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Thetransientelectricfieldstrengthofalogarithmic-periodicdlpｏ１ｅａｎｔｅｎ－
ｎａａｓａｎｅｘａｍｐｌｅｏｆａｌｉｎｅａrantennaarrayistheoreticallyinvesti9atedon
thebaseofdifferentdegreesofapproximationtodiscusstheseparateinflu庁
enceof､theelementradiiandthetransientmutualcouplin9betweenneigh-
bourin9elements･

LINTRODUCTION

The-a百7百155両百両でofbroad-bandconmunlcationsystemsandtheinterestofEMP
effectsonｔｈｅｍａｓｗｅｌｌａｓａ９ｅｎｅｒａｌｌｎｔｅｒｅｓｔｉｎtheirprincipalphysicalbe-
haviourleadstotheinvestigationoftheirtransientresponse･Concerning
thepertinentantennas，ＳＥveralattemptshavebeenstartedtocalculatethe
transientbehaviouroflogarithmic-periodicdipoleantennaarrays，whichare
eitherrathertimeconsuming（Solmanl975)，rathervague（Knopl970；Stark
l977）orincorrect（Russeggerl976)．Here，thetransienttransmittingandre-
ceivingcaseofsuchantennasisdiscussedtheoretlcallyfirstlybyassuming
uncoupledinfinitelythinelementsusingthebasicpulsedlinearantennathe-
oIayofFranceschettｉａｎｄＰａｐａｓ（1974)，secondlybyinvestigatingtheinflu-
enceoftheuncoupledelementsIradiiusin9arecentlypresentedexten5ion
(Langenber9andRechl978）ｏｆＭａｒｉｎａｎｄＬｉｕⅢｓ（1976）simplifiedsingularity
expansion・Ｏｎｔｈｅｂａｓｅｏｆｔｈｉｓａｐｐｒｏａｃｈｔｈｅｃｏｕｐlinginfluenceofneighbour-
ingelementscanbecalculatedapproximatelyandleadstoacriterionwhe-
thｅｒｔｈｅｃｏｕｐｌｉｎｇｃａｎｂｅｎｅｇｌｅｃｔｅｄｏｒｎｏｔ･Inallcasessimp1eanalyticalex-
pressionsareobtainedforthetransientrealstep-functionresponse，ｔｈａｔ
ｉｓｔｏｓａｙａｓｓｕｍｉｎｇａｆｉｎｉｔｅｒｉｓｅｔｉｍｅｏｆｔｈｅｅｘｃｉｔｉｎｇｖｏｌｔａｇｅｏｆａｓｔｅp-func-
tiongenelPatoraswellasafiniterisetimeofstep-functioｎｉｎｃｉｄｅｎｔｆｉｅｌｄｓ６

２．UNCOUPLEDINFINITELYTHINELEMENTS

Neで5市TU官ﾃｰﾓ５百~T55百FTﾓ府而Tで戸5百F両でdipoleantenna（LPDA）ｏｆＦｉｇ．１
infinitelythinelements（a、＝05ｍ雲１，…,N)．IIeareinterestedin
sientelectricfieldstrengthatsomefar-fieldpｏｉｎｔｐｉｎｔｈｅｐｌａｎｅ
ａｎｔｅｎｎａｗｈｅｎｔｈｅｅxcitingvoltageV(t）（ｔ＝time）isgivenbyareal
functionwithfiniｔｅｒｉｓｅｔｉｍｅＴａｃｃｏｒｄｉｎ９ｔｏ
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withＵ(t）bein9theunitstep-function・Neglectin9hi9herorderinteractions
oftheelementfeedpolnts，whichyieldsanerrorlessthanl0％（Russegger
l976)，theexcitationofthem-thelementisapproximatelysupposedtobe

