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AIMTHALY

& Tiiwﬂ' rnode eyiindrionl resonstor similsr to ome type
of reamiitron anode regomeior in whieh nower 1s couiled out
tirough & prove-ineresonmior to locp-in-waveulde coupling
device is investipgsted. Tiwe component parts of the resonstor
and ooupling avsten &re first studled sepsrately and are then
embined by Jolning the equivalent networks corresponding to
ecach oomponent or group of componenic.

in equmtion is derived for the tiworeticsl unlouded
for & eylindrical TH,, K6 resoraitor eminled o & halfeunve
shorted coaxial line of lov ehapacterdsile lucedance having
the seme ocuter radiue &o the radins of the oylinder, For a
i moretical unloaded k of 3970 for brass st HUBO me, the ex-
rerinental resulis aversge 3u8D0. Twoe seobtions of the gyline-
risel wall of the resonuior are nede flat to permlt the
change of iris wldth by use of interchengosvle platese The
experimental shift in frequenocy due to this perturbation of
the wall i =50 moe, Wideh ip within the theoretlosl ocuter
1imit of «130 nges Experimental curves of loaded <, ocoupled
W, and shift in resopant frequoncy are plotted as Tunetions
of iris widthe

“he theoretlosl resongnt iopedance &l & »robe In the
resonator 1o ceiculnted from F. Ue Coudonts equatlion whieh

wapn derived for srall coupling. Ixperimentsal tests are
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mede to see Lif Condonfts equation o&n be ueed for large
souplingas For probe length equel to lamif tle resonator
helght, thooroticaliy the wvoltage standing wave ratio in

78 for Lris loudlng that reduces the unlosded  to 240, while
exporimentally the VuuH ls 48, The shift in resonant fre-
{ueney due to the probe is olcultted theoretleally, Ly cone
sldering the probe &a & part of the resunstor weall and trec -
ing the resonator &8 8 radlial trensmliasion line using the
equlvalent discontimuity capacitances developed by J. Ha
thinnery and Te Te Robbinse The experimentsal resonmant fre-
quency steys within & 50 mo. of ileoreticsl after corrections
for phifts due to irises &nd perturvktion of wsils mre aided.

Humerous undesired modes are treéced experimentally. %he
exintence of 80 many other nodes 1s explained Ly neuns of &
node ohert upon which both coaxial and coylindriesl nodes are
plotted.

The ooupling of & 50 olm coexial line to 1,2 x 1%
wavepulde by means of & loop in the wvevepuide le investi.ated.
An sxperimentel plot of VS vs. frequency disoclosed three
nodes nesr the freguency &t widch the loop 1: of querter-~
wave length. For one of these nodes the resonsnt VIWR is
defis Tlds ospe depfirts too far fram the conditions for
wiich Fs e Coxionts equation for loop coupling was derived

to mmke & sinple goaaptrison between theory snd experiment.
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A& Lloop-=liswmvesuide o proia=insregomgtor coupirling is
desloned by eoobinlng the iwo sepmiwie units previocusly ine-
veniipnteds B Tigug resors tor with the crobe length L §
Lo MRAL the regonutor height, for whilen the rosonsnt ViR
io 43, wes Jolned with 8 looy in wmevegulde Tor wiloh the VUWD
18 fofie Theorrileally the VHER of the cxbimilion iy 10eds

The exnerimentsl resonsnt Vil Ls 1de
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The objent of thisz ifnvesbtigatiom Lo to study the
sounling of nower to 8 waveulde from 2 rgomnt clreulg
such 88 the anode resonstsr of 8 resnastron oscllistore The
tyne of wveanstron osvity congldered 1 = ohmpe not esnnily
rerrenented by girmle retbamatical funations, 20 ¢n aunproxi-
mRéion ahewn tn “lgure 18 is used In this studye. The test
resonator of Fisure 1i han the walls strai;litenod oot $o
simp)ify the “hworetlosl trouiments Two coupling irises
are nrovided to loazd the test reasgtor in slace 0f tho
~lectron beam losding of & resngtron oscllistore The test
regorntor hms been sesled In dimensions 0 eone witihin Lie
rangee of avalluvle test equiment,
Be Irocedure

To gtudy this gouapling problem 1o & way et 1la of
more value in the solutlon of similar nroulena, the resongw
tor of figure 1& ln Lroken upn into scoparate parts &s shown
La flpures 1P snd L.

(1) study of THpop Mode Gylindirioal Nesomator. Jeasure-

Pt +hm Ay N a0 - T A

ments &re rade of loaded e resonant frejguency 8& &
funetion of iris width for & Tignn oylindricel resmaior
with 2 Ywlif-wsve shorted coaxial iine &t the outer radlus

Yo correaspond ko fhe ohoke strueture of & resnatrone The
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conpled « aml shifd in resonent frequency are ccleuinted
fros tols detee Humerous reflovences are mendloned in the
Liblioguply.

