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ＰａｕＩＦ･Ｗａｃｋｅｒ

ＮａｔｉｏｎａＩＢｕｒｅａｕｏｆＳｔａｎｄards

BouIder，ＣｏＩｏｒａｄｏＵＯ３０３，ｕｓ.Ａ、

Ｎｅａｒ－ｆｉｅｌｄｓｃａｎｎｉｎ９ｏｎｐｌａｎａｒｐｃｉｒｃｕＩａｒｃｙｌｉｎｄｒｉｃａｌ，ａｎｄｓｐｈｅｒｉｃａｌｓｕｒｆａｃｅｓ
ｈａｓｍａｎｙａｄｖａｎｔａｇｅｓｉｎｃＩｕｄｉｎｇｔｈｅｐｏｓｓｉｂｉＩｉ上ｙｏｆａｃｃｕ｢ａｃｉｅｓｓｅＩｄｏｍｅｑｕａｌｌｅｄｏｎ
ｆａｒ－ｆｉｅｌｄｒａｎｇｅｓｏｒｉｎａｎｅｃｈｏｉｃｃｈａｍｂｅｒｓ･Ｔｈｅｓａｍｅｉｓｔｒｕｅｏｆ上heauthorIs
ex上｢apoIationmethod［I］forgainandeffectivearea，ｗｈｉｃｈｉｓｔｈｅｍｏｓｔａｃｃｕ－
ｒａｔｅｍｅｔｈｏｄｏｆｃａＩｉｂｒａｔｉｎｇｓｔａｎｄａｒｄｇａｉｎｈｏｒｎｓ･Ｓｉｎｃｅｔｈｅｄａｔａｐｒｏｃｅｓｓｉｎｇｉ５
ｂａｓｅｄｕｐｏｎｔｈｅＦａｓｔＦｏｕｒｉｅｒＩＩＴｒａｎ５ｆｏ｢、,ＩＩｓｕｐｐｌｅｍｅｎｔｅｄｂｙｍａｔｒｉｘｍｕＩｔｉｐｌｉｃａｔｉｏｎ
ｉｎ上ｈｅｓｐｈｅｒｉｃａｌｃａｓｅ，上ｈｅｒｉｇｏｒｏｕｓｔｈｒｅｅ－ｄｉｍｅｎｓｉｏｎａＩ上ｅｃｈｎｉｑｕｅｓｄｅｓｃｒｉｂｅｄ
ｈｅｒｅａｒｅｅxtremeIyfast・Ｔｅｎｓｏｒｈｕｎｄｒｅｄｓｏｆｔｈｏｕｓａｎ。ｓｏｆｃｏｍｐｌｅｘｃｏｅｆｆｉｃｉ－
ｅｎｔｓｏｆｅｘａｃ上globalsoIutions（modes）ｏｆｔｈｅａｐｐｒｏｐ｢iatedifferentiaIequa-
tion(s）（HaxweIIisintheeIectromagneticcase）ａｎｄｔｈｅａｓｓｏｃｉａｔｅｄｔｏｔａＩｆａｒ
ｆｉｅＩｄａｒｅｃｏｍｐｕｔｅｄｉｎｍｉｎｕｔｅｓｏｒｅvenseconds．（Thevariousp｢◎posedｔｅｃｈ－
ｎｉｑｕｅｓｉｎｖｏｌｖｉｎｇｓｍａＩＩａｎｇｌｅ，Ｋｉｒｃｈｈｏｆｆｄｉｆｆｒａｃｔｉｏｎ，ｓｃａＩａｒ，ａｓｙｍｐｔｏｔｉｃ，
and/ordefocu5singapproximationｓａｒｅｕｓｕａＩ１ｙｎｏｔａｓｆａｓｔ.）Further，these
ｍｅｔｈｏｄｓｐｒｏｖｉｄｅａｖｅｒｙｃｏｍｐ｢ｅｈｅｎｓｉｖｅ，ｒｉｇｏｒｏｕｓ，ａｎｄｄｅｔａｉｌｅｄｔｈｅｏｒｙｏｆｎｅａｒ－
ｆｉｅｌｄａｎａＩｙｓｉｓａｎｄｍｅａｓｕｒｅｍｅｎ上，ｗｉｔｈｍｉｎｉｍａｌａｓｓｕｍｐｔｉｏｎｓ，ｉｄｅａＩｉｚａｔｉｏｎｓ，ａｎｄ
ａｐｐｒｏｘｉｍａｔｉｏｎｓ，ｐａｒｔｉｃｕｌａｒＩｙｉｎｔｈｅｆｏｒｍｕＩａｔｉｏｎｄｅ５ｃｒｉｂｅｄｈｅｒｅ．

