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ABSTRACT

In this final report , we summarize the technical accomplishments

in various research areas investigated with the support of the Army

Research Grant DAMCO4 74—G0l13 during the period February 1, 1974

through January 31, 1977.

$1”

f 
_ _ _ _ _



TABLE OF CONTENTS

Page
I. INTRODUCTION 1

II. TECHN ICAL DESCRIPTION 2

1. In..egrated Circuits 2
2. Numerical and Asymptotic Techniques

in Electromagnetics 3
3. Digital and Optical Processing 4

III. REFERENCES 6

APPENDIX I: List of Publications Sponsored Under This Grant  8

APPENDIX II: Technical Reports 24

APPENDIX III : Papers to be Published 42

ii



-•

I. INTRODUCTION ~
‘ 4

~During the past th ree years we have invesUgated a rather broad

array of topics that include microwave and quasi—optical  integrated

circuits, coherent optics and the application of numerical and asymptotic

techniques to radar scattering and antenna Problems .) In the following

sections we briefly describe some of the important accomplishments in

these areas and .I1st the scientific publications describing the research

results.
H’
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II. TECHNICAL DESCRIPTION

1. Integrated Circuits

Work on components for microwave integrated circuits was continued

from the past grant period with emphasis being placed on the development

of efficient techniques for analyzing distributed circuit components. To

illustrate the application of the transform method of solution which was

previously developed [11, the problem of computing the characteristics of

microstrip resonators was investigated and the numerical results were

reported (21 for a resonator of rectangular shape.

New directions of research on integrated circuits were initiated

dur ing this grant period with a view to bridging the gap between the

microwave and optical integrated circuits. This effort led to the develop-

ment of new concepts in quasi—optical and millimeter waveguides as well

as components [3 ,41 suitable for integrated circuit systems in the 20—90

CHz (or even wider) frequency range. Various types of p1an~r waveguide

structures with different types of materials were fnvestig .~ted . The

designs that showed the most promise appeared to be the “Inverted Strip”, or

the IS gulde3which consists of a dielectric (€i
) slab mounted on a

dielectric 
~~~ 

guide of rectangular cross section resting on a conducting

plane . An extensive study of the IS guide was carried out for the choice

of quartz for and teflon for G
2
,and the results were found to be very

encouraging. Near—field measurements were made to verify tha t the inverted

strip design indeed confines the fields in a region away from the ground

plane , a key requirement for reducing conductor losses. Techniques for

the theoretical analysis of open dielectric waveguides were developed using

the concept of ‘equ ivalen t dielectric constant ’ that allows efficient and

accurate analysis of the dominant modes propagating in such w~ivegu1des.2



The theoretical results were correlated with experimental measurements and

good agreement was demonstrated between the two.

In addition to the waveguides a number of integrated c ’.~cuit components ,

e.g., directional couplers and resonators,were also investigated , both

theoretically and experimentally and the results were reported [5 ,6).

During the next grant period we plan to investigate yet another

form of the IS guide [7] which employs a single dielectric (Stycast Hi—K)

design, thus making it convenient for fabrication using,for example, injection

molding or etching techniques. Refined methods for analyzing these wave—

guides will also be developed , particularly with a view to accurately

deriving the propagation characteristics in open dielectric waveguides .

In addition to millimeter waveguides, the problem of excitation

of optical fibers was also investigated and the optimum dimensions

of the system were computed [81 of higher—order modes which are usually

present in such waveguides.

2. Numerical and Asymptotic Techniques in Electromagnetics

Extensive research into important aspects of numerical and asymp-

totic techniques in Electromagnetics has been carried out during the

past three years under the present grant . The effect of different testing

functions in the moment method solution of thin—wire antenna problems has

been investigated [9), and some definitive conclusions with regard to the

moment method approach to numerically solving electromagnetic problems

have been derived . We have also investigated other anomalous characteristics

of the moment method , viz., the unstable nature of the matrix when the

frequency of the incident wave is in the neighborhood of the internal

resonant frequencies of a scatter . Methods for alleviationg this type

of difficulty were devejoped and described in a journal paper [10]
,3



A new method for solving the problem of scattering from electrically

large structures with application to radar scattering problems was developed .

The novel technique, called the “Spectral Theory of Diffraction ” [lii , not

only provides a new explanation of the failure of the ray theories at the

so—called “trouble—reg ions ,” e.g. shadow boundaries and caustics ,but shows

how these difficulties can be circumvented . The spectral approach is also

useful for systematic improvement of high frequency asymptotic solutions

as has been demonstrated with a number of practical examples [ill — [13].

This feature , which has not been available hitherto in the ray techniques ,

opens up new avenues for solving complex problems for which the methods

based on the Geometrical Theory of Diffraction are not sufficiently

accurate. Further developments of the spectral technique are planned in

the future.

Another important problem in the area of numerical e..ectrolnagnetics

that we have investigated involves a monopole antenna situated on a

finite ground plane [141. The current distribution on the ground plane and

the antenna itself have been calculated both for the antenna operating in

the receiving and transmitting mode . The numerical approach followed in

this work differs from conventional techniques and was chosen because it

gives stable solutions for the current distribution on structures with

edges, whereas the singularity of one of the current components introduces

difficulties in the commonly used intregro—differential equations.

3. Digital and Optical Processing

Primary emphasis On research In this area was devoted toward the

problem of digital imaging of incoherent sources and to the problem of

decoding, deconvoluting or reconstructing these images recorded using a

coding aperture [15 ,16).

4



p
Relative advantages of digital processing techniques over their

optical counterparts have been pointed out , particularl y from the point

of view of reducing the distortion in the image.

The problem of correcting the image aberration using a coherent

optical data processing technique and a holographic technique for

deblurring the image has been reported .

I.
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Spectral-Domain Approach for Calculating the
Dispersion Characteristics of Microstri p Lines

T~~l ’ .l ~() FF011 •a~~u R~~J M l i i

Abstract—The boundary value problem associated with the open
microstrtp (me structure i~ fo~n lated ~n teSmS c~( a z~go~oua, hyb~rd-
mode representation. The resulting equations are subsequently
transformed , via the application of Galerk in ’s method in the s pectral
domain , to yield a characteristic equation for the dispersion proper-
ties of the open inicrostrip line.

