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Near-field transmitting and receiving properties of planar
near-field calibration arrays

Arnie L. Van Buren
U~ttrtw~,'.,ttuu Rt~'t,,,'I),acnuu.A~,*t/ ettorcg t~ori~~i~P. Alo.06833. Or~ldo, I'Iorillic

J2.56-8337

IReceived 15.1June 1990: accepitdfoirpublicationI 21 November 1990)

Tile planar near-field calibration array (NFCA ) was developeti by Trott I W. J. Trot I,
Uniderwater Sound Ref. Rep. No. 55 (19611, also J. Acoust. Soc. Am. 36. 1557-1 568 (1904)]
w~o use i itdet ermni iing the Ifi r-lieldaZcotist iL radiation front uinderwa ter tra nsduceers by

tI~st~et Wilsill Ilite twltr Iil As it pro Jeclor, tile N PCA prottccsa ileatrly iillot't lktwl
wave over a large volumeli inl its wtar tieI(Iand over a large freqluency range. As a receiver thle
NFCA aclts. like a plane-wave tiller for acoustic radiation (or target scattering) originating
f'ront within thle planle-walve volume. Thuis lte NIFCA can be used to determine tile far-field
perl'ormanee (if both receiving and projecltitg tra~nsducers. lin addition,. it can be used to
in son i t\ nea rby t'll-getswit It platte wiavqN and determine the resulting scattered far-fiekl
pressu re. IEarlieri papers conceit trated onl tilie geonmetrical (desig gi) atN CA N and lthe
Ct tinpilt tation at oflici l Ili e elenten tl responlses C at' sensi t ivit ies) for a speciftied arrayv
Cont igitratI ionl. Ilear-ticld volte. and freqluency range. This paper provides aalx:ical
cx piessins flor lite nca r-field t l1a nsn itt ing volt age and cutrtenti responises an itl ia n-tic 1
recci Vilng ott age and en rren I senisitivities of a pla nar NIFCA . The paper also prov ide s
i 'orniat ion ito aid inl tile N FCA clement select ion pr'ocess. especia:l ly withI regard to ShIiad ing ot'
lte NFCA.

PACS itiiiibets: 43.85.Vh., 43.3.SI'. 43.30.Ytj. 43.3t).Jx

INTRODUCTION range 11. This procedure has beeni used to design steered

Troll, t~e lopedllc thle pkltar icear-tieltl calihrationl a planar'. cylindrical."' and spherical NFCA's. Recently
ia\ I NFCA) I for uise ill determning lte t1-riclt actil there has beenl a resttigeiwe ol iitei'est inl planair NFCA's.

ixitliagioti ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ho 'ton ,tt~isad ti~ier tditti~is~ h ior pro ect iig and n-ccci\ lug applications. Earlier pa-
t ie near tieltt.

lThe ptaitar NFC:\ is a ltr-c atrrm at'sinail reciprocal
I ra1(tistles ( clettieitis I that are *irratig-cd ill i t i llii is ---. NO
'.tilvl stpare. bitt1 can he Circular. Ilexagolial. or anly oilier

pat ciiil tila disliities lie cicietis soinewhati tiii'trnil\
o~ it It iiTh~[le relat is eacotist ic oittipus at'i the celiteitls

ti1c selected SO tltlit lte array. I lt'i elk 'loelr
produces a tea t\ tilfotit lan wa raohitie I, inl its ' '

teatieU nd cra s ie fetnee aige Il. As seeniiin Fig.
the direct ott at the 1l1tt111C ;isc is sul nrmal to -'I

lte NFCA. A Irattsdier ito K' calibrated is placed ill (tie .. I
pI~nesss s ltttc.anihe NICA\i tela eevr lt

responise of tht' NFCtA i th ii ptopotrtiontal to the l'ai-tieltl
pr turfisti'ibtttioii Il ) of, thle tranisducer inl thledirectioti

opo si t tilIe platte ss a sc. Thle lir- tieltt pressur icthitribiti-
itt it is dtIc t as t[lic ac4t usti c press urie prodtneed b\ lite
raistuccr at the t'.i-tielt distattce R? tliVided by t lhe 11actor

e~ / 14 tlo \ reCi I het (I ist aice tlepentltie. I I e It Ie \%. a se ...

it itiher A is eotualI to s 2- i.% here is thle \wasI veeti th anid R
is tilie I'br-tieltI dlitance Is nte;1tiiet troutl tile centier of tlie
N CA.