Theplanar，ｃｙＩｉｎｄｒ１ｃａｌＰａｎｄｓｐｈｅｒｉｃａｌａｎａＩｙｓｅ５ｗｅｒｅｏｒｉｇｉｎａＩＩｙｄｅｖｅｌｏｐｅｄｉｎ
ｄｉｆｆｅ｢ｅｎｔｌａｂｏｒａｔｏｒｉｅｓａｎｄｔｈｅｔ｢ｅａｔｍｅｎｔｓｐａｒｔｉｃｕｌａｒｉｚｅｄｆｏｒｅａchsurface･
However，ｄｕｅｔｏ上ｈｅｃｏｍｐｌｅｘｉｔｙｏｆ上ｈｅＳｐｈｅｒｉＣａｌａｎａＩｙｓｉｓｐｉｔｉｓｈｉｇｈｌｙｄｅ５ｉｒａ－
ｂＩｅｔｏｈａｖｅａｐａｎｏｒａｍｉｃｖｉｅｗｏｆｎｅａｒｆｉｅｌｄｓｃａｎｎｍｇａｎｄａｃｏｍｍｏｎｎｏｔａｔｉｏｎｆｏｒ
ｔｈｅｖａｒｉｏｕｓ５ｃａｎｎｉｎｇｓｕｒｆａｃｅｓａｎｄｐｈｙｓｉｃａＩｓｙｓｔｅｍｓ･ＴｈｅｎｂｏｔｈｇｅｎｅｒａＩａｎｄ
ｄｅｔａｉｌedcompa｢ｉｓｏｎｓｃａｎｂｅｍａｄｅ，faciIitating（a）ｔｈｅ上ranSferofunderStand-
ingf｢◎monesurfaceOrphysicaIsystem上｡another，（b）ｔｈｅｔ｢anslationof
ccmputerprogramsf｢omonephysicaIsys上emtoanother（ｓａｙＥＨｔｏｌｉｎｅａ｢ized
acousticinagas，Iiquid，orsoIid)，（c）makingsurethataIIavailabIe
computationalefficienciesareutilized，（｡）eInphasisuponfundamentalsrather
thanamorassofdetaiI，（e）９ene｢alizationandextension上ootherscanning
surfacesandphysicalsystems，ａｎｄ（f）definingthelimitsupon上hetech-
niques．（AdhocstudiesofparticuIarsystemshaveleadtovariouserroneous
statementsin上helite｢atureconce｢ninglimi上ationsofnear-fieldtechniquesＪ
Ｔｏａｃｈｉｅｖｅｔｈｅｓｅｅｎｄ５，ａｇｅｎｅ｢ａＩｉｚｅｄｔｈｅｏｒｙｏｆｎｅａｒ－ｆｉｅＩｄｓｃａｎｎｉｎ９ｉｓｐｒｅｓｅｎヒー
ｅｄ，ｗｉ上ｈｓｐｈｅｒｉｃａｌＤｐ１ａｎａ「，ａｎｄｃｙｌｉｎｄｒｉｃａｌｓｃａｎｎｉｎｇａｎｄｅｌｅctromagneticO
acous上ｉｃ，ａｎｄｈｅａｔｆｌｏｗｓｙｓｔｅｍ５ｔｒｅａｔｅｄａｓｍｅ｢ｅｓｐｅｃｉａＩｃａｓｅｓ；ｉｎｐａｒｔｉｃｕｌａｒ，
thistheoryincIudestheauLho｢1sschemefor5phericaIdatareduc上ｉｏｎ［ｚＬｔｈｅ
ｏｎＩｙｅｘｉｓ上ｉｎｇｐｒａｃｔｉｃａＩｔｅｃｈｎｉｑｕｅｗｉｔｈｐｒｏｂｅｃｏｒ｢ｅｃｔｉｏｎ，ａｄｏｐｔｅｄｂｙｂｏｔｈ上ｈｅ
ＮＢＳａｎｄ上heTecｈｎｉｃａｌＵｎｉｖｅｒｓｉＬｙｏｆＤｅｎｍａｒｋ･ＦｕｒＬｈｅｒＤｉ上ｐ｢ｏｖｉｄｅｓｂａｃｋｇｒｏｕｎｄ
ｆｏｒｔｈｅａｕｔｈｏｒＩｓｅｘｔｒａｐｏＩａ上ｉｏｎｔｅｃｈｎｉｑｕｅ．

