
probe (G. P. Otto and W. C. Chew, IEEE Trans. Instrumen. and Measurement, Vol. 40, 1991) 
was developed for measuring materials with large-grain heterogeneities, such as rocks and 
concrete, in order to average out the variations in complex permittivity due to the irregularities. 
Quasi-static based methods cannot be used for this sensor at high frequencies (- I GHz) since the 
aperture is not smaller than a wavelength in the medium. 

In this work, two numerical models are used in place of the quasi-static analysis procedure to 
compute the input admittance of the probe for various complex dielectric media as a function of 
frequency. The first numerical model is a mode-matching solution that was developed by Otto 
and Chew. The second numerical model is a finite-difference time-domain solution computed in 
cylindrical coordinates. The two numerical models are compared with each other and with 
measurements for certain known media, such as water and methanol, and are shown to give good 
agreement. 

The numerical models are then used to compute the probe's input admittance versus a range of 
real and imaginary dielectric constant values and frequency. A multi-term polynomial 
approximation to the input admittance, including various combinations of powers of real and 
imaginary dielectric constant, is then generated for each measurement frequency. The polynomial 
model is then used as the basis for a least -squares conjugate gradient inversion scheme for 
computing the complex dielectric constant from the measurements. In this manner, an accurate 
physical model is utilized for the sensor, while retaining a fast numerical scheme for inverting the 
measurements. 
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JOINT-106.3 
Radio Frequency Characterization of Ferrite Materials 

Qin Yu' and Thomas W. Holmes 
ITT Automotive, Inc. 
Body and Electrical Systems MS-F43 
2040 Forrer Blvd., P.O. Box 1804 
Dayton, OH 45401-1804 

Krishna Naishadham 
Department of Electrical Engineering 
Wright State University 
Dayton, OH 45435 

Miniature ferrite core inductors (also known as chokes), consisting of a thin wire 
wound on a high-permeability magnetic material, find useful application in the suppression 
of electromagnetic interference (EMI) in electronic systems. In addition to the designed 
inductance of the choke, the parasitic self-<:apacitance and winding resistance play an 
important role in its useful operating frequency range, defined to be the frequency span 
below the first self-resonance. The resonant frequency and the quality factor (Q) depend 
on several parameters, including the distributed capacitance and the magnetic material 
properties. In some applications, such as automotive electronic systems, it is required to 
design chokes with useful frequency range extended into the RF range (100 MHz to 1 GHz), 
implying shifting up the self-resonant frequency by reducing the parasitic capacitance. At 
high frequencies, it is imperative that the field confinement in the underlying magnetic 
material be understood in order to minimize the parasitics. In this paper, we discuss a novel 
method to measure the frequency-dependent magnetic characteristics of ferrites at RF. 

At RF, parasitic resistance resulting from winding and core losses, and stray capacitance, 
preclude direct measurement of the impedance. These parameters are strongly influenced 
by the helix curvature, geometry of the winding and the core material characteristics. 
Therefore, we develop a measurement technique for estimating the material characteristics 
and the equivalent impedance of both toroidal and slug-type chokes, using a Vector Network 
Analyzer (HP 8753) with a specially designed coaxial test fixture, which minimizes the 
impedance mismatch in the measurement path. The proposed method is considerably more 
accurate than existing methods of measuring the impedance of ferrite core inductors using 
LCR bridges [Bartoli et aI., J. Circuits, Sys. and Comp., pp. 607-626, 1995], because 
it eliminates the assumption that the inductance may be approximated by its quasi-static 
value. This assumption is valid only for low self-resonant frequencies (about 10 MHz), 
and severely breaks down for RF chokes. The measurement method consists of two steps: 
(a) determining the shift in the resonant frequency of a given choke by connecting, in turn, 
two precisely known capacitors in shunt with the choke, and (b) comparing the change in 
impedance between ferrite core and air core inductors with no external capacitors connected. 
In each case, the frequency is swept around the resonant frequency to obtain measurements 
over a fairly wide band. The former measurement yields the parasitic capacitance and the 
inductance, while the latter provides a method to compute the complex permeability of the 
material. With slug-type cores, one obtains only the "effective permeability", which is 
significantly different from the actual material permeability because of a large air gap. The 
toroidal choke, on the other hand, directly results in fairly accurate material permeability, 
because the field is well-<:onfined to the core. The measured results for toroidal chokes 
compare within 20-25% of manufacturer's specifications at low frequencies, but, more 
importantly, show that the useful operating frequency range of certain Mn-Zn chokes can 
be extended into the RF regime. For one such choke, the self-resonant frequency was close 
to 200 MHz, and the magnetic loss was quite small up to 700 MHz. 
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ESTABLISHMENT OF A NIST SERVICE IN 
DIELECTRIC STANDARD REFERENCE MATERIALS 

