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Ｔｈｉｓｐａｐｅｒｄｅａｌｓｗｉにｈｔｈｅ上ｈｅｏｒｅｔｉｃａｌａｎａｌｙｓｉｓｏｆ上ｈｅｍｕｔｕａｌｃｏｕｐｌｉｎｇ
ｂｅｔｗｅｅｎｓ１ｏ上ａｎｄｗｉｒｅａｎｔｅｎｎａｓ，ａｎｄｉｔｓｅｘｐｅｒｉｍｅｎｔａｌｖｅｒｉｆｉｃａｔｉｏｎＥｏｒａｎ

ａｎ上ｅｎｎａｓｙｓｔｅｍａｓｓｈｏｗｎｉｎＦｉｇ、１．Ｔｈｅａｎｔｅｎｎａｓｙｓｔｅｍｃｏｍｐｏｓｅｄｏｆ上ｈｅｓｌｏｔ
ａｎｄ上bewirehasbeenanalyzedbyKingｅｔｃＺＺ．［1]，Ｂｕｔ１ｅｒｅｔａＺ．［2]，and
usedpracticaUｙｂｙＣ１ａｖｉｎｅｔｑＺ．【3]・エヒユsobviousEromthesepapers上h日上
ｔｈｅｍｕｔｕａ１ｃｏｕｐｌｉｎｇｂｅｔｗｅｅｎ上ｈｅｓｌｏｔ，ｔｈａｔｉｓ，ａｍａｇｎｅｔｉｃｃｕｒｒｅｎ上ａｎｔｅｎｎａＤ
ａｎｄとｈｅとｈｉｎｗｉｒｅ，上ｈａｔｉｓ，ａｎｅｌｅｃｔｒｉｃｃｕｒｒｅｎｔａｎｔｅｎｎａｉｓｖｅｒｙｓｔｒｏｎｇ･Ａ
ｃｏＴｕｃｅｐ上ｏｆとｈｅｍｕｔｕａｌｃｏｕｐ１ｉｎｇｂｅｔｗｅｅｎａｎｔｅｎｎａｓｉｓｆｏｒｍｕｌａ上ｅｄｃ１ｅａｒ１ｙｉｎ
上hｅｆｏｒｍｏｆｔｈｅｍｕｔｕａｌｉｍpedanceandtbemutualadmittanｃｅｆｏｒｔｈｅｅｌｅｃｔｒｉｃ
ａｎｄｍａｇｎｅｔｉｃｃｕｒｒｅｎ上ａｎ上ennas，ｒｅｓｐｅｃ上ively･However，ａｃｏｎｃｅｐ上oEthe
mutualcouplingbetween上ｈｅｓｌｏｔａｎｄｔｈｅ上Ｍｎ官ｉｒｅｈａｓｎｏとｂｅｅｎｇｒａｓｐｅｄ
ｃｌｅａｒｌｙａｓｔｈｅａｂｏｖｅ－ｍｅｎ上ｉｏｎｅｄｑｕａｎｔｉとｉｅＳ･ＴｈｉｓｐａｐｅｒｃｌａｒｉＥｉｅｓｔｈｉｓ
ｃｏｎｃｅｐ上ｉｎｔｈｅｆｏｒｍｏｆａｍａｔｒｉｘｒｅｐｒｅｓｅｎＬａにｉｏｎｂｙｕｓｉｎｇ上ｈｅ上echniqueof
reactionma上chinｇ【い、
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、。…｡Ｅｍｐｒ…dfieldo碑韓)and恒主,面些)impingeontho
an上ennasfromregionsz>Ｏａｎｄｚ<０，respecLively，ａｓｓｈｏｗｎｉｎＦｉｇ、１，where
にheregionz>Ｏｃｏｒごespondstothehalrspaceandz<Oanotherone，a
waveguide，ｏｒａｃａｖｉ上ｙ･Thesefieldsinduceanelectriccurren上丁ｏｎｔｈｅ