{2} Study of ‘robe from Cosxlel Line to Tigun hesomsbor.

o e O o A O A ' — O e B i A I e Ml A o S, YRGS A o A BTN Ot  SRP s AR

Yhe inmt bupedence, eesonent fregusncy, &nd otuer uodes uof
oagliiation ave lavestlinied.

{s) Condon® ims derived &n equation for Lthe looedonge
of & 2robe in & resonttor for conGitlonsof umBll couplinge
Izwerinental mesgurerents are mude to soe Ligw fey Comwion's
equation is applicsble 1o Light couplinge

(i} Xf thw probe is consldered &8s & -mri o the
resomator, the resonaior ray Le tronted as & radial line
gn descpribed by famo and ?:rhinnerg.a

{eo) The interferencs of other nxies is investigated.
Tie reagon for the exlstenes of more than Lhe esxpeeted TH
nodea 1g analyzed.

{3) Study of Leop in Zavemide. Condon's® equation for

loop soupiing for & rectémular reaonator is ex&nined to sce
1f 4t omn bLe used for & reosonstor that is 80 heavily loaded
thnt 1t is esasentlislly non resonant.

{4} Loop in Tavegulde to Frobe Coupling in TH
) _ IR0

Cylindrical hesormiors. Iy use of the theory of mierowmve

goupling gysterms sumarizsed by Ja'ynﬁa,‘i resons Lors of the
tyue shown in Sioure 14 are deslgned Ly &ppropriéte conpinge
tion of date from parts (1), (2}, and {5} stove to ocbLtmin

the decired vropertien.
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Figure 1A — An Approximation to a Type of Resnatron Anode Resonato

o lew (1) Study of TMozo Resonatr
L}..l as Function of Tris
Width.

- X (2) Study of Probe Coupling
from Coaxial Line.
A—~‘ ———A' Resonator Loaded l?

o

Irises of Part(2)

Simulate Electron Bean
Loading.

() Study of Loop Coupling
1 to Wavequide from
- L — Coaxial Line

and Loop Coupling of

(“) Combina'h'on of Probe
\L Parts (2) and (3).

Figure 1B~ Subdivision of the Problem into Component Parts.
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e Teyfeet Oylimdricsal Tesonaior

mhe o engd pesonent frequency of e resmeior Eve gl
aulated for a onrfant erlinder snd are then covrected fov
the change in o due o the wif-wnve coaxial line secghion
sry? fop bhe ehanze In Treguency due 16 the rechanguiar balies
et the irig coupnling nointse

The freqgquenay snd unlonded © of & verfect oylinder lecing
helght and redius of resmator of Cigure 3 for the Tlaon mode

gre a5 folliow::
) o 7Y
Pl & Pop ® Kot x ZesZ

Ay

oz BoB2, the greond ront of Jglkgrle
L
Al""?}'ﬁ.ﬁé’"&“"w orie f}_m—-;% ‘:sé‘j}:-»,g;mglgﬁ
'

syeleos/Boc,

D1 Pop . _ i
oy B e e L LaTE Je iy w GLEC
3 ﬁ;‘”ﬁ““‘ . @ TH00 X Zo7E X Uekbhii m BLS

St

")1 = 120 olme, chapacterlistie lnpedance o free zpaces
Hg ® D01l x 107 N T = JUATC olmis/mipsre, the suwrlface
reslstivity of brass &t f o 3030 mes.

Le Uylinder with leif-teve Coexial Sectlon idded

At resonance the shorted Sifewmsveliength cosxisl line
presente perc inedance for tie TMang mode &t the Junetionm
with the wall of the cvliindriecel resomitor, go o shance ia
made in the resomant fregueney. The sharacteristie luped&nes

of thw goaxial line iz D0.26 olmo so L&t the inpedsnce pror@ing



close to zerc Tor frequencics nesr tio design freguentye

Sinoe the coaxisal section chsnges the surfece arck of
the rasonator witbhout 8 proportiocsl inerease Ln volume, the
« will be lower.

From apperdiz L, the chunge in 4 In spproximetely &8

Tollowa:
(L a + I _—
Iz FFEVE & 7K
“a (&}
""u n D706 x LEOD w HEVO

0o Cylinder Wwith Keotenguler Perturbetion of Cyliinder Vall

Hesir the pourling irises, flat recesses lSve been nade
in the eylindrical walls to eimulify the cheanglng of iris
width, Singe thls Lo squivalicent Yo sushing ¢ gestlion of the

wail out i @ place whers thers lao & large oagnelle fisld
and no clectris Jleld, S resomal frequency will be ap=
sroalably sulfted. The chénge in o, iz 2rOoueLLy smbla,
sinoe the volume Lo muirfaece ratic Ls not seriously ohenged.

