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SununanL；Amethodofdeterminingpreciseangｌｅｓｏｆａｒｒｉｖａｌｏｆｍｕｌｔｉｐａｔｈｐｒｏｐ－
ａｇationispresentedNeitherlargespacenorlarge-scaleantennaisrequired
butasmallantenna(anexampleofahalf-wavelengthdipolelsshownhere）is
sufficient，whichisafavorablefeatureforoutdoor，on-the-spot。iａ９ｎｏｓｉｓｏｆ
ｒｅｃｅｉｖｉｎｇｄｉｆｆｉｃｕｌｔｉｅｓ．

IntroductiOnjRecently，ｔｒｏｕｂ１ｅｓｏｆｒａｄｉｏｒｅｃｅｐｔｉｏｎｄｕｅｔomultipathpropaga-
tionhasbeenaｓｅｒｉｏｕｓｐｒｏｂｌｅｍｉｎｍｏｂｉｌｅｃｏｍｍｕｎｌｃａｔｉｏｎａｎｄＴＶｂｒｏａｄｃａｓｔｉｎｇ，
Ｉｎｏｒｄｅｒｔｏａｎａｌｙｚｅｓｕｃｈｆｉｅｌｄｓｔｒｕｃture，ｔｈｅｓｐｅｃｉｆｉｃｐａｒａｍｅｔｅｒｓｏｆｔｈｅｉｎ－
ｃomingwaves，１．巳．，ｉｎｔｅｎｓｉｔｙ，ｐｈａｓｅａｎｄｄｉｒｅｃｔｉｏｎｍｕｓｔｂｅｍｅａｓｕｒｅｄ・Asfor
theangu1arresolution，evenamulti-elementYagi-Udaantennacannotproduce
asufficientlynarrowbeamwidth，ａｎｄａｐｐｌｉｃａｔｉｏｎｏｆａｐｅｒｔｕｒｅｓｙｎｔｈｅsishas
beensometimestried．

Thesemeasurements，however，ｒｅｑｕｉｒｅａｌａｒｇｅａｐｅｒｔｕｒｅＤｒｅａｌｏｒｅｆfectivepso
thatthefollowin9drawbackswillarise；（１）Suchlargespacecannotalways
beguaranteed，especiallyinurbanareas，（２）Theapparatusbecomestoo1ar9e
andheavyformobilemeasuren浴nt，ａｎｄ（３）Theirprincipleofperformanceis
vｕｌｎｅｒａｂｌｅｗｈｅｒｅｔｈｅｃｏｒｒｅｌａｔｉｏｎｄｉｓｔａｎｃｅｉｓｖｅｒｙｓｍａｌｌａｓｉｎａｃｏｍｐｌｉｃated
field・Ｔｈｅｓｅａｒｅｔｈｅｍｏｔｉｖｅｓｔｏｉｎｖｅｓｔｉ９ａｔｅｔｈｅｐｏｓｓｉＭ１ｉｔｙｏｆａｃｈｉｅｖｉｎｇａ
ｈｉｇｈｒｅｓｏｌｕｔｉｏｎｗｉｔｈａｓｍａｌｌａｎｔｅｎｎａａｎｄspace．

PrinciplejFi9､１showsahalf-wavelen9thdipo1eantennａｗｈｉｃｈｉｓｓｕｐｐｏｒｔｅｄａｔ
ｉｔｓｃｅｎｔｅｒａｎｄｒｏｔａｔｅｄｗｉｔｈａｎａｒｍｏｆｌｅｎｇｔｈｒ･Ｂｏｔｈｔｈｅａｎｔｅｎｎａａｎｄａｒｍａｒｅ
ｉｎｔｈｅｈｏrizontalplanethroughouttherotaｔｉｏｎａｒｏｕｎｄｔｈｅｃｅｎｔｅｒＯ，ｔｈｅｏｔｈｅｒ
ｅｎｄｏｆｔｈｅａｒｍＴｈｅａｎｇｌｅ①ｂｅｔｗｅｅｎｔｈｅａｎｔｅｎｎａａｎｄａｒｍｉｓａｃｒｉｔicalpara-
mｅｔｅｒａｎｄｓｈｏｕｌｄｂｅｃｈｏｓｅｎａｓｄｉｓｃｕｓｓedlater、Ｎｅａｓｓｕｍｅｔｈａｔｔｈｅｎｕｍｂｅｒｏｆ

ｉｎｃｏｍｉｎｇｗａｖｅｓｉｓｆｉｎｉｔｅ，ａｎｄｔｈａｔａｌｌｏｆｔｈｅｍａｒｅｈｏｒｉｚｏｎｔａｌｌｙｐｏｌａｒｉｚｅｄｐｌａｎｅ
ｗａｖｅｓ･Arepresentativewaveisshowninthefi9ureOwherekisthewave
number，２１T/入ｗｉｔｈハasthewavelen9th．

Thedirectionalcharacteristicsoｆｔｈｉｓａｎｔｅｎｎａｓｙｓｔｅｍｉｓｇｉｖｅｎｂｙ，

ｄ(6,｡）三ｓin(O十○）exp(jkrsinecosO）

‐-j/2(.』｡｡』．＿e-joe-j｡):J､(krs1n｡)jnejno （１）
－ＣＯ

Ｔｈｉｓｄ(e,｡）isaPeriodicfunctionof中ｗｉｔｈｔｈｅｐｅｒｉｏｄｏｆ２１Ｔ，ａｎｄｉｔｓＦｏｕｒｉｅｒ
ｓｅｒｉｅｓｅｘｐａｎｓｉｏｎｈａｓ