T]iec N PtA concept is basett otti lite N PtAr~ciptocit\
printc iplc. A pre'it is pape ie h lt atiii fthi' ii PLANE- WAVE
ciple. Ill addtliott a1 iiitin1cicitl proethire is given t Itlete li6i. VOLUME
t;ttalillg at Icast-sqtiarcs Solt it ilt fa th611Ie relIat ive shladitIIg V
(t lie N lCtA elentts turir prescribied att\ cotitigurat ion. II IIIIitti it~. . t \.ct.t '~* t~t

pliewsedirect itl in ,iteat-fieltI solititte I titid t'netilleiicy t
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petrs conk.ieeitrated onl Ih I econt neca I (Iesoiin ot N [(A's duIll (
thle d etc e tiitjoI I otf Ile II relat I\ c eliten shaII Ii. Ih pu-
poseL ot tits paper is, to pro\x ide tOr thle irst little expressions '

for thle licari-field tidiisiiilit Iillu es polisc dlld recIl ill" setisi-

iit I .-I planlar I I ar-fieldk calI Ih I aI IonI arrax\ N[IC ,A I lie
I I ar-tic I d tranI snl tI ne I II I II,, (I c ( current I ) responIIse of' I lie
NF[(A is dctined t o he I lie ratit)of I1 lie lica~r-tield pla ne-wax Ze
pressure pr-OLILuCed Ill I projectuing NI ICA to life NFC f~.xit-
putI \01,1' oltage 1 eruIt )Ilie phaKse of tle ic e x pressure IRi( m fIh'Ii"i l
is takti to he that prodluced at ai retecrence pinut loc ated a I,2u~Iu~II~rrhci

distance I Ini iroml tile ctiter- if t1he N [CX ill the directiont
tit' thle platie xx ax C. It' tile reterenice pointf dloes nlot lie

ltillfi lel~ se pole tiou. then pile- p ix e \olit ice tu Eqluatini I ) cannout he satisfied exactl, for am finite

It w - him I '. txx'cver. w6th pro per deig.- i ' \Tt-(7 N, I'

disanc I)equl t m.heiertedtci tote iuie cocithejeits it and/fl canl he ohtainled that approximlateix
curret uuix iy otthe ICA o a ransucersatistv Eq. ( I ) to within a few percent in amplitude and aIfe\%

currnt scnitIIt\ ftlc NFA ta triisucelocated inlI"(
thle pkli-\%.ax , olullic I, (Isdefied to h til rai of deorees in phazse thriouighot a larige near--held\o]lnie lan

\oltaue (current) _,ciieraled Ii the NFCA to the 11it-field oCralr, rqec ag . ~ scph i sterao

presuredistihnioii/ C) o thetrasdner dx idd h th frlte success of the NECA. 13 eomparison. the near-tield
retC'sieIiCe dl1ia1Utluee /o 01 ie['lldc.Ll, ddI\tl pressiure distr1-1)ihutio Ii front of a similar size uniforink i-

Eleentsladiteforth pliit NCAis esrihd rating" pistonl aries froml near Zero to tw\ice thle nominal
pIait-xxax alue.n. the taiatle pleing espcill ston nearib l

Sec. 1. Expressins tor1 the uear-tield tranlsniitt ing respouises h p!MCiton axi tl l- 601lWli SCi~I\srn i

olfie planlar NFCA are ohtaiied Iii See. 11. Section Ill pro- TetalsdigFrte qth element inl the I tih tile is

\eeCIx, Iu c0_'s)LIsii ix.Nioifcatiois or the exprssins rid flh, /3 a times, t le plane-xx a,,e phase faetor exp (ikr,, 4'). For the
lase xx Ilere oolsl\ t, Moi iion to ie exresin 10.1le Present discussion eis assunmed to he thle uotwmaid normal to

