
O+ IEEE TRANSACTIONS OIN03

MICROWAVE THEORY
AND TECHNIQUES
AUGUST 1990 VOLUME 38 NUMBER 8

A PUBLICATION OF THE IEEE MICROWAVE THEORY AND TECHNIQUES SOCIETY

(ISSN 0018-9480)1

PAPERS

Two-Dimensional Microwave Imaging by a Numerical Inverse Scattering Solution , .,!..,,.. .,, ,. .,,.. ,, ...,,.,, . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S. Caorsi, G. L, Gragnani, and M. Pastorino

Electromagnetic Energy Deposition Inside a Three-Layer Cylindrical Human Body Model Caused by Near-Field Radiators . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . ,, !.,..,. . ...,,,,. ,, ..,,,,. . . . . . P. G. Cottis, G. E, Chatzarakis, and N. K. Uzunoglu

Formulas Useful for the Synthesis and Optimization of General, Uniform Contradirectional Couplers . . . , . . . . . . , . F. Sellberg
An Analytic Algorithm for Unbalanced Stripline Impedance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. P. Robrish
An Analysis of Microstrip with Rectangular and Trapezoidal Conductor Cross Sections . . . . C. J, Railton and J. P. McGeehan
Transient Analysis of Nonuniform, High-Pass Transmission Lines ..,..,..,,.. . . . . . . . . . . . C.- W, Hsue aria! C. D, Hechtnzan
The Nature of the Charges, Currents, and Fields in and About Conductors Having Cross-Sectional Dimensions of the Order of a

Skin Depth 0. . ...!... . . . . . ...!. . ..!.....! . . . . . . . . . . ,., ..0, G, L. Matthaei, K. Klzdo~lu, N. Dagdi, and S. 1, Long
Modal Analysis of Radial-Resonator Waveguide Diode Mounts . . . . . . . . . . . . . . ...!.. . . . . . . . . . . ,,, , B. D Bates and A. Ko
Tunable, Temperature-Compensated Dielectric Resonators and Filters . . . . . . . . . . . . , S.-W. Chen, K, A, Zaki, and R, G, West
Three-Dimensional Electromagnetic Scattering from Inhomogeneous Objects by the Hybrid Moment and Finite Element

Method . . . . . . . . . . . . . . . . . . . . !.......!. ! . . . ...!.! . . . . . . ...! . . . ...!... ,, .,,,,,.. . . . . . . . . . . ,, .,,,,. X. Yt4an
Quasi-TEM Analysis of Multilayered, Multiconductor Coplanar Structures with Dielectric and Magnetic Anilsotropy Including

Substrate Losses . . . . . . . . . . . . . . . . . . . . . .!..,,,.. . . . . . . . . . . . . . . . M. Homo, F, L. Mesa,, F, Medina, and R. Marquis
Hybrid Modes, Substrate Leakage, and Losses of Slotline at Millimeter-Wave Frequencies . ...!..,,. . . . . . . . . . . . .,..’...,

. . . . . . . . . . . . . . . . . . ., ...,!,.. . . . . . . . . . . . . . . . . . . . . . . . T, Rozzi, F. Moglie, A. Morini, E, lkfarchionna, and M. PoMi
Stable Broad-Band Microwave Amplifier Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0,..,.... 4.,,,. W.-L,. Jung and J. Wu
Numerical Solution of Transmission Line Problems by a Network Model Decompositioti Method Bnsed on Polygon

Discretization . . . . . . . . . . . ...!..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...! . . . . . . . . . . . . . . . . . . . . . . Wen Geyi
Application of Least-Squares Boundary Residual Method to the Analysis of a Circular Waveguide Loaded with a Nonconcentric

Dielectric Rod . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...!. . . . . . . . . . . . . . . . . . . . . . . . . . . . . S.-P, Yeo
Improved Technique for Determining Complex Permittivity with the Transmission/Reflection Method . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...!. . . . . . . . . . . J. Baker-Jarvis, E, J. Vanzura, and W. A. Kissick
Transverse Resonance, Standing Wave, and Resonator Formulations of the Ridge Waveguide Elgenvalue Problem and Its

