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·THE ELECTRICAL. l)ESlON OF A HEAVY~ION-.A.CCELERATOR 
.. . 

. Fe l:fatfianlf ~V~e,lk,er 

Jladiation Laboratory 
Univeraity·:i:f· California 

Berkeley, California 
/'·· 
~· ···'"" 

· Abatraet · 

· A Unear ·accelerator designed to accelerate 
particle• of atomic weight 12 throuah ,zo· ~, 
thJoough neon) h now in operation ift. :berkeley. 

.. . Thb machine ha• four parte: &ll injector, a 
~-· _.short. eectlon __ of linear accelerator,. ·a •~ripper, 

and a main eectlon of Uaear accelerator. The· 
<'~tftjector' conaiate of an ion source·: the electronic 

equipme~~t to pulse-power it, aftd a sqo-kv . 
--.'Coci'c~.Walton power aupply .uelng dry•dtac 

rectifier •. · . . 

The firat linear accelerator aection is an rf 
caVity 10ft in, dtanleter and 15· !tin lenath •. When, 
it il at deeiga·aradtent (500 kv/ft)~ 185 kw a~e :··. 
clbeipated in the cavity walla and drUt ~ubes~ 
There are 37 drift tube•'· . with arid fOc:uaina. . 

, which are spaced for an exit enerJY of 0.97.-Mev/ .. 
, nueleon: i .. e. • .N14 would have· an' eX:!.t~eaergy of 
· 13.6 Mev •. The main Un,ear acc~~lerator eection 

ac_celer~te ~rticlei ~th e/m:: 0:.3 OP greater·; 

lfttroduction 
·, 

Moat of the· early parti,cle accelerator• were 
built to accelerate ·electrolll~ protons •. cteuieron1, 
and.alpha particle•~ · ·r~• -'*as primarlly·becauae · 
tbeS!'e p_artiolea -are fundaatental building 'block• · · 
of matter. It 11 aho ebnpler to. deaian_for light 
particles. There baa. been an blcreaeing intereat~ 
particularly among nu:etear che~~eta, ·in acce~er .. 
ating ion• of much greater ·at~lc. weight,. and we 
now have in· Berkeley a linear a£celerator cap• 
able of acceleratlq ioo• of-atomic weight 12 · 

. tbrou1h 20. Thea~ are atom• of .caz:l>on through 
·neon, and they are not,_ etrictly spealdna~ heavy 
io"'• except in compariaon V?lth hfdroJen'and . , 
helium. The accelerator wae cte·•lgaed ia collab• 
oration with Yale University,. and:, Yale II now · 
completing con•truc:tion of a mac~ne that b very ~· 9 !till diameter and 90-ft in length. At de•ign 

.... gradient (500 kv/ft), a.6 Mw are dilalpated in the · 
· cavity ~a .and d~ijt-tiibea. la this eection there . . . . . 

&J'e 67 dl'ift·tubea • ....--with atrong-foc:uaing magnet• A linear accelerator is u~ually ()perated at·an 

similar to the 'l~~rkeley ac~ele~ator. 1 · · 

· · ln_each~ The m·aaneta ~re powered by individual rf araditmt a little le••. than required for br~aa •... 
~.: watel'-coolecl gerinaoium rectifier• capable· of down between drift tube a be.cauee this reaulte in :·: 

·deUvel'ing.750 a~p at:Zl v. These together· with. a minimum-length machtlrle. For any alven ·part• 
. the power-•upply tranaformera. are mounted af icle accelerated to a given enerty, She lenath la 
·: the drift-tube etema. The exit itftergy from thit inversely proportional to the number ofc:harae• · 
~ectlon h :tO Mev/nucleon. or 140 Mev for N 14.. on tlie ion. The d loaees,. the coat of rf ienerat .. 

. , · . ing equipment, and the coat of the tank itael~ are. 

-A ... ~ 

•. 

_ ....... 

.• l 

A puhed radio-frequency 1y1tem ca~ble of roughly proportional to the lenath of the-machine. 
~~ .· .aupplyiag 3 Mw of 10-Mc eneray for: 3 maec: . The dearee· of ionization of the. charaecl partic'te · . 

