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7’. A. Enegrcvi ancl II. I,. I’oirirr 
TH.II~MF 

400,1 W-Ps\>l.ook Mall. \~anccn~vcr> IS.C’., (:matla Vti’l‘ 2~13 

Al,St.lilct 

‘[‘lip f’eyl,i’c t anvl I< AON I~oo~i~~~~ sy~~c-l~rc~t rtrn cavit,y is 

~t~ii~iitl v;itl~ lll~ ilf.iitll ;IIICI c~~wI.~~w 1’ro111 4fi !ct 61 hIlIz. Iligltrr 

(11~1t.r ~~i~,tlt-5 can 1)~ sl~i)tlgi.y ~latnp~~~l 115. il~clucling 0Ilc or 111orc 

50 II rrslsll~rs :,llulllc~<l 1%). a 2.50 hlllz anll~ilai. slilt cavity wit.llin 

111~ i\rrvlerillic,ll ritvity. l’llr I)arnilrt?t~c:l~s Art c.li(ssctl so tllnl IIt< 

,TSi’fi\,,,‘f’ dis!;i~,;l.tr~~ iI tlh;,ltlr iI Glf ],i,wt~r a! 11hC ;1cwlcr- 

aliiill frc~t~~r~~c,v, III1Inciliiitcly al10vfL Ill<- ilT(.~,Icl.i~l,i~)tl frt-flltrncy, 

tllr (IRIIII)~II~ hllunt 7r*sist;li,ra~ (l!~~wi~w:: r2l)i~liy. ;I1li”.l’sirll;lt,l,l~ 

iii ! I: 1’ illirc w lc,~ir~li ,)r~v~t’r of 1 Ilt* fi.iyi~t~~it~y_ 11~)i.l1 calrul~riir~~~ 

i111fl lll(,;1~til~,illr’llt Ilar-tb ~110~11 wry stribtti-: cl;lllll)illK cbfi111 Ill~~clc; 

lM~lW~~~~l1 il~c- ILIlrlalll~~lLi itI Rllll l,liO(l i\lllr. 

Ilhlocluct,ioii 
‘1’1,~ d<~a-:il)~ is ill) c~ssr13tia.l crnnp~~~~~~nl elf arlp syllcl~Wi~c~*~. 

),rwAirl~ Ill<, ;,c.i~~l~~r;~liilg ~~oll;rgr It i5 ;11so ;tlL ,tlljlTt I,f r011- 

rc-r~h l~wi3~1sc~ it I‘RII r~xcitr liralll inntnl)ilitii5. wllicll, in t,rlrrl, caII 

lilllit 1 Ii<’ 11r~;1111 c!lrl~c~ilt. Fr7r (.xiilll171~s, fllP l'lllldilllll'llti\l (%m-- 

r-i-alillg) r.,ivit! 11,c~lrx ii illrstIv<~tl wit11 1111, llc,lrillwll instal~ilit> 

[I ‘. Ilisto. iv;~ll~. :‘ilrioiis f’crtll~;~rk li~l~nict~iri as 7v<*ll as rxlr-rllal 

cli~jlillill/: li;it-I- I~WII ris~~l to l-iiiic tlbr. 4.~11~w1il lilllit imt)owcl ‘Ii 

tllis iiisl;lltil.lq-. 111 ;irI,liiic,l~ 10 lllr fulirli!lll~~~ilid tlrlvll,. Irip,llvi, 01’- 

rl<>r cavity ~llr~clf’ii ill’<’ Irl\avcbicl;rl)ly pr~‘s<‘lli. ‘I’llr*y <‘;lil aI50 CilllBI’ 

I~i~i~iii-r~il-~r~~~i-li~~~ititi~ illslal)ilitir-s. ‘I’lltw~ ill’<’ us11:1l!y l,tllp,illl- 

(lit~,il cc~l~j)l~~cI II~IIII~~I o.sc.illiitiolls [Z]. ‘I’\Ic, t’Yiic.1. rt~bantitativc- 

clct aili 01 t Il<~ir’ :;briorrs lwssil>lc inbtal~ilitic-Y ant1 tlltzir clilllll) 

ilip, tilvcll;il,i~:llli i3.w co7lll)licatml nnri (lqwn~I~~111 on a 111yrii3cl of 

rltii4~11iilc tlrtails iltlcl par2!l~l~~iprs. 111 si)itc of atlvallc-rd j)lAllllillg, 

