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OP:SRNL'IOlT 0:"" TIT]; 1/4 ~CALE r~ODBL B~V~~TROIJ;, II 

E. J. LofGren 

July 13, 1919 ..... 

This report is on outline of what hM heem 10arned on the 1/4 Scale Bevat~on 

cl\.U'ine Juno. The pr0~.r:i.ous poriod "'i~·.::; covored by UCllL-373. Up to tho present' subbt'antial 

p'oGross he.:> boon r.w,de in tho st~cly of preasure offsets, ihjecti on, and tank· aperture • 

. The 1'0 hnse.l • ..-o boon improvoment in tho n.C'~'{L-nW'1 bou.':l and in tho stubility of some of 

tho control circuits. On s one i~pOl·tru1t prQble::lS such as frequency tracking, no i.1'npr'ovo-

:-,1.0n'.:; ho.s yet been ma.do. 

}3a~.E..etocti.~:.~ ?~t'{-;l1i.~l!~ 

~, '. 
':., 

All tho besm currents g;iven in this report were nieo;su~ed on electrical probes 

which 'aore shieldod except for the electrode o::poscd to the bem.1. The probes wore. not 

covered '.'lith foil. The volta.[;c drop ::\.cross 1'esi:;to1'"s; 50,000 to 1,000,000 ohms, vras 

pc.s::;13d 'c!1rouch prei.':lps and then ·Co osci 1105COpOS. Usually rio bias voltage was hsCd. 

'30:).r1 current as 'n function of IJrobe bin.z voltage is given in FiG" 1. This show's 'chat 

our no bis.s valuos are· abou·c 407~ too hiGh. which is not imIJortant. 
. , . 

In all experil!'.ents 

• 
tho' 'largest beom pulses at each setting are recorded. Actually there is considerable . 

jit:;ter in the maohine so tha.t the best pulso nay occur. only once ~n sto 20 pulses.. The 

.largost accelerated bo:;).,u has been 0.4 • lCY"S a'TIperes e' The acceleration was to only '12 

y' 

Acceleration Tima 

If thf:' largest beam pulses at optimum adJustment are pl.ott~d 'ror various: , ,.'; 

accelerO:tiontimes a typical curve is as' sho,,\'11 in Fig.·Z. Tho. rapid fall ofr-of"bemli' 



·' 

," 
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ic'~:~e'~at: least i:1. part to a ~)')CJl' :~cfl.tch of froquol1cy ",-ri th !il3.(;:::otic field. Temporarily 

this pj,'oblat". wo.s by':'passod by doinG L'lOst e~::y;rimGnts at short acceleration J.;imes.We 
.• "~.- i'" 

m'\;) nO"<, tnkinc steps to ir,provo tIlO frequency trackinG. 

A~celeration Volto.Ce 
-..--.... -_ . ..---------

[t'lg'" 3 sho1'[s tho vc.riation of boo..":1 ·:;:th r.f. voltaGe. The throe liJwes't )?oints 

ruoe normuli,zed ,'rith ro:::;pec'b to tho ber-.;)'.l at 980 volts. T~le rata of chanco of i:l.aGnotlc 

'. ;',"'. 

field, is' a1Jout 3500 f,am;::; 1')01' ::;oconcl o.n.rl tho [~cc01er~"\.t5.:,lC oloctt"0:10 is, B.8 eloctrlc~l 

dosreos in lenGth, e5"vin:-:; 235 volts ,'oS 'bhe o::peJtod throb!1.01cl c 

Pi'os'surc Effec'ts: 
~~.--... ... .-... ... -- . 

Th~ vari2.tioi1 of "Jo:1.';11"rith pl~SGUl·e hets bean invcGticated c~Gain vJith various 
'. 

c.cc61crati onti;n.e::; ~"'d v' O,1'C',; c"1 "'),,····-'11··0'" ''''1110~'' d"·l-,, <.:.11' O','r ~...Io.I..L ... _...... ',""'.1; ~.!.4 vl "'.. ~ 0..,11..:} • ~ ..... ...,(.:,(... • a 1033 rapid. drop' of' boon 

"'fl th preGsuro th.en previot:s'l:i ropol't3d. The present ,{alu€ls are probably more reliable 

since W0 ~;'ero vrorl.:in,s with 1m'sol1 'bO::l1-:lG 8J1d UGGd direct elGctriGal:moasurernent l"e.ther 

than an i oniz ation chr.;aber .. I. 

Those curVOSf~re giV011 in Fie- 4. A:. 'will be oA-plained in the section 011 

aperttil"C the offocti ve aperture rrhOl1 the ta."11: is open is probably about 6 1/2 lnstoad 

of 9 '1/2. In eacil case tho horizontal z,por'Cttro "i":o.S 31 in.chcs .. 