-~\U'aieMe othe-J)O~J"-·for· the .. hvo li~Jil"" &C"CetetTio~-· ---- ha•·-a-,n-.r'"tllfluencec;ii-tlfitaiflii&n. ~Tlle-iall~or-----
. ~r tanka .• \ Po~r ll aupplied to the main tank by ~et charge to· m~se, here called: e/m., · det~rmi~• , 
three amp1Ulez::a, and to the smaller tank by a · the grip that the electl"tc and maan~tic;: fields ha'te 
c~oupling·liae f'om the laraer one. The amplifier• Ori the parllc:le~ For example, acceleratln1. and:\ 
are powered by individual puhe Unea, each with fo~ai_na fielde muat be 20. timea·a~_~targe for :~:-~ 
a ca~city of f·~5 ¥w. · ·. singly charge<l neon ato~• aa ~~r p,rptona. , \ "\· 

. - . . -. . 'I \ 
. . The n~er of chargee that the _ion •ource U~de_r ~e beet ~peratlng coadi.tlone, o~r ·ion ~ . 
· can remove from a given atom, eay· Ne 20, il sourcef:will deliver about a ~illtampere ofJN14) ·3 

Umited to ati~ut 3. For this rea•on the first or (Ne 0)+1. _Ofte of the.deaign pr~blemei~o thia :·. -'' 
. l~near accel~rat·or section (preatrlpper}ia de... tnachine wn to maintain a larae value of e/m for 
;..,~. :tigned to acce~ .Particles With a, cha~ge ... to-maas elements a• heavy aa neo"_-zf!.ff :example, (N14)+3 

ratio ot:f/m = __ :3/ZO.= 0.15. Particle• with a . hae an e/m a 0.214 and (Ne ) baa ail e/m = 0.1:5. 
· Maher ratio ale ~ccelerated; those with a lower For beet over-:a11 performance. the- linear acceler- · 
. ratio are ~ot~ ( Since it ia more effl,'eie_nt "to oper-' ator Wal divided into t-,.,o parte •. 'The fh·•.t,part .. 

ate the linear;'accelerator when desianed for a wa• deelaned for an e/m =. 0.15, and· the aeconcl 
blah e/m ratt~. the first section ie only long part was· deaignecf for &a e/ro = o.s~ :·The fir at ·; 

' enoqh.to gi~ the particle• enough eaeray· tore~· eeetion of the linear accelerato~ ,il.lS.;ft long and 
· :~ . move; more c~rge when passed through a. foil. · has an energy gain of 1 mev/nugteon; ~at il; 14. 
f · la this caaeftbe.re·la a cofttinu~uely replenished mev for N14 Ol' 20-mev for. Ne2 .•.. Tbia le auffl· 

foil, con•i~tina of a jet of mercury throqh which dent e_neray to etrlp off addittou.l·charae from ~he 
the particl~s paea, and here they are attlpped of atom when it paaeee throuah matter. BeJween the 
aome· of t11; remaining charge.. After pa• elng , s.ectiona of the linear acceleratol',. U;lere b a. device 
throuah t~e!stripper, ,particle• h&.ve chargee· of that projects a jet o£ mercury. vapor thl'OUJb.the 
+4, +~. apd +6. The main aectioa of the Une·ar. path pf the .beam. After palltaa·throuah the stripper 
accelel'a~r, or poatetripper,. is deetaned. to a1 thil device is called, some of the lona·b·ave four, 

I 
l 
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~undred Jl•ec: to a maximum of Z msec -with this 
modulator. Once the arc ie established, the ion 
source including ita electronic cha• sh ie raised 
in potential With respect to an electrode at the 

er than 0.3. which. ie the design minim~ for \l)e .. : 
,aecond linear-accelerator section. Any (Nl4)'t'O;.ons 
that exiet. fo·r example. have an e/m = 0.4Z8.: and 
the rf- aradient necessary to accelerate these ions 
ia_ 0.3/0·.428, .or 70~ of the maximum design · 

potential of the high-voltage cubicle .. This elec
trode h arranged to extract ions--through a alit . 

