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ThispaperdescribesworkatTheOhioStateUniveIosityonstudiesrelatedto
electricallysmallantennas･Ｔｈｅｓｃｏｐｅｏｆｔｈｅｗｏ｢kincludesefficiencymensul･ements，
effectsornearbybodiesandelectricallysmallaT｢ayS．
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Thepatterninteg｢ationandgaincomparisonmethodsusuaIlyprovidereliable
methodsformeasuringantennaefficｉｅｎｃｙｂｕｔｔｈｅｔｉｍｅｒｅｑｕｉｒｅｄｍａｙｂｅｐ｢ohibitive
whenaparameterstudyｉｓｔｏｂｅｍａｄｅｉｎｏｒｄｅｒｔｏｏｐｔｉｍｉｚｅｔｈｅＨｎｔｅｎｎ８ｉｎｓｏｍｅｗａｖ･
ThusotherexperimentaltechniqueshEwebeenexp1oredandtwoorthese，ｔｈｅWheeler
CapMethodandtheQMetho｡,havebeenfoundtobequiteusefuMo「rapidparamet｢ic
studic塁
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sphe｢earadi8n1ength(aboutone-sixthwavelength)inradiuswille1iminateRR｢｢ｏｍ
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(1)ＥＷ＝両FTT77L

ｎ．TheQFactorMethod

AsecondmethodformeBsu｢ingantennaefficiencyisbasedonacomplurison
ofmeasuredtoidealQ･ＴｈｅＱｏｆａｌ･ealizableantennaisdefinedas

(2) ＱＲＬ＝△Ｃ￣

ａｖｅｒａｇｅｐｏｗｅｌ･radiated＋averagepowerdissipated

andtheQoftheideal,losslessantennais

輌巨~VT5TE~ieportedinthispaperwassupportedinpartbyContractNOOO14-78-C-
0049betweentheAssociateJointSewicesE1ect｢onicsProgramandTheOhioState
Unive届ityResearchFoundation．
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lftheculTentdistribUtionsontherealizableandontheideGl】antennaareconsidered

tobethesaｍｅ,thenthestoTedene埴ｉｅｓｗｉｌｌＢ１ｓｏｂｅｔｈｅｓａｍｅ,andtheefficiency
oftherealizableantennnissimplytheratio
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waveguidemodesemanatingfTomaspheFicalsurfacesurroundingtheantenna・Ｔｈｃ
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theTEO1andTMO1modes･

AcomparisonofefficienciesbytheWheele「andQmethodsisshowninTable
l･Inthissetofmeasurementsfivemultitumloop(MTL)antennag,ｅａｃｈｗｉｔｈａｄｉ卜
ferentnumberofturns，ｗｅI･ｅｍａｄｅｆｒｏｍＮｏ、１８tin-coatedcopperwiYoe・Foreach
MTL,Tablelliststhenumberoftumsintheloop(Ｎ),２汀timestheradiusainwave-
1engtl宙ofthesmallestspherewhichcouldcompletelyenclosetheMTLanditsfeed
andmatchingcapacito眉,theWheelerefficiency,andtheQefficiency･Tablelshows
thatfoTka＜0.156theWheelermethodandtheQmethodyieldapproximatelythe
sameefficiency・For1argerkatheantennacanradiatesignificantamountsofhigher
ordermodesDandthemethodsmrchcvsingtheradiuselandthemodaldistribution
fail,andthustheQmethodfailsasusedheresinceonlythedominantmodeisas-
sumedtoexist・InTablelthisisillustratedbyaQefficiencyon22percentfo「
kGl＝0.286．
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AnelectricanysmaUantennaisanantennawhosemaximumdimensionismuch
lessthanthewavelengthElectriCallysmallantennasaregene｢allycate宮orizedas
eithercapacitiveorlnductivealthoughmanypracticalsmallantennasaresomecom-
binationofthetwotypes・Thecategorizationisdoneonthebasi急thattheantenna
isprincipanya、elect｢icormagneticelement･Ofthesetwobasictypestheelectl･ic
elementcanbeconsideredtobethemostfundamentalsincetheloop,ｏｒｉｎｇｅｎｅ｢al
anywireantenna,canbeconstructedfromasuperpositionofelectu･icelements．
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Someexamplesofsmallelectricdipoleorcapacitiveantennasn｢ｅｇｉｖｅｎｉｎ
ＦｉＲｕＴｅ２ａｎｄｓｏｍｅｅｘａｍｐｌｅsofsmalllooporinductiveBntenｎａｓａ｢ｅｇｉｖｅｎｉｎＦｉｇｕＩＰｅ３．

