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ｌｌａｋｏｔｏＡｎｄｏａｎｄＴｏｓｈｉｏＳｅｋｉｇｕｃｈｉ

Ｔｏｋｙｏｍｓとｉｔｕ亡ｅｏｆＴｅｃｈｎｏ１ｏｇｙＤＴｏｋｙｏ，Ｊａｐａｎ

ｍ亡ｒｏｄｕｃとion

Ｔｈｅme上hodofEquivalentEdgeCurren上ｓ（EEC）isnowEindingincreasing
app1icaLions上othediffractionandanLennaengineering.【エ］Ｔｈｉｓｐａｐｅｒｄｅａｌｓ
ｗｉｔｈｔｈｅｉｎにegrationoftheequivalen亡ｃｕｒｒｅｎｔｓａｌｏｎｇ上ｈｅｅｄｇｅｏＥ上ｈｅｓｃａｔ上ｅｒｅｒ
ｗｈｉｃｈｐｏｓｓｅＢｓｅｓａｘｉａｌｌｙｓｙｍｌｅｔｒｉｃｇｅｏｍｅｔｒｙ．

Ｔｈｅｒａｄｉａ上ｉｏｎｉｎｔｅｇｒａｌｉｎＥＥＣｉｓｃｈａｒａｃｔｅｒｉｓｔｉｃｉｎｔｈａｔ上ｈｅｉｎｔｅｇｒａｎｄｈａｓ
､Ｐ

ｔｈｅｆｏｍｌｏｆ上heproductoEtheEunctionwhicｈｏｓｃｉｌ１ａｔｅｓｖｅｒｙｒａｐｉｄｌｙＤａｎｄ上he
functionWhichcontainsLhetwo-dimensionaldiffractioncoeEEicientsobtained

easilyforｔｈｅｖｉｃｉｎｉにｙｏｆｔｈｅｓｔａ上ionaryphasepoin上ｓ･Ｔｈｅｓｅｃｏｎ｡ｉ上ion
suggesヒヒｈａ上thisintegrationshouldbeevaluatｅｄｂｙ上ｈｅＭｅｔｈｏｄｏｆＳ上ationary
Phase（SP)，ａｎｄ上hisproducesthesameresultsastheGeome上rica1Theoryoピ
Diffraction（GTD)．に］Thisprocessisself-conBistent，ｓｉｎｃｅＥＥＣｉｎｉｔｓｅｌｆ
ｃｏｍｅｓｆｒｏｍ上ｈｅｏｐｔｉｃａｌｕｎｄｅｒｓにａｎｄｉｎｇｔｈａｔｔｈｅｄｉｆＥｒａｃにｅｄｒａｙｅｍａｎａにｅｓｆｒｏｍｔｈｅ
ｅｄｇｅｏｆ上ｈｅｓｃａ上ｔｅｒｅｒ･Ｂｕｔｔｈｅｒｅａｒｅにｗｏｍａｉｎｌｉｍｉｔａ上ｉｏｎｓにｏ上hestraigh上Ｅｏｒ－
ｗａｒｄａｐｐ１ｉｃａｔｉｏｎｏｆｔｈｅＳＰ．ＯｎｅｉｓにｈｅｃａｓｅｗｈｅｒｅｎｏｔｏｎｌｙｔｈｅｖｉｃｉｎｉにｙｏＥ
上ｈｅｓｔａｔｉｏｎａｒｙｐｈａｓｅｐｏｉｎｔｓｂｕｔａｌｓｏｅｖｅｒｙｐａｒｔｏｆ上ｈｅｉｎｔｅｒｖａｌｏＥ上ｈｅｉｎｔｅｇｒａ－
上ｉｏｎｃｏｎにｒｉｂｕｔｅ上ｏｔｈｅｆｉｅｌｄｓ，ａｓｉｎｔｈｅｃａｓｅｏｆｍｅａｘｉａｌｃａｕｓ上ｉｃｓ･Ｔｈｅｏｔｈｅｒ
ｉｓ上ｈｅｃａｓｅｗｈｅｒｅｔｈｅｖａｌｕｅｏｆｔｈｅＥｕｎｃｔｉｏｎｉｎｔｈｅｉｎｔｅｇｒａｎｄｉｓｓｍａｌｌａｔｔｂｅ

