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AB:STAACT 

· Ea:d.y co:i':!.putOi.." e&culations showed t'ha.t ar1. electrostatic dta;;mel v;;ould hn'ile 

to be .ver.; r""-:rt·ow to cause sui!icient deflcct:i.;~n at high ¢;ne:r~y. One tl' .. l.tcJ.·o.ative 

Considered Wlli~ a S~tatetn of ~Ll'ee dectror:rG;<:.t1C channe10 hl Sel'iCS0 . acting <a3 a 

. . ·i ~ ... .. ; . . . . ~} . . . - - • 
electrootatic hha.ti.l:lei likewh;e app,ea:::cdjdiificult io'i: a va.riable ... er.t.C;1l·gy mach.i;.;-~eo ' . y . 

··, Detailed)ztudi.cs of a sim.ple elech~.bstatic channel hogan with dc~'irclopm.vmt of 
1 

an. at'lalytic-g:rl~phkal method oi calculating chc.nnel ef1icicncy •. B·1 this ;:netlw.J. 

. v = Z v could be e:t~.:fely t:L·a.:versed~ as was bd.:i.c:\NZ:d F'ocGibleo So~.:.;;;;) c:::~lc:d.2t~.c,:;..~:i 
. r. ,_z. . . , 
on t_ranr;ition tl':u:ou.eh the v . = 2v ~:'i!llf'.>n.;:~rr.cc u:n.: pr~sG::ltcd., r z 

.. , 

·,. 
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U.v) A~i ES channel follow~d by a maE·n•iltic ch~ttnclit .Agaht. this scc:m.a . 
. . .· l . 

comple:::, and_ po~aU~y not flc:;dble <?.nough .. 

· (v) Rcgsner.!.itivo _e:ttra.ci-.ton.. Tho ;.toa: o£ &n a~hn:v.thal field bu·mp either 

,; 

. . ' ' ·.· 

.. to !•roduc~ beam. sr>ill or o<:ilia.ncoc1 Ctu·n sopa1:aticm. 'there did not 

bili~y or'l.·egcm.eratlvo extraction £ol' cu-;;~' variable-energy m.achh1~ • 

. Re~;e.ntly Blosser1) cali.·riedot.tt calcr.:Uatiol.:.s ~·ith our rin.ea.su~ed field, 

to .tHee if the e££iciency of CJU.r e~d®th'liJ c.h~o:n.el could b(> Cl'lhanc(~d in 

thi~! way, and wo have ·also xnade m.n.1o :relevant ca.tcclat:i.ons. As of 
. -· 

poeG~.ble tbeoZ"ctical interest .. 
l 

~v1uldple Elcct:~:.·ostatic D<:off.C2!c\:o~:.·s 
.,..~~ ... '>#<AWoi~--MN~~··"'"""""""~Ni:f<o'O(~cl'•"""-''lo'""'"'~'li'l>• 

MeV) d·eutl!l :.·ons. 
~! 

.. 

r;:. Bu c Gn·augcd ht ~Jc:i.'ieo. ad: vhOV'll:l hl £:!.;,;.~ ;t;~, ·:.~.·~.ih t.:.~-::1:!:' cl•N:·:;. :' ; .:3 -J.·.~.::: ,}· :~·:; :,: .. : .. 

,_ .. , 

c .. 

sitnl")li.fiad linear a.nalvsil:'l. .. . 

. ' 

: .. '· 



electric £iel:~ is -conatant in c~ch deflGlctor, and that the magn;etic field is ur..ifor:rn. 

The d(t;par~-rl3 fl"o1n the magn~tic ~quJli~riu1n orbit ;;r. in a deflector is given by t 
. X , . . , 

,:• 

where 

,r .,_ 
j•; ,, ' 

' J!' 
' 1;' 

', ~ 

.· r •.. 
:! ~ • .. . . i .... 

' -

.. -~ . 
. 'i . :~ 

.. · ' .. 

" ' (1)' •, 

·"''. 

-X:: 

·. ': 
' : • ~· I 

w= 

. :-

'rhe sc~lution. of this equation. in the deflector at an tti.l.gl~ e fro:rt1 'thr:: oogirr.ni:ng of 

the defiectol: is 

,. 
~. ~ ,, 

li 
·:. ·: ~ :> ; ... 

"'· (l .... cos e) + · M(ejo'( x(O}) ·. 
sin G 1 x'{O) • 

. ' 
' • I • ' 

~2) ·\ ·~ . ' 

' 
) .. :.: 

' ., 
.,.. J. 

( 
:cos(e~X)- cos fJ) 

- r:.: . -~-- -:-sin (8- A) + rJin N . 

of i:rd.t:lal CO!ldition.s0 whereas tho second rc~:•:r.:;H;ents the r:n(Ydc•! h1 -;.:lc;) (tl:r:::;:.:l:::c:: .:/. :}. 
' 
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. ·.; . 
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,. 

\ ' i .' : : -~. :' :, 
.·.·, 

at any e ~ 6 . is 
.. . . i'.·· . . .U., . • ~ ~ I, 0 

' . ,·. -·;,·• 

. . .; '· 
'·I!; 

= 

' .. t' ,,,l_ 

-4.;. ·: 

· .. ·. 
·~· • t- ' • ~ 

.i' .· l·l .. 
cos (19 - 2:: A.j) -cos (G .:. E "-.f 

j=l . . j=l J 

i 
":sin( 0. ~ :£. 

j=l 
>..:j ·'.· s~.t.:, (e ... 

J 

o· (5) 

; . ': ~ . ',, ' .. ·, .· t . 
01113; Obtains the ·solutibn. at fue end of a~ sequence of 11 deflectoz.•s (~m1 gtl.}_:;>S) 'iTlf 

. ·. • • f • ' • !} . ' ' . 
' .. ··adding ·~J? th•rJ .eff~cts o£ all t..h.c def:,,;;;r.;tt~l'lli 0 each of. Vc/l'J.Ch. hC'iS an effect g!i.VCH:l by 

\ 

tlu·ough U'l.laltc~l·ed~, ··Thus we obta..i.n {after ~~erne :r.ca:~:·:rang~:s.ne~:.t) tb.e diopli'lce.tr~(!.1.:t 
. n 

.and angle' at the end of all the dofl.cctol"S, t~t angle A. = ~ 
j=l 

·· . ... 
. . . 

A.: 
J 

· ~t us appl·~· tJ,1ia to t.'he threc•dcilec·~o:;r <>;r1ri;r:m::, of fie •. 2o St.~ .. e~: .);:::!.: <lc.E;;c:::.:,.r·:::; 
. . 

A -o. "'Ud tl•;.,. ,...,1 .. b.n"•·•'"'"'U h'' ,..~.,·,..,..,,...,.l,..,;l·· ~·"'rv'<·'·.t• '\. ' ·~,··>.ri '' •. ,..,,,,., . .,.~,,:.r, ..... ,,. . .t~• , hio c;;Jo A'~~ .{£.11th,,? '..;..;;, t. \oil~~ Q. v ~ (.;."i;.S.kf,)i..Al..Q-.4 f.:. ..tAl:~" t,,L.;a' :tu "!l D r~,.;.;~; __ c:.. .. ~'~·~,t !", ·;. ~ :7 \,..-•. .J .::· "\,_ ......... .,. •• ~, -~·-· ~~ :. 

. • J . ~ 

"'"' I \ .J. " ·' ' \ ·~ f', 
.no \'"1 • 1\.2 r -f\.3 1 ~ \..~o 

. f ' 

'· 
.,/ 

,. :::: o • .;2 
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. (iv) The deflectors :must be outside 'th~l d.GGH- a. :.:: '1\1 + X~+ t\3 < '11• ~' : . 

•·.' ·What c:an be ~onc~luded £&•om this a1~ctit the aJ::tgle s >-
1

, }-.Z o and X:3 ? · B')l' 

applyi~.g (6) to th.e abov~ conditions "?r.1 fin~, fo1• A = O: _ 
:I• 

:~til}. " (a• ·.o:'-cos "-~ o. ,l, 

u = = • CO:J Q. + coe: A?.) 1 ,. .. 
c; ' A . , " (7) 

:, ., 

.:S?~ 
. ,. 

v = ;;:: ... cos a. +coo ((f.~l\.3) + cos xl -1 > o, la.l"ge, . (i 
(0) 

{9) 
. ;··· .. ·.·;· 

. ···, 

•, 

_a. = >..1 '+ >..a + ).3 <. '.1 • · · 00) 

• Ono wa·y to see the effect of ~ller;;c: condh;.icn,:s is to plot.cu:~.--ves of cof.ll ) ... 
! 

vs co~· ~3 j:or fb:ed ~. '!'hi::-; is sh.o\\I"JI. ia1 fig .. 3 for th.J.·co values o£ ~o Xa each 

' case the a~f!Jtem poiu.t must lie in tb.~ trh:.ngolar ·region in th.('i u.ppel: righ:~~ 

Case (c), €11. = !30 cleg, is h:a-

1 ~ r 

·; mO:i:'C (>.}-~act COtrJ.p'!ltOl' :i.Otirrl:S VJCH'C b:71GCd. J::\v,;.• th.GSC 1:.-'tl~lCil ~.ve U$(~':L 

1n~gn.ct mE;Z:<.sur.~d fic:ld~ Th<r~ actio~'i of. tho !:1.\~fi.ccto:;.·s was ;:;i.n:· •. t~l.~tcci by ~-i-'~--·.L·: ___ ; 
I .--,! 

or m~1bt:cacting D.. <::Otl&tal~t ter:rn f~·:oj·.:"~ tilit:i ~~·:;;:: .. ~~~r.v.::.tic field, ~} .. \:_;cc·l}J.iJJ.:; ;"\O t~·.:.·~: 
.·,, 

. ' . . . . ' . 

· • of,th~ mag;n.e~., hut this affects U:.e $h?.gl<~"'<::h:;,:mtel t:;ttJ'i:<::m eq.:;al:tyo 
~:-. 