N P51 e e ﬁ\ b . AL S £t % oy, . -2

T we widaberv lma lven the following esquation for the
chenge In freguenocy of & resoator in shieh the bounusry s
minhod ine

3 2 my EX =

W W { 14 [(Hg? = Tg?) av ) (%)

W u 2L, the perturbed {reguency

We » 2nfy, the unperturbed fregquency of 1000 Qe



Yz’a e the solenoldal funshlon used in expsixiing B
Ta in the sclenoieal funetlon for ©
¥ is volkwuo.
Au developed in appendix I for thls casge thls egpuation

reduoces approximitely tos

w

)
(21° a1« g1« 05um 087 {6}
) Vi

shere v i the volume of the pushed out seetiocn and vy in

the volume of tle perfect ayllinders

W . 5.08e £ o» 0804 % GOS0 z HUOO MO
(F8)
&
le ip probebly an over eorrsciion, beocsuse the sleetric

el iy agzumed 48 be zere Lioougiout tle usbhed oub voline
vhlle I3 S oyealisgely zero onldy 2t the beadary. The experie
mental shiift ln freqnenegy Ly 80 me, whlon Lo within the outer

Timih of =100 e saieelizted sboves

Te Joedivg wath irds Coupling

Eppirical measurenents of iris eoupnling are msde for
uge &8 (4, dosding Lo slmlste loaded 4 due %0 electron
bean L resr@tyron gsvity esad (8) loading as & nmeann of
wosurdiy resonsince of nodes with hleh transmission loss
Ly using 8 lerge iris and tlen correeting the results for
Lhe ahifrt in fg 806 « due Lo the 1vig.

Fro oeasureosents of Loaded w wikh difrerent inpul and

outpnt Lp0s widils, the eoupled o desiymated Ly o, Tes een



deternined from the following equations
& 1 1 1

Fmma G wmene < o e (5}
RO Ly wpd W Wl

“nl +8 the soupled « of the input irls, (U, of the ocutout
iris, .y the unlosded ., end ;30 the loaded wa

Yor irig widths wy » 1/27 and w, = 1/u", wpgy e de=
term ned by messuring the voltage standing wave retio ()
ang phege and then plotting them on & tmith ohart &s in
fipure 4o The irpedances of figure 4 sare referred to &
point of vollse e maxinun, Jedb f\g towarc tie ponereator from
the vutside edge of resonator iris. his btreatment ¢orree
sponds to somaldering the resounklor &s & eeries resonsnt clir-
euite Frow the 4 eirele the resouant Irequency g e founa
tnd aise {1 and fp, the Irequencies &t which:

il G
2 . * i

Then the londed 4 ia Gelemined fran tle Joliowing:
! o
R SR Y {6}

t¥here /3, is the 3 al resonsnce,
Wip & (1 &G0, 30 {7}

where(3 4 1la lass than one LI yro<iyy , 8nd

“ig

;\ % = e
¢ X 73



Semile onlondations fron figure 4 sre sip foliowe:

U ; : -
Spyo ® mrgy*f*m w241 Lo 3 (3 o+ 11.E) 241 » LR4L

i
. =94() T
gl = -
ol & yyow s

“iip im mresured by the transmlsslon method in which £y
and fp are the 'wlf power polnte, Yor wEriocis combingtlons
of iprut and outpub irls widihse e &re checked Wy lLoe
pedanes  mefnurensnty a8 In figure 4.

"hen the varlous ooupled «'e were connuted nsing equa-
thon {Hle Tie aversged velues for wij, «@, swd the aghlfi in
frecuenay | é?} &re slotted Lo Tipure Se Some of Ll variaw
vl Lot o« values ey be due LYo the Interslsniosile

v B R . 4 R . e gt ¥ P v
o -x34‘fl.-,‘u«31,'tk LI SR IE.Q‘L TG .i.:i 'Q’-;.}L

-~ R

moanbeabn i":‘; €?3.'§ e ‘if‘ﬂhun

wAy P S, oy EY T e S Tagh wrgee . g e g o RN
Tie pombin of Zloude O olwve nobt Lenn SriATed nrewe

» o g Beb. & T S e - T T e y 5 T v n® ow ek
& .a.-ﬂf:‘-l“ ﬁ}i .»t'}* '-r»iﬁ? IR 131"; @ I S =4 Lif k}r\ ww\ hy G “l“n“ Sah Y
B o e ey UL g e - Tig ot Y s e N A S S
Irln owealdlng, bhe worl of detle, Tarasiall, s Dobwinger

aliciidd oe comsulbeds Such emglreering Ladomwtion on loop,
2

irias, sud robe couplings for T Loxes Ly Looiuded in Velume

14 of the #.T ediation Iaboratory Seriese’
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Reference point at

0.45/)9, toward generator from 1ris edge.

Ret: Phillip H. Smith "Tramsmission Line Calculator” Elsctronics Jan. 1939 and Jan. 1944 Printed in U.S.A
wd in U.5.A,

Figure 4 - Q Circle for TMoz0 Cylindrical

Resonator with 2"" Input and é-"Oui'put
Iris Widths
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IITe Coaxinl Line to “robe Coupling in Tig,g Cylindrical
Lesonator

ko {onsldering Lesonstor as Perfeat Cylinder with the robe

Traated ta 8 Gounling fevicee {Contrasted to considering, the

prebe ag art of cuvity, in whieh cese the coupling deviee is
the rping shape irls at base of nrove}.