Cae \ICIC oll ,,,.l COCl,,l~, 11- LIS L 1Cds the plane of the arraxi. Ini this ease i s normal to r, so that
in',,C HSee. IV,. the Iie ouene xlli sh',IlIMIInar iill dq.I

See I the plIaneI -wale cPhase term is equal to unLIIityV fotZI al ILaIII(IqII
)cc V.is coentixiien t to normal ize a, hv, thle spacing Ax het\,xxeen

elements to ohtai it

1. ELEMENT SHADING e" (e. Ax (ejI(/( Q I ) . (2)

the ~ ~ ~ ~ ~ ~ ~ ~~x heres ()t j cintlrpaa FA ,dis thle letieth of each lite iii thle NFCA. It is also
C.';.,f~ tlc ~il o a Italiula l~lnarNI:C, a eotieit to tormlali/e thle lutle shading/i h\ the spacintg

sloxx ill Fiilu. 1. coiisistilt'- ot, I. lICleeal eqtispaeedCC~. At, hetxxeei hites, iii the NFCA to obtaiii
stratlttl-luuic arlrax s eieh eoliiitiitg Q~ equispaeedl stiall-pie-
/ocraiell i ranisducer elementils xx01o"' funidamentilal reso- 13 / 3 AY. (3)

iiattee frcequener: Is, xxCll ihoxe thle uipe-atioiial rautge of' tile [he qntailtit\ A - Ax Au Is , thle Cileet(ixe aieci 01i a tidllJU~LL
NI'CA . S1i11,iuie- COefielents canI he ohtIZItedC f' tisl, NI'C'\ eleunut fi thle NFCA. I Ifs' xx crc ehoseni ohlique to the platte

h.a txxo )-step leaist-sq na res prociess. First shad iig coeffi- of the N [CA at an angle 1, gixei hx cos (e)then thle
lilts . (/ 1.2......c comtpuited fOr tile elemtents ill a efrletixlarea .- wonld he gixeni hy Ax Ay eos, 1. See Ref. 4 for
siltitle ue sch thI 11ai tlhe pruduiccs" a utarlx 111ti01orniC cxli- a discussion1 Of' tile steeredL p-lanlar tlear-hield calihiratioi it-
dil-1 xxaxc ixc i lie desired plaIte-xxaxe xoltuic I aitll iixer a.I
flie iipea oi~l frICo.LljlCtx'tte of the NFCA. Thien addi- The shaditig coellicicints (y, arid thu'ls thw nlori-nlited

malii I hadii Coeflicicutls /1 . 1.2.o u.u)Ie C.odfieieiut eoetliiis (I" ate risuallx chosen to he real quantities. repr-
iOu each tite Ill the Nl [CA.. are eOIIIpiiiedC sIICh thalt the entie setltilig Zan111IpItrd Shai,ng ottlx. Vadlues 1 0i- (t,, Ii'aige from11

*itt\ puidiee a te~ilr iniorut p~iuu xxxe liuuglot ().1I or. so ft'I elemientts tuear hod)i ends ofihe lutle to itear 11it6
Jill I (r tfil latter* c11iruuiutaou one uses thi lie -xxI for oteiii orew of thle ceiter eleunts. The least-sqnLa-es

re~iiieiieit xci i R~s.3 uuu 4process for)I comuputinig (t, tenids to prioduce x~alles for a., for"

V . ep 4 r r Iotie or morel of thic elemticts iteat' the center ofill' linle thlat
V ) VC a exidi5r rdliffet'less ihiati 1 from uit1teiti it tee oebietsa

eqaltoIti t\ 1 i %ll itot dcgradeI thle petI-l'0tr1MaIt 01' thle
i expi i~r4' . I ) NA-CA, \ triiiex.one cant cionstratii thle least-squares

xx here r is thle lciieati,I ofile i(ih eleniciti inii heIt i line. ris ailLor it hutl to Prioduce uituit\ s hadinig ciieflucieiits for the cell-
al 114)111it) il Ithem i-fied p;lri-xx;ixe x mhiti.aid C Is a unuit lt-r eltieils. aoaiti xx"ithtout sigiiicait deltrallationl of' tie

li'l t  ttrtt[ptst ti le desired phaii xxixe NICVA.