~~~~~~~~~ Irr, i~ ‘‘I •.~-ember 2~ . I~~72 r~’s j .c,I t.,,,,~.r, 2~ , 117 . TI,i~. w,,t L
~~~~~~~~~~~ I,, part t~ - tI~. I ‘,nted ~,ot,• , •trni ~ R, .r,o c h ( .r..nt ).t..~ F)O. t_)—
‘ 4 . 7 4  —( • ,,n,I n, t .,rt t.~ ‘~‘.F ~~~~~ G t.~ 4 4 7 4 5  arnl (~.K ‘i,C’4

TI,.’ ~u, I,or— ~.r. w,I I, Lb. ’ I )(.pa4 t ,ne~,t 01 Ej .’ciric~.I fi.gwe.’rin~ . ( ni,’.r,jt y ol

—~~~ I!Iuooi.. L rhan~.. III. Ol 8141
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Reprinted from APPI.IM) ()P ’I ’l(’S, Vol. 14 , page 2190, Septem ber 1975
Copyright 1975 by the Opt ical Society of America and reprinted by permission of th e copyright owner

Excitation of an optical fiber by a Gaussian beam

M. Mostafavi , T. Itoh, and R. Mlttra

In this psper we present the result.. of an in.d,pth analysi. of the problem of Gauasian beam excitation of
optical fibers at normal incidence. The method entails the applic.tion of the continuity conditions at the
interface located sit the fiber end using Gauss ian beams with different apot sizes a, our excitation source.
Next,, th, simultaneous set , of equations obtained is numer ically solved for the reflected, guided , and ra-
dialed modal coefficient.. and their corresponding powers.
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The Effect of Different Testing Functions in the Moment
Method Solution of Thin-Wire Antenna Problems

C. A. KLEIN *~~o IC. MITTI1A

Abst ract—The use of piecewise sinusoids for expansion func-
tions and rectangular pulses for tcst4ug functions is described in
the application of the method of momen ts to thin-wire Rntean*1
and scattcrcrs. This choice of expansion and testing functions al-
lows efficient calculation of matrix elements and yields accurate
ycsults (or cer1~in ~vidthe of the testing function. However , for other
widths , although the standard criteria for the selecti on of these
functions ore sat isfied, erroneous re~ulta are obt*iued. The validity
of the moment method solution can be checked by examining the
near-field.

Msn”sertpt rcrclv.d •~,,ruat II, 1074; revIsed Novembrr 2. 1074.
ThIs wc,rk wa s smuIlJ ,,r*mI h> hi, 11. S. Ar my Itesearch OlIt. o u,uI,r
QILL ut IS .; t t t ’ t ) t— 4-t , - I I I  I~~.
I lie ~,i ho. ’. a n’ a It I II,,’ I~I’i t rnn,esl,r ( Ic,, Lat.or atoi y . I)epart b ent

of I;I~•i’ t rI, il I’:,i,:ieir.ri.g, Unit .i~It~- or I IIii,ols at 1 rl’:iiia.Clia fl hI.algu .
Urluoia . III. OI~ UI.

Copys ij: ht 1975 , by the In,titutr of Ekctrlcal and Electronic, Engineers, Inc.
PRINT1.D IN Tilt USA. Annals No. SO3APOI8
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W, McLcvlge , T, itoh anti R.  M i t ir a
flcpartnent of Electrical Engineering and Coordin ated Science Laboratory

University of Il]inoif; at Urban a—Champaign
Urbana , Illinois 61801

New Waveguide Structures for Millimeter Wave and Optical
Integrated Circuits

MISTRACT

Some new dielectric waveguide structures suitab].e for millimeter wave

and optical integrated circuits are presented . A method of analyiing ~avc

propagation in these guides is developed by assuming simple field

distribution and approximating the various regions of the guides in terms of

• ef fec t ive  dielectric constants.  The mathemat ica l  formu] .at  ion utilized

results In simp le cigenvalue equati ons from which the dispersion character—

istics of the waveguides arc readil y ol,tained , Experimental  resul t s  are

described and the  agreement bctt~ccn theory and experimen t is sbot~’n t o  be

quite good .

Tb~ t.’c mi k Sias suppor t  ( 11 I fl )S .’~ t~ t by J o i n t .  ~erv tees l~1 t’c I ron te’; I s o i ’~r am
)lAttl,C. 02~ 9 aItti in p ar t  by U . ~~. Army l ’u ta  i C l i  C1’s l l l t  l)~\~IC0t1—7 / 1—C 0l 3,
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ANTENNAS ON CO~1PLEX STRUCTURES

Raj H t t t r a
Electromagnctics Laboratory

Department of Electrical Engineering
Unive r s i t y  of I l l inois
Urbana , Illinois 61801

SUHMARY

One of the most challenging problems facing the numerical and analyt-
ical electromagneticist today is the design of antennas to be mounted on
complex structures , such as automobiles , ships and aircrafts. The problem
is complicated for at least two reasons . First , the modeling of complex
structures is in itself a difficult problem. Second , and perhaps the more
impor tan t  f rom the user ’s point of view , is the choice of the type of
formula t ion  best suited for  the particular geometry under consideration.
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Appi. Ptiys. tO. I 13 (19761 pheci
P ysics

l)~ by Spré n~cr .Vcr l.i~ 1976

Spectral Theory of Diffraction *
R. Mit ira . V. Rtthmat-Sarnj i . and W. L. Ko
Eiectromagnctics Laboratory
Dcpartmcnt oF Electrical Engineering
University of Illinois
Urbana, III. 61801, USA

Received 5 Novcmbe r l975,’Acceplcd 2 January 1976

Abstract. In this paper we present an overview of the spectra l domain approach for solving
a var iety of high frequency diffraction problems. We demonstrate via a number of examples
that lhc fields derived from the use of the Spectral Theory of Diffraction (STD) remain
uniformly valid for all observation angles. including the shadow boundary, the reflection
