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/.' Ber~e_ley has;-ra~~ed s~;ver~l spec'ifi'?- problero.s.·>vi1~ch. ·.r.aqu.-ire ~:more: <l~~~~~.ed · 
.i· -t.,,.J'.' .~ '1 • ..... ~·t;~r ... >~.,:.,. ,.~. '·~.•(:~.: •' ···,.~·;~ .... -~·.f:;.. _· ·o: '<.'. ~;•,. ,~~-. ·" .· . . .. ~. • f. :.-. ; '~(-. 

. t:~ ,;>. an'alys:i;.-So .~In thls.:p:ap~r' W~~ Sh~lJ·: ~SCj.lSS- the. treatmetit ;df sonte. of these'·prqblems 
. '~· . . ., , . . . .... ' '. -- ~ ' ' . . · .. ·. ' '. . . . . .. . ..... · . 

:' '~\f.','~.: ~ ;y~~~,' ~i~t~, ~~~aik;;d• ;::\•j;~:~ ,: ' : ' ''' ' ' C : ·:' / ' , : '•J t J ' i: ·, ', , ' ' 
•.. . •'. ·_;;. '··T~e wor~':.oari be:di\rided irito bvp·mill:O:' sections •. The firstD'-_co"n9e':txiing·.in-

:·-· :-·~:· '::;· ·'. ' .. • f ::~f_:;.'; '' .·,:. :._/,:. .. '···. ':.:· :·.. ' . . 

~\·.·.:::< _ jection(_~~r_de,al Wi ~h-,.·.~~ :.~<:q1:e~""e~ fo~ .. p~~ve~t.irig tl{1,ri:C>ns f:ro~:~trik~ng the . 

•• ;. · < • ~~je6t6~:-st;u6t\tt-e~d ,~~li· ·~ -~Y$~ek ~for· focusing the·. inconling be_am~, 'The seco.~d, 
·~ .... ~. · .. ~:~:,·· .. ~· ~·_'~·~:: "·~:- r .• ··~H.- .·~~t ~·:·.-'_:~ ... · ..... ,:.: .·.· < ~ .. :_.-_· .. :~" .... ·· .·<··~:.;~/· ... :_ .. :· .. : .. 

·· :·. ··'.Co_ncern~ng,~the .·o.rb.~(f; ~U.Xi;ng :the ,,!1·cce1el_"9.;tio~ per:i?~L~ll _de!il w.i th. ce!'taip. 

.· .,~ r~, .... :· .:\ ef;e~~s . ~f. :the _s·~·r~i.ght_.:·:~~c:fio;~.e- .stray" ii·elds,·,mag~·~-ti~. fl1hom6geneJti.ef~'' res_onant. 
'·1 !" • ·~ .t ' :. • • .: ' . . . , · .... 'it.'l- .. : • ~~· ; •.• ~ ' • •. . • + :, • ., • ~ . ,. .... ._ • • . • • ~- • ~. ~ '. ' • • 

. coup),.irig· be~tW~$~ the . .;;.a~,i'oJ'~·-mbd~-J-:of· osci~lS:tiob.; an((~ th the .. darilpi~g effects. 
• ' ~ ~ .. ; .... ", ' I. • ... . ~ ' 1,. . ' ' . • t ~. 

·:· •.. . '( .,; 

· -iritrodU:ced· by the :~.c·c~i~re.tttig ~1 ~ctrode., ., • . ' ,, ·· ·- · : \ 

' ' . ·.' . · ... je sh~il not ~i-~~u~·~·" i~~-lm~o~t~t 'que.stioh. ~~ ·~C,w'' many i~ns are lost thro,ugh 
.~ • "• ,I . ., ' ' . ~' • • •' -~ ' 

Our results on this'-po~nt are essentially the 
·' . · .. ,) 
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same. as:_those .obtirl.'ne~·· a~ Br.o~kh~v~n'11 z and. agr~:e r~a~ont:~ly !el~ with measure-.. 
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· ment~ made on se:ve~al':'ni.~chfnes., · . .. · · . :< · · M. 

},<'c • ' '" 't,...'• •' 0 'J. '4,,;,)· . 

.. , . • ( f, -•1' ' ~ \ ': }' 1, , , : , • \ • •, , pI • ·1 , ~ •', 

.·The.·calculaJ:;ioJ;J.s: ~ll be .c-ar.ried through exf,licitli for machines .of >the_·type· . 
: ' •I t, •,!" ' ;; ~ 4 ' •, • ~ ~ " .,. ' ~ ; , 

1 
, 

0 
..-

'. · .. •· .· (i~s~·~{~~d. n.i~.~p; ~o.·:s~o~~~1c~'3 c Fig:· ·r~~pw:s tli~ :~y;ic.~f.d~·sign:~·· Ther~·. ~r$ .~o-ur i~~-·-
.... 1' ~. ~_'' ... ~ ...... • ~ ', .':: • ~,. ~-. :. •'; :'": ; ,; tt'· ' .. "> . ' '• '\~·~~ -~·\. ' :,; ~ • ,. I •~ ,- ' ' ... , , ·~ 
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• : ... · -~ . . .. ~ ' .. ,. . ~ • ~ "-·.;.~"= .... -~-./ " ... ~ ~ ~-:... ~ ... .' • ·, ' : • • + • 

.. ' ,netip q~adrant_s. connec.ted;.by·. fiel~ J're~ .str~ght "SeC~iC?nS. ],n' whicl:J: the accelerating ( 
~ -· • "' • I. ;., < ' • ... •• • • • ~ • • '"'-. ' .' . . . . . . . . . . ·, .·.""' ~-; : .. < .; . ~' ... "1 :[" ' •.• ~ •• -~- : _:. : • ' .... ' • •' • • ~ ,_ .. 

··. electrode~. i,nj_a~:tdr<sti"Uctur.e.;.:~nd'auxtliary equipment are. located~· '['he· m~gnetic 
~-·- ··: ·.-_._, -.. · ·: .. ·. · ' . : ·::~::··:.·. · ··:. :·.-~ . ,., '·r··, .: · . .- . · ~ · .· ·., ·l·,~ · _·: ... \· ;- .. · ·;., ..-

... ·,field'- rise·s more· or less hne.a.r~y·!quring the· acceleration. period·8 , ~he frequehcy 
J··~··t;·~~ 1·:····"~-•,.. b ·~··',_/.,r···~,~ ."~ ·~.;~·,(. ,"-·: .... -.;:·"~J.,.. .. ;r•->•'-1·•. ·' ., ' . c•'"" :''~_·i. "-' 

of .fth~ ·~acceleratih{(voltage v~~ying:'~!i such· a .V{a~ t~t_'th~' .~quilibrium ofqi t .reo,> 
• ,.,. •• • • • •• ~- . ' • ·;.~ '.:~' • • ' 0 ' .>"" ·:,. .' .• • ,• .• ~ ';,_ • , ~·. ~ • : .'r,·~. '.·~~ ;"':' .... ,· "'~ •' '• : ~ 1 

! ,. oft . )~', 
·: ·~·m·ns· at __ .tne ~ce~te./ :of .the ·V.~~\1um. ?ha.Jnher:." · A,'wichire;:;intended :to. ~~rve ;~s ~!t' nio~el. 
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·' ~ .. 
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·._:-is' ~G>W in dp~ratfon: ' A maqhi.iie f6urc~tim~s as {arge· with.·. Ei m~xim~ pr6ton e~~rgy 
' . ·. . ' : ': -'.;. : .. : ' . ':. ' : ,, ; :. . ; . . ''' . ·; .· ~ -.. -~ > ·-.: .·~ : ~. ··,' : : ~ • . . . ' ·. ~ ·.. ' . . . ' . . ·, ' .. 