Ilhdiieei h\ thIe N FC I lie Ori-'1ent CO ( oforHiat Is Is iet" Ii [lie choice of, realt coleflicieli r al loxvs thfe sliaditig 01, tdie
he th eti c]ter (I I ie N IFt I \ -lltuC 2 sh1t0\xxs th eItie t lix It eluieuIIItS 1 ii 11e IhuIe (Ci Ialedl tI Ie ial HuJIIIIe sltaditfig ) to he
I ue prohheinu I Not th( l a I xa uulI adxeteuuelx tItt lIeIId fromui implemtentted passixely. I his is die h\ Cectinig tile Ce-
Fql (0) Ili Retl- 4 Ineits In each hute inl parallel eleetnicahlk and us"itg seriles

424 Ar..I ,y 5r J; p') %r, 3 j r 9 )1 Arrie [ Van Buwrr Planar rioar-fiold calibration arravs 1424



siatdiii capalcitors to adjust thI. rclati\ e etfeetix e trailsinit- thle N [CA. Tl'- choice 01ii real t'Oetbjenfts /3 allowks tile reCla-
inc wit age resp'onse (- R) oftxiei of'(lie elemnits so that Il~k sliliiWc OFlilies (CI tIil tile e.\1iei nl tilt' shl(idill! ) 10

S, S (4 life' liles ill parallel anld usiig at series sild [ii capacitor_ tfl
each linle to adjust thle relat Ie %'I'VR (or eqUix a1ltl tile AI(

xI-hert', ' Is thle tiitsiiatlt'tl ti'aiisiilittlMgic (il.ct responsel. product I oh eaeh linle to he pirop'ortionial l(o/i''. lite ,! isle
is li caat'tait't. aiti( ei'eilirt'i alit olilk~tit5 broadsidel tar-hfeld senisitj\ and C is le toti al al taie

shadiiig capacitor tOr the qti lefillit. hiert'S .'' is a ict0r- oh tilt'he [ieAtanefrec lineils dxcii h\
eneec jR \Litle. clioweit) he thle mii\iuni FVR \xaLL
L11ne thie uiisiiatldc CliCiCiiis. I lt' eIeiiteIII \% itl) [the itialXi- MCK - V"1
liniii nilsiatlet I R sitOUld he selecitd 1'0u' lilt iua~isilnnll. '

i.e.. nlls_ \,tile ol ' WI]tlti ltet Clellt CIIIIS h dlie h' Orf '

seCleCetl ,o that1 S, Is "retIM' thanl or- equ1al tote,'S .5' 0t-
CIA Ise. use O ol'l. 4 Ill leat ito the physieallv impos . 'c o:' "m() __

.\ii _ a Jlns ite illth I %,ttl O'orciprca 'I raiisne iut' (AKC), ,is, chosenl to he thle salilt'. foir all of tuec liltes.ti \ilitsIJI,1I1to tol Im V 'IMreiocl1iillla lit AC %,ailes, of' ech line ate also eqtial. lii this cast tiltelmns equix 1alelittill adju11stment1 of the r-CCCIiiii cut'--
rent sensitixities. ll i turn-1 is equialenIIIt to an ) adjutillniit sell es ecapacitantcc requiretd for thle / tit tite C is calculated
of thle quotientls If /// ol'the reCceix ini voltagt' senisiti itie's isil "

At1 aidt tilt' eleiti]tI electrieal i Ill pcoditeles / For piebo- C, /(C -t C ) /3'
Ceraiuc elenlt'zlts at treqllCilcies xxell below\ thir~l flundaienC-
I'al recsolalie. thle electrical impedance Is essetutialix that j't wi\c If .c i M.hde il' tapacitalice ol, tile- lutitlioi tilt'

capaito. ic. / 1 / iG whrt' '1 s tie aiculg' ~e. series capac_;or and Ml ere /3' is assumited to) he l"', ilb.ll

tI~lnc\ ( A. wIith C hein" tile 1,01.111 speed fin water) andh 111110/. 1[oi/]' - 1. n1oslliauiIig capACitot' Is i-Ctiutietio.
xx hre C' ' Is lit capacitilice oftlit' sent's coli hinlato lol otlie \\e u slcit oa ia Ieluc ti L;, rlout titll tfori

