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G. Stanford and R. ~\‘orsltan~ 

TXIUMF, 4004 Wc.~bl.ook Mall, I ‘ancouucr, B.C., Cnnadn I’FT 2.3 9 

Abstract 

A 92 hfHz ;~uxiliary arrrlcratitlg cavity has bcc~I1 desigtwd 
att(J m;mtfnrtttwd for ittstal1;rtic.m ill tlw TRIUAJF cyclotrott. 
()p(:y~tiIlg ;lt tllr foltrt,h ltmx~ortic of tltcs rf with B J>fi>k \~01i ;t<t’ 
of 150 k\‘, it ;h~et, do111~h the ~ITWILI rnrr,~ gain pc’r ~1tr11 

in the MO-500 hIe;- rmgi’, a11cl l~dll(.c. 115’ -3 rO%N thr sttil’ 

ping low of tllix II-- lw;ltn. Tltis sipifir-nnt inlprovorncnt, will 
alloy; ii s~~l~i;t,anti;~l int~rc;isc- in tlic c:xir;ir.tcd citrrc‘llt illJO\-P tll4’ 
~IW~~I~T rou~it~c~ lmvl of 1501tA wllil (3 tnailitai~titi~ the* si9ttK 1<37, 
& of rc-~jdual ratlio;l(~~ivity. Thr aysic~~t: i? con~l~lctc~ri ;LIICI twini: 
cc,Ittrrtinsic,lt~,tl A tlt5l.rip:i<,rl <Bf tllc% <lc’siKti atld r,(,ltttliis-i~)rlilt,~ 

p~of~*~lttr~5 is pr~wd~~+l, an<1 rwlt:ls if l,v;ii:t i<blh ,+%I!. 

1. Intrcd~~ctioti -.. 

The ~~os~il~ilit~~ r)f Isit her tiiti- topl~inp, tllc 2 ;ic-wls~r:it irm iv:lv8% 

fcxm or jllrI.rasing t,hr ~IWTF;~ g;rilt pvr turn irl tli<T TRJI’IIE 
~.y~.l!)troti 1)~ tnoilifivntimlh to tlltx rxisti1.g tLt>~*s 01. tlrv iiil~litiilti 
,)f 11(9v rf strllrtltrc~s was ronrid4~c~l cv(m lwtw~ the nm.l~ilt(~ 
ww ci,r:ulli<qio:ic,r 1 ‘rll~- fk3i hdyiolli i!iww+ltli ;ilx,ut Ilitril 
w,.tx~ follmvrti J.Ji, F{i~~h~rd~o~l’s uot~~[l] p~tl~lisl~r~tl in 1983.l’ltr, 
sclu titcy eir~l)liryit~g ;irl~litiort;il c;\x.iti< s cqwratitq: ;it tlic- fi)rtrtli 
c)r fifth l*;,,.*MIlj,~ of t hr (h fIYqllt”“S ‘,l’i\,< irigirdly pIq”‘sc’I 

its I’““t of ll1r Ii ,x,yl r.;,<,ticb*l p~0jd~f.t ‘2.3], li~~u2~~~1~:~. ii *~~w~t.;ltlt 

<>x(.it;lti(,tl of a ,~i,lwri~lit I-;rc!i;tl owill;itic~7i wii’: rv~~lltitilll~ rts~scl 
to I~IlllilIli.<~ t11t. 11,r,, s,y”l”! , j<>,l. 7-11~ jwt.t.;iwl , t,c.rlr;y gain aild 

r~~~tit~~~~~~~~~+ ndi:rt.i8~** ill tli+l Ii~t~ltl~~~~ iif tlirns iilail<, illlri:lp; zico~l 
rarirtion also ~.vdlLws tltc% 1 wa*tt loss from c,lvd I ~,tuagt~dic st tit)- 

pkg. Tlx iiw)i.iiltP( 1 r(:ll~*(-tjo*~ iI: i.yr~i.:tI.t~*l ;rs-tlv;ltlii*l V’ilS ii 
suffix-ii>tit t~cw.o*i til mm(itnlc> t!lv i)rclj(7t itllrl ins.;111 olii’ <.;!\XI>, 
sch~~t~~;it,ic~;ill:~ iliii~‘r;it<~tl ill Fil; 1. 