, o·.r: 3· 'Bev is under· 'eonstructi·on:·Li t .i~: planned. even~ually ·to· raise. ·-t~iS .·maximum .te>,." · 
~ - '1- ~~· '· ·-~ ~<. _. ): . - _· •-' ;'. : .;? ~ •:'"· ~ . . .... ~ -" ~ " ~ ' .·. ·,. !· ..• 

< .·6 Bev: by ·decreasing .. the aper~ure ~and:·t;tler~by .. :h~cfea;i~lf the maxim~:-IJ!-ag;n_etic. fi'~ld- .. 
. ·_.,,.' .'..,-'-. . :_ . -·r"~.~:-.-~:~- ,' - .. _:~··~··' ~! ;~. ~~~:.«~<~. ".' :· ·-.~-;· .. -· .,· 

. : · ,;:~· ob.~f~~:hl:e:. .. OU~;,ll:~~~~cal;; r_:s~iJ$·_r;-:n -~J?PlY .~~ :t~e~·~,~t4re~. va,ri~t'io~sD jm~~r; ~1~·-
, : .. --;:.- : .-,. :be~·r'~f'~rre<l.~~ her::a~ter :?-~ ·t~~~nes .. All,: ·B$ ·~a ~~-: .. TabJ~; t 11.~:~ s'~ry ·or'~he 

.. i .• •_. . .·.• ''' .... ' . ·· . 
. , 'de~gn· ~o.nsta.ri1-$o.· .~ . ..-.. ·· ·' 

·" :. .( • • " •• : • < • •• 'I;.-::~ ··. ; "; ·.., ~-
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r, ... · . :~. · :.>; ~:··'Ir·.,·: .INJECTION PROBLEMS<; :· 

.~ •",., 1·.~-· ·~~- ~:·<" ,: : ·~- ... ', , ',', ~ ., _.' .P_' -~ 't -~t: 
L o "'• • ~), 't ".f'~ .. 

., ~ -~ ' ... 
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·:i.' 

r:n::jection o~ th~· ions .. · 
., ... · ........ 

. .. ' 

'L;_· 

;• ~·. • ,· ~ ' ', ' n ~ ,. " 

; .'si:n~·e· .th:\3 'ions·'avt;l.i~aple· fo;~i'njection: ·generally vd~l, ,come·. fro-in,, a~-~on.?ta.n;t' 
',._, "'f. •_·, • ~ • • ;• '• • ... :~:,_ .'~·. "('r. • ~ •• ~ i.,"''"t ~~--:: ~ •: ; . . : ., ·,._~; '.' •!~ -

,._.. .... ,•, " " • f •• 

. CU!"l"ent S9ti.rce~ it, iS dfjsfrable ·to make the ··t'ime during Which the machine· will' • . 
. . . . .., ~ . . . .' ' *~ • .. "/. ,_ . . . • .t•. \ 't!- .. . (' "- \ : ~ ·~. \, 

'accept them ~S· long' as ~poss~ bl'e~ 'Also:,'} one ·ffiust be sure, that. a re~orui.ble frac.ti.o~ 
> . 

of't~e-ip~s clears jhe. injedtor. structure on subsequent turnse 
.' I • , - .• '• 

The ~imple~t mirthod 
' ' • ' 'I ' • ·'• .. 

. ~f· inj.ectiG>n,:.·wlii'ch: is '.to iP.-troduc~ the Jons at.· the .·appropd,ate. time in ~he· magm,;tic 
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·.gauss., 

. Rate of. rise ~f.:fi'eid·:·"i -i:nitf~l· ·. 
.. ' ... ,.~ ..... 

, · :-: .. ·. f-inaY · ; · ·· 
· .... -. ~ 

' oi' • 'I ' •• 

~!agnatic field exponent un·' 
_,. -~ ... 

... : 

·.· ,· 

.:r ., . ~ 
Injection .e.nergy· ":· ·· · · ' •·· .. ··· 

~. · ·i~t£f3· s/s e·c .• 
·- -g~us s/s ec. 

• • • t : • • • ' • .... ' •• ~ •• ,/ -, f • •• • ' l .' ... 

.. Inject~oJ:1 fime:(f.6i·~>be~'i\ ~o i·ob;,·, :;_~,{utkr of choonber) ms 

Turns du~i'l:\g· ~r,tjec:t~~n ti·~ttt§::~. < ,, 
. . ·~; . ... :., . 

Radis.l ·,:iotiot.~ per :~u}n d\lrillg, i.rJjai:!tioil ('rot'., off). · .. in .. 
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·since~tha:·r~dia:I;:·a.~pi{t.ude·is {;iven:by .. the d.ista.nce from the injector to·. 
.· • ..· ~· ._.. ·,:.- .. ~· •• :· ~- _ .... · !~.- --~ L ~ .· <- ~ . 

_...... '· .; .... 

. ;·the inste..:n.tatieous .~.drc;te ·:B.t :the time of injectio11.o a for successive ions will •. .,;. r· . . . . .. .. . . ' 
vary· lilJ-early in time from zero to half tho width of the chrun~er ~ if t?-1~ .. the time 
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· ava.i?-~~le fot- injecti6il. is used., The over;r.all eff~'c~e'n.cy.,~ ~·;:will be th,e _average·. 

of. ir<G\J o'Vet. ;1~, .. 01!1Pr~ tudes;, Fo:r-· machine. A[)~. 'rJ ~· ?0 per;enL i~dieatine t;hat ·a : · 
. . . , :; __ •• • • t·.• 

suf,ficient -fraction o.f ·~he i~nG .should be .ayailab1e' f<;l'i~ acceleratiori;" 1 For the 
·. ~ . . . '. . . ' . . ·. ·. ~ ] 

largeF'lhacb,i:n·e~ tre· effi,<:;iene.y· ~!J,ould be g~ea:terr. since ~he :injector wi:ll bi;1 ~·~"': 
. ' .· '\ . k.. ·f ••• ;._', • \ •. ·.1 ·. -. . .. ·.. . : . ·"' 

• ~ .. • j> 

' . ~ .. 
. , 

' .. -~ . . . . . . ' . . . 

. Ti1e fnfi:iienc""; 6! the ·s tr!iig;ht secti'ons :on the. a,bo_,;e ·'calpul~tion is7
; sntall p fo:r'·. 

: ~ ·:~ . \" .: ~ .. ·~'·~- .... ~·.: .· ~ i. ·. . - . . ~ ·• ,· . . . ·• . 

. aithoug;h 'the :o,~eJl~a.ti6tf~~. ar'e. ~o·t sinu~·bida1 .ln the pr~senc~ 'o'f t·J:,e· .strii'i.gl1i sections 9 
0 ·• ~< I * ' <. • • • · · • • ~ 4 ' t . ,· 

• ~ • ...... - ··:-.-. ··~· .- ... ~ '• • • •• ~· • • • • ·"':"·... - •• • ¥ ~ • ~ 

~·it· .carr ·1~tt3;;s.hown ;that~-~1r~the- :neig~bof'hooct·o.f tl1e 1nj·ect·ar. the di·_s~1tl.c-~hent ··9f ;t}\~ ·- >~ j 

. · .• ' .. ·:··>·-::' . ·~ '·. '. . ·.·.:'.:.,·.·· ~ :. _:.. ; ' ;·, . ·.. . . . .... ·. . .. : . ' ...... : . ·.. ' ..•. ·, 
· ·· ion.fj-6m 1 ts ir.t~}~&lf~az.t~ou·s cirlt~e does. ·vary· sinusoid,al~'y v :bJ.i~ ·w±th:Ai!ter-ent: fre~ 

.... . )- ·~ ; ' • . .• . •. ! • -~ ·~ . • . . ·• . ... . ' •. . .•. .,. . . • ''• ": .• ·. . . 

' " ' ' . ' ·· . . l ,'' • · · .. ~ ·_.: .· ' ' k •
1 

'•t' 

. . q1iep.cy ,( aee; Section· IUA.}:,<·. /· . :... .•. 
-~--· :-_ ~ :; .: ~- .. ,' .. ~~.;··.·,.·;; . <.~~ ..... ·?·· .. · •·· ... , • # ·: ' ' : ·"' .. • '~ ... ' ~~ il•, ~ .. ~ ~ .• 

' ' -· .. Ii: ~he ·ion ·t·s no_f .:i::nj~cte:r.C ta~geil.ti.ally~' .thlS 'amplitude 'is' gr:eater, 'than a' •' and; 

· t~e;: ~.on·~; .i'~· d;.~.,~et,. J::-o~~ .a} gl"(j~·t.~r nu:.tbB\r of.lunr~~: .in. .. es·~~r+.at\0' · sh·o~'ls that ~-~e ·:·. · . 
..... , ~t-·' • • ·,: -~ -~· '· ;"'' ·~~ ~ 0 ~··-,·~~- ~: -:-'···· .\.::',,,: .... :·_··: •• 0 ... A:~ · .. ~··;.:• > .. ~· ~ _ ..... · 0 ",: • • 0 ' ~ : .. ~· ~'"' • 0 .-· ' •• •,~ 

.·.J! . · '·: ~ef'.ficie<n6y ·~d1"'0ps .off ·~ha:cy)..y '1<i.£th~ ip.creasing: an~le .of inj~~/ti-on·. In. ~e,ch:j.ne A,j ·:for 
. ; ~. :·.. . .'.. ~.~ ;. ,_. _ .. · ".~; _ ·~ . :. · l, · . . ~ ":~· , .:_ ;; ·.~·. · · .• ' .•.. .. · ... ; \ , "~ · r ~ .~. · · '• •. 