ｓ上ａ上ionaryphasepoints･Ｆｏｒ上hｅｓｅｃａｓｅｓ，ｉ上ｉｓｎｅｃｅｓｓａｒｙ上oevaluate上he
integralmorecarefully．

ＢｕｔａｓｍｅｎｔｉｏｎｅｄｂｅｆｏｒｅＤｉｔｓｈｏｕｌｄｂｅｎｏｔｅｄｔｈａヒヒｈｅｅｑｕｉｖａｌｅｎ上ｃｕｒｒｅｎｔｓｔｏ
ｂｅｉｎにｅｇｒａｔｅｄｃａｎｎｏ上ｇｅｎｅｒａエエｙｂｅｏｂｔａｉｎｅｄｆｏｒａｌｌＥｈｅｉｎｔｅｒｖａｌａｎｄｖａｒｉｏｕｓ
ａｐｐｒｏｘｉｍａｔｉｏｎｓｈａｖｅｂｅｅｎｐｒｏｐｏｓｅｄ・Ｔｏｏｖｅｒｃｏｍｅｔｈｅｆｉｒｓｔ１ｉｍｉｔａ上ｉｏｎｉｎにｈｅ
ｒｅｇｉｏｎｎｅａｒｔｈｅａｘｉｓ，ｉにｉｓｐｒｏｐｏｓｅｄ上ｏｐｕｔｔｈｅｄｉＥｆｒａｃｔｉｏｎｃｏｅＥｆｉｃｉｅｎにｓｏｕにｏｆ
Ｅｈｅｉｎとegrationassumingにha上にｈｅｙａｒｅｃｏｎｓにａｎ上ａｌｏｎｇにｈｅｅｄｇｅａｎｄｅｑｕａ１ｔｏｔｈｅ
ｖａｌｕｅｏｎtheaxis、ＴｈｉｓｍｅＬｈｏｄｌｍｉｃｈｉｓｃａﾕｴedtheAxialSoluにion（AS）isphys-

icallyreasonableandhasbeenexaminedexperimentaエエｙｗｉｔｈａＥｉｎｅａｇｌＥｅｅｍｅｎｔ．
Forにｈｅｒｅｇｉｏｎｗｈｉｃｈｉｓｎｏｔｓｏｎｅａｒｔｈeaxis，上heExtendedAxialSolu上ion（EAS）
hasgivenagoodapproxima上ｉｏｎ･エｎｔｈｉｓｓｏｌｕｔｉｏｎｔｈｅｉｎにｅｒｖａ１ｏｆ上ｈｅｉｎｔｅｇｒａｌ
ｉｓｓｅｐａｒａにedappropriatelyintosubsectionｓａｎｄ上ｈｅｄｉｆｆｒａｃにｉｏｎｃｏｅｆｆｉｃｉｅｎｔａヒ
ヒｈｅｎｅａｒｅｓ上ｓｔａｔｉｏｎａｒｙｐｈａｓｅｐｏｉｎｔｉｓｕｓｅｄｆｏｒｉｎ亡ｅｇｒａ上ｉｎｇｅａｃｈｓｕｂｓｅｃ上ｉｏｎ･
Ｆｏｒｔｈｅｓｅｃｏｎｄｃａｓｅ，however，whereにｈｅｖａｌｕｅｏｆにheEunctioｎｉｓｓｍａエエａｔｔｈｅ
ｓｔａｔｉｏｎａｒｙｐｈａｓｅｐｏｉｎｔｓｐ上ｈｅｓｉｔｕａｔｉｏｎｉｓｍｏｒｅｃｏｍｐｌｉｃａにｅｄａｎｄｄｅ上ａｉｌｅｄｓｔｕｄｙ
ｈａｓｎｏ上ｂｅｅｎdone・ｏｎｅａﾋﾋemptwasmadebyapplying上heEASdirecﾋｴy[３]，ｂｕｔ
ｉｔｈａＢｎｏ上examinedanalyticallynorexperimentally．

