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ｴNTRODUCTION

エｎａｃｏｕｎｔＺＶｓｕｃｈａｓＮｅｗＺｅａﾕａｎｄｔｈｅｒｅａｒｅｍａｎｙｐｌａｃｅｓｗｈｅｒｅＶＩＦ
ｏrUIIFmobileradioisunsatisざact◎可orprohibitiveﾕｙｅ｡qpensiTre．nlthese
circumstancesmanymobileradiosusethelF（2-6噸z）ban｡，andcolmnonﾕy
employa2metrehighhe1icalwhﾕpantenna（anelectricfieﾕdantenna）ｏｎ
ｔｈｅｖｅｈｉｃ１ｅ．

Thispaperdiscusseshigェfrequencyユoopantennas（magneticfie1d
antennas）whichhavebeendeveﾕopedatthePhysicsandEngineeringエａｂｏｒａｔｏｒｙ
ｔｏｒｅｐ１ａｃｅｔｈｅｗｈｉｐａｎｔｅｎｎａｓ．、ｌｅ１ｏｏｐｓａｒｅｓｕｉｔａｂｌｅｆｏｒｍｏｕｎｔｉｎｇｏｎｔｈｅ
ｒｏｏｆｏｆａｖｅｈｉｃｌｅｏｒｔｈｅｄｅｃｋＯ垂ａｓｍａｌ１ｓｈｉｐ．、heyｍａｙａｌｓｏｂｅｕｓｅｄｆｏｒ
ｆｉｘｅｄｓｔａｔｉｏｎｓ．

Prototypesundergoing宝ie1dtrialsbythelnajorusersofmobiﾕｅ
ｒａdiosinNewZealandatpresenthaveaｐｏｗｅｒｒａｔｉｎｇｉｎｅｘｃｅｓｓｏｆｌＯＯｗａｔｔｓ･
Thetuningmaybefixed，orcontinuouslyvariableoveraろ:１freouencyrangeb

inthe2-10噸zband･Ｔｈｅ］ｏｏｐｓａｒｅｍＢｌｔｃｈｅｄｔｏ５０ｏｈｍｓａｎｄｈａｖｅａ〕dB
bandwidthOftheordeｒｏｆｌ２ｍｚ･Rectangularloopsabout1.5ｍｘ０．４ｍ，
madeｆｒｏｍ２．５cmdiametercoppertubing，haveamaximumgroundwaveefficienｃｙ
ｗｈｉｃｈｉｓｃｏｍｐａｒａｂｌｅｗｉｔｈｔｈａｔｏ丑２ｍｈｅ１ｉｃａ１ｗｈｉｐｓ１ｂｕｔｔｈｅｓｌｑｌｗaveperformance
oftheェｏｏｐｓｉｓｓｕｐｅｒｉｏｒ．

DuringthedevelopInentoどtheloopantennasvseveraユｗｅｒｅｃｏｎｓｔｒｕｃｔｅｄ
ｉｎｓｕｃｈａｗａｙａｓｔｏｉｎｔｒｏｄｕｃｅａｃｏｎｔｒｏ１１ｅｄａｍｏuntofIoantennaeffectII9thereby
ﾕargely2illinginthenulﾕsingroundwaveresponse･Ｈｏｗｅｖｅｒｔｈｅｎｕﾕﾕsare
oflittleconsequence9becausethemosteffective”propagationmodeover
ｄｉｓｔａｎｃｅｓｏｆｔｈｅｏｒｄｅｒｏｆｌＯ－２００Ｋｍｉｓｔｈｅｈｉｇｈａｎｇｌｅｓｌｑｒｗａｖｅ．