Thcl orljit illri io11 rw.c~i~ ( r sb two i:**I)lllsP~ al tllc, c’tlgf+ of 1llv 

t,raJwzrtitial vavity on (w(‘ 1 J”ts%gP. 1 Tlw ;IvY.lmati!i~ vldt af;t’ 

;tt, 92.24 IilHtd (f0111311 ha13t1011i(~ t3f tlic, trmir! rf frcylwnry) si- 
11uwla1iy tIll‘r~‘iis(‘s Ert)m WI‘O ii) a :I~:~X~II~ITII of 150 kS’ iti 111~ 
e*,rrgy it1tm-al 330 to 520 hl~~~~. 

Tlw J>hysi:~;d 1’ i . . ( 111, ~,,~,~,,,h ;u*d rf ]“L”ltliPt~~r’: of tl#> cav- 
ity wtm’ cddatc~tl :tsitlg siutpliiicd ardy1 ical fOrIIIill:li~[il]. nllti 

t],,h r,,<l< STkTI’F:RIT?JI. ~\lt~;rsurc tnv111 < t:ik,bil if,, ;t tt’it w.‘it)~ 

/ 
/ 330MeV 

J‘ig. 1. SrlLcmatic view of cavity. 

oprrat~rd under vacItItlI1 up to -50 kV wtlfirmrd t.ltat the, frr- 
(i~tmtcy, Q-factor and imprdanct, tnatclting at the coupling lcq) 
vwn~ rorrcx~t, mltl tlte &sign of thr final systc*Iti c0111111e11~~~d. 

2. (:n76tv L)cwriJt!ion 

T11e nzimlithal lrtigth of tli(~ tt ;q~c~,wiM wity is /1X/2. 
the radial c>xtcwt -X/4. 111 plt>5ical tlitnvt~siotts this ror-wip011ds 

to 1.2 X 0.X **I wit Ii a Itt,igltt of *- 35 r:tt. Tlw ca\rity cansist,s r.,f 
~tpJwr ittttl 1owc.r ltvlvc5 synitnctric:~l alwut tltc cyvlot rott tllid 
J)l;mc~. rncnnltr4 to tltr lid alld floc~r of t.ltr~ ~wll,ut~ i.;ttlk anil 
aqlnratfvl 1)~ 64 mm to provitlc il rc.givtt frw of ~11 c-~vnlxm~-,ntl; 
(Fig 2~1. 7111~ rf surf;iws of tll~~ i11rc.t~ tllniit I)::t‘t%, y:i,!. lltl’ 
grouttd arm, tllc, Itot arm and the mot short. arc Ol:H(.’ CC>I>I~~T 

1.G Imu tllick with all watts’: ‘IIG v;c~ltl~vl. Tlus w\‘it>, is fslrrncvl 
1.)~ laxzing t.hrsr parts togetlwr. T!~ta cooling tulw arra:‘s arr 
t ttc,tl soft soldt?d tbg il <ilv<+tin alIf ,y to the% t);it.k sitI,-!: of t hc- 
ports itt a carrfitlly controllrd wqltvncv 50 t ha1 tlic, luwiottsl!. 
i;l~rl~ll~~d i,ri‘a:; is rivf ~fi~r11ptr~rl. 