·: ";' ~x~mpl~.; . the :·effic.i~mGy ::Ls ·:down· by: .a factqr .tvTO for; an };!{j_~i~tion .anrrf~ :of.;~ + <.3 ); 
.... ,: .. · '··. __ , .. >;~~.·~.~.·~.·· ... ·~· J.'·:"·~.,",.to ... ~ ,. 0 ··: .. " ._, 

••/ . ~.. ·:· ;.,.f~ . l • ·.'. j..! . ..,. ,. ,: :.. 1- • 

<' tte~~.ee~?· .. ,. , . ., . , · . . : ·.1 
,l .. ··: -.· t· . ~~- ~, i ' . 

·. ~ · ~o ~ !njeqti<on ~.ff~ni~~beyohd ·n. ·.;; :.~·,: · ' >: · ··.· .. ·· ·.-' . · '~ .. , 
• - ,' • o •" ·~ • - _;:. '• • ' • ,'• ~: ./ • • • ' I ~· : • ...,. > 0 ;t -')"' • ... • ' ,., 

The.~'p.o.s.~i:b:i-ii tY, .of' _a <J.tii te ·different ·mechnni,sm fo:t~· missing·'the inj~ctotc~ is 
• ' '_• ~ - ~ • , ~ '. • • r • 

· .. ~es~~~ by',:.~>;-'1;e~ie;?'~:.J~~ -.~_pe ··teta~~o;n~ I~, ~iris .founci. the~·:in c:et.t~.it{ nia6hin<3s: . 

. ·.,the :be.st 'yl:elds ~efe :6bta.'i'h.ed.\vi~:hi:t;he injectol:" n;t ·']n .. the' 11g.o~d_11 re'gio~' of 't.he 
·:~•··.,'·• ~-.,·' .......... ~~-,:·., ., .. *"·;~.L .... ~·\. • .,. 'y .·, 

· . field<'(o (n (l)~t;;u:t·ou~sid~·.t~~- r.a:~i.u..s corrcspon.d,ing to ·i1 .;,;·i" where th~,orbl:ts 
.. · ·. . . . . . • ~. ~ "": .... •. ••· . '~ . <. . . '/ .!' ' -t -~. 

are not stabl'~' acc~t·dl.ng· t6~··~h~··:t~eot·y ~r the ::rtia.chine~- Thai .the yi'eld ,shohl'd·:be:' . ' ' 
' • ~ ' ' • .• • .. • - • • • I' ~ • • • > 

poor· whed the.el~~tt:ons .. az·e irtje6·t~d in th~.- go~d ·r·e·gion ~~~·d-'·r~l.low fr~jil'.the · · 
• ~ • ·,.. ·", • •• ' '!'_.: :. :; .... :.._,;: ~-~-·~.,;. ... • ·.r_ ·. -~. · ... ··x, '\ ' ': ~ ~ .' .• ~-"'.'~·. \ 

argum~Snt. cif.'the. preced.~n.'g set~'t.io:tl'p for ;in the¢e. b.etatrons~·'the injec:tor ~st~utU!.e .•. 
' ' :·' t< ( ~ .,.'>-·#, :·-:~~;. ,-··:. 0 /",'' • •• , • ' ~ ' >o'" ,• .' A> '• ··~~ ··.·,, .. ~ ... ' .. ~~._:~ 

almost .fills' the ·.ver'ticai. ~·aperture., .. That sorne yield ·is obt~lrled_: wh~p the ele¢trorts · 

C~r ~in. o~r c~s·~~ ~f'o~:) -~~.~~:i~·je~~.ed be~ond. the n ~· { ~~ pp~;tt:.~~~ ·be ~dersi/;~·d: ··.·_ .· 
' · ... ' . . ~ ' -· •. ; .' ;;;' ( .· .. ( : .'. . . . . ' - ' 

qua;litatively from ~. co?s~deration. of the force's involveda l"ig., 2 ishtrvv:so·.~s .. ~: ;. : 
. . . . ~ 

."· .. 
function of. radi 11$ ~ tl;l.e m.agneti<.\ .force at tm ee suoco·ssi ve tii1J.es during th~ injection: 

. ~ .... ~. . .. 
"i .. " . ' ~. c ;.., •• 

., .. 
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.• 

Sirice the chang:e in: the l!lagnetip· field i~ smliii" du_iing ·~;.r~w· revolutions of 
. ~- . . ·-~- -~· . ~ .• 

~ j. ' • 

the ion, an adequate sol~t"iori. 'may .b.e ohtained by, eal~~lating' :fi~st.''the tiroe· 
. '•· . 

'· 
_ ... 

' . ,. 
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··- < •• 

~equir:ed fqr .~ri; .:J,bn. to tra-iel,: frot1J, ·the injector across· the .1vel1.and bfJ.ct ;to -the. 
• , , -.._ " , c • > '• 

0 
• I ~ •• ' • •·;, ·' • • ' •· • . , , ' ' 

-~ -: ! ' ~ •• , • 

• · :r~fl)l_.,. ncglt)ct~#'g·;'th~; var'i_ation•)n: .~~e shape of' the well$ and then calculate the 

•' ·~ · ~--·:-am~~t.:b; :~ic~~ ~h~;·oari·ief- ~as.- ;:i_sen du~ing this timeo ·In this way'. is established. 
~ ~ .,._ f. ' ~ ' " ~ ·' ,. \ ~.. • : +,.. • 't ' • 

·~· f ~ rang~ o'r. 11;ti ~ial':}:adia:i -p1omeinta in which ·,ions· vd.ll. b~ .cliughto. 'rhe. e.ffioiency. i.s 
',\" 

.. ' ~-

:..~ ·r . . ~ ""' 

then ·e~r~'ss·t~ie in':'~e·rms .of iii; ·~~cep~able .interv:al in ~angle o.f inj.~ction . .(corres~· 
' • ' ..... ' ·- ~. ,.,;;:_·_.- .};\ .. •.• •• ~ . " .. • ' ' • ·.; '"':- 'r, - - • . . _-

..... • ••• ' .. ' ~ • • < .... .f." •.. ' - ., . • 

.. pondihg tci. ~he. cal'6,1.j;late,d radiai .. momentum range} and, the. t:i~e. interval_, t:3',;tp These 
.. ~ ... · ... ~~~- . . ~-"" . :· ···. :,.. ·;·:~· ,~ '} ·.~·,·.·: .~ . '. ·.. . .·. '· ...... ';,··. -"~ ,; ' ~ 

··'·:. · .. ·tyto'.quan~ities·are·giYen:6y.·i,: .... :. ' ·.~-

, :_:- .: :. : <:. :· .. ' .. :: ·: :; ·,·.\:.~~:-~~;'~(.:~ .. ! l· ~ ·--~i • : • ' ' 

,. . ' . . '. , : ;-':" ~ ...... ~ '•' .. .'': 
,,:::' :···;·,/.. • :·<· · ·· ;", ., ';, :·t··::,t/·:<#·.:a·,( .. Hz} ~2 .· · ... "' 

:·. :· · .. ;., ,. . ' . •' . . ; 3·· .;t~> .: ··.T '·-.-;.X~ '. '.: \·." ,' ' I . -~ 
.. : : ' .. t·. ~:. i·.;· . . · ··:~ ~·.,: .<: .. ;, :. <> / ···::/ . .'-!~ · :, . : .. fiz · ., . . . . :~ . . :.... . 

· ;. :- o.· ~: ·: '·:·:vrhe~e .. 'l? fs a ·ai!Iiens.if~nle;:fs:',c~.n~t~t ind~pendent ~or .. the .. varioti'~ ·Jp·¥~eterso · Its · 
• ':.·· .. <~~ ·.·~, ·~.:c·:. ;,!• .·: .. :)·.~;; :;': .''.',">>'";·· .· >:~ ' . .::':<; ',._. ,. \ • ·. . • .... ; :' ~· . ;. ... ' . ·' ' 
\ : .· · :/:~ :· ~,ya:lu~~~·9bta~ned;·w· ;:-~~r:~;~a~. :~,~tegra~~ort.,. is·· of 'the :or~~~·:.~£ :o~ .. · :Jc_£)i~:·~he- ~S:lt,le .· ... 