boundary and the caustic direction where thc conventional Geometrical Theory of Diffrac-
tion (GTD) breaks down.
Furthermore, we show how the accuracy of STD can be improved and its range extended
by combining it with integral equation methods in the spectral domain.

PA~S Codes: 84, 42. 10
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P2 lUC TKAN SACI IONS ON ANTINNAS AN t) PROI’AOATION , VOL AP-24 , NO. 2, MAR Ch i916

Forward Scattering from Square Cylinders in the
Resonance Region with Application to

Aperture Blockage
W. V. 1. RUS CII , S(NIOR MI.MnL R , J i l L , JORGEN APPE L .IIANS EN , M U M B L R , 1W’., CHARLES A. KLEiN ,

AN!) RAJ MI TTRA , 1LLLO~V,

Ab.cfracr—TIi~ rcLilioncliip ketneen Ike induced field ratio (11R) of a
cy linder and :ipcrtuire hlocki,i1~ of a coristant .ptuase apei lu re by c~ lindrical
itrutc is diccussed. An anat~~ica( technique is presented ~~~~~ Ike IER
of rcct4ngular c)l inders can be calculated u.~uI~ hu e uuuet t uod nf.nuoruien(s
with internal cOnstr.uin( points. An esperimental tectuniq~ue using a
Iorward sc~ihtcrini: raune is used to measure the IFR’s of square and
circular C)lnIdcrS ii, an aucchoi~ c ham ber. thece experimental resu lts arc
compared scilk the th eory, and hlleim inuphicit ionc on aperture blocking
losses and boresight cross polarization arc discussed.
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Digital Imag ing of Gamma-Ray Sources wi th Depth Informati on

RUSS ELL M SINGLETON , STU~~LNT MEMIII H, i t . rt , PRESTON 1. RANSOM , SIILMUI’.K, iI:U’.,
RAJ Ml1TIVt, J ELLOW , IEEE

Abstrgct—A digital iumclhod for imaging gamnma roy emitting organs
recorded through a Fresncl zone i’lale (FLh’) apcIhu,c is described.
ThIS technique can be used in am , almost zeal ! irne record ing and iuuuagiuug
system to yield quantitat ive and qualitative cross scction and depth iii
formaiio~ of the source. F usthermore , (h is nueh hmod avoid, sonic or time
probkins intzoiluccd by the u sual method of optical reconstruction.
Experimental tesults of t h e  recoudiuig of a nuuilhip lanc gamnua ray source
and thc feco nst ru chiouu of di gihaliy amid ciphic~lI y formed iumulgcs ate also
presented.

17



IMACE RECONSTRUCTION OF MUL TIP LAN E GAt’QtA-RA Y SOURCES

WITH A FRE SNEL ZONE PLAT E APERTURE

Raj M it t r a , Russel l  K . S ing le ton , Pre ston  L . Ransom
Elec t romagnctics Laboratory

Depar tment  of E l e c t r i c a l  E n g i ne e r i n g
Unive r s i t y  of I l l i no i s
Urbana , Illinois 61801

ABSTRACT

A process is described for digitally reconstructing images of gamma—

ray emit t ing  organs recorded through an off—axis Fresnel zone pla te

aperture. This technique produces image cross sections for given depths

which contain both quantitative and qualitative information about the

source. The practicality of digital decoding is demonstrated experimentally

by comparing the digital  and optical  reconstructions of images of a multi—

plane gamma—ray source. Specifically, the multi plane source consists of

numerals one , two and three located in three dIstinct planes at successive

depths from the detector. The digital method of reconstruction has the

following advantages over a method employing optical reconstruction . A

quasi—real time system capable of recording and producing images can be

assemb ]ed using components currently available . Quantitative data such

as the source size and depth are readil y determined . Digital image process-

ing can be easily implemented to reduce the effect of artifact s and noise.

Unl ike  the case using optical r e c o n s t r u c t i o n , t he Im age dep th  d i m e n s i o n  is

not d i s t o r t ed  in comparison with the source depth . N o n l i n e a r i t y  and f i l m

noise associated with the photograp h ic  process of o b t a in i n g  a reduced trans-

parency are avoided .
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A TRANSFORM APPROACH TO ELECTROMA (;NETIC SCATTER I NC PROBl EMS

Raj  M i t t r a
Electromagnetics I.ai)oratory

University of Illinois
Urbana , Illinois

Gene r a l l y  speak ing ,  the re are two di stinct ly d i f f ere nt appr oache s
available for solving electromagnetic scattering proh hrn s . Asymptotic
me thods , for large wavenumber k , introduced by Keller [1] and developed
by a grea t many researchers [2 ,31, arc usually emp loyed for scatterers
whose d imensions are large in terms of the wavelength of the incident
qeld. In this analysis , scattering is considered a local phenomenon ,
identifiable with specific jart s of the object , e. g ., specular points .
corners , and shadow boundaries. The diffracted far fields are expressed
in terms of rays for which the diffraction and launching coefficients are
determined by solving canonical problems that closely resemble the surface
configuration in the vicinity of the point from which the diffracted field
originates. The second approach , based on an integral equation formulation
for the unknown surface current on the scatterer , is a global formulation
in which the induced curren t distribution on the entire surface of the
scatterer must be solved for before the far field can be constructed . The
