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1. 111lruductior 

11HL d.e;sic.u or a liicu c urruut. ltj c;f1 e1n.:r£:Y proton linear nccele:r'1. tor wust tuJ.~e 

into nccuunL :::ovi.:r:i.l rc4uirt.::.1cnl~, 11oi J.c;~:;t 01' \·111icl1 is tnc Ualo.nce bct,1ceu cu:Jt3 

of t11c lin.3.c protJ<.;r a~it.i. or t:.!10 r.l'. !;y.~tc.;. T!!J.::; rcriurt. dcocribu::> 1.11e riroccz~ of 

I' . .iu.J..uf; ti:c u1it..i1au1n re.!.at.i0n l11,;l\/L't.:u iitt.: t,,;a to oi.Jt~in tl1c ovcro.11 Jc~it.;n; iucn 

uiscu.15t..:3 ;.::;.1,t>ct.s u1· t.t1c r.1·. :.,;.:;Lct.1 (1J.:i.rtjcu!.::trJ.y \.11orc t11crc is !1.ao.v,y beru-u lo[t.dini;), 

tu J.c:ra11ci.. ~, uuu 111i..:c11llzl.ico.l µruulc, ,s. 

rrue pnrticul"-1.r UC!,ji£5ll dC.:SCl"J.Ul!U is fur 1..IIC 2UU li'1eV linnc pre-injt:ctor for the 

_)(J(.J f..FHV A.~.~. propostld uy c.~.il.l1. lnjt.:Ctio1, into this machine C:'.lll lie acuievc<l iu 

suvt:rul uys, of \·1.ic11 t\'iu 11~ vc recc...Lvcu i.ictrllcci study (1): 

200 1iuV' pre-iujt:ctur, 3 G~V lin:ir 300 GcV i..G.::l. i) 

ii) 200 t.1ev pre-inJ<ectur, G Gev "1oouter" A.G.:>., )OU G.,V A • .;.;,. 

'1'bt: requirCl!..lt:ILt:i fur tJH.! 2UO ;.,e',' p~P-inj(..ctor linac are essentially sll1.ilar 

3cconrl er ::;e. It hn::. the f\1llow111t'. cuaraoterl$tics (det"rmined mainly uy tlit! injectiun 

require::..ientz intu t11e ti l.$ei/ "buoster 11 A • ..;. • .s.): 

o,,oru Leng l<'requcncy 

k.r. pulDe lenr,th, repetition rate, duty cyclt! 

Fino.1 £ner.:zy 

hu.nbcr oi' 'l'o.m:s 

Toto.1 r. i'. po>1er nnd ucruil power per tm<l: ( 1 OU ma Leo.rn) 

kenu stnol.i ptll.lst.: an,sle 

&i.di:d i::Joi t tni.ce 

haciicnl '1'0.J.crnuce nr1 i:;-1'lcl.<l, and. J)J.d.i.se 

kuL10I1tu:11 '..1.'olerance at ::..:uG 1.~v 

~uwt.u.lwn Ji t tcr 

~vu 1,c/ n 

4VJ!s, ,50/s, u.~~ 
2..,0 l .. ev 

l:l 

5 l..W 

21o
0 

-6 
1 Ut,x1 U ru.rau. 

o.<J.', u.4° 
+ u.1;;;; 

It. t,;ues alUlo::;t ~-,_...tuuuL :.:;.::i~ving tJ1r.:.t iLe w.::ijor rcquire1:a . .:11t 1\)r tii.e lir~c i:J 

rt:J..iat.Jil.i.ty iu opcro.tl011: cl.early t<Jat t>art 01' tnc mn.ciJ.ir1c w110S{: cost is only aUuut 

4~ ol' t11c W!10le mu~t not be the ca•1:.>e ot' tou m~ny L>rt..i.kdov.nn. hxpttricnc~ [;i.1.in1..d on 

tt1c c>:.i.~tinc; 50 LeV ~·.L.h. at t•,~ Hutncr:·ord Lcuoratory ~uo:est3 twi.t u:; cu11~L=-•·;,t.i.ve 

rati11:; vl' COGlpOtltJI1ts (uotlt 011 tnc lin~c its1·l1' :l.11<l 011 tiie r.1' •• :..yst.t.. . .i) .. JLi.,...,L 

µ~rccnta.t;e rc.Liuuility ul' tue order tJU-0'..Y: can uC rC'130!U::i.Jly C:r.µecte;c. 

JI. t..~lltut.Lve lLiJUUt or' t11e linuc i!; :.;11CJ\:ri i11 i".:..c:u.rcs 1 and 2 • .!!'ir,urc 1 :.J:10•·1D 

also tnc vutlitlC':.3 01· 0.11 e;:pcrimt.:11t<.Ll u1·c~ ( cuuLu.ir;.:.1it_: al!...o .::;ou11.: ul!!l.~ 1~1u1.1.:~ t.vi·' 11:; 

t..:~1):.rat.~!.i, 1..:.i:. L.i.i11L-'_,:·-r1j,i,tJ, tr.c v i.i:. 11 .L.o"O!Jtcr" i1 .• lJ..!l., n11u. tue 1u!Jil' ..JLU G-eV 
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A .. G • .l •• lt'icure 2 j11ov1!3. a. .tJO.;s.iult.: J.tlyuut for tue linJ.e it.:-.;el1' (Hi tu itc vo.cuillJ 1JtL'Ti.iJ~, 

t'ocu:;ir1<:; cyul,Pa<..:1.1., ,uu11i1..vr.in::..; u11.i1..~) O.Ilu t.it: r.I'. :;y;.;tt..w (,t-1ui1t..r ti~c .. ~, ;iutlul,__ turo, 

UL1;.iliflcr:;) ii, ~qinl"~cc turnwl:;, H"L'' r.1'. po·.1cr i:o lCU directly tm·out.:11 t 

ul1icldi.J1~ w1nll in line::; tu oc .:c..pL ~L:;.;. .s11urt ;.:.::; µo~t!.>J..ulc.: l'or re<J3vn!:. oi' cuod r.1'. 

Uuild-up iu t!1c cnv.i.t.lt.:!.•, t.u r,...e oi~cu:..:scU l~tt1;r. 'l'i.1e u~e.: of !.it:pLrate l dJJ1Lls, il1uugl1 

l.)\..~'(•nSJ.VC, i.J CUIJ!liUc.:rcd \'iOrtL1.hilt:, 3jr,ce !:.U!Jl(; luc~1l cvnt!\.JJ Ullf.J fJniritLn~IJCC O.!.' 

titu r.t'. n..vster11 caH be done v1tJ.lnt i11e linnc i!; upcr~~tl11t_;. 

'fhe conic of H 1iroc .lll!.ii~ Llation Ct:.ll lie di.\•iucu iutu tl11·ee :~i1:us: rixcu cu.Jts, 

~ucl1 ll.!i t"c·r Uujl~in'.::;, cvntrol 1 ..... r.1, prc-.i11jectur, etc., ·.11Jictt art.! cn!.:cntial.L.) 

..inuC!·:.!l1tll.~nt vf' tut: lcnc;tb u11ti po\'.cr ot' the l.i.nuc; capital co~t ac3oc.lated ujrecLly 

\1i1..b toe. li1:;·c it~t.:.£.t'; nnt.i rr:.a..i.rit.elit-uce: cu3Ls. '.l'hene lo.!;t two 111u:.;t ut. t.a .. t..n lut;_; 

o.cculu.t.. 11 1t cu;;t 0 11t.;.1,1j:atJ.ur1, .'.lnu. can uc ~pµort.iou.:.'!d t1iu~: 

" . >L· • 
L 

CusL P'jl' u1Ji1.. oi r.1" • . ic:-... tHJl.'lr 

.;:up pl .it·;.;, a1J1~ c nt.1-. ,1 ~~. 

'l.'1 •t' 

Gu.:...t JH . .:::r:· ll1Ll L l·-·n~;ti. u1' struct.urc, 

'' " I " vP' '-'}> ~· ln,.1. v1 , c ' 
L 

Yt:a.rly Huur:j l1r'. Cu .. ;t~ 

c I; -;-

J<. I 
L 

Co~i ;iur u11it of i-.r. 

.inulUUJ.ll( vu1 V1.:.:;; UI.LI r.:lt..:C-

t r.'.c i L.'l ~;u11pl.it~~ ... 

Gout ~r un.i l lc:1,·;L11 rwr 

'> .. '111.' c 
lJdt 0vt~1· r<:u:;unut.Jl•..: ii:.i1iL:.:, 1..11c-! C Lcii:l:; ~r·· 1ll•1. 

L 

l' ::.1io L :11·1.... ro.:l. Le l1 u.}' 

lenoii1 uf iiu- :·truciu1·e 

e t11ule pl•!cSc angle ; 9). 

(i.e. i.r.::luJJ!l(..; lon1; tu1innl tr:'..11sj t, tJ.me f· 

·.,i. Li1 equot:i.on 2ii), equ~.tio11 2i) can can) 1.)1 

tu rive ( 2) : 

"' opt 
= v ((cp +cl:) )~ 

( \c-=---:-c:- I J ) 
( L L ) 

acccleratiolt rate, ,~, = V/L 
Ojl t 

- ~ -

• • • '& i.) 

• • • : i.i) 

... ur 1' , a11u 
0 

Ill: l1llHJ.!.1.i:·cu 

... A) 

r 



~ .. ·---

A) 

'!'11" L..1 .. 1,1Ja\..Lv1°;.,; .n.) llolu µrovid.J..ill, i) tJ1e r.!'w frcyueucy c:..i.1i LIL c110:..t:t1 uit_,11 enout;Jl 

\.t. uvt LU vult.:1[,1... urt:w.uv\';n, ii) 1\>cu::;i11: 1.s µr:..:cticuolt: t t:.L c:nJ~L..11 rr~1ruc1icy1 iii) 

r.1·. ~u LJ:' :.;uurcc.l arc a.vai.l~t.lc. At a. :-µccifif .. J. t'rt:qut:ncy 01· Of.Jo..,;l'(J.t..lLHI, a3 in tll.t1 

c: !..•- U...i.Jtd:--i::.vu ht re, Li1e vvl.t.U(c urc~.Y.uu\,11 01·iter1un, anu rocuain£ rel1uiru1.1c11t. r...1u~t 

Ge lr1clud J tu f.;.J..vc l.l.t1 u:-.-ti1uised. pr1::t.ct..1.caiJle Jl·si8 n. 

'!'ue JLJ.i.·arcz atructure is coiapo.nea of unit cells ,.,t10.se g~um1:try iu ~tio;m iu 

t'ieure j. 'l'i,e drift tubes are tw:cn tv Ue 01' cuuveptionr\J. ~ru..&. 1Je, .i...c. r;~ht cyJ.iuders 

"it11 JJrOfil>'d !'ace a" s11u1m (alternative suaµes are <liJcunscd liriet'J.y later). 

to 

i) Since tne drift tubes IDJst 

1eir diar eters: at <!W i.c/s t1.i" 

cootaii. quadrujJoles, a lower limit must tic set 

.l.'.3 ta.Ken to be uh\ ~ U .. 1. ~1.'nc d.rif'*: tu Le oores 

1uu!;t nll._ ,, t'ur t.ieaui radlal t.:1ult 1 .. ance, t1.rid misalignments. A bored 
1/,>\ = u.u26 

\i.e. as on tu~ Rutucrrurc. .:..abvrt:t.tocy P.L.A.) fur all tau.~.::.; exce:-Jt Tu1.w. 1 is 

l.!un:;idcr\.!<l atlequate. 

ii) T\ avoid volta6c Jrea.t<.down, tilt!' m:..i...;<.1JI1.wn electric fit:ld cra.:..ieut ut t1ie sur!':lce 

of tuc t..rift tube 1uu:.;t. t10t t e sreuter tt'.liJl 14 i.u"l/rn o.~. th~ op<.•rutint..J rrcquency cf' 

~uu 1.lc/s. 1l1t1.is contlitiou, Knowu .J.~U!illy a.:) J.\.ilpatr~Cl< 1 s .;riteri1;..1u at 20U h1c/s 1 

1' "- 14.7 },,V/a, io wo~t im,,ortant in tne reJ.iaLle operat;on or tl1e lin.'.!c. J:Jy tre wax -f" r 

oonncrvativt: cuoicc t11ut i:; = 14 kV/m, rnther tu;.n 14,7 l.V/m r,ivrm uy 1;:J.lpatrick 1 s 
max 

Criterion (.vtiich is itnelt' g~r1er&.lly regarded as n pessimistic t!Stlnu1.te), oµt:rat.iun 

f'ree of voltage urca::do11n can Le e.r.µectt.!tl. 

Let E be tile electric t'1ela across t11c l.)f..,t.t, g, . .i..nd let .t. bu tue lilt:i.XimUJD :;n1'e 
0 s 

electric t'i<·ld tJ10.t cuu c>...i..st at t11e surface of t!ie drift tul.Jt! ( tue r.iaximum f lcld 

u~t·nlly occurs at ti. JUr:t t ion ur the outer .IJrufile radius l:uuJ. t.he drift tubt:: flat). 

Let 

••• 

i::>umF· val.ues 1'or o( are g1 ven oy hill.ins (5) "1Jr cells of cons•-ai1t 9rut'ile ":"ndii. 

'l'ue acce_eratj on rate ror ttic '!t..ru.:;tu;:--e can lie 1·,ritten 

K = (V/L) " I g/L) i:; T cos J, = (!'/L) CIC. t E cos ,J. 
' 00 rs 05 rs ••• 2iv) 



, ,licP + c,,•)(c, • c •)i'" 
= _. \ - - - I: _..~'----'I"-, -! 

\ l I 

A) 

'.!.'1tt ... l..LpJ.ai.J.l .. n•;.; rt) JJolU !Jrovia.J..nt, i) t11e r .. l'. fre4ueucy ca.1.1 UL c110:..t.:11 11i1,11 enouLll 

t.1...- U.V( 'o voltaL,·~ urt:w.uvi.n, ii) l'vcu.sill: is pr:.:.cticuolt:: :...t t!.L ci1v:- 1. l'l'1,..• ut.:1.cy, iii) 

r. t·. ~u· er :..;uurcc.:i a.re; a.vni.l;i.Llc. At a z::µeci1 ie.J frt..:qucncy 01· Of.l\,.l'~Jt.1un 1 n:..1 i.n tJ1e 

c~:!..t... '1J.:J1.u:::1$t:U h•.re, ttJe vu.J..tagi;: lJrct..rt....l0\111 cu:iteriun, ano i·ocu.ain£ reuui:r·u1.1cnt ri..1u.st 

Le .iuclud· J. tv g.LVC ll.11 vytiiuised prll.Ct.LCRl.ile .te:sit,;n .. 

