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DLS1GIT UF 4 rlaoH CuRICSY 200 eV PROTCE Lufiak ACCELERATUR

1. inlruoductiorn

Tue desipn of a bipn current high energy protcn linear aecelerator wust tuke
into accounl coveral reguircients, not deust ot wnich is tne balance betucen custs
of' tue linae proper a.ad orlthc rWl'e sy-~lecu. This repori deseribes ine process of
T.auany; biie opilmwn reralion belveen tiie Lvo to cbtain the overall deuizgn; Luen
ulscuases ~opwcis O tue Tul's sysleow (particutarly suere tuere is heavy beam 1oadin5),
tuolcrancus, and mecnanleal prowlo.s.

Tue particulur wesigo deseriven 18 T'or wne 20U KMeV linac pre-injector for the
300 GeV A.G.>. proposed vy C.n.fuan, dngection into tiads machine can be aculeved 1n

suverad ays, of waicn two s ve receivea deteliled study {(1):

200 eV pre-injector, 3 64V linar . 300 GeV A.G.3. i)

200 MeV pre-injector, O Gev "Looster” A.G.3., 300 GeV A..u. ii)

The requircuents tor the 200 heV pre-injoector linac are essentially similur
in totn ses, though tue perticulur exreple vescrived in tuls report applivs teo the
second crse. 1t has the fullowiny cnaructeristics {detormined mainly by the injectiunm

requiresents into tne 6 ueV "booster” h.i.S.):

Opeorutling Frequency 2ul ke/s

H.F. pulse length, repetition rate, duty cycle Lups, éﬁc/s, Uaifo
Finel Encrgy 204 ey

liwober of Yanks B

Total r.f'. power and Lemu power per taw: (100mA lean) 5 L\

kean stable phase angle 267 )

Rodial zimittance 1ULx1U—b MelOda
Practical oierance on E-ricid, and puwse O.Zﬂ, U.h0
womantum Yolerance ot zul LeV + 0157

woweniwn gitter + U.Ohe

It gues almost walnoudl saving thot the wajor reguiresment tor the linac is
resiability in operation: clrarly taat part of tne machine whose cost is only about
25 or the wiole must not be the cause or too muny Lreukdowns. bxpsrience guincg on
the existing 50 heV P.lL.a. at the Hutnerrord Levoratory suggests that vy conscovatlive
rating o1 components (voth o tne linue itsell and on tue r.t, systew) o aigh
percentape reliabitity ot tne order BU=5'%c can ot reasorcbly crpectud.

a Lentat;ve layout of tne linwe is zsweown in fipures 1 and 2. Figure t ouiwws
also tne outlines or an experimentul avres (conlaining 8lso somu L. BN LU

Lepi-rat s, vegfe LiRL=r=10), nt), e v o "wroster™ AJG.S., ane oo woar LU eV




A.G.3.. Figure 2 snows a possitle iuyout for twe linae itsedf (witn its vacuun pumps,
focusing cquipment, wonitvring univs) anu tac 1.1, systew (pover poco, wodulitors,
wliplifiers) in scparcve tunnmels., Hipn rot'e power ic red directly turough t-
shilelding wall in lines to ve dopl as suorl as pessiule Por reasons ol puod r,t,
build-up in the cavities, Lu ve aiscusscu luter, Tue use of sepurate Lannels, though
vapensive, is consiacered vorthohile, sinee suwme luenl cuntrvl anu nainlononec of

tie r.t'. system can be done whilst tue linae is operating.

~

2 Cust Cplimication in i Desija ol tue Linte

The costs ot 4 1inace instollation cen be diviwed into three linds: tixeud custs,
cuchi ac ter bulldinss, centrol roum, sre-ingjector, etc., wiich are essentialy)
inuepohuent of tae lenpth und pover of the linnc; capital cost - acsoclated dircctly
wilhy tue linre itocear; and maintenoance cusls, YThege last two must oo Laoen into

accuuih i cust optuddcation, ana can ve apportioned tous:

Carilnl Custs Yearly Hunniiig: Couusty

EP: Lust per unit ol r.t'. Lopee pouer Ef': Cozl per unit of 1.1,
inchudonyg valves, pu saturs, Lines, compoucul replocemind,
supulies, and ¢ ontrelo. including valves; anu wice-

triciiy oupplics.

QL: CuLt per wdt lengstn ol strucuware, QL' Cost ~er unit len;tn tur
including rveussn,, “rouwa, uwiamn bines, struciure waintusinee, Cat.
aud Lunfuss prouct, PUiDsa
P L,‘P, C}" N UL, C.L-‘ Lughes e eosivebiooly snds ponuehl ol o e Glicare Wi Cr

Lorms vy wesserdent on Juty oy ede, wat over reasomnble fimile, toe € Lerns “re o,
- i
al Lre cioen duty eycie toe total couct T'ur Lo linae can oo vrilten:

U:\.Ct_-rc

l ' * e ¢
3 Ik 4+ (CL o JL Y

F
pnere Poas Lhe Lolel rat. pogs. poeer, amg Lods L T, Lo of toe Liscc.
P oope L oore rodobod oy
by s

}- - V /’[l‘ “a e .ll)
whers Voo Lot urolon wneryy ¢iain, ong M is the effective saunt impedance o widt
lengih of tiw structure {l.e. including lomy; tuiinal tronsit tiee 10 cor TO, ana
glavle piise angle én). wilh egunlion 2ii), eguation 21) can easily b mlnauires

to pive (?):

o 3
bogy =V (¢ * ©p) 3
(.. ERE
E Lt J}

acceleration rate, n, = V/Lopt
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Tav Lqudiluns a} holy providing i) tne r.r. freyuency can Le Chosel iz enough

Galiils

e uvt 1y voltage ourew.auwn, 1i) reocusinge 1s procticuvle -t the cuvson rrbqucrmy,iii)
r.V. wveowr suurced are aveitotles At o rpecilied frequuency ol opulativt, as in the
CiLL diduudsed hhore, Lhe vuilaie brerduovn Griteriun, anu ifocusing reuvuiruvuent must
be includ-d tu give ou vetiwised pructacable Jesign.

Tne flvarez structure is coumposed of unit cells wnoge geometry is shown in
tigure 3. Toe drift tubes are taien to be of cunvertionnl shape, L.e. roght cylinders
with protiled face as suuwn (alternative suapes are discussed brierly later).

i) Since tne drift tubes must coutain quedrupoles, a lower limit must be sct
to eir diareters: at 20U Le/s tiis i3 taxen to be uﬁa 't U.1. Tne drif't tube bores
must all.w rur beuw radisl vwittlance, and misalignments. A bore d1/9\ = U,L26
{i.e. as on the Hutuerfure Laburstory P.L.A.) tor all tanis excent Taw. 1 is

cunsidercd adeguuate.

ii) T. avoid voltage ureaxdown, the maximwn electric ficld gra.ient at the surtace

of tue urirt tube wust wot te greater trhan 14 W//m a*t the operuting trequency cf
20U kc/s. Tuis condition, knowa ususlly as Lilpatriex's Criteriou at 20U hefs,
Ewux *' t4.7 bW/, is most important in tne reiiable operation of the lincc. &y the
conservative cuoice thot Emax = 14 LV/w, rother tuan 14.7 LWVW/m given by silpatrick's
Criterion (which i3 itselt generslly regarded as o prssimistic estimete), opcratiuvn
free uf voltage vredaizdown can be expecteda

Let Eo be the clectric tiela across tne gep, g, «nd let LB be tue waximuwg sar'e
clectric ticld that cazu exist st tne surface of the drift tube (tne maximum {icld
usuvally occurs at ti o gundtion of the cuter prutile radius amd the drift tube flat).
Let

EO/J:‘.S = ol aee 2iii)
Some vaiues for ef are given vy wilkins (3) ®or cells of constant protile Tadii,

Tue acce.eration rate t'or the structure can be written

K = (V/L) = {g/L) R cosé g = {2/L) o ‘I.‘QES cos # . eos 2iv)




(c, + CH')(GL v e A)

Tie cyuailves o) hold proviadng i) tne r.r. freguency caa LU CouOstn tipn enougly
1o avi'd voltags vrem.auvn, 1i) rocusing 1s proeticadle Lt tic enuso i‘ruuut:cy‘iii)
r.¥. voier suurees are availetle, At 2 gpecitied frequency ot opolulion, ag in the
Cobe dudvussed bere, tue voltage breecnuova opiteraon, ang tocusing reuvuircument must
be includ-d tu give an ouptimised practicable lesign.

'ne Alvarez structure is cowuposed of unit cells whose geomeiry is shown in
tipure 3. The drif't tubcs are tawen to Le of counvertional snu.e, i.e. rupght cylinders
with profiled face as suuwn (alternative suapes are discusnsed urier'ly later).

i) Sinece tne drift tubes must coatain quadrupales, a lower limit must be sect
to ieir diaueters: at 200 he/s this .. taren to be q/h 't Q.1. Tne drif't tube vores
must alluw r'ur beuw zedianl wcwittance, and misalignments. A Lore d1ﬁh- = U.026
{i.e. as on tie Rutuertord saboratory F.L.A.) for all tanis excent Tows 1 is
vuncidervd adeguite.

ii) . avoid voltage ureasdown, the noximun electric ticld gradient at tue surfice

of tue Grirt tube wust uot Le greater tran 14 iV/m ot the operating trequency cof
20U We/s. Tnis condition, known usunlly as silpatriec's Critericu at 20U he/s,
Emux *- 14,7 WV/w, is most important in tne reliable operation ot the lince, By tre
conservative cnoice tunat zmax = 14 LkV/m, rather tuan 14.7 W/m given by cilpatrick's
Criterion (which is itself geunerally regarded as & pessimistic estimante), opcration
free of voltage Lreaiidouwn can be erpected.

