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Introduction

TheNumerlcalE1ectromagneticsCode（NEC）isacomputerprogramforanalyzing
theelectromagneticresponseofanarbitrarystructureconsistingofｗ１ｒｅｓ
ａｎｄｓｕｒｆａｃｅｓｉｎｆｒｅｅｓｐａｃｅｏｒｏvera9roundplane･Theanalysisisaccom-
plishedbythenumericalsolutionofintegralequationsforinducedcurrents．

Thecodecombinesanintegralequationforsmoothsurfacewithonespecialized
towirestoprovideforconvenientandaccuratemodelingofawiderangeof
structures，Amodelmayincludenonradiatingnetworksandtransmissionlines
connectin9partsofthestructure，perfectorimperfectconductors，and
lumped-elementloadin9・Ａｓｔｒｕｃｔｕｒｅｍａｙａｌｓｏｂｅｍｏｄｅｌｅｄｏｖｅｒａｇｒｏｕｎｄｐｌａｎｅ
ｔｈａｔｍａｙｂｅｅｉｔｈｅｒａｐerfectorimperfectconductor．

Ｔｈｅｅｘｃｉｔａｔｉｏｎｍａｙｂｅｅｉｔｈｅｒｖｏｌｔａ９esourcesonthestructure，ａｎｉｎｃｉｄｅｎｔ
ｐｌａｎｅｗａｖｅｏｆｌｉｎｅａｒｏｒｅlllptlcpo1arlzatlon，ｏｒｔｈｅｆｉｅｌｄｄｕｅｔｏａＨｅｒｔｚｉａｎ
ｄｉｐｏｌｅ・Theoutputmayincludecurrentandchargedensity，nearorfarzone
electricorma9netiｃｆｉｅｌｄｓ，andimpedanceoradmittance･Ｔｈｅｐｒｏｇｒａｍｉｓ
ｓｕｉｔｅｄｔｏｅｉｔｈｅｒａｎｔｅｎｎａａｎａｌｙｓｉｓｏｒｓcatteringandENPstudies．

TheNumericalE1ectromagneticsCode（NEC）hasbeendevelopedattheLawrence
LivermoreLaboratoryunderthesponsorshipoftheNavalOceanSystemsCenter
andtheAirForceNeaponsLaboratory･Ｉｔｉｓａｎａｄｖａｎｃｅｄｖｅｒｓｉｏｎｏｆｔｈｅ
ＡｎｔｅnnaModelingProgram（AMP）developedintheearly1970,s．

lnteqralEquationFormulation

equationにFIE）anda
electroma9neticresponse
particularstructure

TheNECpro9ramusesbothanelectric-fieldintegral
magnetic-fieldinte9ralequation（ⅡFIE）tomodelthe
of9eneralstructures，sinceeachhasadvantagesfor
types．

ＴｈｅＥＦＩＥｉｓｗｅｌｌｓｕｉｔｅｄｆｏｒｔｈｉｎ－ｗｉｒｅｓｔｒｕｃｔｕｒｅｓｏｆｓｍａｌｌｏｒｖａｎｉｓｈｉｎｇｃonductor
vo1ume･Ｏｆｃｏｕｒｓｅ，thethinwireapproximationconcerningnocircumferential
currentsnｏｒｃｉｒｃｕｍｆｅｒｅｎｔｉａ１ｖａｒｉａｔｉｏｎｏｆａｘｉａｌｃｕｒｒｅｎｔｓａｎｄｔｈｅｕｓｅｏｆｔｈｅ
ｔｈｉｎwirekernelholds．

ＴｈｅＮＦＩＥＤｗｈｌｃｈｆａｉｌｓｆｏｒｔｈｅｔｈｉｎｗｉｒｅｃａｓｅ，ismoreattractiveforvo1u-
minousstructures，ｅｓｐｅｃｉａ１１ｙｔｈｏｓｅｈａｖｉｎｇｌａｒ･gesmoothsurfaces･ＴｈｅＥＦＩＥ
ｃａｎａｌｓｏｂｅｕｓｅｄｔｏｍｏｄｅｌｓｕｒfacesandispreferredfortmnstructureswhere
thereislittleseparationbetweenafrontandbacksurface・A1thoughthe
EFＩＥｉｓｓｐｅｃｌａｌｉｚｅｄｔｏｔｈｉｎｗｉｒｅｓｉｎｔｈisprogram，ithasbeenusedto
representsurfacesbywire9ridswithreasonablesuccessforfar-fieldquan-
titiesbutwithvariab1eaccuracyforsurfacｅｆｉｅｌｄｓ･Ｆｏｒａｓｔｒｕｃｔｕｒｅｃｏｎ－
ｔａｉｎｉｎｇｂｏｔｈｗｉｒｅｓａｎｄｓｕｒｆａｃｅｓｔｈｅＥＦＩＥａｎｄＮＦＩＥａrecoupled、Thlscombination