'l'ne Alvarez str-4cture is cotaposea of' unit culls v,Jjose l)'.t'Um1.. try i!..l ~t1001T1 in 

rir1Jre j. 'l'Jie drii't tubes are tru..:En tu Lte of cunvertior1l\l !Hla 1 e, .t.e. rJght cyliuders 

~i 1'11 profiled face "" suu1m (alternative suapes are <ii::cunsed ~rie!' Ly later). 

i) Since toe drift tubes must oontai11 quadruµoles, a lower liinit wu:;t. t.Jc set 

to 1eir diat.eters: at ~W L.c/s tLio ..,,, tar:en to be al)\ i: U.1. '1'nc drift tube oores 

lllU~t o.llvrl I'ur tJe.:.t.U! 1-ad.iul c1uit:.anct, Uflti misalit;nments. A. Uore d
1
/')!\ = u .. c2G 

\i.e. as on tut: Rut.ut:rrur<!. .i..aboratory P.L.A.) fur all tan.:~ exce:.1t Ta1 .. : 1 is 

i.;uu~id~r~tl arJ.equate. 

ii) T ... avoid volta~e ure<.u{dowri, thlj [L•.1.xi.mwu electric fi\;ld r;ra·.t.ieut ot t1,e surJ':..ce 

ut' tuc url!'t tube u.iu:.>t uot 1..e t;reater t.tuu 14 j,,, • .//m o.1:.. the opL·rt1.tin0 frequency C'f 

~uu Wc/s. T11jq condition, Knowu u.s\JI.l..lly a;:i i\.ilpatr~c.t<. 1 .s (;riterit•u at 2UU i..c/s. 

l!: "" 14,7 bV/w, is mo~t important in tne reliaLle operatiou 01· t!Je lino.c, !Jy tr'> 
W.UY. "'F 

connervativLJ cnoice t1w.t L = 14 ',.,V/m, ruther ti""n 14.7 l.V/m r,iven by i\.ilp~trlck' s 
mux 

Criterion (11hich is itnelt' gt:l!erally regarded as n pessimistic "stimute), oµ~ration 

free of voltage Lirca.J:do11n can Le eY..µecte<l.. 

Let E
0 

Le tltc electric !'iela. acJ>.J~.s t!lc g-.µ, e;, cs.nd let .t.
8 

bo tue i.r.1:1ximUJD :..inl'c.~ 

electric fir ld t11.:it cnu c>..ist ut t11e surf£s.ce 01' t.he arift tuLe ( t!1c r.iax1mum f ..iC>ld 

u~t·nlly occurs at tt. JUn' ti.on ui' the outer i.irof'J le' radiun anu tiJf' drift tubt flat). 

Let 

... <'iii) 

~orne va.Lues f'oro< are g1ven Uy hilKln.s (-i) ... ..,r cells of cons..,a.n1 profl.le :"adii. 

'l'.ue acce.1.eratj0n rate .t'or the '\lructu~ .. e can t;e \'tritten 

... 2iv) 
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YK 
'\ 

+ 

V ( (Cp+Cp')(i;/L) 

~ , ... 2v) 

• 1'ht.! oµt.J..ru\J..tll cost <'' r1 fluw l.i\.: obta~ncd oy minimi3i11e tbc t..{vrc~sion in!iidc tl1e 

squJ.rc brac.l~ct, i.e. by f ~11<l uc tut: optiD1u.w rul<:J.tion b1..·t1n.:L·n i\, ti.utl 1l thrC'JJ'.hol an~ 

T , aud bc11co on cell 
(j 

i;cum.,try deJ' ... 1.~d uy (D//\ , d/ "fl. ) • ~1ncc o( ~11J ·r v~~ry "n. Lh 
0 

e11ergy ( tl1ruuet. tlicir u11 t ct.:ll), oµl..i1Ji~.:i.t.iun 

rr1u8t bt: curried out nt iutervnlu ovt:r tne f;:ncre;:y ra.111:u. 

The u,µti~uw parurue;ters lL .. riH6 bL n !'uu.nd, tiJc lifl.'.lc cun 1~ow uc tllviacd luto 

taru<s ·,,-hose lent,;ths can Ot.: c11ost:n in sc::veral wnys; c.t;. i) Coti!:!.tant energy c:ain 

i:-er tun.t, ii) Turlk leu~tll oa a nµcciriet.1 i .. :action of ouc ;--hase oscillution wuvclu1 :ti1, 

ii.1.) 'l'utnl r.r. po,•er required b:• tn lk unu ueum is euual to that availaul" from a 

sl 11['.l·J u1c;ilirier. ln all caoes it io uvsimule tlld tile tank lcugtn \Je 

tl.un 2U ,\ , ~ccnuse of difficulty .n tank tl:.ttenini;. (It will be seen 

nu tan.I~ is crcn ·er tt1an 25 metres, a lt.r1t,;ti1 ulso recor111end ed in r cf'. 2 )). 

not c:;rcu.Lcr 

later that 

lteti.cJd iii) 

i:ii cnoson as the siiuplest a1 c1 :no:::t co._:nomica.l, 'll'd fur whioii the r.f. system is 

descriOed in detail in sectio11 ). Let t11c tutal iiovier t1.Vt1.ilnule be R h.!I, nrul the 

po .. er lost to the tank la: P, tbeu 

(P + l V) 
y2 

lV R = "'\ L + = 

v H ... <vi) 
= tJPi + I 

fl lid L = V/li. 

HJ1t:re l is tru: p1•tJ\ l..ir.!hl.1 uurre11t, ar,J. (K/"t) l1aR Liccn opti1i1i::>t'd. '.t'be lill·C Cl\H 11uw 

lie divid "1 ll1lo tu.nk.'.;i, worJ~ing t r"Dtll t11t:! l'in&l 1'.ntJrl).Y. l-'rovji.Jiric the ener,_;:y .1.11Lervnl!l 

1<re r.ot too ,;.re .. t, vnlu• s for (D/7\, d/-,.. ) to f'.iVe ll('l. at the output e!ld cell 

out"fice !"or the w11ole tank. 'l'llis hns two hdvantaces: i) f'or a fixed (D/"l\, d/"11.) 

in a tank, 1;/L i:s lti!"geot "t tl1e e11d cell, ~nd u safe ( i.c. free from vol tnr,e 

bre!l.kdown) ded101 at tile ernl Jell will bo sal'o over tlie WilOle taruc (tlli3 stntc111o:ut 

i3 ... rue for nll tanks cxc.,,...vt 1'unk 1, wtJ.cu is discussed l.JrJ.t:t'ly in Appendix A); 

ii) oonstaut diameters in u tank lead to siruµlication 01' t..enir,n atid ruHuuft..~ture. ln 

the particular <.le sign disouss~d iu tliis report tlie error in th~ estimate for s11u11t 

- 4 -



Lt·rur ul' l..i1L· u::..·a.\.r u!' l+t~ in ti.I.! ..... .:i.i.l11n+' of tui .... vvltace \.::.1!,;u.:11, n 1L• 1; .. J, 01..·:..uu). 

S!nce .1.t j.::; OL't t,;v...:.,y t.u c~l.Llli'..tc :.ih"ut ~miJt..aan~ .. • tv L1.:ltcr t1.L..11 -....1v,.,, tui.~ ~1·rcr is 

11ut ~eriou3 ct l11i::i uto.1 .. e. 

'l'!u.: cvu!il..i.nts. uf _f-i!"'"Jpvi-tion.ality in et;Ll.l:!:. Jll :..'i) nre l.J:.t.>-t.:d un lti ... l~J1a1·ui.l 

11.jt..·ct· r, l/Iw )lJ l .. eV t'.L • ..r~. nt tHw RuthPrford L:.t.Jurutur-_y, nriti u11 !1 u~t.ailL·d c .. ~t 

e!:iti11uitt::? f'vr t11e n.~?- Sy!.Otem !'rotr. n Brit.ish Mi-tnufa.ct.urcr•; cl-' - £)j-t.JUU/1:.,, and 

c, o .;;c,5.>l;/10 ut '.JJ A.cV. 

.L· , ··00/m 

i'ur ut.L.er i.:1.'Jrgies, CL c:i 1 L-e brun.•?n d.UW11 ti.us~ 

lin··r Dlh.i vac. vv:-:.:;el 

.L 1 , 000/:u ~·.c. pur.ip~ and c-;ntrul (i.~. Uil dif'1'. µw•1p::i, 
b· c1,ir11~ pu1u~1:: 1 t:.nd :.arct.v ~1u.J ountruJ circuitry). 

I ' • -+ .1.ULne.l z·1·ui er 

ur: rt tutt:.s. 

'l'ilc cu~t £2, 1 '.:>V/111 I' r dr rt t ,, 

11hr-:rc tliLl'e are ~.1l c.lr_Jrl tut':.~ flt't· LH:trc. 'l'JJ.(· 1.: 1_,L ~·er d.l""~rt t...iUes . -i r\1uc-Lly 

cvnstunt l v ... r ttn! en~rp;:y r:.Jnt_;c.: (""110 mt· JUI' 1'rr.ct1ou of tJ • cuet 'uein;: the 11L:l11ut'c cture 

of t1ie q~dru1ulLs, tlnrl l.i.S t...1.1ul:lt rattier tuau rn<:i.t•.:ri.:il.;;), Lut Lu<' nw11br...:r· of drift 

t11b.-_:; vnrie!.i invL:rse ly "3 p • I j l!l1l!C t11e co.;t .,er 1u1~tr \) t" : true t 'J.Te COln ~· 
,,,. clcn 

CL = £f l)U(J (A .. B/p) • At )IJ J,cv, (A + !:/('.! ) = 1 • 30 U.Lb9, D = 0.1u3'. !Jenee 

tl1v capital 1'" rt a!' tJJC J.in::i.c co.:;t can be t. t.t:n 

• • • ~'Vii) 

Utl1cr vulut.1 fur tin: r'fit ital cojt µ.:-.rrHct:tcre :J.re uvallnul•,'. from uc~el1·r.:itur 

lnt·wro.tori£-:S in tac li.o:l.A. (to i':hou1 t.nc nut/,ors rt:-t't:rt !1.-luJ :ire 1:.- J.luful 1 ur {Jrivute 

com:.1u11ic.:...tiou) ; 

L.1.nuc 

Arr:u1n1L .£.(..;...) lnj. 

Ynlu Lin;,c (200 1:c/s,~Ou !..cV)(?) 

bx·ookhl. v~n lnj. 

!..urn \;Gu Lc/o, '.'IJl! J,,,.v) (4) 

•i.~rcon.!. ... J.'• Cu.• C1 ·l ... : l' rJ 

,lu Ol 
'l';. 1.1:0: s 

6 

(. 

Cl'(.L/l.ri) 

~6,SVV 

3~ ,OO(J 

39,lJUU 

Z:J,50( 

(.L:.;,t>lJU !'ur Cu-3t~el 
linrr u.lu1.€) 

E' )lllJ 

+D:1~L·c.l 011 CL1u. c:Jt:1.r-.tt:: or 1fllJ ..JY.F1·. i'''r cu. LOf.:tre of' li1i.r1c turir1el. 

Duty 
t'.'...I. C lOl' 

o.;t. 

1 • '),. 



lt i~ :.cc11 tk1ere is 'ft'ide vur.int..lon 411 t11t> tcrtii CP' t1ioucl1 t.!1e se~ond and fourth 

cost µr..i.rH;ri"'tere nre n;ore a.kin to l11e PX1ffiµl1! d.izc .. :J::n~d horc since, a~ r~ll Li seen 

in :::.cetion 3, coI.trcl circuity furn 'IlD.H.Y t:.t(..'\. zystcm l.:ecumcs an impurtn t .it(.·m. 

lt _i:.; nlso uf interest tu note at ti1i3 3tnce t11c siwi_;_:~r.i.L~ vf cu~ ..... c.: ... 1..li ......... •rat.e 

VL..c. t.J.ni: a11d liz1cr system nnd ti1e Cu-cl.:-..tl lint:r. Tnc ::;pn:..; ... tivity ot' t11e ca~it'l.l r-•;st 

to '"" :.r 0 .:n tc1·s c,,' CL Ca'1 be rnugcd from 

C:t}i..:.t~-1 cust can LH3 e:....µressed J.n t!J~ I'onn C 

is 1;iven \,y] = {JJ!A,and the rninimum cost = 

the equntiunz ,, ) 
-l 

= Al + l:s/1, whe . ..; 

2JAF. L~t 11 be 

and A): th» -iHllC 

ti1c OjJti.Jdl.!'>C<.i lcni:;th 

tuc uptimi5ed lcnr,th 

on the ba01s A , l:s • flo" let A
2

, B be the octual cost 
1 2 

B
2 

= 6 B
1

• The octunl cost is then C, = A 1 + B.jl , 
~ 2 1 1 

pnrumetcrz, wncre A
2 

= r A
1

, 

nnd tile fractional error 

on tLe orieinal design optimised cost C
1 

= 2 /A1F1 is 

= 1 

Tilus a (3ny) 1()1o error in eitl1Ar co~t P,&rutnctcr rc::ults in a (sCJ.y) ~~error in 

tl1e t.Jtalcat·ital cost. ln tue µrocticaltlesigndiRCU.'.3:'.:ied, where tt1e oµlirnum is 

not the design !'or a sirnple minimum cost, tue error in ti:c total caµ1 tai coc,t 11ill 

be somewhat leos tbun this. 

Based on oper.'.l.tlng experic1.ce on the Rutherford Lnboratory P.L .. .A., and on 

properties of proposed components far tl1,.. r.f. system, t 1e yearly rurming co=ts 

can bu broken dom1 thus: 

),!nin •en:--. nee: VuJve 1-...tf.'ectcd LJ.f,~, hr.g. Rei l:1cc-1 .. r>nt rt:t t c ' 
~ 0.. 

Finhl Amplifier (HCi,7tl35) HJ, l!UO 4 

Drive Valve (RCA201, 1) 1 u. ()()0 4 

Sviitch Valve ( '1. 3336) ~1,V 0 tl 

£),UUO/•, Valve Replacumcnt 

£1,000/1.lf'i R.F. line.s, t;enci·.11 modul:-itor cqujf;.nerit 

£1 ,3UU/m Structure co~tz, pwnp::;, :Jervicc<,;. 

Elrctricll .. Y Ca:·t: (This figure depends pCLrticu1."'.rl:· in wi1icli cvu11tr.Y· suci1 uri 

&ccelern tor vJt.ou lu li l Uui l t, uu t t.ia3cd on 4, WU t1r.i:>. r unnl nt: time 

!'or tte P~L •. · :~ 

£3UOC,/1 ... 1 

£1 uu/cn 

r. t'. pO\VCr 

l'li;.n.c yLu:ip~, etc. 

tle1.ce ti1e ycurly r:..trt.nl.r.c co5t~ n.re ~ 

c2 = £7u0u h £14UU L = £14UU ( 5P + 1) 

- (, -
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1f1 CC llVCnient ly 1 the runnirllj CO:J t t ·~r Cl~tre i S 3.SSUIDCQ to nD. ve 0. vnria t. ion Vii th r Of 

tnc son•e form ns in tnc C.J.fJi t.J..J. cu::> ( wJ11ch a.s:.wupt.i.011 introducc5 an c1 ror 1/ .... in tt1e 

total cu st), t11e toto.l cost can be ·;1ri tten 

c:; = £1,WO (51' + (o.u, + U .1 Lj)/~ )L) ••• 2lx) 

i.e. i·ru111 2v) ( ~lr/L~T;:; cus~ (U,Lt,7 + u.1055/,)) 
(CjV) = ;:.7 , ;,vu ( a "....:.....£ + ) ... 2;:) 

' 'I. ) 

li 110·,1 rci..a..in.'.:i ;,,o 1'.i.nU l1,c volue::> at' (D/1\. , u;)) lo rnin.iwise tu<.: c~}'rC!.>!.iiuu 2x) 

aL :i.1.tL'l'V.1....!!J over luL· Cller;._:y runi;;c. 'l'nis f1.a.s iu 1'act L•een t!unc 1'or unert;.le!l ui-> t;; 

• .-~u 1.cV: by u.:.;e of do.ta 

'11'.llJ .. .L11!.I(~) fur t!nerait.:s 

Uc e11.µlulCi:..;cd: 

up lu 

iJ.IJU 

i) :Cue dr.i.t'l tuU~ ~Jiertw1·t:;,j, in11t;r anu uutcr !Jror .... li..: rc.diJ. are c0n!.lla11t ~.101.g l.t1t.' 