then

ｓｈｏｕｌｄ

tｈａｔ

ａｎｔｅ

ｆｒｏｍ

Ｔｈｅｈｙｐｏｔｈｅｓｉｓａｄｖｏｃａｔｅｄｈｅ率ユs
themobileantennasshouﾕｄｂｅｍａｇｎｅｔｉｃ

ｇｉｖｅｕｎｉｆｏｪＹｎｐｅｒｒｏｍｎａｎｃｅａｔａユエranges ｚｅｒｏｔｏｔｈｅｏｒｄｅｒｏｆ２００Ｋｍ．

COMPARｴSONOFMAGNETｴＣＡＮＤｍＥＣＴＲｴＣＡＮＴ回VNAS

ＴｈｅｌＦａｎｔｅＪｍａｍｏｕｎｔｅｄｏｎａＶｅｈｉｃ１ｅｉｓｇｅｎｅｒａ１１ｙｏｆｔｈｅｏｒｄｅｒｏｆａ

ｆｉｆｔｉｅｔｈｏｆａｗａｖｅｌｅｎｇｔｈａｂｗｅｔｈｅｇround，ａｎｄｉｓｏｆｓｉｍｉユａｒｓｉｚｅ･Ｂｅｉｎｇ
ｓｏＢｍａ１１ａｎｄｓｏｃ１ｏｓｅｔｏｔｈｅｇｒｏｕｎｄｔｈｅａｎｔｅｎｎａｉｓｔｏａユユユｎｔｅｎｔｓａｎｄ
ｐｕｍｏｓｅｓｏｎｔｈｅｓｕｒｆａｃｅ，whereTerticallnag1eticfieldsandhorizontaユelectric
rie1dstendtozero･エnthissituationawhip（ane1ectric2ieﾕdmtenna）
willrespondtothevertica1e1ectricfield，ａｎｄａユｏｏｐ（amagnetic2ieﾕd
antenna）Willrespondtothehorizontaユmagneticfie1d･Agroundwaveis
receivedweユユｏｎｅｉｔｈｅｒａｗｈｉｐｏｒａユｏｏｐ９ｂｅｃａｕｓｅｉｔｓｅﾕｅｃｔｒｉｃ狂ｉｅｌｄｉｓ
ｖｅｒｔｉｃａｌ１ａｎｄｉｔｓｍａｇｎｅｔｉｃfieユｄｉｓｈｏｒｉｚｏｎｔａユ．
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Ｔｈｅｆｉｅ１ｄｓｏｒａｓｔｅｅｐﾕｙｄｏ１ｍｃｏｍｉｎｇｍｓｌｑ７ｗａｖｅａｒｅｃｏｍｐｪicatedbythe
ground-ref1ectedfie1dsandastandingwavepatteｍｉｓｏｂｓｅｒｖｅｄｃユｏｓｅｔｏｔｈｅ
ｇｒｏｕｎｄ･AfurthercompﾕﾕｃａｔｉｏｎｉｓｔｈａｔｔｈｅｓｋｙｗａＴｅｈａｓｔｗｏcircuﾕarly
polarizedcomponents，ｏｎｅｏ２ｗｈｉｃｈｉｓｕｓｕａﾕﾕystrongerthantheother･
Theresu1tantstandingwaveinthevicinityo2themobi1ereceivingantenna
willappeartohaveaverticaユe1ectric2ie1dandaneﾕﾕﾕptica11y-po1arized
horizontａユｍａｇｎｅｔｉｃｒｉｅユｄ，ｂｕｔｔｍﾕｅｅ１ｅｃｔｒｉｃｆｉｅ１ｄｗｉエエｂｅｗｅａｋａｎｄｔｈｅｌｎａｇｎｅｔｉｃ
ｆｉｅﾕｄｗユユユｂｅｓｔｒｏｎｇ･エnthissituationthenu11siｎｔｈｅ１ｏｏｐｒｅｓｐｏｎｓｅ
ＰＥ２゜空_塑窪､婆竺上,烈詞th9ﾕ゜･pLissu……｡thewhip・亘輌さ~T-showo
theexpectedn1aximumfie1dstrengthversusdistanceforgroundwavesand
skywavesaｔ５ｍｚ．