:l::c:::､織:i鐡騨｡為謂Whe:::鵬:;鱗':IdgEm:::；･値::.:::::Ko
z>Ｏａｎｄｚ<０，respec上ively・A11thesefieldBmustsatisfyMaxwｅ１ｒｓ
ｅｑｕａｔｉｏｎｓｉｎにｈｅｓｐａｃｅｗｈｅｒｅｔｈｅｙｅｘｉＢ上，ａｎｄａｌｓｏｔｈｅｆｏｌｌｏｗｉｎｇｂｏｕｎｄａｒｙ
ｃｏndimons：

and【毒(了)十面汎)＋藍]Ｘ３‐０，…iro（１）
［噸)＋噸(iL)＋麓]x２－[､｡(ﾛ）領土]x２，…1｡上（２）

Where合ａｎｄ２ａｒｅｕｎｉとvectorsnormaltothesurEacesｏｆ上ｈｅｗｉｒｅａｎｄにｈｅ

ｓｌｏ上，respective1y･エｆにｈｅｓｌｏｔａｎｄｔｈｅｗｉｒｅａｒｅｔｈｉｎｅｎｏｕｇｈ，エヒｍａｙｂｅ
ｑｕｉにｅａｌｌｒｉｇｈｔにｏｃｏｎＢｉｄｅｒｔｈａｔｔｈｅｅｌｅｃ上ｒｉｃａｎｄｍａｇｎｅｔｉｃｃｕｒｒｅｎｔｓｈａｖｅ
ｏｎｌｙａｘｉａｌｃｏｍｐｏｎｅｎにｓ･Ｔｈｅｓｌｏ上ａｎｄｔｈｅｗｉｒｅ，ｔｈｅｎＤａｒｅｄｅｖｉｄｅｄｅｑｕａｌｌｙ
ｉｎｔｏＮｓandNivsegments，respec亡ively，forapiecewise-sinusoidalbasic
expansionl4Lso上haヒヒｈｅｓ１ｏｔａｎｄｔｈｅｄｉｐｏ１ｅｃａnbeconsidered上ｏｂｅ
ｄｅｖｉｄｅｄｉｎｔｏ（NB-ﾕ）shorts1otsand（N1o-1）shortdipo1es，whosecurren上ａｎｄ
ａｐｅｒ上ureEielddistributionsaresinusoidal，ａｓｓｈｏｗｎｉｎＦｉｇ、２．
Subsequently，O0reac上ing１，【4］anyp-thshor上ａｎｔｅｎｎａｗｉｔｈａｎｙｑ－ｔｈｏｎｅｉｎ
上ｈｅｓｌｏＬａｎｄにｈｅｗｉｒｅ，上ｈｅｆｏｌｌｏｗｉｎｇｍａ上ｒｉｘｒｅｐｒｅｓｅｎｔａｔｉｏｎｉｓｄｅｒｉｖｅｄ：
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ｗｈｅｒｅｍａｎｄｎｆｏｒｔｈｅｓｈｏｒ上ｄｉｐｏｌｅｓａｒｅｉｎｔｅｇｅｒｓｆｒｏｍｌｔｈｒｏｕｇｈＮｗ－１，and
m0andnofortheshorLslotsfromNwthroughNty+Ns-2･

ＲｅｌａｔｉｏｎｓｂｅｔｗｅｅｎｅｌｅｍｅｎｔｓｏＥｓｕｂｍａｔｒｉｃｅｓａｎｄｓｈｏｒｔａｎ上ｅｎｎａｓａｒｅ

鵲;:3.::.F::｡錨:.:::::墨:::朧nlh:､:llKmARdjに::．禰霊,g:::;:鵠,，．
l::w，」圏:風:｡[蝿｡｡謡蹴．.:畷:;[:::鰯:::臨::ﾋﾋ:y噸Eｾﾞ:…

壷繍鱗.曇:鑿:鑿鵜;犠繍P室･鵡蕊:：謎
ｖｏ１ｔａｇｅａｎｄｃｕｒｒｅｎｔｖｅｃｔｏｒｓｃｏrrespondin8tomtheimpressedEie１．ｓ・For
cop1anaranにennas，ＺｍｎａｎｄＹｍｏｎ１ｏＥＥｑ．（３）areexpressedinclosedrorm
involvingsineandcosineintegrals［4]・Forsomespecialcases，Ｂｎｍｉｉｓ
ａｌｓｏｉｎｃｌｏｓｅｄｆｏｒｌｎｉｎｖｏ１ｖｉｎｇｅｘｐｏｎｅｎｔｉａｌｉｎにｅｇｒａｌｓ．