':"'" --·~ _.._·.~· 
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''· TAHLE l 

i Dc£!.€:cto1• 
~r~· · • --• ... , ... ,. -•::~; 

interval A.J de g) Elect:ric .field - '•li-i·~~-: 
·~ ~ 

• . /i, . 

_j!~YL~m.l .. ,,., 
48. 100 

sap 24 48 ... 72 
' 

J?, 48 72. .. 120. -100 . 
gap 120 360 -.·. 

'.f. 240 0 

5 (! 0 144 ].00 

------~--------~-------------~·-·-·------------------------------------
I 

Table 1 shows one three-cham:~.el FJy~;;ten~ "'tudied which sk'ouJdgive suffid.ent 

deflection to 6~-MeV deuterons 

2. by.the effect en two 
.,. 
;f 
) 

\i 
~ l. r . 

·~·~.----~ 
. l:r 

cyclotron. 

·· . . AR/R 6~ 
<;?: ·.,., "~~.·~ :~ •' •:,.,_. .... ,. <• \.-•i•VI• ' , ~ "~ 1 ~ 1< ~ •~ •" " -b, _,..,............_.._.,._______ __... ... ~!!>--- ; ·t:~t.rA: 

... ';· .• ·~~--~-~-,-~-----····--"· 
0.005 ,•<· f 

n 
; 

0 0 
:t 

· · Start o£G 
...... 0 ,,1 ~ 
1:2 down C 0,0039'7 

• --...-....... 01 

. . 

0.9 in .• at ~he end of channel B, ar~d 1.5 hi. at the Oiil'~l·at.r.CG to ch.o:smal c .. 

. ·. 

to 100 1-:.V/~~m, a:3 compared ·vJith a1:~ot.1t !60 k.V/cm nee:d(~cl £r.n: a ,,C ~ .. ·~. 

V)< '!s- = E 2d = Corwt. h '!'he price is an eu·;)x"mous hicre.:-~r;c h:, ::::·::::.>c?.::.::.;:::5.ccc.l ,,;:.:~::.1~ ... 
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In t:l1is section we p'resent some analytic and gll.·aphical rnethods for 
how 

estimating the efiiciency o.f electric deflectors: We_ wished to knowjthe 

.Eif£ic::ien,ey chlpend.~d1o:..J. pal·ticle tm:r, ... f;o .. tui-tl ·aop<:.u.·G.tit:>n.; on the ar.1plitude 
;; ' . . · .. ~ . '. ·, . ' ··1f. . ' . ' . 

) . and f:requency of their. radial oscilla#~ons; and on channel length. wid~h. and 
. . . . 11 

. septum thi(:kness~ · · · 
dl 

·~ 3.1 JUMPll>.TG OVER THE SEPTUrvl 

··'" 

.,. 

..... (' 

. ',) 

~ . . . . 

Yve were able to develop a purely a11a.lytic treatment for the 1:esh:icted 
. . 
problem of .calculating the £ra::tion of the particles that jump a. septum of thick-

ness cr, as 'a function of radial ·amplitucle A, precessional frequ~t:Jncy 6= v . -1, 
l" 

.. :' '' ' . :.' !;: '.', •' 

radial turn-ieo-tu:rn separaticm of the cquilibriurn orbits ~r, a.nd u. This 

efficiency i's calculated subjc:ct to t:b.e a::;sur:r1ptions that the intcrn<i'J bea.rn is of 

uniform de:nsity in equilibriu.m t·adfus. and random in :radial oscillatic~:: phase • 

. in the vicinity of the deflector. 

A rNrptum. of width o. is located beCween r and r · + fJ at · e = 0 .. 
S G 

\Ye consider a..pal"i:icle of amplH:udf.:J A ·at ~;ome particular. phase di of 

radial oscillation. Suppose we sta:t·t cotmHng turr;ll.a at equilH.n:iu:r.::. .. 

the septum. ··Actually we cannot specify 

firs'C turn ""'e look at it~ ia given by 

After , n tu:rns this sarne o:tbit will have a. radius at the eeptu.:.;:1 

r··=··· (0}·' n ··n . 

r ..... •· r + (n+ )\.} .6.r-A ll-cos(21rnf.,-t0L 
~ s - -

t, .' ' ' 

6 :;: y -! . 
r 
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' . . 
. ' 'All particles in the internal bea.:rn. a:re characte:dzedby their values 

.- . . ' . . - . 

of X., '!within the given ranges; our u:niio;::micy a.e;sumptiori.s i:ni.ply a uniforn1. 
\' 

·• · ·de.nsicy in ~;. l ~pace; To calculate the efficiency F ·for jumping the septmn 

. : 'w® have t:o ;~aleulat~ what frL~ct!lon of the · >1.- i rectangle {of area Z·ir} belongs 
. . ·,; i . 

t " 
to particleEt' missing the septium. To ,do this we rewrite ( 12) as follows: 

· .. • · · · <· · r ... r Ar · · b.r ~r 

y .:1· · n · s ·= n-+.X.- ... [1 · ... cos(2ttn6 ~~lx =X.-
ni·•·'A·_.· A A . . A 

'. 
·013) 

. 2 'IT Ar ' · 
·and ask wh:!.t fraction of the, >.;l~ rectangle (o£ a:r.·ea. ) corresponds .· 

A· 

to pal·HcleEt missing the septur.n. The conditions for missing .or hitting the 
' ' . 

sept~m .on i~a Nth tur~ are~ 
~. ;. ._,_ ~- '. y ~; o. 

. n !: . 
n< N, · 

.. . '~ 

arid.· 

y; > a/A , jump septum, 
·N ;. 

0 ~~YN~ a/A , strike septum. 
{14} 

It is useful to represent these conditions gj:aphically. This is done in fig. 1k 

for A ::: 0.2 5 in. • a= 0.05 in. v Ar :·, 0.1\ in.~ Zrr& ::: 30 deg. H•:;mca u/A :c. 0.?, 

Ar/A = 0.4. To understand the graph the z.:bove conditions a.x·e written e;;.:-
. . 

plicitly, using { 13}, a.s follows 

·and 

: i. 

Ar r - 1 z + n - < ll .. cos{2TI'6 ... §:)~ 

., 
.,; 

A· 

ll ... :~o-s(2vN5 ;.~)]:a; z+N Al· ~ 
,. . A 

n <:Np 

< '• ,.... ~ 

\ .:..>) 

On turn n{o ~11 our particles are in the :rectangle r).DFE. On each stH:ceu::;i'.t;-:: 

turn. ·~ach pcdnt(§:, z ) is displaced by (-2nb, ~r/A}::;;; -iS.» so :L·cctar:.zie n ::.: 0 
....... · .. n n . :.' 

.. \" ( 

.. ,·· ';, 

·.:··, 
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r' 

moves up to rectangle n = 1. etc.·· Curves a. and j3 are defined by ... 
' a.:··{,1, z) =·(<&, 1-cos}) li 

. .· n n -'n n 
· ... ~ 

. , . 

. ' ··~· .. '· 

:4., 

ll:. (<b • z ) = {6 ' ·~ + (! .. cos ~ )) . .. --n n . ....n .n. · . · n 

. whet·eas .l'l~ and. (l + represent the locus of points on .Q. .one turn pl•eviottaly 
. . ~" 

and one tu;'n later, respectively (L e~ • a.+,::: c. + A, 
- . a. ::: o. .. .6. ) • Sh1.c e the · .. 

conditions·;( 15) al•e equivalent to . · 
.... , 

~ > [S, jump oeptmn& 

particles between curves a. and f3 hit t.he septum, and those above f.\ jum.p 

·.the septum.l:n·ovided on the previous turn they were below a.. Thus on turn 

n = 0 that l!"-rt of. the rectangle above f)· represents particles juno.ping the. 

·septum.. that part below _a. represents particles that make another turn, after 
f 

which they 1occupy part of the n = 1 recta.ngle ... -and again the ea.n'le three thing~ 
~ I . . . . 

' 
' , . 

can t>.a.pper. .• 

shaded zot.e between o. and a., a rather than the rectangular zone n = 0. Tl:i'fi . . T 

rnust pass through es.ch .-:;one. The new :z~on~: is P:.c B' B 11 A 11 + C' D 1 nn C';· ., 

The division into two subzones occurs because of the first condition. Point C 1 

. is th\~ inte:r section of cm:ve s o. and o. • 

to the left beyond. C •, . then on the pr.cvioua turn the points on a. wc.uld. ha\ ..:: ;_;sc:.-" 
.· I. •· 

I· . points on a. above O.p contrary to the Erst condH.:ion. 
·. ' .. __..._.,_ 

.-~ 
:: In this way _we have 'chosen a :a:epJ:(::scntr.t.tive ;;;on.;:; such tL;;t on. t:\:. . .:: ;:.~)''':cr:.,~ .• u:3 

t~rna.ll the~ particles are in the light-shad-ed al·ea. b<t\lov1 a-and tl:u..1s ha.v:~ nc':.: 

x·eached tlHl septu.m..:.while on the .turn in question all the representative particlC':s 

•.' ~ 

. .. 
··:1 ,•: 

. . ' . 
' . 
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i· 

To calculate the acceptance efficiency we have to take the ratio of the 

. ' dark ... shaded a.rea. above ~ ~0 the t(lta.l dark-shaded area~ which is the same.· 
. . 

·as; tt1.e o~luinel reet&n.gle ~r<aa ( G l.'ll' .• AX ... ) 
Area. (a.,-~) 

F = ----~---T_. __ _ = 
Area (o.+ ~(3) · · 

21l'Ar/A 
. ( 17) 

···> .-.·.,' 

This calculation of F c:a.n easily be done by plotting a graph like fig. 4» · amd 

using a. pln.nimeter to obtain the?phase a.1.·eas needed .. ·. lf the precession angle 

2'11'6 << 1, ·the ca.lculation of i' can also b1;: don.e analytically as follows.· From 

' 
\. 

'. ' 

.7" 

''( ,·. 