1.tl!l'C • 

ii) '1'i1e c.:ulrulaLct.i r.r. i-iu:.·;·..:r lvss t . .; ~:11_• ~l.r-..ict.1Jt; 11:~:.; Lec:P. incrc.;as ... ~d i..i.J' CU, ... to 

.:J.Jlu·.t fr.)t' lOSJe!j Otl LiI'-1l•t vULC.: ~lCl:J:; ."".l!Jli C.:'.V..1..ly t:CU "1all:.; (t!i.i:.; i1~crc·l~l' i!j a 

i~eal1~·1.JC u11t;:, a.:.; vcr.1.l'Jr.11 uy c:1l':: .• 1.:.li.1•u~; un tIJ.e fL1lt1t..r1'ui-d Lo.uorulul'..i }'.L.,\.) 

ii.i.) 'fin~ ~L.:i.1 lt.: Jd•.'i~r. 0.:11_.J.L' .,-,a:.; LD.J:cu t(> t>e '¢
0 

= ~tiu. 

V.:11L't! :'.:5 .:1l1·to.d._1 / ivcn, f 
5 

= ).Ju c~n ... l ~l:..:.u Uc u.s>.!U.. 

'l'11c i.:11rv~s or outin1i!:i.::u !J/)\, d/~ over tl!e e11cr~ raii,.,__. ;U-~5U l .. e-1/ urc ~ 11u,;11 i11 

1':...1·:urc 4 (l.;c::;c CU!'VC:; a.ill c.;vver cnercit'..!3 Clovn1 to- 10 ! .. ei/). Uf purt..i..cu.J.;-r i1itcrc.::.t 

lS L11L' 1t1CJ'e:·L~C t_tl' ·1/)\ 1'.1-l11 i11CJ''~·J:.....i.n~: ('!•LI't.:Y, :;110w..1.z1;: t1,(; llOllJlfl .. 1.l,Ct. ur L11l: 'lull~ ... >..: 

t Ir,~,,_. t ,• J ,/~I r1~ '.i,.' ·:.1,,._J IL :..: v ',' ..._ 1' .,!.lllil ~ :.iu·- tL •• 1.ct..: IC l ."" e liit .ln ,. c ·~1\.:.Ll'~:. '!'Le UL!·;_ v; 'ii 

Ul \VI~ ' u/i-) O,t· L~t:iu..:u .I,. :J !: (.U ,·;n l 1 t 1:1 ··.~1 ·0 '.! fur lt.\.! l'~rt.:.wl:.ir t.:'lLCr{:_, 1 /(J '·· :V. .J.J: L111...; 

t"J. ·u1·1! :tr~· ~:J'..lv ·11u •. ri lt.l.! ct'! ct:.i vl" o ~ ~l,j-~ vari<Jti n lri lu1.: co!":.t 01' r.1'. 1,0.! vl'• 

J\.r.. Jj.;c.>J:~seU c.:i1·1.i ... c, l:ll.i1uUf:H '1:'-- 1 .. .;.nirJ.:... arc ;,r,a.rpcr wit11 incre&.31.DC encl".:_'_, lD.r1:e 

v:ll"ittLio11;; lri 111<Ji v:iau;.il Cl!:'t ! •. J\1. 1~~-L .. r:..; l'L':.allt in s11luller Cl.illll~c::. i1. tot~l c·.i: t, 

u1·, .;1.;. .• 1.J v.:11·iulJV!l!J J., J'.'l1, ..... .-t.ry. Cu1·v.::.G 01 .:!.CCt.:Jt;.1·ut.i.011 rttte ~uJ pr1.1ct1cul :;Jiunt 

Jlll~vuaut:U (l.t!. t.HHl a.tlt.11.-ir~G f<d' ti.~ :::~r,.~ increoze in jJ0\1er, :...s .in ii) ouuve) lv:.c t,:1,; 

0111.-'r:.1.L ... " . .:v. .,c1..11ac-t "Y arc ::;, u,111 in !'.it.;ures () u11tl 7 re!ir'~ctiVL'ly. Ac:.-:a.1.n l.tlf' t'(...'liLH.:tivn 

i~t ae;ceJc1·ut.1.011 rate i:...; 1J .• c tv t.a: v0ll•1t;e lireo..K.Clu\1ll 1·e11u:i1·e1:.it·1,t; u:1d t1.c i·.::· 11id 1·=tl_L-

011' 01· :.;11u11L .l1Uj1t·a.:.1.1.ce i;:; d ""' :r.ter ~ .. .ll.I' lu ·.1.l.! t.·.·L'tl tu riavc d.riit l.ut·1.:~ u1· ln.l~t~l: 

u1;.r.10Lt:I' .:..n 1..111..· iu:,11 t:.1_·r. re . . r.:,. 

- I -



Prom tbt!5C curv1:,3s 1'it;ures 4, 6 1 7, ~uu ~quatlour; ~vj) the compll...'t.c a.CJ.Lgn for 

tlio linnc can Lre ma.de. 'l'tlt.: t..utal r .. 1' .. µ01·,t;r in cacn tn.ni~ i:... tn.J~~ll tu iJL• 5 j,;,; 

(t>ciui; t::inl. r.f. lonn uuu 1UV mA l>cubl lu o), as t1><1t ::ivuihLle frutJ ti1c µropo"ed 

1'i1ml aLJµlil'icr (Heit ::iujJcr Pu. er 'L'ri .. oe /tJ35). As stntcu earlier toe ta1li." are 

dc3it,uud rrora lJltJ i'J. :i..al cncra. Flgure <.J t;i ves t.ue !Jar.11nct.ers 01· tl1c coiapl,.;t e l..i.uac; 

it CtJll!ilstr; of U tun.Ls of v111ici1 '.rau.k.::; 2-b iJuvt.: ;iii\( toto.l po\·:ur, ::iud tJ1c .t'ir:~t tan .. ~, 

J l..eV lone, ban only nuout 1 J.,·,j tutul µowcr. This sub .. ivis)on rcoulting i!I a ~rJdl 

Ta.1..:;. 1 is in fact very convt.r.ieut, since it . ·.s Dech tnc cx:pcric.;ucc 011 rr.o:;t µrc.::.;cnt 

mnclliu :s t!.iat tLc flrzt few cells vf u lin.a.c .:i.4·(! the ones where mo:..:t voltn.ce 

1Jre~.J.LJ.u·;111 probll1· . .::; havt: occurred. 'l'hus, ~ small f.lrst tank bullt for o.ccczs.il..ility 

cuuld niwplify mainLcronco problems (~·C• µolioliini; drift tJbe feces). }'urtl,,,r, 

t!Jtt o.ctual parnmet~rs o·· tiJis sr.1·111 TatJ~ 1 sl1ou~d be chose:. nut on .:t. cost 'ui..!.:Jls, 

but on tl1c n~cdn at i:ood particle uyn:mics o'er the ranee 0.:,-5 A1eV (i.e. 

prnct.icaulc quadrupole zyctcrn VIJ.tti sul'ficJ. 1..!nt npcr~urc; lov;cnt po.:::siule i1ijcctlon 

eucrl:)Y, hit~ll ncc~lcrn.1.. ion ra tc with pcr11n.1~:J ~n _; ncrcasiug t'icld nlo11!-: tn-~ tnn.1:, 

uoth to acilicvc e;0ou µua~e • .. umv.-.uc;). '.L.'hL ~ctu:t1 Par1-1.r-s tcrs o!' tuc '.r:.1.n:.:. 1 a.re tn.J·.e11 

ul' tl1e Ruttwrfurd wuoi·<J.tury 1•.L .1· •• (l;), tlescriu ~ 

uricfly in Ap~c11Jix fl 

The co._vlto.l cout. of tuc linuc cv.11 o~ Dru~:cn tlown tt.uu; 
L 

'£nnk Cu.: L Fuctur[ {lA+L;r)UL] Structure C ... st 

1 
2 21. 8 
5 19.~) 

4 21 .; I , 22.14 
b 21 .6o 
7 2Ll.(5 
0 19.510 

'1'otol coot of structure, taru:, 2-IJ 

'.i'ot.'.ll co.'.'.lt ol' r.t'. po~·1cr, t .... 1 .. ~s 2-8 

1J7.u/ 
1 29. ;i, 
158. ~·U 
14).)'1 
11,0 .40 
1.)4.ud 
12':1. )5 

(£1 ,uou' s) 

Total cost or J.1a1J: 1 (based on Ruthcrf'urd Lau. 'Hew' '11}:.1, and 
£j),UlJU/1 .•• 1) 

RF Cuot (.L1 ,(JLU' ,) 

1G; 
" 
n 

n 

H 

" 
" 

Additionul cont for tunnel to allow intertanlc oeam linei ( 10m) 

70,uu.,; 

10 ,OOCJ 

6o,ouo PreinJoctor (based on Ruthcr~·ord Lau. 500 t..-V pl einjector £ 

l'otal 

Contin,_;eucy \ l Q \ 

- w -

2,24'.1,600 

22;,uoo 

2,474,GLI) 



'l'. : ... 1... c;ipil;._.l cu;;t 1'1curc:;. ore !'or tJ1U C'-uwplLtc linac uuly. Ath.l.it.i.on.al cusls 

a.re t!uc t.J cvr1i..rvJ rour.:, ll.ua l:.i.uorutury Luildin: ~. 'l'uourh :;CJmc m~asurc of (loc1l) 

cuntrul i_ . .:; U· c..n iuc.J-uueo in t!H) Cl-', CL tc..r: .. :::., th<: co::t of a c.Jntrol ruvw will 

uc:,1er!O CJ1,, lac:... t 1 vn, cvmplt::~..L ty u11u t11i..: C.·.!t,;rcc of' uut.um~~ tivn a cbiwvcd. '1'itc number 

:tlhJ co.n:t ol' .lu.Uoro.tory l.Juilo..in :; t1uuld h~.vc to bl: r:..J11:;it.1ered nlull{; 1"1itb. those of 

tltc mn.in .:..c~<.!li.:ratu1·i a} :::.o lauuro.tury st:i.l't' u.uu overhco.d.s. 

'fu~ r ur~uiut. co~ t,. u~ tlcfi ncd C;o.r l i1..:r, \·:ou.ld uc or ti ·c oru.er £22U ,(JOU p.a. .. 

(tuuuch o.1:a..i.u it suou.ltl lie emp1Ulsi:::..::.u t1....;.t tile elc:ctr1cjty po.rt u!' tl!is cost defionds 

ou loc.:.c.t:i..on). !'o tui~ i'ii;urc of course must oc o.ddca the ::;alarics of the operating 

;st~ff .. 

3. h.~. ~Jctcm 

j (n) lntruduct1un 

lt 1w.n i.Jf"8ll ~1..:c11 in sect.Lon 2 ttiat one u1' lt1c ruujor co;.t ilc1:ia is tnc r.f. 

SJ!.. Meo•. ttccurd1IiL to }'1. urc b the l..>t!.t.l J;.'t::..U: porrer rcqulz·ed t' ir the tLCCclcratiut 

;;tru ·lure ulur1e iJ 1u .. U J.,11, c..iH.1 i>U i •. ,1 year. µuwer i::; rcqu::.. ... cu 1·or a 1UU trJA 

pcru: proton Ucaia currc11l. (lt ic abu poosiol<- t11i.t toe pcuk protun currcr.t 

mc..y be EJ3 mucl1 an ~lJU wA, requirinc 4U k .. / µen .. µu\·;er 1'or uccclwratlun). It is 

clear tuat v;itu l11c lart,;c .'.l.IJuunt::; 01' p0.·;cr required 1'ur the beam, tht.: U!;Urtl 

ml..!tl1od 01' nJlorrinr, tbt:' Ut.•un1 lu obt:i.in its energy frun1 tile stored cner(_;y in the 

cavity after toe nunn~l build up pt,!riod is not sati:Jra.:tory. ·1't1is muthoJ would 

result in serious energy modul:::i tion of' the beam u11rintt; tt.e 'fsro llt.:a.m pulse 

o.·H.l, in it1e cur.e of tbe .2lJO J..i.eV linnc, loss 01' l.11.~run curreut. 8urae m<.;ll1od of 

prov.i.ainp, tile e:-::tra _µower 1·0r the Learn is th(;rcfore ncces.fHtry. 

One µosn.i.tr!~ lllt!tt1ud i~ tno.t proposeu for the C .. .c..~ .. h. P.u. 11nac (-;) \'lliere 

th(.· extro powur will be provloed liy oouplin~ a second po·.·1~r runplifJ.C:r t.o each 

accclcr:it.ine co.vity and pulsin;~ tlr1 runplifii::r durinc: the Uerun pcrind. 'i'his 

system requires a 101'1' uuilct uµ period ,..150-200 fsec in order i;nn' the field 

level l.n tile cavity 110.::; settled down tu a nearly conntaut level before tile beo.m 

is .iu;..ruduced .. 'tti.ure arc aJsv some coinµlioat..io21s in tl!e r.1'. feed "ystcm. 

luau ult.erno.t. .... ve 11Lct11od Ue::.criLH.!d Ut:low, tue full power ouLµut cupabil.'.i.ty 

ul' tlle r.t'. :11~1µlJ..i'it'l' i::i uii!i:;eri tu t,;.i.ve .J. fa.st build up of power in the cavity. 

The effects ol" .:;uurc~ ii:1peao.11ce on t t111 bu.i ld up Of pov.c.r ir1 a rc::;onnnt 

r iVi t.y is invcsl.lf~ntt d, .1 3Crll':..: tuned circ:..1i t \·:it11 loss Licinc tfu',cn to 

rcprcecnt the cavity r(·.~u11:.tur. Hesistlvc o.t1t.1 reut't:'...vc e!':rcct.s o!' tl1e bcJ.lll vn tho 

cu"li ty oru also cvn:::.iucrct.1. 

- :i -



3(b) Build up of po'imr in a rcsonr cavity 

Consider t1.e equivalent circuit of Fii:ure 9(a) 

where R is the source re~istance of the n:uplifier 
a 

L, C &.nd Rare the cavity suries inductance, capacitance and re.istance 

re 3p ec ti ve ly. 

The loop is assUllled to act as a perfect transformer of ratio n:• 

The current 1 nt time t. is 1·alated to the fil'll'l current 1 by the reJation 
0 

) ••• )i) 

where 1 
0 

= 
n~sinwt 

R+n
2
R 

is the otcady.otate current in the resunant circuit and 

8 

where l/L i• the loaded (J of the syotem 

i.e. 

or~= 

,. 
0 

where ~ is tne unloaded ~ of the cavity 
0 

•.• )ii) 

ln the practical case the value of R will depend on the line leueth 
s 

oetween the <iriving amplifier and the cavity. lf' the characteristic impedance 

of the feed line i~ Z o' 

k = 

the coupling factor k may be defined by 

su tnat equation 3ii) becomes 

Qo 

~ = 1+Rslc 

z 
0 

lf the feed loop is matohed to the cavity, k " 1, a1.d the loaded 1,1 

becomes 

~o 
!( 

1 + ...!!. 
t 

0 

• • • jii i) 

- 10 -



In a line.c v:here oti.ly a few Ir_'\ of' bc~r.1 i::; nee, J-•" L· rt tiiia "1 .tuoci of 

c::atcnint; to the co.vity ~-1it.hout bt;au l:; accv;1t.:.ole. 111 tue ca.:;e o:r ncev:y be:ao 

loadine it is benPficial, in ttJrJls of' t.Juiltl up t.Lue, to Lilatch tne loo_!) to t11e 

beam loacied cavity. Let. us investit;c t.c tui~ ca:.;0: 1·urt11er. 