The rf parts art’ sltlqwrtwl 11s :i I.ol)llLt itllttllitlllI11 f:;1mc>. 
Tltc> (.a!ltilc~;v(vl ltl,t arts s! :YII~~;‘IZ~I~~C il. ~~i:l.~~l)ti~,ri;!ll! stiff L/~ 

ntinitItix(’ t,ip \dl,r;ttic,ns, pvl~rttittittg iil t tl(s *i\tnv tillit, tllc7 ttd 
<%xl):ilt>i(ul. Tl~r* ~.alvl~lz~td s;tif!nws vl’w ncio V/1rm.. ilIli1 al!<% fii, 

qtl<wcy of tltc low<>st moilv of tt:~twal vil)r;ltir,rtL 27 II:<. irv!i<,~~ 
tltib e~l;udii?d> of tltrl ii!~I~IIi:~ltii. Isiw ~,l;itf, iii ir,i.l~1<1ul, tl18, !.t~ti 
*,c.s ?.lYll’S to -~‘EO N/IIIIII inltl itic, fi~wlw:~(.y 10 20 J1.4 1Jt~;i 
sl~wm~~lts irtsliwtv 19.M Hz fat, tllrs loIlqitlt~lil1:~1 !llo,!r,. all’1 
15.M Hi. for 11~ torii~~tti~l tll(~(h~. Tloi ant1 lilh I,ilir;l+i<xl iit:i 
I>litll<lv wirh il iwtrr flow of 13‘2 l,/nkin. was fnvilhllIw1 ‘1 7 ~~,,*~~ 
*>-I>~ not apprwi;~l)ly ;tfi;~c~t,t~cl ?I)’ c.hatlgvi iii *l.<* flow I at< 

Tlirx rf srn~farvs a,.+ 9111,jlTt tr> ‘i’<‘IT. h,t!;h Ski!1 l(vw h. IVil<.!i 

ittg itft to ‘2.5 R;/c.tll” at tlw ho+ iwtti rdp,:‘~:; ‘l’liqz g.(x)lii:,q t It”<, ;it 
rilIl~~‘I11(‘Ilt W;ls &si,tqtd (.ntployitqK ii 1~01tt~311t1~3’ rcitlc~ Xvril fc’il f*>I 

t,!l;lt ~“t~J”‘““[:‘] tc, k,‘t’,> tllW’ Slttf:H-CS 1’hF th? I,f’;tIll Xii!<’ j”,Il“i 

at ii tcmprraturi~ k-c% lwlcm 2.5@C at all poi:it9;. 7‘11,, IviuII sick% 

]“LIl”l ii a sc~pmlt t’; IIKW “I]‘ IW:tI.ilhYl sllv~t (,,I t1ic. lIIlilw~~idr’ ($1 

thr strotghark, vrhich both shields t,hry st rtlct,wy firm: stray rf 
fi<%ld5, alld isolatw it t lwrnt;~!l~ lo rrlirlitltizt~ tllv frvqlwnry drift 
‘Vl’atr,r flow to cwrh cavity half is - 132 l/niin.. sttlqdicd tltroufl. 
5 utt dia. ntimif~~lds frrittt r-olIl)liIif: lilrrh on wry;ic,ia :~toilltl~~i 
Tltcase parts prwidc the cottttwtion from t’w11 cavity half to 
t,ltc rrqwctirc tank vacuum fcvdtltrouglt. Tl~c co:ux~ frwlwncy 
;ttljusttncnt \~VRS tlonc> m fhc 1 assc~ttil~l~ I))- sltittutiitig the, grmmd 

;trm -- hot, arm distartw For calzlcitivc fin? t,:trting art 8 x 
30 cm w;ii(:r coold, hingrcl giitv is hltilt into c71ch e;rour;(J itrtii 
tip, whiclt is controllrd through a wro-bat-klash litlkage system 

froIrI tlw wrvicr trtodltlr. 

