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Abridgemethodwhichallowsthesimultaneousmeasurementsofthecouplingcoemcientandtheloaded
Qofasingleやndedcavityisdescribed・Themcasuringsystemcondstsofa…magicT・，bridgeandincident

powermonitorcircuits・TwocollineararmsofthemagicTareterminatedbythecavltyunder
measurementandthebuilt－inshortatequaldistances・Measurementsaremadebycompanngthereflected
powerfromthebridgewiththeincidentpoweronthecavlty・

l」NTRODUCT10N

ThereflectometermethodisoftenusedtomeasuretheQ

factor of a microwave slngle－ended cavlty・1－3However，

themethodprovidesinformationonlyaboutthemagnitude

Ofthereflectioncoe伍cient；anadditionalphasemeasure－

mentis required to collectinformation of the cavity

COuplingcondition・Threemethodshavebeenreportedfor

thecouplingcoe伍cientmeasurement，4－6besidestheVSWR

method・In either method，the phase measurement be－

COmeSdiLRcult，COnSequentlyinaccurateIWhenthecoupling

COe伍cientisclosetounlty・

Inthispaper，abridgemethodisproposedthatallows

Simultaneousmeasurementsofthecouplingcoe伍cientand

theloadedQofasingle－endedcavity．Thismethodisan

extensionofthereflectornetermethodtopermitmeasure－

mentsofallcavltyParameterSWithoutanycircuitrear－

rangement・ThemeasurlngPrOCedureisdescribedindetail．

Themeasurlngerrorisalsoestimated・Althoughacavlty
Withoutcouplinglossistreatedinthetext，themethod

isapplicabletoacavitywithcouplinglossasdescribedin

theAppendix・

IJ．MEASURING SYSTEM

ThecompletecircuitarrangementofthemeasurlngSyS－
temisshowninFig・1・Thesystemconsistsoftwomain

parts：themicrowavebridgecircuitemploylnga“magicT”

Whoseoutputisdetectedbydetectorland theincident

POWermOnitorconsistingofthecalibratedattenuatorand

detector2・The twodetectorsusedinthesystemarea

matched palr and are assumed to have square－law re－

SPOnSe，l・e・，theirdetectedoutputsareproportionaltothe

incidentpower・

Thecavltyundermeasurementisconnectedtooneof

the collineararms of the magic T．To calibrate thein＿

Cidentpowerlevelonthecavlty，Shutterlisplacedin

frontofit・Shutter2isconnectedtotheoppositecollinear

arm at an equaldistance from the junction of two c。l＿

lineararmstothedetunedshortpositionofthecavlty，

WhichisdenotedbyLinFig・1・

Theslgnalfrequencyofthemicrowavesweepgenerator

issweptthroughtheresonantfrequencyJdofthecavity．

TheamplitudeaoftheincidentwaveonthemagicT
Canbewrittenas

α＝Acos2訂（力士吋）J．
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FIG・2・Oscilloscopedisplaysoftheoutputlevelsofdetectorsland2

during Q measurement；（a）through（d）correspond to steps（a）
through（d）ofthemeasurementprocedure．
¢）－Duringstep（a），detector（DET）2traceisadjustedtocoimide
WiththatofDETIIWhichcorrespondstotheimidentpowerlevel
Ontbec乱切り．

（b）－Duringstep（b），I）ETltraceshowsthereflectedpowerleveJ．
Solid curve－CaVltywith no couplingloss・Dotted curve－Cavity
withcouplingloss・Thecouplinglossismeasuredbyadjustingthe
Calibratedattenuator byAALdB untilDET2tracecoincideswith
DETltraceatfrequemiesremovedfromjb．
（C）－Duringstep（C），DET2traceisshiftedbyadjustingthecali－
bratedattenuatorbyAAdBuntilitcoincideswithDETltraceatjb．
（d）－During step（d），DET2traceis shifted down by adjusting
thecalibratedattenuatorby3dB．Theintersectionsgiveflandf，．
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FIG．3．AplotofEq．（7）；COuPlihgcoe缶cient
βvs attenuatordialreadingdifferenceindB・
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When shutterlis closed and shutter2is open，the re－

flectedpower卜bs12todetectorlisgivenby

lbさl2＝A2／4．　　　　　　（2）

When shutterlis open and shutter2is closed，the re－

flectedpowerlb。［2，aSSuminglosslesscoupling，isgivenby

A2　　　　A2［2β／（β＋1）］2
仲．I2＝－lp。＋112＝「・

4■r‥▲■　41＋（2（？ェ△〟木）2’