·. ··: ~-;::·.~r ~x ¥o.~~~~~~~iing tc(4)n~··:pd~i:-tt'o~ 6£'' the injegtoro. ·.~ T~;se ·~xpre:S~idn~·~:.~re: .valid 
. ~, .. f;, :-. : : -~- • . . ~ . • . . ' • .; '• .. . .'· -~.~ . l • • ~ • ~ • ' ~ .... • ""~ · •• 

.. • ~--- • ~~ ·.,,. ••• • .4< ' ' "' ...... '·. " ,·-,. ' ... : • • • ., ~ • t ' .• ·,· t ~·. ~ .... : ... . . ,. 

~ ;· .... '. 0 .,: '.'fo~_ ~ ;n~c'hirie-~_n·_~fii .. ~h t~e:'inqreas~.- ili mag;n~tic f'i~lq·. per .r~v:ol~ti(m 1:s ~~1 and' 
<r'I·"~·~·.;~'·,~.J..· ....... ._.~:.+~ '!, .. ;';:·,;~-\:._· •. ~.'!~''','·, ·~ .~-~ '··:: ·'•·,'~·· · .. ~-, 1-.:~·~ .... -~~ • .:. :. •, .: • • ''.'.•. ·• ''F 

• 1 · ·; '. -~ .. ~·. ·: ~ .th~;,a.ccel~'i•atio!i d~s .tp· th~'.:chang:i.ng 1fiu~ is_ !leglig;iple~ t· · · 
· · ~:;;; ; · ;·~\''fu~ ,.-._~hi~.-ir · · · ·> .. · ·. ,, · ·· · , .. , 

-~- :· .. ,,, ,·~ ..... ···. : ·.=:i:/~·~--;:~· ::.o;;oft. :d_~gr~~~ . · .. ;. < : ·:· 
··~ .... -~ '."" ... '.. ·~·1· . ··'' .,~ '"! 

:, :. ::, ··~ ·::::.:,::. ·.:.~t~;,:t1 -~ ·~·- 0.~.3~-~:i)lisec.,: .. , .. ,. · .. ·~-~ ·•· 
,.. ....... ~~·· .... ""···· ' ,· ... · ..... -.···: ··~ · ..... ~ · .. ·. "'-::_.··.'. )~.· -

'. ·~esiill~bers' may \e :~o~p~r<;~".with 't.fl:e .. abc.e'P~abl~ ~g\uar.' rang,e9 £·6~3?~ ~~ec~~<;Jn 
i '_' :! ;Ii)·~a th~ ··ii~~;~v~i~~i~':~· ·.4 ·:m~~·~~:·.'{;abie· r) im~e,r-.norm~l<.inj'~ptf6h:_c6ndi ~iods~ · 

. ' 'j . ~ • .""· ._,. _: :.,· "" • ·••• ·~· • ~-. •: ·.,·.. . ·I<.. . ~··, • . 

.remembering that iri. 'th~ normfil:,~~~-k~ ·ri:nly the. fra~tion of ion$·.gi:ven·. in sehtion IIA 
~~ O :: •• --: • • ... ) • t ,·, •. 0 I ~ ' ·' 

0 

• •• ·,· 0 > • .... • ' : '.> , ' O ' I+' • C ~ 
0 

0 
,. f l, ;.. t < • A 

. ..·.: _ ... :::.·- · .. :··, • .. , :'': '~ "' • ~ < ~ • • •· ;' • • ,~·· .' : • T 0 ' '~ :: I • ..:. ..::: • ·, f' ' "o, • • < ' ~ ~ , 

:~uo_cee9-s 1? 'clsarin.g; :the ·in~~~c'j:;or.~ . ~e .r.:t,R:(, c-onclude that as. 1on~,".?-'s· the injector 

structure· i:s smaiL,. it(sho'uid: b~"\;etter,. to'\nject i~~ide.'the in.' ..;. 'i.:poi~to Zome 
·~ • ' r ~ ~ "r -\.,; .., .: I • 1: \ ~ • "' ' · ; ' · • ..,.• . • • 

,·. 

' . 

. f''; 

•·. . t~ 

•• 

,. . ~ t 

· :rotigh measurem~nts>~nth· maqhine.A' ·co'hfinn this oonclusio.n~-
- ~ - ' • • . ' •· . ' • • . 1 ~-·. 

.· ·· .... C~. Foousil_lg of the 'incoming beam., 

_ As remarked i:ri ·se~ti'~n A9 • tB~ incoming beam mus:t ··be· ·welt collim~t~do From· 
. ,·, ' . . . .. - . ~ 

thia point .of Vie\rv the ).nos.'t· promif?;ing device.' t.or. ;preacceleration ·is the linear· 
. . ~ '· ." .. ; - . . . . 

, ' 
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' ~ . . ·~. ' ..... 

.-:- . :: .. 1 i ~~ . . ;; ~ 

1. .. ~ 4-

:f~ ::.~ 0 ... ,. • !:' • \1 • •• ~ • l ~- 'P, '._:.J•l'., ·~·, 
~- . ' -:,. --.· ! - ' . . ':>'. • •' ' .. , • -

:.; '\..' '•., _·; '· ~:-~~ "1'.'·.-~·:"'·~-.:: .r<J,, .···.,',,, :':.,. ~- ~- -~,:~~ f.~:-'1: ··,~ .. '·.·.'' -~-··._,.·<' ,. '.: ;• I' .. ~ • ·.··. '·, , ,, ", '.: . <·. aecelera:t.orp ·:which i:;s capable '{l;f' .. suppli.i,.ng ·a· be~ o:f; high':~ energy and' Srria_l-1· diver..:' 
;: ., ~: ~-~\: ... ~· _··~·t,< ./~,.:' .· ... , .:~~(i;- :,· >:' • •. . . . y· .. ·. f •. '.~. '; .· .. >> .- .~.> ~. .;·: .. · .. " . ·.- \ . . " . . 
. <·c·,·. · .. ' g.~rtCe~. • ,The. pOS.S:...b't-4-ty 9f• '.1,'\:!:!Ii{f G, Cycl:o't;;_r-oti: haS . be~n, SJSiriQUSfJI" ·:cons'idered9 however~ • 
' ··~-~--~:·._::. /(,' ~:;·(~: i •·. ,· ~·.· ·.'"::·~ .·<· < ·.' .' •• •• • ....... : :"' •• ••• ·.> .• : .. ·.. ·_ . >>-0:. _·· ,.::: . . .~.. . ' ' 

<::·~::..:,_-;:· .. l;l.~caus1 of its· relatiy-e. simplicii;;y'.of 'operatfon--in,fact ·machi.jle A i~s<:p.ow being ··f~d 
··.:."':._~::., -~·:_7.<>:,1.__..;·'.;' ., '. ·.;.;'· ... _:· ·~ .. ·-·~·-. -~··.:·.,,-: .'' ·" .•... -.t.·,... .. . . . . 
, :: ,;·.\· .:~·,;.::oy a; Q-s. Mev.>c.ff(}lotroli<>· .. Som~ 'me·ana ciT J'o_cli:Siilg.::th~- w~dely-,d.tiire·rgent._beam ~ust be· .. 
,::·~:~:• .. ":·,,~~~:~.~~:\l:.-~~·~>~,:.::4~~-:·~ ... :·",·~···~)·.~.:·.~-~-~ .. ~ ... -.... \ /~~-.. ·'\~.,.v~· t.~·, '• [,' ·.,• f~ ~-~• ;·,~_~. j.._l•'~··~>;,\''-, •.t'' ·,, ~· .... ~~ <' 

::.~;. -~ .•. :.~; i>~. :::proVid~d .~e'fote· bri~:girlg the· ·J.ons. into. ,th~ . .-machin~r9 •. in· order.· t6' make effi-ci e:nt ·use "·-:,:;_: ~--::~:/r· >"·~ ., . ; .. :~~:"<·,. . .) ·[ :. , >. ·: ? ~ -. : ·, ;; :: .......... : .-· :, ... :: ·. ,:: ·.-:. ·. . . .- : ·.. · .. ; . .. . ., .· .. ; 
··.(' ... /·.:..·:o~'the··atrti.i1ab~.e.our:t'ent'a ·,: ;.,·< ... • • ·, 1 .. _ •• r·_;,·, · ·~··· ·:, .· 
..... !.; ... · • .,.-·.;'~.~.·· ··." ~ • ;·i: .. _'.~··:.· .. _·.:;.~~--~~-·.· •-\:_·.:. -~'·\·.,._ --~ ....... ~~·._· .. _ .. ·. 