Claude M. Weil· and Michael D. Janezic 
Electromagnetic Fields Division (813.08) 

National Institute of Standards and Technology 
Boulder, CO 80303-3328, USA 

JOINT-106.4 

There exist increasing needs in industry and elsewhere 
for dielectric and magnetic standard reference materials 
(SRMs) that have been well-characterized in the 
RF/microwave frequency spectrum. These enable industry 
to assess the accuracy of their own measurement systems 
and to help establish some degree of traceability in 
dielectric and magnetic characterization measurements 
back to NIST. The latter issue is of importance to 
industry for such purposes as quality assurance, vendor 
qualification, etc .• 

This talk will describe efforts currently underway to 
establish a certified NIST service in dielectric SRMs. 
The basic criteria used for selecting candidate materials 
for use as dielectric SRMs will be discussed, as will 
details of how this service is expected to work. Five 
different low-loss polymers, glasses and ceramics have 
been tentatively selected for use as dielectric SRMs: 

Polytetrafluroethylene (DuPont FEP), 
Cross-linked Polystyrene (Rexolite), 
Fused Silica Glass (Corning 7940), 
Alumino~Silicate Glass (Corning 1723), 
Alumina (Coors Vistal), 

e ' R 
e ' R 
e ' R 
e ' R 
e ' R 

2.05 
2.53 
3.82 
6.15 
9.97 

The SRM selected for use by the customer will be 
initially machined into a 60-rom diameter sample and 
subsequently characterized at 10 GHz in the NIST TEOln 
mode cylindrical cavity resonator to expected accuracies 
of ±0.5% in e' and ±0.00005 in e". In the final step of 
this process, a smaller sample of this material is 
machined to the customers specifications. 

The talk will also review the uncertainty estimates 
developed for the cavity resonator, which have enabled 
NIST to specify the anticipated SRM accuracies quoted 
above. We will also review data on measurement 
repeatability using multiple samples of the same SRM. 
This provides data on the sample-to-sample variability 
and material homogeneity. We will also discuss the 
anticipated long-term stability of these materials. 
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JOINT-106.5 
USE OF GAUSSIAN BEAMS TECHNIQUES FOR 

DIELECTRIC PERMITTIVITY MEASUREMENT IN FREE SPACE 

Mihai Gabriel SERBAN, Dumitru D. SANDU, Octavian RUSU, Paul GASNER 
"Al.I.Cuza" University, Faculty of Physics 

Blvd. Copou, no. II, lasi, RO-6600, ROMANIA 
E-mail: mgserban@uaic.ro 

Free space methods are contactless and nondestructive, this making them 
adequate for on-line quality control in industry and agriculture. Unfortunately the 
errors' level is high, because the relations that describe the interaction of microwaves 
with the sample are based on the classical "plane electromagnetic wave" approach. In 
a real experiment the antenna radiated field has a beam shape and depends on 
position and the "plane electromagnetic wave" condition cannot be realized even if 
are used focalized microwave beams obtained with lens corrected antennas. 