This tpeatmont supnlies Luaformwitlon on the Inoedenoe of
the resonabor seen timrouph & coaxisl line at the .robe.
Condor® iwma deveiocusd the following equation for thw Lnput

Impedance of & resonsnt cavity for probe couplino.

o2 } 2178 ¢ 32
E‘; = 1{""9 g,_’:m + ’ o oo {}Em {9}
114 T‘g (rﬁ_rg » i ffa) CaileBe
" )

Phere the mutual induohiance ims:

}i“ 3/‘&&8 ;ﬁ//ﬁul"l hg «dS {1

there V 1s the volume of the resomstor, the me netic wootor

potential 1 nomalilized ag follows:

3 forasd b
&“(r} - ,&h{:‘} gy = {Xi)

¥ Tforaga s b

For the Tigon mode &t regonance the principsl terms of
cquation (8} are as developed in An endix Ce

Z = § e 3K
3’1! olms
i ‘-w + i T td
56 x 20° h o ( 292 oime =)
Hom LA ! iallen s
Wa® 7% (kea) il
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Lor (%} = 1.0, T iz the almnt Irmpedsnge &% the aentoyr of
the resorstor s&s ghoun in Aoperclx Y

or the resomaior of fipure 3 &nd “'{1 a 3872 8w re-
alallve sormonent of irpedance at resonanoe isi

R g 256,000 (§)2 otma. (15

Yhe elegtrostatic capsclitanne of the probe o6n be ule
sruximated by considering 1L as two caprcitances in sarallel,
with & correction fuotor added for fringinge. €1 1s the
rarallel nlete capmcitance of the end of the srobe &nd end
plate of resonator, and Co is the comximl eylinder capRol-
tenes of the robe & owber gylindricsl surfaoce of prescne-
tor.

For £his reaorme tor:

T o 1 1o
ﬁl - 61 S e ‘Q = {}vm?? ( 1 - ’EI j‘ 10 faradp
2mME 1 (1
sﬁ' - 1in %‘; ﬂ = DedO4 (%} 1{)"1'2 rarads Hallode

Using an spproximste factor of 1.4 to allow Tor fringing,

=] {1}

“he resonsnt inpedence, - @ K & § Xp, &8 plotted in figure 6

68 & funetion of probe lengthe
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he vesomahbt lnpedsnee (L) at the srobe as siven by
ecuation {13) i too high to pweepure with the Tifty olm
slotted seotion and orobe and the avalleble smylifieras
Fguatinn {12} san Le cheoked experimentally, I the o e
low endugh to nake B3, lesa than 100. ¥he w oén be reduced
try meking 8 Tiatter cavitye loweve:, this would requlire
greater scourke; in the nounting of tle probee & oouuranise
is made Ly leeplng bthe same o&vIly helght ard loading the
eavity with twoe symmetrleelly placed Lrlises whioh reduce
v w 8o thet I e within rénge of the Lest eguipment,
Thia loeding is youghly equivaient to the loading of &
resnatron eavity by the elestron vesu.

Lowding the resometor with & 1/2% iris to stteruator
and oryatal ou one glde and 1/4" iris Lo pabtehed losd on
opposite #lde bLrings the 4 down Lo 240,

R 2 15,600 (%)2 olms for «;p = 240

Fop % = el om 3,010 olms. {37}

Gelry, 8 50 ohm comxisl slotted section, the theoreiical

/3 ia;

73 Sed

1 a"""m ?3

Frperinentally O3 was found to be 46, whlich ls ap=
proximately {wo thimis of thoe theoreticsl value. An

exaninatlion of Fisure . ahows thet if 2.1 (é} is subtracted



prom §/m and the lndustive reactanes dve Lo e bemmas of
couasion (9) wiieh werye neglestad in the apprazxlmstlon of
eungtion (18] pye added Yo the Dapedarnseg the oxpe inont
ang bheory would gsres very oloseiy fop f/h <Velie

Sinpe Lhe theory ls derived For a probe of thaln oross
section &nd of short lengblh, ehile i this cage we lmve an /0"
ciamnter crobe, winleih (ocs Ml way across Lo resonsiol, nre=
¢ise apreonent would noi be cxpecteds Wida coudd be Low
vestigabed in aoie wolLecl Ly sBRing 8 Jdux plob, by salhoe

8 or by ] nelwork analyser ;:zei,}wri.g

maoieasl nnthods
Tihe wechpole Yot the ’:‘E%E%Q 710GH fm*% g Ueb ig shown In
Figure Ve ‘ode A is the desired g, mote, uhille Xode I
vhieh is also shown L» Pigure 7 is sn undesired moxle. %he
Inpedenge Looking into the ezvity ia too hish Ior direst
ecupling of power into a wavegulde or coexial line, 8o 8

transfovmer st be desiygned,

Re Oonsidering Hegmstor ag Raclsl Lime

The #pprosch of Sechlon 1l =i yielded inforsmtion on
the lnput lopedesnoe, vuat did not supply tie shift in resonent
fr-quency due to the loading of the probe. Troatment s &
radield line 1z an esgy nethod of detemining tle resontnt
freyuanelens of THgo. resmBeiors ay desorlbed by lame and

