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aC,rtOs8 . lt, 1t seems tome. that,w.,hi'v, the, posS1b~:t1tl. 
0.1' a . ,of stability, or fOC:U8sing.; Which we migb.tl'tjjtek ,� 

, inter,.12se of•. ' Con.14'~ ..tlr8tt;he' situatl.on of rE!.sonap,~~,
 
where;' "I*ve an oscil~atltlj'.hlchr.peats on eaCh revol\1t,lon.'� 

-..~_ PU2'turb1ng torce at a fixed position which, 'if� 
aot~ ,.t pbase At., will damp the oscillation, and if acting� 
at A." wIll drive :the oscillation to hiaher all'l?litude. Let� 
us say it is 'at, phase A". Now let us .sstun8 (and this is� 
somethingt .··.clooked into)' that magnet can be desj,gned S'U<)h'� 
~tl~t large:",o,.,ltude 'oscillations will have a slightl'1,hi~her,
 

·freque~c~.",.n, low amplitude ones. '. If, so,. t~ the danping" 
ot t b}'t.~l~'11atnd'ion by At'k"ilhalinCrtte~~4Ott~et'.?",avdelA~~thT~t·the,:,;

i� 'osc~""~~~',a • cause;ue ,p se. ,o'ca.u."" .' .c).~ .. '. u,e . 
~scll"t!..{;~111then be built llP again, shortening ,the .'� 
WfJ,v.l8ngth i". shifting it ba9k.toward At. and so ·on. .Thu~, .� 
we ....•na:.7'1 ..,.0 ',. ·.itO'. Phasea'1'l4.'..•• ampl.itude. .a.t !.�.... e... -.n;6I .. il.la.'t1.on '8.table .... '� ....·ttelim.It an accidental purturbationappears ats~i " 
oE~FPO*nt;.tbe phase will'mertely shif't so as tooompens!i-te 
-~,..lth1nli~l-ts, of course. . 

~Sev~"11nterestin3 ,consequences .follow, all provldeqWe,.,�
be.vethe JDagnetpt-opert iea (anharmonic motion) ,mentioned.'� 

1.� '!he presenoe,ofan,,'purturbing:field or'm1saligrin'1apf,
w111"pull" the motion intoresonlUlce if it ls, .', 
~nere. nearresonanoe to start wit~.·Thetetore, 
'j.tma1'not only.,be undesirable" but:pnctieallt.' " 
,llnposslb1e, to wort 1)etween res0l)&nces, if ,they ..' 
are, 010 lIely space~.' . . . . , 

2.� We:p.eedno longer: nave all phases :present ~nthe 
orbits, but can havea. single "stand1ng- w..v~ft. '.' . 
ol'b~t ('llama path 'fOrt all partic].es.onaJ.l·revolutlons)o
Incl"entall,., calculations become $lmp1~r. 

3.� Wlthouta.ny"addedpu1'turbatlon, '·tQ.~..e. narbe stl'orief 
lock-illS ,at all thereaonances. '. ·· .... i.•. · .•' 

If we should go the .bolell&7&t1(i,','ua.. resonanc.s, 
the ld.ng otthemal). should b.'9~'ia$,tJer.ed:, namely 
toat il)\.. 1fh!Cb. the partlcl. Bo••.•).~~..t~lythrougQ. 
tbeZ~roo~a.1ngsectionWhell .A:r,.i. O,@.d ·thrp~Sb 
the~'r'~oc~sslngse~t1on.hen,~~ ., 

,',;" .' 



"....5. 899~~cl turn ou1itbat, Maxwellts equations 
~;to maketbe field only such that, say

?ianplitude in Z1nereases the Z frequency
"ser amplitude in l' decreases the r 

ency, stable phases will still exist for both .. 
, the Z,and r resonances need not· be the 

me order, since the motions are nearly independent. 

" .. tt All in all, we are now talking about a machine ·which 'is 
qu1.'bedirterent from the one originally planned•••n 



I . 

. ;> The/,,~~t!OnO.fth.fl.r:f'Qt~·o~o44~powe:rnon-, 
:i;·).,*earities .e 1.8s.tor'-:ngfcn-O$ in .th.e alttt~~~ gradient·� 
":;~~O~01;r" •. 1\ t)'le motl"O%!8of the partiol,~l>t'~s to ligHt.:·� 

/·,:;~~;~.ii:~;;t~o;::~:~'~~~~:d~:~:8~~~:h1f~~::the~ 
.. ,~'~os-e~:S;~regula:r~t~8~Prellllbmr7 indiaati011s s.re that the '. 