Theantennaoro上ｈｅｒｔｒａｎｓｄｕｃｅｒｉｓｔｒｅａｔｅｄａｓａｂＩａｃｋｂｏｘａｓｆａｒａｓｔｈｅ

ｆｏ｢ｍａＩごｎａＩｙｓｉｓｉｓｃｏｎｃｅｒｎｅｄ，ｗｉｔｈｎｏｃｏｎｓｉｄｅ｢ａｔｉｏｎｏｆｉｔｓｓｈａｐｅｏｒｃｕｒｒｅｎｔ
ｄｉｓｔｒｉｂｕｔｉｏｎ６ｈｏｗｅｖｅｒ，ｋｎｏｗｎｏｒａｓｓｕｍｅｄｓｙｍｍｅｔｒｙｏｆ上ｈｅ上ｒａｎｓｄｕｃｅｒｍａｙｂｅｕｓｅｄ
ｉｎｒｅｄｕｃｉｎｇ上ｈｅｍｅａｓｕｒｅｍｅｎｔａｎｄｃｏｍｐｕｔａｔｉｏｎａｌｅｆｆｏｒｔ，ａｎｄｑｕａＩｉｔａｔｉｖｅｉｎｆｏｒｍａ－
ｔｉｏｎｃｏｎｃｅ｢ｎｉｎｇｔｈｅｐａヒヒｅｒｎｏｒｄｅＳｉｇｎｉＳｕｓｅｆｕｌｉｎｃｈｏｏｓｉｎｇｍｅａｓｕ｢ｅｍｅｎｔｃｏｎｄｉ－
ｔｉｏｎｓａｎｄｔｈｅｍｏｄｅｓｕｓｅｄｔｏｒｅｐｒｅｓｅｎヒヒｈｅｄａｔａ．
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Ｔｈｅ上ｈｅｏｒｙｉｓｂａｓｅｄｕｐｏｎｇｅｎｅ｢ａｌｉｚｅｄｓｃａヒヒｅ「ｉｎｇ－ｍａｔｒｉｘｔｈｅｏ「yandsymmetry
analysisofthemediumanddiffe｢entialequation(5)，ｅ､９．，relativisticand
ｇａｕｇｅｉｎｖａｒｉａｎｃｅ･ＩｔｔｈｕｓａｓｓｕｍｅｓｍａｔｈｅｍａｔｉｃａＩ１ｉｎｅａｒｉｔｙａｎｄｉｎｖａｒｉａｎｃｅｏｆ
ｔｈｅｍｅｄiumwi上hrespecヒヒｏｃｅｒｔａｉｎｔｒａｎｓｌａ上ｉｏｎｓ，ｒｏｔａｔｉｏｎｓ，and/ｏｒｒｅｆｌｅｃｔｉｏｎｓ･