CICuT11i 01 It" sitaditic" capacIitor. Hilts 01i1t t'SSCIltiallk at- r-clatlix'ev limited. ulitlerenit ( MC)Sauescr hI'cioctb

lists tilt I, C,' II'LtLuCts (1) tue eleietits211 to h'e prop701orllill ttl r 'e ol tetlies WIi OtItl I tc\ CIC1oCtx lenietits tO 'It
tO tit( coctlicieits W ' That is. stlectedi (o t hose stt xxt oti, eseeitt eiiil

sitadi rig capacitors. Welt tile (M ) AI alles are not tilt.
Al C u'MC)' (5) flL 1aint' loill] OtI tliies. tile iitle,, shtouiltd he slialdet extertialix

No. icic I C) .Is equal to) dtu produict oft tilit'etix ill littcsriscpctoscluatdus

tct s tl\ ]I\ anti thle tapalci taitce for tile cletitent istx ithi C M( C: - C, M .i),, IAC)'~)'. S~

N11,'11a to uit.l\ 55leI'e . is t le 1ill) 1111 \I Iie afi' (1 f1KC),,, . W~e not1e
A~~~~~~~~~~~~~~~ ia~ atnhe ol lie tIoiol t't'ifrt arCilal c j h A ) ,,I]llies should he elloslIt cai't'hullI to prt'-

tlit red fbr :i plant- Ni FlCA. Prt'OI' to cotiSt inLCtu t11U Ie N I-C.A. cm tit the righ t-hantd side of' Fq. ( 8Xl from becOil grea111-iter*
It IIs clOiI cittfellt to Ohltil scexetal t init's this,1 itnIll bcr ot' Cit- tilitliiit6. the rch\ r-Cquirtt1111 itoitpii\ siCall tiegatlixC altlies
ITIQtlts. hdt'l in1to titCic or tour sli~lv[ tlfIk'rt'nt c-eotiletti- fo)r C Litles with /1' equatl Io liilit\ 11IList 1)01 lC)
c~al cotiticu : it lls)' Of possil\ cx en dit)'ert'nit pit/ocerantlic am tes equal to (lC) ,_, . No siiatitlg capacitor Is re'tquiredt

c llpisitots it'idlt'l o l~i t'AICprtlut jiti'S ilit c to: these hilt's. We 11o\% ditte11 the r't'erenict' tualitit\
tlistrihotl ti'c (tit tatiic fromt ahIit (.4 (') , to u, to i'e ( f~ ,il oi'dt'i to stiiptit\ ttlie'qUattotis

IfC l0 t'xatillpl. tilt' %\all thiicknt'ss (Ifi ctappt't 11/1 I ti is d helitw.
1,11]o CiVl' CA1 I sI1Itie I Ol'lti iII titus) t th II1is l 'a I t litI tor Whenttile entiure I-'CA ihas ibteen Iassixel\ shaded h\
itial dtsiniuti oth it .KIi'rouutt x ame1s o1 ilte tius c tit tic ulse of' aj' Ilpi'oiate t'ap'atitIof.". it call 'ICd-\I tirxet itotigia
Cele1titutAi'Otiilt tilt1011itlal aLlttI ita~t 55t'i'COcfulrtirsut sinilet'\ isteti pil' ot' coaxial itt1 Ilt. It' the tlIt'oplioue cIt-
it 1 I'till rCprt'st'ittatilI it, MC 'p'roductt x alties fro111 ji'I(Ilit nictntsila-reecij'Itocill truanlsducer"s. the:NH.'A is alsoriet'ip'Is-