We have developed a new approach of free space, reflection type methods, 
using a Gauss-Laguerre beam mode decomposition of the field radiated by the 
antern1a used in our experimental setup. This technique allows a good description of 
the radiated field in the near, medium and far zones. We use a scalar horn for which 
almost 98% of the power is carried by the fundamental Gaussian beam mode, that 
permittiing us to consider only the fundamental Gaussian beam mode in our analysis. 

The reflection coefficient for the fundamental beam mode is deduced using 
a plane wave spectrum representation of the incident Gaussian beam. The reflected 
field is a superposition of Gauss-Laguerre beam mode. The characteristics of the 
reflected beams are obtained as a function of plate thickness and permittivity. Ifthe 
permittivity ,md thickness of the sample are in usual limits almost 99.5% of the energy 
is transferred in the fundamental Gaussian beam mode and we may consider only this 
mode in the reflected field. 

The reflected field is received by the same antenna. The received signal is 
obtained evaluating the integral of the product between the function that describes the 
structure of anternm radiated field and the incident field, in a normal plane extending 
to infmity. Using only the Gaussian beam modes the deduced relations are simple. 

This approach eliminates the need of considering the errors arising in usual 
free space meausurements because the real structure of the fields are considered. The 
only error that must be modelled is due to the multiple reflections between sample and 
antenna. We modelled the multiple reflections considering that at the aperture plane 
the unabsorbed energy is reflected also like a Gaussian beam. 

Using this model we obtained the expression for the received signal as a 
function of antenna-dielectric plate distance and dielectric plate characteristics. 

The real and imaginary parts of the relative complex permittivity were found 
from the obtained expression of the received signal using a conjugate gradient method 
technique using an initial guess for .t;,.. 

Experimental results show a good agreement with results obtained using other 
methods. 
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JOINT-1 06.7 
Coated spheres as constituents of a novel artificial dielectric and 

as scatterers in a Photonic Band Gap material 
Sissy A. Kyriazidou* a 

Nicolaos G. Alexopoulosb 

Rodolfo E. Diazc 

a Electrical Engineering Department 
University of California, Los Angeles 90095 

b Electrical and Computer Engineering Department 
University of California, Irvine 92697 

C Northrop Grumman Co. 

Abstract 

The model for a novel artificial dielectric is presented, motivated by 
the explanation of the optical transparency of water by Diaz (Nicolaos G. 
Alexopoulos, Rodolfo E. Diaz, to appear in IEEE Trans. Ant. and Prop. 
1997). The proposed material consists of coated spheres. The parameter space 
of the system is thoroughly analyzed and, for specific choice of the electrical 
properties of the core and shell, it exhibits a transparency window over a small 
band of frequencies. The frequency selective properties are exhibited in the 
bulk without relying on antenna-mode resonances of elements, thus bypassing 
the usual drawbacks of Frequency Selective Surfaces used today. Radomes, 
reflectors and filters constructed of such a material would have no inherent 
limitation on their topology, nor would they exhibit unwanted passbands. 

Moreover, the model of the coated sphere is studied as a periodically 
embedded scatterer within a dielectric for the formation of a three-dimensional 
Photonic Band Gap (PBG) material. In analogy to a semiconductor crystal 
that exhibits electron band gaps, a PBG crystal is characterized by photonic 
band gaps which prevent the propagation of electromagnetic waves of spe­
cific energies in certain directions. Such a control over the electromagnetic 

, wave propagation may have a wide range of applications for instance in novel 
antenna structures, Frequency Selective Surfaces and integrated circuits (mod­
ulation of electron-hole recombination rate) among others. In this paper, the 
particular crystal resulting from the periodic implantation of coated spheres 
is examined as a function of the dimension and electrical properties of the 
coating. Emphasis is given on the structures that promote the existence of a 
photonic band gap. Analytical results are presented within the dipole approx­
imation (Bethe small-aperture theory) and further extensions are discussed. 
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JOINT-106.8 
Observation of Dielectric Temperature Coefficient 
Image Using Photothermal Dielectric Microscope 