ＡＣ上ｕａｌＩｙ，ｔｈｅｔｈｅｏｒｙｉｓｅａｓｉＩｙｅｘｔｅｎｄｅｄｔｏｎｏｎ－ｌｉｎｅａｒｔｒａｎｓｍｉｔｔｉｎｇｔｒａｎsducers
ope｢ａｔｉｎｇａｔｆｉｘｅｄｉｎｐｕｔＩｅｖｅｌｓ･Ｔｈｅｓｃａｔｔｅｒｉｎｇｍａ上ｒｉｘｔｈｅo｢ｙｉｎｃｌｕｄｅｓａｌＩ
ｔｈｅｔｒａｎｓｍｉｔｔｉｎｇ，ｒｅｃｅｉｖｉｎｇ，ａｎｄｓｃａｔｔｅｒｉｎｇｐ｢ｏｐｅｒｔｉｅｓｏｆｔｈｅｔｒａｎｓｄｕｃｅ｢ｓ，ａｎｄ
ｍｕＩｔｉｐｌｅｒｅｆｌｅｃｔｉｏｎｓａｒｅｉｎｃＩｕｄｅｄｔｏａｌｌｏ｢ｄｅｒｓｉｎｔｈｅｅｘ上ｒａｐｏｌａｔｉｏｎｍｅｔｈｏｄ・
However，ｔｏｓｉｍｐＩｉｆｙｔｈｅｄａｔａｒｅｄｕｃｔｉｏｎｆｏｒｓｃａｎｎｉｎｇｏｎａｓｕｒｆａｃｅＤｍｕＩｔｉｐ１ｅ
ｒｅｆｌｅｃｔｉｏｎｓｂｅｔｗｅｅｎｔｈｅ上rａｎｓｄｕｃｅｒｓａｒｅｍｉｎｉｍｉｚｅｄｅｘｐｅｒｉｍｅｎｔａＩｌｙａｎｄｎｅｇｌｅｃｔｅｄ
ｉｎｔｈｅｓｃａｎｎｉｎｇｃｏｍｐｕｔａ上ｉｏｎｓ・Ｎｅｖｅｒｔｈｅｌｅｓｓ，ｍｕＩ上ｉｐｌｅｒｅｆｌｅｃｔｉｏｎｓｂｅｔｗｅｅｎｅａｃｈ
ｔｒａｎｓｄｕｃｅｒａｎｄｉｔｓｓｏｕ｢ｃｅｏｒＩｏａｄａｒｅｔｒｅａｔｅｄｔｏａｌｌｏｒｄｅｒ５．Ｔｈｅ｢ｅａｒｅｔｗｏ
ｐａｒａＩＩｅｌｔ｢ｅａｔｍｅｎｔｓｏｆｓｃａｎｎＩｎｇ；ｏｎｅａｓ５ｕｍｅｓａｎｉｄｅａｌｐｒｏｂｅａｎｄｔｈｅｏｔｈｅｒ
ｃｏｒｒｅｃｔｓｆｏｒ上ｈｅｅｆｆｅｃｔｏｆｔｈｅｐ｢oｂｅｐａｔｔｅｒｎｕｐｏｎｔｈｅｍｅａｓｕ｢ｅｄｓｉｇｎａＬＡｔｔｅｎ－
ｔｉｏｎｉｓｈｅｒｅｃｏｎｆｉｎｅ。上◎ｔｈｅ（､o｢ecomplicated）probe-co｢｢ectioncase・