·:!qOk...:t.~e!ldenOy., ... ~n some oaees be qUite·'powerful. The. ques­
.t~on·~dlstelyar~s.8,then,a.,t.o whet~:r t~sta'ble look-in 
p~~rt7>(whiOh ~~ilJtsonl1'.1n:nQ)'l~linearfie.lds)posaesses . . .' 
·,8:A~.~lilge·s.and P9~t;S~~~lltles lfhlch :put a new.l1.gh1;upon reRO~6$-__ 

·:f.·~r~:ps. mak1~ ..11:t6s1rsble tOUS9 oe.rta1nre~ona.noe8 ~s oper8:t1%lg 
.. :~'pdln~I3.,~athft .: .', ·to try t08.-o~dthem.<NeedlEUI8to say. an . 

•..... :.. a(fequat~.aJa(' ....., .··sUoh aquestlonseeme qUite adistancea~y, 
·.·1~litniuoh· •• ·· .. '. "" theory 0 f .the.~n-linear A. G.mach1ne 1s a110l'der..; 
9f"·,a~H~~e; Utore~lf·f1oult.tljm1;hat. of' the :linear one, tU1tr·. . 
a~\1.~11:tap,4~$ art;lonly 1n a beg~ing. stage.,So~.· of the more 
a;Q~s,~l~e .. consequenoes 'of look-in were «pl,.ored' .by the ~oup ,at.. 
t1,j~f;~~tiestAoof311t1"~tQt' Ccinfer~noe at .MacUson ,WlsconsIn, .Au.....~~ . 
.Zlt-.. ~t):Se.ptem'ber'''''I·.:\'53. Poll:owtng an1ntroductotty dlscu8s::t:~n·,()r' 
t ',k:';in phenoDlen~n 1tself~ thismemow111~1,,-:e the.p$:r.~!Jlftnt.; 

.\a't5out 1t.whtofLoame' out at· the, oonference.:· .F~lly• .a··'ii ::.·.' .'� 
s .,' .. tJtlon for anel,.eotr1cal....meohanieal EU181oft'sultabl-er.o~;~~.<:.\,
 
st~Y'of stability que.stions, 121 the non-linear A• G.maob1hec;'.~ll,·'· '� 
be,'outl1nedo ., '... ....•. 

. , ('" .. ·.·~i 

The.• t~,or lock-in we wlsh to Qf)nsider. aanbest be~~e .� 
dUt3ttt1·'b1d.s'orl't>~:np: a slmplif1ed, though S0tft$What 1il1reelis1;~~·';;>:.;:<: .� 
caB~. ConSider a clroular maCJh1tle WIthe Dtal(netlc field 1fhl~h;..'?,··· .� 

. rilakesapartlo1e move, with 8na1>'Pl'O.31I11fltelY'(If~"PsoldalzORof~~;r:":.....� 
lst.ion about the' median plane.We8tl8l1 cnnstder only the~~·~"OJ1.
 

" ',AssumEa that the z o~¢:111atlon laat r~8cmanoe "40th the funda"".~1.
 
frequeneyof~vQ . ." 1.e.,' that'on SUOc8S$lveteVolutiOnB't,h.••·� 
part1cle goes over the' saDle pat'h•. A pleoe of the.pl1'th·.eatl� 
'be pictured aa owe: .� 

. . 

r,. _
<j-, .>:'~, 

~<:i' ,:~;;~'-i:~,</.ij'r~{~:.~:-., 
;>,·w**:,:,:~~~::~ii:i," ,­



Kinds os motion will be dlsousse4 1n whioh we allow the phase, e,� 
to'drIft to the left or rilT,ht. ,With. def.1nitions out of the way� 
let Us proceed.� 

