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Barycentre Motion of Beams due to Beam-Beam Interaction 
in Asymmetric Ring Colliders 
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CH-12 11 Cheva 23 

Abstract The effects of the hwm-l:~eam Llteractiorl on t,hr 
rohrrr,nt motion of tllc Imryrrwtws of the cc,llicling 1~1mdpi iirr 
considered for asymmetric (two-ring) e-e- culliclers, wheri~ cir- 
i.lmiferenw’, rnerF;y, tunr, etc. may 1~ dif%rent betwwn tlvc, 
rings. As well as integer ant1 hdf-intrgrr rcsona~~ccs, sum rcso- 
umws ocrlr. Tllcw reson:~.nccs may lie quite c!ellse in tlii> t 11x*,’ 
diagram. for the cases with tliffcwnt c.irr,,,f~lencrs. This c$?c~ct 
poses a wvcrt’ restrirtion on the choice of tl:t> circumfereliw rit- 
tio. On ttwsc: resonances, the lvxm~s wpiirat,e spontaneonsly at 
ilie intc~rwctiori point. 111 particular, 011 tlw hnm r~son~*~cf~, 11~1% 
I~arycrlit~~+ follow a limit cycle in four-tlirnensional phase s~~acc, 
rattler t,han rcdling a fiwtl point. This cx~ses a sevcrr drop in 
the lrubwsity. Rcsnlts rtf nnnlytical ~~nld;~tions and roullnlter 
silllulatiorls for the uiotion of the l-)aryca~lLtres :kn<.l tlw csG,it;,tioil 
trf tiw rCSO*lRIIC’~‘S XI‘? ]‘re3”“tcd. 

1 Introduction 

In c+F colliilc~rs, the bcwli-beam iilteractioli tlrivw tlic, ccrlw- 
(Tit I)~lryw11trr mot,iwi of tllr l~l~lL~lit~i, whirl1 is a superposirii~ll 
!jf tllcl l)c~;m-l)ram mocleb. Be;tm stal~ility has t)een stncli~yl fol 
imlmwtric cc)llitltw, ivlirw~ iwo loams ~~irclll:ttr~ in the 5im~f’ rilig 
dlltl colliclc* at some intt~ractioii ~)oint~. ;mtl I:-hrrr the tq1fqiiah, 
t,ruws. rtr. R.IT almost itlrnt,icnl to I)otll I)cwll~?;. Rrwntly. ;~s;;Lw 
uit?ric~ ~olli~l~~rs wit11 t,wo riiigs iu~~l difft~rtqlt, c>licqks and p~ssll)I~ 
tlif%w~~t~ circlunferwces MWY’ proposed i1.k B-~r~rw~rl factclri~~hjll. 

2 Beam-Beam Force for Barycentre Motion 

I\;> ah-ilirw t,liat, tlw lwams cdli~lr~ at 01w ilitr~rirction Ixjillt, (IP,) 
Tla~ wlativist,ic Lorentz fatcor (5+), they ~111;~~ of tlw lwta hmc 
tioils at :tiv IP jH,t;,), the beam sizca at thcs IP (IS&,) cd tlw 

tlulrs ( l/,;“y) may 1~ dilf~w~lit, for ,a+ ;id tj- tw:1m5. 
Thr lxtr)-wltrc~s ;r.nd tt lf ,r 5 q-l”” :’ :I of P;idl l,~111d1 RW &w1tw1 1’J 

f* allcl 2;. rwpwtivply, wlirre 3 i.(‘fuh to cyit1lc.r horizoiltwl (.i, 1 
111‘ 7?rtic.nl (y) c.c~rrcliniltes. JVe adsilun( tllat thus dcwsity distriliii- 
titms of Imill lnlnc,twi iue Gall.SsiilIL. m. kick5 on :hts slol~c>- id 
tlw txHy-rIltrc~ lwrrmlc~ [2]: 

iv 
*:dk + ihG = --@.I.~ ,I’?. yi - y+; Q,, C!,) (1 :I 

Hew X=, = \ll:(JzfiL+i(i; )“, ad I’, ih tlith clWsi(‘itl tktrrnl r;itlil;s. 
Thr, force f~mctiou ,f c’an 1)~ writt,a \vitll the c~~mplrx wror fall+ 
flou [3]. L’l’ticxI thr srparatiims xi - .i i .:< s, ~IIld ij.& - tir < r,/. 