..... , 
,· 

·¥: ·. · . . , . 

fig. 5 it is: clecu: that the fraction of parti.de s that hit the septum is 

. ' 

''i 

ZA !, .. cos9A Ar 
:::: = E .1) E tani 4;, 

§-§A ~-~A 21roA 
... 

1-cos,PB ~ s 
= ;;: ,, s = o/A .• · 

-~-P:a 

hence 

If t.he procession angh:: 271'6 and/or· 

: be Gl.11.all enough to justify replacing cos~ A- cos ~B by ·- .6~ 
., ~ ~~ 

frorn (lO) :~ve obtain {I 
. I' 

' .f. 

B i! 
. I ~ . 

. . . ~f ... 

". 
' 

{Hl) 

( 19a.} 

(19b} 

(20a) 

. ' 



.. . 

-~ .. 

..;_. 

... 
'•, 

. :,.' 

. ¥ 

;•; 

i '.{ 

. .,.. -· 
·~. ,/''.: ,· ~ 

. ";', 

t' " ; ... 
• • : ··,~ ~f. 

a.nd 

·L 
. \ ~ \ ,·' 

:; , .. · 

when.ce · 

' .. 
•, :'!; 

.. .;-, 
~ .. -.', 

. ·, :,' .·,- .<- :r _= x ~~ = .• ~,{) --··! ... 
u' 4-" _'i!+sin:l!A • , . 

• -~ { t .. : __ :·- :-.- : a. ._ 
4 ·:J;rom eq. (19a) we have . . . ~ -

. , ~ r· 

- ~"'-• . ' 

--~r ,_ 
.. , 

·, i'O · .. 
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11 + sini\)A ' . 
1.'' 

' ~ . ~. ' 

:\'. 
(22) 

,·.l 

(23) 

. This can be used to replace (j} by "<?A as the int.eg1.·ation variable in (18)- .. 
. . . 

how~~~e~ one must exclude t~ose vaJ.ucs o£ 'P A given by. smaller values of 

. . fA'' othe~:"ise the sa~e i_ ve~lue:J would be counted twice. The excluded 
... _ 

. region.in·:IA• if anyo runs frorn l-Al to~~ AZ 1 where G>Al is at the rnaxhnmn 

-: ··.' 

·:of <F. with respect.to !A' and <71\.2 :is a larger value of <?A for which 3?:(qi' AZ).:=~(~Al). 
. , . 

. . ; Fr01Y?- (Z3h this means 

.. ' -~ 

·,: 

' .. ' 

- '; -· ~ 

~! 

·-· 
-~ l' 

. . -1 J Al = 11' + s:m "l 

cos~AZ ---= .. , (p 2 >q) " • -A.. -Ju. 

· The excluded ~one occurs if, and o~y i£9 '<1 < ! . From (23) we have 

, , #" ;(1 + l•in i A) dfA , so fro~ (18) and (24) we get 

; "F~ 
(J 

' t!A >1' '2S'i- • 'I r 

. \,t 
I 1i- ... 

~ Cl 
[Z'Ir+ ~Al -~ 1 < l. lit = Ai" ... tA·'n "'11 . _,4 

(24) 

''! 

; :; ·. Th~1se io;i'n:iulas shoUld be trea.ted wHh t3or.ne ca.ution. 'because of u1~ a.pp:~ :,:.j "' 

. . . 
It is n.ct :mrpri.sb'lg that F = _a/ Ar whcre·~rer ~i > 1~ 

_, 
..... 

;, 

' .. ·. 

,,, 
ii.:~ -7j-l 

<< l 
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... 
.3 .. Z CHAUl\iEL ACCEPTANCE 

The· a:x·aphical m~tltod explained above fo1." ¥;he septum can now be G.m:tended 

. to th~ "\,'VhC;l~ cha.nnel. However, 'since ra.ctter S'l}1/CCping assumptions o.:~.·(~ n:lade 
1 . 

···· about tho path o! the orbits i~ the cl,l:;H1n€1. we o:rJ.y clain'l quDlit:ative validity 
'• 

.·for the l"csuHs. 
?; . . . ~ . b . . h' ' .. ·~ . ~ ' l eqw . ...t r1um oz· -:~.ti~a;x~.- jus.: g:rs-.zes t :te 

. :! 
i[ 

· •, fig. 6, _with radius r 0( 0).. We st::l.:::~/ CO'l"'.l1.t.i.ng turns £o1· a pa:d:ic!c 'iYJ:i.th e:.rnplit1.1.dc 

A •. 11-haGei~. wh(.:n:e the Cl{'CSt 6£ its oociU.n:tion just touch.e~i;!ihe septmn 0/!: ie 

., - ,. wichin. Ar, 1o! doing so. Its displacer.r;1ent f11.·on1. tho cqu:llibdum o:rbit, . so lo~g o.B 

·~. ·• it i€1 · O<.ttsid.e the deflector, is ::~: 0, whe1•ra 
.n 

'' 

. " . 11 • ll '··r. ~ • • ~ ~ t'tHlCiS!.. 'if lU v. hC.rnC0s t!JA~ llnOlue. Ct'i.[;C 

by .. •• :::i ~·. ·I· :r. . where x.. ( El) ::.t ( .. ! .. /!: X1·'· ' "'b . 11: ,~ ') II. • 

'{ : 
·-.,... ':.,........ . .,.:." ·- -
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·" 

.,.. 
;,·. 

; .... · .. 

-r·: .·. 

• I ,.''~ 

·. ;.-

(a). 

{a)' 

(b)' 

·; .. 

,· 

!"_' ._·- .•. ,;._ 

.'· 

·.r. 
'· \. '):, 

. , .. _. 

A:·:!' . ' (n 1• }~) .. l~;~ 
•· 

:-.·-.-

~ 

_;i 

end of septu.m E _...: e = 0, 0 ::;; x ~ a 

b ti-t ·· .c J -~ c·'~ ~·o:)z,: · . o~ ·om:·r.JA. s.~~p·!!.un! J::~_:. Xbi u; = 'b\- .-1 . 

(c *) pa.c:~ ovc:r· top of ~~')Ii;u::.n 
B·t­

(d) . £t1:i1~e l.Jr.J1J;:r.LA c.\r c!~·~~i:r(~~1 cJ/ ~~t CJ 

·~ .., ? .... 

{~A)G J;.J, 

+ [l A 

' ' ' ·. 
·!" ' . ' 
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.-... 
(29) 

\-~ • .' -·~. :_ ::· ,, ·, '"j 

•t .~ • _.. 1 
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... '! • .. , 

. _' . ':: 

.. 

. .I. 

~ . ' . 

! -. 

.. . "" i'!lt 4·--

over 7: -,·, .· 

-,,.(d) 
hit Bt 

.: ~ :. 

-' ·-: .' .· 

. __ ., 

. ( cl). U:t'l.dcr D+ 

(c) hit E+ or T+ .. 
~-

··.As in.' the ct>~se o£ septum jumping al~)i1C 0 th.cse conditicm.s rn."ly be gt·aphed" 
' i 

(fig. 6)o .. Again w~ want to know "·vha.t fr~cti,oo:l! c;£ the 1\., 2 :t.·ed~-angle c~r:tespo~~s 
to tranr:<mlasion on som.e t'.J.rn no w·_e plot in f<i;~2·m:~5, (n+ fl.) ~r] opacc tl:.e tr 

. ' . . . ' ? 
, eurveo bm11.1clh:;.g the ineq1..talitieo {aPt {cP~ 2-nd (d)'.; Tl:teoe curves ~u·e label~d 

. P: 

. as f1:>1lov,;s:!. ll ·= lowel' ~nvelope of cht\reH {a}. f3i~~(n +A.}£;:: = (1 ~ccs(i~2?ra&)p, , . 

(3
2
=p

1
+ af.t\0 y =upper en.vclopo cf cu:r."ves-(c), .S= lo•;./cr en\felope o£ cu:;>;.res 

. (d}g E = (J., + (d/ A). 
I. 

Again, the n ·= 0 rectangle is t.he normalizing area. as:,tci we replace it t:-y 
zone 

the equivalent/oetween curves a. and rn.+, \vhc:re a.+ is curve a. shifted by 
: . ' 

''· :',1 

1 ' 
·'' 

hh B : 

hit E : 

ove:r fS:>; un<:~.(n· '~ 
J..~ . 

T orB+: under y,. ov.;;:i.' o (see which cu:zve co~::r.~.cs £:rc;:::.:l 
s1na.Hest 1.9) 

I I-
t1 ,, 

•'J 
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':-·, 
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·'·· 

. UCRL-1 006'7. 
~,;. 

intersection of n and o._.. Jl· 
d t! 

.Figu1~e 6 illustrates th(_e critical 
I· 

t.. • ' • <~' ' . ~ 

three pos'sible (t:dangulat) zones co~::;:oespon~ing to t:ra.n.smisrHon (C). As 5 · 
.· ~ ,'r . . 

. . . 

c.+ rnove~'to the right until nothing remah1s in the le£t .. hand triangle,, but some 

cor.nea in from ~e upper triangle (thi~i h:usuG!lly ~uch:le.ss)o,,: F:htally •. frn:. 
I>'' • • . ' • . '' • 

large nea~tive 5. ( Yl' < ·1)~ one CSI.ll e:~ploit the l:ight ... hand triangle.~ 

The latter possib~ity,:·;v 
1
.< li;-cccuro at le.rgc:r i-adii as on.GJ 

1
approa.ches . 

the r.n~:~:::.fttitun of r B( 1.·). :Sine e p c.~ r Bb:), 

the:>:·e, so curve o.+ is lti.gl~l!!-1' tb.an for v.,. >1. which. nlso ct'IJ'la-.n.ces h'<:'tns:mission. ,. 

.A col:npa:J:ino~ -.of figs. 6a~ b, Ce showe: th.c effect of r.tmpHtude A m1 t:~,~~-t"'c ~· 
' . ·l . 

' 

.: 
' . . . 