Vmi(ヒル(-1)ln-1dWV(t-t1ln）（２）
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transmissioncoefficientdl＝１+Ⅵ；Y1denotesthereflectioncoefficientat
eachelementosfeedpoint；ｈｅｎｃｅｉｔｉｓ９ｉｖｅｎｂｙ
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andtheanalyticalexpressionsoftｈｅｔｒａｎｓｉｅｎｔｒａｄｉａｔｉｏｎｆｉｅｌｄｏｆｌｎｆinite-
1ythinlinearantennaswithtimehanllonicslnusoidalcurrentdistribution
(FranceschettiandPapasl974）therealstep-functionresponseoftheLPDA
canbecalculatedbysuperpositionofthesingleelements0transientfields、
ThenomalizedresultisshownbyFi９．２asfunctionoftheretarded（ｔｏ＝11"

｢{;槻鮒s：､12Ｗ麓｡,鮎LN(1Mlx:圖臺f8r9in1in些曾IUi5鯛Wief8M:ｗ－
ｔｉｍｅＴｉｓｃｈｏｓｅｎｔｏｂｅＴ＝0.025ｎｓ･Generallythetransientfar-fieldｏｆ
ＬＰＤＡｓｉｓｆｏｕｎｄｔｏｂｅａｎａｍｐｌｉｔｕｄｅｍodulatedcarrierfrequencypulsewithde-
creasin9instantaneousfrequency；thedetailedstructureofthissignalcan
bephysicallyexplainedinaveryintuitivemanner（Langenber91978)．
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andtheanalyticalexpressionsｏｆｔｈｅｔｒａ
ｌｙｔｈｉｎｌｉｎｅａｒａｎｔｅｎｎａｓｗｉｔｈｔｉｍｅｈａｎｌｌｏｎｉ
(FranceschettiandPapasl974）thereals
canbecalculatedbysuperpositionofthe
ThenomalizedresultisshownbyFi９．２

｢{;槻鮒s：､12Ｗ麓｡,鮎LN(ｌＭ１
ｔｉｍｅＴｉｓｃｈｏｓｅｎｔｏｂｅＴ＝0.025ｎｓ･Genｅ

ＬＰＤＡｓｉｓｆｏｕｎｄｔｏｂｅａｎａｍｐｌｉｔｕdemodulat
creasin9instantaneousfrequency；thedet
bephysicallyexplainedinaveryintuiti

３．ELEMENTSNITHFINITERADII

Aｓｓｍｍｐ ingleelements1ｎｌｒｅｒａｏ１１０ＴｒｎｅＳ
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wecanusethe-SingularityExpansionMethod（SEM）
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tocalculatetheirtransientfar-fieldstotheexcitationfunction(2)．Re-
centlygivennumericalSEH-dataofhighaccuracyfornon-zerogeneratorim-
pedance（LangenbergandRechl978）ｓｈｏｗｈｏｗｔｏｅｘｔｅｎｄＭａ７ｉｎｕｎｄＬｉｕｏｓ（1976）
approx1mateSEM-versiontotransmissionlineconnectedwireantennａｓ･Itis
foundthatthenaturalmodesarenearlyunaffectedbythegeneratorresis-
tancewhereasthenegatlvｅｒｅａｌｐａｒｔｏｆｔｈｅｆｉｒｓｔｌａｙｅｒｐｏ１ｅｓｉncreases，de-
pendentonthepo1enumberandthｅｅｌｅｍｅｎｔｏｓｒａｄｉｕｓ；ｔｈｅｉｒｉｍａｇｉｎａｒｙｐａｒｔｓ
ａｓｗｅｌｌａｓｔｈｅｃｏｍｐｌｅｘｓｅｃｏｎｄｌａｙｅｒｐｏｌｅｓａｒｅｎｅａｒｌｙｕｎaffected･Basedupon
theseresultstransmissｉｏｎｌｉｎｅａｎａｌｏｇｙｉｎｃｏｎｎｅｃｔｉｏｎｗｉｔｈNuosinputimpe-
dancetheoryyieldsvery9oodapproximateexpressionｓｆｏｒｔｈｅｐｏｌｅｓｈｉｆｔｉｎｇ
ｄｕｅｔｏｔｈｅ９ｅｎeratorosresistanceortothecharacteristicimpedanceofthe
feedingtransmissionｌｉｎｅ･Hence，analyticexpressionsfortherealstep-
functionresponseoftheLPDAostransientfar-fieldarepresente。，whichcan
beeasilyevaluatednumerically・ResultsareshowninFig､3forO=192;
themaininfluenceoftheelementsoｓｆｉｎｉｔｅｒａｄｉｉｃｏｎｓｉｓｔｓｉｎａslightre-
ductionoftheinstantaneousfrequencyandinshiftingtheenveloposmaximum
toearliertimes；theseeffectsincreasefordecrasingQ，whereastheoppo-
siteeffectisobservedforincreasingT・
ＴｈｅｒｅｃｅｉｖｉｎｇｃａｓｅｏｆｔｈｅＬＰＤＡｃａｎｂｅｔｒｅａｔｅｄｉｎａｓｉｍｉｌａｒｍａｎｎｅｒ；thecorres-
pondingrealstep-functionresDonse（Ｔ＝0.025,s）ｉｓｓｈｏｗｎｉｎＦｉｇ、４．Gene-
rallyousingSEH，ｉｔｃａｎｂｅｅａｓｉｌｙｓｈｏｗｎ，thatcalculationofthetransient
responseofanyreceivingantennatoanytransientexcitationmeanstime-in-
tegrationofthepertinentresponseofthesameantennatothesameexcitation
inthetransmittingｃａｓｅ、
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nsionoftheapproxi‐ＴｈｅａＴｏｒｅ－ｍｅｎＥ１０ｎｅｏｅｘＥｅ