Thirmery o



IMPEDANCE IN COAXIAL LINE (50 OHM)
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Figure 7 -
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T o ¢ LTS TR R AR WY AT e ;-
Phe eooontlar 1 divided into resloms A and Do shown

In rigure O Y. iz Use uondlitance looking toward the oconter

-
Y
e i £

of e i fe Lo dhe admitiunes looklng toward - outer
Clemator of resion e Y d tea 11e wdinitlance of 1w squlvalent
discontlinulty cajacitanee &t Liw junetloa of roglons o and Be
Sopnexiegte valuss of thw dlsocntlmuily cspaclilence »@n be
outalned fron Yhinnery sno J‘*:a:av;;%.m;ma.lﬂ Lo tals lnvestigas-
Pl the AcacllenweE Bve bBoe . Ldlen ITom an anpublisned oxe-
Sonslon Lo $he radisd line geee by Bhinoory &nn fon.iigert

Lesonunse is delormiined by the eqguatlon:

Your *Vgw *Ya = {18}
Yhese funetlons are piotted ag Puuastiong of fresuency in
figure 23 for praphlesl aclution of the resonant froonensy
with dirferent prouve isngtha.

The resulis of flsure 8 ape pletted in Cfloure 9 Top
ooyl gan wlth experinontal resultse The oxperimentel tepts
were wmde with i/2" and 1/4" Lrises. Fronm figure & this gives
s oahlift in froqguengy of -0 mo.for & perfect oylinder. ilwe
orobe dlstorts the flelds sc thwé the gurrent at the irizes
decreuses with increesed length of probe, 80 the effeat of
the irises decirrases with probe lsngth. An edditioral ab:ilft
in frequenny is caused by the sushed out walls near the iris

tiescribed Iin Seotion Il (e
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Ge Anberference of inioviled VNodoa

e ) L P UV S SUNES w mn it ; VR
<0 G0 WiEh coden DY Lansler oo DRDGE QLD L paw
gy
S T ST r LN v pa T e T e g e NS PP L VI R . S - <
PR e G Lall. 3ol tinoyl ST PO < I S ot o e B0 hL GHE

. T g vy

v UEBLEOBLEU o~ Flrmer - “’;l;am" Seslouh LUBEKLAL Lxies &re
desl. ruted % Flame xHione DBYTOVW wnd vienortt Lave suoun
CIRL LAl yong bo thie pesonand frogaency of tin 06es neap
the Uig1p ©oe &8 & oy Lliidrictli rosone Loy Lo GO0 L s
comxisl resonstore Wleir re.ulins Jop e EQRg U6 239 L
aheated Lin fagure 10 Uy polnés o oang O Fop U AlE e

L tle precent case (il the saive mé;- is chosen
to put the resomator In 8 pléce on the mote ohart (hed will
Le relatliveldy Ipee of il aotes, ereept Lhat the offeat of
provbe soupaliy iv neglectede The lnserbion of @ canterp
PRObe Mkies bie ciostrlesl length of Lhe resmabor Tup
regopaner {as &r as B> 6 HOGes &o0 auvagernmed) fros ).l%
to & ppraxlus e ly % or %E 50 that tie eguivalent length
i muiuipiied by tw, a0 wlsl nodea in the reglon nesy i/4 (%}E
can be engountered.s o filgure 10 tids is illustreted by tiw
ine frac polnt & %5 be

The nedes found experinentelily in the ”}.“Bimﬂ resonatop

are shown L3 Ji.ure 1le
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TVa COBREAL LLHF TOOLOOP GOURLIHG I¥ VAVEGULIL

Ixarinnailon of flgure ¥ shows {hat the lspedsnce pro-
sevited by the orobe for *E‘Q(h,} 2 a5 in too don te ooiple
vower fro the THgug Tesw: T0r Lo 8 weverg.dde or lomd s
reyuires g8 transformer of sose kin o trenafors the 2400
orme Lonedence to epproxl:ate o G loe characterisiie
immedance of waveopuides It lu appsyont Limt an approxisstely
suarterw-uive lenpth seotion of lines wili perfors tide functiome
Gines & Dead or stul suppord must be used to bold tis Lroue
ung gentar conduetor rigidly, &8 loop in wavepulde supnorting
the probe would be o pood mecid@rnionl construct lon srovided
the ripght eleotrical cherecterlsties ctn be obtsined. It is
more ractiosl o obiteidn enplrical date for & first mrwiysls,
Treaunse thia etiage depgrts more anverwwly, than the probe
eounliing ckses previousl; conclidered, from the conditimms
for which Comtionts equailorn for loop soupling in resomastors
wi derlivede