- . The l:u.rn £>cpa.l~a.~.icn:A ,~:i.' :J..t 'i:hc b:;;n;1:::t:~::·~~~"::.:; of. t~ho defl.cc·cor d':'r:.c .>·. ·:;,~: : ~·:.-: ·- -~ 

. ~ ., r:.• .,. 
.; ... .' . 

., ... :; ) 
...... 

''·· 

! 
i 

I 
i 
I 
I 

I 

I 



. 't. 

~..1rn t..~en. io 

'') 

d r'o . . . . r.::-
= ·--d&A . {1 ·r 1\.J i:... l!" {cos· 3( @ • ."QH)+ 3 

. -·.·,. :; . (34) . 
;' .1 

. , ; 

3( e -or-r) .= :±. -a/ z,' £or· ~;. ~ o. .... . (35) 

Tht:.sD ii ithc ·n.Ula a.ra sbout 60 deg wide~ '"'"'"' sGc that the cbam1.el should 

sta.;:·r at th.<3. end or begir-&lil"lg oi a hill 0 ,t::'k:nl?.ding ern. whether the' ,;;;phcl io ,..;rltb. 
r; 

. ,. 

()f(id~:i:'se th.G choice of iru:da!. <;tngle ·l'vill ~'ilso affect the ~:tl1ount o£ c::'S:/Jlicl 

,. 
; . . : ~ . '' ' 

d(~flectioti :a.ttni.a.ablc with. a givcr:1 clecbd.c £ieJi:1. ., . 
. , . 

tr.-;.lichines· i:he 't:h-c:an1:i. i.1.igh't be def.lc;:cted sh .. r.rply IJ::nr.)•J..gh t•:> have most of tile 

.. , 

':.· 

r 

.. ~ ·., . 

'· 
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Cht-.n.llel Efficiency Computer Studie e · 
4hilillt1 )'AN;flfrH~~--~!V'l .t~HO:Ntil"¥ rat·,·· l'll'lilttJIM 

4o i DE:i;LECTlON CQD:E: CYBOUT 

... :To facilitate more precise predictions of channel effi<?iency a 

· ·· .. apt:ciaU.zed cor.nputer code for the !33M 704 was deeizned by one of the 
.· .:i ' ,. ' ' . 

·authors, :iimd v1ritten by Owena2) at Oak Ridge National Laboratory. Tl1ts ..... 
·~· 

. code, . ca:lled · C Y BOUT, is ·intended . both to calculate channel wall coordinates 
~-

and. tram1miasion. efficiencies. '.,, .· 

< • ~ • 
. ~ '' ;,The heart of the CYBOUT code is the O<;}.k Ridge general orbit code 

, · GOC, which integrates orbits in a. magr;l.etic Held specified on a pohu··coordinate 

· grid in the median plane. Ii simulatea the o£iect oi an electric channel by an 
··,· --·. 

· .· appropri;~~:e ch.anga in th.c original n1w.gnedc field, which is valid if the chap..nel 

is shaped to th(} orbits, Slo that: t~~~ clect1:ic !ield is always perpendiculnx to 

. • . ~ I 

. ' '-~ <· •.. giv.an. aa a .function of perpengicu1ar distance il'Ol'l'l the iron G(~ptu..rn. Fi:rcre:-

,. har·monk perturbaticm.Gl of the field for regene;rative extractions can be intro-
,·_: .... 

' : . '. . . . ~ . 

·, .. ·:-: 

. .,. . ~. 

': .. · 

by Sr.<ecifvinl!l' i::'litia.l conditic~i."lu Po. r, 0 Q • :::l.t f30r:'le 0. ~ () r-• ':;:'h··.;: coclo 
J.• I @ " - :i, L l"J. l U 

.. . . · integrated thla :reference ol·bit into B.li'ld th:::ough the channel (from 0 0 io 01 }~ .. ; 

.:To e~timate acceptance efficiencyc 
'·' . . . 

r~ 

for al:·ep;ree0ntative set of orbits at radii sufficiently smaller than 

., 

that of the channel to be 

i 
·.··• 



. :·' 

··.~..,' 
-~ ·,'! .·· :; . 

' ' ~ ·. 

'. ,, 
'::' f '• 

• ·~ "W' 

i ·.: .. 
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sure the1' ~..ave not yet hit it. Each orbit is then integrated with acceleration; · ·: 

and the co~pute~ keeps track of whether each orbit ~tays outaide the channel,· 

str:iro~s some part of.the septwno o:;~ cnt:cra the channel.· U the particle enters. 

tho ebant~Glo ltr~ ot-bit ilil inteGP·':.\t~d wU:h th6 E .. r;nodi!icd magnetic field. The . · 

intcg:ratifll:l stops when the orbit hit~ thc;l se:ptw:r.t or electrode'o or goes through' 
" I .. ~ '· ; ~ . 

:, > the channel (to Of)• . By 1•ecording, \vith CYBOtJT, the fates of ,a, sufficiently '.· 
: . ·.I./ • ~ ' ,' ·• '- • ,, 1' _·,' . ':· ', :. t 

~ : ' .... -: : '· large and representative set o£ particles, on..;} m~y estimate th<r.\l efficiency of . 

'!: 
''· 

;' .·· 

· ... · 

., ·.·. 
'· .. 

:, .. ~ •. 

'. 

c' ,' 

. . '· ~ r. 

'., . 
. :{.·\"·-:,./ 

i, ., 
' . ~ 

'. 

tbe channel. 
. 1\: 

' \ ~ . 

by a magnetic field fl·om an iron septUl11 mi.mply alt~rs the effective field in 
". l 

The code 

,;4. z:NUMERlCAL CALCULATIONS 
. •'· '. 

'Most of our numerical calct'.lations with the. CYBOUT code ware 

· ' concernEtd with1 the design of a single ES chr&nn.el for 60-1v1eV dcn.ri:e:rcns~ 

we fea:rcid it n1ight prove iml:;ossiblo tQ bdrtg the bc&r.\\."1 through. tho t'."' ::o i 
. ~-

. \; 
i 

. r· 
' I 
~ 
l 

' ···. I 
.... I , .. I 

I 
. j 

' 

.. 
' -~ 



... 

' > •• ~ 

··.·. \ 

. . ... ··~. ; . 

•.. ·.} 
·,,;: > :. 

;, 

. :•· 

,., .•' ,· 

·,. J ·. 

·,:! .. 
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. ~! ' . 

This ia done by t:ri'al .. a~d·error variation of the Eio and plotting of the 
' . . ~ . . 

e:x.i:ernal orbita. · Then one seta the electrode voltage V .. at a value given . . . . e .. 

by the empirical sptiu:l".ing limit: " 

· V · '~<' ;... K ·~ constar•t e .... - ... - ... .~ (37) 

104 lr:..V'l/crn for copper, 
. " 

·. This con1stant is about and perhapa twice that for 

hot glaes. ··Since the channel i:!l! always tli:.n·rowest at the start, this limit 

controls E 0 only. (It is important to ~(;fleet &r.:J much aa possible at the 
. . 

begbu"'lina:, since this is most e!!cctive hl. fcerme. of maximb:hlg displacement 

at the chil!.nnel exit. ) 

. )After we had prop~r values of the 

·,, . 

E., 
l 

...... ~- ..... ~ .............. -·· ~··~ ... ·~···· ··-- -·~ ·~ , .. •· ·, 

acceptance studies were run. 
____ .:_.;.. ____ .... ·--~·---· -· - . -.~ :. . ... 

abcve. We ran five different cr;,c:.·t;i<:H~ 9 npanning AE, the energy gain per turn; 
!· 

' and at each of thooe ene:rgies we ran parddes whose initial r~ p we~:e located 
. ; r 

· on a rectangule.r gll:'id about the equilib:dtun o:~.·bi.t for the enargy involved. . ., 
' 

These grids g<.!lnerally included ;eadial amplitudes of 1/169 l/89 an.d 1/4. in. 
·, . 

. ..... 

.,_•-: 

.• 

·:\ :' 
I. 

\~ . 
I, 

~ . l 

· .•. 

/ 

·vr :;: 1.03. Ar = 0.04 in. (fo:.· 70-kV dee v.o1t<lw~}9 c; = 0.03 hJ.. ~ /1.:.:: 102. c7 :''.~~ 

. Eo c::: 185 kV/cm, v
0

:::: {l04/H35} kV. \flo :Z;:;:;-:1.~:ld fh.e l."em.D.t~ w~;::::.; ::r(.::~c :;c.:~:,::.::-~··rc 

/ 

to the be.am envelope. It also turned out that accepta.nce wo:: .. s erthaaceO. by 

.letting the referez::.ce ra•l be headed inward fron1. the equilibrium orbit c?:..· r.::'s ~/Gl:.ding to 

1/ ' L ~.... :,..a· "11nl .,...,..,.,...,.1: l{t"il"'• ·1 ·"" ~·· ~.~ra~, '!..,.,;~<.{· '~'v"' 1·11?· <c·h.<> rh:~:>l"'r''''·"t _1..~ .bo..Lk ._ "W- 11'_1w ""'4A.&&..P" ..,., \Aw-t• .. ;.>t Ao VQ• 9 .:...tt • .,.,.. .q;1 l£.Ji·~p~ •~'""' ~~. \0-<o.,.,...,..., 11..,,.,...,,....,. ~-J<t<·...,..."'-~,.;;.,,...,,..; .. 

.. 
. ,····· 

. ,i 
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. . . · 1'hi3 ecc~ptc:,ncc is perhaps satisfactoryi but not outCitanding. M~Hln• 

·. ·.· .while we.hadbtllen urged byRichardson3) to try larger radiig since his ex• 
' ~t: . . . . 

.,_. 

pel'ience ·with the Berkeley electron model had convinced him that particles 

• ·~voulcl- ev·tn.'l spill out without dii!icuJ.iy. ·. 'H the beam could n0gotiate the 
. . . ·' 1l '.. . . . 