On 0:11 occru:ion after tI10 tan}: had boon ptlL1?od on for 5 days OJld for the.' " ' 

preco~ing i2. ho~shad no liquid air tho a:voraGo roo.r1ingoi' ion Gae;0s 'in .the four 

""', ':', " " -$ 
; p:r:,.nifolds vras 1.4., le ::1J:1.. Tho rooC:lte;;;.por["tnre ":r3..3 70 0 c. ' One of tho t-,'ro20 inch 

. '~if'fus ionptunps on e o.oh ::; tr d ell t soc t:t on "re.G the 11 C los 03 d. off c..."1d the 'ave r age pre s sure 

,'/ 

Thon bot!l purlpC on 3 sectiol1G ''101'0 closed off and 'I;ho 2 on tIlo 
, . 

r.; 0 

l~i~:iaininG llor'bh' section ""rore loft opon. Prossures were:. North '1.3 • lC-6, 1~o.st7.9~' 

10''';6' Tost 5.9 • '1(:':'8, South 8.0 • 1(,-63 (;'.11 in mm. All pW':1pS wore then ,opened fUld t-.'ro 
< • ~~ ,... 

of :':'ho quadrant l:1.quid t'.:tl,,, trapo vrore'·filled.. AftGrJG\"[o houl":> the c..vel'ago'pre:isure W'as 

( 
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Injc c Jvi on 
.~---
I~ 

If tho Bevatron is tuned up for ail tacce lOl:'ated been on an electrical probe 

', . 
. and if tho acceleration is short el1ouGh" 1O~28 ms.~ so th'atdetail can be seen at the 

" 

acee 10ratio11 Vie pictul'e ti.r16 of inje~tion 3.'3 well a.s at tho Gnd of have an oscilloscope 
"\I . 

as in F'iG. 5. Thero is a 1erSo first turn s i(;118.1, then a.bout 3 rns later a betatron or 

p bO~:1 "rhioh is independent of tho' ref., and o:f'ter the end of the r.f. the accelerate'd 

or a b0n;:,1~ If the fir inc t:i.nc of tho cyclotron, ''-'ihich is determined by a peakinG trans-
, 

formor vrorking; 1'roL1 tho magnet ctU'"ront, is adjustod for rrw .. ximui''J. (3beoh ,'lith or without 

r.f. and if'r.f. is -turned on and tho frequency slope is adjusted it willbel'bund :: 

thr~t the firinG time is e:;~actly or very nearly at the optinuu tine for accelerated beam. 

Undor the best~djustli10nt and 1'or the highest beem ptilses the height of the a. beam is 

equal to the (3 be alil, 'Iii th r.f .on or to 1/2 the (3 be am i'Ji th r.f ~ off o The optimum, timing 

for the r.f. on is so that it just over1.apstho f3 beamo . If the inf1ector is l!lo\red 

radially and the ,best bo3r.1 at each pOi:::ltis observed we find a pronouncod peale at aboht 

17 in0hes outside the contor of the tailie vri th a smaller maximwil at 12 inches from the' 

cellterfine.. ,This 'is shm'ffi on Fig .. 6 together with values of the field 6Xponentn. 

The peak is shovm,to occur, at a radius of high and rapidly changinc; n!t 'We have Sh017li 

tho,',;. thore are different 1:J.Cch811isms of injErction'at the'17 ilich peak and inSide 'of 13"" 

i1'.chos where n'is a constant. about 0 0 6. If the inner g'i"ounded electrode of the infl~ctor 
" husa sh~eldadded so that it complote ly prevents a.ny ions passing above' or bolovfthe 

,~'i.nflcctor thon for injection at 17 inches there' is no cha.'1Ge in 'lihebeam. For in:Jectiori'~ 
, ." .< ,{ .:: 'j'" ~ 

'·at 13 inchos . there is only a' trc"cc of bean .. ' This sho1'/s thc"t in thoi'citmet cnsa the beam ' 

'. olenrstho inf'lector by rapidly spiraling iirm~.rd" In the lattel' case'most of ihe benn 

goes above and.'be1C1V''Tthe infloctor .. 

'. There aresinr;lo tu:t;'ns of ,nre siJacecl f3V'3I"'J 3 1/16 inches radially alont the' .. ' 

pole :t6.cos ot the magllOt. If a loop circuit is made of a ~vire 15 inohes inside the 

oenter of the pole i'2.cc:::.nd one 15 inches otitsi'de' and a current passea through in the 

-,. 