3. Couplin Loop anti \ii~c~~u~~~ F’w~ltltrolt~~lis 

Thr cottpliug loq) aswtrtbly is dc,sigtld with a s~rloot 11 50 

12 trattsition to a 6 in. transmission litw. All rf surf;~ccs are 
waler cooled with srpxatc~ circuits; tltc loop is s~tpplicd frown 
the ground arm circuit, thr transmission litlc conductors frotn 
outride of the va~uttm tank. Two new avrss pods wm: rut 

atltf welded into th<: cyclot.roll J’>tcltllltl t zltlk to t~ccom~Ilod~~t~(~ 
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tljc, co4~~li~~g w;~tc-r lixlr+, coaxial fwclt llr011glls for rf sigals frcml 
izlp;~r.itiv~~ l>icl; III’ ~)roIws. tllc~rlll~,i-ollI,l~~s, nlld a mcdtnnird 
li~~t.iil. 1wlloir.i fc,l- movvm(.ljt of the, tllrlirig K::ltc* iii rmch c::vit.> 
hlf. A tl!irc’l IKW~ W;L< cut for t11c c.o~~l)!ir~g !oop. Tlw ulttjng 

1r1rv.1~0~1 ~cwti was c~lrct:i~a! tlisllnrgr n~:~c-Ilining (EDhf) wftc~~* 
u~i~twiitl is I‘cIII~~~~~~ 1 1)~. s11wk PI~OS~C,II Iwt wvc’r~ t,tlcs m;ltc75;d ant1 
it ct~rltctuwti c~l~d~i!~lr~ itI H stl-vain of cx)c~lar~t fhlitl. It xvzic tlw 
t’hsilr) t0 rIl~lbf’ ill<’ ~I~J])ilIYlt,llS lX>rt itlI11’ Rlld rrrr1dc4y trpw”ldt~ 
to c11t tlmbrp,h tllv 2.3 mm st;\inlt+< stclc;l ~;i~l‘llll*ll taltk cit~licv 
iI1 th, floor 01 om~rht~wd. Thiq rrmotc ovc~rllcvr~l cllt,thlg prowss 
~l~~vt~lo~wtl ;!t ‘TA5ltrlf xv;)‘: 10 011r t;I~m~lt~ilg ~(1 rllccc5sfdly i~~blblitvl 
fi,r tht* tir.sl tiillc,. In lmr;lll~~l, c~c;ltilml~7d wifs dmiqlwtl allcl 1IIlilt 
ti, rc~~r~c~iol~- w~1d this port t.x~l~-; tib t 11~ tiw~~ or liil, ws v;rll as 
tii rt,ilwtc,ly iiist;,ll l~d11 cavity 11al~.r~5 iii 111~ I-)-clot ron. Firl;llly. 
m~tl Idf c&f t:1r> ii,\+ t,divs -20 Irlill. to install with tlw onl! 
III~IIIII;I~ cblwratiinl itlhiclc~ tllv tallk FxGg t.llrs conn~~ct~ion of t\VO 
Ilb-ic’ (‘on111 CT8 ‘rs Tlrr~ c(n:l)lirlg IC,CIIL ;~swrnl~l~ is i~mtallwl IIHII- 
11;111y fI.lmi t~<wP;it,ll tlw rank. 

4. Aml)lifi<7 --.-. 

Tlw cavity skin loss p111s atltlit.icmal pmvc’r dw to thr hwm 
lon~ling. IL safety factor for t utw irgcing. t,r;utstnissioli and any 

0tlu.Y losws wcr(’ riLlCllliitt’d to br 120 kIV. To inert, t,lw rf 
*,chk’4‘r I~t~cl~~ir~~Illl~Itts witlh il !.on~fcrrtal)lc. IIIIII.+I, 11~ nrnplifh 
was tltsignotf for 11X1 kW using a11 EIAIAC Y5G713 tdroclcs in 
a ~rcmrltlctl grit], dr gww~dd KICWI configurat,iorl (Fis. 3). 
St;tt,ilitg ;,ud 5ilnplicity WC’*<* prilw crxlnitfrratioris in ttw tlrvigi1. 