%l,,lt r&f 111W~ ‘,l;iy llii\“’ to Iw tlt~idi vii11 rlllring the. i.o~i~~llixsi~~ll 

ing l,i’~)o~h of ally nvw ilccc’lerilior. It is t1lvwfclt.r cl~~sirit.l~lv 1~) 

4 i.fm~;l,y >,lj’~““‘5S Ilighv1. circl*~l c-writ !J u10(1+~. A :I I f cavit:; r110(1~~ 

rli~t~~l)t~i ii ~~I~IIMWYI 1~~~~ wl~ic-II 11x4 st~~c~;il rlwiri1lrl4~ p~.<~p~vtiw. 

I! i:, is t:e ilrriil l”“‘i”“sr Illoclt’ clillllt)vl.. ;~l~pIic.iil~lr ttr Ijlnrl!; cavi 

i1t.5. I1 I~;IIII~VI 211 i11~~1vz. whit 11 < 0~1l~lv 10 1.1~~ nw~hrtirl~ gi41>, 

;~rlcl il’i ],nr;l111t~t<~r5 cali 1,r adjllhi~.cl 11, sll*~prt'ss ihr l~iglwi- orclP1. 

11101l~~h I~I.IC!~ 1110~(’ st1011gl~. !liiill 111tx ft111(li3inc31tib! i11041~. wllirh 

is r~rcvlf~rl Ttir l~~~itii~ arcrlrration. 

Dvsc-ril)t,ioli 
‘1‘11~ IIIIIIIV clitll~l)r~. consists of it*, a1111uliir slot rrsonallt CaV- 

ii y wlrii II is v‘o:~* 1,~s ! 11~ avc-~~lr~ralinl; qap arlcl ccmxi;ll wiLlI tlir 

h~ai11. ‘l’llv c!it~~~lwr cavity is hmvily Icmtlrd l,g 011c or lllorr rf 

p~~tvt’r rciiilois cr~~~nvc?w 1 arrws iti rni ra*I~~c slut. 111 l,Ilis Ir~r;i 

ticIll, tllr, tlisl,l;,r~c~llll~llt rllrl~t~llt flowing across ill? iuw~lvlnting 

gap r1i11.1 ah flm- t I~mtlgl~ i 11r ~li~mpt‘r. A pmrtird realizalicui 

vf illis ~lr~ii~ll is ~III)WII in Fig. I. 

!\I I,riv fr~~~~l~~~lcir~~, t11c power tlisdlwti7I in tile rt~sistc>l~(s) 

illcrms3 iu t tic f;~ari 11 pc~w’r crf t 11~ frc-qllv~~(.y, a>suniillK it iisr!l 

I I I / / 
/ ..i 

g--I+ ~~~~~ 
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Fig. I. A qll”“lr~l’ wavelrw~tll coaxiill Iill<. 4,wviti wi:II ii 111(.1~1v 

tlattqwr cavity atltlcil. Its cvl~Gv;llt~rlt. cirruils are $ivw witll, (1) t 

alit1 \vitllcllll, (a] the- (li~~nlwr. %I is till> i~l~p~~~li~liw of a sllilri 

circltilwl rc,p*~ej coaxial linr with radii c,C 9.0 ;111(1 IT.5 rlll, atltl 

l4.tlgtll I f)5 r111. (’ is tl~c ;Ic~c.a~l~*ratil,g gap ~-:~p;lcitill~(~c~ iIf IX 1’1’. 