',.a. 

'.' 
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S~:y~, directi·on; ·9.S ,that in the main oxci tine coils ,',. it is possible to inde'f.(s()· thp! 
,.. 

Ch:'m03 in u"'ri'~h radius. '::13 ho..va found :th:;,t po..ssinC 52ampe.res b.C o throuGh ·this 
.~ . . 

, 

,'~. 
sil'~gle",·i,1.ndin.G resulted ,in Q. f9\.11"fo1d incree,se of boen for irijcction a:t 17 inohes. 

.. ,::." ,.'; 
.At the thw of injection the l:12.1n maellot Ctll'l'cnt i" ebou'c 500 c..rLparcs throuGh 16-, 

. ff t·· ttl J I-' ' , I' .n' ld" b J 0 8,.1 0" ,eo ~~ v rnG, l()nce.\,nlsau:a lory J.10 lB.,a o,+c" fo. 

The Sap bob,Tecn the high vol tar;e and the Grounded inf'lc·ctor e.1ecJcrodes. is 

nOl':llail:'l 1 :;1/4';., Byb1ockin.': ~~lis off ni th fl probe "':0 hove found that only ions, , 

,ti·rt-velin.:;: vrHihin 1/4 inch of ilUlcr (w-lth respect to the Bcvatl"Ol1 maG:'20,t) [;l'ounde¢l 

electrode are effective. This Was I:103.SUred rdth lorj n inje-ctiqn and i:W.y not be true 

';'." 

.~ . 

CCJ.l be 

90b ond 27(;0 a..'1d f'ron :::.bov0 only 2.t 3GOo, as r:1.0Ct,'3urec1 fron the i,Joint of injection. 

',';'{ith tl10G(J one can moe.sure bo;;r,1 as (', £'un~tion of' helli' o.Forture. FiGs. 7a to 70, 5h01" 

't::h .. ~Jc as r:1.easurec. at 90 0 c .. ncl 270 0 little ifo..ny 'bOOr:l exists in Jcho 1 1/2 inches' of space 

nOAt to the tal1kvralls. These rosultn are t::rpioal evon if en cffort is nade to introduce 
, , 

h.rSi3 v0rtica1 oscillations by tilting the inflector. In Jchat caso there is simply a 

rc,.pid decrease of bemri. 11.'1 explanation appec..red when later a maaSUrC,:10nt wns nade at 

360 0
• The knee in tho curve there appears 1 1/2 inches lOYlor than at the other points 

, " 
indicating that the plane of tho orbits is tipped and the ions are hitting the bottOIl 

oi' the tank a.t 3600 and the top at 1800
• We shall later attcl:l.pt to correct this,. - The 

effectivc vertical aperture ',,'lith the V8.l1CG open is thus about 6 1/2 inches. 

Another similar zct of data is plotted in Fig. 8 'i;o ShO'l1 more points, at small 
( 

apertnres. It trill be scan that lo;'~ of the beam Gots t}u'ough a total vertical openinc 

:,of 3 inches • . -, ..... 

. '/iith injoction from region::> of large n it has not yet boen possible to r!3dttce 

~ ., 

" .• o\..!" 
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horizont2.l aperture belOi7 about 24 inches -,'n thout drast;ic loss of bomn. See Fig. 6., 

W:. th the ~"nfleotor at 6 ino11o::; outs ide tho tanl;: center lim 7Jhere there is £.. loss by 

u factor of 2 to 4 cOl:l.pared ,vi th injecti on fron large n, the probe on the inside of the 

tf:U1k Cf'1ll be moved towards center as shown in Fig. 9 giving l~'~ of the maximum be~ 

evon c,t :3 inc::es inside of cent0~' or a total horizontal aperture of 9 inches. This is 

£,or full vol'tical aperture I ei'fecti ve ly about 6 1/2 inches. This of course is at small 

acoeler.:rCion tll"'lOS, about 12 ms, and ,ore must provide improved frequency tracking to 

reduco i;he tank width for lOll{; ucceloratiol1s. Adjustmont of the l-irequen:cy becones 

very difficult at this ·51:18.11 rudial nperture due to the jitter. 

The opera'bing f;1~oup during' this intcrvalconsistc~ of: W. Chupp, R. Clack" 
" ~ 

E. Lofe;l~ell, D .. l1'ielsen, R. RiclY;;3r" R. Robertson, D. Sewell, R. Shanldand and W. Stephen. 

0'.!:)oro:'cion0.1 help has been Given by others, especially: W. Brobeck and G. Farley •. 

IT'..i'or;;w.tion Division 
7/18/49:h ... " 
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