Yasuo Cho and Teruaki Kasahara 
Dept. of Electrical and Electronics Eng., Yamaguchi University 

Tokiwadai, Ube-shi 75.5, .Japan 

Introduction Numerous dielectric materials have been developed with the 
progress of microwave telecommunication and satellite broadcasting, and they 
have various dielectric properties according to the respective microwave appli­
cation. Among such properties to be considered when we design a dielectric 
material, one of the most important and general properties is temperature char­
acteristics of dielectric constant. Normally, temperature coefficients of dielectric 
constant have been determined from the temperature response of the resonant 
frequency using the resonant cavity method, so that the obtained coefficient by 
this method is macroscopic average value of the coefficients distributing in the 
dielectric material. However it is easily understood that microscopic measure­
ment for the distribution of the temperature coefficients of dielectric constant 
provides more precise information for designing the material than that obtained 
by the macroscopic measurement. In this article, two dimensional image of the 
distribution of the temperature coefficient of the dielectric constant of a two 
phases composite ceramics composed of Ti02 and Bi2 Ti4 0 11 is observed using 
scanning photothermal dielectric microscope. 

Observation of dielectric temperature coefficient image A schematic 
diagram of the a scanning photothermal dielectric microscope system is shown 
in Fig.l. The coaxial resonator probe with a capacitor specimen, combined with 
a translation stage, is the basis of the microscope system. It measures the mi­
croscopic area distribution of temperature coefficient of materials. The probe 
is connected to the oscillator tuned to the resonance frequency of the probe. 
The localized alternating temperature change due to the absorption of the fo­
cused chopped light causes the localized alternating variation of the capacitance 
because of its temperature characteristics, so that the oscillating frequency is 
modulated by the change of capacitance. By detecting this FM signal using FM 
demodulator and lock-in amplifier, we obtain a voltage signal proportional to the 
capacitance variation. Using this system, we measured a two dimensional image 
of the distribution of the temperature coefficient of dielectric constant of the 
ceramics for microwave application which is composed of only two phases, Ti02 
and Bi2Ti4 0 11 . Ti02 has a large negative temperature coefficient of dielectric 
constant of r,=-876ppm;oC whereas Bi2Ti4 0 11 has a large positive coefficient 
of r,=+1034ppm;oC. The result is shown in Fig.2. The clear temperature coef­
ficient image corresponding to the two different grains was obtained. 

Fig. 1 Schematic diagram. 

25 50{J.lm) 

14mV 

t .. 
Fig. 2 Dielectric temperature coef­

ficinet imaRe. 
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Antenna Effects in Reverberation Chamber Measurements 

David A. Hill*, John M. Ladbury, and Galen H. Koepke 
Electromagnetic Fields Division. 

National Institute of Standards and Technology 
Boulder, CO 80303 

USA 

JOINT-106.9 

Reverberation chambers (also called mode-stirred chambers) are finding increased 
use for EMC measurements (radiated emissions or immunity). A reference 
antenna measurement is generally used to determine the power density or field 
strength in the chamber. The effective area of a reference antenna in a well-stirred 
chamber is usually assumed to be A, 2/81t which can be interpreted as the effective 
area of an isotropic antenna (A,2/41t) times a polarization mismatch factor (112). In 
practice the effective area of the reference antenna can be reduced by impedance 
mismatch or dissipative loss, but these factors have usually been neglected because 
they are difficult to evaluate. 

Impedance mismatch can be analyzed as a free-space term plus a term which 
depends on the chamber volume and quality factor (Q). Chamber Q can be 
calculated or measured (D.A. Hill, M.T. Ma, A.R. Ondrejka, B.F. Riddle, M.L. 
Crawford, and R.T. Johnk, IEEE Trans. Electromag. Compat. 36, 169-178, 
1994). We have.recently used a network analyzer to perform S-parameter 
measurements for a variety of antenna/chamber configurations. These 
measurements yield the impedance mismatch of both the transmitting and receiving 
antennas and allow a comparison with the theory. Antenna efficiency reduction 
(due to dissipative loss) is more difficult to analyze or measure, but some estimates 
can be made from measured data. 