1 I 1k ) , ;0 1S 0 1C 0/ Se'letiont of iil'II'i'tijitc Cie- t ii itd catI h'e used ill tittlttei iCCkill11d itti'a ZI laute~-\kLaxe
MIlls %\ itl] tiial l I IttOLtit' xAHLs 'qt(iito Ai (O tti t i' f-SIlid ra~llatd or sC3att''d 11011il t' 'lal-x xt
tail iisIi~ill\ 'It'. itiidt 'M Lrill sallies It 'i fromt 0).35 tol 1.05~ Wilutut 1

t'"iiltlfitii Ii a ietd lo hl iig - cItitIols For uiitl. those leslt lltctit / n.tOlstttit\ / al't'tiltt
tIetICtIt' OHi eatli Li'Ill tof tile C thalt p~oNsS ( ', \alne's lt'ss to he coplex'lt. t'itlliilg i'Ill itamp'lituidet and pilst' shatd-

tli~iii ih~iuut I) Ing. '[lie t'\ra I. degreesoiHit''edll ill tile slliiitllimso55lit
For nilstti'ed pkltlat NI ICA.s. tILe t'It'hi'iitts /'ate sigutiticauttl\ in it'led NI{'.\ per'for'manct'e It' .. i'tei'e

;11iits1ii tilt', 1111 buiti stl tol'ji t' littits1 t'otli t' t(t'itt' lurtie pelsi t cIeIiul lliti\ te 1 5iw ltil Vg al1 Qou til i5t rttilii it'-

filict'l it. ilt's fitear tltt' t'tnttt' Ilie Mlk'A titat dititi' IC s t~itical pirlof iltiets ) that p'Iid Ita t'iuitstlilit piast' itlut'
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tix clx onec canl diic cacli of, tile ]flic inldcpcnldciitlx x\ itli Icsp)onsC thrIIough life NFCA inpIut eleCtr-ical impedance
scpara-Zte but proper)lxl phIased amp11lifier-s. /, hob tile expression

11. NEAR-FIELD TRANSMITTING RESPONSE I ., .z M(\S \(17)

F'or the case of passixc c~lpacitanlce shading. Eq_ I )canl Coiibiing Fljs. ( 15) and ( 10) reCsults1 inl
be re\\ritten fore nornijl to r -to obtaiii 5'c (h 1 2.l ) c~ xp( iAD) 0fC)",.

D exp( iA r. r
A~x AY ep Sinice thle N CA in[Ult eleet l mpeanc is gix en hv

u/i e)S cxplIA )) e\pilArK' (9) t h frequencies \\ell belowk reCsonanIce, weeC( is thle

ol, capacitance of the NFCA. one obtains

\~~ h)Iis expressilo ws that tile malignitUd- Of* the near1-fiedd
r,,r r expI jA Dit ti'an11snlilittin, ercnI_'ft response of' thle NICA is L -l"1

I 4 isp) IA1)10(irC )) 1ideMedent of' I ,retjucyc..
I IHere. W.l, canl be replaced ill Eq. ) 20) b\ 1Its Cqni'~alctit

x~ie~ ),,is thIe efl'eCtI I\ t ansInIlit tili-'- x r(ae rspose J.' to obtainl

ofthe I/.() tli clement Ii the NFCA, and I)is again the recfer- N1\1 .,;, iDC )(I 0, 2, )21)
CeC dPistnce Of I Ill aIs used Ilintlie defin~ionl of S. Tlhe left-

lIaiid side of.() ) t flie total aIcousti !c pesU re prIod needC III. NEAR-F IELD RECEIV ING SENSITIVITY
b\ tile .Nt(CA at the fie!d point r\%when I V is applied to thle Th ei-il ci n laesistxioftie N [CA
arra\' inpu)Lt. -[hIe iiy11-llt-liid side is a pi)ie wx> traxeclin iill~ eoband I efplacilng and S, ,'inl FEq. (2 ) b\
thle ir-ctlionl c. A't thle r-ccfcrie point located a distaiice cltcbale

I) from thfe ceniter of' ie pilnar N ICA, Ii thlec dire.'tion oft lie tereliaeisM I / idi,/.Ti ie
plane \axe. I.e.. r - Di'. thle riolit-hiaiid side. becomes ( Ah f~ i,(22)