ｍＳＣＵＳＳＩ０ＮＳ
－

SolvingEq．(3)，thevoltageand（electric）curren上distribu上ionsfor
上ｈｅｓｌｏｔａｎｄｔｈｅｗｉｒｅ，ｒｅｓｐｅｃ上ｉｖｅｌｙＤｃａｎｂｅｄｅｔｅｒＴｎｉｎｅｄ･エｎｐｕｔｉｍｐｅｄａｎｃｅａｎｄ
ａｄｍｉｔｔａｎｃｅｃａｎｂｅｅｖａｌｕａ上ｅｄｂｙａｒａｔｉｏｏｆｔｈｅｖｏｌＬａｇｅａｎ。上ｈｅｃｕｒｒｅｎｔａｔ
ｆｅｅｄｉｎｇｐｏｉｎｔｓｏｆｔｈｅａｎｔｅｎｎａｓ･Ｆｉｇ．３ｓｈｏｗｓｃａｌｃｕｌａ上ｅｄｒｅｓｕｌとｓｏＥｔｈｅｉｎｐｕｔ
ｉｍｐｅｄａｎｃｅｏｆｔｈｅｓlot．ＡｓｓｈｏｗｎｉｎＦｉｇ，３，ｔｈｅａｎｔｅｎｎａｓｙｓｔｅｍｉｓｔｈｅｓａｍｅ
ｍｏｄelappearedinl3Lwheretheslo上ｗｉ上htwoparasticmonopolesiscenter-
fed，ａｌ上ｈｏｕｇｈｔｈｅｓｌｏｔｈｅｒｅｉｓｂａｃｋｅｄｂｙｔｈｅｓｈａｌｌｏｗｒｅｃｔａｎｇｕｌａｒｃａｖｉｔｙ．ｍ
にｈｅｃｏｍｐｕにａ上ion，ｔｈｅｓｌｏｔｉｓｄｅｖｉｄｅｄｉｎｔｏｌ２ｓｅｇｍｅｎ上ｓａｎｄｅａｃｈｍｏｎｏｐｏｌｅ６
ｏｎｅｓ、エヒｉｓｏｂｖｉｏｕｓｆｒｏｍＦｉｇ・３上ｈａ上ｅｘｐｅｒｉｍｅｎｔａｌｖａｌｕｅｓｓｈｏｗｎｂｙｓｍａｌｌ
ｃｉｒｃエｅｓｉｎにｈｅＥｉｇｕｒｅａｇｒｅｅｗｅｌｌｗｉＬｈｔｈｅｃａｌｃｕｌａｔｅｄｒｅｓｕｌｔｓ．

Ｒａｄｉａ上ｉｏｎｆｉｅｌｄｓａｎｄｐｏｗｅｒｇａｉｎｐａとｔｅｒｎｓｃａｎｂｅｅｖａｌｕａｔｅｄｂｙｔｈｅ
ｅｌｅｃｔｒｉｃａｎｄｍａｇｎｅｔｉｃｃｕｒｒｅｎｔｄｉｓｔｒｉｂｕｔｉｏｎｓｏｎｔｈｅａｎｔｅｎｎａｓ・Ｔｈｅｄａｓｈｅｄ

ｌｉｎｅｓｏｆＦｉｇ、４ｓｈｏｗｔｂｅｃａエｃｕ１ａｔｅｄｒａｄｉａｔｉｏｎｐａｔｔｅｒｎｓ，ｗｈｅｒｅｔｈｅｃａｖｉ上ｙ－
ｂａｃｋｅｄｓｴｏｔｏｎａｎｉｎｒｉｎｉｔｅｇｒｏｕｎｄｐ１ａｎｅｉｓｃｅｎｔｅｒ－ｆｅｄａｎｄｔｈｅｄｉｐｏｌｅｉｓ
ｐａｒａｓｔｉｃ･Ｉｎｔｈｅｃｏｍｐｕ上ａｔｉｏｎ，ｂｏｔｈｔｈｅｓｌｏｔａｎｄ上ｂｅｗｉｒｅａｒｅｄｅｖｉｄｅｄｉｎｔｏ

ｌＯｓｅｇＪｎｅｎにｓ･エヒｉｓｅｖｉｄｅｎＬｆｒｏｍＦｉｇ、４上ｈａにｔｈｅｐａｒａｓヒエｃｄｉｐｏｌｅｆｕｎｃ上ｉｏｎｓ
ｎｏｔｏｎｌｙａｓａｄｉｒｅｃｔｏｒｂｕとａユｓｏａｓａｒｅＥ１ｅｃｔｏｒ･ＴＭｓｆａｃｔｉｓａｌｓｏ