★lIorkperformedundertheauspicesｏｆｔｈｅＵ.Ｓ・DepartmentofEnergybythe
LawrenceLivennoreLaboratoryundercontractnumberII-7405-ENG-48｡
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oftheEFIEandMFIEwasproposedandusedbyA1bertsen，Hansen，andJensen
attheTechnicalUnivers1tyofDenmark（ref、１）althoughthedetailsoftheir
numericalsolutiondifferfromthoseinNＥＣ･Arigorousderivationofthe
EFIEanｄＮＦＩＥｕｓｅｄｉｎＮＥＣｉｓｇｉｖｅｎｂｙＰｏｇ９ｉｏandNiller（ref、２)．

NumericalSo1utionNethod

ＴｈｅｉｎｔｅｇｒａｌｅｑｕａｔｉｏｎｓｉｎＮＥＣａｒｅｓｏｌｖｅｄｕｓｉｎｇｔｈｅｍｅｔｈｏｄｏｆｍｏｍｅｎｔｓ･In
particular，collocationisusedwithsubsectionalbasisfunctions，ｉｅ．，the
equationsareenforcedatspeciｆｉｅｄｐｏｉｎｔｓｗｈｉｌｅｔｈｅｃｕｒｒｅｎｔｓａｒｅｄefined
oversubregionsoftheoverallstructure．

ThecurrentoneachwiresegmentinNECisrepresentedby

lj(s）＝Ａｊ＋Ｂｊｓｉｎｋ(s-sj）＋Ｃｊｃｏｓｋ(s-sj）ＳＥ△sｊ

19.h:;:t捌鳳鵬j:ｉｐ柵珊tUol;Ｉ:W勘wheresjis
constralned

Thecurrentis

se9mentjunctions．

ThesurfacecurrentdensityforsurｆａｃｅｓｉｎＮＥＣｉｓｅｘｐａｎｄｅｄｉｎａｓｅｔｏｆｐｕlse
functionssothateach00patcｈｏｌｈａｓｔｗｏｐｕｌｓｅｓｏｆａｒｂｌｔｒａｒｙａｍp1itudesrepre-
sentingthetwocomponentsofsurfacecurrentdensity．

AdditionalFeaturesofNEC

Documentation：ＯｎｅｏｆｔｈｅｓｔｒｏｎｇｐｏｉｎｔｓｏｆＮＥＣｉｓｉｔｓextensivedocumentation
…Softhreevo1umes：

Partl：NECProgramDescription-Theory（Describestheequations，numerical
methods，andgeneraltheor9yinNEC.）

Partll：NECPro9ramDescription-Code（Describesthecodingindetail.）

Partlll：NECUserosGuide（containslnstructionsforusingthecode，including
preparationofinputandinterpretationofoutput．

ExtendedThinMreKernel:Theaccuracyofthethin-wireapproximationfora
ｗｉｒｅｏｆｒａｄｉｕｓａａｎｄｌｅｎｇｔｈ△ｄｅｐｅｎｄｓｏｎｋａａｎｄ△/ａ･Studieshaveshownthat
thethin-wireapproximationleadstoerrorsofｌｅｓｓｔｈａｎｌＺｆｏｒ△/a9reater
than8（Ref、３)．Theextendedthm-wireapproximatioｎ（Ref、３）isapplicable
toshortandthicksegments，resultinginerrorslessthanliUfｏｒ△/agreater
than2．

GroundEffects：Ｔｈｅｅｆｆｅｃｔｏｆａｒｅａｌｉｓｔｉｃｇｒｏｕｎｄｏｎｔheelectromagnetic
responseofastructurewasregorouslydefinedbySommerfeldbutiscumber-
someandlengthy，evenforcomputerevaluation･Anapproximationbasedon
theFresnelplane-wavereflectioncoefficiｅｎｔｓｉｓｕｓｅｄｉｎＮＥＣ･A1though
inaccurateforstructureｓｖｅｒ１ｙｎｅａｒｔｏｔｈｅｇｒｏｕｎｄ，itprovidesatlme-savings
ofuptotWoordersofmagnitude・Therangeofvalidityisdemonstratedin
theNECdocumentationbycompaｒｉｓｏｎｗｉｔｈｒｅｓｕｌｔｓｏｂｔａｉｎｅｄｗｉｔｈｔｈeSommerfeld
formulas．
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TheeffectsofradlalwiregroundscreenshavealsobeenincludedinNECby
usingthesurfaceimpedancederivedbylIait［4］andthereflectioncoeffi-
cientmethod．