we cnn liwarizr the force ,f and gt?: 

($9 ?., “* - -$g~(r+ - +) (2) 
2 

wl1rw 3: is t,llrt c#wtivr lwn1i~-1~~~~11n stumgtli jmralrlc4i~I 

z; = r, .V,$lt 
‘rry*X’,( s,. + S,)’ 

-- ---._ 
‘OII lww of abstwce from KE:K, Nnt irmai Lalhnr~tnry for lligh 1*:11q:! 

PIQTICS, ‘I‘s~~kul~n, Ilmr;ki 305, JC~MII, 

Note tllci ~lt~fiuitiw of E: \Vhrll tlkr I~rilu~ aizw of Iwth 1,111lrllrs 
art‘ tlw SiiIii(‘, -. - t/Z. ~!if~rt < it illi, liril:L lw;im-t,~~;~m 
htr( ngth p,rw’~~;e!‘~’ - II L‘ . 

3 T,incar Analysis 

JI,‘V co!lsitlc~r ii l):lir of ni:;mmc~tric rings xitll cirl-urrlfercrlc~~ riktio 
IL-+/Ii-. \\5tlioilt, loss of genwolit,y. w~f’ cil:l iw,xmw tllar IL-+ < 
li- id tll?lt li+ and Ii- are relatively print. Ii+ eqw11ly spa~:id 
1-1ilru~I11~~ with ;\‘I lxlrticlc~s rnrrh cirdati, jn tlw P* rilq. TT’liilts 
RI1 I’+ lnuwli w~l~~~lc~t.~s I\-.. tlirus in the e+ rillg, the P- htu1c11 
con~pkt~cs Ii+ ltuxs ii1 this e- ring. This prior1 is callrd ‘satyr 
t,;lr.li’. At, t,lltL IP. tllc. c*+ and c- i~llllcllt’> ill? cYNplr~l 1,:; tl,V 
I Wiiiil-l!t’ill,l fo1w. 

IT-C* (I~x2il>c~ t lx, lilac-ar motion r)f all l.~lu~~l~!~h 1,~ it matrix C 
r,f l~l~~lt~l~ “(Ii, -+ Ii-) [I&], :lIlr! cJ)tain the l)(‘rt \wl~ctl tulw of tlie’ 
system f:oui tllcs K+ t- li- inilqwnclrnt pui:i of ~+p~vid~~t-Ls of 
C’. Tl-ic menll,ri-; of ~ar11 pair arc &tht~i cc~n1111~~r; roujllg;ktc~ or 
rcwl ;ultl wciprwd. Tlw sptem is ulmt;il,ir if at lrasr, OII~ of 
tllch +,<x\.idlu5 l~i’(‘Oill~~S $!,r?iltt‘X thnli Iuiity iu ;\lbsc~llLt,c Gllll~S. 
T11i* r:i~wwct~~w arc 111<~les r,f crArrcut tiilxdc~ oscill;ltioIls, Rr 
Ilavti (l~+wliiillt’~ 1 t ii<> c,sact, c+pi~alu~5 au;~l~~ti~;illy for thr ca.i(l 
Ii, = Ii- = 1, iui(l ol~ritincd ilpl)rcbxiriiate c*igt~llvaluc5 for t,ht, 
otllt’r mses IS]. ‘I’lr I’rwists ~~ic;cwT-a11ws nf c’ were’ t.onipllt~~~l wit11 
tht, ABhIODE wcl(* tlwivcd from the BBMODE ccxk[I;:. 

illtlicatw ttitt tlic iristaldity occurs just l~c~low tllr r!xhon:mt time. 
Tlw slnn r~w~~~:~~~u~s are tllc new frailwe (uf :\synmwtri(: ,ullitlt,rs 
wit11 iriil~~lm~clwl tluwh. TLC sun:. Ilnlf-inr~yy;11 81~1 ilit~*gpl tmp 
r(w)iliil~ci~x arc illiwal ill Fig. 1. Flwr; symiii~*t ry c~i,rlsicli~r;rtio~ls. 
it is slltFiCient to show 0 <: I,+ 2 1 ;mtl 0 2 1, 5 (1.3. 