Thlb 101v inl”lt, irn~xdzulce at th c~:lt,tlodc~ is tm1gt1t o11t 
througi~ tlw tutu sockc,t t,o a junchnn via a slu)rt srdinrl of a 
,-15 12 cc~;:si;~l Lilly-. Fro:11 tlic, tip of thv gricl ratldr st,rllrillrls 

to thih point thv clcc-trical Iwgtll is -105”. At this IhIlt, tlw 
fil;~:Il(Wt I(~;Id!; ;IIId thP Ilf'ailt iw VZlt IiOdt’ -wlt;1~c av tmmf$t 011 
and i!isitlr~ tlic cwtrr rontfllctor of a coasid A,‘4 strll>. A pi- 
wtwork thc,ll rnntrlici the- -15 R to thv 50 Q rty~~irrd. for itic> 
3 i,,. jul>ljt lbc. They driver i, al Fhl-hid 10 kW commtvial 

t rxrislnittw that uws a 3CXlOOOO.4 final triodc. 
The dr-~roudtd wrtw~ conxtrwtioti was chosrrl to act~kcw 

ttlcs Is,st shic~]cfrlg lwt\vrcu the ini>\lt a11c1 wltpllt circuits. Fur- 
ttusr, tlhx contr4)l grid is licaltl at low iII1IWcliiliW 1,s a dOrll>l<~ lEi)W 

of 0.13 Inru tllick copp~~r-~lnd I<aptoll in t hc forIn of a radial 
tranaxilissiorl lint,. Thr, spaw lwt \IZV’II :l:c, qr.ic1.G ICH& V.*RS filhl 
with Eltlws0r-i S- (‘lnilirlgs >lF I:?1 l?~~cYkKrl~, iIll2 28BE li!ssjm 
rlx)sy rt5in to iIlcl?ii~W tllc p<,\vc’r :rlwx-ptirul iIi tllis Critical IX- 
,qion. T!IV rathrr cw~r~pl~~t~~ c*lvctrii.;rl iuld nltd~anical isoht iori 
rrq1lirevl sc~~mr:ttt~ :lir 17x,lillg in car11 of ttw twr, Ixbrts. Ill ii<1 
tlition, tlw till-bc, acrkct ~~lrn~riii4 iircy diwc-t Iy iv;lttdl, (Y)olf’il 2) 
in<lma lO\l SC’i31 tPIIl~~~‘TY~tllrPs in tIllI tIltI<‘. 

.4t 92 LIfTi: thr ctffiv-ti\rr- 1<,11gth <If tll(* ;~~icxlc s~7v~w si81 
cw~xii~l st,rudrn-c is short, twoll~li that the outl)ut, circrlit clwl(l 
tw cclnstrurtcd as ii. X/4 I.tr:ixi;~l rwclrlntru with sllfiir%*rlt c‘rohs 
wrtiord arc’:, for V;ll’iil?!lis lr,op collplirq to rll:~kll t hrx rtqliirr~l 
t31iw inijx~d:kjlw tc tlic> 6 in 50 9 011/])111 lilac,. 

E,‘,‘, ci,,: 

Fig. 3. I’wwr arnpiiliw hf lw~nati(- riiagrarr: 

Tllc- rcyuirc~~nc~~~t t.o iu:,t.alI ;IIICI ,YIII~I~\Y~~~III tlu, r.;rvily iu 
siclr? ii.*1 oprrathal cyclotrtrn rolltinc’ly clclivc+ii,q 150 ii.4 of pr” 
t,c.us tlict,;hr,d tliat, t,h r rntircy systuI1 had to I,(, 1”” ,.r,lllrl!iisi,,Ilc,ii 

outsiclr of the rarlioactiw a~l~oirorllncat of the mwhirlc~. This 
c’as tlonr ill an irlisi 1iuT wu~un1 x g 5% 1’ r a ” 4 tir?tiirntrd for such twt9, 
arid ttic: effort t~xpmd~d wit'; x-rvll wxth the tinw ii11d rsp(2M’. 
Signal 1~~~1 Ili~~ii‘iltrt~IlltIlt~ or1 t,hct picwr aIuplif%~r jilll’ut alid 
t~iit,puT, circuit nxltclling) and tlw cavity ( rtx~nant. fr?<~Il<‘xlc’:;, 
s11u11t iniprtianic~, colq~ling hp Inat thing) burr tliorolighly (‘aI 
ricd C)UL using tllcs IV n&work mdg7c~. Th length of t!lc* 



transnlission liw was a.tljustc*cl FO that t,he amplifier works into 
a. true paralld resonant, circuit. During all adjlwtmcnts a VOII~ 
putt-r cotl~~ NODE[i;’ was cxt~wiv~:ly Iltili:ml for 011 Iin<> mm1 
elling. This ~>XY>VC~ <XI IYW~PI~ Ilwhd, a~:d rwllltc4 in slll)<tiillti;ll 
tirw saving. 

