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Attenuationconstants

GeometｒｙｏＥａｍｏｄ土Eiedtunnelisshown

thezangeoE200-4000Bnlz，earth，ｒｏｃｋｓａｎｄ
ｄェｅｌｅｃｔｒｉｃＳｗｉｔｈｒｅ１ａｔｗｅｄｉｅェectricconsta
ivitieslD匙10-1ツ､、
Thenorma1modesin.．ｅl｣｡､ｄｋｅ．

ｓｂｏｗｎｉｎＦｉｇ･ユ．
ksandconcret色s

constantsinthe

Atfrequenciesin
actaB1ossy

rａｎ８ｅ５－１Ｏ，conduct-

ｈ◎エエowcircY1I=ｒｄｉ－

ｅｴectrﾕCwaveguides
areoEEourtypes；
ｃｴrcu1arﾕySymnetric

TEOm,mOmPnodeBand
hybridHEmn,EHImml
modes・Ｔｈｅｓｅｎｏｄｅｓ

ａｒｅａｓｓｕｍｅｄｔｏｈａｖｅ

zvariationoEthe

Eorme5hz ･Where:｡潟r雛｡､,蔦:!：～．．ｍ圏.，
histhepropaga-

tionconstantoThepropagationconstanthavingnanguｴarvariationsmusに
satisry上hefolﾕcwingdeterministicequationaｓｇｍ７ｅｎｂｙＳｔｒａｔｔｏｎ【2ル

（器-淵(鶚-譜}l-n2h2㈱’。）
,whereｕ=/海.ＴＺａＶ=/iZ=T亨ａａ；radius

kR=m2eoUok:=u2sUoUuUoou；angularfrequency
h=B-joL EO；permﾕﾋﾋiｖｉｔｙｏｆＥｒeespace

B；Phaseconstant PD；permeabiﾕ辻ｙｏｆｆｒｅｅｓｐａｃｅ
ｑ；attenuationconstant

G；ｃｏｎｄｕｃｔｍ土ｔｙ
Ｃｒ=C/SＯ；re1ativedielectric

constａｎｔ

Ｊｎ〔u〕；BesselFunctionofordernwithc･mp1exargument
Hn〔V〕；Hanke1FunctionoEthesecondkindofordernwith

comp1exarguｍｅｎｔ

,；diEEerentiat土onwithrespecttotheindicatedargumenと

＊ｐｒｅｓｅｎﾋｴｙｗｉｔｈｔｂｅＦａｃｕユヒｙｏＥＥｎｇｉｎｅｅｒｉｎｇ，ＮｉｉｇａｔａＵｎｉｖｅｒｓｉｔｙ、
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Equation（１）ｃａｎbewrittensimp1yintheEorm

F（u）唇0(2)

Bynumerica1computationbaseｄｏｎＮｅｗ上onDBmethodD上ｈｅｅｇ《ac上propagation
constantsofnor“エｍｏｄｅＢｃａｎｂｅｏｂｔａｉｎｅｄ･Attenuationconstanとｓａｒｅｓｈｏｗｎ

ｉｎＦｉｇ､２－７．whereparametersare

a-4mEr=2,5,10Ｃ箒10~１，１０坦Ｕ/ｍ

ＴｈｅａｔｔｅｎｕａにionconstantsofthesemodesdecreaseasErequencyincreases･
Thisphenomenacanbeunderstoodasｔｈｅｒｅｓｕｌｔｏｆｒｅｆｒａｃｔｉｏｎエｏｓｓｒａｔｈｅｒ

ｔｈａｎｏ１ｍｉｃｌｏＢＢ･Theminimum-1ossmodeisTEooEoｒｌａｒｇｅｒｅｌａｔＷｅｄｉｅｌｅｃＬ－
ｒｉｃｃｏｎstanに，EHooEorsmal1re1atmedielectrｴcconstanに．Howeverwhenkia
ユｓｓｍａｌｌ＄ＨＥｏＩｍｏｄｅｈａｓ上heminimnmlossDaBshown1aにｅｒｉｎＦｴ９．９．