integral equa tion has the great advantage of being entirely self—consistent
as the boundary condition is already built—in in t h i s  a p p r o a c h .  The method
of solution of the integral equation is typical lv based on the moment method
which transforms the original equ~ition into a matrix form tha t is numerically
inverted on the c o m p u t e r .  Though , in principle , th e integral equation tech—
ni que is valid for the e n t i r e  frequency range , its application is restricted
to frequencies below the so—called “resonance region ,” i.e., when the d imen-
sions of the s c a t t e r e r  a re  on the order of a wavelength or l e s s .  Th i s
restriction is necessary because the matrix method of solution becomes very
expensive and unwield y as the frequency is allowed to approach the resonao c’
region. On the other hand , hig h frequency asymptotic methods typ ical l y he—
come quite inaccurate when applied to the lower frequency ran t . Furthe rmore .
they provide no convenient accuracy chm ks , and the systematic improv ement of
these solutions may also be difficult. Th us , there exists a great need for a
method which will not onl y bridg e the exi ting g~ p b et w e en  the low mo d hig h
frequ ency regions , but will a iso provid e an accuracy check and a systemat ic
improvement proce ire for the high .ssympt si t i e so lot ioiin

The purpose of this paper is to demonstrate’ t h u t  a recent i ’.’ d e v e l o pe d
3) t r ins form m t  hod of ~ s ‘1 cit i on of l i t  j o t  i g  r i  1 eq tia t i on i ppe  rn t o mee t ml I

of t hi des i red requ I r&tncnt s a I ltidt d to above . The a pp I c at  i o n  s) I t h e  I siti r icr
trans form t t i -hini que ’ to the no lti t ton of n& m t 1 ( 1  ing p r imblumns in by t im ’ me mos
flew . The p rob len of a rb it r i m y  I tic i dent waves d ii I r i  c t  I mig I ron i ~~u i  1 t s r  m r
e.g., a hal 1—pl ane Im.u ~ been o m i t  l i t e i l  by Clemnmo w ~~ i s i n e n  mush M m r c t m v  it
Sj .mnd Khms ;t mns )v 6 ) ,  to n un s puist a I (‘W . li me o s t t  i ci I r. mii ’ i omlim t i s h i l i  i q m m t

it Sc if has he en &mp I oyi’d by itoj a r skI (71 for so lv in s c m  t er lii g pt •o m l  enis
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~UAS I—OPTICAL MI LLIKET ER WAVE GU IDES AN1) COMPONENTS

Raj M i c t r a

ABSTRACT

In this paper we review a number of quasi—optical waveguide struc-
tures and discuss their application to mil limeter—wave integrated circuits.
Some novel designs for dielectric waveguides and passive components using
these waveguides are described . A summary of the results of theoretical
and experimental studies of these waveguides and circuits is presented .
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A t 4 i W  1.00K AT TIlE iNTEGRAL EQUAl JON .SOI UTT ON OF li t Cii FREQIJ I UCY Itl FVRACT ION

PROBLEMS

Raj Mittra

A& TRACT

In t h i s  paper we report a transform met hod for combinin g t ime integr al
equation and high frequency asymptotic techniques , e.g. , ti m e ge om etr i c -m i
theory of diffraction or CT!). The method takes advantage of time fact that
the Four i e r  t r a n s f o r m  of the unknown surface current distribution is pro-
por tional to the scattered far field. Two met h ods art developed for sys—
tematic .mlly improv ing l ime initial form of the h i g h frequency asymptotic
solution by manipulating the integral equation in the Fourier transform
domain. Two salien t features of the transform nistimo d are t h a t  it provides
a convenient validity check of the solution and that i t yield s both the
induced surface current density as well as the far field . Several illus-
trative examples that d emonstrate the usefulness of the appro ach for
handli ng a variety of electromagmtic scatterin g p rohls :~ in time resonance
rei’ion a~id above , and compari son with other methods arc included in this

~~pe r .
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ABSTRACT

Numerical techni ques for solutions to the problem s of electromagnetic

radiation and scattering are considered for  a f i n i te , hollow , c i r c u l a r

cy l inder  of radius a. The singular—integral equations of electromagnetic

sca t t e r ing  theory are derived a long wi th thei r  ex tens ions to thin

sur faces  and sur faces  wi th  edges. In addi t ion , const r a in t s  are

presented which are necessary for a unique solution to the scattering

problems of thin structures. The equations for a finite hollow cy linder

are obtained by expanding the field quantities in Fourier series about

the cylinder axis giving rise to a separate set of singular integral

equations for  each harmonic.

The method of moments is presented as the basic techni que of

digitizing the integral equa t ions for numerical solution, It is found

tha t the var ia tional in terpre ta tion of the method of m omen ts can be used
I

as a guide for choosing the basis and testing functions . Of particular

interest as basis functions are the sp u m e  functions of finite support.

The spline function properties of smoothness and best fit are also ~~~~~~~ 
-

presented.