· gradient. The second section ~s 9ft in diameter 
. _:~pa_ .90-ft long·.and ha• an .exit en~ ray of 1-0 . 
· ,.,mev/nuc:leon. A block dtqf.fam of the heavy~ion 

, accelerator h ehown in Flj:.··l. - . - · .. · · .. )~·.~ ~. ~.~~: . ':, 

-. Injector 

- in the w~ll of the cylinder. The current neceaaary 
'for extraction ia, eupplied -through another hard
tube ~odulator from a 7. 5 Jlf capacitor charged 
to ZO kv. The modulator has ·an adjuatable delay. 
aa well aa a variable pulse le~Ul. For. beat 
operation of the •ource, the arc is allowed to 
build up and become stable before extracting iQ-na 
from it. - : :··., Th·e·_-inje.ctor· c&?naiat~ of a high .. voltage 

, .. cubicle· in which' the i.ons are created. an evacuated . . . . 
·. · .. :}ube ~pr~~~h wh~ch_,th~ .!~na are ~0'~:~1~~-ated, and. _ . · . The field of the ~~~~f7t -~~tends. not,~onl~ -~ 

~• .~o~kt~~-~~;:~¥alton ·power aupp_ly: to accelerate the through:~ the ion-source __ cy!lrid,er i but a lao over all 
r'i ;·, .. lone to aJt eileriY. acceptable tO the·preatripper.. .. the ~eg10n through Which the extr~cted iona_paas •. 

-. : ;,,_r,~·a·lfrllear--'ac;c~:l~r;-at~r, the drif(-tube spacing 1• ... -~he ener~ gained from thtt ~trac~or and the . 
eq~l to the' diat~nce a particle ti'ave,lil during an .· .. &Vm of Uue iona detes:~~~~ their path.- in th~ ~&J-
.r_c·eyc::le. -The:c:oa~ perf~ot of mac_~in,e is high ,· aetic-lield~~ld· ~· _ac!Juated. tC)·. 

., ,_~th lo'Y iojec~on en~rgiea,. because _many adcli- allow only desire~ par.tl~le_s. to paae through a 
tional drifttube.a muat be. packed lrito the first few _ ·~t into. the accelerating col~n.. Thh r~quirea 

·feet of machine: ·On the ·other band,- the c:oat of .that the electric: and maan~tic field be coh.atant 
, ib.jecto:r .. power ... aupply increases rapidly: with. to·o.t~. A beam of triply cha~gecl lone fal~a 

.1 · · • 'higher voltage.~ ' In the case of the heavy ion thro~~ the_ SOO·kv p~tential created by the .. :~ 
. · a·ccelerator,: 500 kv' Wa.s the most economical·.· Coc~$-Walton where it aains 1.~ mev per-

. choice! for: ~li iti)~~tion.yoltage_~· ·. ·. · particle. _ ·.'. : . , .. ~ 

. ·:·. , The Co~~~~,:Wal~o~ ~owe;r auppiy ha~ 14 ~ 500-kv ieolati~n of the:·electri~al ~qui~ment 
.· ·:.~ · _,~aacadecl ~ecka, ~adi a volta1e doubler contaudng. in the cubicle, waa provided by bringina mec::l,lan-

:lour ZO-kv,·,_O.S- jl4 capac~tors, ancl ZOOO · 1/ 4-in.... leal powet in to the high·v~ltage unit by i:na~lated . 
dlam. ~elenium t:eila. The rectifier a- are protect- vee belts. The vee belta· dl"ive a 5-kw.dc:·g~:~er• 

' ~~-·from aevere ~:ve:rvoltage by spark sap•, a·nd a~for magnet power. and-~ 35-kva 60-~p• · 
Ute c•padtora ~r.e ptotected froiD over·current by .alternator to supply powe.r to the electrorii~. 
aeries reaietorit{tn each cieck. The •tack is driv- . chasail, the· vacuum p~pa, and the refrig~ra• 

·-- · :-~- -en- by an 800·cyc.l_~, ZO~kv-pe~k voltage _from a fion equipment .. Ught~beam telemeter a ··trans·· 
. -::·. ·;_- . ·tr-.natormei'. ~~chin turn ia· supplied .by an fer trigger-ti~e !~ormation to the modulato~a. 

: alternator~· A ZTOO~meaohm divider ia used to -and alao supply arc:-current· .. waveform• to.~e 
· .- ~,.-monitor the hiah voltaae. and to pr_ovide a feed· oper~tor • 

·.· 

.' 

.. 
·._: . ., 

' . 

,. 