··~ )·~ :·~~ :i'· .. : >·:.T'~;··a~{ez;m~n:e: ~trhe~~~i<s~~:t;~~r~.;t;iy._ doif~ati~ti ~g~. :b?: ob~~ine4. ~~Y,:~.··x;eason§.oly 
.,-1.,1 }:~·~r~.~: .2~,1·,••'(·_·:··~~~~~·.,.:· .... •\ ~.(·•·:,: •,,_'~ • ·~,;·~,·~>~> • ~~ ,_,j',. ;• ..,._ ", ;"'~._-,~~. ~:, c'/, -~~! ·'<" _,~ .• .~ ' 

' ~:--·. ' ~- 'sirnp;Le a.:t_ra},lgenei'J.t~J we 'have i':q;J:es.tigatcd.·the· fo.duslng'.pr;p,erti'e~··ot;a 'system con·~ .. 
f'. •/ ~ ~)., · '• ._.,_ -~ , .- ,. • • 1 ' ... ~· ·,·t·,· J • I • •. "', .... -; ••. t·.' .:"· ·:;,. ·• · , .:1,·~-~ • -~" ."' 

~<.;:.: .. ~·;,.-~-::~ f~:~'~:t-·i~~~ 3r,'d;·~~~~'r.~ria~~;~.i~ ;ci~~·~:i\'~· ;v~<lg~ ·~~ ~~~·-·~·o? · .. al~eot;;,~tat~,~' defl~;t~r used 
:~· .... • ··:;.,·· .. --... · ...... ,~·~ -~, .. ..,."'(.:· """'-~-.. ~---·~-~ .·<···-~ >;.: )_!.,r:: :·-~ .~:_1-·-~-t,.-_._· .... :, .. , ... - ·.t· •• 

~ . .' ~~ :'<. . ":· t6··:brit1g.th.~~ be~f:-:itito ··the'· be~atr.cin· f~11k '( s'~e F:tg·~: )3) .. ~·'. Focus.tng- action in the 
• < • •• :::·~_,.·.:.),~ ~<, · .. ;· ! ; . -,·~t,··: ~_ ... )_ ·. ,:' .~:·.· : :>: > ·; 0

d ' ' . <' ... : .. · ... · -: .. ~> ... ~ ·,. ;·: ? .. ~ 0'' ' .. : •. '• . 
. .. . . . : >. hor;i:~qP,t~1- p~~e op?ui:s~ in. the: wedge_ ,peca:tlse ions euter;i:n~ at different. poi·nts 

:<.} :·.·.·_::_~~-·,_'·.:_~.~~d.'~~-·~.:-~~:.~_-.. _·._ ~~e i4#:.~r;~;,·· ~t~iengt.~; .i;, -:'!~~: ,j.:~e~~ c: r;.,;l ~ . • ~~d . ei .'~~ ro •t•t;.;, 
. )i.'...- ~. .. . ~. -~_.',., • ;.. • ), .. . • ~ .... ~ .... ~·- '.•'• ~. t.. ... . .. ~~ ~ .., \ .~.,: : .... 

··~ i ·~·.: ,-der1'ector ·alsq .o:o:ntribu:tes 'a.ppt~ecta.bly- to$-:t;l).e.hor)l.~orital .r~~c~:Si~g:,b~cause 9 f t~e 
r. ·:'/,~-~-~-~~ :::- '·. ·~~ <: .... ~ • 'r.;.'':.··:• !" •. ··.,._ '': · •• : •• ~ •• \;;'"·:.';:,:~~t\:;;:,.;.:'. , >};,· · .. ···.: .. '" •,: :'; •' , ... 

· ,.,· .. ~ ·noli·~un-itorili'ity ·of''·the electri<:t'·Ti:eld:'·and'be'c·auset:Of·,'fne var:ia"t!'ion in.kinetic energy . 
• ·_,;.'; > I" •' .:: 4o ;:';" 1 ·~., ~,"'? • - .~. ~. •, -, ' ,"' ·, ·'. .. - ' • • ' • .• , ,·, .• 

·-_:-~:~-"' - }' ~--:!· ... :-;._:~ .. - .. ::J· ~ .... :· ~~ ·,: ~ ~:· ." ':. :. -> ... ~~ · ...... ·~· ~ ~. ..·.,._ ;" \.q ': ~'"".· . . " .. ~, .· ~-.. ~ ··.i·'.. . . 

;.,~~.-:v:;~ .• ~_:: -~--:•as/the·· .1:0~~ ~ro~s, · th~,·~~ip~t;ent'ial_:.nn.e$~~-·. ,vert,ic~l;;.-~o~usirig ·trikes place. '9nly in .· 

.. 

···~.+· .f'l".•. ··;~-. ·~- . ' ·--~·!_ ...... ~·<.:..:~-~---~·"··-~--~:,.,: ---~.; .. ,_ '"\'··:/'.~~·:.:"_: ·:··: .. ·:"' ... · :.:~ ...... · .. ' 
. ·. · . ::.':>-·,",.th'e 'pr*nging fi~l.<V6.f th~· I!,l.a;in~t:" _:si:nc·~ .}~e act~ons· a~a. 'diff'e~~nt ·in· the· tw·o ·a.irec~· · _ 
·~·~···-·· .-.~~- ... _-..... _···· .. · );~'· ... -~·. ·· .. -.-... ~'\"~:~:·· .. :-... . -·~·::: __ :-:--· ·/ ... ·.·~: -~.-.i _.'·· :_;·. --:"·. _-.. ·~ ···_,_~ .... ··:.'' > .- :·)'.(",... - ..... . ... :· . 

·.:. ·:~ .':.- ::~;- .•.. ··tf~~~:·<:}t·.J_s.;po~s~'Ql:e~··to ti~Jt~~~ f~~>~_~c.~~-:p.rope'rti,e,.s·_niote~ o_; l;e~s· -~~dependently·., ' · 

. . •. -' ·:. , :· ... . ;~;: th:1i, ~~ ~:::~~;· t;::~~\;}fP:r~~h ~h~ w~~g~ ;~ri .thQugh '¥~~~-~.ing rrom a _ 