エヒユｓＬｈｅｐｕｒｐｏｓｅｏｆにｈｉｓｐａｐｅｒｔｏｐｏｉｎｔｏｕｔｔｈａにａｓとｈｅｆｒｅｑｕｅｎｃｙｂｅｃｏｍｅｓ
ｈｉｇｈｅｒ，上heEASproducesunreasonableresulｔｓｆｒｏｍｔｈｅｏｐとｉｃａｌｐｏｉｎｔｏｆｖｉｅｗ，
ｉｎｔｈｅｃａｓｅｗｈｅｒｅｔｈｅｖａｌｕｅｏｆｔｈｅｆｕｎｃ上ｉｏｎｉｓｓｍａｌｌａｔｔｈｅｓ上ationaryphase

poin上ｓ･ＴｈｅｎａｍｅｔｈｏｄｏｆｎｅｕＪｔｙｐｅｉｓｐｒｏｐｏｓｅｄｉｎｐユａｃｅｏｆｔｈｅＥＡＳａｎｄｉｔｉｓ
ｓｈｏｗｎｔｈａ上ｔｈｅｓｏｌｕ上ｉｏｎｂｙｔｈｉｓｍｅｔｈｏｄａｐｐｒｏａｃｈｅｓにｏｔｈａ上ｂｙｔｍｅＳＰｉｎｔｈｅ
ｌａｔｅｒａ１ｒｅｇｉｏｎ，ｗｈｉｌｅｉｔａｐｐｒｏａＣｈｅｓｔｏにｈｅＡＳｉｎｔｈｅｒｅｇｉｏｎｎｅａｒ上ｈｅａｘｉｓ･
This、望nB-thatfieldsina1mosにal1theregioncanbeobtainedaｔｏｎｃｅｂｙｔｈｉｓ

Ｃ

ｍｅとｈｏｄ，ｗｈｉｌｅｔｈｅｃｏｎｖｅｎｔｉｏｎａｌｍｅｔｈｏｄｓａｒｅｅＥＥｅｃｔｉｖｅｏｎｌｙｉｎにｈｅｒｅｌａ上ively
narrowregions．
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￣ニ

エｎｔｈｅｍｅｔｈｏｄｏｆＥＥＣｐｍａｇｎｅとｉｃｆｉｅ１ｄｓｆｏｒｅｘａｍｐｌｅｃａｎｂｅｒｅpresentedbythe
radiationintegra1softheequivalentelectricandmagneticcurrentsasfol1ows

jl･伽…､)｡j…(")`…｡｡(!《………仇"’
（Ｖ＝ｋａｓｉｎＯ）

爵(`)-:(`｡e)端(｡｡｡６．．･')+::(`’6)[-;;R:(｡｡,０．･IjL3。（２）
ＷｈｅｒｅａｉｓｔｈｅｒａｄｉｕｓｏＥｔｈｅｃｉｒｃｌｅｏｎWhich上heequivalenとcurren上ｓｒ(巾0）ａｎｄ
Ｘ(｡，）areasslmled，ａｎｄｏ上herparametersareshowninFig1．ｋ(｡;e),f(仏e）are
thecorrespondingtwo-dimensionaldiffractioncoefficientswhileRs(｡《e),f榊;O）
are上heslopewavecorrection[3]・ReandRharetheradiationpattｅｒｎｓｏＥ

鑑pi;u雛::.；'i:ｎAｼf::;,:霊龍ｉｎ｡………………

犀liI(…｡"…“……………い《,）
ＴｏｂｅｇｉｎｗｉｔｈＤｔｈｒｅｅｔｙｐｅｓｏｆｔｈｅｍｅ上ｈｏｄｓｓｔａｔｅｄａｂｏｖｅａｒｅｅｘｐｒｅｓｓｅｄｔｏｇｅｔｈｅｒ
ｗｉにhtheconcreteresuﾕﾋｓＥｏｒｊｇ⑰)=sin(｡‐毎)sin(毎)，ａｓ上hetypica1examp1eWhere
thefunctionvanishesatthestationaryphasepoints，thatｉｓ，ｆ(O)=f(汀)=0．

TheDIethodofSta上ionarvPhn負② (ｆｏｒＶアエ）

…(｡)腓(｡).jv-j:"(､)
TheAxialSoluヒエｏｎ（forｅ=0,汀）

{等1t,(､)･-j,櫛： (4)