Assume that th,e field co,~alnscublc terms of such a 
character that ,lf the amplltude increases, ,the. wavelenp;thdecre!ise~,; 
Assume, also, that, there ls preR~~1;8 foroeFat a f'1xed place 
'( due to the InaMetlc field belngl~llghtlY'h1.~her at a local:, spot, 
. say) and that tile phase of' the ~thhappens to be such that F .� 
dr1ves ttLe0s~111ation, Ino~ea$l_therimp11tuClesllp-htlYat each� 
time aroulid (see fIrst dia",_) .,,'he-inorease lnamplltudt.'results� 
1n aoeorease 1n wavelength, 80.\. phase,'beg1J18 to drIft, mov~
 
the sine wave path t,othe le1'1:.<~l\1l1J eyentually:ohangeR the phase .� 
far enough so the bump P ~mpRtJieo8cl11a'tton.·lnstead of drlV;J1g� 
1t The wholeprp()ess then re"'~~8eFl: amplitude starts to de9rea.ae,�0 

inoreasing wav~~~th, maklAA 1:h5i~'wa·ve drift to,t)1e rI~ht, un1;~l 
the bump' aga1~:;~~1nS to drIvet"he·oso111atlon. - 'l'.hls hunt1ng - . 
process cont~s an(t 1s stable? -The ampl).tude and phase W:111, 121 
~eneral '~~'~und and round one o~ a' family 0'" loops in a phs,'se-, 

.' amp11 tude <ilat&am , as shown belnw. 

A @­
---+----e 



. _1 

s l l$ .i;heequ1lib:riUrn orblt". It Is inter..:. 
, .,... .... ...~Q.·OPblt18 ~bile b8Vlj!g f1tdte amplitude'; 

....... l~~ ..·~::_8qul11brlum· orbit of Z$ro amplitude' . 
.- , .. ' ., "or~ t '.' ~tx-~. or slD.ohrotron 'does....•.••'; ·.· ..be... ' ,h$re" .,.pr ;.1Pl. perturbl~ foroe F. The 
.,~a1;Et~:~••8t. ' ezampleoonoern8 the behavlo'lr 

. < .. 1t Wh..~~ltlO1'l.IOP._ aooidental bump (mlBal1gzun~nt 
.-gnet:; f'qJ'\'~1.1~~:-'~()4~~The operatinp; point 
.takas up .t$.aro~a41rre1"8fttolosed 'lOop in the ·A':& 
i,!h1ati ha.·"~'j)jn.lt a' polnt representl.!Jganew equilibr.ium .. 

\<Jm.:·9fPFI.J'wordsthemotlo;n ls stable, within' limits, agamst' 
.~"''''Ofaoo1dentalbwnpsor bullt-U1errors in the field .. 
~ ..•:"'!4~rkedoontrast.to~hebehavlourofa partiole moving at' 

. "'::a' aach1ne.' with 1~rre8torllJgforoe~ In the latter ..�".•".r 'jpp whateve--r'·le_d&t'Q.ql1mltedgr<>Wth of' ampll.tude"� 
, • • - .,1,; .,' , .'. • • _ . ",.' ,~, - ', .. ; " ,.' ."";,- • _'; • 

1t~~o1Dg. 44.~.slonhass~rved to .Illustrate a
'·tmrea1.l._lo ill that lt4oesinot deal with 

'.1'1101'1 c· 'e:xteDted ·to three dlmenslonR'o 

/1te14 .hI. .•..tRake. ·.the o~bl t I repeat in Z ". on 
. 8w8pOat' . . WOuld,· aocording ,to the silD}Jle
rlS, be. 4et~,,_1nr,' Ot' vloe-versa.. We there­

c .·'lOok, for the":.,..!t111t1 or s1milar look-in ln the 
., c. .0;, ....• ~j~'>'whertt we knoW ·~~.-<";.•8cmaJit o~blts whlch follow over 

,'.,_ .. Pil.th =."'8l'7·s-eYOlutlon are peR"!ble in both rand z, 
:· ...ta."11·nr81.l~U81X'.':', 

~-.-- ';~" " - :~. - . 

. . Consldet'.:~bJresonant orbit in the sketoh below, in which� 
;r.~~:48tan4 'l"o~,t"O~URlngand ftJJfocup 1ng seetlnns of the A. 9.,�
1'.2;.1", respeotlnl,.. '., . ,� 