· ·~ ··,..~~ .. ·. :p~i~t-" so(ircEi>al:t}1.pugh· the 9-i$tap.ces . .f:rom source, tq wedge us,e_d in· c·alc~lating verti~ 
~~~:--· -·· • .. • • ' •• ·' :. • • ·~ '. • -~ ••• :: ·-.~:: _:·· ._,' <1. '\··-~ •<.:· .... ~ .. : .. !' ........ ·.;: • -~.~· .: ·.' 1 

., .• ••• J •• ..: • cal::~d· hot;i~orital ~ff~cts·· need not".·b¢ ·equal,;. Such a: repr:e~~~t~~ion. of; th.e source. 
' . ' -~ .. :: ·. ': :' ' :-: "·.'·~. '.,_·.;.... ·.·.·.: '' .. ' ; ·.·. . . 

.. '_o'itr o'onsistent,With tests of'·'berun· strudure made vr.i,th.'the prrisertt ·o~ciotr~h:in~ ... 
• • '. .. • •• ~-. ~ • '• ' • - ' ~:~ ~· > ""~ • "' ~ ··--•• ' • ~ J. • • 'J • : (" / . - • t" 

; .. jec·~~~ :1-he ·~alysl_i~'~£.~ 6r:tf:ts :i'r; th~ system. is strai~htf'od~~~.d:btit· messy .and we . 
•• -~ • .. .. • ' • ~ • .,~ • ~~~ : ·, ..1 ~ •' • • ' ·~ ••• 

':.· :;. ·, _shalJ..:b~ly ,~~,~~ ine pert,ine~t~.~~·suitso, .. The. in~th~d.is:··id~nticaL·t~ thia.t .·used by 
.... ~_ . ). . · ... _,: ·.:... '·' .---.,~: -: .· . ~- .... · ... ,. __ .,~ .... : ·,.~~. ( -~~ .. -..... ~ -~ . .. . 

~- · lier~6~4 i~ a:p,a,p~r cona'erni~i~ ;·r:b'it~s in ~ass- spect_togr:apb.~: 
. . . . .... ~--. .. - , , ·7. ,. ...:·; -~ ·>· -~., r:·, ~ .. ~ ~·- . 

. ' '.: . . ·: :.:~~· ...... "-"-' ~·~....,·,..-:.._,~..-.~· '~".....,:_· '.;..· ~---......:.------.----,.....,.-.....;..:---.----~;,;;;....-~---~ 
./'.· <'-. '~ ·.i~ .. Herzo'go, Zeits~· r~. Ph~~:·:~> .447-.(1934). 

' 1 . • - . ; . • •• ~ •• 
• • > -~ .,.. •• • 
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It -~s .possib.~~:~ t6. ~dj~$t t~~ ~p~~~~ters ro·~ firsi; order :fdcusing. iri 'a way 
~ .. \ ~ . . 

~ic1{ ~ill sati<sty; 'tne ;,rohoV.~tig· th;ce ~°COtl.dit_ion~· simulat'aneolisly:·. 
'I· •, 

. ,.~· -.~' . 1 •• ~ ./~·-·... .._·.; •· .. .. ~·~: ;--~-.-· ,~.·: ;:-~~ ·- I< -;-~ ~· .•• i. .- .• ' ... ~-... :_, . . • 

. · ' 1) Ioi~: of. a· given energy .shall'1eav~· the def;l~ctor .with .no ·vertice.~·, ·, 
:'._', ,· ~-·'.~ ... ~ •., "-~ ...... ":t .-.::~~'!.:';' -~ .... :'.: ~ .. ~-. ~< . : • i_~ •I. ,-~. •, ~ ,' 

· ., .·~~gular·· cri(IJ·ergence o ·- - 1 :. ,;_'o... · ~;- - ._, 

. --~· .- _-' .. j . . :: .. · ~~.-~ ~ l-•_r:.-.t~--"·, .... _ .... -=·~- -~ t:·;··, __ .·.::··:, l. . • .• _,· 

,., , - 2): Io~s.:o·f·fi giverl•.~nei:'gY shall.-le.a:iie th~ defl~c\oryricth:~o ~oz:i~onta1·· 
'·' ·,· -... \ .. ~ ..... -~ .. ,·_;,~---.' ~--~:.f' ·~ -''·'··· .•.: 
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' -~:~ . • f:",· .. ·~ .... :)· -~:~ . ·,. . .... ~.'-~·'~:.·. ,· .. ·,...; ·~--; __ .... \ -. 

3) J:·~~; ~f. ·:d~f-fe·r!(3nf ~riergies _·.entering· ~ong ·the .. central-~ey:-~shali ·.leave. 
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··tiie':d.~~~ctor,patallei tb:~Jii~·:cen;t:tel.~e.J., ·.· · ·' · ... ·· · .-. 
".:: . ·;···-~---;~~- ~~---<-~_;~-~~---!'··;--... .. ·:.-- .. · _. .. -~ .. +~' ,/ 

• ;~; ; , In 'th:e notati'or}. of ·Fig. ·4:0 these.· conditi.ons ~r~· repre~ented by th_e .~q~~i~~s: 
•• '!<~-·- •• --·.-_.,_ _., .. ·• _,· ~_., __ • .~_ ....... • • -~- -·.· .-·. ' •. ~ '. ~ "'>. . .. • ":.~---- ' -
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.:::: ~~~: _:.) . r~t -(~ :~·~--~tan~'')/ t t·~ _e' + t~ti £ 11
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., . ,>'·) ~.';, · (,.: ~ ,: ·c.·,: -~:- , -~ ·· ·., ~. -- •. c _ -;,. . ·. · ··• •· ~! • . ·.~ > · · ... :·} _ ~·;··· 
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.:::.-:~here' , . . • j ·~. ·;;N ·.dJI' !{\ -t-= E ' ;'f Akl -~ 1\i' t.;, ~J· , . . . . ·., .· . . .. ~··· . 
·· ... ·. · .• . dt_: : . Qi·{t.~ri· ~ · ~ ~~!lt_.:-:~c" ~-tan~ ~c-: ta~e~}-·~-[1~.,.·t.anpM .. taiic~] 
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l. Ss the ~:m:a:"g.e dist~ce ~~r the .w~dge, aJ:one . ., 

.. · .. ·· . lf ~~~s~ ;oruii t-~~~s .. ~t~ ~~~ti st,i.ed, the $~~~~ing beam -.~i-; have .~he. foll9vd~g", . 
... . , . . • ·_ ~- ·: •.. ,. . /1 :. • . ' d •• •. ~·' • ~ .·" J~ • :' • . . ) 
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'.'' · ··-the frequencies a:hd amplitude's; of: the '.free ·.oscillations, In. th~$e· discu~sfons th~ · 
1~• ':·.:~.t~:~--<' _; -·· .·.-,·;··~ .. ~:·~ c• '.· • _- .'/ · ·< '": ·' · ·. · . 

_ . __ --.-ina.gnetic. ,fi-~ld WS.S ·asStnned~ to end. abruptly a~ t~{i -ends·. of the.- circular_ Sections·., 
' ' ·\- . .. . '. ;". . ...·r· . ., •. ~-~. ~. ;_ J • • -•• r .... '., 71" • • ,. • :• ·-~. ....... ' • ' 

. --,~ + · ·· ---w~ :have ro~d~it ."nBc~s.~~ry.·t~·::t~lcl~de:.th~; -~;i~f3,~1; ·of ·~t.r.a/f'ields· i~ .the' st.raight .. ·. · 
,, ''- •. • .. ' J ,..-, · _... · " • •• ;~::~':'...,~." t· _:· .. "'.; ' · · :" r •. .,~ · · . ~~ . 

· :·:'• .. ·:.~- ~ect1~~':s 0 partic~i~r1y:b~c·~u~·~ of~~~ohine 4~ ~thiqh -v.-a$: desi_gned' corise~vati.vely 
• ~ .:. { . • '.. . • • •• :··.~ · . .. : • • ', •' • .. .... "' • . • . :: : •, ··, . : ••• ~ •. • .• ;.. ·-· . • • :. .1' .• • • . • · .• 

· ··. · :. ".'With ·a ·l~~·ge ·.reia.ti:.,~ ~ap~~tu;e'o· .'It ;~if:/-~~n·~~cti \~;.'ii:9ut tllat .. the c6r~e6tion · 
f ... '.-.. :· .. .- ' .. -,1'_;~? .~... :t. ,:. ,', ..... ".:. . ./"" • ...,, .. ~~-·, ,;·' ~ ........ :. ... ·•. ..: . ··/· ·~ ... : ~· . .• ,""".'. .• '7 • 

·· " .•... ·_'·:., .i~ freq~en9y ·in'th~ ·~as'e· of·'l(D.achi~e A .is ·.o.r.the':same .. -~rder of· magnitude· a.~· the 
' ~ > ' • .. ' • . >, .., ' • J .... ~ '• { ' •~' ~ :... • ·..- • ~ • ~ I f 'o (' ' ~ • ~ 

, :• · .:>ch~g~ d.tie, i.o. th~-: St~ai:ght' ~ecti'~n:~:· themsei,v~::o: ·· · . . . . . . 

_Thell:·e are seve;~f·,Wil:Y~ of 'a.tta~lii?-g 'tl:le pr~blem_o ·w~ .'.shall present what.· 
• • ~ • • • ~ ~ .·, • ~ . . . \ . "i ' ._1,_ • '!! ~ <: .. :> ' • . .... ,. ' 

.. seems to us the··iD.ost ,direct method;, whic-h consists bf settill€t -?P. arid' so-lving 