COO巴工NmMAGNm工ＣＡＮＤＥｪEC、ｪcAIWTFnmAS

Iheremaybeoccasionswhenananteｎｎａｖｉｔｈｔｈｅｓｌｑｒｗａｖｅｒｅｓｐｏｎｓｅｏｆ
ａ１ｏｏｐａｎｄｔｈｅｇｒｏｕｎｄｗａｖｅｒｅｓｐｏｎｓｅｏｆａｗｈｉｐｉｓｕｓｅｆｕ１．Ｓｕｃｈａｄｅｖｉｃｅｍａｙｂｅ
ｍａｄｅｆｒｏｍａユ｡opantennabyaddingcomponentswhｉｃｈａｌ１ｏｗｉｔｔｏａｃｔａ１ｓｏａｓ
ａｗｈｉｐ･Ｔｈｅｃｅｎｔｒｅｐｏｉｎｔｏｆｔｈｅｂａｓｅｏｆｔｈｅｌｏｏｐｉｓｃｏｘｍｅｃｔｅｄｔｏａｇｒｏｕｎｄ
ｐｌａｎｅｗｉｔｈａｔｕｎａｂ１ｅｌｏａｄｉｎｇｃｏｉユ。Ｔｈｅ１ｏｏｐｉｓｒｅｓｏｎａｔｅｄ，ａｎｄｔｈｅユoading
coiユｉｓａｌｓｏｒｅｓｏｎａｔｅｄ；ｗｈｅｎｂｏｔｈｃｉｒｃｕｉｔｓａｒｅｃｏｒｒｅｃｔｪｙｔｕｎｅｄｔｈｅｎｕユユsin
groundwaveresponｓｅｏｆｔｈｅ１ｏｏｐａｒｅｒｏｕｎｄｔｏｂｅｓｉｇniricant1yo1fiﾕﾕｅｄｉｎ１Ｄ･
ｴｆｉｔｉｓｄｅｓｉｒｅｄｔｏｕｓｅｔｈｉｓｔｅｃｈｎｉｑｕｅｗｉｔｈｏｕｔａｇｍｕｎｄｐﾕａｎｅｔｈｅユower
portiono垂ｔｈｅ1．opisscreenedandtheloadiｎｇｃｏｉユｉｓｃｏｌｍｅｃｔｅｄｂｅｔｗｅｅｎ
１ｏｏｐａｎｄＳｃｒｅｅｎ･ＡｓｴightユＯＳＳユnnlaximume2riciencyoccurswiththis

●

constmction･Theprototypesbeingtestedat】Dresenthavescreenedbases，
butproduction1oopswil1probablydispensewiththisrefinement．

ANTEMVAHAⅢCHTNr3

ＴｈｅｓｍａユユIFmobileantennaishighlyreBLｃｔｉｖｅ１ａｎｄｉｆｉｔｉｓｔｏｂｅ
Ｕｓｅｍェ，ｔｈｅｒｅａｃｔａｎｃｅｍｕＢｔｂｅＩＩｔｕｎｅｄｏｕｔｏｏｓｏｔｈａｔｔｈｅａｎｔｅｎｎａｎａｙｂｅｍａｔｃｈｅｄ
ｔｏthetranceiverbyatransどormerorpi-coupler･AseriesoT1oadingcoi1oo
iｓｕｓｅｄｔｏｔｕｎｅａｗｈｉｐ（ｉｎｔｈｅｈｅﾕﾕＣａユｗｈｉｐｔｈｅユoadingcoi1isspreadout
alongtheWhip)．A1oopantennaisresonatedbyaseriescapacitor．