. ' '·.· ~ ~ack elanal to~ con~trol the alternator field curren~. · - , _ , · 
, . . :·, : ~«!. ~~~J!,I&i~Aof -~~~- .r~gu~t-~. h;. f~Q~i_ent _t~r.PZ:~--- ~ ....... . ....... , .. :· _ Line~r .. acc~lerator aec~on .. ·-,----- ·-· .... _ -·--· ____ ~-

Vide- O.l'fo replatlon if there ia n_o divider in~ta· · The particular type of linear accelerator in 
bility. Operating __ experience ha~ .ahown no diffi. this machine con.aiata ~~a larae tank which 'ia 
cul~y.with atabi~ity:of injector v~ltage to elate. both·a vacuum veaael and an~~ cavity. The cavi·ty 
The Cockcroft· Walton wa1 dealgned to supply 1.5 _ ia excited in the TM

0
_
10 

mode; io. which the axial 
ma at 500 ltv with _about 1500-v-~ak ripple. electric field ia uniform from end to end except· 
-FigUI'e l 1 is .a pt,cture ,of the Cockcroft .. Walton. for perturbation• caused by the driftt\lbee. The 

. 1 · ~ .· . · · . length of the. cavity ta gov~rned by the maximum 
_ . ·Th~. -~~~~:"':voltage cubicle containa a vacuum · aradient that can be held between drifttubee in 
•.r•~m, a ffi~gaet. · and an ion aource ~th ita · . va~t:lum· and by the de•lred· exit energy of the 

. a•aocia:ted electronic equipment. The-ion aource partl~-e.s. The deaign aradient in this.machine 
l•: of the Ph~ll!J& Jon Gauge type in which an elec .. _ ia 0.·5.~v/ft average, or z mv/ft i'n the aapa. It 
trlcat ,4l•c~-a~ae ~~·~irln~ned b~tween electrode• haa ab•eady been.decid~d fo;w: beam-dynamic• rea-
_tn theip~eaee1ce of __ ~ magnetic fl,l~ .. -The wall of a aona ta:·use alterQting-aradient focusini, and this 
l~"tJ»>Ute cylinder _act• a a an ano~~· .and the. in- . aeta the minimUiJl drift-~. m&&net siae. The 
·aulated enda act a• a cathod~. _The cylinder ·ia eo diameter of the cavity l• det~l-mined by the oper-
oriented,be~~en ~e pole~ of a maanet that ita atina frequency, and. to make the cltameter •..U, 
axb is ia. Uq~~ wit_h the magnetic f~eld. The three- . the frequeficy should be as high as poaeible. A 
hold for. removin~; three electron• fr~m an atom frequenc:y·of 70 me waa chosen because tt l• 
ia ·_lea a than_100 Y•. but becaua~ of the small erose compatible with both the drift-tube ai.ae; and with 
section at this VQltqe and the hiah prol?ilbUity. of the R.CA-Z33l tube to be used 'tn the final ampU-
recombinat~oa. of·•ona, the loa ~ource. h,'operated fier •taae,. · · · 
with conaiderably more v~ltag~. The discharge -

. normally has- been 3 ltv potential drop with 1. 5 
amp of arc current. Energy (or the arc ia suppli· 
ed from a puhe line and a hard-tube modulator. 
It ia possible to vary 'the pulse length f~om a few 

·The first atudiel on the rf-carity problem 
were done on an electrical analogue network 
which •lmulated rf field• in a cylindrical s!'ometry. 
The network was uaed to plot values of field for 
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aection• of the Unear accelerator with various , some particles can be accelerated at c:on•ider· 
ratioe of drift-tube diameter.to cavity dlame:ter, . ably lesa·than the maximum rf .gra.dtent, only 
and ·with vartou• d~ift~tube gap-to-length ra~i.oe. . thre·e amplifiers were built for the first ata1e• 
on·the assumption that th~ cooduc:~tivity of the · of operation. Allowance wa• made for a fourth 
cavity walls doe a not appreciably ~feet the fie~d stage' to· be added lat~r. The final sta1es are _ 
~htrtbution, it ,_... po•)ible -~· ~ntegrate n~er- tuned;.. grid,- tuned• plate amplifier a, bavinJ a -pi~ 
tcally to find the to sse• alol'lg ~the conductin.1 aur .. - input and pi-output Circuit as shown in _Fig. 4. 
face.\ By integrating over the volume, the voltage . In order to avoid loading the 'drive circuit, and 
a~ro.,•• the gap wa• deter~~n~d,. Thi~ enabled_ ':'• . · -·.espee~ally t~ keep frem feecli_n& po•er -~hz:ough 