're£<;onances, channel efficiency sh~iuld improve at larger radii. becau~e the. 
. . . J ' .· . . . .. . u . 

tti:rn sepiLration ~ncreaaea near th~ peal-; of 1·B(:x.o), the precession becomes 
•; 

. . ' ., 

· st:r:ongly :D.egative, and less E-field ia · requh·ed to deflect, allowing the ch.aruiel 
I 

to be ~.vid.er., Therefore we (1ecided. to h-y CYBOUT acceptance runs fux:ther · 

outo' ~ncr check the resonances later'. . 

·j;The CYBOUT code 'waG used '\T<~ith the cb...ar..n~l entrance at 380 ·. 38.58 · 

. . 

'\·· ·:' 
al.'l(i 39 ixl~ ·.For 38 in. we j:>b1l<::.!.ned cr.>sentially zero acceptance~-as expected·. 

: :- . 1 ~ 

. ·.;. 

·,·;; 
i,, 

'A.t 39 in.:. the tu.rn taep.a:ra.tio~"l. · /:_;1• had increa~:Jed to about 0.06 in. $'(ii;~··~'D.8i 
~ . . 

>. ;.·. ·.·, I .~· ' " ,. 

and E Ill:: (i5 MeV.. We took a reference ray 1/!6 in. out£Jide and headed inw~rd ';':. 

, ·by 1/16 in .• / r i'adiana relative to tht.~ cor:responding equilibrium ol·hito and 

·. ·_._, •· .· ·-:· amplitw:h orb.its fairly •;;eU). 

0 .• 4 MeV. These pa;;;·dcles leave the channel as if they originated <M: a point 

source 3·~ in. upstream. i:r:om the chat1nei. e~d.t~ with C".n angula:r sp:.7e;.1.d r.-,:: 
:, 

0 
,,.. I • • '.j_A ' 

,:i·· 

:: .. ·; · . 
. ~ ~·· . 

•.. : ., ' 

is fib.own ,on three sample orbits in fig. e .. 
; '!'here are poesible hazards to extraction at 39 ih. One is: th:..t U.1c 
; . 

. beo; .. m will be lost vertically at 38.5 in.; whe1.·o v = Zv irorn the ccuplinn . r · z . 
• 
f 
( . . 
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reaouam::e there •. Another is that the radial beam quality wUl deteriorate 
'.·n > '.,''•.·.'' 

• in passir;g th~c.ugh the ~· ·. = 1 radial inet:!!.bility. For reasons that will be ' 
r . . . ,. ··....... '~ .. · 

.. 
di:atus'aed in the next section, neUheJt of these ef!ects looked too bad" so· 

' ,, . 
. we sbAp~:d the ch.<>.tu"lel fol.· o~traction at 39 in. . H!)weverD w~· are not : 

~ .-~ .. : . " . i ; ' . . . ,f . if. .. ' ' \ ' ' . . ' . : . 
· · · eommitt•~d to thief· Since cq;_11.Slderable fle:r;ibility has_ been built -into the 

' 
chE~e1.';' it is l08deg long and Jointed at 72. deg, and each ofthe' abc relevant . 

:. ~- .. , 
'-: ••• 1 

. .;\. . .. ' ,. ' . ' . . .· .... ' ' .. . . . ' 

.points, hii'O at each end and two at the joint, have about 3 in. of radial motion. 

. ;·The ·p~oper Ghaping 'of' the ~hannel :field and choice of :t•efeze.nc~ rai. 
~ . ' 

:~ 

..... 

.. , ···.With' CYBOUT8 ·plotting of deflected o:rbiil:aD etc!. 
,- :' 

_:).' 

ie ~ilot CJptln"lal for particlcr.:: in :towel' fields. · Vie feU the problem would be 

:I,· 

. ~. :could be 'wider. We found that the 50·j.A>aV protonse at about 12 kG~ would 

·, .. · · •· fit iri the channel. Since at lo~velf fields there i.a more flutter• the orbita 

.... 

. ~· .. 
' 

,' .. __ ;,' .· . 

, I 

'': ' 

·<. 

.·t ',. . . . 

f 
i 
l, 

• ! 

! 
f 
) 

l 
,. f 

,• l 
l 
' l 
! 
l 

' .. I 
l 
I 
I 

I 
I 
I 
I 

I 
I 

I 
I 
I 
I 
I 
I 
I 
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5. B:r.ingh1g ~he Beam to a· Charm.el Beyon.d the v r = 1 Radius 

' ~-.... 

5. l RADlAL STAI31LITY . 

lt hl not .certain that the beal"ll can be accele:rated out to a radius 

wh(,t-tJ v
1

, is t!lu.:lf:id<::~ntly l<ZiltJa th$.JtA ~J>ne to exploU; the dgh.t ... h~.nd acceptance 

triangle (fig. 6a) and still retain eu.ffichintly good :ra.dial and axial b<eam 

qw;.lity. In our cyclotron at least;. there i:J no problem so far aa phase lag 

is conceltned-this iG about 30 deg at 39 in. e where v c::: 0.8. So far as .,. . . .· r . 

radial loss of beam quality is conce:t•ned~ accoler<!J,Uon runs 011 the GOC 
i 

(general orbit code) showed that the be~.t:..:1 t?llff'cl'IJ hardly any distortion on 
. ·t· . • ' . 
. ~ .~ . ' . . 

··:. ·~.' passing through v = 1 for A~ l/8 in.$ and .only moderate distortion up to. 
: :. ·. . . ' . :r . 

·:...· 

.. · '· 

)/4 in. (a~~~ fig •. •· 11 ). 

' . \ -

a large radial osdllatipn vnU be it1trodu.ced. !'his effect ma·y be esth-:l."l.a~:cd 

as follows. The :radial equation of motion may bG written appro:;dmatel'y 
.. z < d l!! 

de2 + vr 

x= (r-r
6

)x-0 o 

'f"' . ·''·J..t .. . 1 ;,.we'S""· ,,1. 

h= 

then 

B l 

B z l 
x= Bz cos e, (38} 

;!' 
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· . ·· a lradia1 amplitude 
. . . 

;al . Jf-'!T A=R ~ • . .00 . ·<l 
(40) 

' ., ':·. . . . 
· ·· :- · equ!Hbrh.un o:r:bit code at equn.l sm!ilt incrernet~ta of energyo Fo:&,~ 60-MeV 

,, .. 

. . 

. de.,.:rteroD.S in our cyclotron9 '\vith 70:-kV.dee volt&ge, we haveR:::: .37 ino s 

• • . . ' . 3 . • .•. c· . 

< :e0 = 17 :i~ 10. G, whence A~ l/7 B 1 in. This estir.nat~ was well .. confil"med 

.·.by th_e oJ~bit code. 

''· \. I ,:There are two bad consequences of such a :radial amplitude •. The 

. : first is that if the ES chann~l has been cl··.~lp0d to fit equ.ilib:rhun orbits. it 

'ivHl not ;~ccept la1·ge amplitudes. Thur.l otu• calculations showed acceptance 

. dropping !rom 50% to 20o/a bein7esn I/8 in. and 1/4 in. <Ui1plitude" and io about 

ze::o at ~VB in. Secondly, the zo2~dial amplitude can feed into the ve1"tical 

before th~:~ optimal ra.diu:a for channel acceptance •. 
. . . 

:So 2 AXlA.L S'l'ABlLITY 

• · ,'The COtlpHn.cr, 1Walkin!'i!lhaw'" :it'$fJOUil:rJ.C6 at v . !\l'i zv· · :i.''l <:0< 1~}·"'r··d,.~·~·~-,1e 
.i i • ~.. \ '11 · r z ~ c.;..,. .. ~~,. ..... ·~ "·"·' ~...., • ... 

. r· 
:, ~ ' ~ . ; . . • ' '' ' . 1' 

~ ba:l:'risr~ ~nd it ie uelu.t::~lly xega~rde~i as i~~"1.p:o:.ocable. However@ £~ <J..ppea:r:r; tb.c.1.t: 
d ,, 

·with car.~(l safe passage tlu•ough this :~:er.ot.".l.t>.ncc can be ohtainc~d: if the irh~r;e o• 

:radi~l cHic:illal;:lon. · 

.In ou:t· cyclotXOl111 il tl1le "wV'alkinsha.w :rosor.~.ance is l"l.ever iraves·$Jed 
', . . !i 

. the: isoclaronou.s region of the magnetic;: :Heldg but only in. the :f:::.·ir.\r~o-ii£..':3.>.;: 

r.a.ctiOt'l arise !:1:om the average lield only. 

1 
l 

i. ·. i 
. . ~ 

I 
i 
I 
I 

'I 
I 
I 
' 
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.. lt is first of all instructive to cc~:naider the situation i£ there are 
,, 

no f.1utter;-dapel:ldent ter;:1.1s, as in 6rdina;ry cyclotrons. VJ'e ~ave only th~ 
I • ' 

. ; , . 

;..t:· ·\ 

'·r•· ' (41) 
"j.., 

··. t .. -.,.· 
. ' ;_·: 

. __ ,. ., 

wh~~~. 1J.IlnL= {st0/B(r0)~ (dn.B(~0)/ch·0). 
. . . . . ' . ~- .. -' . ; ~ ~ . . ' ' . 

Harniltonian. 
' i: ·,\ ,. 

f
. .' 2. 
.tp 

J• 

•• J 

These equations follow from a 

• . . : .' :(' '0 )~ p !! \ 
·r..r ·- .... x_:~. t' v_ .. ,... 

...... 4il- -r· ·. --2 J 
.... ~' L--=-2. 

2 2. 4 l 
6x y +y )I 

(42) J 
. ~ : 

(,. .·. 
·-li:;. ... ----~---•. .. ~: / :; __ . 

·'. 

..· :', 

'. ':·<~~-., 

· .•. 1 ... 

,. 
',·' 

:: :_, : •11. one e~a.mines thG.l potential t(~rm9 one finds a set of cq'i.:d.potentialc 

. -~~ut·the origin~. rep:reset},ti:ng stable mol';iono and thi3f1 a set going to bi'i.Z~.:H.:y. 