〃

AresonateduIhiphasanmputresistａｎｃｅｏＥｔｈｅｏｒｄｅｒｏｆラoohms，ｓｏ
ｉｔｉｓａｒｅａｓｏｎａｂ１ｅｍａｔｃｈｔｏａうOohmtranslnissionユine･Aresonatedエｏｏｐ
ｈａｓａｓｅｒｉｅｓｉｎｐｕｔｒｅｓｉｓｔａｎｃｅｏｆｔｈｅｏｒｄｅｒｏｒ０．１ｏｈｍ，andismostconTeniezltﾕｙ
､atchedto50ohmsbyatrans2ormervithatoroidaユｆｅｒｒｉｔｅｃｏｒｅａｎｄａｔｕｒｎｓ
ｒａｔｉｏ，ｍ１ｏｆｔｈｅｏｒｄｅｒｏ笠２０:１．

COOPARｴＳＯＮＯＦＥｒＴ正C工ｍＶＣＹＡＮＤＢＡＮＤＵＴｍＨＣＦエＤＯＰＳＡＮＤＷＨｒＰＳ

Aconvenient，althoulghnotエdgorous，derinitionofthegroundwave
erriciency，、，ｏｆａｓｍａユユmobi1eantenna0istheratioofradiation

resistance，Ｒｒ，ｔｏｓｅｒｉｅｓｉｎｐｕｔｒｅｓｉｓｔａｎｃｅｏＲｓ･
Ｒ
ｒ

Ｔ１霊Ｙｒ
Ｓ

ｗｈｅｎｔｈｅｌｏｏｐｉｓｍａｔｃｈｅｄｔｏｔｈｅｓａｍｅｓｅｒｉｅｓｉｎｐｕｔｒｅＢｉｓｔａｎｃｅａｓｔｈｅｌＩｈｉｐ
(ｂｙｕｓｉｎｇａｌ:mcoup1ingtrans2omer）ｔｈｅｒｅﾕativegroundwaveerficiency
becD、空

(等等)2ｎｌｏｏｐ

ｎＷｈｉｐ
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ｗｈｅｒｅ、＝numberofturnsin1oop

A＝ａｒｅａｏｆ１ｏｏｐ

ｈ＝ｈｅｉｇｈｔｏｆｗｈｉｐ

Ａ＝wavelength

There1ativeslwwavee麓iciencyisa2unctiono丑angﾕｅｏ宝elevation◎全ｔｈｅ
ｄｅＢｉｒｅｄｒａｙａｓｗｅｌｌａｓｔｈｅｐｏ１arization；ｉｔｉｓａ]Lwayshigherthanthere1ative
groundwaveefficiencyforrangesfroInO-200ki1ometres．

Ａｔｗｏｍｅｔｒｅｈｉｇｈｍｏｂｉｌｅｗｈｉｐｈａｓａｇｒｏundwavee鉦ｉｃｉｅｎｃｙｏ至ｔｈｅｏｒｄｅｒ
ｏｆ１％（-20dB）ａｔ５噸z、、ｈｅ1.5ｘ0.11ｍetreprototype1oopswehavemade
hBwegroundwaNree2ficiencies･どｔｈｅｓａｍｅｏｒｄｅｒａｓａ２ｍｅｔｒｅｗｈｉｐ．

Thebandwidtho2theantennasmaybｅｄｅｒｉＴｅｄｒｒｏｍｔｈｅどoｴTnula2orthe
bandwidthoどasingﾕetunedcircuit･lIhena1oopantennaistransfomner
coupﾕedtoatransmissionユユｎｅｗｈｉｃｈｉｓｔｅｍｉｎａｔｅｄｉｎｉｔｓｃｈａｒａｃｔeristic
i唖edancethebandwidthbetween-うdＢｐｏｉｎｔｓｉｓｇｉｖｅｎｂｙ