昨報|:}(錘)ejv……h･…)……………（５）
TheExtendedAXialSolution

…,塵………iv,……露“

年に……壜|鑿j鯛I私）
…：-Ｊ｡(,)打2(,)±:jii蓋i;｡Ｍ）

(6)

bｙＳＰ（７）

ｂｙＡＳ ．（８）

bｙＥＡＳ（９）

(10）

HerewepayatLentiontotheso1uﾋﾕoｎ(9)(10)．ェtshouldbenotedthaにとhe

summaにionhasappearedasaresul仁ofseparaにingtheintegra1at垂＝土而/２，in
otherwords，makingthear上ificiaエｄｴscontinuitiesforf(範)．Furthermore
itユｓｔｈｉｓｔｅｒｍｍａｔｐ１ａｙｓａｎｉｍｐｏｒｔａｎＬｒｏｌｅｆｏｒｌａｒｇｅＶ･Thisfactisproved
bycalcu1a仁ｉｎｇｔｈｅｐｈａｓｅｏｆＣ１．ＡｓｉｓｓｈｏｗｎｉｎＦｉｇｏ２，ｉｔｉｓａｴmos上constant
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exceptforextreme1ysmalle･Thismeansphysicallythaヒヒhemaincontribution
comesfromthevicinityoEoc二±ｺﾞT/２，にheartificialendpoin上s・Theseresults
canalsobeexpected頤thematicallybytheasymptoticthｅｏｒｙｏｆにheSPI4L
whichpoin上ｓｏｕｔｔｈａｔｔｈｅｃｏｎ上ribu上ｉｏｎｆｒｏｍｔｈｅｅｎｄｐｏｉｎｔｓａｒｅＯ(V~1），while
tha上ｆｒｏｍ上hevicinityofにｈｅｅｎｄｐｏｉｎｔｓａｒｅＯ(v-1.5）ｉｎｃａｓｅｏＥｆ(O)=f(T)=0．
Ｆｒｏｍ上ｈｅピａｃ上ｓｄｅｓｃｒｉｂｅｄａｂｏｖｅ，ｗｅｍａｙｃｏｎｃｌｕｄｅにｈａヒヒhemaincontribution

comesfromtｈｅｅｎｄｐｏｉｎｔｓ，ｓｏｌｏｎｇａｓにｈｅａｒｔｉｆｉｃｉａエｅｎｄｐｏｉｎｔｓａｒｅｍａｄｅｉｎ
ｔｈｅｉｎｔｅｇratioｎ．Ｂｕｔ上ｈｉｓｃｏｎｃｌｕｓｉｏｎｃｏｎｔｒａｄｉｃｔｓ上ｈｅｏｐ上ｉｃａｌｐｏｉｎｔｏｆｖiew．

Ａ１１ｏｆｔｈｅｓｅｃｏｎｓｉｄｅｒａにｉｏｎｓｉｎｄｉｃａｔｅにｈｅｎｅｃｅｓｓｉ上ｙｏｆｔｈｅａｐｐｒｏｘｉｍａ上ｉｏｎ

ｗｈｉｃｈｄｏｅｓｎｏにｍａｋｅａｎｙａｒｔｉＥｉｃｉａｌｅｎｄｐｏｉｎｔｓ・Ｔｈｅｍｅｔｈｏｄｗｅｐｒｏｐｏｓｅｓｅｔｓ

ｔｈｅｓｔａｒ上ｉｎｇｐｏｉｎｔｏｎにｈｅＡＳ･エｎｔｈｅｆｉｒｓｔｐｌａｃｅ，上ｈｅＡＳｗｈｉｃｈｃｏｎｓｉｓｔｓｏｆ
ＢｅｓｓｅｌＥｕｎｃｔｉｏｎｓｉｓｓｅｐａｒａｔｅｄｉｎｔｏｔｗｏｃｏｍｐｏｎｅｎｔｓｗｈｉｃｈｃｏｎｓｉｓｔｏｆｔｈｅＥｉｒｓｔ
ａｎｄｓｅｃondHankelEunc上ｉｏｎｓ･ＴｈｅｒｅsultingcomponenLsareunderstoo。とｏｂｅ