Application to the Design of E-Plane Finned Waveguide Filters . . . . . . . . . . ,4,....,!! . ..!., J. Bornemann and F. Arndt
Equivalent Transformations for the Mixed Lumped Brune-Type Section and Uniform Transmission Line.. . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...!... R. Sate, Y. Ohba, Y. Nemoto, and K. Kobayashi
A Configuration-Oriented SPICE Model for Multiconductor Transmission Lines with Homogeneous Dielectric s.,.... .,, . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...!.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . K. D. Marx and R. I. Eastin

SHORT PAPERS

Analysis of a Shielded Microstrip Line with Finite Metallization Thickness by the Boundary Element Method, . . . . . . . . . . . . . .
. . . . . . . . . . . . . ...!. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . T.-N. Chang and C.-H, Tan

Analog Avalanche Diode Frequency Division . . . . . . . . . . . . . . ...!.. . . . . . . . C. Dane, G. Ellena, P. Manet, and P. A. Rolland
A Parametric Study of the Attenuation Constant of Lossy Microstrip Lines. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . L, P. Vakanas, A. C. Cangellaris, and J. L. Prince
Fr~uen;y-Domain Nonlinear Microwave Circuit Simulation Using the Arithmetic Operator Method . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . C.-R. Chang and M. B. Steer

(Contents continued on back cover)

981

990
1000
101I
101’7
102:I

1031.
103’7
1046

1059

106!)
107!)

108(5

109:2

10915

11(I4

1114

1123

1130
1132

1136

1139



The itiicmwave I heory and Techniques Society is an organizat@. v nhm the framel~orl. of lhe lEEE, of memb:rs ); ]t~ prmc.pai professional interest in the
field of microwave theory and techniques. Al! members Gf the lEEE are eligibl~ for membership in the Society and will receive ,his TRANSACTIONS upon
payment of the almrral Society membership fee of $12.00. Affiliate membership 1s avads.ble upon payment of the annual affihate fee of $24,00. pius the
Society fee of $1 ‘?.00. For information on joining v.mte to the IEEE at the address bdow.

ADfMDWVfRATIvE CWWR’EWT3Z

T. ~TOH, ~iwidenl F. IvANE:.., Vice I?esidenf

K. AGARWAL 1-. I roi+ D. G. LERUDE

13. J. cREsCEhlzl, JR. F. IVANEI<

~. ~. 133TEs

M. ~, h/f/4URY. .TR.

~. H. JANSEN ~. I’%. kfOORE

~. ~ALANI FL .% I: AGIWADA ~. ~. ?ERL\fAh

.$onomy Life Members L%tinguished Lectu,-ers

A. C. EE[ K T’. S. SAAD IL H. KNERR

~. ~. COKN K. TOMIYASU ~. ~. ~lLVER

A A. OLINER ~, YouNG

S-iwm C’qmr Ck&sm?n

Albuquerque: M. A. DINALLO Ithaca: 1?.. c. COMPTON

Atlanta: W’. R. SCOTT ~<fiChner-’7\rater100: ~’, ~. ‘CHOW

Baltimore: P. ESCER Korea: J.-”W. Wi
Beijing: W. Lm LOS h&eh3S: ~fi, ~. ~~ERF,fAN

Benelux: A. GUISSARD Milwaukee: R. A. STRANGEW ,AY

Buffalo: M. IL GILLETTE Montreal: G.-L. “YIP

Central & South Itaiy: B. PALUMiJO New Hampshire: R 0, C+EOFFRO’,

Central New England/Boston: ‘P. H. CARR
fqey, Jer~e3, ~oa~~: ~, ~, ~~u~L~R

~biCrrgO: ~. ~. ~LAR.K fWew South Wales/Australia: EL THO’!AS

Cleveland: It. j. <ERCZEWSKI New York/Long Island: IA, J*COBS
Columbus: L. HENDERSON k~orih Z~aly: C. Iti.4i_Di
~d~a~: ~. ?& ~F.URY’ P.lorth Jersey: R. V. SNYDER

Dayton: ~. fV~. ~~ISiNT Orlando: i?, T. COCK
DeDver-Boulskr: r. M. DUNN ~Lt~~a: ~. &R~IBL