If lt' i5 the total. effective :::.crl.t..:O resi.:;;tnricc of ti.e ot:.:i.;J loatlcd cavity 

anu 
'°'b 

the l,j VO. .J.UC due to the bt::a1n .Lt:;eir, 

Ly: 

_1_ ( 1 1 ) ( 
1+ 

n2i. ) 
=(~+ ~I ( ~' 

,.L 
( 0 ) ( ll' ) 

••• ji v) 

111 tnic case R' is deJ'incd Liy tnc r(.la ti on 

wht:re n' is tne "turns ratio 0 of tn~ loo!-'. eeding tu~ beam loaded c..avity 

= ( _L + 

I '"o ( 

1 ) ( 

QB jf 1+ 

k'R ) 
--!!. ) 

zo ) 
lnthe case where the loop is matched to tile cavity plus be:lm, k' = 1, su 

tlln t 

_1_ , 1 _1_) ( R ) _\-!..... + 1+ ...l! 
'"1 -1 "a i.,JB ) ( i ~ ) ( 0 

... 3v) 

It follOl'IS tnat 

R QB 

ii• = ~ o B 

••• }vi) 

~ubstii.ut.J..ne; for R' from e guntion j-vi) gives 

2 Ii ( I.lo 
1 

) 
( n') = ~;o ~ YB + ~ 

••• )vii) 

iquation .)Vii) tl1u.s defines the "turns ra tio 11 of tlle coupling loop for tue C!:se 

where the loop i$ 01atclied to the beam loaded cavity. During the build up period 

Td1en the bco..ra is not present tile loop td.11 be 11 uvercou. ,"ed" tu the co.vity =1nd 

the lo~dcd '< is i:,iven by substitutin ·the value o!' 11
1 fro!!l eouation )vii) into 

equatioo }ii) so th.'.lt 
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1 + 

rt ( II 1) ..2. (...II. + l:. 
\ ~"':'°' ) 0 -· _1 _ = ---"'-' 

I.IL "o 

:i • ~ • l 
, 

I\ \ 1 + 
_, 

1 J" + :; 

.•. jviii) 

QL 
= o; ~ , ,/ -

\ 0) ., 

.':luu:;t.ituLi.u11 ul' t11i:.; V<•.Ju;:- ul' .,:L lL C1.:tr~t11..-i. ji) ~:~vc.; tJit: uull.J u.-· l::H I'ur 

t.i.i.i:.; :-.y::. Lc1.i. 

'l'in.:-n 1 £... = + 
"L "'o 

or 1 J_ = ..;L .,, J) 

1 .ll • l I.'-

~,, 

iii L .~ r.V!i 

l1r.o :ti 

lu: IJ '- ·l 

.J..$ SUC11 ti,;,..t !{ .:;. ~ 

:;. " 
c.:-.i..:.e 

c,:,.:,,; (' 

)~.<) 

):c) 

ln pr.::..cticc t111· l'l:~11 lu~u ... r.,..; 1_:1v :; r::~ L'-' :· .ro;;..ct.ivc: Lt!I'tu .;ulc. , ... r:\!Ctivi-'ly 

dctur1c.? tue: c:::.vJ.ty. kt.t.ooJ.:; ol' ov•·rc C"!'.u ~u1::; 1.'lect ;.ire.: di::;cu:.;~ed. u~luw. 

lt i;.; L\':t1P11t fru1.1 iii,: 1ivuv-..· ri.:- 1~1t.1. •t.~ '-!i~ t tt.v L...U ·1u up lir.:.e t'ur l.ni.._· c~:.;l...' \.here: 

t.lle loop iE malc1,1.,;J. to tiiL c:iv1t,y i'..1~:..: Lt.::.!....1 ~tll.l t..i•.J :..:Lurt.t:r li1:.u .iul:;t.. Jtu Oc:i.m 

ca!.:•1, cvcJ. l1" u1 11 the t-• :),. is nul µl·c·.t-1 t ,;1r..LrJ.G tLe build up µcr:;.ou. 

j(c) hffccts u1' c.11 ,_cl1vc ai.U r•.!ncl~'-1.' :.:vi.:.l'C<:: 11:- td.rd1Ce 

erfuct nt the cf'I\:ct.ive 1 JO: ter1.1··1:1l~ .. ~ c:-1µnc1 LjVt~ vr inl~uct.J vc: 

~·or 

I 

where 

o.nd W a 

= 

t11c caiJll.C.l t. : '' CiJ :JI.! 

c.l L 
( ---
( ~ " -L 

1 0 11 - e 

wn ... :.: ~11(...:. L .)/. ; 
u e 

s 
t 

1j(w ~ -"' /. (w.,u. ;, 
u -'-{ 

,- I 

~ LJ J1--:-: 
u --C-' 

\ 

\ 

l = l ( 1 
u \ 

- e 

• • • _::,x.i.) 

••• ):<i) 

" (w ·- w 
U L 
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l 
0 

bu rL 
~.111...ru W i:.: 

1.:lV!LJ. 

") .. 

i, .. L 
...,,,,e,.. -12.. •Jl' ,, G c··1. L' •u;,b'i.: \/ .l',· i:.u1..;1, lL .. ~:: b:;Li· u1Jlty ..i.11 tul~ !JI'.·.1.ct1c.!.~l 

l. \.; 

l.. u' 
C,.l..t:f 1+_11 L':d: lJt.: 1'/l'jl1...L'll J..1l' 

: i. 

.. .. 
~c II L 

1 t 
-~· 

;. I. :1 1+ 1i:f l'u I' 1+ !)_· 
l. 

.. c 
11' now tl1c 

" 
,1·.._ r1J..;u1•· L t'rc:u_t1C)W

0 
euui.L1uJ1f. );.·.J.) ~1.111..1 J::lj) 

\ 
\ 

I = J ( 1 
" 

i /.'I l l ~ 1 -
u ( 

I. ' o(c = 

- --·-- -*---- ~i1\(.u t.1o(} 
v :, 

" ..... 
/_' 

l. 

,, 

: ._11• ! J 

-u t _9 ____ _ ) 

(1+1: L ; )) 
L C 

~1.- ) 

I •. ; l•(W i<Cll' ; 
(J L 

"' 
c.J L~,~L)' i ~ )~ (J :· -· -- 1, 

) " I. 
-1.lt) ... ~. 
. •1 ) 

!..L 1°(1.J t+oC1 ______ .• __ c_ 

01· 1'cl.u 1.iric t.Je1..\1ec11 ;.:. 1\.i1·ce ui;J c .... -. ... t.:1 ~;d l11:1 t In·~ re.'lcti v~.: el'fect. of t"1e !Jource 

on the: cnvlty l.ti n('[J ir:iuJ.~, .i.1 1.0' .... t·1· '• 

ci:i HCC: , 

aetuulnt~ erf~ct in Cfl.icul-· .. t~d u.v ur.c: lll' the rul:Lt.i· 111 (:,i) 
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••• 5xv) 

.. , 
-/!__ 

,, u1·l1l1 ~ ya ... L:r 
µ 

l1:b+..C 

r.taLlc phan~ n:.,,lo. 

vrilue, 1:ivcu 111 ta~l< (l). 

t1rn 'r = l,/L t1u. ;fo 

'°'h 

wiau.i·e 'f i:J the mu.>,jr:iui.1 }JH<.i~e 

iuclUUj11,; t11c lJl'aID• 

.i. •• ·• 't j t.,· l.1.<' ,;'.·1·:.i 

••• jxvi) 

1.!ct ... .J1111,· J.11tl '..!~ r1.:fcr~ t.v ttic tut_.~!. lv'-lJ.L«.l Q vniue, 

" 
It 11tay l:iu poC:'.;-J.1...<Jc t1.. couulcrHct. t111• !'uo.ct:i.vu ~art uf' L.t•):Jl1 lo:.uiui.; i.iy LI.Tl 

equal anJ. oppu .-itc cl'1'c·ct dUt.! to t.l1c cvu;~l~ti ~uurcr. i.iv\'lt,ver Lhcr~ .i.:; 1.1. pructical 

diffiC•Jlty, ~u1c(; exreri<0nce n tl.c Cr;ic linLc(b) a'.11 llw Ruthcn'ord Lnuoratory 

t'.L.A. ha.a ~lUfltl tL,at tl·<..~~ut..1.ti in. tcle out.~ut cavity of tlJe finnl amplifier or 

tue feed lin'! reotricts ti.ti ri.,:i.;e ~f µoasi~le line l~Pcths between the nC1plifier 

and the ncc~lern t in1~ ca vi iy. 

3(a) Pract i .. ;iJ C•H .:j dL'l"a t.iun::> 

H • .li'. Luyou t aru.J .1"'P.ed S) r. t ~ru 

!Torn the poil!t ut' vic\·1 u!' ec.,nuu:/ l L .i:; lit!t:.ir~~tJlc to u:;;e tJ1e i.Jigr;c:"t 

avo.ilaule r,f'. pu\·1er uu.it:.; tu Llriv .. t.ne i.1.Ccelcr<~ti11r cr~vities. '!'be choice 

of power so..irce i:.; liuted cJ":::.c.ly t tu~ C'µcr<.a.ti111~ frcqucricy lltH.1 cozrtrol 

prui.Jlems. lt is evluunt from :::.tctl..111 4 thut fJrcci~t! curitrol ol' ruI.iplitude 

o.utl pJmse ere necessury i!' ttn~ u~:::.ireu uuluut i.Jco.1u is to Uc ac1J.c.ved. 

The poor ,,;J1T-plius" cli:t.nr,e c!1Uractcrir.tics <,!' kly"trons compared wit.Ji triodcn 

tend to rule ouL their use as 'finnl power wuplii'it:rs. ('.t'iH; ytta.ne: change t'Qr 

a given cJw.u,~e iu :.l.hOde vulture is or ti.t ort!l!r ~ ti!J.11.;"..., t.1...'..!.t 01' tu~ tr.:.oac.) 

J\.ssumi~ llint 11. triode: i:.; used !'or tlic t'.i.nhl ru;1µJ..;.ficr, tncre iJ o.vnilabl6 

a ru.ut:;e of H.C.A. super power trlod.ca wuiclt 1~.i.ve u }1t?'-K :µowcr out~ ut 01' 

tile order of 10 ~i\'1 at <lJU b1c/s at L .. c requlred uuty cycle. 1'l1e pov;"r c:.1i11 

ot' sucl1 " val vu is or tue urcier 1 ;,-20 ub "o tl1at n dri vcr vnlve cnpnLle of 

giving up tco 400 kW pcnk pol'le.· ic needed !'or enc11 otn.ce. lt hns uecn snuvm 

in ~cctiuu ~ tuut tuc ,J 1..ti r.f. outjJUi. po\·,er uuit is a useful criterion in 

d.,cidiur; ~nrn: lc111;tJ&, assun:ine thnt one power anplit'ior is used to feed each 

CUV.l"l.j'• 
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(':'11t..: ~-.:ii liro1L1 .... i.... •• \. ~-t1. !' Lr..i.t1 ~::.; o.rc c:11.al.llc ot' ;~iV'lng 1\... ~.\i pcaJ~ 

r.I'. µ0-.11..:r ~"Jut11uL .::t ti.t.' req·-1irt ... 1 U-..ty c.\clu .'l•.d, ~~nee LUC _njcctcd 

bcw.n currcllt iz li.!tcJ.y 1.v u.1.cr:\!tl 1.,J1e acs..i.::!L r. -~J.r(! of 10() rr.A, tt~ r.t'. 

zy3tcU1 JJ~::: uoe:11 Ul?sir:11t.:a tu 1·.ivr.: 1U .l"f, U!lrt'ul uuti:ut r.1". power. All 01' 

this µo\"1cr is ur.cu tt1 c:ive u. f;;st build up ot' po;1cr in t11c a:ce.1.L:ratint~ 

cavities). lt i~ ac:lirotle 1·ro1:1 t1~e pv~i.', uf vie-1 uf l"L-lability that tl10 

feed lin.e bt.:tween vn.lve 11r11.l c .. 1t:1 wt; n::; ::;tac-·rt n.nd r;irn?---1le ns pon!liole. 

Tne l:i:'lc lt:zictu con!;ldt:r:.t..i.~1,::; dlacu:-.~L·tl in section j(c) nut:i;est.. tbat ..l l.iue 

lcnctiluuer Uct\'/C'(;L tt1e A1:1iJll1·ir:r :u.cJ tnc cnvity iz Oe ;iraDle. 

Tlicrc l!i Ull•..: !'t~ctvr w1.ic.:.1 1,;1,,· (;·.J:J1J1Jc·1tc tL<: !'e(~tiin 1 ; of' !>Owcr to a 

cL.vity ui:d v.Lich requirt::J r ... r~tt·-·r .lt1Vt!':it.j f;&.tiuu. 

c:s.lculr..tions (i) s11•..1W tl1~~ t1.t• · rou: v1; .ocj t:t nr!.'/ 

1''ur t11e A.1 vriT'e2 v:uvet:uidc 
(, 

uio ~r the oracr ::: x 1 o 

!lJ I·C:I' zcc. 'l'llUt~ .l.11 :..i pr: •. ~t ir:. C."l:tre r.~u CCl.V. ~.Y tltP C!iiCr'"~ ta!:t.:::i. uµ to 

5 u::icc tu trnvcJ. tJ trt· ci.u·· ·f' tt1L' s:.:.vi.ty. Ti1i2 time is cle .. 1·J.y o.n 
' 

81-JprecinLlP t'ract.ioJl ot' l!,(' b<:"L r1il :•t..: !.Jt;:·tr1. \1 tlJ a 1 (Ju mA Lcam ti1is 

erf'ect muy rc:..ult 1u <t \\11 l.1 lt of' t1.c· c:.v..l t.r t'j1~ld with reaultnnt. lO!.i3 ur 

beam qu~lity. D1s1 cr!liUh .J..l1 t11e t~uiat· ii.ill <lictort tnc .l>:itl field i'urtht,.;r. 

Sevcrnl t'ec:d po.ti.l~ ru~y tJe Ht·CP.scury i11 n .iunl~ c~vity to !J•lrtly r..lluvi~t.e 

tbi.l µruulca1. '!1Le J .J'. ~y:..:troi (t.rurc 1V) shows one feed only tu tl1c cavity 

1·or 5 L-:.11, i ic..:. t,'I • 

Dri vc pvwer ru1· f!:.c11 !JUV!.Cr .',tJ,1pllI"ic..i· is provided uy fUCllhLJ of' ari 

udjuslnUlc llircnt1)11:..L co1J.! lt'r to Q Urive :inl.! com1uon to all tne o.ccelcrat.irit: 

ClJ V.i tit.' ll. 

'l'!1u 10011 (';1,..rl • .1cp.Li111; to e::...c.:11 C3.Vity •il.1 b" mut.cl11~d for the loss 

currcs 1 u1.d.iu4• Lv c~.v. t: lo!.is pltl:J mtlX~mum b~am . JWCr lo;.a:.. This t~ive~ the 

l°i.:~tcl;t. L..iilt.i •J" c1nalljvn. 

t..oauJ Lur .. ~ .'...I.lid .r\. ... er Su,11.lic3 

A ~.u 1.,."11 peu.k J•Owe,... tnl)dulator· i.!\ rC'(:iUired f'or cuoli f.i1111l po·;,·er nm11Jiricr 

irnu about 60U Ku peru: pow.or !'or t11~ nriver stage. A 12 KV D.C. power i-uc;, 

hn<l vultar,e rei111lhtor is JlP.""es:sary to .c1rcivitle th. power for tile mnin 

modnl·1tor. 