'. 

hav·e &oec;:l tfl..at to keen A < 1'14 h1.. requi:r0~ the £h·et-h&.:t'mDuic <':'.:rnt:lii.h'l.de . .~.~ r 'I .. ~ 

B 1 < Z 0 when v r = 1. Coru:.:cqu~:n;~.tly~ aafc paeaa.ge of the coapling l'.'econ_aHc{;t 



.., . ·• 

•"'', I.<'',',' 

: '·, 

' ' 

. ~ . .. 
,·.·. ·:, 

. ' . 
'' 

· ...... 

. · r-t· 

:. 
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. ' 
_. ,. ··.: 1 • ·..- • •• • • 

IZst::cr.n.lle;;.·.:;r Indeed• unl®aa onril ke<:~·os :s: · · = R y < g/'lo wh~re g is ·that: 
. . 1 :: • . • · · · ·" t.l."lax rna.:s-: 

clGJ.c gapQ )he bean"l will be lost Zi).Xially eVf!ll without any co~pHug resonat'lc~. 
:t,. 

On the other hiilt'ld, the above ·requirements on A-;: and B 1, migb:i: be 

i.•elaxed. · The fact that z is so la:;:ac !or_ our cyclotron 1.-nea:n_s that we can 
n'H:l.:::: 1!:) 

1"~~1ly ig~~<:>re t~e. hut te:rm in eq. {4:2), so the modon ~-~linear ira y. The 
ttl: I 2' ' ' ' ,, !}111 2 2. ' . ' .. ' 

term; -z-· x y , may be replace¢!. _by c:, ·'?~ ~.:: y (v 
2

, all."eady contains 

' . 5 
see ref. ·.::J ·Appeudix 2). Hei·Lce 

. tH · 
a tE!rrn -·:)'~.., · ·. 

. •'· ,.:;., 
: ~ : . ·• 

. j, ~ . :.. , 

~-t:aviag ju.o'i:ified the z1eglect of ncmlinGar tr.n•;rns in Y& we:: now £~-<:n<:.H·utlze: 
. ·' '4. • .. . r ·. ·' 

~j:,, 

follow a l':neth.cd de:d.ved by Vezootcr. ;:.~nd Eng·::'nldoo:ti:.\ -- io1• p>:.i:.~:h::e.;~; the ud.ai . 

•· 1"'\ 2! " ... :~ • 
'. \.<i~ \(j} .:::: ':i. ,1:) 

';J 

'r 

i -1 : ... (i 
l.!. . .. ~ 

t )2 l 
i ·+. ~l 

.. ' ' 

. ··.· . 
;; Y)~ 

(i {.r:-l ~ 

f \ 
·'\!"r"f \~·- jl 
(l~l 

tHoweve:r, the abo..;e considerations• predicting y < 3 Ax whenever x < xn1.ax 
remain valid, .so whenever the s~:hceeding analysis predicts violations of 
this rub, it may be disregarded.Jf.' 

/ . II 



·,· 

f = ( 1; + ~) Jn ~ p· · 

2, 
. % {47) 

';\" 

: ~ ·, . 

. ·~ ':: ,' 

l:t one uses equilibrium-orbit vali'IJ.{:)O for lt at'ld p~: in the above 

equations~ (~l5) becomes a Hill eq·a~>:Uon £:rom which the aldal fii."eq\:.ency v 
.: ·; ~ .. 

•'..:.' 

. ·.';. 

..... ' 

.. ; .. 

. ;.• 

..•.. 
·. ·'' 

\ .·.· . . . . .::i· . . . . .. · . y 

· ·. · ma}' be obtained.. It .can also be cbtaiz1ed by u.sing the smooth appro4,:hnation9 

. .... ·, " ·. i. • 5. 
ao two o.ftheauthci-s have doo.e ). Howeve:::, the Ir.lan·}~l:ton.i~tn m<~thod i.e most. 

- ' '.··. ' . . . . 

.• ; cornren.iet:i for Z:leeing the ef!ect of the ;;•ad:i..a.l hGtatroLl oeci11ationa. We write 
· ,: · · · the .. 

the :r~dia~[ m.otiml h1 te:rn1.s of/ccr~ilib:d.t~rn -::::.:t·h~.-::: ;:..u1d free oscillation az 

· · !.f 1v1 

~. .. . . . 

x~O} ::; :J<:e {6) t ·~:~.($)~ 

. ' . ·. . "' s . 
is~ •e:::cpanded am in l:::n. i tl:t.m:l 

. 2 
M t:::.:, 0) = V· I % + tJ-11 7- + • " • 

) .. 

;. 

• .L E . 
:1-:2 
•-' ) .,-
~· 

.;a =r:Z' + ••• 

5 p + ·+ !J.") + - il' % z . 
(50) 
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A •­:c (52) 

_.-. Hamilto~~ian with u = 0 and K1 is th.~: perturbation due' to· the_ free :radial · 

osd11ati<u.'l u: 

(53) 

whel"a wo have dropped the radial plli""l.ao angle 5L_. 
. ·~:· . -

.. ·. 

y :: _A cos '(v e - II:}. Y. ... -
· .. ·. (54) 

.•. ' ' .. ; r: 
~'" . . . 

,_. . .:- \\l"e use t:b.e method of variation of conaiantSJo regarding A and ~J as slowly · 
;',.·.· 

•., ' 

.,'' 

..... ,· 

.. , ., 

; -

.·._ 

1 K .. :: .,_.,~ 
,& G 

Thus 

b coa v 0- • 
X 

(55) -

, , . U a ca.no~ical tranafo:rma'i:ion is made from Yl) P y to ~ A 2
1J IJJ-the new 

, _· I~znni.lto~~an~~ aa pointed out in. 1·ef. 4)~ is just Kp eqo (55); and from it 
. -·; 

· the- equaUons of motion fo:t A; tjJ can b~ de:d.ved v.sing 

' '·· : j -, . 
,·' 

-f; 

appro:v-J.naataly 

. :., 
v 

x.=tj.J--_z-9 • 

v 
C ... A2 -· b A 2 -'} - .. r ,. 4""V coo p x o 

y 

-.. - .-,. ·-.-_ ... ;· .. 
-.· 

(57 a) 

{58} 



I~ 

' ' 

·F· 

/· J ' ' 
} ~28-. UCitL .. l 00~7 

-'/.," 

. :It is ®aay to see from (58) that instability occurs (A .- «>)when 
.. ·, ·.' ·> . --~ ~-- '' .. 

_,_._ 

·': 
.· .. · ~~-- - . ' . . , 

;· .. 

. ~ 

. ,i 

. . •\ ,;_ ;_;:-: 
·. ~. . l· 

. ,. 
·:. ' ~ . . : ~ 

d . n, 
! ~ 

• '• >.,_ ~ 

z..,· v 
........ .. Y: 
' .. b: · < lo unmtable a.xial1notion. (59) 

' -,~ .. . . . . -: . . . . '' .·· ·.:. 1 . . . . . . . . ' . . . . 

T:he !Jit.:ation is compli~ated by the £act th~t v ·'* are not constm.p.t as the 
. . . - ' 

' . ' -~1 ~ .. ~ ' ' . . . ,f ~> . ; . . 
particle;is being acceler*ed through the atop-band •. ·Let ,us appro::dmate . \;: . ' ·.. . . . . ' ' ' 

·._. /~ . .. ..?'' ·. . Jj,: 

· ·: :.th~m by; ' 

'' 

: ·.... ... ·' 

. :r--· :· 
·i . . . ~ 

.. ' d· . > v :J; =. ~ :2: e •... .·; 

X =. q; ... 

eo that the equations (57) ·becomes 

-_,.· 

.. '::,·.· 

'. 

--; .' .... ,_.·-
,. 

.:! . 

._.l; 

·1· dA · .. b 
:A ?Ill= .. 4V" 

. 'y 

' . 
cos (t;)() .. v 

. 
y 

2 • 2 
'IT ·~; +b 
--~·--z·-" ----
l+v v. 4 

y -r 

@+ 

···' 

.... · :·.Two limiting cases can be col?.~tticlared. I:n one the tra.:nsiton 

(60) 

(61) 

,\-·'-

1.; 

thl'ough the stop~ba1:1d is fast con'lpared to the time require::\ to lock into pha;:;:; 

..... ::-·· ··,·.; 

. : ' ~-. 

•... · t 

: :· ;­

' 

·: . .. 

~ . ,' 

. ; ,.··.·i ', ,._, 

.• 

' -· ·~ . 

~ .. 
-~. ~ . 

;. 

X :::: ·:rr/411 in the other(' th~ reve:rze ~.~~ t:r-r1c. 
' . 

One fin6:s 

. , 

o:r 

~ ' 

··· To get tbe ·atop-band v:idth .. A.O 
8 

we replace v 

·(written; as an equality): 

'• ' ~ 

~l '.• 
· .. · •. 

. . ' ; ...... ~..... ~· 

b . 
'ttl' v . y .. 

'·'. 

(64} 

·--~- . 
. -~ 



·-

. -, 

::; 

' .•.. 
-.. 

. •)'· 

.. 

' ·~ . 

.' ;,: 

., 

·· . .' r.. . . . . .~ 
' ' I 

I 

' 
\ i. 
·k I 

-2.9- '.· 

so that tl~e condition :for iocldng into ~be phase · x -
11~.". 

tha tranSition thr~ugh the resonance ie ad ->> .b.fJ &9 
- 0 ;I); 

·\. 

. ;; b >> bi ::: 
·'; 

1 •". 
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,. 

d~ob:ing most _of 

. (65) 

!:€ this is .. the _ctl.Ge~_ ·b >> b I. o. tham. we· a.p)t,ro::d1:nat® the total a:q1p1itude grovJtli 
. . . ' . ~ 2. 1 ••. 

_. . •o ~ -

._ by integrating the A equation with sin 2X]f sin 2x_ .4! = [ 1- (Zv y v .. /b) a ] Z . _ 

.: .~' 
•. ! 