~~y@: (). ~. EL. fiAY5L9 I%ilacielphia: NT. EhGHETA

Finland: A. V. RA.ISANEN I%ocnix ~1. h[AIR

Fbicb West (Jxst: J. !3HERMAN I%tlancl: D. W. TLGGLE

France: ~t. ~. ‘~~.P.INA Princeton: J. N-. LJ,~R iDE ~enezueia: A. i?lANCH1

FIouston: $3 A. I,9NG Rio de .Tarwiro/Brazil: J, R. BERG MANP, ~i?giIIia ?viOUnl Riil: ~. ~. ~,4H L

~%ntSVi[k3: ~. .), .]ENTILCORE San Diego. J. J. 7R\TL ?tilco, JR,
hfia: S. ~. ~{ou L

?J!ashington/Pi orthern Virgima: K. ~OKTZC)S

San Fernando Valley R E, BRX,A.N West Ck2rman): I+ ~. HARTN 4GEi.

Indonesia: A. DJITWATAMPU Santa Clara ‘,’aIley/Safi Francisco: G. ZD <SILII<
Israel: A. MADJ) R

Winnipeg: L. SH 4F1

Sao ?au]o: D. CohsoA: Yugoslavia: El. JOC,4XO”, lC

~~~~ ~~~~+~~~~~~~~@ G~N MjJcRowAyE TI+F03. ”S’ .4.1!33 TZCHNIQUMS

Editor .—
S. A. F(L4AS

Aswci$aie 3W07S _

M. AXA$KE J. J. DAL’”

—.

~, ~. ~-~ORTOY

(Abstm.ts .EtiiSor-Asia)
P. Vf STAECKER

‘IIWZ HW5’H’FUTE OF

Z, (3,4 LAN [, Secrelcvy

i. ~. ~4iJE S. J. TEMPLE

M, V. .SCHNEIDER ~. ~, ~ucKER

P. W. STAECKER ~. ~. !~l LTSE

Past I+esidenis

~. ~-. ftfC@ ILJDY, ~R. (1987)
II, E. SPIEL P14F, (19~$)
V, G, GELh(WATCH (19:9)

Mentclady: 1., J. CJUrM,I,NN
SeaMe R. H. BRLl\TON 111
~ou~h AfriCa: ~, W. 1. PISTCIRIUS

South !dnward;hrdkrt River: T. DURHAM

Southeastern Piichigan: C. J. LIN
Spain: M. P. SIERRA

Springfield: K M. ~AU

St. Eouis: p. L ~UDDLESTON

Wwden. T. LE wm.

Swi!zer-Iand: F E. GARDIOL

Syracuse, K. H. Shlow
Taiwan: C. F. >~r+
~OkjjO: y, i~, \!TO

Tucscn: H. C, [<0 HLB4CHER

T’\i/irl Cides: ~ ~, (iAVv RONSK!

TJnited l<ingLfon/Ireland: 1, M. WILLIA MSC)’X

IJtah/SaIt Lak~ City: M. F, lSKANDER

CA RLETQN A. B 4YLESS, President
~RIC EL SIJMNE:-:, President-Elect
MARTHA SLOAP ~, ~xecutive Vice Pwsideni
FuM10 H.ARASH [kfA, ,Secrelary

W’ALL4CE S. W 4D, Treasurer

E. hONA R D ~ 4R LSOh<, Iliwclw, Eiu!sion 17’—E!ectf-oi:zagnel ics and )?adifriion

Hezdqw-tws St?fc

EX IC HERz, E.yeculfw Diwclor L7;zdGene,-a! Mmrager
THO MA.S ~~. B& RTLET’T, Aswmale General Manczge;--Ftflmce and Ad.vzinistmtio)l

~{1 LL 1A ,M ~. ~ R 4\V LEY, ~SSOCirzlC ~??leTOl ?a’QrzageT-f?’Ogran!s

Cow 4LD CHRH3--IANSEN, Editor, IEEE Spectrum EDV;4RD i%OsENEERG, Controller
IRVING I?NG ELSON, Staff Director, Tech fiical Acii[ities >.X DRFiW ~. 3,4 L E M, sta~f ~fyec!oi’, ~lCndar&

LEO ~AFJ N I NG, L!!~~Jtf ~&CtOr, ~YOf&WiO)U71 Activities EIIJDOLF A. ST A%i?FL, ~tUfJ”/)iYeCtOT, E fi,CG?iOZc71 Actiz]ities
fVlEwl~4 1. ~LREN, Staff Director, Fieid Seruices ‘f Ho?,f4s ~, ?jH iTE, ~tafi- ~ire!lO?, h~fiC ~;?JO.rfiiO!lOit

p&j&&~,~s :J~ay-&m>?f,, . . . . . . .

J%bl~cdiozs I~~rxitQg~rS, .J%;V’%a ~. ~GRG I,! EYZR, ~:,1 L ~. ~EREF.C

~cWragi?2g ~diL’07; v.? LERI E ~ $i~.T MAR;6.T,+

/bSOCi@e ~dilO,-: CR R IS ~. A,LSTON