it  is shown that Hallen ’s and Pocklingt on ’s formu lations for the

thin wire problem are equivalent numne r i m a ]  I) for appropriate testing

functions, it is also shown that the I’ocklington form is more desi r able

when smooth basis functions ire used in conjunction with pulse or delta

testing functions. In this cont ext , ihe se ond—order sinusoidal spi Inc

is found to be an excell ent cer r e nt  r e p r e m ; e n t i t l n n  for  bo th  t i m e  sca tt e r i n g
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and pulse—feed problems . Slope discorttiuuit ies are easily included to

approximate a delta—feed problem. Approxim ate operators are also

considered wi th  emp hasis on the equivalence  of the f i n i t e  d i f f e r e n c e

appro ximation and p iecewise sinusoidal basis funct ions .

The problems of coupling in the higher harmonics are investigated

for the first—harmonic problem . It is shown that minimum coupling of

the equations is desirable in addition to the dominance of each equation

over the entire structure by its respective current component . These

features are obtained using a new set of equations obtained from the

combination of the equations for the tangential electric field and the

norma l magnetic field . These equations are related to the normal

derivative of the tangential magnetic field equations which are

well—behaved f or thick structures. Time solutions of these equations

are in excellent agreement with the results of other workers. Various

operator approximations are also considered.
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ABSTRACT

An efficient method has been developed for performing the

Karhunen—Loeve transform which is optimum for reducing the number of

samples to be sent via a given channel for high fidelity picture

transmission. The method is based on the use of the Fast Fourier

Transform algorithm and linear interpolation procedure. Some test

computations illustrating the use of the method are included in the

paper.
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EXC ITATION OF AN OPTICAL FIRER BY
A GAUSSIAN BEAN

* + *M. Mostafavi , T. I toh and R .  ~1 it t r a
*DcpartmN~t of Electrical i Tigilmecring

+ 
Univers ity of Illinois , lirba mma , i lli n ois 61801

Department of Electrical Engineering and Coordin ated Science Laboratory
Unive rsity of Illinois , Urbana , Ill inois 61801

ABSTRACT

In thi~ paper we present tim e results of an in—dcpth analy si s  of the

problan of Gaussian beam excitation of optical fibers at norma l incidence .

The f i r s t  s tep involves the derivation of the cigenval ues and ei genfunc—

tions of the guided modes as well as the radiation field of the fibcr . Then ,

the eigcnvalue equation is solved for the frequencies of interest using

numerical  t echn i ques. The second step entails the app lica tion of the con-

t i n u i t y  c o n d i t i o n s  at  the i n t er f a c e  located  a t  the  fiber end using Cjus~; ian

beams with different spot si.:c:~ as our excit ation source. Next , the simu l-

taneous set of equat ions obtained Is numeric all y solved for the reflected ,

guided and radiated modal cod E ic icn t s  and their correspending powcr~;.

Th i s  w o r k  ~~.i suppor  t ed  by i bm P. S. A r m y  Resc . irch  O f f  I c e  tind er Grant No.
DMI CO’e- /6 -C-Ol  13.
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ABSTRACT

The method of moments is a simple technique for converting integral

equations occurring in electromagnetics problems into matrix equations

which can be easily solved on digital computers. Although the method of

moments can be readily applied to a wide class of problems , f t sho uld

not be assumed that  the comput ed resul ts  automat ica l l y conve rge to the

correct solution . One of the difficulties that can occur is an instability

of the method to small , unavoidable errors. To measure this possible

ill—conditioning, stability parameters are discussed . The primary

pa rameter used will be the matr ix  condition number , a sca la r f u n c t i o n  o f

the matrix , which is useful in estimating errors in the calculated

solution due to errors in either the matrix or the excitation vector.

The a posteriori  condit ion number provides an improved es t ima te by

considering the particular excitation vector . The pivot ratio has

definite computational advantages . Several method s for improving the

stability of the matrix equation are compared .

The discussion and theory of stability and convergence are appl ied

to six areas of applications — wavegulde discontinuities , wavefront

reconstruction , electrostatics , remote sensing, scattering by rectangular

conducting cylinders , and thin—wire antennas and scatterers. The chapters

on these app lications not only demonstrate the theory but also discuss

other investi gations of the method—of—moments technique. The beet m:iethod

for cimi cu lat ing Induc& d Field rat los , .1 useful parameter in th:scriblng

eca I cr i n g  by rectangul sr cylind& a~ , Ic prc~.en ted . A new app ].lcLt I ‘ii of

3 1



the method of moments to thin—wire modeling of antennas , which is using