Let Eo be the electric field across the gap, g, and let kg ba tne wuximus sate
electric firld that cau exist sl the surt'nce of' the drif't tube {tne maxamum field
usvally oceurs at tn  Junction ol' the cuter profile radius and thé drif't tube f'lat).
Let

hq/b = ok ves 2iii)
5
Some values for e are given by wilkins (4} "ar cells of consian! protile ~adii.

Thne scceseratinn rate tor the structure can be written

K= (Y1) = (@) 5T cos g = (L) & L E cos P _ oo 24V)




Cowmvining equations (i}, 2ii) auna 2iv) gives

35 = (c;cP') {_K + (ch ,) %
= V E (CP«:—CP‘)(g/L) ar.'I‘UE5 coa (p ot (CL+CL') J cee 2V)

( "l C;'/LT)QTO}JS coafS §

The optimus cost con now Le oblained vy minimising the uprea;ion inside the
sguare bracwet, i.e. by find ng tne optionw relation betwevn noond v{ threuclieol and
TU, and heuce on cell peometry detuned vy (D/A, d/A }. Sinceol and Tr_: wary wiilh
energy (thruugh their dependince un g aod L (= BA ) of the un 4 cell), optinization
must be curried cut at intervals over the encrgy raljid.

Thie optisun paramciers hoving be n found, the lince can wow ove diviged into
tanks whose lengths can bu coosen in several ways: e.g. i) Coustant cnerygy goin
per tanc, iil) Tank length 8s a speciried t.oaction of one rhase oscillution waveler ti,
iii} Total r.r'. poser required by tew und beum ia egual to that avoilalle from a
glngla wnplifier, 1n all cases it ig desirable tuct the tank lengtn be not greatler
tlan EUA , becouse of difficulty .n tank tlattening. (It will be seen leter that
no taric is prea‘er than 25 wetres, & lengli ulso recurmended in ref. 2)}, lethod 3ii)
1a cnoson as tie siwplest ard most ecunomical, ard f'or whion the r.f'. syslem is
descrioed in detail in section j. Let the total power availoble be B bif, niul the

power lost to the tank be P, theu

“(2
(P+ V) = W + 1V =R
K can ZVi)
V= KA o+ 1
and L = V/K

ahwre 1 15 tne peuk benl currest, ard (Mﬂ_) has been oplimised, Yhe lin-c can now
Le divid- 4 anto tenks, working trow tue tinal energy. Froviding the energy suiervais
are not too gremt, velues tfor {D/A, d&/N ) to give K,M at the output end cell
suttice for the wuole tank. 'This has two ndvantagea: i) for a fixed (D/A, d/A )

in a tank, /L is largest at the end cell, 21ud & safe (i.,e, free trom voltase
breakdown) design at the end sell will be safe over the wiole tank {this statemeut
is .rue for all tanks except Tank 1, wricu is discussed brierly in Appendix A);

11) constant diameters in a tank lead tu simplication ol vesignand manufriture. 1la

the particular design discussed intlis report tie error in the estimate tor stunt




wmpedanee byt ng Lue ong valu. ratnor tooe Lo ddeanh Led Lo ke resdits inoan
Lrror ol' Lou order 0! b in tue oStisats of Lw.. veltagre (Casuaiz, o 10 @h buou)e
Sinee 1t is net eagy Lo vctiwnte shirut ‘mpucance tu culteor tuon ™~ 1ue, tals errer is
noet sericus ot tnls stape.

The gunstants of propurtionzlity in equot n Qi) are based on e d3imeud
lugector, the B eV PL.A. ot tue Ruthertord Loburatory, and ounon detuiled coat
estimwate fur tye He.rP. System t'rog a British munufacturer®: CP = £35,000/0 0, and

C = &,54/m ut YJ beV. For other crorgies, € cni Le brosen down thus:

T L
£2, 500/ m lin-r pud vac. veosel
&1,000/u vic. pumps and controd (i.o. Uil dift. pumps,
beenines pumps, tod satety and cuntrul! circuitry).
£ 50/m Yutnel poug ort
£, 140/ drirt tutcs.

The cust £2,15%0/w ' r dr £1 L. 15 couivelent o £1,00U0 por drat wbe at 9w LoV,
where tnere are Z.1C drott tutss per setre.  The eoob ger drit't tubes .4 roughly
cunstant (ver the energy runge (*uu e jor frection of L1 s cusgt veiny the manut'tcture
of toe guadrujoles, und s cwbly, ratuser toan materials), Lut lue nusbor of drift

tubus varies inversely uns P « hivnee tue cost por metr ot structure can be wr o lien

C, = £6500 (A + B/p Yo At 50 keV, (A + E/B ) =1, 3¢ %+ U.tb9, p = U.1U3°. lience
the capital part of tue linac cout can be v tien
01 = LE), Ou (_‘JP +(U-L‘£’E.' + L. J}S/P )L) s e ‘;h‘fii)

Other value s four toe enpital cost poarawcters are avallavle r'rom acrelerator
iatoratories in tue U.5.A. (to whow tone authors reter, wid are . sterul fur private

comuunicution) :

Linsc do o1 C (&) ¢, (#/m) Duty
Tarrs tuctor
Arpontc 4Gs 1nj. 1 L6, WU (£2,0L0 tur Cu-3teel 0.5
liner alove)
Ynle Linug (200 Kefs,vtu bev){?) 6 34,000 €, suu »
brookhiven 1nj. 1 349,000 U, 0y~

[

bura (20U Le/a, POu LeV) (L) oy, 0L 1oty

*Larconis wets Coe, Crthartord

+ , ) -
Based on Coiue eatitaie ol 100 ov Fr. jrer cu. wetre of linne tunnel.
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1t ia seen there i3 wide variation in tne terw C tnougts the sezond and tourth

P,
cest paradeters are more akin to tne example disg-ssed here singe, ar w.ll L seen
in syetion 3, cortrel circuity fur a many tous system cecowmes an importa bt item.
1t 15 also uf inlerest to note at this stage tue simiianril, of cus.. ¢. che oo 'rate

viets tonii and liner system and the Cu-clad liner, Tne gens.tivity ot the co,ital eost

to wnt uroartors CP’ C can be pauged from tihe equations 2i) and A): the .inac

L
capit:) cust can be expressed un the rorm C = Al + b/1l, whe.. the optimised length
JB;A,and the minimwo cost = Q‘IAb. Let li be tuc vptimised length

B, .
1

is pgiven by 1]
on the basis A1, How let A2, B_ be the nctual cost paramcters, wnere A2 = B’A1,

€.
C. = A

52 = 631. The actual cost 1s then 2 l1 + 52/11, and thne {ractiunal crror
on the original design optimised cost C1 = 2 jA1P1 is

c. 5

o -t o= Xro 1

C1 ¢

Trus a (say) 10 error in eitlisr cost parsmeter recults ina (say) S+ error in

tiie total capital cost. 1n thne prectical design discussed, where tue optinmum is

not the design for a simple minimum cost, tne error in tue total capitel cost will
be somewhsat less thoen this.

Based on operating experience on the Rutherford Laboratory P.L.A4A., and on
properties of proposed components for the r.t'. system, t . yearly running cocts

_can be breken down tlhua:

Maintennnce: Vulve bepected Lite, hrs, Heoplucewent Huate,
Il
Pinnl Amplitier (RCA7BIH) 10,000 L
Drive Valve (RCA20L1) 1U,000 L
Switch Valve (VL 3336} 5,00 3

£3,000/m.
£1,000/Li
£1,300/m

Elcctricity Cort:

Valve Replacument
R.P. lines, geneval modulantor eguipuwent

Structure costs, pumps, dervices.

(This tigure depends particularlr in wiich country such an

accelerator wuld by built, vut based on 4,000 hrs. running Lime

tor the
£5UO('/L.|!
£100/m

Pobia.t,
r.t'. power

linac pugs, etc.

tlence tne yearly ranning costs are:

C., = L7000 b+ £1L0U L = £1400 (5P + L) vew 2viili)

2




1", conveniently, the running cost '»r metlre is assumca to nave o variation with P of
tiie same form as in ine capitat cos  (which ascuwmption iniroduces an error 1y in the

total cost), the total cost can be written

C, = £7,500 (5F + (0.06, + UAL3YBIL) ees 2ix)
i.e‘ (::.r:/l:)?\') "? BUU E 5(D/L)1T05ch's¢é + (U‘Lbb * U.‘IUjs/F) ) - 23;)
. = dfy A [P
5 \ 1 (‘/“)woﬂs cos ?s /

1t now renains io rind toe values of (D/a , u/%) to miniwise tune expression £x)
a4l rnlervass over tue energy range. tnis hos in fact veen dune 1or cnergics up to
vhU LeV: by use of data frow "Desipgn koles for rrotun Linear Accelurators” Ly
(2) for energivs up Lu suout 209 Ii.u\f, ang avove 200 keV Ly use of an lid 70W
AY

progran deviced by Terlor wnw aatenans 7t 1o doing tals tue tollowing points anoula

Will.ina

ve enphatised:

i) Tne drirt tube spertures, inner and vuter protide radil are constant clorg tuoe
Jinvc.

i) Yhe cadlrulaled rot's posier louss to e slIuctire nes been inereased by 20,0 Lo
allow o losses on dril't .ubc stews aod cavily end walls Ltnis inercase is a

realictic vng, 05 versited vy calcosletlons un tne Hutnertord Lavorotory Poload)

e e . .
iix) True sintle punse angae was Lten to Le tﬁn = Ju . with the paximwn o=10 ad
n

value 2as already s iven, ps = juu CoL o Llsu L uscd.