Here，ＥＨａｎｄＨＥｍｏｄｅｓａｒｅｄｅｔｅｒｍｉｎｅｄｂｙ上ｈｅ上ｒａｃｅｏＥｒｏｏｔｓｏＥｅｑ(2)as
aEunctionoEconductivitiｅｓ･Ｔｈｅｓｅｍｏｄｅｓｃａｎａｌｓｏｂｅｄｅｔｅｒｍｉｎｅｄｂy
examiningtheratioEz/rlIzfoleeachmode・

q-l篭lw-r57可 （３）

Thatｉｓ，ｑ，ｂｙｅq(3)，greaterthanエｆｏｒＥＨｍｏｄｅ，ｗｈｉｌｅｑｉｓｌｅｓｓｔｈａｎ１
ｆｏｒＨＥｍｏｄｅ･Ｆｉｇ．８ＢｈｏｗｓｔｈｅｖａｌｕｅｏＥｑｆｏｒｃｏｎｄucmvities･エヒishardto
discriminatebetweenEＨａｎｄＨＥｍｏｄｅｉｎｄｉｓｓｉｐａｔｉｖｅｍｅｄｉｕｍastunnelB．
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Fina11VowemeasuredaにtenuaにionconstantsoEsomemodestｏｃｏｍＥ土ｒｍ
にhesetheoriticalresuｴﾋｓ，ａｓｓｈｏｗｎｉｎＦｉｇ､９．Experimentaエresuﾕﾋｓａｒｅｉｎ
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Attenuationofnormalmodesob上ainedthroughnumericalcomputation
showsthattheminlm11m-1ossmodeinideaェｈｏｌｪｏｗｄｉｅｌｅｃｔｒｉｃｗａｖｅｇｕｉｄｅｓｉｓ

ＴＥＯｌｍｏｄｅ，ａｎｄｔｈａｔＥＨ１１ｍｏｄｅｈａｓｔｈｅｓｅｃｏｎｄｍｉnimumエＯＳＳ･Thesetheorｴﾋﾕcal
resultSshowfineagreemen仁ｓｗｉにhexperimenta1ones･Ｂｕ上TEOllnｏｄｅｃａｎ
ｅｘｉｓｔｏｎｌｙｉｎｔｈｅｗａｖｅｇｕideswithcircularcrosssectiｏｎ･ThereEorein
actua1にｕｎｎｅｌｓＥＨＵｍｏｄｅｂｅｃｏｍｅｓ上hedominant．Additiona11y，itisproved
experimenにａｌｌｙｔｈａｔＥＨ１ｌｍｏｄｅｉｓｅｘｃｉｔｅｄｑｕｉｔｅｅａｓｉ１ｙｉｎｔｈｅｓｅstructures･
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［1］Ｊ・ェ．G1aserDooAﾋﾋenuat1onandCuidanceofmodesonhollowdie1ec亡ric
waveguidesu1エEEETrans･ＨＴＴ，ｖｏｌＢｆｒＴＤｐｐ,173-174,Ｍａｒ､1969

［２］Ｊ･鮎Ｓとratton，O0E1ecにromagneticTheoryooNewYork2McGraw-Hill,1941

【3］Ｙ･Yamaguchi，Ｔ・Sekiguchi，００ｴmprovemen仁ofattenuationcharacteris-
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－３８８－

ミミーー..

ａ=４．８５ｃｍ

ｓｒ＝１．４２
o=0.0938Ｕ/、

kia=10.47

烏～
～

￣

~へI

~ﾐ亟暫ミ
ーーーニ

Ｆ

￣→
～

●

lTi颪； ～
theoryexperiment

￣TEol---▲●▲△

＿ＴＮＣ１－．－ 打氏凡■

ＨＥｌｌ－－－●●●●

’。Ｉ．

－口

~－へ
、

、
〔
、

、

７

a=４ｍ

Ｃｒ＝Ｚ

！「=１ＧＩＩｚ

、