Ｆｏｒａｇｉｖｅｎｐｏｓｉｔｉｏｎａｎｄｏｒｉｅｎｔａｔｉｏｎｏｆ上ｈｅｐｒｏｂｅｗｉｔｈｒｅｓｐｅｃｔｔｏｔｈｅｔｅｓヒ
ヒ｢ａｎＳｄｕｃｅｒＤｔｈｅｃｏｍｐＩｅＸｒｅｃｅｉｖｅｄＳｉｇｎａｌｉｓｇｉｖｅｎｂｙ

ｗ(R･)‐；;`PuGiL12(且｡)9V，（１）
ｗｈｅ｢ｅＷｉｓａｎｅｘｐｅｒｉｍｅｎｔａＩｑｕａｎｔｉｔｙｄｅｆｉｎｅｄｂｙ

ｌＪ(EC）三rbO(EC）（ｌ￣ｒｒｒｒＬ)/taO, （２）

上ａＯａｎｄｒｂＯａｒｅ上ｈｅｃｏｍｐｌｅｘｔｒａｖｅｌｉｎｇ－ｗａｖｅｖｏｌｔａｇｅｓｏｆｔｈｅｉｎｐｕヒヒｏｔｈｅｔｒａｎｓ－
ｍｉｔｔｉｎｇｔｒａｎｓｄｕｃｅｒａｎｄｔｈｅｏｕｔｐｕｔｆｒｏｍｔｈｅｒｅｃｅｉｖｉｎgtransducer，respectively，
ａｎｄｒａｎｄｒＬａｒｅｔｈｅｃｏｍｐｌｅｘｒｅｆＩｅｃｔｉｏｎｃｏｅｆｆｉｃｉｅｎｔｓｏｆｔｈｅｒｅｃｅｉｖｉｎｇtrans-
duceF，look｢ｎｇｆｒｏｎｉｔｈｅｌｏａｄｔｏｔｈｅ上｢ansduceｒａｎｄｆｒｏｍｔｈｅｔ｢ansducertothe
load，respectiveIy･Ｔｈｅｏｐｅ｢ａｔｏｒＲｅｘｐｒｅｓｓｅｓｔｈｅｓｅｐａｒａｔｉｏｎｏｆｔｈｅｔｗｏ
上ransduce｢sandtheirreIativeori訳tations（foreachmeasurement）ｉｎ上ｅｒｍｓｏｆ
ｔ｢anslations，ｒｏｔａ上ｉｏｎｓ，and/ｏｒｒｅｆｌｅｃｔｉｏｎｓｗｈｉｃｈ上ake上hetest-transducer
Coo｢dinatesystemintocoincidenｃｅｗｉｔｈｔｈｅｃｏｏｒｄｉｎａｔｅｓｙｓｔｅｍattached上ｏｔｈｅ
ｐｒｏｂｅ･ＴｈｅＰＩｓａｎｄｑｏｓａ｢ｅｅｌｅｍｅｎｔｓｏｆｔｈｅｓｃａｔｔｅｒｉｎ９ｍａｔｒｉｃｅｓｏｆｐｒｏｂｅａｎｄ
ｔｅｓｔ－ｔｒａｎ５ducer，respec上ｉｖｅｌｙ，ｃｏｒｒｅｓｐｏｎｄｉｎｇｔｏｔｈｅｍｏｄｅｓｉｎｄｉｃａｔｅｄｂｙｔｈｅ
ｓｕｂｓｃｒｉｐｔｓ；ｓｐｅｃｉｆｉｃａｌｌｙｔｈｅｙａ｢ｅｅＩｅｍｅｎｔｓｏｆｔｈｅｔｒａｎｓｍｉｔｔｉｎｇａｎｄreceiving
submatriceS（orviceversa，iftheprobereceivesratherthantransmits)．
ｓｉｎｃｅ上ｈｅｍｏｄｅｓｃｏｎｓｔｉｔｕｔｅＩｉｎｅａｒｌｙ－ｉndependentmathematically-compＩｅｔｅ５ｅｔｓ
ｏｆｅｘａｃ上globalsolutionsoftheapp｢op｢iatedifferentiaIequation(s），ｔｈｅｙ
ａｎｄｔｈｅｉｒｃｏｅｆｆｉｃｉｅｎ上ｓｃｏｍｐＩｅｔｅｌｙｄｅｓｃｒｉｂｅｔｈｅｎｅｅｄｅｄｔransmi上ｔｉｎｇａｎｄｒｅｃｅｉｖ－
ｉｎｇｐｒｏｐｅｒｔｉｅｓｏｆｔｈｅｔｗｏｔｒａｎｓｄｕｃｅｒｓ･Ｔｈｅｍｏｄｅｓａｒｅｃｏｍｐｌｅｔｅｌｙｓｐｅｃｉｆｉｅｄｂｙ
ｔｈｅｓｕｂｓｃｒｉｐｔｓ，ｉｎｃＩｕｄｉｎｇｓｕｃｈｆａｃｔｏｒｓａｓｄｉｒｅｃｔｉｏｎｏｆｐｒｏｐａｇａｔｉｏｎ，kindof
Besselfunction，ＴＥ,THcharacter，polarization（ellipticity)，andanguIar
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