lilltil Ilon’, $vvI’ aS.?lUlit~il .l:at -1’ 1 ih coribililal to nil I * I)IIIII~~II h 
iI1 tl,~ -ir:iir rills. III prnci jw. t,llry 1:~ K:l’y fnm: lNllll+l tr1 I,luit~i: 

witliiu tlw aa*i!~l~an~. 111 tlw (xt rwi~ <‘a~<~ rll;lt i’artil-lcs itrp 0111) 
iii tlw firit I>IIII~.~UM ill Idll Ibtali:s wliilc~ tll:> 0th~~ 1~~11~~~1~5 ilf<’ 
c.lul)ty, 1111~1rl1 ,,sJlliG,rlL ow~:~ r!xd~~ !,ILCC’ il. :i :. ~1~~~’ t,litll. Tln~\ 
iw’ I~tiVr~ to Ic~:li;lT tllc trulrs l,* I,), : 1.i’ ‘siIl)aq t ~mw’ I~,IJ* ii, 

sn~wr trme or K+i/- ,2 l/2 + intcga ------.-_ --.-__ -- 

Tirljlr 1 Brnm.Bt iull Rcw~:~i~w~~‘: 
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Figurt, 1: Tlv larpd 2 as R flulctioll of (I)+, I/-) for 
(IC, Ii- ) = j2. 3i. Thr right axis is 1 -.- 11, u.~hilc the ItAft, cmt 
is x, ‘Tlw platmll corrrspontls to 5 2 0.03. 

tllcs cxl1mr,iorls Rx ilit, iidcgral and half-irltrgml wwnimws, wliidl 
Ibi~.oiilf’ Ii+ii_ timw ilfIlS<T ttl;lIl ill tllc, C’C[llil!l!.’ p”l>lt!;LtcBll c’:i’-t’ 

III Fig. 2, we show thp half-intqqr-al :mcl int,cygrad sups ttu1<3 u‘s 
in;:t1h-e3 tilic* ti) thv inrqIdity lwtnwr~ I11ulc.lkr5 tjr thr sinipknt 
1~0iitri~:i~~l ~~i~w. T,i% cx):lchlrlc t,lizlt {i) tlw slim reso*lancri iirltl tllc, 
,‘~‘?OIlRI,~‘1’S at irlt,tyqxl imcl llillf-irlt<‘l?;I~:ll Vd:ltY of tllr t,IlllC ilrt’ 
illivr,~~ ‘13’ tlw a-;t*r;qy I~llucli ~mpuli~ti~m. and (10 not dl:~Ilg<’ (‘011 
sirltmi~ly wiwrl tllc I~ol~~da.t.iou wric*s iii lon,q as tlw sum is lwpt~ 
rci114 itilt iii) tlira rv~o:lanws nt iutc gr;~! iukcl ll;ilf :‘lltc’gr:tl ‘I~itllu5 
elf rli<b super t,uue arc driwn by tliK~wucY5 ill the bunch pqda- 
tiiub5. i111d ~li~;~~qw~~ R.II~W w.Il 1)1111c~ll~+ ll;~v(* thr, sun13 populatic~il. 

4 Spontaneous Separdion of Beams 

Tlicz r~rdiiicvrr iwtklw of the forw ltww1:~t9 in:~wrtitnt wlwn the 
sq~:~r:~Ciou i? rjf tilt, orrlt~ of itic 1x15 Iwam rixlilis. Siiiw tilt, nq~li- 
lillcnr lmrt +,f tlicl l~twrl~-l~cw~~i fvwr- vi,ut;liu9 tt,rl~is x:hii-l1 c,!111~1~’ 
l~ori7o~it ii1 a:ld vwticvll motion. 111~ fi:il ;~nal~Gs is ronrplicatcYl. 
Tll'<t~Wl. v.v itrvl:~ ;L him1,lv: morl~~l. J1;. iisih,:,*l<’ t!litt Ihr l>iYtIll:5 

