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Sunllrlary 

\Vc have testetl tile rf cavity codes collectively known as 
TTRhIISI..31) I)y stutlyi~~g tllr tluliug of the flultIalnel,tal ~uodt~ of 
tltgz ~ltlva~~cerl Il;tdr011 Facility (AlIF) I~m~strr cavity. I%TaIlse 
ol’ COIII~II~~T costs and t~~r~iaro~uttl t illlt’, we Iiluitcd 01115~lves to 
*)r (~I)16311 Sims l)t~lwt~ll 31) 000 nnrl :35 000 l~lrsll tmillt s. wllicll 
mea111 wr had to use a silihI,lifirtl inotlel of tllc colIl)Iilig ca- 
pacitor. L<~~arlse WC did not know (1 prori how to n~otlrl tlris 
calmcitor, WC ~~srd its slu~pe a.s a paranlett~r lo he varied. \Ve 
gc~ncratcrl ihi~ tliltjrel~t 1110d~lh 1;~ t IIC cavity, varying 1 IW (It>- 
tails cd tllf, coul)ling capacitor. arltl plottA t Ile variatioli of t IlC 

filntlameltt al frect~~ency as a fuitrtimi of thr perin~~al~ilit~- of 1 lit, 
fruit e. ‘I’llr t Inee rmr~ll itlg curves had similar sllapes, and 0116 

of then1 tit t11e experilllrntal dala. 
Nc>t ollly is tllih tile first tilnc 1 Ilt’ co~les have hell ll5etl 

01, sllcli a cctlrl],lic~;1ttYl grollltd ry, it is also tile first t.inle tllr 
codes have l,ec,~~ used with sl1c11 higIl t)rnt~eitl)ilit ies (it i a114 
I)ermittivitirs (f~), ‘I’lle rrsrilts ol)taitlcd wit11 such a relati~c~lj 
coarse u~esll indicate that the codes a.re working well a11d that 
they sl~ol~ltl he rlscflll ill t 11~ tlesiql of rf cavities. 

URMEL-3D 

TIRh11?1,-31) is tile slll)srt of 11x \lhFlA (~xwell’s 
&j~mtions sc)lvcd l)y the I;‘inite Illtegrati~>ll 4lgoritlun) codes 
that calcula.trs the resollm~t frecjcltnrjcs of rf cavities. hlill”lj\ 
is thr nal\,r give11 to a sc.1 of’ cmI~.h 1 ilitended for use in the 
conlI~~~t(~r-i~id~tl &sign of t.llree-tlin~ensiollal Iuagnebs, rf st.rltc- 
trues. atrtl stnlctl~es in wlGch wake-hltl rfycscts are imlmrtal:t. 
1’11e cotles are current Iy being tleveloprd Iy a collalmration br- 
t WWII Los Ala~nos Natimlal lz~lmra.to~~y-, Tllot~~as Wrilar~tl autl 
his grollp at I)ICSY, and lhnl~itrti Strllc~n at IiFA-.liili~.h. 

AHF Booster Cavity 

l‘he AllF booster cavity’ sl~own ill Fig. 1 is cyliutlri- 
tally symmetric excel)1 [or t.lre colll)lillg capacitor antI t llr powel 
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Fig. 1. Cross section of AIlI; Imosl.t~r ca.vit.v. 

* TInis acrk was ~lipporl cd hy lhe D~~~*rtt~r~r~t r,T Energv. 
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lctrotle. 7’11e cavity is I)asica.Ily a qliarter-wave resonator t 1111~~1 
l)y 11~ ferrite ring a.ll~l tlir solcnoitlal coils slmwn at thr Irxlt siclc 
of tile drawing. C!hallging tile 111a..hqlct ic ficlti also clmllgcs I Ile 
pmi~~al~ilit,v of the ferrite and, hci~cr, tlie cfiactive iilclrtcta~lcc 
and resuuiiiit frcctttt.ury of 111~ cavity. 