,; . 

between .f)::::~- .6.8 ji.. The'result is A,./A.:::; 6:2~p[ -b2/(l6v z v' )].". Had :: 
··:; - G- ,4: ll. ·. y .. 

we: used :ehe maximum growth rate across the whole step-band we would ha.v~ ·• 
. '! . -· . . ( ·. 

the same' iol'mula with a 4 replacing th~Zl 16'. · Short of a rigorous ;p.tegratlo1i 

.·0£ the m<~tion0t a. compromise Ol\ _thlil'.l val\1<£: S -~:~crr.rl'Ll"easoriable: 

-A(~t} = __ b J-" . [-- ., · 2 ~~ ;rv 2.. /.!JJin a X O C{v_ ~ 0 "'} 
. . y 'V ... 

·,· 

. ~: ... ;: ex_ p [- 4~- J:~:: 
. t . y v _-

. . -

-----

f2.1.t-Jf; t~c'1.~~,~:;:~tio11~ 

~ 1/2 
b << 'til,,~ 1/) 

,.l·u, 

(66) 

._· . ; . ' 

·paraznetm.· valtte.s-if\necessa:ry by computer.) 

.•. 

i,. _, 

. "i: 



. . ~ ' . ~' 
;. ~-

',··, ...... . 

~ .. 

_,_. 

.. ... ; 

··.·,_·· 

· .. 

,.; :.· ., . ~ 

. ~-- . 

i'. 
' ;~ ' ' ·. 

~: 

For the f·ringe iield oi our cyclotron b >b.g 
. . ' ' :. ~: ' ; ' . ' 

eq. (66) is the relevant one to npplyo 
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. :trA ordter to see the expHcU; dependence on field..,sha.pe param$ta:rs 
; I ~~- , , , . . •' . . . :. ' ~ . ' . . . 

(70) 
.. · -.. ·. ; -~· .: 

_·, ' 

, •- .. :,but 
'· ' '' 

.. · .. 

. , 
':'.i 

I • ·. 

d . :: .d:& { dr dy)- dn. 
. car.' , ar \cry ® a-e-

• '! /, I ' ··. :, '~ , 

A~ 
( 

c '). COIJ c1:i_f .... _, d ' . , ... 
----~z-.. ~A3'~"'-----

l'!Ttl y (1 + ~·) 

;• 1: 

. ·:.' b > b~ o we have from (52)~ ~66}e and (70) .. 
_: ~·. ,,_. . .' 

,I • '""' ~ ' t ' \ 
\· 
\ . ~ I 

l ' I I 
?. lV' I 

~~ (I 
-·~ J 

(71) 

.. " ~ 
. ' ~ ;, . . 

··~ : ... ~· . Fo:r mod<a::rate, (< l in. ~ :t'·Jadial arnplitud;;H~ 't:i.to :;." ter;;:na domin.u:ce ~'.:tdl f7:i.) 

·: .. ' . . ., __ 

'\,. ',• ;:. 

. ~ 

··; .... •' 

-.· ' ... 
. ;'•. 

', .'l 

: ·_,. 

i 
-I 

~ :- . j 

.• I 

I 
·I 
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a:nd f\:)r' the numbers quoted above:o this gives A/ Ai r.:: 'exp1 
(20 A.._/) for 

. Ar '~.t~ ir.;cheso ·. o~ a. ia.cto1· of 3o S £o~ At· = 1/4 in. " U the original axial 

.. , . ,, arnplitude is over 1/4 in~ o then partido$ vvill be loot to the dee a •. To avoid 

. .. ·· .. this A!'?•1U~t be k~pt 1o~~ than· ~/4 b.'l.~·. f.liO a,gain :13]. .shou1dbe U~ldar 
. ·i . . . 

- ..... · . ~ .. 

. ·. 

. ·,.: ·.;:\ I . : z.s G. ~~, . · · 
.. • ; ,l ~: .• ~ ' - . 

.-I' 

-. ·-· ~- ' 

to.:.·· 
I • j o' .•'' 

(7 3) . . i 
{ 

J 
.. it 

U v.'' do:minates the flutter terrn, ·then ''"e may compare the ex:ponents £or 

small a;r1d la:rge A (we uee oubscripta S and L to refer to resonance with 
. it 

(ln A./ A.).::. 
L 1 ~; ------

(in A/Ai}J.., 
= 

(A )l 
rS 

- 0 

For our cyclo·tron this ratio ia about un.'i'!:y foX" A '-' 1.01 1/4 in .• if 
:t".:) 

(74) 

•• [""' .f "'•q 144\1 ('"''''~'~"''" <·11- ··•or1 C'~"~~c,-, ·'·o· OC"l'""' ..-.1- a "'"_,.,~ 1 ~'"""" ...•• ,,.,.:,.,, "V'y ·, ~e $~ ~ .o \~ O(oiJ D .. ~CJ;..~..,.I;'J,/i.;.l.J?:~ t:..··~~-~ ~~ ,;.~.;., ,.:t;J..~;o.:.!!~~•·t. .. ~,:.,; t..' ...,~~· -: . .!1. Gv IOJ!~.:••\.a...'l..~~.i. .!:...w .. ".. ... J~t"'~~:~~'· 

where. 1.1.11 ia amall£~l·. :\vforcov(~l":, a lr:.\:tgc :,':"a.d:h1 .:~n.,pHtucl:;; c2s4 c~u:>:: 

·· · .. · cyclotron abhors modex·ation. 

.. ··;·.:. 

88 -inch .. cyclot:ron field. We 

took radial arr..plitt..tdee o(O, 1/8~ 1/40 ~net, 1/,?-J.in..·::.:~.. The f~ctora of inc;;.•cc.rila 

are sho"'vn. in table 3. 

.. I 
' ~ jo 
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TABLE 3 

. Incr~aa .. e of axial amplitude after accelerath:m through v = Zv 
. ::lt ' y 

·-~ .: 

·. rC!sonaace vs radial amplitude. fa·om computer runs and from theory 
. ' , ' " A~Ur·) 1~/ AI) comB {;{y,Z~i) l!low, eq; {66) .;;. fast, eq. (69) 

·: ~' . 

0 ~ I· 1.0 1.0 1.0 ~ 

·. 'tf."~ ·_ ·.' ! '.1/f('' ·' " 1.37 0.7 to 1.5 
" n·· ~ 

1/4; OA 
' 2.7 

f 
3.5 ~. o~s to l . ~ 

l 1/2.' 224,' 143 l 150 o~z to ·;, .) 

~ 
~ . ~~ 
~ ----.--.. -

·.; 

·~------·----~--------------------~-------
' ,·• These r1:t.nS are in quali~ative agreen1ent with the theory aboveq and show that. 

.,,· 

the trantlition from fast to slow brav0rmal occurs at about A = 1/4 in. i" .. , . . r 
'·.· 

.secOi:1dly. there is expe~rh'l"tental confirmation.. When the beam w.r::t.s · 

.... ,, .: ::.' . ···;··centered; at 39 in. (beyol'ld the ll:'esona!lce) 1..;hJ:.~:~c\<;~ probe measu:remen.to 

. >·. 

. '•Ji. 

i. '.· 

showed 1~adia.l amplitudes up to l/S in. a.nd of half the intensity that the beam 

had at 30 in •. (before the rceoi:t..a.nce) 0 whoz-e sha.dovJ .. measu.remente showed 

The :i.r-.tcrnx·et<;,.·H.on ia that whe>:l A > l/8 :h~o ... .,l- .. 

~· i 

"'" 

· haa been. adducer2\ 1l.i~~lla:t:d~aol'l ~ )" Ii't.tl .. th~:!l:rtxl!J~r:c 0 Ricl'"lr.:.-::d.nc;n.:\ by i~;.t~(;·cltJ~ci·,o.r-; 

,) '· 

"tnoth theHae theoreticall·esuJb:;; and the c<::;,m.p<:,;t\:J:r. :ru:n};'l 1:1 :::-:}i'C ~:he y'\ 1\.l. ' c:<:Y~':; 
in the 'J:.•.!li.dial equation:;;. whir-tl ~-;;,"k:6 GY.'i<'l'"'',l" ()l'!1' .... <~ v·l,.,-, . .,.-:·..-' :· ., " or•.···-:·:ir•·-·1.~-,,-,.l-Y", .," · .. .. 

"' .. .....,...,._ .u·.(.wo ~. ·' '\,;),r -··"" '-\-'•·· •.. .~.. •• - ....,,....,..-t ......... •.J'<.--"'t!-~·~·~--~·,•· ... ;. •.. · . . ... , 

Y N""·~·r:J j.,..,.ae• oo .,1.,,. .;J.,.;.,.~'i"\f;r •·r·,··-l ,_ ..... t! H j• •• ,., " ... ,,., .••.. ;"~· ,., ... , .. ,.,,.~"'' ,~., ••. ~ .•......... 
( ~'-Urf.rlMf 4~4Gj) '· ~.-~ '-.f.:•~ ~~.,A~J:-m.'il,...&..t~C;;,) (.. .. .:;.<'!:.~..\ l-.J f"V !i'::r '$...~tr' .tbl:.:J. f!,.JiJI,,:,. ( • .::_,"'";.,.1._,._;,_.,t,. • ....,. .. ;:.t.\r,t.:l'.h·.-......_,;,;., J,t.::,.\_: •• ;~~t;.:._-,_.,:,~~· .. :, .. 1:;: 

H1nftin Cl' <,·h."" tc'·ta1 y-".:t.,o•'!/e·'~-, lh ·~'"l"'""''"' "'"·"·"'.,...:ct.·::-,"' .;..,~,.., .,.: .. -... ,". ,, ... ,-. /. h,., •r . .• ..;--·. " • ....1.0 ...... e, .... y -~ ..... t-$1 \;,.~.,~ .;:~ J:o.~ ......... ~~ ~·\o.J-J..p,.,..if ........... ...., ...... u. .... '- ... ~-~.-~ ..... ·.,........ h ......... ~ ,.~""'"' ~·ii \, 