mateSEN-versioncanequallybeusｅｄｔｏｃｏｍ－
ｕＯ

ｐｕｔｅｔｉｍｅｈａｒｍｏｎｉｃｄａｔａ・Ｆｉｇ．５showsthe
noYmalizedabsolutevalueofthefrequencyo9
responseoftheLPDAunderconsideratlon
(U､/cisanormalizedcircularfrequency)．o
Thepracticalbandwidthrangesfr０ｍ
３二Ｌｕｙｃ≦９，wherecharacteristic‘Ifadin9s`’・o5
areobservedfordecreasingQ；thiseffect
similarlyoccursinthefrequencydependence￣tｏ
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oftheinputadmittance（Fig.６，solidlines)．Itcanbetheoreticallyshown
thatthisｉｓｄｕｅｔｏｔｈｅｎｅｇ１ｅｃｔｉｏｎｏｆｃｏｕｐｌｍ９，slnceourtheorypemIitscal-
culationofthetransientcouplingofneighbourlngLPDA-elementsbymultiple
interactiononthebaseofanappropriatenear-fieldapproximation･Itls
shownthattheinducedtransientcurrentsonnelghbouringelementsarepro-
portionaltoQ-2andthatthelrsuperｐｏｓｉｔｉｏｎｔｏｔｈｅｃｕｒｒｅｎｔｄｕｅｔｏｔｈｅｔｒans-
missionlineexcitationresulｔｓｉｎｌｅｓｓｒａｄｉａｔｉｏｎｄａｍｐｉｎ９ａｓｉｆｔｈearray
elementswerethinner；hence，acharacteristicinfluenceofthecouplingis
obsewedinthefrequenCydependenceoftheinputadmittance（Fig.６，dashed
lines）aswellasmthetransientfar-field；couplingcancertainlynotbe
negleｃｔｅｄｆｏｒＱ≦１４．

5．CONCLUDINGREMARKS

The~P7百百百同ﾓ函~てn百5Ty-Ofcalculatingtransientresponsesofwireantennaarrays
toalRbitrawexcitationallowsperfonmanceofparametricstudiestodetennine
theworstcaseof-forexample-EHPeffects･Furthennore，astraightfor-
wardprocedureallowsconsiderationofsurfaceenvironment・
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