··_to calculate the •hunt impedance-of the u."ity and. . the ~plifier to the cavity·prematur.ely, we have 
_.. thua determin~ the losaea to be expect~d in the . proVtdea.neuuali.ea~o.~ by a grid line coupled to 
- linear accelerator at a liven gradient. Frequency :- the cavity. The·c:aviq. acts a~ a hlgh-Q filter in 

data determined f~om the network waa too crude the feedback path. At_very low voltages in the 
to be of value, and frequency measuremente were ca:rity (several hundl'~~ volta acroe~ the drift· 
taken on a prechion•cavi" mode~ to determine tube, gap• ). electroaa take about ofte r£ cycle to 

. ~ow· diameter l'atto• and gap·tength.• -de~~r~ne. go· acrose the gap and· \Sack~ II the! secondary . 
·~he frequency of the r,aion from ,one .~~ift·tu~e eb)iaaion. ratt:o of the am\!ace mate,ial b areate~. 

... 

•tern' to the n~t •. - · "· · . . . . than· one• an avalanche o£; __ electron• '!ill bul~d ·up 
· ·:·· · .·, · · - .' . . . . ,· · ~ . -~~::--_- · - · · · aftel-' a number of cycle~. ·and ~1 the output of_ ~ 

· ~ .. · Aa tJ1e particle a gain eneriY, the dl'ift-tllbe tbe.amplifler• will be ab•orbed in thie multipactol'- ·· 
_._. a~clna mu•t be increa1ecl to. allo~ for the in- tng phenomena. At full gradient ~\0 v out of Z Mv 
- · creaaed velocitY. A table re-la,tins velocity gain 11 a. ratio of to·4 in-voltage or 10 in power. · 

·to drift~tube apadnt. wae pre,~J'ed .by the- theo- so.· to avoid mul~pac:torlng, the po•er fed 
re~ical group. · V.s.ng data frpln' thta cab~•- t,ogether through trqm the 4river to the cavity must be 
witA-the prec:tsion.tnodeling_.Ci~vtty• ·we found the taea than 30 mw. 'When. the pulse ~eaina, it la 
cell. ·dimension• .f~r the who~ ·machine •. ~e~ · · necea.sarf to ha~ ·the rllevel rile; sufficie!'-tly 
thoqh the cell lengths varw continually, if e~ch . ·fa•t thl"ough the variou• multipactori':'gleveb t_d_ 

.· ·'cell •. as the region from .~e drilt-tube to the next prevent an. avalanche from buildtna up. _,To · · 
- ·h c~led.. has_.the. same ,r,aonant frequ~ncy, th~. accomplish thta,, the g:dd•tuned drc:td~ of the RCA 
, cavity as a whole. will i'iso have· thie_ resonant floe • . _ Zl~~- baa to be ~riven -~pp~oximately· ZOOO v. peak 
,quency .. Any va~ati~t,ia in t~e resonant frequency ·ba.l jl'•ec:. ;; · - \ -
of the cells will cau~fl ~•tu~bationa in the fields . _ _ ,/~ . . ) _ .. -.· . 
-of t~e total cavitY• ~ · F~om _the pr~ctaion cavity data, · Eacb of tJl' final ~plUiere )laa a grou~de4• 
w:e. were able to .find the·mechanlcal.tolerancea. grid drlver~f\atage ualn1_a.n Eimac. lW~OOO t~e. . 

-'neceaaary t~ keep the axial electric field es•en~· The clriv,-r;..-'4.mP.1Ulers are driven·.from a c~oll . 
·:tally flat .,to11g~the l;ength of the cavity. For · inter~eata~amplifier u•iag an R.CA Z519 tetzrode·. 
·ex~~pt(; the mechanical t~leJOance ia O.OOZ5" o11 Thi~ :in ~s:K i'e--,driven by a m. aster oadllator and 

--_ ·!,..b.e~drlft.•tube gap a~cifta. Fiaure 3 lhowa a frequency\'multiplier. At preaent th~ master 
, ./-·ph9toar~~ of the interior of the main tank. C!•cillator~ie adjusted manually to the frequeftcy 
' ·.·: of the corioect mode, but it i8 planned. to servo 

/'·-_ 

•;-'' 

..... -. 
., ... 

-"' 

.,. 