Dluiue; tlw first, l~mwr twt c,f thr amplifirr illto a rc,sisti\r<a 
Iond #Xl k!V wis achir~\d ilk two htrms. and tlw rm~~lirml 150 
kW R frm tiny5 Iattir. 111 thr actrml iliitidilticul tlw lrqt,h of 
tlw trwwilissicul lilir, is 64 m. -20 tillle tliry a;iwlrmgtll at this 
operating frql:<mcy. As can lx> sw*i ii1 Fig. 4, blifl intrilisic. 
linr ~~~SC~IIRTI~~S iire 11~~ only -1.2 :IHz almrt, I11 01-d< I‘ to 

Inirlimizr possildc l)ro?~l<mls with ~~i~rwi1ic.s wlicw find bringilbl: 
t,hc rarity to power, il liw swticm only G n1 lorlg wits uwtl. Lf’ith 
the cavity Imdc~r vaclm* -4 kJT’ rsf cw ptnwr xwc d~~livtmd 
with 75%’ reflrxion, ant1 ix1 3 holw tlic Inultil”‘rtc,IilII:llti~~~~~t(~~ill~ r.c+rl~ 
mww~~~t~. The cw Iu(‘t hod iq Im’fwa’>lc~ tn plll.dng si:tw tlw 
cavity l~r!lavim:r swn’: to lx% IX~OW stz\t)lc iI1 tll~ tmtl. TOP WXL~ 
qwrrttlcm was v‘lratril wiih ilIt- fill1 Irqptll tr;mmlissirm lixi% 
Parasitic- osc~illiiiiwl-: in ttw pow’r ;Iruplificr ow~;rw(l tIlli :wf’< 
wsi!:,~ t~litnini~tcd t,y ~ucxiwt 1:: liin-c>riqc, tlilb s<‘r*‘(ql pyitl volt ;LR~ 

I / i- CJ ,,I LB:. I s,. ,, /~ .: : $.,,I 1 ,/ ./I ,:> 
‘/ 1 j ! 1 1 1 l~.yl~;.i,‘ / 

j 

!‘,‘:i’sip ; 
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Fig. 4. C~alrnlatxl (a) alld m~asu ml (I)) load impdar~w. 

Follm%~g th? c-avity in~tallat icm in the ryclcdrw tlw corn 
missioning; pm,< r~~lwl my snlootllly arlrl a voltae;c, of 100 kT’ 
wim ac-hic7wl within swcral I~olirx. 

The voltage and phaw stability rcquiwtl. +0.5% and 
f2.S” iit, 23 h1H.d r~l><~~~t iv{dy: iiw r-asil~. ili~fiii9xl)lc~ wirl: coI1-~~~~1i- 

ticma rf ccmtrol systml~ rwd ;lt TRILThrF. Tl~cs l~l~aw rc,fcwncc~ 
is the dw voltagr {which is not l~!~tw rr~~ul:~lcd), tlw frcyl~w~y 
is cllla~lrlil~lt~~l :~Tlil tlw sippi ll~l~rl iw il r~~ffwwc~c, for, clrivilig llic* 
amIdif&. 