ilri’ ii:\t Y1,- ‘:> “,.. that, Y* .= 0 Rllll that, ?T << 2,. w\‘(a can thm 
;Il~p~orim;itc~ tlw :7Y3ir~;ll 1iit.k II)-: 

by; _ ._ +$c l&f !hk; Yr 
-Jz i ! \/2c; , 

‘rllr~ st11i1y of ti14, lilil,x- f01, tlk llilr:,.wl.tr(~ Inotiou iItvtrlvr~s iklt 

pl!kq t,llc hcvlrn-lx;ull kick nutI tllcs rot;tt,ion throue;h tllr: iw’s in 
:Ilt(‘I.lliltiOIl. ‘;I”(* tlnlc~ (lolie thiq 1~0th nr;al~ti~~~11~ iultl I.I~ 1’0111. 
I)utt’r sixnul;ttion. 

‘1‘1 1,’ r)i,ipiil is ~~15vi~pi in f&St1 pcbiltt, of tlw 1ni11). Ailtliticuitll 
l~~dwl-ou(~ fixwl lwints appwr whrn the mrkinn l~rcorws lili- 
~~;\:~I~ lm-;t;ll~lv at, XL ir~togral r~~<>lliti>~~~ [5]. Tllr origin IIPCC>III~Y> 
i:nstal,lr~ ilt 1111% simt time. ?I%~ qYtf-111 d1mscs on< or t11cx cituwi~ 

flst~l pc>illt ;l~~<~ordillg t,o t,llca illitiill crditions. The ~>~~<!itior\ f()l’ 
a pwiod-crncb fiscd point is tlitx Sil:llt' i~h that fcu linrar inst,at)ilir> 
C~II :m ill-cypl ~~~so~~~uw [.?I. Tl~t, l~;~r~~w~~tr~~s sq~watc~ frown c::jr,h 

FigymJ 2: TIN, growth rate in (I’+., I/L 1 sp:hw for ( Ii-, I<... )=(l,‘Lj 
for s_ =O.OR all<! E + -.- -(0.04,0.0~i 

i)tll*I sy)oxlt,all~oilsly. E;lcli I)lUl~~li 11il1 B ilit5wllt i-!OSi~sl ~rl>it at, 
tlw II’. 

Tli~ wst dlnplcst I>4x.]l>ilit? is that tl~<s .sy~tiwl rfwvlws it 
lwrir)il two fiwrl poillt. 11 ;- fintl an ;rl’l,“‘~xi~ii;lr,, ~r~l~~tiori 18:; I(* 
cjiririnp; that tllt, i)~riucl-tv;rk fixcvl I>oint< ;tppPar in phasr y’ac<’ as 
if tli,x ciwrcliIizltc~-: CllilllR<' ii”11 frrItl1 011” tli: 11 to *Ii<’ liclXt. A bl111!~11 
Ilit:, t,vco c~lr~rrd c,rlGrs at. t,lic, IP ik~icl pa,sws tllc’i!1 idf~wliit~dy. Tlw 
ivxi<lltiolk for 8 pc rioil t\:‘il iis<,:! lxtint ih *lb .<’ -:1111w as tlx iYfll~llt~~~ll 
for liu7lr illitill)ilit>, IIll iI hillf-illtc>grill :‘(‘501~illl(‘(’ [!?I 

For tllcae tivrl citscs, t,lic <iiLlll~~ill~ d~~cr(~I111w1 ,‘> which Was iw 
vli.~tlctl ii1 tht> +imldi~tioll. i5 Ilot al Irn~Ka t ilIlt ~~xXllt~~+l. It afhts 
lloiv fasr, the y;stcwl fitlk ii-to tllf. iiscvl I)~~ilits IlIlt tl#2 rrsrdting 
fisrcl pillrs art xlnt wilsibiw tl, h. 