7‘11~ LCWGI~III~ I‘rwjlzf~~iry ih F,!) LIIlz. T2 is i IIP it~~j~~il;~nr~r~ c~f’ 111~~ 

i4t1111:litr slot ravity. ill~cl I? is its I~li~dillj: li9kiol~. 

vt,lt;lp,ry itcro\b 111~ a~rt~li~raliilg ~a,!, lfnelr,l 1 ljcsc, f rblr~litio!ls. 1!1c 

<lisplilr(.fll<'ll1 CurlY-rli aCI‘<ISR t!le~ a4~c~~lc~ri~linp; pall is ~)rc*lx”.t ictnd 

to 1 IIP f’wct~~~n~y, hlclst of 1 hat c11rw111 xvill flow tl~ruuc,lt till’ 

(illdlli~li-vr~) rl;llltlwr cavity, wllnw ~i’iir! i3llc’v is liro!ac~rtional 10 

i’rc~rtllPllcy, irl t IIC, 100. frrcllls*rrc)- linlil, rl’llll’i, tlir, volt;lgr arross 

111~ clililll7illg wsislor is p!~c~l)orlir~lln! 10 tllrt fx.cvltl<~ll~.! stllli~rl~cl. 

antI tllc p~wrr ili~sip;~t.rd is ~~mpori.ic~ilil trb lhr, fout tlb [~4nvt*li 

<,I- till‘ flTqr:rw~~-. llr~llr~~. Ilrr, ~~t~~iv;ilcnt tlalnl~ilip, rviz-tatrcr’ :ilt 

prari11~; iu lmrallt4 wil II the slllint rcvist.itnre of 111~ awelwaling 

CR\ it:; al 1 11,’ ~1c.c.i.l~,1,;liilt~, firt11 cIr~cre-;~sf? iic ! IL<’ iil’b’t’rhi. foilrl 11 

powt-r of tllrs frc’qufwcy. It is this fact that. idlovvi tllc dRlII;IPI 

tc, lo;~cl thr fitiitla~irr-nt;J 1nc2de rvlati\‘c~ly lightly aetl the Ikigllt2 

orrlf~j 11;0tle.h Iirvtvily. A *~iorc cr,~tlplrte irniilysis i7 givvll I~c*low. 

Tl~r Equivdc~nt. Cirrrlit 
A uwl’ld analysis IIF this modr clitlllpvr ci):l 1~ aclIi+~v+-<I I)! 

rlsilig a cmnlh~;liicnb of two caviiic5 and , ircuit rhllt’llt~s. ‘1’11~~ 

utililp of 111~~ nioclc di1111lb7 is rlcmcmslratr.tl I)? (c;llrill;itiiIg its 

dT?Ci 011 t11e r1om;rl Llll)ClCS or tllr qmrter VvavP w5ollator slr~wll 

iii Fig, 1. \Vitllc,ut tlrr l~ba)tlf, d;lLnlwr~ t!lrs ro!lIllI~~x illljlc‘clitilc.*x 

~~rrs~~t~trrl 10 thc~ Iwim iit thr p,ap i$: 

%, y %, 
% ~ 

%1 .. %, ’ 

wlr~w 7: is thr inllwd;~~~w of thr cll~artcsr xavr whollator, anrl 

Z<. is t IIC inllxdanrr of lhr hwln gap cnparit ante. I‘lle a.l)solrrt P 

VWIIIP of Z is plotcrl its a ftulrtion of fwqt~~~~~~:y ill Fig. ?a. 
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Fig. 2:1. ‘I I I’ il1lpr-tlanm (i~l~so1111(~ va111e;l j3rcswtml to tll<b 

IWRIII 13s t 11~ cavity dr!irlr~tl in Fig. I ii. 

‘1’11~ c~cl\~ivitl~nt circuit of t II<% colil~>lrtr cavity antI moclr 

~IHIII~~C~ is J$T’CYI ill Pig:. I I). ‘I’ll62 illljwhlw pL’wntr~l 10 Illr~ 

Iwalll I)(‘L.l)lll~‘..: 

% 
%* :*’ 2,. 

z< t z< ( 
(2) 

wllrrw: 

2, z, -1 
Ii i %2 

li I- ZL’ ’ 

antl z: is tltt, ilnpclitnrf~ OF t Ilt’ climlj)<~i. c-arity. ‘l’llc~ c.alrul;i- 

lir~tl of .Yr as ;I I‘llnctb,u of ~I.~IIC~IIC;; ]~rr~s~~~:ti 3 Iilillor ~b:~~~ltirn~. 

A c~,lllplltrr p“‘LF.ritln, hll(.ll it’: Sl~t’fckt t<‘ISH [:<I> ,,,iiy t1r ,I”c<‘S 

si\r> I,II iwcllr;~t+ly ~Irlf-~nlif~t* thy cz::~it) 13:11a11wt< n. 131tt slli.11 

a prr~~ra!,~ k .Iwkm~r~c! io IIW iu tlt*siplille t111, IIIO(~<. ~~~III~II’~. 