Computer Models 

(!ross sections of tl\r IIII~W c~mt)~itr~ n~ml~~ls IIWI ana 
slmwn iii Figs. 2(a), (I)), aiitl (c), ~‘o~~~~~~itt~~-~t~i~~~ri~tt~d t IIIW- 
clilneilsional plots of tllrse n~otlc~ls ilrr slmwn in Figs. :i(a ), (t)), 
and (c). FVe can sre that 1 he colrl~ling caparitance iilcrra.srs 
frown tile Iilodrl lal~elrd (‘apacitor 1 to the ollc IalArtl <‘apac- 
itor 3. ‘rile rf windows in Figs. 2(a) ant1 (I,) IKLW c = It), p - 
1. The ferrite iii each nioclel has t =: 13.724, t lie a.verage valrtrh 
for the ferrite plus l~erylliruii oxide qmcers or tlir ac1ua.l cavity-, 
and au average p rangilig Irolii I to 2.~1. 

Comparison with Experiment 

Figllre 4 shows the variatinn of tile filnrlnrllent al freqllrncy 
as a hulction of p for each of the tllrre ~nodels. Figure 5 COIW 
pares the inodel lal)elctI Capacitor 2 with cxperinimtal data. 111 
fart, the funtlamt~ntal fIrqlmlcv was not ~l~as,ltcd as a fulls-tifu 
of kc; it was ~iimsllmtl a8 a ftriict ioii rjf I,ias c1InWlt (see ‘I’al)le I ). 
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Fig. 2(a). Cm’ross scctir,n of (‘;lpacit0r, 1, r)l?c 01’ t II*, tllUT 0)111- 
pllttT 111Od1~14 cd t Ile A I I I‘ caviiy. ‘1’11~ ratlills 1,1 tllc itlt>lll ca1>;!c- 
itnr is 11.057 111. ‘I‘ll? rlirlt>ctric rf willclcnv ilas c .z IO illld /t = 1; 

tile ferrite has i =: 13.72‘1 anti ~l rall+lg frollt I to 2:i. ‘l’llc 
cross sectioii is tihii along tile syti~~nctry t>lanc antI is clt-awll 
to scale. 
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Fig. 5. C’omlmrisoil of ralculati~,lls (('ilparitor 2) with exJm+ 
Illrllt. Tl1e lkqll”Lcy of the furltlil.lllt.lllill Ilmlr is plotlrtl as i, 

f11nc1 iw1 of t IIP average perlueal~ility of the feerrik riugs ~)lt~s the 

I,q~llilllu oxitle st,acers. 

Il. Clarliui* J>rovided 1.1~ following formulas tu convert bias 
rlmrelil to l~erllleability: 

,L1 = 1 f s1o:u, (1) 

zz -= (3UUUj427) x I, (2, 

TABLE I 

FUNDAMENTAL FR.ECjUENCY AS A 
FUNCTION OF BIAS CURRENT 

Bias Clum<llt hlllclarllrzltnl Fh?clllellcy 

(ri) (MHz) 

70 
96 

100 

110 
115 

120 
E5 
130 

19.5 

I 4 (I 
I 15 

150 
1 GO 

170 

180 

700 
""" -- 

210 
250 
"lx 

300 

:s4lJ 

48.xl 
53.56 

54.50 
55.72 

56. J 0 
Vi.86 

57.33 
h7.A!) 

67.98 

58.37 
58.68 

.58.95 
XJ.50 

5!J.97 

60.38 

60.!lfi 

GI.l!) 

6 I .92 
fi2.10 

69.31 -. 
62.X8 
r,3.:3:3 

where I is tile bias cllrwilt in afrll~eres, If is 111~ rnapc~tic field 

illtt-nsit,y ill al,ll”~‘esjilletc~r, aucl p is IIlr ptv4wal,ility of tile 
ferrite rings. Equation (1) is valitl only in lhe region above 
saturation, and the ferrite region of the conq~uter motlcl is only 

ro~~ghly represented, which nq accorult for the fact tllat, 1 he 
calculat~ed cnrve in Fig. :i deviates from the cxl)erimental Ijoints 
for Itigher {t’s, 

Conclusions 

Modeling a cavity with perineal~iliiies greater than I, es- 
I>ecially with permit tivit,ies as lligll as 13.724, is a. rigorous 1 <*St 

fur a cavity code. The cousistenl curves of Fig. 3 and the ma.- 
so~lal~le agreement with exlminlri)t,al data iii Fig. 5 inrlica.te 
that t.lle lTItMISI,-3D 1’al.t of the hlhFlA codes is working wrll. 
C’learly, u~ore testing ~iretls t.0 l~r done against. rxl~erin~ental rc- 
slllt,s, Init it aljl>ears that the codes are wc.11 011 thrir way to 
becoming an effective design tool for rf cavities. 
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