Al:0 z!t tlw “,,,I1 !‘t’holl‘Illr(‘, t,hr <xipjn lw~~i011i~i unstatnk. Nvi- 
tlli~r 1)8’Iiib! Ohio\ 11i)i’ *“‘I iof two !isr*tl ibf~ili-~ i’iali ;i~~ies~~-, l~~.i:~l~t~ 

tlicxy ~o~.r+~spo~~~l ttl illt(*l?;l;il :tiitl !ialf-iiltcyg al i’*~~iu:tlicvs, rP.spPr 
t iwl>p. !IT;~ it~bclicil tlii- I”W’ l,y ,rz:i.liiilc, I I.*% ui.~l~i riii:lii~ri~~kll~ 
;ritll :I tlnmI)ilqG dc~sm~n~cut h r~low to zr~; 8, The yxtcm ii cGthrr 
ill it !iiiiit ry:‘ll, or ill :I illnlti-l)<7iocl st;iiax. 

‘rhc mldti-puiocl l)i~ll;i\+c-k~w is rathrr i’sulml<)~! ilk noiilinrnr sys- 
*cnii: tliv s~~:it~~m is c.ti:qlit 1,~ a 11011li11viir I ~wu~ilnw. If tlw 

S~S:CYIL w~*x~ l~.\~~~-tlim~~~sit,rlnl. t 1113 limit cycle> weld 1~ a well- 
iinmvn n~uscv~~~~~u~‘~ ~[7] YAW tll~d tirigili Iv~~,ii:t*-. u~ist;~l,lc~. Siniv 
it is f~~rir-rliilit~n~ic,ll~~l~ it i-i rtvr~~~~~knl~lt~ that tlii-4 lil,liting set ih a 
r,iic~~tliiiic,lisi(,11(11 ol)Jwt~ iii :our (li:lwlliloi:il I ~llli..YP rpacr. 

‘f‘liis 1)~ lr~,,i, ,111’ ii; qlritra ,-lifkrml: frc~ni tll:it ~,f tills fir4 nrltl siv‘ 
onri ri~hc’, \vh(7P tllf, ~cl~Glihri!ml vallic, of tlic, P(‘;>ilriltiOll CilIl 1x2 
:~i1!(‘i~l~lt~‘Cl :+nil is Ili0t wnsitivi* to p:lritl!lf’:~‘lP. I:1 tliis i’aw. tlw I)<’ 
l.;t\,ic>ur is ;.~lmost !lil~~rl‘~li~~tilt,lt~, nnd the rlu~tilill :! r~p<wls str.or1,& 
01, tlu p~L”‘L”lf’?““. iuclr~~ling h a11d tlil~~‘~. Tllr, Illnlti-p(sriod fiscd 
points also tlrp~nd ou thcx initial conditions. ‘l\‘i, smnmi~rize tlir 
rc5Ttlts lmst~l rm n’ir moilt~l in ‘T;il>lc~ 2. 
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Figlwr 3: I,ulrli~iosity from multi-piwt,icle tracking for 
( Ii, I\-- ) = (2.3) as a huxct ion of I/,: Parallletc~r~: 
z~p==10.31’,0.312). r~,=m2GS. ~=(0.03,0.03). 

5 Multi-Particle Tracking 

TIW uw11rs prcswti~cl so far tlc~pwl t )n limbal- i~rltl/or nollliu(w 
r~ioticls. nhfw wc iguwr thf- lmssit~l~~ c11;1ug~ of the hram si7c-s n11;1 
ncnililit~;\r llo!i;<,c~lit iii-\.rl.tis.ill ~%itj)lili&. TV<> rrllh>V;e tllesc: I (‘htric- 
ticblls Iq cor~ipr~tcr aiuilll;ttioII. luirig thus multi-partirk tmcliiug 
I)~o~~‘z\IJ~ AB whi~~il is ill1 ~~tli~~)ti\ti~~~~ of tll<y sirnil:u pr<>gr:ull BB[S]. 
It frac,ks many I):wticlrs ill qmmetric~ collitlws. Thr rf~~.~lts fol, 
tiw l~ur~inosity in tlw c’asc: iii.,, A-) = (2. 3) iil’lf S~IORW in Fi,q. 3. 
Thr s,,*n I‘~‘si~lli,Il(‘<‘s at I;> + = 0.153, 0.4SS, 0.6’21 are the st,rouqest 
soI1rm9 <bf Flit- l~ullill~,sity w(lllctiinl. Tlw half-int,rgrul ant1 iilttb 
lpll re%~,1;il,rrs iI1 v;$ and tllrh fo!wl; 011l~r rc~lipling frwiiiin~~i 
Iat~tnwxl thea Ilorizoiir;~I :ln(l T,isrtic;ll t~iilcs r)f the> P+ twwu iiw ills0 
dMTVCd 