piecewise sinusoids and rectangular pulses as modeling functions , is

compared with the reaction—matching technique . The surprising equivalence

between finite differencing and the use of sinusoid s with pulses is

discussed . Also studied are antennas with junctions and straight

antennas  modeled w i t h  unequal  length segments.

I..
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ABSTRACT

The finite l eng th  di gi tal deconvolution probletn Is formulated and

disc ussed in terms of modern optimization theory . The ill—conditioned

nature of deconvolution is identified and classic deconvolution operators

are examined in terms of their respective effectiveness and ease of luiple—

men t at ion.

Continuous deconvolution filters that are optimal in terms of min-

imum variance and solution smoot hness are derived. These filters contain

digital counterparts which can he obtained by means of conventional fre-

quency sampling techniques .

Quantization anti frequency—aliasing are identified as characteristic

noi~ o sources of di gital deconvolution and analyzed in terms of their re—

spective corruptin g effects upon accurate optical signal estimation .

Three approaches for eliminating frequency—aliasing error are discuseed .

A multiple intensity measurement technique for determining the magn :ltude

and phase o f complex optical  wa v e f r o n t s  by means of a coherent optics—mi-

croprocessor hybrid system is developed.

A picture—shift sampling scheme Is proposed for effectively increasIng

p icture sampling resolution without requiring additional computer core. A

method is developed , based upon this scheme and incoherent light illumi-

nation , for performin g continuous low—pass filtering. A noise analysis

of the samp ling technique is la ter  per formed .

I. Inear syctem Leeting is d i s cu ssed in te rms of I~ s role with reepect

t .  di~ I ta l d~ convolut ion procv&o ’ ilig . Test accuracy requirements arc for—

i i  i d  ~ø e I I . i r a l I t ( e  t he po~.slbt!.ity of eu~ 1cse ii d c o ~ivo l ti t ie~i a1~ aritLo



implementation . An optimal test signal and testing strategy for linear

system measurement are analytically darived by maximizing the probability

of acceptable deconvolution estimation.

1’ _______________ 
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ABSTRACT

This paper introduces a new approach for combining the integral

equation and high frequency asymptotic techniques , e.g., the geometrical

theory of diffraction. The method takes advantage of the fact that the

Fourier transform of the unknown surface current distribution is pro-

portional to the scattered far field . A number of asymptotic methods

are currently available that provide good approximation to this far

f ield in a convenient analyt ic  form which is useful  for deriving an

init ial  estimate of the Fourier t ransform of the current  d is t ribut ion .

An iterative scheme is developed for systematically improving the

initial form of the high frequency asymptotic solution by manipulating

the integral equation in the Fourier transform domain. /
A synthetic—aperture—distribution scheme is also developed in which

the approximate scattered far—field pattern obtained by asymptotic tech-

niques is improved by systematically correcting the scattered field

distribution on an aperture erected in juxtaposition with the obs’acle .

The introduction of such a planar aperture not only provides an additional

degree of freedom in performing improving operations , but also renders

the scheme to handle n—dimensional geometries by (n — 1)—dimensional

fast Fourier transform (FF’T), where n 2,3, and circumvents the un-

wieldy threc—dimenslonil FFT, making it a conceptually simple and coin—

put a t ion al l y e f f i c i e n t  method .
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ABSTRACT

The knowledge of h i gh—frequency diffr action of an arbi trary wave m ci--

den t on an ed ge Is import ant in many app lications , such u s  antennas mounted

on aircraft and reflector antennas illuminated by complex feeds. In t h is

pap er  t h e  p rob ]em of a h a l f — p lane i l l u m i n a t e d  b y a nonp lnnar wave Is investi-

gated using the concept of the p lane wave spcctra~ representation . For large

wave number k, a new higher—order asymp totic solution for the total field

up to and Including terms of order k
5’
~
’2 

rela t ive to the incident field is

de r ived.  The behavior of the solution for  the observation points which

coincide with shadow boundary direc tions of a mult i pole  l ine source i s

discussed in detail. Furthermore , numerical solution of the f i e ld  in tegral

representation is constructed for the observation angles in the transition

r eg ions .  The resu l t s  are compared wi th  those of the Geometr ica l  Theory of

• Diffraction (CTD) , the Uniform Asy mptotic Theory (UAT), the Un i f o r m  The ory

of Diffraction (UTD) and the Modified Slope Diffraction (MSD).
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A SPECTRAL DOMAIN INTERPR E TATION OF HIGH

FREQUENCY DIFFRACTION PHENOMENA

Y. Rahmat—Samii and R. Mittra