Ａｔａｊｕｎｃｔｉｏｎｏｆｔｗｏｏｒｍｏｒｅｓｅ９ｍｅｎｔｓｏｒｕｎｅｑｕａｌ
ｒｒｅｎｔｉｓｇｅｎｅｒａｌｉｚｅｄｔｏＫirchoffoscurrentlaw･
neachwireatthejunctionisassumeｄｔｏｂｅｇｉｖｅｎ

ｍｓｏｆＵｎｅｏｕａｌＲａｃ

Thelinearchargedensityoneachw1ｒｅａｔｔｈｅｊｕｎｃｔｌｏｎｌｓａｓｓｕｍｅｄｔｏＤｅｇｗｅｎ
ｂｙ

農|…飼｡Ⅲ@m(烏ト577,
＝Ｏ

ｗｈｅｒｅａｉｓｔｈｅｗｉｒｅｒａｄｉｕｓａｎｄＯ７ｓｒｅaltedtothetotalchargeinthevicinity
ofthejunction．

ＦｒｅｅＥｎｄｓｏｆＦｉｎｉｔｅＲａｄｉｕｓ：Ａｔｆｒｅｅｗｉｒｅｅｎｄｓ，ｔｈｅｃｕｒｒｅｎｔｃａｎｂｅａｓｓｕｍｅｄｔｏ
ｂｅｚｅｒｏｏｒ，ｉｆｏｎｅａｌｌｏｗｓｃｕｒｒｅｎｔｔｏｆｌｏｗｏｎｔｏｔｈｅｅｎｄｃａｐ，ｏｎｅｃａｎｈａｖｅ

１(副い鵜÷|壜Ｍ１．
Thus，ａｔａｆｒｅｅｅｎｄｏｎｅｈａｓａｒｅｌａｔｉｏｎｓｈｉｐｂｅｔｗｅｅｎｔｈｅｌｉｎｅａｒｃｕｒｒｅｎｔａｎｄｉｔｓ
derivative．

ThematrixequationinNECisso1vedbytheGauss
vo1vesafactorizationｉｎｔｏｕｐｐｅｒａｎｄｌｏｗｅｒｔｒｉａｎｇｕｌａｒ
ｖｉａaforwardandthenbackwardsubstitution．

、伯

matrices，ａｎｄａｓｏｌｕｔｉｏｎ

ThenumericalintegrationsinNEC
rmedusingaRombergvariableintewaｌ
ｔｉｏｎｓａｓｉｍｐｌｅｒｅｃｔａｎ９ｕｌａｒｒｕｌｅｉｓwidthtechnique･Inthesurfacecomputations

used．

:淵鶉書｡fCW1:u鯛:脳ee;iIePeS鰯:潟洲a9t跳,Ｗ:liMI:tH;e蝿
rotation，ＦｏｒｅｉｔｈｅｒｒｏｔａｔｉｏｎａｌｏｒｐｌａｎｅｓｙＩｍlmetrFy，theprocedurerequires
factorin90rplanesymmetry，theprocedurerequiresfactorin9Hmatricesof
orderNcratherthanonｅｏｆｏｒｄｅｒＭＮｃ・
Sources：ＮＥＣａｌｌｏｗｓｆｏｒｓｅｖｅｒａｌｄｉｆｆｅｒｅｎｃｅｓources･Ｔｈｅｅｘｃｉｔａｔｉｏｎｃａｎｂｅ
ｉｎｔｈｅｆｏｒｍｏｆａｎｉｎｃｉｄｅｎｔｅｌｅｃｔｒｉｃｆｉｅｌｄｏｆｌｉｎｅａｒｏｒｅｌlipticalpolariza-
tion，ｏｒｔｈｅｆｉｅｌｄｃａｎｂｅｇｅｎｅｒａｔｅｄｂｙａＨｅｒtziansourceA1so，antennascan
belocallyexcitedbyaｖｏ１ｔａｇｅｏｖｅｒａｆｉｎｉｔｅ９ａｐｏｒａｍｏｒｅｌｏcalizedsource
canbeintroducedintheformofconstraintsonthederivativeofcurrentby
usin9abiconicaltransmissionlineapproximationnearthesource．

Lumpedcircuitnetworksandtraｎｓｍｉｓｓｉｏｎｌｉｎｅｓ
ｓｅ９ｍｅｎｔｓｉｎＮＥＣａｒｅａｌｌｏｗｅｄ･Ｔｈｅｙｍｅｒｅｌｙｓｅｗｅｔｏ