The expsarimentsl duts for such & looup i plotted in
fimre 1I2o Zn the region Inveriigsited, three nodeos Lre
Tound. Hode 1 Ima the hi hest VEER s hence ls potentielly
Lle Besl btrensfomser Tor counling from probe L resongior Lo
wavesuida, The position of the voltepe minlaum slows that
Hode L ooudd be Vi THyg sodé of wevepnuddes The posliion

of the wolbage minirmm of Hode 3 Lo tiat for the cane in
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whieh the asctlon of the smvegulde econtsining the loon Tws
the field dleliribution of & coaxial iine, so that it eould
nogsibly e the TV mode with & transition to the TEyp wode
neayr the bend in the loop. Hode £ has not Leen identifled,
The usefuiness of extrapolsatlyny Comion’s equation for
samll loop coupling In Rish o resomiors to this case of
lerge ioop eocupling to 2 weveguide terainmbied in ita
chracteristic lnnedanee ig doubtfuli, so &an outilne of the
procedure and diffigulties encountered are as follows,
Condon's® equation for the lmpedance of & loop in & rosona=

tor is &8 Follows:

) Z anr
P - 3 (O " {19}
Quiiele

wy rrﬁ
o S i

%

To use covmtion (19) & boundsry for the reclélyuler resona-
Lopr rmst be essltauiisheds One method Iz to define the flrst
Ealif wavelength of the wvepuide as a rect&ngulsy reaonctor
couplsd to an infinitely long wavegsulde tizough en lris
equal to the full crossesection of the rensonator and vavew
suides For guol. & resonator the rirst term of the serles

&L reosanes rothices Lo

: e 9xio® ke sitnn {20}
sigy 8 . 3 - .' e
saT, VeheSe



There Gpgy TE gotemiined vy

w2 s 3

Y Py

b

3 .
.. Fron Thimmery Tor TEj,; node, Lrass, frejuency of 9070

uh

Ho /800

20w B0
0y [ (8agE)P
“a 4Ky &' e %%(a?‘ﬁdzj

m SUS5 {£1)

A yough snproximation of the couplad | can be cbtslined
vy agsuning: that the onergy stoped in the resomebtor is cjusle
iy divided betveen the wmve treaveling to the right and the
vave truvelling to the left. Blnece the pight weve goes mt
the iris, one half the ener;y astored 1s loat and a counied
¢ of 2 resulis fro; the Feollowing definitlion.

Tx Yneprgy stored in cirenit my e
Vs - @ B . — e e < g 10 . s S (o
g 2 Trergy cuipled Ot DET THar Cyoie = 4/8 U = 0 1

Since this soplication o the de’inlition ol w dn not rijorons,

the uge of Qp from eq@wbtlon {98 In (D) wouls not Te & valld

tast. of the upefulnesgs of equalim {1¥)e Horeovey, ithe low o

would meke the poupuiebtion of many terng of the serisg necens=

i

sEyyY Lo ol sonwvep rnee, I thils efsee the exiwrinent anl date

i

&

Leouged In deslaning the next nart withoot g vreanlsge chook

. ainnt the theors,
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HORE OYLIFDREIOAL DTOONAYOR

The probleil of goupilng power from 8 regonent alrouli
to & wusvesulde is the tranaforgtion of the insndance of
the regonator of Seetlion I11 Ly prang of the duta on loons
in Seetiom 1V to & sultaule velue for saiehing oui to &
waAveuide.

From figure 13 for ( % ] = Uil the voltsge standing
vave ratio (¥ ) ap seen from & 50 olm coaxisal line is 44,
Fpom Tigure 12 the Y of & le2b centineter lenpgth loop is
defie If the probe and loop are jolned st the polnts st
wiilaoh they bhoth mup-er ag series resonent oireults, the loop
vill ot 8o & treansformer with &4n impedance ratlo of <.06.
Tho theoreticsl & in the wavepuide should be arproxinstely
45/4e6 3 ADede Whe exgmrlmn‘ﬁ&lz fra: « cirele © of flgupe
1% is 1L, wvhich Ln veasameuly clione to 1.4,

e frxiuctive refoisinee of the Inon aontyihuvies o the
lnerense of the resonmsnt frequeney fror 8017 me, to BETE nce

& mumptirieon of the o clredes o floure 15 ls fznbwliated below:

cene A fage
Frove from conxial line, Frobe fros loop In weveulde.
fo = U617 | fo = 3672
wile ® 103 wids £ AGef
¥y =48 Yy =11
w2 = 800 wip = 676
Qo1 = 1647 vy W $Red
A1 e =g etis 1 =% = 215§ 716

H
3
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FREQUENCY
SCALE B

ADM'T TANCE Reference point B

i3 9enerator edge

of loop in wave,ufde
Probe length 0.200" .
Leop overall length 0.537

[-5.T 4

o
o’

- 8600

- BE(6

Figure 13— Comparison of
QR Circles for Probe Coupling
to TMoeao Resonater (A) From