Tue curves ol optimizou DfA, d/h over the enerygy rance =250 LeV¥ ure snuio 1n
faure 4 (taese curves will cuver enerpies dovm to-w 10 heV). UP perticuleor intcerest
15 Lue tnerease of /N walo dnereacing enoriy, snowan; toe dominaree ol bow vod b, u
bruw. o e odeenenby v oralil satpodones al Loe Llpner ooorgiens Whe gooov ooon
Ul LMAA, d/}\) oplicran 15 srosn i 1) wre b tor tue portioanlar cnerp, 170 LoVe 1 Lol
a_ure are osdu hwoen bie et ocla et a o+ 20 variati noin toe cost of r.o. PO
Az discussed carlice, altnougn ‘e winlna are sparper witn increasang encre , larse
varialions in aodividual cost poracciors result in sualler changes in toiocl cact,
wur, ot ld o vardatioas 1y proaclirye  Curves of acculerstlon rate sud practieud siunt
smvcunnee {(Lege tant adlovieg ror tie £\ increase in pover, s in ii} avove) for tac
oplafiieva _vaitel =y are s.ow 1u rigures 6O and 7 respectively. Agoan Lhe reductlion
iv aceelorutaoon rate 30 dav to Lae voltage breakduwn reouiremcnt; amd toe prepid fall-

011 ot counl swmpegance is doc, dnbler Gsae, Lo Lo reed Lo nave drilt Lutos ol large

givneter i Lo hron Lol o e, file




Prom these curves tigures b, 6, 7, wnu equations 2vi) the complole acs.ugn Lor
thio linoc can Le made., Tue wotal r.t's powcr in cach tam. is tasen to Le 5 Wi
(veing tanh r.f. loss anu 100 md bLeaw lo ), as tuat avaslable from Lie proposed
tinal awpiitier (RCA Supur Pou.er Tri.ae 7835). As stated earlier ine tank: are
designed rrom the finel cnerpy. Figure o gives the paramelers of the complicte llnae:
it cunsists of U tanks of wuich Tanks 2-0 have bW total power, and tie tirst tan.,
5 LeV long, has only avout 1 ki total power. This sub.ivision resulting in a suall
Tai: 1 1s in tact very convendent, since it .-.s been toe cxpericunce on most prescent
machin:s that the tirst few cells i a linac are the ones where wmost voltage
ureuludovn problors have occurred. Thus, a small first tank builtl for accesaiuility
could siwplify maintunanco problems (e.g. polishing drift tibe faces). Further,
the nctual parameters o this smull Tork 1 should be chose: nut on a cost busis,
but on the needs ot pood purticle dynamics over the range 0.5-5 heV (i.e.
practicauvle guadrupole systes with sut'ficient aperture; lowest pozsivle ingcction
enerpy, high scceleralion rate with perus.s on increasing f'ield along tno ta:,
voth to aclivve poou pnase samp.ug). The actunl Pararclers of tne Tan: 1 are taieu
from the redesixned Park 1 of the Rutherford Luvceatory P.l.n. (&), describ.u
vriet'ly in Appendix 2

The capitol cost of tne linue can bu prosen down tihuas:

L
Tank  Cust Factur[:L(A+L/F)dL] Structure Cust (&£1,00U's)  KF Cust {(&1,000's)

1

2 2i.° 8 137.07 10

3 18452 129. 5, "

L 21 .37 158.uu "

b 22.1h 14391 "

B 21.60 14040 "

7 20.75 1 v "

@ 1990 129435 "
Total cost of structure, tamwis 2-H £ 954,000
Yotal coat o1 r.t'. power, taiuis 2-8 £3,155,000
Total cost or Tauk 1 (based on Rutherford Lav. ‘Hew' 1%.1, and
£355,000/ 1) 70,000
Additional cost for tunnel to allow intertan: peam lines ( 10m) 10,000
Preinycetor (based on Rutherford Lab. 500 £V preinjector £ 60,000
Total 2,249,600
Contin_ency (1Q ) 225,000

2,074 L0

p—_te.




9. Lo capituld cost tipures are rfor toe cowpleie linoe only. Additionnl custs
arce due tu conerwl roon, and lavoratory Luildin: s. Toough sovme measure of (loc11)

cuntrol itz woen lncauves in tlio CP, € tocrus, the cort of a control roovw will

L
gGent on, locution, cuwiaploiatly amng the degree of nutumeticn achidieveds  YThie number
qaw cost ol laboratory bulluin s swould hiove to be eonsidered along with thosc of
thie mnin acccelurator; also laverntury staf't’ and overhcads.

Tue rusining cost, as detined carlicr, would ve ot e oraer £220,000 p.a.
(tuuugh apain 1t snould be emprasisce trat tee electricity part ot this cost depends
on locutron). I tuis Cigure of course must ve added the sularics ot the opereting

atet'f.

1. KoK, Syctem

5 (a) intreductivn

lt nas vren seen in section 2 that one of Lhe nujor counl itens is the r.f.

syswew, sccordsng to Fiooure ¥ the totel peses power required t o the wccelerating

glru-ture slone 23 10.0 ki, wnd 20 i pean power 15 regeired lor a 10U A
peai: proton beam current, (It ic alpo possiole that tue pruk protun current
mey be as much as 2UU wA, requiring 40 b pea. power tor acccivration). It is
clear tuat witn tue large auwounts of' pouer reguired for the beam, the usual
method ot allowing the vram Lu obtain its energy from the stored cnergy in the
cavity arter tne nurmal build up period is not satisla:tory. Lhis method would
result in sericus cnergy moduloiion of the beam uurine tie b}asﬂc beam pulse
aul, in tne coce of the 200 heV linse, loss of beam current. Some method of
proviaing thu extra power t'or the Leam is thorefore nccessnry.

Une possivle mothod is tnat proposed tor the Coc.Hili. Poa. linac (?) where
the extro power will be provigded Ly ooupling a second power anpliticer to each
accelerating cavity and pulaing thi | amplifier during the bLeanr peried. This
system reguires & lorg build up puriod n-150*2OO‘Psec in order tna* the field
level in the cavity das settled down tu a nearly constant level bef'ore the beown
i3 intruduced. There are ajso some compliocatlions in the r.i'. feed ~ystem.

luan alternatave umetnod deseribud velow, tne trull power oulput capubiiity

ul’ the r.t's anplitier iy utzlised w give a fast puild up of power in the cavity.

The et'fects of suurce impegance on the build up or power in & recsonant

ravily is investipatod, o series tuned circuit witi loss weing taren to

reprocent the cavity resutetor. Hesistive and reactive efrects o' Lhe beinm on the

cavity aro aiso cunsidercd.




}(b) Build up of power in & resont  cavity

Consider tie equivalent circuit of Figure 9(a)
where Ra is the source resisztance of the aaplifier
L, C end R are the cavity scries inductance, capacitance and re.istance
respectively.
The loop ia assumed to act as a perfect transformer of ratio n:¢

The current 1 ot time t is related to the final current Io by the relation

s
2QL
1=1(1-e ) eee 31)
where 1 = nns;nuut is the steady.state current in the resunant circuit and
Ren Rs

where ¥y, is the loaded { of the system

i.e. 9
J WL N c .
q = —CH or ¢ = = ees 3ii)
+n nR
3 o P

where QO is tne unlosded § of the cavity

In the practical case the value of Rs will depend on the line length
petween the driving smplifier snd the cavity. 1f the charsoteristic impedance

of the feed line iy ZD, the coupling factor k may be defined by

If the faed loop is matohed to the cavity, k¥ = 1, amd the loaded

becomes

e 3iii)
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In a linsc vhere only o few w4 of buco 1o weevler i d this mtaed of
catening to the cavity without bran 13 eccuntaole. 1o the case ol neevy bean
loading it is bepneficial, in ternms of build ap Lune, to watch tne looy to tue
beam loaded cavity. Let us investipgsle tuls case tfurtuer.

If k' is the total eftective cerivs resistance of tue veza loaded envity

and vy the § vaiue due to the beam itsest, too totol , of tee systea is given

Ly
1 (1 1) (.. n%K) .
= + + ; eee 3iv)
ML %qo “33((1—}'4"'%5

In tnies case R' is defined Ly tue rolation

' o= (,{)2;‘0

Rl

where n' is tne "turns ratio" of tne loop . eeding tne beam loaded cavity

thern
) t
- )
L { o B)( ZD)

In the case where the loop is matched to the cavity plus beam, k' = 1, su
tuat
!
4 A 1 . Q" )
VL é Yo B j

It fullows tnat

1+__:) eer  3V)

Q
R . B ees 3vi)
Rr Q0+.¢B
Substituting for R' from equation 3vi) gives
W -
COLINE S PO cee Svid)
of VB

sguation svii) thus defines the "turns ratio" of the coupling loop for tue cuse
where the loop is matched to the beam ioaded cavity. During the buiid up period
wlien the beam is not present Lie loop will be “uvercou led" tu the covity and

ihe loded ¢ is piven by substitutin- the value of n' from eguation 3vii) into

equation 3ii) so that

-1t -




r, (y '
1+ Z—o' (__.9_, + ‘!S
I . o_{*% )
%L o
) ee. Zviii)
i.re. 1 L k1+fg' T
QL - o\': ug") e Y.
Suvstitulion o’ buls velus ol 5L i cuusvien ji) gaves Lher valtd us low rur
tuis sysblou.
-1 toe bine den b vcwicen suuree ond caveiy 15 suco Lt Ho= ZQ
Tuen 2 - 2 . J 0 1ntee s Junacu ecase j;‘.()
%L S B
or A Y in tae ron locded vase cer 3X)
L )
In proctice tue bonm lotwarn,, p2lv oo rave Lo o reaglive Lern sgulc. efiectiveoly
detunes tne cavity. betnods ot overe.nin: wiis Jtect are dliscussed pelow.
It is evident from fie nouve rofabts s Loob bt Lu'ld up Lime tor tne casu vhere
tue loop ir matcrcd to tue cavity jaus ceiwn wirl ve crerter booun inthc nw beaw
case, evel Liown the tea. 1s not presort sarang the build up period.
j(c) Brfects of un cclive arg Teaglive cowpres 1 edance
it iz probavie thot teeo counlea 10 canree wrtl contaln reaclbive as well

ez active curponent:.
ef'fect at the

For tuc cavacit

Consider tne cases ot Fipure »(b) ond ¢(e) wuere tue

effective loo, terwrroids D3 capneitive or incuctive:

caue ‘4 )
wL L

(u -NJ +im;:

1_ .
g P J %QL il i ! cew X}
< RL .. . Sin{ e Lyed ) ;
I =1 {1 ~ & (Uc —u)‘* 8, ( ¢
o [ . )
‘L
wheroe taarin: rifes L X L,J‘“.--Q' , W, ‘:-Q \l.’z.d 4
1 = 5 - RTINSy .t Ty ooy -
o N o' e AW W) ’ e uu*“}
Lofitd Tl )‘4&‘01,0-‘ u oy
¢ —
.
FET R xHjT+z-C ees 3%i)
G o —=
(J.‘
and r'or tne lndaclaive oo
t “"MUE___;} aw jx.‘l)
( Cyp, UL,
I =1 1 -8
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1l ean we roeen Lol v wrea L el'Tecd iz oo ovotutan, of the cavaly wy Lne

tropstultet Seurec nctuates At Sicsita wlonls e possit b to adjuat the lenpln

vl Tewu line belween osubce and e valy o Lont e reactive et'fect of tae source
on Lhe cavity 1s neplipiven, i1 nou e

Recelive eftfeolys vl Lo Leam ol o4 2 Valic s

i
i o i

Since Coerh WO Hul ool Tardu o bne ono ool Lo pealn of tae rat.

P

sceeloratin s i there 4o r resetive lova on Lt eovity. The M"sitenoy state”
aetuwiirg; erf=ct is caiculated by use ot the pulation ty)




Aw 1 l van Ks ese jxv)

‘.'mure)7= ", s M urlle poscr in ouoan, e bt 0T i tae ewvity anu ds tae

W, o+
b 'C
stuble phase arng le.
T totas detorer, a .ring tue Less o will ve Less tonn Lie "sueo gy state"

value, piven zo tutde (4).

Toe above exjprecsion Cnr - oo Lo Le 3aam
&
tan * = m;-_ Lur ﬂ-’.‘- c.ojxvl)
"

wnu113yb is the maxinmuw ponuse woclenilns and Y, refers Lo Lthe tutal lowded @ value,
incduding the woam,

It way bu pussicvic tu counternct tue reactive vart of vem: lonuing by an
egual and ovppu.ite etfl'ect due to Lhe coupled source, lowever there is a practical

(o)

#. LA, nas shown that trcueauwn in toe output cavity of the finnl amplitier or

diffieculty, since exreriencs n the Crk. linac arat Lhe Rutherford Laborniory

tne feed line resiricts Lne rauge of poasitle line lepprtlis between the amplifier
and the acemlerating covity.

3(a) Practicnd eorsiaerations

R.¥. Layout and Feed 3ysien

From the point or view or econey 10 1 desireule to use the uiggect
availavle r.f. power undts tu drive Lue accelernting covities, The chiolce
of power svarce is linked ciosuly L tue opersiimg freguency and coatrol
problems. 1t is evident from section 4 Llhat precise contrel ot amplitude
and phase are necessary if the uvesirsy cutput beaw is to be acrdeved,

The poor fhT-phoase change characterictics i klystrons compared with tricdes
tend to rule out their use as fimal power amplifiers. (% chase change tor
& given chonpe in anode voltapge i3 of tie order 9 tilmeo. tist of tue triode.)
Assuming that a triode is used ror tne tinal ampuifier, thnere is available

a rulige of H.C.A. super power traodes wulch give u pecs vower output of

the order of 10 Mw at LU he/s at luc required duty cycle. The power gain
of such a valve is of tiie grder 15-20 ub uo that z driver valve capabie of
giving up to LU0 kW peak powe. ic needed for each stnges 1t hns been shown
in sectionu & thut toe b bw rof. output puver unit is a usetul criterion in

deciding tam: lengti, assuming that one power amplificr is used to ['eed each

cuvily,




{Piv cvaidall o sauens. su) r o LPie ous are capuvle of giving MG WW peak
r.1, pouer oulpul sl Liw reguicea Jduty cyele nod, cinee wne _njected
bewn current ic lixely to ercreee ihe Qesitn s -plre of 100 A, th r.f.
system hog uveen wesipnea tu oive J0 AW uscrul output r.t. power. All of
tiis power is used tu pive a f'ust build up ot pover in tne a-celerating
cavities). 1t irn aesiraiie from tre po.i of view of re_lability that the
feed line Botween valve und © vity uwe s short apd simple as possivle,
Tae Line length considerations discunsed in seetion 3(c) sugiest Lthntl a Line
lengthoener between tne anplilicr md tne cavity is deiirubles

There 15 o fuctor whico 1ag) vodplicnte the {ecuing; of power to &

cuvity and which requires Purther snvest,petivie  For Lhe Alvarez wovepuide
) 6

~

caleulntions '’ snuw tua! tie - rou ve.ocily noy be of the nrder & x 10
w per sec. Tous in u priosticsl eantre Pad cav..y the cuerov taiics up to
S'uscc to traver 13 ire crue of tie cuvitys, Tiis time is ele.vly aon
appreciable tractlion of Lue Lo pulse tonrthe Woth a 10U mA beam tois
arf'ect moy result 1n a 14, Lilt of tre coavity tield with regultant loss ot
beam guality. Dispersion in the pulae wiil distort toe uxial field further,
Several feed points muy be necescary in a dong cavity to perily tlleviate
this provliem. The 1.1. system (t.pure 1U) snows one Feed only to the cavity
tor sinplic.ty.

Drive pouwer tor eocu puwer saplaticr ls provided uy mcans of an
ad justnbde airecti natl cou; ler to o drive line common to all tne accelcrating
cavitien,

Phe luop coupling Lo eccn cavity wils be matched for the loss
currcs,onditys Lo cLvit; loss play maximum bium | swer loss. This gives the
istest build oo cwmaticon.

hodud Lurg nud Pe.er Supolics

A U i peak power modulator ia required for each finnl power amplitier
ang otgut 60U Ky pear power tor tue ariver stage. A 12 KV D.C. power Lbucy
and voitagpe regulntor is neressary to uvreovide th. power for the main

moduintor.

In addition, wodulution is required for tne control and =zcreen grids of
each g river amplitier ard tne control griag of each {'inal amplifier.

1t may be necessary tc provide spocial stabilizers for tne main
supply to the modulat rs in order to achicve tne reguarecd stability of

r.f's level in the accelerating cavitiey,




Controls and monitorin: fzcilitics

1.

(1)

(i)

(iii)

The radio frequency power puisc {fed {u the cavity is snuwn in Figure
This mey be divided into three periods os rfollows:-
Build up period

During this period ot uw tu EU}xuec tne full 10 LW power output
capubility of the wupliitier is unvd to achicve the ftast wuiid up in
tne cavity. A gated Signud frowm a torward reflectoweter in oo Veed
Yine way uve used tu operate o slow cervu to acintasn Lae e an r.d.
output power (averasped over % tou 10 puloes) cunstunt during tuis
period.
Guard period

As soon as the cavity has reuched the uvorrect level for acceler-
ation a goted signal frum a biaossed detector in the accelerating
cavity is used to adjust the grid and anode voltages of thie drive ond
final amplifier at the valve which will maintsin a constant lcvel in
the cavity. This period may be serve controlled as in the above build
up period. This guard period allows time for tiw tlcld level along
the cavity to scti o down to a steady value, It algo sallows somo
variation in the start time of tne build=-up pceriods.
Beam period

This i3 fixed in length ami starting time by the beaw character-
istios, A gated signal derived trom a transparent beam monitor
prior to each accelerating cavity may be used to determine uwoth the
time and the level at which the amplifier must be adjusted to give the
extra power required for acceleration of the beam. A "Slow" servo
may also be used to control tne pover level during thi. period. 1t
may be necessary to use a fast control of r.f. level during this
period if an average error of & 0.4 is to be maintaincd.

In addition to the level gontrel it is necessary to maintain the

correct phase relation betweon the cavities, particularly during the beam

period. A slow phase control 1s adequate for the bulld up and guard periggs.

As the bew.an entera each cavity there is a "beam fiiling time" varying from
about 150 n3 to LOU n3 depending on the cavity, It is necessary tu chanpe
the phase of the input power by the amount given in table (1) durin: tais

period. (The rate ot which the cavity phose changes is determincd vy the

decay constant as it is for the decay of field anmpiitude, the venw londed

Q value being applicable). ''hus a tast phase changing systew is reguired,
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Une metiod of achideving fuct juu.se sidits muy Le tne use of Pelddeo switches to
switcn appropricte deluys anty tae system.

Thie wain phase control wor.s vutside ihe fast phasing rystem, and devends
on a coipar® -on between signals derived trow an accurate reference line and the
cavity itcelf. Tiis phase reference line mey be cvacuated and temperaturc
compensated to elimincte tuce possibility ot plv se errurs.

Furward and reverse reflectumeters will be used to record the input and

outpul pover leveis at each staye of amplitication. Inter-tank phase monitoring

nmoy also ve pruvided.

Tae 1.17. fieid level in ecacu cavity may we munitored by use of a uiassed
diode wetecctor utilising o seacurement of the D.C. voltoge,

Further r.f. poarameters are given in tucle I. The systun is desipned for
a 10U mA beaw current, val is capuacle of weevleraling a peat vean in cxcess of

200 mA, if required.