Ｔｈｅｒｅp｢esentationorasmalleIntennabymeansofacapacitoro「inductoris
aconvenientIQpplicationoflumpedcircuitConceptstoantennaRnndiscljustiriahle
appToximationmrmanysmaUantennas･Manysuccessrulantenmug,、a｢ticu]arIy「ｏｒ

撚脇`MMM:ilj:iliHlR1HW;:雛::】;燗Yi,Wii雛?､;:M:lR11？}W:９１;W朧｡風。‐
speeddi宵italcomputersnowenabletheantennaengineertoanalyze9withalmost
anydegreeofaccuFacy，ｓｍａ１１ａｎｔｅｎｎａｓｏｆａ｢bitraryshapesuchasthoseshoｗｎｉｎ
ＦｉｇｕｌＰｅｓ２ａｎｄ３･
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Ａｎｉｎｔｅｒｅstingexamp1eofasmaUantennacouplingtoanearbyst｢uctuIPeis
showninFigure4･Thiｓｉｓｔｈｅｃａｓｅｏｆａｓｍａｌｌ,singletumloopA/ｌ００ｏｎａｓｉｄｅｗｈｉｃｈ
ｉｎfreespacehasaneffieiencyofabout７％･WhennearaV21engthofconducto｢，
theefficiencyisdramaticallyincreasedbyvirtueofcouplingtoandradiationfFom
thenearbystructuTe・Ｔｈｅｐｏｉｎｔｈｅ｢ｅｉｓｔｈａｔｅＶｅｎｔｈｏｕｇｈｔｈｅｅｆ｢iciencyofasman
antennamaybelow，ｗｈｅｎｉｔｉｓｍｏｕｍｔｅｄｏｎｏｒｎｅａ「ａｐ｢aoticalstructuIoesuchasa
plcmeｉｔｃｅｌｎｃｏｕｐｌｅｔｏｍｏｄｅｓｏｎｔｈｅｓｔｒｕctu｢ewhichgreat1yincTeasestheradiation
efficienCy･

Apresentstudyisdevotedtodete｢miningthecharacteristicmodesｏｆＢｎａｒ－
ｂｉｔＴａｒｙｂｏｄｙｓｕｃｈｔｈatthesemodesmaybeselectivelyexcitedbyasmallantenna
tomaketheantennaandbodyradiatemo｢eefficientlyorwithmoredesi｢ableradi-
ationpattemsthanthesmallantennnbyitselr．Ａ｢ｒａｙｓｏｆｓｍａｌｌａｎｔｅｎｎＢｓｏｎｔｈｅｂｏｄｖ
ｍａｙｂｅｕｓｅｄｔｏｏｂｔａｉｎｅｖｅｎｍｏ｢edesi｢ableradiationcha｢acteristicsthanfromasinR1e
smallantenna・Ｔｈｅｂｏｄｙｍａｙｂｅｍｅｔａｌ，dielectricDfe｢｢iteorsomecombination．
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ＩｎｔｈｅＷＦｒｅｇｉｏｎａｎｄｂｅｌｏｗ，whe｢ｅｔｈｅｂａｃｋｇ｢oundnoiseisthedominantnoise
souｒｃｅａｎｄｉｔｉｓｍｏｒｅｏｒｌｅｓｓｕｎｉｆｏｒmlvdist｢ibutedinspace9theSNRisp『opoIotionR1
tothedirectiveRaininthedirectiOn6ftheincidentsigna1．Thus,theSNRisopti-
mizedbyoptimizingthediIoectiveRainandachievingsuperdiTectivity．Ａstudyhas
beenmadetoshowthatsupe｢directiveaIorayswithpracticaltolerancesandsidelobes
canbeobtained･Thisisdonebyincludingatole｢anceandasidelobeconst｢aintin
thedirectivegainoptimizationprocedure．
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FiguPe3． Examp1esofsmallmagnetic
dipoleqoop)oFinduCtive
antenn2且

Figure4・IncIPeasedefficiencyof
asmallloopbycoupling
toanearbystructu｢e、
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