Ｄｎ(9)＝－１/２（ejOjn-,(krsinS）＋ｅ~ｊＯｊｎ+,(krsine)｝ｊｎ
ｎ＝０，＋１，＋２，．.…（２）

asitsn-thordercomPonent・Ｌｅｔｕｓａｓｓｕｍｅｔｈａｔｔｈｅｎｕｍｂｅｒｏｆｉｎｃｏmingwaves

liiehiI::lirl5tA雛b膳.:6WM;xi:,i,;Ｗ:yい､dan91eofarrWal(6i,，i)，
Ｌ

ｂ(6,巾)~i21Ai`(e-8i)`(｡-｡i）（３）
－１，１－



Theoutputcomplexvolta9ev(の）whentheantennaisrotatedbyangle巾ｉｓ
Ｌ

ｖ(｡)‐i：,Aid(81,.-.i）
。。Ｌ

＝､=§､oi21AiDn(６１)ejn(ｳｰ｡i） （４）

Then-thordercomponentoftheFourierseriesofv(｡）ｉｓ９ｉｖｅｎｂｙ
Ｌ

Ｖ(､)－１:,AiDn(ei)e~j､｡ｉ （５）

NowotheFouriercomponentofthesourcedistrlbutlonb(｡）ｉｓｇｉｖｅｎｂｙ
Ｌ

Ｂ(､)＝Ｗ､)/D､(90｡)=i2iAi{Dn(０１)/D､(90｡))e-jnのｉ
Ｌ

‐i２，Aiqie-jnOi （６）

ｗｈｅｒｅ

ｑｉ＝Ｄ(Oi)/Dn(90゜） （７）

1M:鱗1,鵜僅繍職?'i糊:W難?!:聯辮;難｡:`＿
ｏｕｓｅｑｕａｔｉｏｎｓｗｉｔｈｎ＝０，＋１，＋２，．．．．．

１;:;!:i:騨191:蝋:鶉::箙:織鯛:：繩蝋･;ｉｌｉ)、
ｓｈｏｗｎｉｎＦｉｇ､２．Ｉｎｔｈｉｓｆｉ９ｕｒｅ，twokindsofsymmetricity，ｏｎｅａｒｏｕｎｄｅ＝９０･
ａｎｄｔｈｅｏｔｈｅｒａｒｏｕｎｄｎ＝Ｏａｒｅｔａｋｅｎｉｎｔｏｃｏｎｓｆｄｅｒａｔｉｏｎａｎｄｔheredundantparts
areomitted、Ｔｈｅｅｘａｍｉｎａｔｉｏｎｏｆｔｈｅｆｉ９ｕｒｅｃｏｎｃｌｕｄｅｓｔｈｅｃｈｏｉｃｅｏｆＯ＝３０．

willbestallowtheapproximationofqiof（７）asunity・Niththis0，ｗｅｇｅｔ
Ｌ

Ｂ(､)薑i：,Aiに~』｡i)､， ｎ＝０，＋１，＋２，….．（８）

Inourcase，（８）doesnotcontainlargeenoughhigher-ordercomponents，so，
weutilizethelower-ordercomponents(、＝－Ｎ、Ｎ；ｗｉｔｈＮ２Ｌ）andapplyProny1s
methodD］ｔｏsolve（８）ａｎｄｏｂｔａｉｎＡｉ１ｓａｎｄ｡i`s、

:fd総驍｡h:19艀:！｡W16:111m淵:､;1@W:苧u｢;mli1:懸蝋u:蹄:9.鴨i;wMf
same巾butdifferente，ｆｏｕｒｖ(｡）measurementsatdifferentheightsｈａｖｅｔｏｂｅ
ｍａｄｅ･Ｔｈｉｓｔｉｍｅ０Ｐｒｏｎｙｌｓｍｅｔｈｏｄｉｓａｐｐｌｉｅｄｉｎｔｅｒｍｓｏｆｅａｎｄｔｗｏｗａｖｅｓａｒｅｔｏ
bediscriminated．

Ｄｉｓｃｕｓｓｉｏｎ：AsiInplemethodofmultipathdirecｔｉｏｎｆｉｎｄｉｎｇｈａｓｂｅｅｎｐｒｅｓｅｎｔｅｄ．＝－－

１ｆａｍｌｎｌｃｏｍｐｕｔｅｒｉｓｃａｒｒｉｅｄｗｉｔｈｔｈｅsystem，ａｆｅｗｓｅｃｏｎｄｓｏｆｄａｔａｐｒｏｃｅｓｓｉｎｇ
ｗｉｌlgiveon-the-spotdisplayofangｌｅｓｏｆａｒｒｉｖａｌ・Ａｓｉｍｉｌａｒｉｄｅａｏｆｕｓｉｎｇ
Ｂｅｓｓｅｌｆｕｎｃｔionswasproposedindependently[2]，butitrequiresalar9enumber
ofhi9herharmonicｓｓｏｔｈａｔｉｔｓｅｅｍｓｉｍｐｒａｃｔｉｃａｌｃｏｍｐａredwithours．

TheauthorsexpresstheirsinceregratitudetoProfessors，
dlwaneKimurafortheirencouragement・Thisresearchwas

supportedbyJapanesBNinistryofEducationｉｎｔｈｅｆｏｒｌｎｏｆｇｒａｎｔ－ｉｎ－ａｉｄｆｕｎｄ
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★Ｋ･SakuraihasbeentransferredtoKDDＬｔｄ･aftercompletingthisresearch．
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Ｆｉｇ．１Ｅｃｃｅｎｔｒｉｃｒｏｔａｔｉｏｎｏｆａｄｉｐｏｌｅ
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