.· 
. ·-- .. •. 

' .-

'" 
~ ,_ 

,.- ~ · The. strong .. focuaina magneta in the dri~·tubea the mae~ oscillator to the 9avity frequency at 
<. r.reqUlre ;.~_ac;l~~~~~.\ •. ~1 ~~l•r.~!l~~-o.(9.00~~·•·- ,. .... a.tatOJ"--date·l -·~--~'"~···., .. : ........ .;,.. _:_: .---~ . ..:-...... -- -~ ··-- ·-··-··· .. _i 

_- and it was ·neceaaary to aervo the .temperatut~ of , . : 
· ·t~ top, bottom, -alld alden of the 90·ft tank ln There are a number of mode• in the main tank 
·.order to keep room temperature from exceaaively that are quite near the operattnafrequency. The 

warpina the tank.dafing ·mechanical allgn.mellt. nearest.i• about 30 kc above the operattna fre .. 
Without this precaution. the· projected end-to-end quency. Wbeu the cavity waa fil'at excited a 
displacement waa.as much a.a 1/4 -in. durina the mode Wa.a found in which the axial field went 
day~ The difficult mechanical task of building the through ze-ro about 15 ~mea down the lenath of 
linear accelerator to these cloae tolerancee, the tank •. The next few modes expec:te~ were 
whlch·wa~ acc_'~-~~~hed -~Y the mec:hanical_group, TMoln modes, wher,e n = 1, Z, 3. In thla case 
aaved the electr.lcal group the very complex Job of thel'e ehould have•li!Afltouly 1. 2. · or 3 zero• in 
findinJ what per:turbatlona existed _in the axial , the axial field~ At fir at thta mode waa very con .. 
field, and calculating wnere to introduce a~clttion.al fuaing to ua until we· realized that lt waa a hiaher • 
perturbation• to correct th:e field. order TE mode which had been overlooked. 

. . . . . . .. . . / . . . . . 

· . The ahunt impedance! data found from the··. · 
analpgue at\aly.ts en.able,d. .us· to predlc~ the amount 
of rf power nece•sary t9 operate the machine at 
the de aign gradient. This powe_r was calcUlated 
·to be 11early 3 Mw. ·, OC tbb, 385 kw 1• lost ln the 

. fir •t section. alld 2.6 Mw i'a ldat in the ·main accel
erator section. About 671)'. of the loa •e··s are in · · 
the \valle, and about 33, in the drift tubea.and,· 
stems. We hoped to get 1 Mw of power from each 
Z33a flnal·am,plilier s~ge at 70 me. . Then, thre,e 
final amplifier ataaea would supply the l'equbed 
3 Mw with ao,allowance for· contingency. Becauae· 

~ 

'· 

Fipre ~ is a chart showing. the various mode a, 
and it glvea an indication of how the TE modea 
fit into the picture. Fortunately. with a Q of 
100. ·ooo there ie no trouble with other modee ~f 
the ·master oacillator ia set to approximately the 
correct frequency • 

-. · Au the final amplifier• are connected directly 
to the· mai11 ta-nk because it is ·easy to lock them 
in pha•e thh way. The pr~·stripper requires· 
only a fraction of the total output of one RCA 
Z33Z, •nd it ia powered by a coupling line frorn 
the main cavity rather than fr~m a ae~rate tube . 

... ~~~~ ·~· · .. ..::... :::· " , .. 
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there is· ion-gauge in4icatlon ot pressure. 
. ' ' 

-.The~e: b a rather critical man~l. •cljuafluent of· 
~e coupllns loop a an~ tuning loopa f~r. p~opet. · 
·operation of t)le pre•ltrtp.,.t, &':'c;i.it is· hop~.d tO ' Directional <!OUplers are provided 011 each . 
-~vettt)14lly aei'VO thea~ adjustments. The final amplifier coupllngline, and oa the Uae between 
amplifiers are powered lrom_lnc.Uvi~l pulse · . the preatripper and the main tank. Theae enable 

. -l~ftee, each capable of de.Uverina ·a_. Z5 ~w at 40 · . . the. (!perator to ll)onit'or rf po-vte·:r trom each amp• 

. k.v, _with a pubelenath, ~fl3 snae~. Orie ~~ tbeee Ufier and rf -power to the preatrlpper. Two 
,"~.inea ~· ehowu·in Fig. 6~. :t'he P'\18~ l~nea are . . Te.lctrofiix· oscilloscopes are uaed t~ vie~ .100 

. , - -~~~e~ from .aeperate 40·kv._ 4-ap.owecr aupplie$ aaaol'ted·voltage and current W&vefol'ma available 
which are thown tn Fig •. '! • Th., -~ha~gina curren~ · · at a plug .board. There ia abe a monitol! chaaaia . 