·L .., r .\. J ,' _______r 

f d 

I t I' ·1 I f' 
~J.()r'blt goel! tlte --pt.:f;h· on eve1'7 revolution. If the ph!lse 
,:&.:sshlfted 81,' t~"alllP~t;ud. 1f1;1.1 c~, and in the case 
tie.,e drl' 1l4twavQto·:thelef't wll1 1ltoreaee the amplitude • 
• f\ now,.tl( .' ..•.. ~.f'0J'C. ·18 DC)!)-l1near, ~ tb.at an inorease in 
:a1llP11tu4.~~;·;,~..': ~~.(1fit'.:.:~8.i 121 w~elen«th: and' a oon~equent· drift 
tot,.·"'·it:~ht,,' , ,,!,o~Q2l·:wl~1:be stable' and .w1:1.1. hunt around an 
••111bJ'lum'P02iJl~,.a8Fl_1~e41nthe amplltude-phaRe diagram below. 
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" " " ~
 .' ", '� ' " , ,'" ,,' '. ". . ",,,;~';~~\/.,.i
BotntJl!rj~1lI\d'~;'~t.1.()~s maybe locked, in as 1:nd1patecl but of� 
oou:r;~~t"'~J?~ '()t:nnn"'l1~r1tles 1nthe ",fl"tor1n; force� 

",M~fJ,'1ncr~, 'C$onnectlM the I' an<' z mo,tlonfl. , How serious 
t'1ie;'oross terar ' ,fJlPl.:lc:sate 'matterll is a~oJ)en, question and 
,depends, roJ" . , upon' how much'nnn-Imeerrltywould be neoes­
sa,J7to 1ns.u~ n. 

, ,Wbat::. >;'~8t been sa1dabo1.1t look-in at reaonance in the; 
A. G. ,f1eld,." to a fle14wlth(')ut errors or, bumps ~ The bilt� 
q':lefl~.10n, nC)'lf,. .."Ifwe introduoe a bump ln thef"ield, will the� 
opeX'tt~lng~~'tmerelYtake up motlon arounil anew closed loop 1tl� 

,� t~A''''',9t\~_JQ, or w11l the amplitUde blow up' In, other words 
d~S't.~,~lliked-ln mot10n ~1nus anyth1np; in terms of stability 
ort}~~}.I1IIlt,~~ine a~lnst bullt-11'lerrors or other klnds of' errors in 

::;8~~;~~I:~U~r~~e:im~~~~n::~1~n:~~~~~t:s~freRonancest111 

, "i',jheq~ .1U8t a8ke~.pan be answered w1thllttle more 
t.~a ~Sfl.• '/:j ppears at ·r4:~.t8l~ht (to th1Fl wr1ter) that 
~herel$8ta. . a~1nst fleld "bumps, 1n prino1ple; but that from 
the qpant.1 > . .' 'standpolnt the s1tuat10n does not look very promising. 
In"thent.~1~':~.~or1bedthe amplltude will surely be a steep funotion 
of "the,~$,,'''le. This wl11 mean that the look-in w11l be I'stiff" 
and wlll pe..rml"t the phs se to hunt baok and forth over only a narrow 
~.. SUpPOse. there 1s a f'1xe<l bump 1n the f1.elf!" at Auch a loca­
tl0J,lthat lt drives the oso11le;tlnn to ~eater amplitude. The phase 
Wll."thetl start tC;LB)"1ft, but If't1')e ranp:e of drift· permitted is . 
ne.~~l', as we have.resmn to believe it will be, the drift mip:ht not"_e .•me to prooee';\f'ar enou~h to put the bump 1nto the damp1np: phaFle o 

. '1'hJ8c ls the peSIJ11Jl~'S1;;10 v1ew_ On the other halld, l' there 1s reason� 
tOlJelieve that ··t~.. 'llOtlt')n ls stal)le ap.oa1nst' bumpA 1n pr1noiple,� 
on.ecan hopeto.,fl~~s.~e a fleld, or choose a reFlonance condition that� 
will 'be ,more ~~pous than the one we have ;1ust d1souAsed.. .� 

,� , 

ASj)ec14!.obnaequenoe of looked-in mot1on iF! the opport~l't;"
 
or us~~r.eed";''ba~k,(')r·servo, loop ~or sta'Qilizinp; the amplltude'� 
ofosoll1.8tion. '!'he.fact that 1n lrioked-in motion all of" the� 
partle1es are mov~..o.er the Bame path (within the rather narro'W� 
11iltlta ot phase~11Ut) ..kes 1t P08sible(a) to oontinuously ••• ·•· .~.
 