ｔｈｅｃｏｎｔｒｉｂｕｔｉｏｎｓＥｒｏｍ上hecorrespondingstationaryphaseｐｏｉｎｔｓ・Tofinish
theprocess，亡hesearelnultipliedby上ｈｅｖａｌｕｅｏｆＺ(毎）ateachsta上ionaryPhase
point．Ｔｈｉｓmetbodisexpressedasfollows・Supposef(DC）ｉｓｅｘＰａｎｄｅｄｉｎとｈｅ

ＥｉｎｉｔｅＦｏｕｒｉｅｒｓｅｒｉｅｓ・Ａｘｉａ１Ｓｏ１ｕ上ｉｏｎ

牌…"州..』風")《u）。｡難:ｶﾞ(……
ツ静。風……,…。

ⅧnLojnanHA(､）＋耐n2ojnanHli(の
ｆｒｏｍ缶=Ｏｆｒｏｍｃ＝ＴＴ

(12）

(13）

ｍｌｍト
Ｆ三世(O)汀ZjnanHA(V）＋江而)可IjnanH:(V）

、=ｏｎ=０
(14）ＳｅＤａｒａにｅｄＡｘｉａｌＳｏｌｕにｉｏｎ

エヒｉｓｉｎｔｅｒｅｓｔｉｎｇにｏｅｘａｍｉｎｅｔｈｅｂｅｈａｖｉｏｒｏＥにｈｉｓｓｏｌｕｔｉｏｎｆｏｒ上ｈｅｌｉｍｉ上iｎｇ
ｖａｌｕｅｓｏｆＶ（＝kasine）．

Ｖ>>m,８４０，１T＿Theasympt｡にｉｃｆｏｒｍｆｏごＨｎ(V）ｃａｎｂｅｓｕｂｓに土上uにｅｄ，ｔｏｏｂｔａｉｎ

…)(,《｡)籍余八・)]群jw-ん…一家八噸)俳一j職j：《喝）
ｗｈｉｃｈｃｏｉｎｃｉｄｅｓｅｘａｃ上ｌｙｗｉｔｈｔｈｅｒｅｓｕｌｔｂｙｔｈｅＳＰｏｆにｈｅｓｅｃｏｎｄｏｒｄｅｒ･エヒis
clearthatthewavecomesEromtheviciniwoE上hestationaryphasepoin上s,

ｅｖｅｎｉｆｆ(O）ａｎｄｆ(1T）vanisb．

Ｖ才、’６宮0,7ＴエヒapproachestoにｈｅＡＳｂｙ上akingchelimiにｆｏｒバユ）first，
providedZ(O)＝ｆ(7T)．Ｂｕｔｉｆｆ(O）＋ｆ(汀）Ｅｏｒ６+0,7T，itdiverges，ａｓｉｓａｌｓｏｔｈｅ
ｃａｓｅｗｉにｈ上ｈｅＡＳｗｈｅｎｔｈｅａｘｉｓｈａｐｐｅｎｓ上ｏｂｅｉｎｔｈｅｄｉｒｅｃにｉｏｎｏｆｔｈｅｓｐｅｃｕｌａｒ
ｒｅｆｌｅｃｔｉｏｎ．

Ｆﾕｎａｌｌｙエ、ｏｒｄｅｒにｏｃｏｍｐａｒｅｔｈｏｓｅｍｅｔｈｏｄｓ，にｈｅｒａｄｉａｔｉｏｎｐａヒヒemofthe

paraboloidalreflectorantennaiscalcu1atedbythenewmeとhod【SAS］andthree
colwentionaエUnethods［EAS]，[SP］ａｎｄ［AS】ａｓｓｈｏｗｎｉｎＦｉ８､３．エnthiscalcula-