Coaxtal Line (B) From Loop JLS'?SE

in Waveguido

FREQUENCY
SCALE A
Reference poin'f A
is ©.33 cm. toward
generator From L8500
resonator edge
in coanxial line.
Probe length 0-200"
_/-asso
-8600
-8650
8700
L8750
-8800
L8as0




To coupie zaxismm Dower oul of the resomsior tioough
the loopenrobe, the VOWE presented Lo tle electron bes: (or
in this ogne thwe whvepuide conneocted to the loading iris)
st be mede unity. Uslng the terainclogy of Ja;fneaé winre
d/g is the VEWE at the inouwt irdig with the loop orobs serving
a8 the output, and /31 end Sy &re the ratios o fuiey and

wulian Tesseotively, we heve the equation:

Y, =
Then for Yoz 1; Bg = 1 ¢34 (24)

For this condltion of muximup cutput the input s

would have to be B followss

GaSe A cuse I
lgp = 16 wal ® Ole7

This weuns that o & gliven probe lengbh the loop in wavew
cuide retihu mikes LU possible €0 natoeh thwe Input Tor
et r loaded Je

To transgier Lnese regusis Lo Lhe otae whers an sobual
sdecbron bewn 18 used, It ls necesasry Lo loow {he boam foe
pecsnees  Togunblon (B4) can o3111 be used, sinwe/f. « Rah/Fyeam
wiere Hgh &8 the saunt .upectncs of Ll repomator 24 the

= % . : Y g T B N e T T I BRI R, % B
_5}..;.{&}. g ‘f}‘é‘;‘ﬁ 'guxdm-g“‘ @..'-.&AGEPU,;: JEE SN 3 L 4 .e.i ké‘\-fmﬁ;;‘f‘t ?Jl‘f_ﬁ FRNIEOTE irmr,.
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It ahuld be obe? et when 197 g 1747 Irls widths
are used togcitler, yre 18 found Lo heve three different

vanluegy

Thpber 1005 “igo B 2483

Jlmpter V, Oese I wrg o® EYG

Qhﬁ“{'ﬁtﬁi’" v, Lmae & ’l.gg;: = 00
&

The irises sre placed &t rpoints of mexiiam current density.
The iamevtinn of the proue distorts the fleld so timt tle
mexirum current ropglion is shifted away from the irismes, thus
orgneing the eoupling o the irises. This means thal the wroe
godure of braaiins & mlorowave syotem Into comuonent zarta is
popyvect onmly 47 the chancen sorcldered In one component 4o
not ehmnge the flelds in the other cormonnnta. lHoweven, oven
in such cases Lhls motl.of «en  be ussd tc g8t roszawmbly goud

approsioationse



Vie COREILABLURS

The additlion of a8 half-wave ghorted coaxial line of
low charscteristic impedance to & cylindricai ’i‘ﬁ?%g rode
resonator heving & redius equal to the outer redius 0f the
corxial line reduces the unloaded « in the ratio glven by

equation (2).

5:2
o

a +h _ .
8 & 11+ 8 (£)

.

For a sowmll perturbetis>r of & regormtor wall at & point
vhere F << 4 op E>> 1l the sccurate formula for the frequency

ghift can be replaced by the approximation of equation {4).

2
*) =218 ¥ (41
- Vo

The sign is plus for E<< H and walli pusbed in or E>> H and
wall pusbed out, snd minug for EF<< li and wall pushed out or
F>7 i and wall pushed in.

¥hen & resambtor has several coupling devicea sssoclated
with it such sa one probe and two irises; the reannasior with
each coupling device can be treated separstely mund the re-
sulta combined by use of equivalent ciroults provided that
each coupling device does not csuse & serious chanpe in the
fiald at the other coupling devices. The loaded 4 is measured

for iris couplings to the resonator for ume later on in the



56

atudy of probe couplinge. ¥hean the proue length ls extended
to balr tie resonstor lmlgnt, 8 3o Of 240 1s clunged to
G0« Iwen thotgh the use of equivelent cirocults becoues in-
acourat:. for q‘_@, the weth oo woris for caiculs ting the
resonant inpedence.

The regomsnt inpedanee &t a orobe In & THppy cylindriokd
resonetor cur be spproximted by ~quetlion (138) in which only

the prineinal terms of Condon'a equstion are retsined.

- O .

The equatlion glves an H thot la tuo Lighe Poré 8 Usliy B
must e reduced Ly Side

Tiw ehinge in resonunt frequency due to Insertion of &
vrobe in & coyiindrisal ThHopg resonstor o&n Le Acourately cokl-
sulsted by consldering the vrobe &s part of the rescrmtor
wall and then troeating the system as & radiel line with an
equivalent discontinuity sapecitenoes &t the prove rudlus.