as~r:t;a1n t~ , '." .. Iud amp11tud~,' and (b) to keep them und.er'~ntI'i)l,,'·, 
t~~h a var:.tJn&lUlet1o bump. A min1mum of two 8ensi~ electr:tlde'S 
orplo-kups w/,,:.necessary to mea,sure the phase and amplitu.de~ 
The In.formatl.:';"~li'be prooe$sed bya oirouit ,whioh proba1)ly 
W()Q.J.dnot_.. to\)ev~rY' oomplex, and the output slp;nals (control
ourrents) wouldbave to gote at. least two correct1~ co lls In th.e 
magnet (again beoause ,two var1ables would, be Involved). It should 
be emphasized ap.aln.thRt servo control of the oscillation amplitude
becomes a posslb1l3,t;y1n princ1ple only because of the phaBe bunch':':, 
ing which has been:po,tul,ated to ex1st 1n the maohine w1th non-' ,- .' 
linear restor~foro..A servo oontrolled orblt would have the 
following advantElA"$-s: 

. (1) T~st~~~tPfall re8onanoes oouldbe used, namely� 
the one for whioh'.~!ltt:~.··.8~·twP focuslM and two def'ocus~ sectionS� 
per wavele~. .~l'r.lp the one which WOt' It". allow the largest ra~e
 
of inject10n a:ng;t,e~ fpr·ap:iven donnt Size, that1s, 1t 1s th~ one: '� 
whloh has the Il~.t "OOU8~.
 



()fmlaall~en:P .and o1'1'ield. 
~)4t(l out" ltshould ·bepo"slble,to 

The moa.('tJus d18a<'vanta~ of' servoaontrol, aside ~rt!m 
just the a~d1t oomplexity Of the apparatus reqt11red, 1s that 
it >requires 8>';111' minimum 1ntensityo"'beam 11'1 order to work, 
antllt mlght '~f'ore present a problem or 8't$rtlngo 

'l'he.<if;~~n1~ d1sdu8s1onhas necessarlly been quali tat1ve 
on:J.l,/be~u8~i,.eknowso little about. theoomplex effeotR of non­
l~etll1"l'4!Jtl~~b2R foroes 11'1 the A. G. machine. It 1s hoped however 
t.r,lf!,:~~hing more, the discussion bas po1nted up the faot that 

.the~~uctlon ofnon-lthearlty ~eatly w1dens the variety of 
~p~'llnd modes of operation that are poss1ble, alo~ with 
.lf~ttte oalculat1()Jl8. $1'1 order of'magnltude tou~her. In the 
l~r restor . . ., machine, resonance 1s lIynonymous with 
~.s~:roPll7.·11nearityfirst came under consIderation because 
It.of"fe~(l a()f' dodginp: the resonanoe 1rntible--a rise in ampli­
t~e at rEt .' . 'tfo~ld oha~e the frequenoy a+- osoillation and 
detunEt the( off resonanoe~ Now it appears that resonanoe may
nQt\:)een\J;re'''I .a bad thlng. At any rate resonanoe, in oon.1unotion 
wltbn0tl-1J,nea.rlt-y and the p088iblllty of servo' oontrol opens a new 
ando0utpl.exarrllY' of' posslbI1ities for maohlnes, whioh merits fur­
thEtr exPlorat10n. 

II. 

In theOQtJrsei of' the dlsc\t8sions at Mad1son a number of 
pobts were lrougbt;out by varioqs members In re~rd to the kinds 
otmot10nJust. o\lti1.~ed.. Brief m.entlon of the pertinent onesw111 
be>made he1"8 •••. a~~f1~~l1. .more detalls wlll probably be given in m~mos 
by e>'ther .~~,.or'the con1"erence., 

.'. (1). A point Was made ~b()tit the stabillty a~inst tin-bumps"
and-S.,.bumpsw--thef'Ol'ller 'beinll errOl's1n 1'1 at 100a1 plaoes l}fthe 
D)ElglJ.e't, 'a~ the latterbei~ loea1 errors in B. The one wonld 
baTe .a.symmetrlcaler-reot on the two sides of' the ~onut. spaoe ,and 
the /other not.~~,>~.pointedoutthat .11' an odd number of foonsinp:' 

- and an odd n~"or defoou8~ sectors were used, the motion would 
repeat onlY8f!ttfrtwo revolutions, and on alternate revolutions the 
dlspla()ement8w~ldbe reversed in signa This would avera~e out 
the B, but not~the n, bumps. The mirrori~ of the dlsplaoements 
on alter.naterevolut1ons would not sf-rect the phase-ampl1tude hunt1ng
desorlbed earllera . 