Pabbe (1) habiv rie UsdiCY PARM ATEHS

suergy Kai e (heV 5-57 3767  uy=y6 Gb=12hL 12L=51 151-176 176-200
Cavity Power Loss (5w) 1.8 2.0 cel 2.2 23 2.5 246
Stored Energy (Juules) H7.5 87.5 §o.9 89,3 4.5 97.5 Y9e3
Maximum available

Stored Lnoryy (Joules)® LE5.C 437.5 Lk LO6 308 350 0
Unloaded y Vo'ue 61,000 55,000 52,000 51,000 5HO,0U0 LY,L0u 4o 00U
Loaded § Vaiue* 16,160 15,720 15,500 15,000 15,750 16,350 10,400
beuw Power Luss (hh)} a2 4al 2.9 vl 2.7 2.5 2.
Rise Tiwe tu beam Lever (usec) 1h4e16  14.85%  15.02 14,76 16.40 18.04 10t
baximuwe Phase Detuning (ch.}i b.90 b.50 L.10 ?.bo 7.50 ?.Uo el

#Lulculated for max. 10 LW availuble pepu puwer Lo tue cavity,

ihssumixm trmt the loop 15 matenced to Ltne cavity plus 100 nA beaw and Lhat tihe source

impedance is equal teo the conaracterictic jwpedonce ot tie 1eed line,

iCalcuiatcd for 10U mA veaw current,

3(e) Calibrution
Une o1 tne rwjor dit't'iculties in setling up a lom: groton linwar
geceleralor is tne determinntion of the cetual field l:vel and phase in a
riven accelerating cavity, 1t is snown in section 4 thet a field 1level
tolurcnee ot + Ueloe and @ phase tolerance of + U.ho are neessary iU the

output socetrum is Lo Le wvithia tie reguired figure of Gp _ + Uiy,
P

s

e b B e,




and the womentun Jitter witidia + U.u5.. 1t should be possivle to weiutain
the cavitics watnin tuece limios, onee Luey hnve boen set up, vy tnc methods
described avove. towever a motiaud or cetermiaolng the corrcet awerating
levels in tuae rirst place ic required. 1Im Luc Uirst twe cuvatics it uay

be pussible tu waie :omc - stinate ot tue required ticld level wnd picize by
un "¢ ‘ceptunce puase® plot., In subcequent cavitics wherc plimse oscillition
vavelen tu is long compared with the ecavity leugth tuls meithod is o little
practical use,

1t is possible by use of carefully maae and calibrated covles and
componunts to deteruine asusvlule phase tu wituin & 2% 50 turt o wmeasure of
Tield lever is the really difiicult reguircacnt. Direct wethods ot 1'icld
ievel oeasuraaent are only accurate to alout & 5 or cven + 1Uo.  broviely
tue vest wethod of setting up toe veaw is to ugze e aesvlule olvise aetney
to adjust tue pmaes of wue cavitivs wnd to mewzare Lne wern oty oF eocl
cavity tlaken dn svguunce to aeterwine the required fichd leved. Yol
requircs a wethod of measuring tne womcnlwa of up to 200 LoV piotons Lo
witiin + 0.1, The Tiwc of Fligut ucthod of eucrpgy MLBSHFCHMHL(1U) s
capabliv oo inly accuracy if a fiipnt paty ot atout LU i ic unede This tetood
requilrt¢s a cusciderable amount of eleetrunic cyquipn nt ww o tuccingly
designced beas actluctlon systew at'ter tue pre:nguctors alss il s wlllseust
to caleulale tue wctuul cneryy gulc tye Wue wetoow 1n cullavlo sur anstion
calivrativin but vor cuotinuous viargy tobiloringe Seat OLhwe? wolrod is
neededs wne welliow istouse a Diigarm uliesr fon C:;u.x.u.r(”). Tuis snctroaaont
could beo calivratea Ly o Y. neof Ylipnt m-cculenent ond spould madntaln 14y
calibration inwetinilely. @bz nelic mumenluw oualysis is wlso posiole wul
existing results from wiperimenis carricd wut in the Rulaeriora Luteaatory
Voo indicate that a wmeasured wowentus accurscy oI butler Lidur & Ueon 2%
dirricult to achieve,

Assuming: thut the phase orrors can be mainlainea tu wituin oo
speeitivd limiis it may ve possivle to use o ovaw exeltud scosonunt civily
uiler euch tank to monilur tne bLiam. This cavity woudd give o sipgual waich
could relate the ecentreia of tie veam to tue r.d'. prase. Yois neod ot
givo the awsolute phese of’ Lhe beam us it could we calilrateu oy wmeans ol
the Time ot Fiight weacurcuent and this calibrution suoald rewuln conoctunt.
Any change in the phase oscillation wavelengtn, resulling rrom 8 cuange in
r.fe level in the cavity, woula pive rise Lo o shitt of the vianm centroid,

Thus tue reletive puase wouid ve umaintainea during vperation uy suitoule
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adjustoent ol tue rofs field anplituue.
Lea Phase Lotion ind folurances in tue 20U LoV Linve

If .ﬂé: 2}58 —é is tue phase of a particle witlh respcet to the ctable phase

+
angie, tne linearised cguntion for small amplitude puuse oscillations is given by the

well known equation:

L, V3 oA d | [ _ e
it { }uo rs T dt (P3A+)] + P.-_-, sin (- fs) (PSA*) =0 ees hl)
where toe sul'f'ix 8 deaotes tue piiise stable particie, and all other terws lLave their

ucoual weanings. Wihe aceceleration rate 1s en cos és' I the variativn of parameters

is assuoel to Le adiabstic alung tue 1inac, tue solution of eguation 4i) is guven

vy the w.:.b. solution:

= A cof {f.ﬂdt+ct}
vhere A ©oC {(1_Pst)3/f/r?’§ $ min (- ?5}} “

ad AL = l (l-P:;)j": ZWe £ -in 4’%&..0?\ ps}%

1t L.e 1nput prase amplouee Lu Tawe 1 15 a

; voo hin)
|

1,1

2. 5/2f 3 A ] -- ' .

A =8, . 1- L, sin (=9¥s5)] 7 . h:nccPr o:Fr+11

1,0 1,1/{( F:s) AB:; 1 ( ¢) 1,1. ' '
beiveen tan.s ¥ and r + 1, cunservation of puuse space [;ives

(A:ﬁ)r,o = (AQ.Q.}r' + 1,1
th

At tuliows Lhoy i1 E‘ 15 prupor tlornl Lo toe accoserativn ratr or ithe n
1

tute, (Lev. ps is coust=nt 1oons te snondne), and Py o 15 tie output wumentum.
?

=4 (e) C(p L)
n’o = )\-1 ,j ( ;:1_{ { 1 .l‘) . -Llll)
( I \ pn,O)

where o is tee input ooentun to Yant 4. Taliing P1 ;0 G.U3512 (515 keV, as
¥

1,1 .
on thy Ruviwrtvrs Lev. Pule..j, & « 12706 Lev/n; Fb o F 0.5u0¢, iy 1.045 Led/m;
. .

tiien

' = 044105 &u, | . Liv
“n,o * 5 1,1 . }
For linear motion A1 ’iw 2 ¢s; gererilly A i -~ 3 ¢ g» GNd can ove greater :r less
tian this gencrnuling on tne desree of 'tiit! used on tue tank. For ¢s =20, and

o .0 _ <0 o O
taring &y = T80 $ .= 52, By o= %),
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=10.46° = + 5.75°, ?8 = 30

3dince 4¢(£ 4) and A€ arc canonical, Aeout = Aein/().ﬂéj. bow il can be sho\m(“)

A€ - + {zpi cE?\Lioc {3in *5 -¢cos é 8)/”(1-F§)3/2}&

lu Pankh 1, wacos Ps = 1.704 iucV/;.a, {3'_ i 7 G,03512, then
Ll

Aei = + 25443 ltan ¢ - ¢F|'“' keV:
=]
= o K V = 52
2 bb.2 xe (¢s & ees bvi)
= & Shedz he¥ (= 30°)
and Aeout = x 2.i15 'tan ¢s ¢ ' t.e¥. Converting to momentum toleranse gives

A1=>/r:=:5-515 ‘tan¢s— ¢Sf x 1677 , lecCa

(4_2) .t .01t:3(‘1v\)j (¢
Pl + 1,505 x 107 \¢

-+

)
30°) i caslivii)

and this compares with (4 p/p) = _+_1.5x‘l‘.i"mj minrentum tulerance reguared for ingection
intu thne 6 GeV 'bouster' A.v.u.

Assume the linsc to be correctly sut up awd on tune: i.e, each tan. tas tue
correct phase velocity, anma the flela srnd pouse in cacn tonk is correct tu glive Luw
required ouiput bLcams bow let tan: r have a Uield arror 4k aid o puaze error & at
tue entronce, fev. & = 2+ A & (wucre scceluration rate = r.!r Cuy ¢ y Gl ¢

constanl throughout tne l'inuc) ulid ¢ = ¢s + Aﬁ + &, it car ve suowm

-

(1;}) trt Lo

eguation t'or punse motiovn 15 now
 [cpr?at cat)] : 202 {&cord, -8 1)
dz PF dz ( o+ (F{) -ﬂ 4¢~— (P[) ﬂ cot seehiviii

L
viiere-f = {2 w e.n. sin (- p ) hu e? (Y ) } ig Lie phase oscillation angulex
irequuncy per meLre, atd A‘,AE Sal'c asvumed s.a.dlle Lizcurding Lo equation i Viii) a
ayncironous particle entering Latu. r oil? Lleove it Jili. o phase error whu a puisce

velocily error paiven bLy:

4 = ut¢ -5}[ - eos 1 ] d(Af) {Ecor.Q -{}ndmﬂu oo ohix)

viiere L is tuo lengtu of e teark. Thic peded molion will propagatc along the linwe,
r
and tne resuliing smplitude o phase oscillution at tue output of the linac 1z piven

by (c.r. cquation &iil) )

4,7 - (4°s M)) }f(p 35/?

n,o
pn ol

- -



& 'Hb

o (et + SL};(MU.;anr (=) (o, )
€3 o ol |

Aa poirted oul in retf'ercuce {14), since cquation 4 viii) is linear in A'b the eftf'ect

of crrors is odditive, taux by tani. m.:ln;;é_::,S to ve ruiss. values for the whole