にｉｏｎＤａｎＸ－ｄｉｒｅｃにｅｄｅｌｅｃ上ｒｉｃｄｉｐｏｌｅｉｓｌｏｃａにｅｄａヒヒｈｅｏｒｉｇｉｎ．Ｔｈｉｓｍｅａｎｓｔｈａｔ

Ｒｈｂｅｃｏｍｅｓｚｅｒｏａｎｄにhaヒヒｈｅｓｅｃｏｎｄ仁ｅｒｍｉｎＥｑ．（１）whichhastheintegrandoE
tbe上ypediscussedabove，ｔｈａｔｉｓｆ(DC)＝ｓin(｡-態)･sin(毎），p1aysanimportant
roleforH｡．Fig.３showsにbatinthebackloberegion，ＳＡＳａｎｄＥＡＳｃｏｉｎｃｉｄｅ
ｗｉｔｈＡＳＤｗｈｉｌｅｉｎｔｈｅｌａｔｅｒａ１ｒｅｇｉｏｎにｈｅｙａｒｅｑｕｉにｅｄｉｆｆｅｒｅｎｔｏｎｅａｎｏＬｈｅｒ．
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Ｆｏｒ６=９０．，EASseemstoapproach上ｏｔｈｅＳＡＳａｎｄＳＰ，ｂｕｔ上hisｉｓ上heconse-
quenceoftheEactorcoｓ６ｉｎＥｑ.(ｴ)．Ｏｎｔｂｅｏｔｈｅｒｈａｎｄ，ＳＡＳｗｏｕｌｄａｐｐｒｏａｃｈ
ｔｏｔｈｅＳＰｉｎｔｈｅ１ａ上eraエｒｅｇｉｏｎｅｖｅｎｉｆｉｔｗａｓｎｏｔＥｏｒｔｈｅＥａｃ上ｏｒｃｏｓＯ．

Concエusion

エｔｈａｓｂｅｅｎｉｎｄｉｃａに巳。上hattheconventionalEx上endedAxiaエＳｏｌｕにｉｏｎｐｒｏ－
ｄｕｃｅｓｕｎｒｅａｓｏｎａｂｌｅｒｅｓｕｌｔｓｉｎｔｈｅｃａｓｅｕｖｈｅｒｅ上ｈｅＥｕｎｃｔｉｏｎｉｎにｈｅｒａｄｆ且ｔｉｏｎ

ｉｎ上ｅｇｒａｌｖ麺ｉｓｈｅｓａヒヒｈｅｓ上ａ上ｉｏｎａｒｙｐｈａｓｅｐｏｉｎｔｓ･Ａｓｏｌｕｔｉｏｎｏｆｔｈｅｎｅｗ上ｙｐｅ
ｎａｍｅｄｔｈｅＳｅｐａｒａ上ｅｄＡｘｉａ１Ｓｏｌｕｔｉｏｎｉｓｐｒｏｐｏｓｅｄａｎｄｉｔｓｂｅｈａｖｉｏｒｉｓｓｔｕｄｉｅｄｔｏ

getにｏｋｎｏｗｍａｔｉにａｐｐｒｏａｃｈｅｓｔｏｔｈｅＡｘｉａｌＳｏ１ｕｔｉｏｎｉｎｔｈｅａｘｉａｌｒｅｇｉｏｎａｎｄ
ｔｏｔｈｅｓｏｴｕ上ｉｏｎｂｙｔｈｅＨｅｔｈｏｄｏｆＳｔａｔｉｏｎａｒｙＰｈａｓｅｏＥｔｈｅｓｅｃｏｎｄｏｒｄｅｒｉｎ上he
lateralregion･Thoughmesuperiorityof上ｂｉｓｎｅｗｍｅｔｈｏｄｈａｓｎｏ上been
examinedexperimentaUyyet＄Ｗｅｈａｖｅｐｒｏｖｅｄｔｈａｔｔｈｅｅｘａｃｔｓｏｌｕｔｉｏｎｆｏｒ上he
difEractioｎｂｙａｓｐｈｅｒｅ，ｗｈｉｃｈｉｓｍｏｄｉｆｉｅｄｂｙｔｈｅＷａｔｓｏｎtransformation，ｈａｓ
ｊｕｓｔｔｈｅｓａｍｅｆｏｒｍａｓＥｑ.(ﾕ5）

REFERENCE［１］Ｃ､Ｅ・Ryan,巳上ａｌ：エEEETrans・ｏｎＡｎｔ.aProp.,AP-17,pp292，(1969）
に］』.Ｂ・Keller：Ｊ､Ｏｐと．SOC．Ａmer.,vol､52,ppll6,Feb.，（1962）
［３】Ｇ､Ｌ・James,ｅｔａｌ：IEEETrans・ｏｎＡｎｔ.＆Ｐｒｏｐ．,AP-21,pp19,Jan.，(1973）
［４］Ｌ､Ｂ・Felsen:I0RadiationandScatteringofWaveslIPrentice-Hall（1973）
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