（3）

where p。is the redectioncoe伍cientof thecavlty，andis

glVenby

（β－1）／（β＋1）一才2（？ェ△〟木

1＋ガeェ△〟木
，　　　（4）

whereβandQLarethecouplingcoe缶cientandtheloaded

Qofthecavity，reSpeCtively・

From Eqs．（2）and（3），the following relations are

obtained：

lb。l2△／＝。／lbgl2＝［2β／値＋1）］2，　　　（5）

¢ェ＝Jo／24／1／2，　　　　　　（6）

wherelb。l2Af＝。is the reflectedpowerat resonance，and

24fl／2isthehalf－pOWFrbandwidthoftbcL2・
ThepowerratioglVenbyEq・（5）andthehalf－pOWer

bandwidth are measured，reSpeCtively，by the calibrated

attenuatorand the reaction－typeWaVe meterinsertedin

theincidentpowermonitorcircuit・

TABLEI．Measuredresultsforparametersofvariouscavities・

日．PFtOCEDURE OF MEASUREMENT

Measurementsaremadeinfoursteps：

Step（a）．Closeshutterlandopenshutter2・Theout－

putlevelof detectorl shows the reflected powerlevel

ofA2／4，Whichis given by Eq．（2）・Adjust theincident

power on detector2with the aid of the calibrated at－

tenuatorso that the outputlevelof detector2Coincides

with that of detectorl，aS Shownin Fig．2（a）．Record

thereadingofthecalibratedattenuator，Say，AldB・

Step（b）．Openshutterlandcloseshutter2・Theoutput

traceofdetectorlshowsthereaectedpowerlevel，Which

issymmetricalabouttheresonantfrequencyasglVenby

Eq・（3）・Whenthecavityc？uplingnetworkislossless，
thedetectedlevelatfrequencleS remOVedfrom resonance

coincideswith thezerolevel，aSShownbythesolidcurve

inFig．2（b）．

Step（C）．Adjust the calibratedattenuatorso that the

outputlevelofdetector2Coincideswiththatofdetectorl

at resonance，aS Shownin Fig．2（C）．Record the new

settingofthecalibratedattenuator〉Say〉A2dB・Thedif－

ferenceinattenuatorreadings，AA＝A2－AldB，isrelated

to the coupling coelhcient throughEq・（5）or，inloga－
rithmicform，

△A＝2010g（2β／1＋β），　　　　（7）

whichisplottedinFig・3forconvenience・

Step（d）．Reduce theincidentpoweron detector2by

3dB by means of the attenuator from the settingln

step（C）．The two tracesofdetectorland2intersectat

Proposedbridgemethod VSWRmethod

ca，漂thod　。A（dB）f2－fl（MHz）rrUP芯芯蒜Clu”JiUu　β ¢ム　　　　　　　β　　　　　　　¢ェ

TElO2reCtangular　　　　3・8

Reentrant　　　　　　　－1．7

TEollCylindrica1　　　－4・3

2
　
5
　
9

3
　
8
　
4

0．47　　　　　　2．920　　　　　　0．44　　　　　　2．900

1．55　　　　　　1．120　　　　　　1．55　　　　　　1．080

4．40　　　　　　1．920　　　　　　4．60　　　　　　1．880
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twofrequenciesflandJ墓asillustratedinFig．2（d）．The

loadedQiscalculatedfrom

eェ＝右／（烏「／1）．　　　　　（8）

Theparametersofthreecavitiesweremeasuredbythe
methoddescribedabove，andtheresultsaretabulatedin