I’clr pu~-pcn-~ of tl;i111pcr tlr.iign. t11r~ t~n~~~&r~~ arlcll5tc(l 1~e.n. i.5 

(0 i~l~i,Ic~xiirl;itr, lllr ~li~l~llwr cayiti- I)j lvc.0 st7.tioil.5 I>I olitxiill 

lra~~sn~is~i~~i~ lillf’ tt~rlnilratrcl ill a Silo+ circuit, wlliclb provi:lrs 

irl) alr;rlyi ie,wl rsst>~ <,i*ioll for ZL. ‘I’llis ~~1~1~‘.~Irilti;~til)ll 113.~ 11wn 

cr~~uparc~cl with Sl~l’l’l~FlSJI sc~111tio11~. anr 1 Itas 1KWL fO1111~1 to 

Bi”.‘, II.t* ~f~~on~iti/ fl,t,cluvnc,it3 ,aii II it11 ;tr-~~~~~ax~~ (II IO tea 211”;:. 

‘I’l~ts coiisi:ll I‘ \vity 131r3rI~~l (I111lwlsiolis car1 116, atljllstivl trl tai 

lrtr 1.11~~ m:,cle. I~;I~:II)~I. s j)u~l~<‘~~t ic-. Aficr 1 iI<, &ln,‘rr IlW hWll 

clviig~~tivl, tl:r, actll;rl r;ivily clilklrr1siollh wllirlb will tpn~d~~cc t II<> 

(lrhircfl wsi~i~i~~ti fwq1~c~trivs arltl R!Q cite 1 ticIt 1~r rvfiilrd 11) 

118,’ 411 s~ll’I~:lil’I1Ifl. ‘l‘l!G~ illJsir,llii<-’ ‘r.illlll~ e,r 111<’ ~~01~~111i1~~~11 $:a,’ 

irnpcr!antc~ of tilt, cl~mrtrr wavr c-nviiy wit Ii tlic HI~XIC (li~lllj)er 

ml<l~vl i5 $ivcw ill Fig:. 21, 

A Usc:f’ul IIanil)iug Rrsist~:rnce Exl)wssinll 

Au apj)roxiinaic* cxl)ws:~iori for i!lr, eqtiii.aI*tIl~ tlnnlping rc 

sisi i*llc’v al)pcariIll: acrohs tilt, cavil J; gal, is us~~f111 \lillw~ cI1oositlg 

(It<, ili~1111)(7 ix~iw~~~cirr~. Rr4rrri11g !r, thr rirrui: iu Ii’ig. 1 Il. t,l~+~ 

clvtllr~nt h in writ-z- wit tr %I l~hve an illlprdilncr %<,, wllicll rilll Iw 

I.~~s~~Iv~~~I iiltrb m itI-itI c-apiicilauw ill parallr-1 will1 ii cliillll~itlr: 

wsistall4’c. ii,!, \vlr~~w: 

nntl: 

R(j ~~ 1 /i-nnll l/Z, ). (‘1 i 

This wsistanc+. li,i. is rlvw to !hc ~RIII~)~IL~ rraist;3bcc appf~i3rill.g 

at I tic, gap it’ 1 Ilt’ vr~ll agri III‘L~S tlit, danllw is sr~lall co~rkpn~c:d 
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Fig. 21,. ‘1’11~ il~~lrml;itlcv of tllc pii31k(’ carit;;. l>ui \vit II 111c, tl!cr(l~~ 

(liimp~~ i~dclml, RS r-alr~daic~tl v:it 11 PLl. (2). ‘1’11~~ h~n~wll~f~r cn1’Yv 

is I lie rlaniping rrhistimce c;~lcul:~tccl wii 11 licl. ( 1). 

lo flrr vc~li;~Efz i~rros~ tllc fS;tt>. wllicti is nr)ri~l;~llj illv c-as*‘. ‘I’ll<, 