>. ·. ia ~mi~e~ ~Y' ·emlea~o~ Umitiq the 56 a hard•tube with thrCJe _3-in. oadll~ecopee !or waveforme that · .. 
. . recti(iera. Sv4tehin.g of each pulse :l~lle to i! final· the ·operator needs to obaerve con.tfnuouety· · 
, . ~mpl~el' ie accompUehed by thr,ee _ .. 5550 isn:J.tron• . · · / • .. · 

.ill serlea •. _- .AU.three.lgnitron• ~:re .. ~lggered aim- ~ Coneluai~n / 

.v~taneolflly from a_epal'ate trlgi&J'.,tna-atormerl• ·· . .- · , . · · 
.. 'Th~re, i~• allo·a· ••c_roba~·n eyatem· which uses a . · . At ,present th~ ~eavy\"lof;-~ece,lef~to~ha• pro .. 

· · tr~M~~recl air -.aap _._,hort-.ctrcuit _.the e~riY from vi~ed .~t lea lilt 10 tiamp of-,_C. ~1t..nd N at exit 
. , t~~ put.ee lines .~n eae~ :of a f~wt ln .. :the_ fl~ ~mtp· ·· .eaerau!e of 10 Me9/nu~leon. (I'hie ia 1~0 Mev .for 

~fi~r. Tbe~.amplifiere· and·.Ule _in.termed- carb.on.and 140 Mev for nitroa;en. N,o~ hal been 
late. amplUier are all supplied with plate power .accelerated on occa.eion, but -~~rad:ou at· this 
from~ eepar~te ·20 kv 3 milliaec:,o~4 p~~e line·. gradient--will be more rel~ble: \V~~ci·the fourth 

'. .. · · · . · · ·amplifier is completed. -With tl)e,fourth amp-

~.·.· . T.· he preat~ippe~J_i·as ... ·37 a __ J'id..:f~. ·e:~.-. q..· d. _rift . Ullf!r, it wi.ll also be P~••ibl~-~-(o,~ccelerate Ne2Z 
. tube •· · These <lrift tube a al"e amall in diamtlter and. poaaibly some· heav1er ele nta. . 

· .. : {a~~ut' t'O in. ) becau'8e ·they.: do aot. r~q~re drift.. -. . ·. : . . . · .' .. _... ·· 
.... ·: :1'l~ mapet.. · Gri"d !ocuala.g was'· rJOl carried on The. •t~ona-focua:ina q~d opoles . have been 

-~ ,t.~t.ough all tbe· machine ~eeauae ~oas ·of .beam ia· unuaua.ny •!cce-s &ful in,·cont~pllina the beam 
: · .--~; !teep function of th~ number of grjda. There throq}J..the _mainaceeleratoi'. The exit dia~eter 

.. _·art!) 67 drift-tubea, each .with an ~ndlVidual quad· of the be~ ~aa ~een aa amall aa Z mm withal-
rupole m_agnet, in tile main acceleJ"ator eecdon. m~st no ._to as· of ~eam, even thoup thcf CU.ameter 

.. TJ:i~ magnet• are wa,ter~ .. anCi~re J)owerecl at the e_ntranc:e .. ,s ahnost a centb.zi_eter: At the: 
.. . by. i~dividual water-cool~d ge·rm•nl.Uin ·reetUiere. preae~t tim~ a.~.ua.cher h beina bUilt to increase 

.. - · 'th.~ power-aupply·t~aneformera tot!thet wUh the .~e amo~nt of~b6am accepted by the. linear ~cc::el-
· .. ~ · .:re.ettfiera, whi~h ·are capable of •upplyiag· 750 e~a_tor. ~~ pU;iae-Une power ·euppliea ill"!! being 
. . a~p at ll. v ft~ a, , .... phase clro~t. are mounted oihcoole<!· ~ ~n~:reaee their power.. ontput which 

•·• :. :act;· the top of the tank aext to the drilt•tube· ateme wil~ all~w a•ht.g~e~ repetition rate for the machine. 
. . . ~Y:t'~e ~ show& the ma~hine befor~· th~ ehlelding • ,~-- / · ; : ; · ,j . . . · · . 