.,,,.,.'hop"·· ''O C8."'""'\l' O""' p-...O'"""''h.l·u· ~.~-...,,~.L~t~ ~··"'''v•-.:,1 r..·r , .. ;.~.~ , .. :.,····~·······~-... ,.,'""._ v .. , ... ~,·-,,..., .. ., l!.•v.• "'~ iJ. *·'- "ri v 4 4 7 '"'~~ _ ..... U<.JJ.t.-' Jr .,...,. t,i- ~,, •... do - ~ \ .. #a.- '· .. .., "-J,,,.~,,..! ....... w. .... ..: """·.u .. ,"' ., ....... ~J. if..._,..- ... ~ ...... ~.. ....~·.......- .... 

ccin::.birmd z-acUal and a:rdal o;:Jci:IJ.u:Hom; n;.o;;;;;!:1 cr.~ 8\mx~c cc,t.~iuc.~;.;n:~i.:,\1 sto.~: 
h1 a. 3 .. c.imenGional (;pace; co:i:'t·r)spond~.ng to tho~H-~ ~.rJ. cq {~.:A'j9 ;;;;b.ich :i.6 
ellipsoidal for:- small amplituclet'l.. VJe have be'm ciiGci.1Beting only \:h~ 
equ,hlot'i.nl mot.ion. · 
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.:.1£ there· is any first harmonic iri the fieldl' trouble can ensue at 

!/~. First of aUD the field bump itself con.tributco to Q
2

(e)s eqo (50), 

< : .3~ Etmo~~t .. ~•1 .._ ko [C). c()~(e..:$) ·i· c 1 t~11::.; t 1 [·d,~~(O~a 1 )]~ ·w:tun:-Q c 1 ~ e 1, 

t;1 ar~ ~:~~ amplitudeo. azimutho. 11tnd spiral angle of the fir at harmonic. 

,' Secondl1~• th:ere will be a contribution -tJ.11 ::i\:1' where xi ie the' firet-ha.rmon¥c 
. .. , ·. . . , . . r• r 

part of the equilibrium orbit [ see refo !:l) eq. ( U)] : · · 
. cl 
't. x - cos <o - a.> 
co 1- .. 7 '', }. (75) 

, .r 

so the perturbation in the Hamiltonian it~ {setting e 1 ::: 0): 

. ' K 2 ~ } Y2 
[ ( fL'~t-cJ cos II - C1 ;.,n 'I sin6J (76) 

By comparing (76) with {53) it ie clear that .we can use all of the above theory 

·.· .. of the coupling. resonance~ if we replac~; bin eq. (52) by 
' ' 

. 
· ..• 1'··' _;) (77) 

' and lP 'St: 1:;,y l. The domin.ZJ.nt 'J;(;;ll:'l1.1 hel·e is cl lt11/tJ.1 
b so whenever Ax OCCUl'lil 

U: should be replaced by G s/1;.1
• Since wo have !J-9 ~ 0.1 whcl"e v :::: 1/2, 

.V 
VI(!; .. find ·that cl ::: Bl/B ..... :::. A/1!.600 '·· .~ CC;:i.•rr;;SI)Olrld~; to A = 1/4 h::o .Br'.; i;:~ v . d 1./:. 
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B. Use of Fi~.st Ha1·monic to Aid E::<c:raction 
: ' -

,··. ·. 
Some orbit computer· runs have~ been carried out corresponding to 

the' situation in which beam spill was i~duced by Richardson (sec; 5) 

· HG ran the out0r valley correctin~ €!oils eo th:rit th~y p1i'oduced a first-harmonic 

amplituc.e rising. slowly f1·om 30 in. to a peak of about 20 G at 37 in. , with the 

peak of the bump 220 deg counter~clockwise from the aouth (beam-leaving) 

dee:gap.:,, . The computed orbits developed radial amplitudes of about 3 in. at, 
: . . . 

about 37 in., and then spilled(one thh:d of them into· the dee, however}. The 

· divergertce of the spill-beam was very large. l:Iowever, a t<J!W turna before . . 

. '. th(l spill, a.D:d near the deflector-entrance <:.:.:zimuH'l, the orbits .,~iere very 

.... concentl'&ted in r, p Space; showed CO:i:lf!plete turn-to-turn Separation (for . . r . . 
. ' 

· an initial 1/8-in. •amplitudG cH::::ri:ribution); and jumped sufficiently to en::e:r 

th.e ch.a~~el with almost 100% efficiency. Unfortunately, the orbits aleo 

~ave a.b<~u.t lO''io less energy than they would without a field bump. This 

could mean that another 100-kV/cm electdc field might be required to 
) 

defled;.2~but this might be tniti&-1.te.<:i by ihe la:r·gez xadial mm~1.entum of the . ~ . 
. . ~ ~ 

bumped orbita. Further inventi3.?,tion of thio possibility is plann·:.:HL 

. ":;. -

. '· 
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:: Many persons have contributed.toth<e theoretical. work on the 

deflccti•:m system for our cyclotr6na Extensive computations have been 
' 

ca.rriedout. by H~ G. Blos~~r at lV.\ichig;~m Stat(!} on th.s: p;;$aibility of 
' ... 

regenerl:d;iva e:.rtraction with the e:ldt,tin.g !ield ... shapes, deflector channelo 

a.n.d.dee~.voitage. Oi especial interest a:re the :radb.l phase plota he compiled, 
. . . 

· .·with ~.ra~ioua b~"llp .. strengths an~l with.cut a bus:np. It is net appropriate £or 

' ·us to describe thh work ..... w0 hope he.does _ .. but we certainly wish to 
. . . 

thank hi:~ fo1• enlal'ging our u.-·.,.dcrztanding of cur cyclot:i.·o11 .• 

· The moat importa~t work of writing and opei'a.ting the relevant 
! . . . . 

·~.computer codes wa~ carried cut by H. G. Owen.eo pa:rtly at Oak Ridge National 

,1 •• •. 

.. L~.boratory •. He prqgrammed tho cod~a CYBOUT and GOCo and ca:i."dcd ot.<.t 
·' ... ,. 

many of the relevant machine computat·lons. lndespensible aid vli~h 
; 

· computations has alao been rendered by A. S. Kenney9 J. D. ·Youngs and 

' ... 
... ...... ; ~ ·, ·, 

·. , D. N. · Bra:h1.arde 

lll Tempered :Five Code . 

. . 
. . 

·this wot•k •. We arevery g:tatefuJ. to J. R. l~.ichardsot1 for r,nany frttitittl 

•. mc:cha.nice of the system • 
. ,., 

/ 
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FIGURE CAPTIONS 

. . 

Fig.; 3~. ·. i~:lraphlcal cons'C:z-uctior;. for thr<::o -deflecto:i:' e:ystc:m [see cq s ( 7) .-. 

(10)]. ·. "-1 = lertgt..'l.~o£ char..11el A (deg}, :.. 2, .~ ga:p .. ~-:t3o }1.:3 = ~cngth of 
. ··- - . ·:\ 

Bo ·a.'~:-: )..l + >..z + )\'!) •. Each plot ·sho,rvs f..? vs "-lo fo:r fix0d 1':$~ Conditi.ous· 
- .;!1 ' :,1 

( 7) ... ( :LO) requh-e that point ( i 1 0 >. 3) be a~.vz:ty- f:cnn hatdl.ed. side of each. 
. ' ~ .. . . ~ . 

\ . 
cutv~11 11 and restl·ict point to be in. t:d::u:·:.c.:.:,la:.:.· region ~t uppc~ rieht .. 

,,· 
''· 

:(Fig.:3a:· (l!:! 120°a fia., 3b: a.= 150°. fi6• 3c: .(l.:::: 1ho0 .. ) 

6 :::t l':r.· .. 1o This graph l'ep:i:'eccrit:.:; 2tr5 = 3(P9 a/A= 0.2e Ar/A=Oo"i:.. 

(ace 'I' ext).· 
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lTig~ 9.. (~llergy and a:mpliifU.ihl di::oi:ributi<nl of p<:l:rt.kleo ·txanemitted by chaz1nd 
, • !r .. 

. . i' . 

at 39:tn. · frorn compu.td!l." xu.n.c; .. ·· In.te:g:t'ation of e,ll orbits wa::; hegun about 
(·. 

1/2 i~ .. in:'3icic· of:chan.r~el; with (~llc:t·gy :;;;p:..~f.J;;td co~:t·esponcling to one turn .. • · .. 
(H~9 l~V) ... 'l'urn nu1C;Jbe;;: is n.umi'>G!l:~~ of httns o:rbits rr:.adt~ befo:rc ent~~ritt.g 

/ 

cha.,"lllcl. · Sh.a,dings 1·ep1'cG<~:nt cliff~oiN;~J.t .;:,:tdic:U a.mpHtu.des~ •·. 

n'ig •. lO; ._'Pe:rc<~l:lta.ge of particles trllJ10.t~:1H:tc:d hy ch~.:n:n.el'or striking V~.:dQUS 
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Qt..&;.~- 'IJ't'l!o ... ~-"' 1..~~ '-'D- '"- tt:> I..V.-4...¥."'- "' V.&.J:..~ 'Wr1 ·t:.. ~·>, <t.;;j,..,...,-..,~Q'..r.b, .t:...:o )..o).~.l'-.!lr.\oo"\,..,. ·1-~,.i .. 

l .l.t·:> .• <· ~ 7 .:, :.,... •. 
- ... \ :;. lut "'""' 0 _... J. ,!:..:l.q § ;1 

11 1-. . ..-e.,.. di~ 'i c'lt' ("~,.. .•• .;..; 0'" r . .r .,....,. ,.t . .; cl r,>"" 
-- U.. .,.c;.1.. .__ .. -~'t,\...&'A. \t"" ,.r>4 'W4 ·;-<~!•?'• ~"'' ·'--t;;;J ~. l (at 37 .. ::. 
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This report ~as prepared as an account of Government 
sponsored worko Neither the United States, nor the Com~ 
m1ss1on, nor any person acting on behalf of the Commission: 

Ao Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa­
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

Bo Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor­

mation, apparatus, method, or process disclosed in 
this reporto 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com­
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractoro 
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