C*U~IC~SE.~~~U i’c~r Ii,: is 0 f vitluc II~~(-~~IIW it i~ll~~wb I11r txplc~l~illirdli 

of di)~~~l)illg wsistallcr as 3 I‘llllctioil of frwlllrncy for vai~i~~ns 

lmranlytrr choiccc, M-itlruut having to collsiclcr the rest ol’ tile 

(.aYil i’. ‘I‘hr. value IIC il;r~tll,i~kg i,wist;illrfs fow~tl wit11 t llia (‘Y- 

1,~ t-scion is plr)brtl ill Fig. 2l>. It is swn 1.0 11r ilr goocl, but 

110 pwrrct, agrccmcni wit 11 t II<> ~ncrc ace-llr;itc’ results c)f lllr 

1~1rvi011s s(di0~1. 

lai~w, (‘. Illi, IoacLitlg rc~sistz:rlo~. It. illl(l ill? slot rav1iy jI;!:‘;,IIIc‘ 

1111 i. ‘l’lL<, l(~l<~-;;ilii !.i<,l c wil,v ]Iili.ir~lil~‘i~l i ;iri : ./, . 1liF I’irylIi~111~> 

of ilIt> lcnvl~st (‘<‘SOl,ill,~‘C’ (I~igl~~itl~t~i~~la~l~~~~~. ILG~ c’~,~~‘.“~“IL”I~I)?: 

If,‘(,), itllrl I:, . Ill? frc.<[““l”~~ <?I lilt, Il,irP.t I~!ii~iili~~.~ll.lll~ t’ ,(‘:_I\/ 

t,it,il‘c. 

‘I lit c;llmcitallci’, (‘, ih tlt;ll l)ut 01 ~IIP p,;t~! cajlarii ~,II( (’ 

\vl:ir.ll fwcls r11r1r11t lcI ltlr tiir~lc. II;~~~~~wI.. In(~r.~~abillp. i’ itlrrc~i~‘i(2 

1 tl*s Ioi~ili~~g c,f iliv ljli,in c a\,ily al irll l‘n~~t~rc~l~c ici. Sc,ili*~ i!4Ij%iat 

burnt of ( ’ is presilLI<, l~,v ~,aryit~g lilt I81c;iticl:I 4~1 illi~ cllt rilllw 

slot tc) 111~ rlir~ulwr c.avity. 0:’ i,y r:l;ikirlg ttns: cnvi!y t’llcl IV;II/ 

nlorc. 01 hs, (‘Uj) r.tt- , d )P~I. 3s is illllrtl~alr~l ;I) b‘iq:. I. 

III 1116. ~~rwrtlt ;tpl>licatirrl3. 111~ hline, r~(-hi:.i;\lfc-f~. I{. leas 

lwcli iiPhlllll(‘d /I) IN. ,,I,+’ 0,’ 111‘111’ sl a~~~lit~.cl c!iaxi;, I ‘111 1). ‘1 

k R Will!-, (.whl ri j~r~\Cc’r rr~ist’ll~h. ‘I’t1r.x rei:lttlh pi.41villt. it 

ruggvtl, IOU. inclndanw inslallii!ioti. l’or t11rs t\,1r,l\; l>o~lsll’I 

s)-r~c~l~n~ln~n. it is iInticipair~tl tllal :il~oirl 5 k\r r,f I’IIII(~~>III<.II~ ill 

1~uwv1’ woulrl Iw tlixsilmtrd in t,l:is 1~3istiuic~r~. wlrit,ll 7x411 ill< r(‘ilsv 

111~ Ilol~ii1s011 htilllilit>-. 

‘l’i~r PITCTIS 4~1 tlic tl;r~ii~~~ cavity pz*ra~~~dcw iirc iililblralvri 

ill I’ic. :<. ‘I’lltb loW<‘ht rriollilllt frt~c[Ii+ll“y of 1111’ a’Z!‘;it!-. 11 

~)~oI~~I(~cY 1 IIV lllinilllulii at ‘,I!) h,I II:!. ‘I’lifW 1!1r ilI,f ~~a;-iti, 

inrlwdaua~c~ i!: a nlaliillllml, ;ulcl Incest of tllls crtrl‘rlit ;,G‘l’llih illl~ 

gap rrilctallcr. s,., lnrtsl get tlw.ntp,li tilt, rrsistallcr,, I{, 511 tllc, 

da~ul)i~~g resisbanw at I he minimnul is ;Ll)l”.orililRtrlr-: 

s2 
li,i -- .r 

R 
As cxpcctrtl: the width of this nlininlun~ is clcttmlliliml Iby (21, 

111~ Ictaclctl Q of tltr tla~ulwr cavity. which is t hr cluotic~lit of 11 

antI tlw R/l) v;tluc~ crf 111~ c.arity at tllis WSOI)RII<‘~‘. 
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3. I-)d~~lIbing rAs(a~~c.c- al ttlc qaI3 ci~lc~~latctl will1 Eq. 