. ' ' \ j I 

·\ . 

\ . 
\ 
\. 
\, 

··:~ 

\.: 
\:.:._ 
\t\. ?.v." 

/.j 
f .1· . .... ·. 

' :" ... . - ... , 
.. 

I I 

F 

- -~ · '· .~e io•talled. ..: ~ · . .'- ., · . !,r.· . ~;. ·. Acknowled.ament · 

~ .. ~- . . f!t!!~JJ!t!kl~~~~tloa b.ri~~~~~!:'fr:m·:~ei:::':O:!b~;:::tina '. 
·/ r ~ ·,l,. 'f/!«f. i.tl~ .. iyi:(i!l!! ·~~~!l~~ ~.wer ~U:Jpli. ea ar:e . acc::elerat.o~ .. Spe. ctal recoan~tion h. due .Wal'ren 

monitored by 124-v:lamps In .the; (;9\itiol' t~in~'· .1 ... ·: .·Dextel')·~=-WUUam.Jlalte.r:,. ~i.el,No.rr.la. _ 4r!f~B~~!V~· --- .. ~. 
- The bl'ightnesa of the. lights gives vt11lal bidic:a .. - and Karl ·S~tne !rom the electrical aroup. 

' . ' · tion of. powe'!"•eupply.voltage •. Cu~r4!nt indication · · 
.fr.om each drift· tube_ maanet ahu~t ls connected . 
.to_ a Speedomax.dial }adicator throup a 67-poal-

Thie work was done under th~ aoapicea of the 

. tlon_ awitc::h. Tlle_ tn~c•tor ha•'· a· auppreeaed zero 
with five positions,. :enabling the operator to read 
indiricluat n1aanet ~rent to 600 a with O.S amp· 
accuracy.·, A separate pueb•buttoa,. c.oo.trol allow• 
raiaina or lowerlft:i current through t~ monitoJ>ed 
magnet• .·and: all t~e ~agneta can be turned otf and, 
on without cha11alns pl"evloua current settinJI. 

: F_ortunately, lt has prove~ possible to aet beam 
_,through the ma~JUne by_· aettinl '-'P. the .magnet 
,c:ul'rent accordina to theoretlca.l c::illculated values,. 
·tather ·than ~o ha:Ve to adjust .67 varlahle a· while · 
~earchiq fea 1M~. · -. 

. -. . .. 
The control room ia adjac:~nt to the injector, 

and it has a large window allowina the operator to 
·.view the meter• and Ughta acroas the intervening 

500 kv. Luc:ite •haftl are v.aed to manually adjuet 
th~ ion-ao~,c• c:ompo~ente •. The crf,tlcal sisnall 
are carrled.·on light-beam telernetera, and there 
ia a pbotoelectrip alarm circuit to warn of vacuum 
or refrt'ler•tion!:failure. Each ~ac::uum veatelle 
monitote~ by dui+l ~ating aauae interlock•. and. 

' ' i- ' ,.~ <,• I 

Atomic ·Energy C9mtniaaion.. . . ·, . . 
\ 

Reference a . i \ 
' \ 

L :Beringer, ·fiuckatern, Malldn,\ \~bbard, Smith 
and Van: Atta, ".Linear Acc::elei".tol' for Heavy 
loo•'t~ '.uc_ .. L'!2?96, Nov. 19S4. \ , 

z. C.£. A·ad~~·-ou.and K. w. Ehle~~~ · "lon 'source 
for the Production of Multiply r~raed lfeavy 
lonen. u~a~-3ll8. Dec. 1955.-: \\_ 
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Figure Captions 

Fig. 1. . Block diagram. 

Fig. 2.. Cackcroft- Walton power supply. 

Fig. 3. Interior of main tank. 

Fig. 4. Equivalent circuit for final amplifier. 

Fig. 5. Modes in main accelerator cavity. 

Fig. 6 .. 2..2.5 '!Jiw pulse line. 

Fig. 7. 45 kv 4 a power supply for charging .. putseLHn~s. 
\ 
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Fig. 8. Heavy ion ·accelerator before in"Stallation ·.of shielding. 
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