·, •• ' • ' • < ' • • • : • • • ~. ' ~· •• • 
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recur~ion·rela.tions 'beti;{een the an~plitudes a:p.d.ph~ses of the 'oscillati-ons in-
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p~ss -compl_e:te:I.r;· fro:m .. o:O.·e, mode to. the-.oth~ro ,:Si!ice the -vertical- il.per:tur~ is much 
' '. :'·i > .. ·'< .. .;·:·:·:'.,:; :-<··,·:· .. ~.,;:':.-~~-.~ '- _·;·<··> ·, :, :_ .·· _·. .:·· 
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~ '•. .. ( .· • ~ ...... £t ..;·.,. ' ·~ - i_. ' ..... ~ ~ 

. '._·· '.'.'' ~ ~ '-~~. ~; ~ --~.:..; ·:f; ' : ' &. <:<1 ::' .· 'l 
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. -· "\ wp1c~-:~he~~~~.s~oz:tio:n-_ O.~.~th~ :~~flibr.3~ ;O,~bi t is not important:~ f 1 .~ari b~ ass'Umed 
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:"' _I~··:Fi.go -~ a~n. .u::-~:'s ~-~_otte;d .as a· ~UT.:c~ion _or ~r/A for various _il:1itial condi t1~~so: 

·c.:~ •. ,··.-. : i -.>·.· -~ .::.._. ,._ .. _,. .... ~:_ ....... ·.· .. :._.~~~-- r .• ~ 'l" . ~ .. ,.-~ .. ~-~""· . .,. ·•.. ' ,; ' .. ,.,.., ·.. .- . ~· .. . .... 

Th'e. v_ar~a,tion Jn··_t!ie ':t'lldial:,&ni?H tu~~? f:or.··a.· giVeh-•set of ·in:Hia1 ·conditions 9-eter=. 
·, ~ ', ... ~ ... :~ ~_..; :·~ ~·· :; '"·:. ·.,.·;..:. ;'·.~:~~>· ' -·~, :,., ' IJ_,,.· -~-~ "<i> ' ·+~; '-.~:"~-;·,., • "'., ''<, :~ •, • '· ; .•~ ~·, > ~:I I --J: ;· ' • "'1.'' 

- · ·~mined.;. by~t-lie · d:Hf~~J3n6~s of, the ··absc~s.Sae of :t;;he: dor:fespbnding qU,n:€1 :l!-t sin u · = -+ lo 
' , _;, -~ •. :: ·.:' \ ' ;• f . '· I'C:. · ': A/ ::i, I :·;:~ • :,' ·, ·<-'' ~ "'£_:, <, ;: , •: .· ;, < <' ,' ! : ·;>·~ '. ,.: .: / . ··~· '::. ;;r' .: ' 

.. :'TI.:~ ~r.a.c:t±?~e:l. vari:a:tio:n i~L.of :th~ ord~+' of_-.J:-· 0 ·~J~cept>'luside the- -region bounded .: 
.. ,; .,.: ':~J_.;· ::.:-~·'~ ,~;j'-;·j::>:·.· •,_ 1 \· .. c·' ~: · -~ ·>: ,,.·,:-_:- .. <".;A;:,,···.· .···:'·,\.;•,;···:;' '·. , . , • ·' •' '•, 
· ·.· -..:·~ ·,. :. by ~~e-'·heavY l'ineo This r;~giori··represents a·. nlo~king inn: __ of 'the frequenoies

9
· - : ·_, ·: 

'': ' " . ' ,·, . • . . :- ·<'. ' , . . <,. • ·, ' ·- ~. / , •. :1/2 \ ", '' . . .. ::.. . . ' 
' .' -_· ~:. •gji~:ng _.~:i.~e :'to_--~. vari~tion. 0~ .:th:~- o:rd,_~r _o_r,~f.t).: . ,; ~::r1t __ e·1~~~i,ng .~n r_eg~_on: i,s ' 

-~. :·, :.·: !rr:~;¢rore ·:~h;:;rfiort:4:7~i~t:~-~.s~:~r~:·:~.o 't~S:t~;~·,~~s~- r.~~.q~r~·,~~a~ ·. ·_. E ~.be. s~l* _enough 

. ·. :i<;r,a t'.fJ.~ ~~~~ !~;·~~~+~·+·'fhiheii:f~~·- not. :eri'~i~, .. ,:\ . } • .. •. . .· . . • :·~ · 
., .: , . Tl:i..iis se~o;na· .e:ie.mp.'Ie 1:s ~yplca;t·:of .tl~ose: ~a~:es ·in v.ihich th$.~freq\.iency shift, 

~ <"~.:'·,,·, ·.' :. _.- .: .· ::~·. ,':,- ,· .. , < '': -~ .. ' ·;,•.' :' ··: . · .. : .· >··' ', ·: '> " . ·~: .· 
terms·: play a. ~ig!li,f'i'e'acrit~·.rol~~!'~ -The·: so,luti9ris ·_indi'cate·_two" regions 7

;: .(me ~n which' the' 
........ ' ' ~. . - ....... ,. ·. . . ~ •. '. .,: . ~:_,"> ... ,_ oit> > •• • - ~.; '. • • I' ·- "" .'. ; "~- ~ . : ... ··k. -. -~ ! . . • 

_'·.:;a_;j,·!lti6n in the -~p1~t'~d~l,s 6f·:~~h~·order,._~!,·~~:~ A_m;~-~~4 · (1~~-;· e.nd·n~.:~r~ defii1e~t 
. . . . ... ! . '~<. • ' ~ • • , ,;> ·I _._ . . 

·.' . lp. (~'L ·~:n4·i:e:i~-.th~,·~p+it~d~-.9·r tfl~:,Q}?··.harinoliic in the f.iel:d)b and'.·a mo.re 

_-~;~·ge'r~~~,~~~~i~~ ;; ~hioh\~~-,-~:~i~~u~,~-;va~~-~a·~/~~--:8JTIO~~ (Eg_ .-A~:~-~4)1/? o E~~h 
' :_~,.\~,. -·· ¥? ... • ••• :~~.~· • -~::::~·:.)~ -~-" ·:: ••• ... ·\_ .... -."'~·.1.,_._ :· -~ .. ::_..·-~· ...... "'..,.,·,; !,..,:.~_#' -~ ~- ·~ .. ,,.,..·· ·.-c~ ... ~__ . 
sit·aation, of ·cdilrse~ Contai·ns 'special cas.es :whi~h.i::rriu>St be .exa;m±ned'i4uiii.dua:J.ly0 

'·-· l ·.-. :. • ·, •• :..... • \_ . ... • ~ ~ • • . . 

,. • , '• " , .. , '.._ '• • ~ · · , ,.. _,; • • ", • ' -tl" , · •. '"". · ~ :J.,. . or· ~· ~ l 1 , ~ 

but· these. g€mera~·-:x:-esul:~'<> "ar~- S'?rFeqt whe!,l~ver. '·~fl-e· initial. :~p~i ~udes ·are. comparable 
1''. ~-~. -~" -~· ... ,.. ·.,., ,.·~"' . ~ ~~ ~-,· .. ~ .. -.;_ ,, 

vn.th each other''and ~~e: dimensi()~S -?r,tn:, c~ainber: For: lai-gE'im and, lJ. the"var;L~tions_ 

·, in. ~pia tude are ftegligH~let .r6~· i~~-t~ce.o .ey~n ~t-~ough· the, straight~. ~actions \n~ro"' 
, ~ :'· .. \.;· ;· .. ,·. -: _ _._~"- •• ·.::·· .• .··~ ~· ••. ' -~ -~-'-..... :'. ~ :···· .• \". '. --·, .,_ ..... _ : ~ ." ·_ ."' ~ .'\· •· ~ .f r~ . , ,. . ·, , 

dnce a ·strong foilrth'ha~~ni¢ i:n -~}_i.e field~; .. m+n_w()~ld.h~ye'tm o:e at.'.)east'£ive to' 
.... ":':' ' '. ~· '- .> • . "l - ·~· ,· ·'' •• I ' ' T • • , ' • • 
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• ,- :_ ·-~ ;t~:·- ~- -~ ,~_- ~ .- . . . ,~: _ . .:: ._:;!·~ --: :· :. ·-;.- ·• ·: ··- .. ' 

satisfY: the rela~ion · ( 5 ):; ·so -that· any_ reso,:zi'aric'e · e.f~~cts .~n:v:o~ving the 'fourth .h~r~, 
• l ·~- . ·,.. '. \_.-_, .•• . : ·- ---~. __ >._..:~ .... . -

molii.c s.A_~·~D:d .. bt:: o.f. no irapo1~tanc e.;: 
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,. · by ·a ~pt.ope~·~~hoi .. ce .. of riel-d. ~~ri.p:(, 8.::1'ld ·certainly_ s'hould b'e avoided, although in o. . . .... 
. .4 '· • . • • ... - ;··.::· ~- ... - J_ ••• • : ; •• ~: •• :-••• ;~- .... _. r . 

:¥ ·' -giye1f' qase acca~o.st'h;):ghe·;·l!'~u:~: \i+.'! 'fiver.ted bec~use. o_f._the_ natural dampi.rtg. of the free'. 

~- ,·.; ~s6·h~1~~~~i~ ~~.i~c~:~,s~:·t~e i~~i~fl~~-ion f:reque'p:cfes vary somewhat under. the in-
. '',) 

/:ei~?nce or:'the -~~has~. os .. c"~iriHon'S~:- ... 
c_; • . . • - . ~- .. "'" . .o: . •• . ~.- , 

' < ' < ,f-. ~~ 0 'f. • ~ ~. '.... \ ' To ~ ~ ·,~ .. -~.' -:.. • ! • o ' io,~ :) ' • ..; ; ' - l '' 

.. l:t:·J.s· of' .i~.te;r,es~; to ·li:liow ~y what ~oj:.uit. 8 mli'st'· ,di·ffer rri>m zero t6 avoid a 