TableIalongwiththosemeasuredbyVSWRmethodfor

COmparison・Couplingloss was negligiblysmallin these

measurements・Discrepancies between both results are

Within士7％．

JV．ACCURACY

TherヲarethreemainSourcesoferrorinthepresentQ
measurlng method．The　firstis the calibration of the

Calibrated attenuator and deviation from square－law re－

SpOnSeOfthedetectors・TheerrorsarlSlngfromthemare

equlValenttothoseinthereadingsoftheattenuatordial．

FractionalerrorsinβandQLreSultingfromtheattenuator

dialreadingerror〉AArdB，areglVenby〉reSpeCtively，

△β〟＝－0・115（β＋1）△Ar，　　　（9）

Aeェ／eェ＝－0・23Ad，．　　　　　（10）

The secondis theimproper positionlng Of shutter2．

When the discrepancybetween thepositionofshutter2

andthedetunedshortpositionofthecavityisAL，frac－

tionalerrorsinβandQLaregivenapproximatelyby

△β　（β＋1）
＝＝＝　－　　＿

β　　　8β2

Aeム1
－　　　　＝－

¢ム　2

4訂△上

人〟

（誓・警）2，

（11）

（12）

Where九gistheguidewavelengthattheresonantfrequency・

Thethirdisunequalpowersplitbetween the twoco1－

1ineararmsofthemagicT．Whenthepartitionratioof
the wave amplitude between the two collinear armsis

（1－6）／（1＋6）ifractionalerrorsinβand QL aregiven
approximatelyby

△β　匝＋1）2　6
－こ．・・．・．－．．一・・－・●・．・．・・＿

β　　β　16
（13）

（14）

IfAAr＝0・ldB，β＝1，人0＝45mm，AL＝0・5mm，and

∂＝0・05，the totalmeasurement errorinβis3．3％and
thatinQLis4．2％．
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APPENDIX：MEASUREMENT METHOD AND

CALCULATJON OF PARAMETERS OF CAVITY
WJTH COUPuNG LOSS

The reflection coe氏cient of the cavlty With coupling
losscanbewrittenas

γ。－1＋匝／1＋ブ2（？め〟木）
p¢＝

γさ＋1＋伊／1＋プ2（？め〟ふ）’
（Al）

WhereγBis the normalized resistance representing the

COq）linglossandQoistheunloadedQofthecavity．2

Introducing the reAection coe伍cient po at resonance

andクIatfrequenciesremovedfromresonance，Eq．（Al）
isrewrittenasfollows：

po＋ガpl（？ェA〟木

where
1＋プ2（？ェ△〟木

pl＝［p。］A′→∞＝

po＝［恥］A／コ0＝

lb。l2＝一・

γ8－1

γ．＋1’

β＋γ。－1

β＋γ。＋1’

¢ェ＝言高二評0・

SubstitutingEq・（A2）intoEq．（3），WeObtain

．‥川　■2（1＋po）2＋［29ェ（1＋pl）△〟木］2

4　　　1＋（29ェ△〟ふ）2

（A2）

（A3）

（A4）

（A5）

（A6）

In step（b）of the measuring procedure，theincident

powerondetector2isreducedbymeansofthecalibrated

attenuator so that the detectedlevel of detector2coin＿

Cideswiththatofdetectorlatfrequenciesremovedfrom

resonance as shown by the dotted curvein Fig．2（b）．

Thedifferenceintheattenuatorreadings，AALdB，isre－

latedtoplinlogarithmicform，

△Aェ＝－2010g（1＋pl）．　　　　（A7）

The differencein the attenuator readings，AA dB，in

Step（C）isrelatedtopoinlogarithmicform，

Ad＝2010g（1＋po）．　　　　　（A8）

From thevaluesofplandpodeterminedbyEqs．（A7）

and（A8），γsandβareobtained throughEqs．（A3）and

（A4）．

In step（d）of the measuring procedure，theincident

power on detector2is attenuated bylOlog2（1＋po）2／

［（1＋po）2＋（1＋pl）2］dBinsteadof3dB．Then，theloaded

QiscalculatedbyEq．（8）．
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