~~~paz~.~ ent of Electrical Engineering
1Tfl1vc~si ty of Illinois
Urbana , 1-iL.inois 61801

-

ABSTRACT

A spectra]. domaio interpretation of high frequency diffraction phenomena

is discussed introducing the concept of a spectral diffraction coefficient

which resembles Keller ’s coef f i c ien t . The solution of the two—dimens iona l

probl ems of d i f f r a c t i o n  of an a rb i t r a ry  f i e l d  (with no caust ics)  by a h a l f —

plane is inves t igated  and results  are given for  any observat ion  angle i n c l u d i n g ,

in particular , the determination of the f ie ld  at the shadow boundar ies . The

high frequency scalar diffraction by apertures and semi—infinite cylind ers is

formula ted in a systematic manner and the formulation , which  is va l i d  fo r  any

observ.itIon angle , is compared with that of Ufimtsev ’s. Resul ts are also

Civen (cu r tht~ d i f f ~ acted f ie ld  at: the caus t i cs .
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ON TIlE TNVESTI (AT ION OF DrFrI~A(:TEh) Fl Kl.DS AT
TIlE Sh ADOW l~OUNDARIh :S OF STM ;( ;ERED PARALLEL

P LATES——A SPECTRAL hX*IAIN A1’I’R OACII

y. Rahim at—S am ij and K. Mittra
E l ec t rom agn e t  ics Laboratory

Depa r t m e n t  of E l e c t r i c a l  E n g i n e e r i n g
U n i v e r s i t y  of I l l i n o i s  at Urbana—C h amp a i gn

Urbana , Il l inois 61801

A BSTRACT

The d i f f r a c t i o n  of plane wave s by two staggered paral lel  p lates

is investigated using the spectral d i f f r ac t ion  coef f ic ien t  in the Fourier

- - transform domain . It is shown that when the interaction between the

plates is negligible , the total  field can be represented in terms of a

double Fourier in t e~gral~~ a result that is identical to the one derived

by Jones via the Wciner-Hopf techniq-i~e. The double integral  is asymp-

totically evaluated via the saddle—point integt~itiQ~~technique and com-

pact express ions for the f ield are der ived, up to the order~kT
1
, for

observation points located at the shadow boundaries and also away from

the transition regions . These expressions , being exact , serve a very

usef ul purpose,viz., they are used to test different uniform and

nonuniform asymptotic theories at the shadow boundaries. The results

of these tests are included in the paper.
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A SPECTRAL DOMAIN METU OD

FOR REMOTELY I~H OB TN G

STRATIFIED MEDIA

ABSTRACT

The problem of remotely probing a stratified , lossless, dielectric medium

Is formulated using the spectral domain method of probing. The response of

the medium to a spectrum of plane waves incident  at various angles is used to

invert the unknown profile. For TE polarization , the electric field sat isf ies

a Hclriholtz equation . The inverse problem is solved by means of a new repre-

sentation for the wave function. The principal step in this inversion is solv-

ing a second, kind Fredholm equation which is very amenable to numerical computa-

tions. Several exariples are presented including some which ind ica te  that  the

method can be used with experimentally obtained data. When the fields exhibit

a surface wave behavior, a unique inversion can be obtained only if information

about the magnetic field is also available. In this case, the inversion is

accomplished by a two—step procedure which employs a formula of’ Jost and Kohn .

Some examples are presented and an approach which greatly shortens the compu-

totlons without greatly deteriorating the results is discussed.
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TRAN S1I ~;sIoN OF AN flt ~‘1AV L~ TIIEO11CJI TIlE APERTURE
OF A C Y L I N D R I C A L  CAV I TY *

S. S a f a v i — N . u i n i . S. W. Lee and R. r - l i t t r ~i
Elec trom ignetics Laboratory

Dcpar t!:~eut of Electrical En~ in e c r i n g
University of Illinois
Urbana , Illinois 61801

ABSTRACT

The penetration of an electromagnetic wave through an aperture

in a cylindrical structure is investigated. By using the moment method ,

the electrical and magnetic fields in a cavity behind the apert~~re are

determined as a function of frequ ecy of the incident fie ld . The accuracy

of the numerical solution is established through tests of satisfaction

of the boundary condition , ed ge condition , and convergence with respect

to the number of modes in the aperture . Depending on the  frequency and

location inside the cavity, the stored elec tromagn et ic energy dens ity

varies very rapidly. Its p~.tk value can be two orders of magnitude

greater than the incident energy density. The frequencie s where the

peaks occur can be identified approximatel y as the resonance frequencies

of the cavity when t he  aperture is closed.
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AN APPROACH TO HIGH—FREQUENCY SCATTERING FROM SMOOTH CONVEX SURFACES

By
R. Hit tra and W. L. ~~~~~~~

Elect rotnagnet ics  L a b o r a t o r y
D e p a r t m e n t  of E l e c t r i c a l  Eng i ne e r i n g

University of Illinois at U rhan;i—Chamj i ign
Urbana , I l l i no is 61~~)1

ABSTRACT

In this paper we introduce a method based on the Galerkin procedure

in the transform domain that not only allows accurate solutions for

both the far—field and the induced surface current be derived but also

provides a convenient accuracy check for the solutions thus obtained.