The inseprtion of & long probe in & oylindricel resonse
tor ocan ceuge nore undesired modes to appesr then oan be
found mesrb  on & mode chart for perfent oylindrical resonse
tors. The presence of additional nodes is explained by change
of the equivelent hoight of the resonstor from & huif-wave
length to & quarter-wave length as the yprobe length is
ahanged from zers Lo &imost the full helighte
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Tien a coaxial line s coupdled tu a wavegulde Uy &
rectangilar loopn of approximstely quarterewave lengtl,
there i8 & resonsnee for the fregquency at which the developed
loor lemgth is A 3/4 for the TEy, node in wavepuide. There
1s sigo &8 resonsnoe nesr the frecuency for which the loop
length ia /\/’4 in whioh the flald probably suvprouches thed for
the YEM mrode, 80 that the seotion of weveguide around the loop
can be considered ag an extenslion of the coexisl line., Another
node 18 found in between, whlch can prousbly be ldentified uy
caleulating & suffleclent rmumber of temma in Condon's ecuation
for loop for loop coupling.

The desaign of loop=in-wuvegulde to probe-in resonustor
coupling devices «&n be done on & practicrl beals by troate
ing the resonator and nrobe a8 & series resonant cireult,
to be ponnected Lo another geries resmnunt elrouit, s ioop
In waveguides If the beam impedance of & resnatron anode
regonator I known, then the desired cold inpedance can e

stilounlated for maximmm power oubtput,.
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Yile AFIFRHLLOVE

he Ixporimental rosedure

The tesl equiiment lg ahown in fMigure 4. L T23A4
tube using & TVH-TEL Fower Supply 18 the &ale sigmel source.
The aslpgngl is monitared for frequency and speebrum, by tabing
a seeil siznal fros s O0=176/A7 Dircetionsl Coupler to s
THY.«48Y Gpoctrunm Analyzer. Iin the esurly vart of the work,
standing wave ratlos wore netsured by sgueive wave nodulaiing
the 7234/ with the noduletor sontalined in the TVH~TDL Power
suvplve The signel ploked up by the probe in wevesulde or
corxial line wvas rootified by & 1HESDL crysial and amoiliied
By B i’?ﬂi‘; =1&61A hnnlirier,

Lt wan Aiffioult to messure hWgh standing wave ratlos,
becauge requency moduiailon slde bands due to slope of tiw
rodulsatlion signel caused arrors when the motulstion wag ine
ceraaBad &nd Gnplifier galn inorstsed. Althoush the aipnal
eoild be obgerved with the speatrunm anslyzer and adjiusted to
elininate troublesome alidebands, 1t was found to be nore efe
feotive 0 use o-w and nodulste the yeotiflied mtput of the
orystal by using & PerkineNlmer dec bpreaker Anlifler,

A FPAeRTUH/2E Atteonuator whis used bto isoclate the VE3A/L
from the inpedance belny messured &t to séteh: tlw generator
ent ' the piobted seotion. For messurements of wavegulde

admittance, &8 T X-670/YE slotted Seoctlun and Probe was used,






St

A diel souge peading Ln 0,01 ollilneier: wsa added L opder
to mesgure ViITHYs of the order of minitudse of onhe hundred
vy ohaarving the slape of the glanding wive »iiern ol the
voalitape minlinsme

Fopr nmengurenent of coaxlel imvedance s TUh-60F8 SHiotted
Sectlon and Vrobe wes used. Althoupgh deslgned Ior 300U nme.
it can be used sl rigiht &t 9000 me. The only error lutro-
duced Ls an ungertainty in the true poaltion of the voliéage
minirem due to the "ailure of the adapter from cabile to rigld
corxisl line teo bte 8 perfest mateche. Yhe VIUR of the adater
13 not grester then 3.0, so the reflsation coeffloient P is
letin timn OL.51. The pluse angle errar introduced Lz less
than 8, where 8ln. & = F_G r ( + The maximm possible orrop
in plese ig 36 A, This cun make the nositlion of the volia;e
ninim in ervor in figures 7, 1 and i3{a}. This error need
not afrect the dealpgn of loops and »robea, 1€ cure in luken
rs rlase 8ll objects Lelng pesgured 6t eyulve lent dislances
from the Sotted seetion g5 Llat errorg in phuse wili &p-
proximetely caneel outa

A PPR-34(8 Fla: #ttemuator was plsced between the output
iris of the resvnator snd the TEX-360# Crystal Hount to kee:
the inpedance presented to the iris equsal to the clsrsoters
fetie Inpedance of the wave uldea.

Por froqueney neksurenents outside the reange of the

Spectrum Analyzer, the wavelength in the coexlal siotteg



Ty
-

gection or the sulde wsvelensth In Ahe wamvevlde siotie
gaction was ressureds Thr slotied seotlisre wore not o
curste anmich DCor Lhe sesaurenert of gasll froeouensy Gif-
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Bae . 8mgd Precuency of Ovlindricsl resonstor
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tor correspond to those given Ly Herno and Eﬁ:zizmary:f for a

THAYN Pelinalor,
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tione Also, for smmll perturtetlions, lg can Le assumed equal
to its value Bt the DOUIKETIY.
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