In addition, mudullltion is requi1·ed for tae control and zcr~c1~ g.ritl.:; of' 

ench driver a.rnplit"i,\r nr.d t11c contrul ~riu ot' each t'inal amplifier. 

lt may I.Jc neceosary tc provide s;ir.cio.l oi11bilizrrs for tne main 

supply to the mot.iulnt :·s in order tu add,, ve tt•e req~1r•'d stability or 

r.f'. ]c-vel in the o.ccei~rating cn.vitie:l. 
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Co.n.t.rols and raoni to r:..n1; 1°1'.ci 1i tics 

The radio frequency po•ier pu.i.Jo fed to ti1c cavlty ls 31'own j n }'i&'"\lre 

11. This raay be div.idcd into thl'c" i'cr.i.0ds :cs l'ullo"8 :­

(i) build uw pc~iod 

Durinr; thi.s jJC.:riod 01· UiJ t.u 2U f::.uc tri~· 1'ull 1 U 1~\/ power out,µut 

caµi.bili ty of the !.ililpli1 i•.-r· is u:.~<i to acht,,ve the t'a~t i;uild u~ in 

tnc: cavity. A go. ted ~i::uai t'r•J!J! a t'urwurd rcf"lcct.i1111.!'t1.:r .1.r1 ~ 11c l'~!r:d 

lin(: m.:1y l.lt..: un..:U tu UJH.:ru.t<: u. oi..01·1 cervu to rnr . .iutaJn t.11c- 1.u ai1 r.r. 

output po~1cr lavorvecd over ~ to 1V µuloor.) cuunta.1t d.urjn1: tuj:.; 

jJvriod. 

(ii) Guard period 

As soon as the cavity has reuchcd the ~·.lrr.,ct lo vol 1'or accel.,r­

ation a i:;ated si1:nal frum a biassed tletcctor in the. acccle~n.ting 

cavity is ust:d to adjust the t;l'id and anode voltages of the drive and 

final amplifier at the valve l'lhicll will oaintain a couotant level in 

the cavity. 1'his !'Criod lllllY be servo controlled as in tile aLove uuild 

up p"riod. Thin euard period allo11s time t'or tho t'iult.l lcvc:• alo11g 

the cavity to sett a down to a oteady value. It al30 alJo\'ls some 

variation in the start time of· tnc build-uµ period. 

(iii) Beam period 

This is f'ix~d in leni:;th an<i otarting time by the bcm• character­

istics. A gated si,;nal aerivcd from a transpnrent burun monitor 

prior to each accelerating cavity may be used to detennine uoth the 

ti.me and the level at which the amplifier must be adjusted to t'.ive the 

extra power required t'or acceleration of the beam. A "Slow" servo 

may also be used to control tne poY1er level du.ring thi~ period. lt 

may be necessarJ to uae a fast control of r.f. level durill('. tliiu 

period if an average error of..,,,. 0.1/~ is to be maintainud. 

In addition to the level control it is necessary to maiutain the 

cotTect phaae relation betweon the cavities, particularly during t11<: irnnru 

period. A slow phase control is adequate t'or the build 

Aa the !Je~Jl cntera each cavity there is a "beam fiiling 

up and gual'd perior". 

time" vo.ry i ng l'rora 

about 150 nS to 400 nS depending on the cavity. It is necessary to cb.:in1:e 

the phase of' the input power by the amount given in table (1) durl11:'. tt1i a 

period. (1'lle rate at which the ca.vi ty phase chanGes in det.,rr.iir.C'cl uy the 

decay constant as it is !'or tn" decay of' field an • .,1itude, the llenm loaded 

Q value being applicnblc). '.l'hus a fast phase changing oystcw lo required. 

- 16 -



Unc w.1.:tJ,oJ. of' act1jc·1lu:~ .f..lct 1H~-:J..; ~1.J.l't.:..; mo.y Lt.: tuc: u:.;c of P • .L.lt. swl1.cl11.n to 

:~;vitcu UiJ!JrOpriutc tle.layz :inlv t.11 1) system. 

TiJe 1uaiu pbanc control wor.~:; out::;ide t.hc fast µl.i.aslug rystdm, and de!-'enUn 

on a comtJD.r-> "On \.H.:t.\·;el!n sicnals acrivcd frum an accurate refc.ce11ce line o.ud the 

cavity itoelf. '.l.'11is µIJ.'.lse rc1'cre11ce liu~ moy l;e cvacua.ted and teraperaturc 

co111µcucatcd tJ ~lim.iur_te tut: por:.nibility at' ph; :.;c crrur~. 

k'url'l'-'rd a1.d rcv<:rse rcJ'l<Jctumctcrs 1rill lie u s"ll to record t be input nnd 

outµul pu1·1cr lev•_ls nt each ota(;c of nmpli!'icat.ion. lntcr-tank phase monitoring 

may n.lso oe provided. 

11\Je r. I'. l'ield level in c ncu c n. v .i t.y m~1y lie mvni to red Liy ur;u of a U ias::;ed 

uiodc uetcctor utili!>inr; ti 1 .. ca!.:urc111t:1.t of' tht? D.C. voltne;c. 

Further r.f. µaruintlterr. art? given in 1.i.i.ole I. 1.L1hc systwo i:; designed for 

n 1UU mA llea:ti curre1it, Lr.Jl i::; CLtf1:1ule at' .:..ccelcrni1z1c n pen:-. uPUJD in excess of 

2UU mA, if l't:yu irt·d. 

'l'1u;L.r. .ld 1· •. al.JlU :r·n.c:: .. ,lJ,!J' c :i 1-'PJW .. ,,,'1' l:.IW 

::.11ergy kai L:,c (1.eV 5-57 3/-67 oi-10 9b··124 124-151 151-176 176-200 

Cavity Power Lons (b1) 1 .o ~.o ~ .1 2.2 2.3 2.5 2.6 

Stored t;nera (Jvules) tJ7.j 87.5 uu .. ;i tJ;I. 3 '.11 .5 97.5 ~;1.3 

L!axiruum uva:ilatlc 
::itur<>tl J:;1u ro (J .. rnles)• 41:i5.0 437.5 414 406 3$'8 310 7 ~ 

-'' ,,_ 

linloaucd .. Vo.'uc t1,UOO ?5,UOO ;i:c J uuo 51,WO ;o,ooo 4';1,l:O<J 4, 
1

{1VU 

Lo:icle<..1 .j V:iluc ! 10,160 15,720 1 5 ,4l10 15,WO 15,750 16, 35U 1 u .4ll(J 

bc~~i'-l .Por.-C;r LO!l.$ 
. ) i \ !.,\, 5.2 5.u 2.';! ~.e 2.7 2.5 2.4 

R.i.~c 'l' l111i: tu bt~.:i.m Le ·..J"e l ( U3C'C) 14.11; 14.e5 1 s.o~ I':!. 76 16.40 1 s.01:1 1 u.1 .;..• 

~iaxi.lnwn Pitas.c lletu11inr, ( ·I Do1:3.) 1.>.90 
.0 c-..5 l •• 1 

0 
7.8° 7.5 

•wlcub tee! 1·ur 11w.x. 1 u . "' L .. ,1 &vnllalilc per_i~ po11e1· to t.ucl cavity • 

iL1µcdaH\.!C is equ:ll tt, tJ1e cunructeri~tic iwtJed.:.:.11cC' ur t11c 1eotl line. 

:icalcula tcU fur 1 (Ju r.!.A. i.1C"a!.1 currer1t. 

3(e) Cslibr~tion 

0 7.u 0 

Un(> j)l' t11~ 11njor dit'!'icultic:..1 .ins ctti11g up o. lO!\·: yrotun li111..:ar 

{jCCC:l•.t·a.tur i!; l11c deteri:i~ILDtion cf tiie c.ct;..L:l..- field l~·vcl .:it:d .fJh.:L~C 11! u 

i.~iv~u :iccelcratlnr: C,'".LVity. lt iz ZllO\'tll in section 4 tJu.~t n field l··vcl 

tUlt!rt.J.t.CC 01° .!, U.~:. Hl1d il fJJ!:::i.~C 1.. ulerUfiCC Of !, lJ.4 O are Jll CC:.i!Jilr~I if t..he 

uut1.1ut ;_; 1.\!ctrillu j !3 io Uc vrithi1.1. t i1c requi1·cd 1'1i:;ur-c of A...E. = .;t u.1 ~~-· 
p 
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a.nJ. tho !JOG1CntUL1 Jitter wiitti~1 !, U~.u::,, .• lt :ihuulci be µo::;!iiulc to tlC.iutain 

the: c:.i.vlti...-!l v; ... tiUn 1.uc::c li.i:i;i_:.;t u11cv Lt•CY h.:..vc ii t:n :ct up 1 u.r tuc methods 

described a.cove. tiOHl3Vcr a t11L.t.iJuU 01' 1,.:ctcr1.1iujnt: tiit: c;rr .. ·ct o~.1vr:it.lnt; 

levels ill tLJc I'ir.:$t !Jl~CL! l.; l'Cljtlil~e:d. ln 1..uL: i·ir~t L\'IJ Ci.lVJti~:;. it IJUY 

bu poss..1.L..lc t•.J wo.l.:c : jtrll.: • :;t.i.1~at.c ut' "Lt11,.,; rcqu.irL:d t'.icld ll·v~l <.i.uU pi.l.'.".l;;c uy 

nn 11 { ~ccyt.uucc z.iuuse" _!;lot. lu sub!:equcnt c.:i.vitic_:j \.'hCl'c p!1:t:.;C u5cil lation 

\~avclcni tu is loug c..,11:ipurcd with the cavity leugth tul::;. 1:u.)ttio<l. iu 01' little 

Jlra.ctica.l use. 

lt is µu~:JiiJlu l>y use ot' curufully ma.uc aud. callU1·atctl c:..:.1.ilt..::..i a.ud 
0 

co:npon\.'nts to tlctt.:~1iuc atJsvlute J>ha~c tu wituin ±. 2 . ::a> l..1u· t : ... mL·asurc uf 

i'icld lcve~ is tile really dii'i icult requirc .. 1L1,t. Direct 1;1.,LJ.uJ:; ot' r'iuJ<.l 

level cca.surt:LJcut ard only uc;curate tu oLout ±. 5 or uvcu .:t. 1U,J. l-'r·1u~i,ly 

tuc uc~i. w.:.thod ut" ;:;ctting u,; t.uc LH.:aw i.; to u:;c i:1c ;:u.1n01utc :>iL~;.:.l! 111i-~tut..\l..I. 

to e.tlju:Jt tt1e (Jr!~.:J~s of' l.llt: c:iv.J.tiu~ ~ .. nu to tucu.:..·tJrc tut.! "''~Il!JI \ 111.,,"J.'t~;' or c .. cu 

co.vlty t.:.tJ~L·n l.u sv .. jUL:llCC tu acttriuinu t.l1c rcqulrcd fiwltl 11.:vi..:J • .. . 
• l I 1 L ,j 

requjru:; e. tncthod of' tnca.sur.iue t11c 11:011u.:.r1Lu.u o!' up to 2Ul> J ... t1V ~.:vL.in:; 1.u 
.(1u). wl thin±. 0.1i~• l'J1e '.i'iuu . .: uf 11.Ligut uuthod of" eht;l"&Y J.1La~Ul"(.,·1t.111.. J.;j 

cnpaUlc .J.a. t11i:z uccurucy if" a t':a.ic:111t patu or 1tout ~u 1!1 l~ u::...:U. 'l'lii;; 11;etu•;d 

require.: ..i cv1 . .;idor::...lilc a.1J1vunt of clt!c1:r•Juic u4uil1!.i1 JJt ui.u ~ ~;~,, c.1u.L..1J' 

dcsit;ll(U ln..:BJ.il U\.:t"ll.ctiu11 ;y:;;lt.:ill aft.ur tue f'l'C..Lt1jt.:ct.Jl'. J~·I~ J .Lt. i..i tJlf~·J l!UJ L 

tu calcu.lat.t..: tul: uctu.:..i.J. t.l1L:r1,.;,.v ~uic. ly. 1..1.'u~ 1.1\.~t •• uu i:; ::u.iLulJl\ iu.1.· ,.1.UJ.t.1·11 

callLtl'litiut, tut l'or ULd1t.l11uuu!.\ 1.:11l.rl:J' 1:.u11.l. tu r11.:.c !).., .1l. o tln.:r 1,1L. t.1 Ull. j ;~ 

¥1C.:Ccicd. Uu<.:: 1:: .... l.li.OU ..i..:;;t.l.lu.se ll. IJ~.~:1"~1'·.111.11~.l. ..Lui~ c,.u.1.LJ r( 11 ~ 1l'11i:; j.il:truu~u:.. 
cou.!.U Uc: cuJ.iLJrntt!u Uy a '.l'.~l.1t:oi' 1''li1;11L 1D·-~:.;u1'J1.11.::11t ;.i1H.i SIJOUl<l r:iaint.s..i..n lt.:.; 

ca.lil.J1·utlo11 ir10.ct'i1 ... .iL1~ly .. • l.i!!.(...uelic 1nu111uut.UL..1 llikJlys1;; i;,: ;....l:;.u LJ0 .. :;1L1lv uui 

exi~~ting resu.!.ts t'rvm v;:1Jeri1t.1t:Ut!; co.rri.~U ·.Jut. iu. t.1,e }{uLo•.:ri'u.cu Ltl1 ... .i·1lL.i:i.J 

l'.~ •• ~. i1uJj,c!11.o th&.t a L'liJn.surcu wowcutUiD uccura.cy Ol' Uut1.cr LtM'.ul !. u._1:- ,.:; 
dlt ricult to acf1levt:. 

Assumirtt~ tJ1ut tl1u pJ1l.l.:Jt:: u!'rOl'S cun l.,tl !.luiuLaiuva t:.i ·o;i 1.H:in t.10~: 

SjJt..:Citlut.l liwit!:o it raay UC ,tlO.'J:;..i..L..le t.:> U!ie n. Ut..:U.IU \J:tcil.t.:11 .·o:..Ohalll C."lV.i.ly 

u.fLer !ju.ch tauk tu JnoniLur t11e l.11 r.rJ. '!'his cavity \'Jr;u..l..a t,;.ivt: a :~J.g11al \.Hici~ 

ouuld rolai;.c tbe cc11troia of tuo uualiJ to tJtt: r.1'. pt~.1..nc.. '.t'u.i!; Jit:t:ll u1..1t 

give tln~ a ... .solute iJllE1;;e or tl,u ucn.w. us it cCJuld uc cul.i~ra.'l.l!U uy :r..1.:a11n 01· 

tbc 'l'imu or .FJ.icht. lil<.:ll.~uru1.1i.:nt a11U tiJl.'J culiUru.tiou ::uu.il•1 rl-'Juuir1 c..111..:"L~ut. 

Aey c ho.11ge in the pha !le o!lcillo. t.iou \'tu vcluugtH t r csu.l L .iu.~~ rru1:1 u c11l.i1~c iu 

r.f. lcvol in tJii.: cavity, ~oula. civq rise t.o a ssLirt or the i.Jc..am centroid. 

'.11huo tue rclc.tivc µ11a~~ wou.Ld. oe Ck'l.intuinaa dw•int; uyuratiun uy su:.i..toL.le 

- 1-. -



.::.dju~t::i:...:ul o.&: tiot.: r.f. 1'i~lu ::U.1plituuc. 

4. i:-'h;L_O~. l.ot.ion ~·-utl '.i.'olL.:ro.11ccs i 11 ttu.! ~(JU WcV Lint·.c 

Ir .t.f = f 
9 

-f in ti.c vhanc of a J.>articlc with respect to the ctt>l.Jle phase 

a.uele, ti1e lincarizt:U c.:4u:!.t..i.u11 for ;:;m:.i.11 ru.1plitutic puaoe osc:.llation:> is given by tl1e 

r1cll i:noi·rn equation! 