~~~~ TRANSACTIONS ON MICROWAV E THEORY AND ~ECI-JNTiQUES is~ribIished montMy by, Tire Insckte of Ekctrica! and Electronics Engineers, Ir, c.
Responsibility for .he contents ree.ts upon the authors and ~ot upon ihe I~Ec. the Scciety/Coyncd, or its rnembe~s. IIEEE F@ quarks: 345 East 4? Street.
New Yprk, PTY 10017. iW Telephone: 212-705 -;- extenslmr: Irrformatton-7900: General fwanag., ---- 7910; pUbIIC Infornlatlo,l-7867: Publishing Ser-~ices.
7560; Spectrum-7 556. Teko km iW (Headquarter!) 212-752-4929, iWY (Publications/Standards) 21 2.6~2.61305: ]Jy TeIex: 236.4 I i (internaflonal

8messages only), IEEE Service enter (for orders, subscrlp’uons, address changes, E
Hogs ,Lane, 2’.0. Box 1331, ~iscataway, NT.J08855-1331. h~~ T~k?phon% Information, 908-98 1-0060; 90g-562 +- exkksion: ConuoTler -5365: Technical

ACtl VltieS -3900, IEEE W,whlngkm &fice (for LJ, S. grofe:s ional activi tics): 18W 1 ~,ir~~t, p.TI;:r.Suite 1202, Wastrmgton. DC 2f)O?&51 M l%~a.k:nofn,

Zducacional ,4ctivities. Region/Sect] on/Student Services. St&dards): 445.—

—- ..
“l-ekphOmX 202-785-0017. Price/Publication Imformfs%m hdi~;idtl a 1 copies; “IEEE mmnkrs S12, 50 (first copy only ). norrmem hers $~2(T,()(T.~~l,~oPy, (pJ~~~:

“ .. - —--—- --- . . -.-.... =.-=.

Add $4.00 postage an~ han~lin charge}o any o;der from $~1.00 to $50.OQ, inckdi~g ~repa.icl orders.) h~ernbcl and flo~mernber subscriptlonprlces availab!e
i’on I%ques L Avada ble m micro lche,aqQ Imcrofdnl. ~opyw@t @ ~~ep?~n~ .~emuwlmrs: Abs iraciing IS permitted w!th credti LO the $ource. ~iljrafi~s are

permit.~ed iO photo mpy beyond the hm]ts of the lJ.S, Copyright Law [or prrwde use of patrom: 1) those post-1977 articles that carry a code at the bottom of
ihe first page, p[owfeci the er-copy fee irrciicate~ in ~.hecode H paid !hough tk ,CoPjright C!eararrce cent~r, 29 Congress ,S}re % Salem, MA 01970: 2) pt.

F197$ a~iicles wlt~mt~ fee. .n+rqctors Ire pern-wtt+ ~o photoccpy ,m~lamd arhcles for nonco~m~cclal c!assroom use vntfiou t fee. For all othc~ topymg.
re rmt-, or repubhcat]og perrr:sslorr, write to Copyrgnts and P~rmMs:om Depar~mcrrt, ~EEE a$nme Cepter, 445 Hoes Lane, P.0. BOX 1331, li,scatav(ay.
N? 08855.i331. Co~jr@t @ 1990 b The Imtltute of I?lectncal and Electronics Errgmws, inc. All rvg-hts reserved. %con~-ciass postage paid at fVeW

?~TOr~< ~[y and at ~,j~ltiofial mailing o fl~es. P@~tma~tvE Send address changes to IEEE ~RA14S 4CTi ONS ON }~ICl?GW 4VE ~:4EORV- AN’D ~ECHFJ ICL ES,

I13& 445 Hoes ?Lane, ?,0. Box 1331, Piscataway, f4J 08855-133 I.