ｍａｔｒｉｃｅｓ．

Dｎ－ＲａｄｌａｔｌｎｑＮｅＥＷＣ

modifytheinteraction

器:鵜；鵲鶚豐5鵲鵲J1:w:慨ME:saWl:F1:継;;LMLai:ull:dto
loadedbyimpedanceswhichisequivalenttoplacingdependentsourcesinthe
structure・Fordistributedimpedances（finitecwires）anexpressionisused
toaccountforｔｈｅｌｉｍｉｔｅｄｆｉｅｌｄｐｅｎｅｔｒａｔｉｏｎ．
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ＮＥＣｃａｎｅｖａｌｕａｔｅｔｈｅｆａｒｚｏｎｅｆｉｅｌｄ，thepower
antenna，thedirectivegaimandthetotal

RadiatedFieldCalculation：

ｇａｉｎ，ｔｈｅｉｎｐｕｔｐｏｗｅｒｔｏａｎ
ｒａｄｉａｔｅｄｐｏｗｅｒ．

NearFieldCalculations：Thenearzoneelectricormagneticfiｅｌｄｃａｎｂｅ
calCulatedinNEC．

GroundNaveField：Ｔｈｅｒａｄｉａｔｅｄｆｉｅｌｄｉｓｍｏｄｉｆｉｅｄｂｙａｎimperfectearthand

isrigorouslymodeledusingSommerfeldosexpressions･However，approxima-
tionsatpracticaldlstancesareneededandalthoughfarzoneresultsare
easilyobtained，thosesomewhatc1oserandatgrazinganglesaredominatedby
thegroundｗａｖｅ･ＮＥＣｍａｋｅｓｕｓｅｏｆｔｈｅＮｏｒｔｏｎｆｏｒｍｕｌａｓｆｏｒｔｈｉｓｃａｓｅ．

Hhentheimpedancematrixistoolarｇｅｔｏｂｅ
ｓｔｈｅｏｐｔｉｏｎｏｆｓｔｏｒｉｎｇｐｏｒｔｉｏｎｓｏｕｔｏｆｃｏｒｅ．

【DＵｔＯＴＬＯｒｅＥａＤａｂ

NumericalGreenosFUnction:Theimpedancematrixforastructuremaybe
referredtoasaselfinteractionmatrix・llithNGFtheselfinteraction
matrｉｘｆｏｒｔｈｅｆｌｘｅｄｅｎｖｉｒｏｎｍｅｎｔｍａｙｂｅcomputed，ｆａｃｔｏｒｅｄｆｏｒｓｏｌｕｔｉｏｎ，ａｎｄ
ｓａｖｅｄｏｎｔａｐｅｏｒｆｉｌｅ･Ｓｏｌｕｔｉｏｎｆｏｒａｎｅｗａｎｔｅｎｎａｔｈｅｎｒｅｑｕｉｒｅｓｏｎｌｙｔｈｅ
ｅｖａｌｕａｔｉｏｎｏｆｔｈｅｓｅｌｆinteractionmatrixfortheantenna，themutualantenna
toenvironmentinteractions，andmatrixmanipulationsforapartitional
matrixsolution．

ＴｈｅＴｉｎｖｉｌｌｅｍｅｔｈｏｄｉｓｕｓｅｄｉｎＮＥＣｔｏｅｖａｌｕａｔｅ

ａｓ。

ＳｅｖｅｒａｌｏｐｔｉｏｎｓｅｘｉｓｔｉｎＮＥＣ，ｅ９．，ａｗ１ｒｅｏｒａｒｃ
ｏｋｅｎｉｎｔｏａｎｕｍｂｅｒｏｆｓｅ９ments，aportionofstructure
tedorrotate。，ｏｒａｐａｔｃｈｃａｎｂｅｓｐｅｃｉｆｉｅｄｂｙｉｔｓ
ｎｏｒmal．

lmearlytranslated
point，ａｒｅａ，ａｎｄｎｏ

ｃａｎｂｅ

ｃｅｎｔｅｒ

Synopsis

TheuserorientedcomputerprogramＮＥＣｗｉｌｌｂｅｄｅｓｃｒｉｂｅｄａｎｄｉｔｓｂｒｏａｄ
ａpplicabilitywillbeillustrated、Thevariousoptionsintheprogramwｉｌｌ
ｂｅｄｅｆｉｎｅｄ･TimingestimatesforNECandsourcesfortheprogramandits
documentatｉｏｎｗｉｌｌｂｅｐｒｏｖｉｄｅｄ、Overall，ｐｏｔｅｎｔｉａｌｕｓｅｒｓｗｉｌｌｂｅｇｉｖｅｎａｎ
Overviewｏｆｉｔｓｃａｐａｂｉｌｉｔｉｅｓ．
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