reson~ci~f- ioe:·~; t~ p.;e~~~t··~he, o~~~;;en~~ o~f ·a .lodking. i~ ~~gio~. T~e answer' i's 
'. t:~· ... ,. •. :·'" ~~- ·-,!· •• ·: ·-·· •• ---~- ·.~ ••. _.· -~ .. ·-~· ~~ ···_ •• •· .,: ·.''-' •· •. ~. •.·•. ~ ·, ..... : ·• ·_ .• 

• " :·. :· i. CO!!-~a;n~d "i~-' equat'ionj.l,O} ·ci('fh~ ·:@econd.:.e.X~'<1ll;ire ~ .. for the. la.st: tenn on the right . 
. • ' •. ., .' t '•r r, 
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':, _,·~ ,. : ·co.~;-ro~s · ~h~ 'p(;_s:i'tion. of· ~h~~:regi.ono · ~oe: S. in tp.i~· term.' co~bip.e~, addi ti vely 'l.'fith 
' :, · .. ·, '2·.::. ·.; ::·: ·, ~·. : . ' ........ ·.:· '<·.· .. ",.' ·":·.;'·· ' '<''. . '· . . . . , . . . . . . . }': . 

.. 

·.·.;·. ··:·;A,; th$ ·r;eg:ion c:an• b,e moved·,~way· from ~he' range .o·f~.i'n1ti~·l.amplit~des· under :con ...... 
~-·· \, . . :,~.; ~!~· t.• . .->;: .. ·-... ·~·-"; ·~'-~.~.:< .·· ....... :; .. :;._; ... ~· ....... · ·.'<<·~· .. ·_}-·.-;· ·-.~.- ·--... :: ··~. ' ~ . 

~ ·. .side~a:ti6n J>y ~:,chait·g;:~ i.n: :S. ~f: the orde;·~ar ··. · •· · · · · 

. ',::';;:, <'. :. <:. :- · ."' '--·. : ,,~: i~r,~:ez~;?~s . ·' · . . · . . ·. . 
t · .. j?:· S?;_th_at ~-~V:~iY:·~~1;t, 9~1~1!-g~ ·in._.t·h~·~.snap:' o'f' th7 fie~d ~ho~id:elimina~e, the_ res~maince 

...... ef'f~c~o::<Fo;_·. r~so!fruic~; ofth~.gh0;~·0:rdet / .. t~~ :.r~q_~ired··~hap.ge i's smaller y~t; if' one 
~ .. {•·, ·-, '~~·., .... , ~,:i 1 • '• ~··, ~ ... : • : ' : ~.' :'·~4. ... •"._... .... -_. .;? • '' •: • ' > <' • • ·. '·, ,r_. '·,... ~. :· '• • ... I '• o • 'f.'· .• ·~;~·., ·. ~· •. ·'' 
"·' .: .. · ,iso .. faced Wi ~h lov£~o~de~<I~6S049;?0~S·s tne~'reqtlired Change .in field Sllape rs. in· 
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., ·· · . · ·gerie~al,t,oo·g~-~~t tb .'be· obtain:-ed.by such:devi~es. as· correcting coils~ 
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. :··: ' ,The -d~pirig ef·f~~t,: ::/f.:_~~ .. i~oreasi~tg m~gn~:~ib, fieftf on both the f~ee and the 
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phase .oscillations in:~ .c.irdul_ar. machine ls ?jell esta,bl:J.:~hed.. . It ha..s· .re?ently · 
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b~en sugg~sted 'that,.a ·rS:d.ial va~iatiqn. iD; :the acoel~rat~~~ v~ltag~. could. be used 
. . .. . ·:f • '· .·· ..; • . ; '• . . . . \ ~ ~. • ,· . . :' :. . \~" ' • . ... 

·> .t·o ~ntrodu<:,_e·a.n· ~clditi~nai ~_da,n;ping cit t~~ pliaseoscillati~i1s··.')/e reinves~igateh 
"-" . ..·-...... ·. . . .... . . .· ,. . . .... . . . ' ... 

r . . _ . t~~ p~o'Ql~ of ~~amping· for t.h.~ lil;achine ·~ th straight s:ecti6ris 1 ·including the ·ef.f.e~t 

of· such a .vttriati~n-o: It. will appear that the :Str~ght· sections ha.ye no 'influence 
. ' . ~· , - . . . ·. . . . .. 

" ,· ,. ·~. 

on the damping:0 · but .that.· raQ.ial ~ria~ion· of th~ accelerating fi.dd C"7h indeed 
... - .... . . ~ _,.,. ·. . . 

increase· the. d~~ing'.o:{:th'e· ~hase' oscillationsp though 6nl'7 a~· the''e~p·e~se of' 
... . ·'. .. ·.. . . 

. d~creasing. the. damP;itng' &i'c. tht~ f'ree ,}:'adial;. oscillationso : l . 
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. W1a oor1sid~~- fit~~··.J;h~~nhn~e, eSJ.uati9ns··~n ·~he .m;ll;~-relati-yistic c.a,se~ The 
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. . . . , ~~.L _ _':'~,~:~,:;_,oi': ·~':-,,·,,:;., ',/ ·~;;,>·c·,l,:·.:L (1.~~~--.~~~)· ..... _·/)•, .... :. ,.:_;, ;:. :: -~· ·:~_\;:_}·,,, 

__ •. v·.:f!IIO:;r8.•·.-+·.··.:,.,n . . x,.·-.····:· ... ,.. _ , .. 
. , . ... ~h:r€ -~~; ~~·· }:z.~, ~.~f"s, · .~: 't~ :\~: ,:· · .:~: :~;~·:_-. ·:>;.:~·· ·;. ~ · '··. :'~:, -,~.:.- :· .; ·.: · ', 

... ; /,; i ,;.',: ;J~':Ji:il1i·tr~./~ <' ·: · --~_;,_ r ; . ' />,·>4 :: ' ',;:·;>-, . : ,',· ·.·· .. ·.· 
. ' '"._and: rs ::i.s'/:th;:,r~~-i~~r "o._:C~~~u;JJ;:s:J5s'%antfi;:le(~1~~ c~rclec:';. .:·r-·'. 

. . .. ·: .. w.:~;~~~;;tr~~\C~f}{',': . . .· '·' ;-: . ·: . •'. 
_:. \·~:-- .. .... ~ .,. :' J.'· ~~<{:~ ... .,.·_ ··~:; .. ': ... ' .... ~ : ... "_; ., ~ 

>.', ...... · ·-·· ·'o· .. · · :.··~· .. J.'?L/'WL"1:,"A· , ... ,. _ . .,.,. ·>' ·_.'.~. ~ ·-.~~- x .... 12:);, ··f$ Iii , .. 0'' n·•:_:: ..•. _:;.....:.--_,~""""'"····X: ' .. . · -- ·. ,s · ·. ···,~"1 . .,. ,zt ... r'lfr · • · .... ·. 
-~~: ~:~- 1' .. ,_ ~,. ·:~·-~ ~-t-~z-.:_.-_"", · >~:",. ¥ .. ~.:..:: ., ~~ ~ ~s.~ ... ,. ·-

.. •' ~--~ •. ~--,~"' ........ ~ . ;;;..t ... • ,.+ ,-_. _,._ 
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' . radiuS b~cau.se. o.i' iea~
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agr.:~~eof..i:e9ts~· ·a, radial '\Jari-ation may''rre int'r'oduced in .th~ 
' .. .. 

latt~r case' by .shaping the dee· fe.oe$o 
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' ... We see tha:t~ the damping is increased i.f _E': is' n~gative; .'that i's, if the. 
, •. , .. .J, • ; . . '• 

~celei-~tip.{·voltag/4~~~~k~e~ wlth.~riq'r(:lris~ng radius.. on'the ot~eJ· hand there 
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The cai~utatiG>rt f-o/. ~he .e.xti~Gl'Ite rel~tiVi~tic case· i~: shn.ilar to the above, : 
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- f··~. : ... ~ : ~ .. •' ~- ; : 1 1 ·:-,·' . \-
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E3,dge o.f the acce]-e~~ting ~~·ectrode ~b~ not 1 es s -~~an ~1;, 6 ;p~rc~nt, ~d not· greater . • 
.. -~. .... •. · . 

. ;: ' · If· tlae d;;~~dence··~r-;V:~l-tage·~n ~ad.i~s is ·n.~t)inearu -the ~v~;ag;e=·tif 
· .. €-x ·':cos~ 1'. iri' (2o): ~~st b.e r~p~·ace~·:by 
.. . :: m, -~ . . ( 

< 
' 

• . .. • · ..•• _. :; cos 't' f("m 'co~~) d 'f 
whets · . .. · 

!-. 

•. 

'• 

. \. 

~- .. 



.. 

. 

t_ 

'•t 

.: 

.1.' 

... 
UCRL. 547 

·_ • ..r-

... 

... ' 

' ' 

~. -..... 
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