- , D.S, ,' . Thuls tile liiar-i~eld trainsmittingt xotatte ic- Si ncC.1 is assumellld to be constant ox er the f'lequencic\
spoue S~~ of li N [A iscive bYranue of'opecration Q of thec N [CA. then thle correspondiiig

I ~ ~ x NI1(i.) /A )S II) ca-field rix in xotage seiisitiItx of' thle NI-CA is i-

Sinc thercfrcne eliiieit i a ecipoca raisducr. xerelv polrtionail to) fre-quenicy

I-cccithe NEC is relte toren the"11\ nearfiel reei incac xotao st'eilsi-
fil- c' ooltaue response h\ usc of the coinplex spherical wave tieNC isrledltctarie ccoilgtgsIs-
reipoct paamte 01Rf ~txt through the N[C,\ electrieal impedance Z 1 I"

if" JS 12) lie expressionl

\ lls ll -if /Z1~l (23)

Use off Eqs. (14). ( 15). (19), and (23) allo\ws Eq. (22) tobe
.11 (4~I /.'p) xP)i' ~ I modified to obtainl thle fol1lowinig expression for thie licar-field

xx here p' is the dilsit of xxii cr [hle rcci ii vo (hace seiisi- receixi ug enurrent senili xi of thle N [CA:
tix. Itx ,1 of the reference cleniciit is, related to its rccciiii

-
1
/ftsl x- i, D/A 0lf,,,,. (24)

curlrent selsitix, Ix\ thrli0,1:1 tiele iiei CII i lput elect(1 C ICaI l iiiI-

pcdiiie bh% tile cxprcssioii IV. MODIFIED EXPRESSIONS FOR COMPLEX

/1 vf, (14) EXTERNAL LINE SHADING

I lie iiiptit elect neal impedance lOf tfie ref'ereiice efeineit at IThe espi cssioiis cli'kei abhox e- ar bsed Oil tile aIssumlp-
11ie N [C. OpratioiNi fi-Cqtiici16's is essc01iiAlx thIat Of a ion that the i eqti ed shadiiig is real ( ailIiipdtide oiil ) aiid Is

eapaci lice i~e..iniplenliented pasie\ xith thle use of' shiadiiig capacitors.

/ Ili u( .. Let us 1,1w% consider a priiiectiiig planar NECA w\hereec

x\ here- ( Is thecpiae lI;CAIC of111 t lie iisLIC(icdrferclICe - of tile 1, hules is drlixeii with mldi\ idual Phase-locked anilpli-

mcii. Coiilil FAqs. (I I ) iiid (13 15 1 results ii fiers. as for1 example. Nhel i e eociefbitu /',. and flitis fl %
-~1- iieCOiiuples C11 itlic's. COliifiiiig both Ii amplitile aiI

N l 1I 2 1 ) expt IA I) 1W(), (10) ph)Iase slaialiig If' thle complex gainl g, of' each amplifier is,

Since If, is cssciit all\ iiidqpendciit of' fr ector thle atljisted so that
oper-ational riiige of the NI:CA.,. Iik' iuiltiiiiileof'i tiicai'-2
field ironisitiig xholt: n'spilise of' thfe NECA increa,,s (*l'.')*f, f
lIiicarlk xkith 6erquiicc iiW tile expressions for tile iiear-ficltl t raiismnitfilig oltage

filie fiiear-fieldtf raiisnilittig clii-riit response c*,,, , . of respon(se gkicii iii Eqs. I I I ) iiid ( 10) still appl\. Again the
the NI-CA is related to thle near-field t ransinitiilug xolt~igc u'ef'eu'euiee qiatiitit\ ( 1/0, .alsodo.e-igiiatetd IC),,,,. is the
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.1iai-cst ofthI ic k ti(IsItIal In ail c \, t__I I ie (10',J1. suIcI it caIt be LtSCd to Oliajit tihc t11-iiCIL SCIil\it \ 0t'. ITh" appropriatIc illpnt I. oitaoc to Itic "N F( "A ;1, o\% IllC CollnI- h'. drrpdoitc PIccd inl the \0111n1C. It cMn al1so he Lscd to
Im onI inlpit I o I agc tbr allIoC 111 1i am iic rs. A ColItIIjpI c\ .ctI oi f ill tic a piaitc wa'.c tnicidcnit onl a scaittcrtng tarIgct IocatcL
\-t'\railint' SA111 C Cfi~its fl ' ULIlil'.inCiutics, allies il Ii titc ncar-tidd 0'. onic. As a rccci\ cr thc NFCLtA is a plant'-