ａ４ｆ＝Rs/派Ｌ１ｍＦ
ｗｈｅｒｅＬ，＝ユoopindUctance・

SiInilarlyOamatchedwhipantennａｈａｓａｂａｎｄｗｉｄｔｈｇｉｖｅｎｂｙ

２４ｆ＝ＩＩＳ/兀Ｌ
ｗｈｅｒｅＬ２＝ｌ０ａｄｉｎｇＣｏｉユinductance･

nlere1ativebandwidthisthengiｖｅｎｂｙエゼ/ｈｌ２Ｌ，

Ａｔｙｐｉｃａｌｍｏｂｉユｅユｏｏｐａｎｔｅｎｎａｈａｓａｂａｎｄｗｉｄｔｈｏｆｌ２１ｄIｚｗｈｅｒｅａｓａ
５ＭＨｚ，２１netrehighwhiphasabandMidthofaｂｏｕｔｌ２５ｋＨｚ．

Atfirstsightthenarrowbandwidｔｈｏｆｔｈｅユoopantennasmaygﾕve
tuningproblems，ｂｕｔｔｈｉｓｉｓｎｏｔｂｏｍｅｏｕｔｉｎｐｒａｃｔｉｃｅ・mhetuningユs
roundtobemorestablethanthatｏｒｔｈｅｗｈｉｐＢ･Amoresigni丘canｔどeature
isthestartlingimprovemeｎｔｉｎｓｉ厚]ａｌｔｏｎｏﾕｓｅｒａｔｉｏＷｈｅｎａユｏｏｐｉｓｕｓｅｄ
ｆｏｒｒｅｃｅｐｔｉｏｎ･m1eexp1anationぎｏｒｔｈｉｓｉｓｔｈｏｕｇｈｔｔｏｂｅｔｈａｔｔｈｅユoOp
antennafi1tersoutstronginterferingsignalswhichwolﾕﾕdotherwiseoTeか
１oadthereceiver．

CONCLuSION

Practica1IⅢ、１oopantennashavebeenconstmcted2oruseinthelnobi1e
service・mheprototypesweregeneraﾕﾕｙｏｆｔｈｅｆｏｍｌｓｈｏｗｍｉｎ型且ﾆｴﾆｰﾆ且，but
experiencesuggeststhatthesimp1er狂｡ｒｍｏｒＺ１型ﾆﾆｰﾆﾆｗﾕﾕlbeadequateg｡ｒ
ｌｎｏｓｔａｐｐ１ｉｃａｔｉｏｎｓ・Ｓｏｍｅ･どｔｈｅ１ｏｏｐｓｈａｄｔｗｏｔｕｒｎｓ，Ｗｈｉｃｈｃｏｕ１ｄｂｅｃｃｎｎｅｃｔｅｄ
ｅｉｔｈｅｒｉｎｓｅｒｉｅｓｏｒｉｎｐａｒａﾕｭeユ，ｂＵｔｔｈｅｙｇａｎ７ｅｎｏｓｉｇｎｉ室iｃａｎｔｉｍ９ｒｏｖｅｎｕｅｎｔｉｎ－－￣｡￣￣￣￣￣￣－－￣￣￣￣－－￣－－正一一一一一一Ｆ

P識51,五c百-6了皀壷~s五g正~…1゜･pqLIim言ing…dVav2…P?…_塾P皀空型2:d
ifrequired，slqrwaTreresponseismuchbetterthaｴＬｔｈａｔｏｆａｗｈｉ]p，ａｎｄｔｈｅｎａｒｒｏｗ
ｂａｎｄｗｉｄｔｈｏｆｔｈｅユoopsmakesthemideaユｆｏｒｒｅｃｅｐｔｉｏｎ，ｇｉｖｉｎｇａｎｉｍｐｒｏＴｒｅｄ
ｓｉｇｎａ１ｔｏｎoiseratio･TheyhaveapowerratingユｎｅｘｃｅｓｓｏｆｌＯＯｗａｔｔｓ，ａｴld
givesLbetteroveraユユperfomdancethana2metrehighhe1icaユwhi]ｐａｍｔｅｎｎａ
ａｔ５ＢＥＩｚ．
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