(2) Theopt,ioal model oonslstinp; of a serles of" alternately
oonverging and diverging thin lenses with aberration (the latter 
to simulate the non..linear restoring foroe) was use«l for some 

. rough oomputations, both ~aph1eal and analytioal. A ray havIng 
an initial a~le to. t .. axis was found asexpeoted, to crOSSland 
reoross the.axls'of..the lens system. ~urthermore, the 1nd1oat,ions 
were that, 1n the presenoe of aberratlon, the orossing point I 
drlfted or htaitec!'baolnfard· and f'orw8r~.~ relatIve to the ooordinates 
of the lenses•.. Pili-ther wor)! will be neceBsary, but the look-in at 
resonanoe seemed to b&substantlated With this model. 



out that the fre<tu,lJ.cz, ofhuntln~ is 
.~~......'-...... than the frequency of. passing through 

··,i'.,llU can, therefore, be eit.be~ ,hi~her or lower 
rreq.uency or rotat10naroundthe machln~. 

p01nt toward a frequency lower than 
better, particularly with servo control. 

"". ,,4)Inv1ew of the -ract that the part1cle paths would 'be� 
~~~~ t~to., l:>an~ resemblinp: a screw, the question was asked ~Thy
 
the ct()J'l.llt;>shou1<' not. be made 1n sorew snape to, f1 t 1t--or better·� 
Y'e'tJ;t,()'1"'1>08~ a map:netl0 f1eld such as to stra1p;hten out the� 
sq.~~... "No answers Jatere "forthoominp; ..� 

(5) Theq,u~;stlon of secular chanp:es lJl n was ra1sed. This� 
wouldc~np:e the W8v~.l'e!lKth of the osc1llatltm, mak~ 1t .1ump out� or 0)1,~:fl(')ck-1n, ~ndperhaps fall 1nto another. The loss of b earn� 
in: sUch a .1ump,~tth~ jump 1s poss1ble at all, 1s difficult to� 
guesf30 (A meijaQ i o!1'the ef1'ects of secular chanp:es in n bas been� 
dl~culat~db:v"»~;W., Kerst.) .� 

l~1~~rewas Bome d1scupsion of the possib1lity of lock­�
1natrf).~esotherthan thecme specified earlier in th1s memo"� 
Itappe",t'if~fJQ~ble to S\1Pl-'ORe that there Will. be a lock-in� 
teXl~~t¥'7)a;teTeryreaonanoe,but that the strength of the lock-in� 
,wl11<~~!~tly.. . 

. C?l .. Courant pointed 0\1t that there ift an lnterest1nf!: t=lf.'ecial 
SC)lV~1()nfo:tt the non-linear A. G.. :Pield, ~lvI~ a path wh10h lies 
ell1;~re-:l,:r()J1one's1c1e or t'he other of the oenter of, the donut, .and 
n~ orqS".~~,~<' recrossing, SR is the usual car;e. It is stable, 
ana hunts'liiphSseandamp11tude o 

III. 

AtJalytloalsolnt1one for the A. Go maohine with non-ilnear 
l'e~torlngrorcebelnp; as dlff1ault.as they are, there 1s an obvious 
ne,dforan analogoomputer, by means o~ wh1ch experiments per­
·tain.1;tlg to stabillty. can be t r1ed qu1ckly and easIly. A mot()r. w1 th 
a fly-wheel has many of the propet't1es requ1red. The torque exerted 
bya doc" motor J';.JiqUalltatlvely proportional to the product of 
the. currents ll:1'!:lt.ea rmature andst8tor. The current 1n the armature, 
could bemade1;'o.oonform to the ~ es1red non-linearfunct10n o~ the 
a~ulardil!lpl.oe.nt. Th1l!1 could 'be aocomplished,in a variety of 
ways ,but onewot.O..('\.'be to have a light 'beam reflected from a mirror 
on the fly wheel fall on a photo';'oell, then amplify the photo-cell 
curttent, and fe-«lt baok to th~ armature, perhaps with an ad.1ustable 
non-linear electrlca101rcu1t 1n ser1es o The introduot1on o:f1.any 
desired non-11near1ty is simple, when we are dea1111.R with an electric 

. ourrento The stator of the motor would have a oonstant current 
whioll. woulCl be rev.erse4 period1cally, or on any desired time schet'l.ule v 
to represent the passa~e of the part1cle through alternatelyfucusing 
and d:efoQufli~ sectors of the A.. Go machine. It oOlllC! also be cut 
off at intervals to represent the passage tl1roup:hthe f1eld free 
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