Small electric or magnetic field probes are also used to measure chamber field 
strength. They present a special case of receiving antenna, but are not impedance 
matched because of their capacitive (for electric field probes) or inductive (for 
magnetic field probes) impedance. Instead, they are normally calibrated in a 
different facility (such as an anechoic chamber or a TEM cell) and respond to a 
linear component of the electric or magnetic field at a point. We have taken 
extensive 3-axis, electric-field probe data, and the measured electric field 
magnitude is consistent with power density measurements taken with a reference 
antenna. 
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JOINT-10S.10 
ELECTROMAGNETIC FIELD SENSORS CLOSE 

TO SCATTERING STRUCTURES 

G. Monien H. Singer 

Department of Theoretical Electrical Engineering 
TU Hamburg-Harburg - 21071 Hamburg - Germany 

The measurement of electromagnetic field components and their uncertainty is influenced 
by numerous parameters, which have to be considered when analyzing the measurement 
results. Furthermore, the influence of the sensor on the surrounding environment has to 
be taken into account. Until now the different sensor structures were optimized under 
the aspect of reducing the deviation, but only a few investigations were dealing with 
the measurement of the field components close to scattering structures. This problem is 
investigated by a computer program for numerical field calculation (CONCEPT) with 
the aim to describe specific limitations using different sensor types. 

The sensor properties may be evaluated by the comparison of the measured field value 
with the undistorted field. The resulting deviation is influenced on one hand by the 
nonlinear frequency response and on the other hand by the field inhomogeneity and 
coupling to adjacent structures. 

The field inhomogeneity can be considered as the mean value of the field over the sensor 
surface or the cross section in comparison with the field value at the measuring point. 
A strong correlation to the measuring deviation was found. For electrical field sensors 
this connection may be realized with the help of the reaction theorem. The open-circuit 
voltage is calculated by 

UL = ~ { JAE; dA 
I}A 

using the surface current J A and the electric field strength E; of the incident undistorted 
field (A Reaction Theorem and Its Application to Antenna Impedance Calculations, 
J.H.Richmond, IRE AP, vol. AP-9 no. 6, Nov. 1961). Considering the surface current to 
be uniform and equal to one yields a resulting value corresponding to the mean value of 
the field. For magnetic field sensors it is possible to obtain a similar dependency upon 
the sensor voltage from the surface integral over the time derivation of the magnetic field 
strength. 

The coupling offield sensors to neighboring structures consists of a capacitive or inductive 
part as well as a part of radiation. The dominating one depends on the geometry of the 
sensor, the structure and the field sources. The coupling corresponds to the variation t.z 
of the complex antenna impedance 

t.Z = Z -.!, { JsE; dS = Re{t.Z} + j * Im{t.Z} 
I is 

S is the surface of the scattering structure, Js the surface current, E; the undistorted 
incident field and I the source current of the sensor. The imaginary part is rapidly decre­
asing and is equal to zero' at distances large compared with the sensor size. The radiation 
coupling exists also for higher distances but has less influence on the measurement de­
viation. 

After the presentation of the different parts yielding a deviation in the vicinity of scat­
tering structures, limiting values are given for the specific sensor types which may help 
to avoid uncertain measurement results. These limits are illustrated by typical examples, 
which will be compared with analytical and measured data. 
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JOINT-106.11 

The measurement of low nonlinear distortions requires a measurement setup which is 
distortion free in the used dynamic range. The analysis of protection circuits for radio 
direction finder antennas are a typical application. The types of nonlinear distortions are 
harmonics and intermodulations. Harmonics are multiples of the base frequency. 
Intermodulations are undesired modulation products between signal frequencies in case 
of a multiple frequency input. For measurement purposes a dual frequency input is 
assumed. In practice the intermodulation products are more important, because partially 
they come very close to the signal frequencies, so they cannot be removed by filters. 