-
b

linac, and summing over tue tamis, gives
\2 . 3/2
A62 - (ﬁ_l-i) cot? é + 52 22 Z E‘(p ) (1-003%,14:‘) eee Lxi)
T ) s EZ(PT)EJZ

In equation 4xi) z. is proportionzl to tue acceleration rate iu the rth tank,
and (px)j/z is evaluatcd azt tne ou'put of each tank. "The number of linear Ehnse

oscilintions has been computed tor cach tanic for valuss of f 5 260, 30 , giving:

Lank Acc. rate (LcV/m) ny (¢a=260) hg (¢5=§UQ)

1 1.655% 1.487 1.018
2 1.020 W TA 2,329
3 14496 Quvtil 1,029
L 1.271 SR o755
5 10142 Vb, «EUL
6 1.082 0459 LG9
7 1.060 Ua 37k 407
8 1.UL5 0,322 « 550

Kyvalusting equitiun Lxi) Lives

A*Tz ) {82 * (%)dcc’tz* 51 xf1u.168 (¢ 2 = 26) oo sbixii)
14,800 ( ¢s = 309
now A€ o ° Aéf/'}i wrers 1/H = {r.iasin (- #5) A houz(Pr)‘Z/zw e}%
t.ence
AGG = 6.0h27 AP (‘Ps = 26°%) ceshixiii)
6,574 A¢ (¢, = x°)

Converting to womentum tolerarnce gives

(pé.ﬂ)o 0.6243 {5 + L2037 (AL)‘%"’ ¢5 | eoolxiv)
0.06932 {8 + 3,00 (AE) g

The mactiine was assumed to be correctly set up, so tua’ the errors &, () in

i

ny

n
[ 34

-ﬁl
- ]
#
b
%)
[=}

H

equation Lxiv) refer to variations durim the pulse, and from pulse to pulse,
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Injuetion dntv tne "poostor® adau, e Gt d owib Lo5 el cenbus P jretert

-,

ég Le not greater tior x ULS % 10 7. 2loave 1 snuer wolues of §,4: rur
p et
o o . . . S . G . o
¢5 = 207, 3 Lo satisiy toese tinilsod in etrilcealnzs for ¢ = 20”7 requirer 8 = .l .
4 !

(é_l;».' = 042, and t'or CP = jUO, = U-ho, Ax)- v,
B S e

The setting u. unu coliuvration of tne linse Ly uau possicle use o Liae of

light metnow or alscussed 1u section j(c-).

5. echarvieal as.vets of Lue linte en o

Tne linac is seen tu Lu in b turmis ol waGwoter Tang.ng son Y ta Lu 70ed Gy,
and tue driv't Lube diumelers (conriont 1 ewct Loig) Thuugalg from Teeb cm Lo JL en.
Two mutuods of construciion are well .uowng

i) Sepurate liner mad vocuws veosel

ii) Intepral vocaum vesseld end liner wade t'rom cupper cond sweel,

Tne first metiod has peen the one used in Burspen Llitses, wnla.l 2haost all
linses built iu tue u.d.h. neve been vuilt by tone secorma. The wetusl costs off Lhe
two ounatructions ore very aimilir, as inulcated in seclion 2 inp couparing Lie cost
of structure with tue Apgonne &3 injector. the enwice here iy dictated Ly tie
availability of copper cliu stecl (o tee present time L. re nootarsto ve One
manufaolurer in bBurope, wud two lu tue U-.J:.l\.) L swasibly alpo cust of ftrausporiation,
and the coot o L u, progrrote vacvun Oy stun,.

Toe main advantaper of the cor.»r el o sieed cuncirictoon fLhlu. teon Lig
gimpileity: driri tabe steas wre wecor pleally supporbed I'ros vnluaigr, IFeruency “unera
move thruurst ondy vne vwasl, waotsionsd Lo Loe 3o b owedl o ol cuzial Cngesction
of' componenls durin operation, nw wil.ry 15 €X 08U in tac viewdi Byolua, ohd L
system is extrumely rigid and wpecoan,enlly reprodaciv’es  Frow toe vacaws puint ot
view the copper ciod gystewn is atirnct ve since Log totnd suriic. ar.u cazoored to
vacuum is less Ly a foctur ~ 5 tivn the gepurate vecuum tonit cod Liner concilrucliun,
The main disadvantnge ic ln bhe accessibicrity of cumponertis.  doierds oo wlin cuergy
end oi' the limac toe drivt tubo s o ve vicmeters not rucn Lean Loan one tnird e
liner diwneter. lnctoudceiion o urift tubes woule be duiUicull. Yaere woaid be Aitile
room Tor o wan to ol inr.ae toae tnnk to du maintennnes or cicanint of drif't tuw s
For this reansun a ver; nioan vicuwn syntem, prooscly voing lon puspans, is ecoeetial
for this syctuem.

Tne advanlares 01 tue cesvrste Jiner s vooo u went oyn ow are iy Loe
separation of voouun o0 v.f. Jotner dn e Ylnor, fnw oo doeezrriuility oF ¢ sugents,

Since thwere is & reniir sureee ron b o e o0 e glou o obood diner vy A




crealer punmine: spucd Crui the vacuwds wulps 1s regquireds  vil or morecury diftusion
Pulips could we useu trnougn 0il airiuslion punps are prererred cltuce ulpher
temperature vaiiles cun be used, thus sigplifyin, tue cooling system. la cither
wiriulion paan, it is not possible to eliminute buc. strecming cumplceelv, apd soonexr
or later cleaning the structure pucouos necensary. Loe use of' tucse puwaps is
advisabde only where tne structurce cun ve opolied vp eusily, ana tue componunts ars
accensivle,

faistitg copper clud steel structures are mde up trom approy imetely 3 muetr:
lenptih tubes bolted togetner to turs toe long resonsnl cavities. Tuere is cowne
advintare to be gained wy incroasing tee ivngth of section. to v u {Ly buit welding
to 3 @ secltisng) tu reduce tnt nwaber O vicuul ond r.I, Julhlitse Thus o boand 24 m
iong would ave 5 Joints hupstesd vl fa {ir the length of scetions iv iucrented rurtier
the pain iz wo loncer rreat). Six wetre lengtns are preeticavle in ters. ol traasporte
Tue separate liper and vacuuw Lon. sy-tem allews aenufaotare b sitgde roswenators
up tu toe wariwis required leoptsn of suout 26 we  This movned, hosever, ifoaas to
Lrannpord caliioulticy, wnu it may Ye preferable Lo une shorter tlengte of Lusw order
ol 1¢ m anu Lo veld toe lenpths Logetner un 5ites Deift tube wanutl clure und alipnaent
wudld we shaadur in voh cuses, trousn extra strengthesing rabs tour the copper clad
vesdel may be needed to prevent uvistortion, ana misaligment, under vicuu i,

Cunt eutinstes la ve covn cbUianed Tur toe twu wethods or carstructl v wetn
thar releveat v.euwa oy otouse  bioeava cuse we eott ol tue siructure is similar,

thou e re ooy ue B darps uilavrnnee by lransporiation cousta:

&
vis)  Veel Thaoe, Liner oonatructloo (Gee g ebion iy b UUU
Voo soniem: - 1d ualt's pubipe el o=dblape (el
vodlust pueie; 1NCAUG 1y sal'eby ang control cystem. 157,000
Trensport 17
\w) 1Integras Cu-clad sterl vaoe tanc ana liner {oto aecvoon 2) ol
Vac. sy otem: Verion pubps, prllody, hinory, [aups
Secundary, Turumicculor, nuaps; includling salety and
contral oystem, 250, 00U
Transport ?

It i3 clear tial fie secound systen woslt inerease the total cust ~iven in
section 2 by attut H.. kpainst tonis inereuse, is, inter-alie, tne cleanness of the
vaguuis aysten, and hence increased relicoiiity. 1t might be a compromise solulion
1, have Lie tirst, ana [rrobhps secund, tane bullt on the sepurcted systec, where
accessipility to weintaon dritt wuues (veps ¢ icheng after pudtipactor duamayge) is
degiraple, ahu Lie remiineer ol toe linec wulll aring copper clau steel,

Une turther ilewm qescerves menlions  An tens deslisb gaven in taln report, toe




drift tubes are right cylinuers ot constant doaueier in o loni; of constunt cperture,
inner anu outer profile radii asung the whole linunc. sltelnative shinoscs, Ce5e
ellipsoidel drift tubes, or *Curistolilos! drirt tibes u3 on the broo-:haven AGS

and Argonne &GS injectuis,could be used, ami nay give unrzinally vetter values of
shunt impedance, and hence cost tuctor. Toe use of risht cylinder drirt tuues
suggested here hus twn sdvantages i) moeebsnical simplicily, so thst stungord tecplates
and foru=rs could be uscde (This advaninge is small since tue cost of profiling is
unly about He the total cost of tne drir tube); i) guadruputes of standurd sise
(u.g. orosa-section) could Le used, The wmajor part cf tie cost ol the driit tubes

is fabricution ard encapsuleting guaurupoles. In the tutal sanuraciure of siout

250 dritt tubes, stoadardisation in bl nechtoanieal desigh ol quadrupoles could wchieve

congidernble savinge.

6e kachine Kelicbilit

The tatal percentage operating time acuieves by any macoike 15 depuendent upon
a large number ot' fuctors, some o which are zlTected Uy tne desipn and moenitoriug
teatures of the wuckines In wriy cuses, witn poosd menitorins facilitieu, it do
possible to predict tne un—-set of o faait Fefore it 1o Jwrl coently wdvanced ta
cuuse lost time, Into tuls caterory rulls miner vacuum andg woeler Leaks, miner ret.
arcing, fall oft' in ewizsion ot the r,1'. anplificrs wna other electrunic equipmernt,
and loss of’ prutun current aue tu trouvle in tae ion cuurce.