[ ,I ). ‘I’l,t~ <41;Y~1S of I!]< ‘j’;~rattrl” I’rsollalli‘e ili 2~1’) hllTz illl<l Ill<* 
~*Fl’l.j(“;‘: ,~‘hl~lli, 1C.P iii l:lI):l hIf17 art c~tl~arl~ .ci’Cll. 

Ii‘ t!lr~ rl;il~l~b(,r cavil\. iv&5 jrlst ii 111111:)1.111 I’oi4l(lr! ‘r I line-. shut-1 

ciyr.lilr,il ;I+ ilir clld, illr~l~c~ \Colll(t t,r it Sf~~‘(+lI(l I‘f’SOililllr‘~ C3l 

f:, l!f)> iit n.lictr I IL<’ 51101.l at I 11P ~~1 of (11~ till0 wr~l:ltl pact- 

tl~gw it vf,lt;3gr 111111 al ttrc, ctilutI)itl: rcdstor. Af Ittis fr~cItlcllcy 

1 IIf. ilhltlj” 1’ lb1.,Y1111W ,Ilc.ff’rscd iv,,. 13~ rllnilgiilp, tllr, sll;tpc, of ilir 

caril~‘, ;I,<. l‘:.cy”‘.““~ ;\t ,rl,irl, illi 1~YY~l1,l ,r~i,l,ii,!,l’<’ <,1‘<‘,,I’S <‘WI, 

Ijo ~~~~~licr] 111,:t.l 1jiglit.r 111;t11 t\Viw I’, 111 Fir:. Z<, IlLat rCso1IRnCt 

<,I‘(‘,,1 i ill I:lo:i Rlll,‘. 01’ r>.fi,f,, IJibr ~311 ;re~t11;31 r-arity. /.: c;lII l)c* 

tj+~tf~,.llli,lf-,l 1,s ,jFirlg St1 I’Ei~t~ISiI wilt1 tll~~ Nc~Ilkllailll l)o1111<1 

;iiJ cr*ll~iill4~li it, ]iibty<l iri, fIri, c~iltl.itIl(.r~ hll\l, Wlli<~l1 rmTr~;~mllrl~ 

Ii1 7,‘1’(’ v,,ltagc~ R(‘lx,bS 111c mtrancc. 

l’ltr +ff’r~i h ft1‘ ut?iilrqillL: w\rion> d;ll,,,“‘r ]mT.A.IIlf’l<‘L.P ill’? 

SIIOWII in Vig. 4. ‘1’11~ par:3lnrtprs tl~ci~iwt~t~s a~(’ tislwl in ‘t’at~lc~ 

! ‘1’11~ ~II;LII~~~:, c~i,~:si~ti~~ 14 in4.lurtr. <lillll,liilg: thr gap c~al~ktci 

i;it~ce’. (‘: 111~ ctil~,!jwr reislilnw. R; 1 IIf’ l~r\oll;rllt fl.“(~lWll(.!‘. f, ; 

n,,lt ill,. l<>;!<l<Yl 6) #If ill<\ cnvily, 12:. 

‘ihl,if~ 1. 

‘Tll~~ dillll[Wl. ~“W’1”“‘~““” 6~1, tIli> f~~tr~c’s A E ill Pip,. 4 

(‘IIVFp (l p;~ra~~~clr~r~ ;ti~l>ly ICI 1”igs. 2 illicl 3 i’a~~a~l~~~l~~r Vii1 

1ic.5 si~~~ifir;~~~tly fliff;.l.f’llt fi.0111 tl10sf~ c)l’ (‘111 \‘c’ ,I iilc’ printrcl in 
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