•• ~ 4i) 

\·,l1crc t1,e ;.;ul'i'ix !l uc.1otc:3 t •. c µi1:-~0 o>tn.Ulc y:.i.rt.lcic, and all other tcr1ou l1nvc tllcir 

u.;ual ura.uin;_::>. 1.'he n.ccclerutio1J rutc io CJ:!. cos f 
5

• 11' tht.: variatluu of par.:Lmctc1·s 

l~ ns~1..:.t1cl to Ue uu.iaiJu.tlc alu110 tut . .l.in.'.'.lc, t!1t: :;olut.io11 of equation 4i} is ~:.,.vcn 

oy the ,;.,.,J;;. colution: 

n1.t.l 

= 
A 

;.. COG { f.n.ut +ct} 
f (1-p/))//p; ,;; r;in (- f,lJ • ~ 

,; .. i" f l"·o ~ ~a){ ~ 
lt' t .. C' illµUt l-iJ.~t:::it.! aniµli ... uu-.? lu '1'u1..i. 1 is .n.

1 
. 

• .l. 

• • • 11 l l) 

J\1,0 = "1,i/£(1-~jj/»~ ,,;1 s.i11 (-f8)J ~.i. ll~11cc pr, 0 "rr + 1,i 

Lcl-~·1ccn t..:.i.ai.tl r nnu r + 1, c.u11.Jervut..1..u11 01' .t-H4.1.~e ;.>µace c;ivcs 

(ti. "Jl)r,o 
2 

~(A ...!l.)r + 1, i 

.Lt t'UlJ.Ol•S i,.liC.t :..1' £ 
fl 

tuic·. (i.e.~~ l n c011:..;t~;lll lcUI.('. lJ.nU J; in toe output u1uwc11tum. 
n,o 

A 
n,o = ;. . 

, ,J 
( :0 ) 
' 1 . 
\ -.-, 
( "' ' 11 J 

ll11t.:re 11
1 

. i!:i ti.c iuput 1 .. :.i.:1~1.tu:.1 tv '.1.'a1L.: 1. 
,1 

on tlH.: .H.u1.oi1•Jr1·~·r•J lc.U. P.L •..• J, .r;
1 

oC 1.·1(14 

then 

~ = o.11uj J\ • 
n,o 1 ,1 

••• J.iii) 

= G.Uj312 (515 keV, ac 

o.~uo2, _.;.{~ ..c 1.045 J .. e"/;'r:i; 

••• 4 iv) 

greater or 
,J, . 0 

lt•Js Fur lin,.:o.r r.1otion A.
1 

. - 2 ;., · t''-.:1 ,.r1.lly r1. • - 3 ,,I, aJi.tl can oe ,1 f's' 1,1 l"n• 
tt.nn thiz uc:lcnulne on tuc u·~trec: or 1 tllt 1 useJ .:.n tu'] tank. 1''or 'f' B = 2tJ I 3.0d 

i:t.cing ;..1 ,i = T::o ( f s "" )Uo' A1 ,i = 9G o) • 
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A. 
n,o 

4.€. 
). 

.o 
:!:. 4.,:,

0
, f s 

26<,.J ) " ~.uo = = 
~ ·O r ., .o f s 

jOo = 10.41.> = !. .; •. ' , = 

= :!:. ~;>4 • .3 I 1-"11 f s - 4> s F 
= :!:. 4c,.;; .:cV ( 4' 

5 
= <!o0

) 

... 4v) 

kcV: 

••• 4vi) 
= :!:. 54.)<i ,_.,v ( 4' s = ju0

) 

a11u.6€0ut = :!:. 2.015 !tan cf> 
5 

- f
8

, ,. 1.cV. 

Ap/p = :!:, 5.515 \tan+ - ~ I{ x 1u-5, i.e. 

Cunverting tu r.iumeutwn tolcr:i.11t:e c i veu 

(~ 

s • 

:!:. 1 .01 0 x 1 \)-,; 

:!:. 1 • jOj x 10 -.3 
( ., s = 

( ~ s = 

and this compares 1ri th (A p/pi = 

into tile b G~V 1 houstur' A.~.~. 

;:.1.5x1'J-j 

? ••• 4vil) 
) 

A.ssw::ic the lin0-c to l>e corr0ctly nut up auu on tune: i.e. eti.CJi ti.I.lb. tt.."l~ tuc 

correct pha3c velocity, ana the f'icla .u1~u f.'lJ.:J..;J.D iu en.cu tn.u!·: i!3 cui·rect tu ~ive ilH! 

required ouLµut l.lca1,1. ho\'! let tn.n .. ~ r hc~vc a 1·jel.l.l ~rror 

ti,~ cntro.uce, i.e. ,t; ~ :c; ..,. .d t.: (~·:11ure ncc(;l•~1·;ltiu11 r:.te 
r 

couatanl throu~hout t11c huac) unu fl = fJ + 4{1 + 6 • 
s 

equation t'or pnanc uutiuo l!l hL \'J 

d~ [<~f)3 d~ (11.fij + (~rl;.nr~;= <~r);.o.;[!"cotfn -&'} ... 4viii) 
s • r 

wi&ero..ll= f <'Jr e:t:r::in (-ls/"1.w
0

c
2 (~l)~\' b 11.e pll.'.l~e o"cilh.tlo11 nni;uL .. t • 

l'requuncy per wet.re, uuu 4-,AE,&.::irc us::i.WJ~tl :'.3 ••• ~ .. .il • ..'.:}curuJ.hl~ Lo cquutlon Lr vlj..LJ i~ 

syncJU'VUOU!.: p.:J.rt..Lcl~ cnt~r.i11t_;' Laiu~ r · .. il} lt:.;.::~vc it .;.ill. u ~llu..:;t.: error :...!11.t a u!1~:::r.: 

velocity urror c1vcn ~y: 

1 - cu~ ..Cl L 7 , ....!!(.Af) f~ot .h -01..a n.rn.fi L ••• l1L"<) r r u~ ~ Ts :fr r r 

L · t l t of tnnl:. 1'hl~ oudeci motion 1·:ill pi·opac;"tc nloni: 1-1.e hwcc, 'll!t:r~ r l.:.i UC Cll[. u It'.! 

arid tne rc:;.1.11 .. inc t1.mplit..uac or pha:;o 0::1cillatio11 i..l.t tuc output or ti1c liruc iz ;~ivt:n 

\Jy (c.r. 
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,.., ff~:-)~cvt~+ + s~J~(1-cv.;!l.1 ;(,, )~(p 15/~ ) 
- \Mr s r r ( :L/ ( ..I.o!l.) ••• J,·, 

( M"I (P11,o) 
Ao J'Oi1.tcd out in rc1'cro.tea ( 14), oincc cquntion 4 viii) in linear in 4~ the llf1'ect 

of errors is otlditivo, ta1oc IJy tr.r.;c. 'l'o...cin;_;A,;, o t..o oc r.01.s. values for the whole 
,. 
M 

linn.c, nud summinc over t11u tan.t:.s, g..1..vcs 

••• 4xi) 

th 
ln equntiv11 4xi) ,,; is proportionr..l to t11c ncculer:itilln rate :i.i. the r tanl:, 

and (fr)~/2 is evaluat~'<l at tne ou• put of ench tank. 'l'he numt>er of linear phnse 

oscillntions hns been computed for each tanl: for vnlu~n oJ' f s = 26°, 30°, glving: 

i'arJ' Acc. rate (J.:cV/m) 1,¢ ( ~ 
3
:26°) hj6 ( + 

5
:)\)

0
) 

1 1 .6)5 1 .l+b1 1.G1U 

2 1.020 :. .14 2,)2'J 

3 1 .4'.11.i o. -;·l;.b 1.02~ 

4 1 • 211 o.U;t~ • 7'.Jj 

) 1.11.2 {J. ):1~ • 604. 

6 1.0b2 0 .4'.J'.I .4'.l:J 

7 1.060 V.5i4 .407 

/j 1.u45 U.)22 .)50 

}o~\.J.lUC. tj n;; • 4.x•) cqur ... :i.un J. C.i VC!l 

Nuw A.€ 
0 

1.eJ1ce 

A€ = 0 

Convertiug to 

(~l = 

= 

[ 
2 (.i •)2 

2J. 1 E. + ~ cot T 5 ) x [14.168 ( 4> s = 26°) 

14.bOO ( f 
3 

= 30°) 

w11cre 1/H = {t8si11 (- t
3

) )', Li
0
o2(rr)011' e}~· 

6.0421 A.~., ( 4> ~ - :60) 
l 

6.574d A. f T ( +. = _)<Jo) 

L..ouentum toler1\!.ce t;i vc s 

0.62)3 [s2+ 4.2C37 ( ~J>)i~ ~s = 26r; 

0.06932 f 0 2 
+ 3.00 ( ""::')2!i t. = 300 

••• 4xii) 

•• • J..xi ii) 

••• 4.xiv) 

1'he ronclline Y1as annwned to be correctl,1< set up, so tua'• the errors G, CW in 
:: 

equation 4xiv) refer to variations dL1ri111: th" pube, and t'rom pulse to pulse. 
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luj1~ct.i.ou iutv ttH.: 1 i.,_· ~:::.tcr• .~ .. i.;.u. 

A -; 
~ lJC liUt t;rl!at.cr l: 'lT .!, IJ.5 A 1~ • 

p 

l '...! ~· i l' J 

1':,.~1·:.. 

l J. ...... ':..11t1 .. 1..1.1 

V~ !UL'~: ul' 

f" = 2u
0

, 3u
0 

to 

~i:>)'= o,z., nud l'vr 

tn1~·::.e 1.i.?.1i t.~: ~11 !-':.rt~i..:.J:..i..:i;: f,.)r J., 'f:.; 

I J.t1.'...•_·r'f 

'J.'he settiut:; u 1 uuu ca.liur1 .. liJ11 vi' 1.1.e l..i.ru...c liy t. •• 1..; 1.1·~!...i:..>~1..l...: u~·.· vl' t. .... 1.u 0f' 

1'li~~ht. wcti1ou or ul:;CU!i:JCQ J.11 ~cctlou )(t·). 

'l'nc liu.a.c .i~ :;ucu tv LL· iri b t:..1.1:.i~.; u.:: u ... .:.i.1·~tt!r r:111t,; ... ut: .t'r...i ... ')/.;; t'i.t tu /~.j c.a, 

ilnc.l tt1c dr.i;.'t tubt,.. t.i.i..tJ.1.1uter!.i lC01.:·1..<...J1t. ..LH eu..ci. t.-:.1.J~) r·ulli..:llb 1'rvm 1v.~ cm to ~l+ ci.'l. 

Twi.J mt"•tuotls uf cu11to1..rur:tio11 nrc \';t,!}J. .• fi0\"11; 

i) Stlp:.:ra.tc lin:.:r '.ll1U. v~cuui .. ve.·..;el 

li) lutecrul v.:.:c.JWJl vc:::~cl t.fld liu<.:r ir.a·ie l'r"'1;i cuv?er \,;....lltl 31..ccl. 

i 1ue 1'lrat uict.Jiod has L>L·uu tile unt. u.::!0d i11 ~ur:;p(:~.n l~ 1.: c:i, ·;:1, i ""·· L ;: J1:.tutit nll 

lin:1c3 Uuilt iu tuc u.Ll.J~. JH1.ve lti..:en uuilt Lj' t111:. secona. 'i'li 1.: uct1.1ul coet0c of liJ.e 

two ci.in3tructiona ~~ci: very :J.lrriJ.z.r, ns inulcatcd i1i :11..~ct..J.on 2 in C1•!,1µurint.; t.f1c cu::.t 

of Dtructurc with t11e 11.ri~otait: .u1.iS ill,i<:clvl'. '1'!1·~· c1.·.JiCt: ll\..;r< .. i:.: dict.'."lt•.H.i L.Y 1..l.e 

nvnilnbiliiy 01' CO}J,!)"r cl.: u :.J (. t:e 1 (:.' tr.n ~.r1:.J..:!,L 

manun..ott:rer in l:;uro11e, ~I i<J t.v10 iH tt!e u • ..J = l\.. ) t!. 

lilld. tii...: co~t 01· i11(.' ~: Ul"iJ~JJ"! :·ti.: Vi.lCL'llf;~ ;·.j .; L1.:·r.1. 

'l'uu main ndvant:i.tc::. u!' tbc C.Jf:·"'r c.J. u ;,;i,.•.!•.'l c Jl•~'~I'"1CL~1;1i. 1' .... lltJ. l'J.'0:.1 .i.t.;; 

sin1µl~city: liri1·1 Lt1l 1 c ::.iti.:.ir· ~re Hl•:C!..· 1:ii;~lil,Y !.:u1.·~1vrLe:.1 !'r1J~:. •Ji.l..:.;10•.:, l'r•:'..'l1L·!1C.J' •uner3 

move tJJ.l'\JU[;i. 0111,:;" ut1u \',.J..i.J, ~-:Jr.do .. .:; L.J·.11 ;i. t..:•: J.:.r. !· \:!ll :, r: .. 1t. :t::!.:i.l ~11;;~»:ct .. i0u 

oi' cor.lponcllt:l 1..h1ri11r.: opcrnt..lun, .. 1u ~'1.t1·,;.rv~ i~ ex_ os• u i1t t •• 1.: v·:e11a.11 rJ.; Lt.:.~, :.JJtl ti1t' 

ny.st.cm ia cxtr1.:Jt1c1y rlt~id. :J.htl !ll1.;c .. u1i~L!-~lly re!.•ruuL1ciu:0. ~rvm tue v:1CJ.U:11 pu..i.11l. of 

v.iew tl1e copp~r clnt.1 ny~~tcu l:; 11ttr11ct ve !.ilJH .. c t.11~ tot.t:'.l :;•u-.:r~.c· t1r•.:.... c~-::uv~t·U tu 

vncuum is less Li.Jn f:ict,,r- ~· il:."u ttic ::icrH1l'nte v:·cuwn t~._111~ u.111..t li11vr cu11::-1 .. ruc!.~u1!. 

Ttie Iilllin ct.isauvu11tn.~c ic ll1 t11c i.tCCc~J:1.i.llJ.jt:, oi' Cu111pouc1 tr:. .i.'u;. i·u;;; 1.J1t 1Jl;::1 l.·1,r..:r,_;y 

end ol' tJ1e linac it1f, cJr..i.rt tub.:.; n: v1
_ LLir·.1i1ctt-:r!l 11CJt 1ruc11 lunn ti,.~n vu·; t1.1rll i...:1t; 

lint..r U:itu•1f!tcr. lu;;t.a .. J>· .. ivn o:· urltt l11bc.1 \JVulu Le: J~l':'.i..cuJ.t. '.L'.tt·r0 •::v ... jt.l b1· .litt)t: 

room I'ur o. 1.t:H1 to c•JL iu:·.t1e t11c tri.Jlk to du mr-.intc.·11~lllCt1 or c.1-1.·.:.(1li.ll.' vf d.r.-.!'t tuu• J. 

:r'or tk1is renr:un n verj ~J·~~f1 v !Cu1ur1 ~:·.'::tt·::1, p1·01...1C1t . .L:,· v·· ~llf: iv11 pui:!.r-111.--, is e::-~l.t•tiaJ 

for ti1in :;y~tci;i. 

separation of vc.ouur:1 r.i:J i·.r .. >111i~r in\;.,. J .1n r, :-.1111. t~: .... ncc~;,~.!u.ili.t.J 01· c "·'1J11·.!'J1t.,. 