Even tuvugu adequnie monitorines is nva . lsule, some of tho aboeve taults will
leaa to lusn of cutrmiting L.pe and sote will dwevitably develop Lnlo more wajor
occurencies.

Expericnce on tue Ruthiertord Lawurstory Proton Linear Accedoratar is thau, tor
a three taind: muchine plur experimental area freilities, pereentupe operatine times
of yp to Yo are poasivle over period of twe 15 four weeds snd an average sverali
purccntage in excess ol tWs i3 t'easible (Recent exverience witir tnds mechine is thnt,
for a six mouthn period, overall operating prrcantases in excess of YU. nuve been
achieved, This rigure, in tacl inciugas sowe tine dost ror toe Folarized Froton
Source, wuich of course will not bLe used on ine new wictine.)

The ¥.lioA. 183 gquile a pood model for iLne linac considared here sinee, althoush
it is & high duty cycls wachine (Zo comw: red vitii abont Uetys) ine averape power
lavels per cavity, including beam power, are sinilur (about 20 AW compnred witn 10
kW), The desiga of quairupoles nnd enolins: ror Lue cavities will be rasier for the
linac, but the r.f, rystem will bte more complex to of't'-set tuis.

Th~ 2levent faults which hnve occurred on tue Kutneri'ord Laboratory P.L.A.
during 1962 aid 1963 are analysed in appendix b. From Lhe Cigures presented it is
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‘por3ible to miv.e ai. extrapolation f'or the linac considered here. Fault figures for
:'baam lincs, vending magnets and quadrupoles are included as being repressntative of
. tlie peam transport system. The lost time due to major faults mentioned in appendix B
will not be inciuded in the extrapolation, but will be included in the overall total,
The percentages of time lost due to major faulte for 1962 (1963) was 2e15 (2.%%).

The Injector, Buncher, Mains Serwvices, Ancillery Bquipment, Beam Trensport Systea

and Cormun Drive Syatem are all items whish are repeated for the linac in e aimilar
form to the Rutherfurd Laboratory P.L.,A. Therefore the fault time for these items

is tolalled separately. The percentase of time lost on theae items for 1962 (1963)
vas 6.2v (bolin).

The total fault time for the tiree tanks of' the Rutherford Laboratory P.L.A.
~is multiplied by a faclor of 8/3 ror the eight tank linao to give the effective
percentage of time lost for 196¢ (1963) as 26.6% (16.%4).

Thus or this basis the total percentage of experimental time toc be expected on
the aight tank linac for 1962 (1963) is 65415 (76.3).

It ia probable that on the bigper macuine, with a relisbility comparable to tunt
o' tho P.L.A. for 1963, a greater number of raults idll occur together, so tist the
figure of 7&w may well be increased to about HOw or even kdgher, It should be possible
using known and tested components to achiove this order of reliability within the first
year of operation of the .iew machine.

In oomuwon with existing machines, the injector lincc would bucome more relialle
as the opersting staff becouwe more axilled in diagnosing or even preventing faults.
The overnll reliability i: very degpendent upon the rating of individual components
compored with tue.r muximum rating. Expericnce also indicates tlat electronic
wvquipment operates more rellably it the ambient temperature does not excead 2500.
Therefore, subject to these requirements, percountage reliability of the order of L4e
could reasonably be cxpected within the tirst two years of operation.

7. Conclusions
The basic criteria in tue design cf\n proton linear accelerator have bieen

establisueds 1In purticular, the bulance between shunt impedance and re.f'. voltage

- breakdown ot the reguired operating fregucncy hos been formulated to give a cost
optimums 1n tue 200 LeV lnjector Linac design considered, the accuracy clalmed is to
- within 5=14,., both in custing and dimensional calculation., A practical r.f'. system
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desigu has been given, which vy uze of .il available modulstor powor, achicves a
considerable shortening of tue total r.f. pulse length, with resulting reduction in
duty arole, and hence cost. Pucther, reliability of operation of the order of 8%«
can be reasonably expected within two years of commissioning.

Clearly muoh detsiled work resecins. PFocusing requirements must be studied.
Detailed dimensional data must be found Ly couputation ond model measuremonts. The
precise matching of the r.f. svurce to the system will depend on the partioular
saplifier used, and will affeot ihe final pulse length (to within s 1Q% of the values
quotod). The methods of calibration, control, and monitoring need much more detailed
study. More dynamical caloulation will give an accurste prediotion of the linac
performana: The fundamental prcblem of the ef'fect of low energy velocity in the
structurs on axial field distribution, and heuce on bes . .ion, under pulse and
heavy beam loading oonditions needs study. (Possible solutions are ths use of
multiple feeds, and a structure with high group velocity). Alternatives to the
Alvarer struoture are worth investigation, particularly in view of high group
velocity as well as good shunt impedance, "The Crossed-Bar Structure, which does
have these features, and also good bandwidth, and r.f. breakdown capability,is at
present being investignted to this end.
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Appepdix &
Reaien .of Tank i

In the desirn of a Tank 1 covering so suull an energy rcuge (U.5 to 5 keV),
the requiramcnis of pood beam dynamics (i.e. good vhase and radial acceptance,
good output beam) are wore important than sconomy. In narticular the drift tubcs
sust be designed for their ability to hwouse a practicable quadrupoleo system with
sufficient aperture ratiier than for, say, optimum shunt impedance. RPurther it has
been tho expurience on most limnes that thc low enerpgy cells have Leen the nost
troublesomo in torms of wultipactor and spark breakdown, so thst nocessibility
for casy mointenance is a very desirable feature. The new Tank 1 (0.5 to 10 MNeV)
of tihie Rutherford Leborstory P.L.a. nas beon dosigned with these feoatures in mind,
{6, ror fuller dotails) tor which the Tank 4 for this present design could be taken,
It has tic folluwing paraumcters:

D/A = 0.5 , d4/A = 0.121

"1/A 0.0Uy3, r /N = 0.0131 (= half length of 1st drift tube)
&L 253 = .277 (at 5 keV)

Polarity n = 2, radinl wave number u = W/2

Effective magnet srodient G = k F-m, 1.2 £ £ 1.6

1]

The drift tube operture has been chocen according to the eguaiion
a = 0,650928 + 0.04755¢ W = D.OUI104 1‘12 + 0.000006 N5 (N is no of cell) A)

“hs variation of sperture according to A) results in a nearly t'lat axial field,
thus epauling easy aetting-up of tho tank.

The distribution and amplitude of the E-field over the surtace of the drift
tubes has been studied using a wedge sunaped electrolytic tunk. Two maxima were
found (n eacu drift tube surface, ot positions roughly where the profile radii
blended into tho drift tube flats, Curves of K (maximu surface field) and E,
(zean axial field) are shown in figure 13. It can be seen that, for an acceleration
rate 1,704 keV/m, no surface field greater than 12.8 LV/m, at the iuner profile
rodius of drift tule number 1, is to be expected. (In the complete 10 leV design,
the value of B (innur) is seen to decrease, whilst E, (outer) increases, bcooming
doainant at about 6.5 keV). A report on the Redesign of the Rutherford Laboratory
Tank 1 is to be published,
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Tue overall operating times ifur each wontn are shown as percentages of soiieduled
tine in Pigurs L. The wachine oporates on a schedulo of ien days f'or oxperimont,
fcllowed Ly four duys ror macidne meintenance and instaliation of exporiscntal
equipment. On alternate maintenunce periods two days are set aside for testing of
now equipment, and syatems ohecks. In addition, it is sometimes possible to operate
parts of the machine overnight during the maintenance periods. The last twelve hours,
overnight, of' any maintenance pericd is utilised to run up and coptimise the machine
in preparation for an exporimontal run. In addition, during 1962-63 some 17 hours
of acheduled tise was used f'or calibration and optimieation of thie machine. This
time will be deducted f{rom the overall total t'or our cstimates. Somo time whioch was
lost duo to faults in equipmcnt asucciated with the exporimental prograa has also
becn counted in the publicid tifjures fur the P.L.A. This tiwme will alsc be omitted
trom our calculationg.

A long b=t weok guut Pror insizallistion of major itaas ol scw equipwent is usually
scheduled to include Septeuber of vzch yuars

The faults oncuuntered on the F.l.a. o

(a) Pre-injcctor 1962 1963
E.i.¥. platform and ion source (including power supplies,
cabling controls and BE.H.Y. "flash over:'? 53 43 hours
G@onerator, alternator, platfomrm blowers and gun
resiastora. 16 16 hours
Vacuum and cooling; systems. N 5 hours
Total 73 5L hours
Total tor Pre~injuctor = 127 hours
(b) buncher 3 3 hours
Total for Buncher = 6 hours
(¢) General Services (compressed air, water, refrigeration
and main elcotrioity supply failures). 39 33 hours
Total for General Services = 72 hours
(d) Run-up and calibration periods 5 36 hours
Toutal for Run~up and calibretion = 41 hours
(e) Ancillary Equipment i
Beriding magnets, quadrupoles,
supplies tor buam lines, ramote controls and monitoring
ineluding tiie master trigger unit 27 3 hours
Buam line vaouum syatem 10 2 hours
_ Experimental equipment 17 18 hours
' Total &b 50
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(b)

(1)

(3

Polul tor ancillary equipucnt e.cluding

Zoperupental equipment faults = 6y hours

Low Puvier Drive

Powur supplics oud r.f. valve replicoment (inciuding

modulators, prionry frequengy source, f'requency multiplier

ciizin, suo-wodulators, overloaa protection, cuntrol
oabling).
Co-~axinl lines

Total for Low Puwer Drive = 142 hours

Fower Dividing Network (includes coaxial line attenuators,

phase shifters and wmater loads)

Total for Power Dividing Netwri = 26 hours
lligh Power Drive

Fower supplies (inoluding modulators, sub modulator,
controls, overload protection and cabling).