\. ithl al niacn11tndic 1t1iltantl' c t11,1 titn uil . sOllic- \,,.avc tiitct' anti Canl he used to dctcrnilnc thc Ifar-licici p-cs,-
tinics as arcas I or 2.0. snrce radiatcdI b\ at pj)OcctOr_ or- scat lCcd from11 a tar-gct local-

For a cti'itgNit A \iiCII collplc\ \,ile', arc Usetd t't ill tilt. icar-icid \()]Litlec. P'C'.i()LlS papcrs, considcrced tilt
for fl '. oli t Lal I Iti (II itinil'.II Illtlrc, the \0 oItg OI puCo t I)UI F tsCigtt o tilf aria conlfigt.iratiOtli ad Coilpu)Ltatlionl of' tilc
for ectil lint and suil th 1w 1111- rs L c I1 acs aac0n11)11421 as~oclitcti cicittciit sitaditig covlficP!'!s for at prcscrtbced

'.% til rclatk i' iltc siiatiiit cocificiciiis I _,i.-tIl h'. ttric-fidd' olnic atid frcquncc ranlgc. Illt this papcr cxprcs-
su(rIls alt prescntd for th1c lcar-ficid tranlsnlittitig '.oitaa!c

h 0 0 fl (26 and cn lrcn t rcsponises anid ncear-ficd rcci'." wn .ilagc a"id
( ) (MC) ~CPTrcilt scttsitiitics ofa planar NFCA. Ittatiditioii. iitnt'1la1.-

lit-ic. C Is tIlc capacitaict' ol, t it' II itic anid 1') ,([)sCil tiol Is ct'.ci to aiti ill tfiic NFCA cilementt sciection process.
lla.l, unIL inc 11Capttic CS aliltMC ' lilt IIpIaMCnt1 ttt'a-Ificd t'sptciall\ \\it rccard to shatingl of tilt NFCA.
r-cccliIll,_ '.otagc scilsiti' It\ tor tiic NI-(i. ]i this c'otignrai-

twlit Is th l itc \Ci h%.ci '

'.'. cr-c t[lt' appropriate~"i~, otipLII ti lIT L" oltct C i cqta to %%,ttr soundi Rol t ih, Rc'. R~lp N, 114d

ij' Vb I .28) A',.'. \titp 53. 192 IP~I

I o-lit usual ca' sMC ilic lific5ill tilc "NAVA arcltiflical. so-. Vit 63. Ii ' 1Pi 'P p

01,ic IIC1'. '.0, t ll hoilh.1 ilti I ht'tOtllc Ctittai1 to/)' \ I n ,lpiri \1111111i i,,rlicjcIhiip ii. .t \'Miir 5
\tit 56. 4') 4 10-4)
S I ill ttLpi'.ui \t 0) i j i 1ii S 1(1i'. "A ' Ic 11-kt / '\pIt

V. SUMMARY( 0111 11 pidd lcl3 ,i'l'.i,1,pI ,ip .. \.~~ , ,

TI tt uittar-ficiti talibrapll a lla hc ustet ;Is a ~ ~ l~
\ I 5 tI. UTCH1i Ilpcp 'Iip cip'LI:fWM . A l 111011tp Al I'J. 1 In ~ , . - It IIcI,

l~I)It'L't0ni Wi I)FOCItt't' A Itt ' \ 1utt11'01it1 fliatit' \%ast' o5cr a S,,i 'pp,,, t , , \ill, 85. 'pS o 'P

lh!et ol2, icMt tilt' arTi\ I.t'.. ill IlC ariaS s i ddlct. As I lippick1. t ii,,!1 lfca,wm I, Il, lc., )ct' Sik. 11)41). p
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