1.;r~...1.Lt.r !1u:.i!!1i1l•: ~f,..:cu 1'I\J1;i l1 • ..: voc".ld . .1.1 ;.h.u.1µ:.... i5 J.'{.:qH.lrt:U.. vil ur :.t ... 1·cu1~· tLl rtusion 

J.Jl.U~ll-'3 cvulu ut: u~cu t.1,ou(Jl oil ulri -..tnlo11 pw.11'.:;; u.rc ,t>re1·crrcJ f:;iUCl' nii:Jier 

tcwJ;craturc i.>al't'lc::: c:.i.n Le uccd, tuus sia.µlif',Yiht t.uc Cl.>olini:: :lJ:.•Lcm. ln cito~r 

ui1'l'u:...j Uh pui.iD, .it is uut j..Ju:..:~..i. lJlc to cliruina le L;:.i,c •. ntrcc.ru.int, curi.:µlcl.Cl)', tll'tl sooner 

or l~tt•r clt..aHit1e; ti!P. structure ucco1.u:::.; 111.:cc:.~sary. 1
l.'lje u~e ot' tticsu t.Jl.wlps is 

u.Uvi:Jai.Jlc ou..ly r;llc1·e tue structul'c c~r: uc upt.:lH.!d \'.l- t:!t:.3lly, uuu t..1oc curup;11H.!ntv ar"' 

acc<:!lf;J 1.tlc. 

J<~.i:Jtj ut,; CUlJih .. r cl.:.id !Jtt.:cl 3tructurc~ are u:~1tle up l'rum aµpro> ir11;;.tely :~ m...:tr ~ 

lenP,tJi tulH.!5 WlteJ. t..v1~t:l1a.:r to .l'ura t.tJc luh,: r1.::.:;011::ul c;J.V.J..tir!~. 111,4L·re lu ~orne 

u.tivr4ula1~e Lu L~ gniued Ly i111..:r;,,:;Jr.J.11t_; t1Jt' ..i..l n::tJJ uf' :;c:cti .. 111 ... to u w (U,y OUl.t wcldln1~ 

t·J 3 m tJecli'>lic) tu rc:Juce l1JC Ji\..Lji.Jc:r of vactJUhl :.!:-'l 1J. r.r. JUlHt.:;. 'l'uu~ u. t.u1.J.: ~1 1 .. ru 

1011::; wuuld iia.1-c ~ j.:.iint!i l1tater1c.i ul' ..'· (lr' tlir! lt·11ctr1 of ~t!.!1..i.011!; ii· iucrea:.t..:d furti~iJr 

t~lt.: r:t.i.U i~ Jlf.J lon,·cr ~I't.:Ut ). J.jx Wl!tr~ lCUf~lJ1~ :l}'I.' µr:. 1Jt.i..caUll' iU t eI'Ul .. 1}(' tr~1il5,(.)0l't• 

ut, t.u toe 11ta) • .i.w1.u.; rl!quir~U Jc11rl1. ut' .~:l11>ut ~i::, 1u. l'hl~ '!!.;\.tnH.1 1 bu\ uvcz·, .J.1 au:J to 

tr:1u:.po1 t ...... J..'i'lou.Ltlc:i, u.1.u it 1u·1y 1,e µr1 .. 1'1:raDlc tu u:;e ~uorter .Lcul;to of t1, 1 ~ ordt.:r 

u1' 1 (' la 8Jll.J tu \/elU. ltH~ lL'llLllt:> l"L.1~tJjur UJl !ii tc. lJrifl tulJc l!JlUlll.1' uLuro :i.11t.1 nli{;BlJIL'flt 

Wulliti ut: .,;i;u~lwr ir1 ~"' h Chf.L !:i 1 t1.uu1:r, <-Xt~~! !.1.lrc11t_;the·,l1ic l'J.lJ~ for tilt? COpper Clud 

Y('$:J(".1 niaj' l•t.: li!!ctlcd tu J•r·r vc:1L i...1i..!.;t ... 1l'li.LJ1, .:.11,11 rni:.;al..i.;~1t1nt:H1t, uuucr vacuu '• 

Cun\. t·:.:t..!1i·~t··:; 11~ vc t ... ·t..'1 •. _·u 1.::~11 ... ·u rv1· t11t! t\·1u mcthud:; ul' cor:~t.ruct.i 1 \,.i..tH 

t1.t.J.l' rclt:V~z11t v .cuu1.1 :· . .,, .·li 1.1~. 11: t·.o~ •• c:..:!H: L!.c cv:..:t uf' ti1e :.1lruct.ure i:.; :3i.Jn1lur, 

t!1ou ··1 t1.0•1·c: ! ·!:•' u,~ n Jc..ct;t.: u;llvl'•.:.i·<· .i.11 t.r~111..it.iort::1.t..i.v11 C•Jsts: 

\U.) V::~. 'J.1:.111-., 1Jlkl" C 1 .. itJ."Ul.!1.:vi1 \.;l~t.: ..:·.C.:l1v11 .·} 

V .c. !;.' !:i...t!n: · Jl u ... ~·f. ~...U11J. ..... 1~1u.1 ;_-,jt .. 11.1.. 1;;:.:..i 

tJt•JJu:;t !Jl.JJ .. ~j~.; 1J1t;.J..UU. 111 : ~.1I'cLy '1.llt.J C1Jutrul -.:.;f:.tem. 

11' 1·t..n:;pu rt 

\o) 111t<;1:ra1 Cu-cl::d :;tr:.:rl vao. t.tin.::. :.i11a lin•'l' \ .... L'.; .:•·l· ... 11111 £) 
l/:1c. ~:, :'tf':u: V··r1u1. 1,u:.:J:, ~·1·J.1., ""j., r ... i.n:.ry, I ..u.1p:: 
::>ccu111ia1·_y, 'l'uru1nolr>ciil«r, ;Hu.;1p~;; 111clui.Jjnr, ~:.tl'ety :ual 

c0r1t r.-,1 c.y :~t.t>m. 

'l'ra11:::µl>rt 

£ 

157 ,uw 
'I 
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? 

lt i:; clear t.Jin.t f1,I'! :.;ccutid. 5yote1;1 r.-v.l.2.t.. ir1crtH1se t.tie tutn.l cu:;t ;~iv~u ..i..n 

.;t•ut.i.un 2 Ly rd_,t1ut ~i~. h.i''.:1l11~t tHi5 incri:.:.r.;.c, ..i..u, in1.er-alia, tne cleo.ruJ.f!!.f..::i c:11 the 

vneuuu, :i .. •,.rs1·er1, nuct. be-rice i11creased re1ir.:.ui.1it.y. lt mip;t1t l.>f! a cumpromi:Je 1JOl.t1L..i..uu 

t1 lil\ve ti.fl 1'.i.rst, :u;a J ... !'1.1q..1.s aecund, tfl111· t..ullt 011 the sepur"'t~d sy~te1G., where 

acc~~;:;iui..1.ity to waint.tlJl1 dr.it't t.•.U..i')s (L·.r.• J'l .i!:.h . ..1..HC ui'tt!r multitHict·::.r duma1.cJ i~ 

de!l1rnui.e, .::nu." t.n,. rem·1.1.1:orr ul t1H! l..llit~c uu1lt 'Jf'i11r, cc..µµer clau steel • 

. , .' . ' 



drift tubes nrc rir,ht cylinoer~ or cuu.:;.;tu.ut. u_nr;1l!t.t'r iu a :..r~u;~; t'f coi.ut~i.t o.pcrt1.1re 1 

inner arau outer pro1•i1e rn\li.i a.J..url.t~ tn.t? wil'Jlc lin~;c. h.lt.c1·,w.tivf.: :.;i,c::.,_1i.:.o, c.t;. 

ellip&oidc.l drift tubes, er 'C.:uri:ltof•i1o~ 1 d1·l1't t:ti.>1'.J :4:.i uh ti1c 1.iro·.>'.:ha.vun AG-3 

aud ArBonne !.'..GS injcctv;•s,clluld IJe userl 1 ·uM.i. t•:tY t;lve :.1:a·.:;ir.a1Jy better vcil·icu ot' 

shunt impedance, nnd hei.cc r·J$t t":ct.;,r. ~'ue u~c of ri;;l.t c,)"1i.nder Jr~l't tuues 

S\188e:Sted here hun twn arivnutr-'ceu l) moct5r.n..i0al ~i.t:!t-- lici ty, !:O t;~nt rrt.:..1~~rd tt·tJ;ilatcs 

o.rld fon.i.~rs could bo used. ('!this ndvw1-::nge i:; small since tiH: co~t ui· pro1i.lius is 

unly nl>out ~ the total co:;t of' lnc drif l.ubc); ii) qutuiru,,..,.!.e~ ot' s-..1md:...ru "•"" 

(u.e;. croo:J-sf!ctiQn) cuulu l.Je U!"e(J. 'l'ile maj0r pnrt cf t1~0 co~t 01 ... tho dJ•ift tubt:=s 

is fa.tJt·icll.tion ur.d enc:i!,~;ul;.till(; i1ua1Jru~'ilt":;.. l.n the t. ... to.l u11..1.r.ufnct.ure ul' u.i.;.out 

25L drit1i tubt.:~, str.n1.t:~rctis~t.Lon iu tJ,t! r.~cci,,;.;.nical de~ig11 vt• qu: ... drupolcs cvuld u1~n . .ieve 

couaideri.IJ le sa v .i.tic. 

6. Jo:1ch.in" ke l.i.1ibilit.1 

The t..:1tal percaniut;e OfH:rn ti ur. lime o.cuicv\!t.i Oy a1~ lii0\J11i111! i :< U~iH .. !uU.1.:ut u~un 

a lnrge 11umber ct" 1"n.ctoru, !ld!llt! o:· wi1ich ar~ ::.r1'cct.c.1 l:Y t11n tie.Ji.ru a.nu !:!iuui.turihg 

1'eCltures 01° the UlU.Ctiillce 111 1n·1;.j C!i;itJ:J1 v1iti1 t:ot.iU 1a ... r1it•.,J.':1~: fn.ci!i lit!~t .i l j~ 

posn.iule to prc<Jjct tue 011-set ot' h. t'u..1.it C-td',;1·,, it. L:.; ... · ... rf .;.cr.tly l~UV!11iccJ t.; 

cuuse lout time. lutu t1,is cat.e1~urs l':tlJn Mihvl' vucuu.1n ;uui ~ttl.t-r ltuU.:1, [i}inor r.r. 

11rcinc, .fal.t. url' in eu:.in 3lon or t.h<~ r .1·. n:: 1;l ~ri t:l' .1 unu u tbl·r e 1 cr:trvnic equiprat:r.t, 

and lo-B:J ot• tJl~Jtun curre11t au" t.lJ tr01J1Jlf" iu t 11e ion !::.uurce. 

~ven ta1oucu udeq1.1n t" 1:.ouiL~J1•iJJ1" l R :1 vn . l ·• LJ 1 e:, ;; Jiae l.. .r tr1 • ti. Liv" e t'i.tul ts \'ri 11 

lenu tu lo..:r; of 0!1r:1 ... tttup ~~r.H· nhct .:3J!l:e wlll .i1iev.i'..nlily uevt~lJy .l.li~-..> 1:,vre llib.jor 

occureucie:i. 

1'.::~tJCTl.t!OCe on the Ru.t.bert'ord Lai..uratur.;· r'rut·::n Liru·u.r Acce.l •_,1-..i.l or i.:t tHnt., t'ur 

a three tn1i!: l!lUC1tinc p1u:: r.'XJ·t:?r.U:ie1.tti.l area t';1r.~litlc:.i, 1J~t'C(·!1tuce upcr:i.t.in~~ t~r.te:; 

of' up to 9;;;·: are po~slllle over .Pi.·riud of t.wo to t'vur ~·1c~,:;-; -.:.d nti i:vi:-1"r1,;e C'Jl•t~:ili 

pt.:rCcfJtal,je in CXCC~3 Ot' (,l4~ is 1'casible. (Rt!CCJ:t. c.x;,er.Lel1CC ;·,.~ tfl t.u.i.:> :D!~CL.~Ht! i:; tl1:!t1 

for a six m1Juth!l µl:riod, overall up4'rn.t.ir"'~ ti•·rc~11tn.,·~t:3 i11 oxcf!s~ of ~u, .. u:.vi:!' becr.1 

achieved. 1.1his :t'igure, iu t'uct i1•cl111J~:1 n om•: ti::,,~ .lunt. f:;r t.u1: i'->1.:iz·izeJ J:'rotwJ;. 

Suurce, tlliJich oJ' oourse wi 1.1 not L•e u.:'!n on tIH~ new r.i; ctd. n~.) 

TJie ~.I,.A. ia quil.e o. /!OOd mooel f<l!" Lue linnc C.Jrtsid~rcd here s1ncn, ultl1ou;~h 

it ia a hit:ll duty cyclt? 1.iachlne (~~ c<.1l!l!it red \ri t.i1 abuut u.1;1.1) tne u.v~rar,c power 

levels per cavity• includ i 11g b.:W11 po1rnr, ,. .. ,.. ::i1 .. ll :.1· (nbout :>11 hll comp•1·e.J flitn 10 

kW). The d.esig.1 of qua...;rupuks rwd cnolir:/: rnr t!u• cnv:ities will i,., ''"sier t\>r the 

linac, but the r.r. ry~tem will be mc..re cvmpl<"X t•> o!'l'-s<'t t11i.s. 

Tl,A lleve.nt faults wllich hnve occurred on l11~ hul'1<,.rt'urd LaborAtory P.L.A. 

duriJ!a 1962 aud 1 ~63 are analysed in app~r.dix b. ~'r1•1ii t lir. l'ii;ures presented it is 
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1 
por.aii>lc tti 111:...e w. extrapolation t'or the linao considered here. Fault figures tor 

i>ea.:i line3, uc1ML.ng mabneta and quo.drupoles are included aa being representative ot 
ti1e beam trun:iport systei.'" The lost time due to 11&jor faults mentioned in appendix b 

will not lie included in the extni.poletion, but rrlll be included in the onrall total. 

Ti1e pcrcentage11 of tiale lost due to major faults for 1962 (1963) •• 2.1~ (2.1.\iit). 
1'he Injector, Bunoher, Maina Ser'ficea, Anoill.Lry Bquipaent, Beu transport 8,Jat. 

and Comi"n llrin System are all items whillh are repeated for the 11.nao in a aillilar 

f.,rm t,., the .Ruth~r1'urd Laboratory P.L.A. Tll11refore the fault time for these ite11111 

ill tut.:illuc separatel,y. The percentace of time lost on these items for 1962 (1963) 
Y,US 6,;,:,; (4,...,..). 

fh" total fault ti.me for the three t.anks ot' the Rutherford Laboratory P.L.A. 

ia multiplied by a fact.or of 8/3 for the eight tank li.nao to give the effective 

percenta6e of tim~ lost for 196~ (1963) as 26.(00 (16.~). 
Thus on this basis the total percentage of experim~ntal time to be expected on 

the "it;h1. talll; linac 1'or 1962 (1963) is 65.1~~ (76.~). 

It ia probable t 11at on the bicc:cr mo.chine, "ith a relir..bility co111po.rable to ti.D.t 

01' tho P.L.A. !'or 19631 a O"Cater nWllbcr of t'aults •dll occur toi;ether, so ti1o11t tile 

t'icure oi' {Ut; may well bP increased to about ~; or even Id.sher. It should be possible 

\laing known and tested components to achieve this order of reliability within the first 

year of operation of the .• ew machine. 

In 001111Aon with 11Y.iating machines, the injector linac w~uld bucome more reliable 

aa the operating staff beco111e more s"illed in diagnosiillJ or even preventin6 faults. 