1--h:-D-ri--lQ :b:j~:~.i~~ers Ab.]J~btl.;;~iOO 
......... : 012 ,J. l: "\, :. ..... 3 

, .... Power omb\ner L-"""T"---' 

Spectrum Analyzer Generators CirculatorSpec Analyzer 

a) 

Fig. 1: Setups/or the measurement a/harmonics (left) and intermodulations (right) 

The measurement of harmonics (Fig. la) requires a signal generator with little 
harmonics. The signal passes the OUT, e.g. the antenna protector, the spectrum 
consisting of the base frequency and its harmonics is displayed on the spectrum 
analyzer. 

The measurement of intermodulation products is more complicated (Fig. lb). Two 
signals are summed in a power combiner. The dual frequency signal is fed into the OUT 
and displayed with close intermodulation products on a network analyzer. A particular 
problem in the setup are intermodulation products generated in the generator outputs, 
because the combiner does not isolate the two signals perfectly from each other, a small 
amount of the signal from one generator reaches the output of the other generator. 
Combiners based on transformers (hybrid combiners) isolate better than combiners 
which simply consist of a three-resistor star. Hybrid combiners can reach isolations of 
30 dB. If the DUT does not match perfectly with the line impedance, reflections impair 
isolation, because in reverse direction the combiner divides the signal. In this case an 
isolator between the combiner and the OUT suppresses reflections. An isolator can be 
realized with a circulator of which one port is terminated with the characteristic 
impedance. So the signal from the combiner is fed into the OUT, but the reflected signal 
will be absorbed by the resistor at the third port. For VHF applications circulators are 
realized with active circuits which will be discussed in detail. 

If the generator drivers are not linear, additional linear amplifiers can be used. The 
lowest harmonics and intermodulations are obtained with MOSFETs. Some circuit 
concepts will be discussed. Concerning the harmonics only, the design of the oscillators 
is also an issue. To generate stable oscillations the loop amplification must be greater 
than one, so the amplitude would grow until the active element clamps without an active 
amplitude control. The quality of the feedback also determines the spectral purity. 
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JOINT-118.4 
Analysis and Design of Microstrip 
Circuits Using Neural Networks 

Esmat AF. Abdallah*, M.A. Abou El-Soud** 
Ali Abo Zaid**, and Abd El-Halim M. E1chiaty* 

* Electronics Research Institute, El-Tahrir st., Dokki, Cairo, Egypt. 
** Fac. of Eng., Mansoura Univ., Egypt. 

In this paper the artificial neural network technique (ANN) is used as a mapping 
algorithm in order to produce a new method for microwave device models. This method is 
used since it is a robust and good in correcting the error or interpolating a certain pattern 
using the interpolation generalized property. 

A visual software package was designed for analog and digital networks using the 
backpropagation training algorithm. The package was optimized to overcome some 
problems in other packages and has the following global characteristics: 

Three kinds of learning protocols; batch mode learning (off line), switched pattern 
learning (on line), and pattern to pattern learning. 
Fast backpropagation using transformed cost function which follows the fast error 
correction. 
Over 120 neurons per layer can be learned. 
Editing and writing patterns inside the program. 

This software package was applied to fit the characteristic curves of the microstrip 
transmission line that were used in Presser Graphical Technique. The results were found to 
be satisfactory in calculating the effective dielectric constant. It was also applied to 
calculate the dispersion G-factor of Owens. More accurate results were obtained by using 
only two layers containing three neurons for the first hidden layer and one neuron for the 
output layer. 