Grounded grid triode amplifier

Coaxial linua,

Total for High Powsr Drive = 109 hours.
Tank 1

Power supplics (including modulator, sub modulstor,
oontrols, overload protection and oabling)

Groundod grid triode auplifier

Vacuus and cooling cirouits.

s and

Total

Total

-

Ancillaries (including coaxinl lines, Parnday oups,
vacuum window assewbly and tilt and frequency tuners).

Tutal for Tank 1 = 369 hours
Tank 2
Power supplies (including modulator, sub-modulator,
controls, overload protootion and cabling)
Grounded grid triode amplifieras

Vaouum and oooling cirouits
£noillaries (including oosxial lines, Paraday cups,

Total

vaouux window assembly and tilt and frequency tuners).

Total for Tank 2 = 406 hours

Tota™

1502

1$1c&

13

| & B%

56

25
55
17
28

125

———-

175

1463

I P

¥ ]oeh

16
148
16

il
EI R

hours
hours

hours
hours
hours

hours

hours
hours
hours
houra

haurs
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1962 1963
(k) Tank 3
Power supplics (inoluding modulator, aub-‘oduhtor.

controls, overload protection and oabling). 80 26 hours
Grounded grid triode swplifiers 5 56 hours
Vacuum and oooling cirouits 90 5 houra
Ancillaries (inoluding coaxisl lines, Pareday cups, vaouwm

vindow asaembly and tilt and frequency tuners). 33 25 hours

Total 208 112 bours
Total for Tank 3 = 320 houra

Total fault time for 1962 = 93 hours
Total sohedulsd experimental time = 5040 hours
Peroentage of soheduled time = BlS5 %

available for experisent

Total fault time for 1963 762 hours
Total scheduled experimental time = 5465 hours
85.6

#

Percentage of acheduled time ‘
available for experiment.

Rote: These percentages are greater than the published ones (14) due to the cmisasion
of time lost on the polarired proton source whioh is, of oourse, not relevant
to the appliocation oonsidered here.

There are notable improvements in some of the figures for 1963 if coapared with
the oorresponding onea for 1962, During 1962-63 improvements wers made to the
frequoncy tuner drive system and controls resulting in much lower figurea tor 1963,
The ignitron switch tubes for the modulatora for tanks 2 and j and, more recently,
Tank 1, and the high Fower Drive, bave been replaced by new deuterium thyrstrona with
resulting improvement in fault time. Improvements have also been pade to the grid
control oirocuitry of the exoitron power uupplies for these sodulators. However, thia
reduotion in fault time has, to some extent, been off-set by mater leaks in the
oooling ocirouits of Tank 1 and Tank 2 which gave rise to an overall loss of 150 hours.
Coamparacle losses for 1962 totalled 105 hours. It is possible that the figures for
grounded grid triode valve replacement would be bettered in amashine using sealed off
valves, but they may be off-set by faults in the external oircuitry and more
complicated control cirouita. The average time for a walve change inoluding rvn up

1 and ocalibratior mas 17 hours. This figure is rather high due to the faot that in

somes cases the valve, the various compunsnt parts of whioh are replaoeablo. was
repaired "in situ.” Currently a valvo change takes between 8 and 10 boura,
Comparing ihe total number of faults recorded of 819 in 1962 with the 383 of

e ——— 1 bt s




1y it it suen tuet tue pereentages of lost tiwe du nut vear a direot relationship
tu tne wituls for lost tiwcee Tuls is Lecause faults do not clwuys oceur singly.
Yue nueber or' faulvz itvoelving two or more itcus was 169 in 1962, cumgared with 29
in 1903, tne tutai nuuber of faults included in these tigures ULeing 534 and o1
respectively, Tacref'cce tie eff'cetive number of faults was 450 ror 1962 cnd 391 for
1y63%, ‘Tnege nunbers are in £ood agreeiont with tuc percentages given in seotion 6.




LABORATORIES

WORK SHOP

e P i T e U9 A P K
Xy -:_"QI ,p,p_-:'-""-f,' | '.;.‘ "o.'."i.‘_ fﬁs}_"‘d’!hcf"

P ——— i—

[
SR B,

R
L/

XANz

VR0 PRI ™ R S B, W M 4 m

RN

="
TR GATE LTI

|

TAN




OFFICES AND
LABORATORIES

T

CONTROL COUNTING LABOR
ROOM ROOM -

MAINTENANCE TUNNEL
10 TN .Ja t T

gy p—————— - Ny
T s . - T gl
o, P57 24 ';ﬂ‘b . i’:":“w “T ¥ 23

ety b ¥, - Pl .“'.-' y Ly - g Lot g - . AL K -t
SRyt B R A L e T R R e U e T T R e R

LINAC TUNNEL - -

TANKS2-8 IN 5 MW UNITS (100 MA BEAM)
77 M

sC;




- - ™~

| | -
......": _—.F | SLIDING CONCRETH
! } —n  [$2]  sHEw ooors

e,
b
-~

]

~
nlava e . - - 2
e § - o I.l : — i . . \ v :

*

_ SEE FIGURE 2 =
SEE oo el

Tl

2 1 o=




BOOSTER AGS

N
~
m\
OORS
- — /
-—-( EXPERIMENTAL AND BEAM MONITORING AREA

150 M

e T e Y = 1 AVAIIT END A 2900 MeV LINAC.




. FIGURE | Q MeV UNAC. FIGURE 1|




300 GEV AGS




TRAVELLING CRANES

N

‘-_ S-4 M

MAINTENANCE TUNNEL

R

70O M

RF POWER PACK

—"l:
|
I

FOCUSING

RN




MAINTENANCE TUNNEL MACHINE TUMEI./

e 70M e 25M 65M /

H \\*  ACCELERATION
WOV UNIT

PUMP

PACK . FOCUSING POWER PACK PARTLY DEMOUNTABLE
MAIN SHIELDING WALL




11111
-------
------

----------
............

NAARNNARNANANAN N AN AN

#

E LAYOUT FOR A 200 MeV LINAC. FIGURE {




R R R s eSS

EL

» == MODULATOR +
—— mm

T

MeV LINAC. FIGURE 2




- A Wy R W W e e A

] —"0 J

Legn -

| %. J
ﬁ.....J--L,.I .

UNIT ALVAREZ CELL

FiG 3.



"3

R T T R T T R T M TR I TR T 1)

o sre(achu) acansy wavion o W, %))

FiG.4




I I o 150 M —

TENTATIVE LAYOUT FOR A 200 MeV |

o3¢

" % ¢ 90 T T T T T " R T " R TR T T T T}

OPYIMSED Dn & 95, FOR 200McA ALYANEZ STAUCTUNE
onsre(ashg) acamsT whwTIN o By, , %)

.4




240 219!
-
+
&
& 1
t
2985 T T 7 4 er
(@)
26:0 26:0

oy ~
-~
2 - g
* 0'%"5' +
.~ - .
R xalis 53 o
55 .- . — 55
B3 ‘“ 15 16 Woa

COST OPTIMISATION WITH d/5, 05 AT 7OMaV,

(d)

‘12 ' a3

(b)

d4 45 e

GUAPHS SHOW WARIATION OF COST WITH; (Q) VAMATION OF dfs , ), CONSTANT

(b) AMqOR OF By, ,

& CONSTANT

(cYa(d)WRIATION OF POWER REQUIREMENTS OF £ 20%

F16. 5




l-r'i
{
-8
-4
4.
¥..
[
[
« ' - = ematt . _—
g‘- -0
. : 150 170 1% 21 30 250
30 70 L] 1) 130 ENERGY Mav.

D T RP S L

ACCELERATION RATE OF OPTIMISED STRUCTURE v ENERGY

FiG.6




-

% S0 10 % 10 130 150 1™ 1% 210

PRACTICAL SHUNT DMPEDANCE OF OPTIMISED STRUCTURE v ENERGY

FIG.7

s T3 025!
ENENGY Mev




200 SRV LINAC

STANNS, VS AW uwTs

Bnk numiber 2 L 5 [ r

Evecgy 5 o ﬁw .l iy .ﬁ .ﬁ_ \&Wﬂ
Lrogth ?_ gm o { .?@.v‘mn._s&u_.ﬁ 2w [ 2837
Loner dlzmeier o .sd._.l —ﬂ s | ¥ oms | owm |wx|&|_.|uqimi
Dirlute dametr @ WS W43 | /eS| /8 ns 208 ws o
Pt Aebe gpect e cm :H.-. st — : _—yy
24 aiw | s e e Tas | s | W
oA | R N e e | | as | o
Rexpe o/ 9t B i | e e | g g
oA WINPT — ars |
A o sy —— “ o
Botat poswer w s 5 _ 3 5
Acwiorat rose -4 1oBE 1820 | ré8E | 12Ft  Jreg | cowe | coks 1-048
& _1 srove | 350x0 | 52000 swops | soc00 T eaeo | seovo
Lt thnt sqoedence (R "4 37e0 | prod - 13 752 | mee , o | am
Puctical shntuped 4R (33 5o | 152 | a0 | pes ' g0 | was | S0

FiG.8 PARAMETERS OF COMPLETE LINAC

A RN E

RUTHERFORE It

FERCT . AADOEATIRY i A

Pedar™




R iy - T

-

FGURE 9. !ml‘l' CIRCUIT FOR A RESISTIVE SOURCE IMPEDANCE AT THE LOOP

TERMINALS,
r . ﬂu, "
- " 1 ¢ o
¢ = nE Swwe c I
N . L

FIGURE 94, EQUIVALENT CIRCUIT FOR A RESISTIVE AND CAPACITIVE SOURCE mw
AT THE LOOP TERMNNALS. '

FIGURES .. EQUIVALENT CIRCUIT FOR A RESISTIVE AND INDUCTIVE SOUNCE . mm _
AT THE 1DOP TERMINALS. -

R.F. SYSTEM TANK EQUIVALENT CIRCUIT.
FIGURE 9.
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