The over,.11 reliability i. very de.,eudent upon the rating ot' individual components 

compared Hi th uw...r mu:dmU!:l ratinc. Exp~ricnce 111:>0 indicates tl""t electronic 

"<luipment overate~ more rellubl,y il' tile arubient temparo.ture doas not exceed 25°c. 

1'herefore, subjuct to the~e requir"w"nt s, perco1.tace reliability of th" order of' &~ 

could reasonably be expected 1n thin the t'~r:it tl'IO yearn of opuration. 

7. Conclusiong 

The bllsic criteria in ti1e desicn c;f\ a proton linear accelerator have been 

establisueu. ln particular, the bal:rnce bi:tween sh1..nt impedance a.nd r.1'. volta.ge 

breakdown a.t 1.l•a required operatint: frequency has been t'onnulo.ted to give a cost 

optimum. 111 th" 20L l.eV lnJector Lina.c design considered, the accur:icy cla.1111ed i:i to 

rrlthin 5-1u,., bo~b in cus1:inll nnd dimensionnl cnlculation, A practic3l r.1'. syst.ea 
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deail;J! lui:i been ginn, which by U:JC of .• :..1 uvailo.blc modulator po•or, achieves a 

oonlider.ble shortening ot t1ie total r.f. pulse length, with resulting reduction in 

dut;y qole, and benoe coat. l'urlher, reliability of operation ot the order of 8~ 

can be reaaollll.bq expected within two years of commiasiordnt;. 

Clearly auoh detailed work reCl!ino. l'ocuoillb requirements must be studied. 

Detailod dillenaional data muat be found uy computntion 1L11d model meaa-onts. The 

preoiae -tohing ot the r.f. source to the system will depend on the particular 

aapl.:1.N.er used, and will a1'1'eot t.he final pulse length (to within ;t. 1~ ot tho -.aluea 

quoted). The aetbods of oalibratio11, control, and monitoring need much more detailed 

stu4;y. K?re ~cal calculation will give an accurate prediction ot the linao 

pertormanJ• i'he tllndamentel pr.;blem of the et'fcot ot low energy Telooity int he 

structure on axial field diatribution, and heace on bea "ion, under pulse and 

heav beaa loading oonditiorui needs etuciy. (Possible aolutiona· are the uae ot 
multiple feeds, and a structure with high group velocity) • .AlternatiTea to tile 

Alvares structure are worth invest.i..sation, particuln.rq in Tin ot high group 

velocity as well as good shunt impedllnce. 'l'he Crossed-Bar Structure, which does 

ban theae features, and also good bandwidt11, and r.f, breakdown oapability,ia at 

present being inveatignted to this end. 
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.lpp9M11..A. 

Int he deair.n ot' a Tank 1 covcrint; so :;~1:ill nn energy r.:.use (U.!i to 5 J.ieV), 

the requironcn1.s ut' r,ood bca.11 OylULl!lica (i.e. good yh:>::e 1md radial 11cce11t<111ce, 

good output beam) are wore important than econuai.y. ln particular tho drit"t tubas 

aust be deaigned for the :il- a bi.Li ty to bou:;e a prncticable qu11dr.;pclo aystem with 

11ut't'icient aperture rather thar. for, 11ay, optimWD shunt impedance. J'Urtl1er it lia• 

been the uperience on moat lino.ca that ti1~ low eneri;y cell:i have Ileen the most 

troublesome in tcnu1 of multipactor nnd apnrk broa.kdown, so thnt ~.occsal!Jility 

tor caay mv.intcnance ia a very de:iirable feature. The new TIUll: 1 (0.5 to 10 MeV} 

of the Rutherford Labo ... tory i'.L.A. ims Leon doaii:ned with tneae foaturoa in mind, 

( 6, 1'or fuller detail::) ror which thi." T:mk 1 for this preaent deaisn could be tal:en. 

l t h:>s tt.o foll 1miric; pa1•1)mcters : 

= O.b~ , d/Jr\ =. 0.121 

.. o.m4~3, r /).. • 0.0131 (= half length of 1 at drift tube) 
0 

= .2J3 - .277 (at 5 iieV) 

Polarity n = 2, .radinl wnve number JI = 11/2 

Bffectlve mnsnet ;,:ro.dient G = k ~-u, 1.2 ' m ' 1.G 

The dri.t"t tut>e nperture baa i.>een cho:un accordins to tho equation 

a : o.650920 + 0.0475~() Ii - 0.001104 r1 2 + 0.000006 N} (N is no of cell) A) 

'•'he variation of 11.perture accurdifld tu A) reaults in a ncnrly t'lat axial field, 

tbua enaolil16 easy settill{l-up ot· tho tank. 

The distribution rmd ampl.ltudc of the K-field over the 11ur1'11ce of the drift 

tuboa lllla been 11tudied usinc a "'°'.1gc; si.apod electrolytic tank. Two maxima were 

found 1 n eacu drif't tube surt'ace, o.t poaitiom: roughly 11here tho prot'ile rndii 

blend£d into tho t1r'.it't tube t'lats. Curvoa ot' Ji: (maxilllw.a surt'ace t'ield) and E • & 
(11ean axial t'.i.eld) a.re allown in t'isure 13. It oan be seen that, for an aocelerntion 

rate 1•704 wV/a, no surface field greater than 12.8 l&'V/m, at tile i111.er iro:t'ile 

ra4iua of drift tube number 1, ia to be expected. (In the c0111plete 10 lieV deaisr•, 

the value or E (irinur) is seen to decrease, whilst B (outer) incrcasea, boaoming • • 
drwioont at about 6.5 li:eV). A report on the Redeaign ot' the Ruthert'ord Labo1·ntory 

Tank 1 ia to be published. 
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lg.ult nm1xrip t'or !Jae .kul.J1er1"01\l Lp.L>orntgr;y .P.L,A. 

The ovoroll ope;ratill{; ti;:ioa fur each i;outa nre sho1111 aa percont&t;c::i ot aoilOduled 

ti11&e iu :Pit;ur• 4.. 1'he lil<ICIJ'iuo op01-atcs on a 11ciiedulo ol' i.en dG,l'a 1'or o.:.pcrimont, 

fellowed by four dti,y11 l'or hl:i.ch.ino 111:.intcnnnoo and installation of' exporillontal 

equip11ont. On alturn:i.te lllllintcm:moo p.:rioda two d.a,ys are set aaido tor t eating of' 

now oquipaent, and qat•• ohec:Ka. In addition, it ia aometiaea poaaible to operate I parta of tlle 11acilino overnit;ht 1il;rine tho: maintenance period•• T!1e laat tnlYe hollra, 

! overnight, ot' arGt maintonaucc pc:riod ill utiliaed to rwi up and optiaiao the aachine 
;l· 

in preparation t'or 011 oxporlmontal run. lr1 additior., Ii.urine 1962~3 aome 17 houra 

l of achcduled t:il!lc iras used 1'.>r calibration aud optiwbotion of tho maobine. fhia I time rllll be ooducted from th" overall total t'or our oat:!Jllate:i. Somo time which •• 

l lost duo w t'aulta in cquipl'lcnt asuociatcd with the exporacntal p~ baa Alao 

boon counted in the publi~;..,.,1 1'i(;urc:i 1'ur tnu }'.L.A. Thi11 t.i.1110 will also be omitted 

I 
I 

t'roll our calculatioNJ. 

A lone 4-t wo..ik :iuut l'ur ini:1.:.l.lni.1.u11 ot" major i t0L111 01' 11c:w equip14ent is u11u:i.lly 

sohcd.ulc:d to include ;>optt:llllJ<.>r 01· co.oi. year. 

The faulta onc11untcrcd on tho r.L.i<. IJ.l'O 
;§! 

low:-
(a) Pre-injector 

i.:.i..'.1'. platf'ol'lll and. ion aource {includi~ power auppliea, 
cabline controls and :is.n.~·. "t'l.Ash over") 
llono%'Qto1·, altol'n:ltor, platform blowers and gun 
rooiatora. 

Vaouua and coolin1; ayate11111. 

Total for Pre-inJt1otor = 127 t10ura 

(b) hunober 

Total t'or Bunoher = 6 hours 

~otal 

(o) General Services (compressed air, water, ref:rigol'fltion 
and main olcotrioity supply failureo). 

Total for General Services = 72 hours 

(d) Run-up and calibration period.a 

Total tor Run-up and calibration = 4.1 hours 

(o) Anolllary };quipmeut 

llo11di11g magnete, quad.rupolea, 
suppliua t'or buwu lim:s, r11A0Le controls and 1110nitori11g 
iuolu&llng t:10 maater tril,l~er unit 

llcaui lint! •1aouW11 system 
1'xporimental equipment 

~'otal 

1962 

53 

16 
4. -

73 

3 

39 

27 
10 
17 

44. 

1963 

.53 

16 
5 

54. -

' 
33 

}O 

2 
HJ -
50 - -

hour a 

hours 
hours 

hours 

hour a 

hours 

houra 

hours 

hours 
hours 



t I 
i 1';'u2 1 :;.6.) 
;· '.tut.al l'ur ancillary equip1Aont c;.cluJ....nc 

f ~11crJJ11Ct1t11l equipment raulh = 6:;i hours 

' (t) Low .l'UIOor J>ri Ye '. 

i fowcir :iuppHoo a1al r.t. Tsl't'e repkoo:nent (including 

\ 
111Udula.tora, ;iri?l.r.iry trequu11qy soJroe, t'requenc,y 1:111ltiplier 
chain, sui:J...n0<lulutoro, ov .. rloau protuotion, o .. ntruls a.1id 

l 
oaliliu~). 8~ 51 houri 

C:;i-uiu.l liuc:i 0 2 hours - -
T.:>t:i.l ti9 5.) hours 

I Tota.l ror Low Puwer Dri't'e • 11+2 hours 
(g) l'owor Di tid:i.nc Hetwor!c ( .l.nolUtlea ooa.xial line atteuuat.:>rs 1 

phase shit'ters and ater loads) 13 1.) hours 

Total 1'or l'ower Divid.in6 Netwuri; = 26 hours 
(b) llii.;h l'owel" Dri H 

Power supplies (inollld1Jl8 llOdulators, sub llOdulator, 
controls, oTerload protection a.nd cabling) • 32 45 hours 

Grollllll-1 gricl triode ampl.i.f'ier 20 8 hours 
Cou:ial lines. ,.. 0 hours - -

Total 56 53 hours 
I - -
1 

Total tor li:ieh fbwer DriTe • 109 hours. 

(i) '.L'uk 1 
t Power supplies (incl .. ding 110dulator, sub •odulator, . oontrola, cnrload protection and cabling) 25 16 hours } 
!i Groundod grid triode 1.111plifier 55 64 hours 
l VaoUU11 a.nd ooolinc oirouits. 17 148 hours 
~ 

' Ancillarieo (includill6 coaxial lines, Panuiay -·-cups~ 

i vacuum window aas11111b1y and tilt :u1d frequency tW10r:1). 2U 16 hour:i -fl '.l.'ota.l 125 244 hours 

I 
- -

T1.1tal tor T&Jlk 1 = .)ti9 hours 

<-'> Tank 2 
Power supplies (includill6 •odu~tor, sub-aodulator, 

c1.1ntrols, oTorlcad protection a.nd cabling) 175 23 hours 
Grounded crid triode amplifiers 52 47 hours 
Vaou- and oooling circuits 4 58 hours 
Ancillaries ( inoluding ooaxi1'1 lines, Parr.day cups, 

ncuW1 window aaaewb.ly aml tilt nnd frequency tuners). 44 3 hours - -
Tota~ 275 131 hours 

~otri.1 tor Tllnk 2 = 406 hours -

------



, 
(le) Tank .3 

Power aupplie' ( iiloludillt; 110 dula tor, • ub-.odula tor, 
oontrola, oTerload protection and oablinc) • · 

Qroumed. sri.4 triod• uplitiv• 
Yacum &Ill ooolillg oiroui ta 

Alloillarioa (inolud:i.ng oouial linea, 1a""4q oupa, •­
willdow aaa.abl;r &114 tilt and t'roqueno7 twiera). 

Total tor Tank .3 • .320 boura 

Total tault tiae tor 1962 • 930 boura 

Total acbeduled uporiaontal tillo • 5040 hours 

Poroen~• ot aohed.uled till• 
aTailablo tor ezperiAent 

Total fault ti110 tor 1963 

Total sohedulod oxporillental tiae 

Poroontago of sohedulod time 
a'fllilo.ble tor oxport.ent. 

= 782 bo11ra 

• 51.65 ho11ra 

" 85.6 ~ 

Total 

ao 26 bollra 
s .56 bo11r• 

90 5 bo11rs 

'' 25 boun - -208 112 lmura - -

Hoto: Thea• peroontagea aro gr:-oator thlln tho publiahed ones (11t) duo to tho cmiuion 

ot t11lo lost on tho polarised proton aouroo .tiioh ia, of 0011rse, not roloTant 

to tho applioation oonaidored hero. 

There are notable illprovemont1 in aocao of tho figurH tor 1963 it compared wi.th 

tho oorreapondint!I onea for 1962. During 1962-63 111provemonta were aado to tho 

t'requonoy tuner drive ayctem and oontrola reaulting in 111.1oh lower t"igurH t'or 1963. 

The ignitron switoh tubes tor the modulatora tor tank• 2 and .3 and, 110re .reoontly, 

Tank 1, and tho high Power Drive, i.n beenroplaoed by new douteriia tqyratrona with 

reaultini; improTement in tnult tiao. lllprovemonta have also been 114do to tho grid 

oontrol oirouitry ot tho exoitron power auppliea tor these 110dulatora. However, thia 

reduotion in fault tiao baa, to aome extent, been ott-set by •tor lellka in tho 

ooollng oirouita of Tank 1 and Tank 2 which gave rise to an onrall lo1a ot 150 boura. 

Cocaparai>lo loaaes for 1962 totalled 105 bo11ra. It ia poaaiblo that tho t'iguroa for 

\ grounded grid triode valve replacement would bo bettered in aMlllUJlll 1&1ing aealocl of'f 

\ 'flllvea, but they 11a,y be off-1et by taulta in tho extenial oirouitr,y and 110ro 

J 

oompliaatod oontrol oirouita. The average time tor a 'lal.Ta change inolulling I""~ up 

• :e ~:::a:~:· .::e:7 t:u:::io::~:o:~~.:: ~::.t:;r .::: ::: :p::.::~:. ~: in 

repaired "in aitu.• Currently a vaho cha.nge tllkea between 8 and 10 hours. 

Comparing t.ho total number of faulta recorded •f 819 :lJl 1962 with the 383 of 



1 ;,·:~ j t i~ :iu .. u thnt t1 • .., p~rcei.tni;cs oi" lo~t t.iL1., tiu uut ucar n ulreot roluUonaiiip 

t.v t.110 wtal:.1 for lo:;\. t.iuac. 'l'uis ill L1>cause l'aultn du not ll.lway:; oi.uur ~.ir.,;l,y. 

'1'111.; nwnbr,r ul" l'auhs hvvl v~n1; two or more i tcu1s vas 1 b!1 in 1 !i62, cump:lred with 29 

iu 1 :fbJ, t11e tut:J.J. nw.1ber OI' fa11J.ta illClUdOd in these t'it.'UreS UCl!IG 5.51. Clid b1 

rcs.,c.ctj ve.J.y. '.l'ii• rcJ'•.l'e tue ef1'cctive number ot taulta wcs 4.50 i'ur 1!ib2 t.nd 551 for 

1 ::.ti.So :1'11ese nw~bcr:; are in i:;ood ai;;reeiaont vi th the perceritagea siven in aeotion 6. 

I 
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