The total solution is constructed using only the geometrical optics

me thod and a newl y introduced synthetic aperture technique well suited

for deriving efficient transform solutions for n—dimensional , smooth

curved objects using (n — 1) — dimensional transforms . The need for the

conven t ional creep ing-wave contribution is obviated in this method .

This  w ork was supported by the U . S .  Arm y Research Office under Grant No.
DMiC() 4— 76—G—01 1 3 and the Off i~ e of ~~va 1 Resea  rcli unde t Gran Ne

l~ — 7 5— :— ()~9 3

*Now with the Advan ced ProgrBm~i Laboratories , 1t ughci~ Au craft Company ,

( r I no~~t l’ar l  , CalifornIa 91 304



A NEW APPROACh TO TIlE 11(IN SCATTERER
PROBLEM USING TIlE IIYRRID EQUATIONS

Willi am A . Davis , Member , IE EE , and Raj M itira , Fell ow, IEE E

ABSTRACT

A new set of integral equation s for electromagnetic scattering

p roblems , the  “h y b r i d ”  equations , are presented. The advantages of

these equations for thin perfect conductors are discussed in com-

parison to the sugnetic and electric field integral equations.

Specif ic comparisons are.’ made with the solution of the electric

field integra l equation for a finite hollow cy lind er. It is demon-

strated that the primary advantage of the’;c equations is obtained

by minimizi ng the coupling between component equations for the two

su r f a c e  c u r r e n t s .
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‘1, ~~~~
• m.~!

A New Approach Based on a Coinb na~ ion of I:itcgr~1
Equation and Asymptotic lecliniqucs [or Solving

Elect r om agneti c Sea tt c~ing P~t b 1cnis
I’ J t  ~‘ ,

~VAI IlL K(~,\Ar~l R,\ I ~II I IRA . I i  I ()~V . li l t .

AbsIro~i —We ,ntritdu~e a new appriocli tilt ci )1iit ~liiini t t h e  in icgr3l
equation and h igh (re’j’ucncy 3%ynlp((l( ic lee.l ini quiec. e.g.. Ilic ~comclri-
cal liiciiiy at dulf,actii,n. 11i~ niel liiiil takec 11l1’JIIIaec (If (lie fact th .a t
(hit I an ncr tu nsIor ,n of tlib (Iii kninc ii Si ’ I fa c C I I  rico ii iS I n h  ii (il,fl IS
pro pl ‘1(11)11:1 1 In t h e  cea I f ete d f~e f ,~lJ .  A flu tnhc r 1 as~ Ii i~~ tot e me th-
oil s a IL’ CU ITI ’ nil ~i ava il .ihile (Ii 31 (1 Iii ’. tI lL’ yf l i lii aç)pro ‘.,I ala ItS to t Ins f.u —
field in 3 COnyc 0 ico t a nal y tic (orni ~ hit hi ,c inc liii (~ ii d e using an m l  lieu
estin , a IC or (lic I on n i  Ira ncli,rn, of i hr cii m e n  I ul sI ii hut inn. A n  i tera-
live scheme is tkseliiped (or Syshensafit el y,inipitn i ng the 11111131 form
or thc high tt~’quency as y i npi nhi c so lutino h~~.qi ai i i pi i?. i t i ng fl ue inlegral
equa ti on in ti i t  h - ( , ~J r u~~n I raitsi o ni n u nt i l ‘in. A ‘ .c~l ic-n I (cci lure of the
method is th at it prov id es a conleni ~ilI vah i l i l y ~hcck of t h e  solut ion
to t tht~ cii n f ,~ , t u n c u t ih isf ~~I,ui t i i , n b y t c n u h yiiug IIIJ I I.JIC S i tc ie l l  field
it i~dtakt  indeed sa t i s f ies the bouinilary co nciuf ions at iflc surf ace of the
sCatle ,cr . Anii it ~’r im r i ( rtai l I f ea tu re of t he unellio l is Th at it yields
both (lie pn duecd sur f ac e cur re nt density nun (lie far f itid . 4?it ( iaction
by a s tr i p (Iss o-il i n,cii s in nal ptuihk nO anti Jj Iu,jctj or, by a ‘H~un plate
(thtecdimen,ional problem) are jurt-sent d as i l I t is t tat i t ~ c\amp’¼s that
demonstra te (lie uselultiess of the ap1iioeicli for Iianhliiui3 a vatlc’&y of
elect roma~’netj c sc3htc - n ,ng ç,rohulenis iii (lie te’~ flance re~I4>n u nIt abci~e.
Some conLluding b l a t  ant i co nupa:i ~ i iiu wit h ether met hods are alsO,
luictudcd.
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