‘iYhen tllr cavit>- is not, c~Imgimtl the him hichcs pass- 

ine; tilrougli t.lw i.aT;ity give* riw t,cl a volt ;ig!’ at lli(a ili~~Xil~~Ili~S of 
tllc. Imrich~d bc~arri frc~cpmq, Using M.46IA it wxs found that 
for ii GRtlssi;tn-!,ll;tl,c,~i 11111~ rluriIl,q ol~~m~t~cm at 100 /LA cw ill 
it plizw~ irlttmd 10” witlr, tl*t 1 i!lxl~d~l,iIdr’ or t!w i1ithK~‘tl rc,1tag<* 
is 16 kT’ for Critiral cavity ~~rll>li~~g. AS il ~~~I~x~~~II~T~w t!i<* fl<l\q 
of cnolirig watw ttirorp$l tllc (cavity is mniI~tnird at illl tii;lPS 

whrn lwam is aa-crlrrat,rtl to avoid any possi’,l~~ (laI~~a~(~ clue to 
mwhrating. 
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ct. Bt-am Testa ~. 

Tllc, cavity st,mct~m~ *icw sds tl:<’ limit ilig wdicill ;*lwr- 
i,urc- for tlw bcwrl hc~y~ld 330 \fr\‘. Aftm i:cljrlstn~mlt~ tr) ilrc. 
scritpcr foil systml lnmtc~cting the rarity, 110 11.4 was sll(‘<‘rss- 
fully acrclrrnwd whm the cavity was 1101, f71wgi7wl. Thr, ilIt:- 

Ijlitlidc. of the 1wa1II irId~Iwtl vcJtqy in the, ca’i.it y wiis ~IvIII~ t.c, 
lw IO kV at 100 //A with tlw cavii :,’ iii w:m:ii*I~~~~. Iktrlltirlg c,f 
I IlP c.wity hy m-l kJI;, ril,,sl’s 111,~ V:*lf;w,“ [(I dtcrp II1 3:x r,f ill<, 
allow valur. Slllwcpxcni~ly tlli* i-a\ity wil’i l~~~~~wcl 11:) to !X1 k6 
:mcl lmv clmxrnt lwan~ tests vww mn~l~~~~tc~l. Fig. 5 shows rt+ 
slllts fro:11 IIl~~ilBlII.t’Illr’IIt ,lf the, twm1. tiIIlP clf-fiip!;l!t ihrc,lIl+ ttic~ 
Iui\dlirw x’s, CitX’itl. volta~c~. Tlic* I~cilrn iIltrnsity was rrdtlct~~l 
t’s vsl,ying ihe dllts fat-ror of it 1 kHz ~~~~~~~~-pulsc~r It>c-nted iI1 
thr ion swlrcc. Thcx tirnr of flight is ~~tc~;~surc~l lq using :l start 
signxl frwn th I)~llscr and a stop aig:lnl lw~~l~~~~~~11 lay llltx first 
~)17un to witch a capiia’itivcy pic.kli;> 1>rr’lx‘ ill tll<% a’htmc~tiioi IP(‘iLIII 
liw l’lw IIli~;~Silrl~IIi(‘Il’~ sl1tw t11at c’i‘+‘ii i’.t I’0 k\‘ rlvl~I~~lioI1:~ 
Of -20 i/s or -100 timi- ;wc Ixissil)li~. ‘I’iii? is cil]itc, ~i~~rlifi~-n~~t, 
4iiw tlw 11u1nlwr cpf tllr:l’: In;lclc~ l’;,’ Illi, lw:~ii. iI1 illi, ravit>. r,a 
ejon is -400. 
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[*‘itr ,, 5. hlrasnrc4 rwluctir>ti ill fills of fligl11 for 111~1 II~VIIL 
tl1rol1glL tile rjdolrolL a,< n fu11c.t ion of tlic cavity wit zig<‘, ,\ 
t,hwm~tical prdicli011 usiiig Iht matrix codf: COhI.4[7] is alstr 
SIWWII Lir roinpiri.i~~n. ‘ht. rt~lu~~tiuII iIi IiuIr~h of turus ih 
also shown. In thr cavity- rq$on (:lrd) to 500 Me\‘) the hcanl 
111akcs 400 turns. 
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