Finally, the neural network technique was used to design a small signal narrow band 
amplifier operating at 3.5 GHz using gallium arsinide FET transistor ATF-25735. First, 
the S-parameters were interpolated from the discrete values given in the data sheet of the 
transistor. This technique is used in this case as a single interpolation machine for the eight 
parameters (magnitude and phase) at each frequency and the results were compared with 
the spline interpolation of the eight parameters. It should be noted that our model has the 
advantage of only having one neural network to interpolate eight different curves over the 
whole frequency range of the transistor. So, it can be used in CAD programs without using 
the dedicated programming technique. Second, the ANN was used to interpolate the noise 
parameters of the transistor over the frequency range given in the data sheet. 

Another visual software package has been designed to facilitate the microwave amplifier 
design using microstrip circuits making advantage of the neural network interpolation for 
the transistor S-parameters. An amplifier was designed using the aforementioned technique 
and fabricated using thin film teclmology and tested. Good results were obtained. 
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JOINT-125.1 
Microwave Characterization of High Temperature Superconductor 

Films Using Dielectric Resonator Measurements 

Krishna Naishadham* 
Department of Electrical Engineering 
Wright State University 
Dayton, OH 45435 

Eric K. Moser 
Materials Directorate 
Wright Laboratory, WLIMLPO 
Wright-Patterson AFB, OH 45433 

Dielectric resonators (DRs), formed by sandwiching a cylindrical piece of polished 
dielectric material (sapphire) between two planar high temperature superconducting (HTS) 
thin-films, offer an attractive platform for microwave testing of HTS materials. They also 
find dual use as components inlow-noise microwave receivers and satellite communications 
systems. In this paper, we report measured results on the surface resistance of polished 
niobium and YBCO films using miniaturized open DRs (i.e., the DR is not packaged in 
a metallic cylindrical cavity as is usually done in practice [Z. Y. Shen, High Temperature 
Superconducting Microwave Circuits, Artech House, 1994]). Packaging the DR in a 
metallic cavity introduces the cumbersolne process of de-embedding the case modes, and 
the associated decrease in accuracy if the sample is not concentrically placed in the cavity. 
The open DR is tested in our experiments as a two-port system using a vector network 
analyzer configuration, by exciting and detecting the modal fields with loop-terminated 
coaxial cables. The observed Q factor of the resonator is a gauge of the surface resistance 
of the endplates, an important property for the microwave characterization of HTS thin 
films. 

In HTS DR measurements, because ofthe extremely high Q's (of the order of 1 (6) result­
ing from very low dissipation, the measured parameters are very sensitive to the background 
"noise" contributed by the coupling mechanism, fixture parasitic modes, temperature­
dependent cable losses, radiation, etc. Our objective of testing superconducting samples 
adds the complication of cooling the resonator to cryogenic temperatures. Because the res­
onant frequency shifts substantially as the temperature is varied, and because the properties 
of the test cables and coupling loops vary with temperature, maintaining accurate calibration 
is difficult. The loop coupling fixture is inherently difficult to compensate, because multiple 
measurements such as thm-reflect-load (TRL), routinely used for the calibration of room 
temperature measurements, cannot be accomplished at cryogenic temperatures within rea­
sonable repeatable accuracy. In this paper, we report an accurate calibration and parameter 
extraction procedure based on non-linear least squares minimization using the Marquardt 
algorithm. In this model, transmission line theory is applied to effectively filter out the 
background noise contributed by cable losses and fixture parasitics, and the geometrical 
attributes of Q-circles traced out by the measured data in the complex impedance space 
[D. Kajfez, Q Factor, Vector Fields, 1994] are determined, from which one calculates the 
unloaded Q of the DR. We discuss the utilization of this method in the characterization of 
HTS DRs with small area thin-films (about 10 mm2), at frequencies in the 20 - 40 GHz 
range, and at temperatures below the transition value (Tc) for the films. It is believed that 
the cryogenic measurements reported in this paper for frequencies in the Ka band are the 
first of their kind for HTS materials. 
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