ｐｒｅｄｉｃｔａｂｌｅｆｒｏｍ［１]・TbeIneasuremen上ｗａｓｄｏｎｅｒｏｒにhesloにonafinite

squaregroundplane・ＭｅａｓｕｒｅｄｒｅｓｕｌｔｓａｒｅｇｉｖｅｎｂｙｔｈｅＥｕｌｌｌｉｎｅｓｏピＦｉｇ．４
Thedashedlines（calculatedvalues）ｄｏｎｏ上agreewellwiththefulllines
(experimenmlones)，especiallyinFig、４（a)．Thisisbecausethat上he
radﾕａヒエｏｎｐａヒヒｅｒｎｓａｒｅｉｎｆｌｕｅｎｃｅｄｓｔｒｏｎｇ１ｙｂｙ上ｈｅｆｉｎｉｔｅｎｅｓｓｏＥｔｈｅｇｒｏｕｎｄ
ｐlane･Ｔｈｅｒａｄｉａヒユｏｎｐａヒヒｅｒｎｓｃａエｃｕｌａ上ｅｄｆｏｒ上ｈｅｉｎｆｉｎｉｔｅｇｒｏｕｎｄｐｌａｎｅｃａｎ
ｂecorrectedbyusingtheinducedcurrentmethodl5】、Ｔｈａｔｉｓ，ａ上firs上
ｓｔｅｐ，ｔｈｅｃｕｒｒｅｎｔｄｉｓｔｒｉｂｕｔｉｏｎｏｎｔｈｅｆｉｎｉｔｅｇｒｏｕｎｄｐ１ａｎｅｉｓｄｅにｅｒｍｉｎｅｄｂｙ
上heimprovedinducedcurrentmeにhodI5LAradiationpatternis，上he､，
ａｐｐｒｏｘｉｍａｔｅｄｂｙａｓｕｍｏｆ上ｈｅｒａｄｉａ上ｉｏｎｆｒｏｍｔｈｅｓｌｏｔａｎｄｄｉｐｏ１ｅａｎｔennas，
ｗｈｉｃｈｄｏｅｓｎｏ上ｃｏｎｔａｉｎｃｏｎにｒｉｂｕｔｉｏｎｓｆｒｏｍｔｈｅｉｒｉｍａｇｅｓＤａｎｄｔｈｅｒａｄｉａｔｉｏｎ
ｆｒｏｍ上ｈｅｉｎｄｕｃｅｄｃｕｒｒｅｎｔｏｎ上ｈｅｆｉｎｉ上ｅｇｒｏｕｎｄｐｌａｎｅ･Ｔｈｅｒａｄｉａｔｉｏｎｐａｔｔｅｒｎｓ
ｃｏｒｒｅｃｔｅｄｂｙ上ｈｉｓａｐｐｒｏｘｉｍａ上ｉｏｎｐｒｏｃｅｓｓａｒｅｓｈｏｗｎｂｙ上ｈｅｓｍａｌｌｃｉｒｃｌｅｓｉｎ
Ｆｉｇ、４．Ｔｈｅｙａｇｒｅｅｗｅｌｌｗｉｔｈｔｈｅｅｘｐｅｒｉｌｎｅｎｔａｌｃｕｒｖｅｓ．

ＣＯＮＣＬＵＳエＯＮ̄

Ｔｈｅａｎｔｅｎｎａｓｙｓｔｅｍｃｏｍｐｏｓｅｄｏｆｔｈｅｓｌｏにａｎｄｗｉｒｅａｎｔｅｎｎａｓｈａｓｂｅｅｎ

ａｎａ１ｙｚｅｄ上ｂｅｏｒｅｔｉｃａユエｙ･Ｔｈｅｄｅ上ａｉｌｅｄｃｏｍｐａｒｉｓｏｎｏｆｔｈｅｅｘｐｅｒｉｍｅｎ上ａｌａｎｄ
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Ｃａユｃｕｌａｔｅｄｖａ１ｕｅｓｈａｓｃｌａｒｉｒｉｅｄ上ｈｅｖａｌｉｄｉｔｙｏｆｔｈｅにｈｅｏｒｙ･Ｔｈｅｃｏｎｃｅｐとof
themuLualcouplin8betwee、上ｈｅｓｌｏｔａｎｄｔｈｅｗｉｒｅｈａｓｂｅｅｎｇｒａｓｐｅｄｃｌｅａｒｌｙ
ａｓｂｏ上ｂｍｕにｕａｌｉｍｐｅｄａｎｃｅａｎｄａｄｍｉヒヒａｎｃｅｉｎｔｈｅｃｏｎｖｅｎ上ｉｏｎａｌａｎｔｅｎｎａ上ｈｅｏｒｙ．
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