\\i* 11;1vfB ;t!so stl!<lic,(l tllca l!~~hii7iow 011 tilt% 7ulll 1‘~'SOllRIICt 1)) 
ililllti-~~~~~ti,.l~~ tr:ldiillg [5]. Lj’c filli1 tliat, tllc motion of the t,wO 
l~liric~lif~s i9 l~rk~vl oIl!(! tilt, 511111 I‘i’~~)llilllCt’ xl:lh thrct I,‘,,: i:. t*Xii<Ttlv 

~Yl.K’l to 1 - /I;> aiitl that ib ccmr-e~gc~s towards a limit cycle. 
TInIs. thc~ c~~lt~litati~~c~ rcsnlts ~~l,btitill~~~l in scc~tious 3 ;rurl -L i,r(’ 

~~culfiriuryl 1jy r!lrJti-imrtic.lr triKkiil&:. 111 ptrtic7llar, WC fiiICl tll8t: 
(i) tIu% l~t~lm’r.iolw listml itI Til!)Ir :! i,\ iwufr~~i~c~~l. (ii) in thr* i‘iti;~~~ 

?VjtlI S~~~IIlti~U~V~llS wparatioii, tile C-li;liig” of tlrc, l)(‘ilIll silc*s ill‘i’ 
ratlxr,r xuixi(tr so that, the ws\niil>tioll l1ittrl it. tlus mwlf\l is p1‘1 
miixil&~. 

periotl-ow fixed pbiiit Pit&fork bifurcation 

umlti period fixrd point 

Tahlr 2: C’l;tssifica.tion of spontaneous sqmrations and linc,ar in- 
st abilitiw. 

6 Discussion 

Asyxniwt~ric collidrrs ha.vr thr resouiulw rcgiuns in t,uilc cpce 
show~l ill Tab. 1. There, the hcanls au Tepnrated sponta~~cu~~sly. 
Anxmg these resoIIimws, tliv sunl resonaluxs arc the most tlNl- 
gerons. The multi-particle tracking results s11ow that they RI‘C 
the illain sowcc of the innGosity reduction. In addit,icm, tlw 
sum resonances are more and xnme closely spaced iii thr t,uw 

diagram for collitlers with larger and larget $m. The rcs- 
oniinces at integral and half-integral tunes iwe tlai~geroi~s but iiot 
tlensc* in tune space, nnd ran be avoided. Tlw r~sonanws at into,- 
gral and half-intc?gral supr t,lilies are weak. antI disappwr wfwn 
rtll l,linches in thr sanie Iwam have the SA~~KX l)opulation. 

These resonttllccs. in particulnr the sum rcwmm~es, pow a sc- 
vew restriction on the cli~ice of I<+ ant1 Ii-. becallsf, enough 

spaw in the tlulc diitgrani is ~mAxl for the operation of thfb 

ring>. Two criteria may INI applied, which but11 yield RII xxpper 
lixult on ii*: (i) If w’c requirr that the instai~ility region, i.e. the 
fraction of turw SI):IW nlwrc the largest absolute rigenvallw A 
escrerls units is Itot 1;q.y than 0.5, \ve fiiitl t,hat for Z = 0.03 

[li+,Ii-) = (1.1). (l.Zi. (1.3), (1?4), (1.5). jl,F), (2.3) 

art’ tier only iicccytal~k~ clioicw <if K * (ii) III nwql ccJli&rs, tlir 
t1.lllc~s havr io fw mltroll~d i-C-) IwtrcT t11nti t ll? iyIldllutron t111ic- 

l,, ill ol-clrr to avoid tliflicultics aisoc~ietrtl with s~ncllro-l,ct;1t~c)ll 

~‘~sio:~i~~rrs. If w r~ytiw tllilt tllta xllnl wiio11ilww tlo lic,t c;llw 
a furthc7 rr~lilctiori Of tllfr t~OlfTililW in thf> tllllf%. wP find 

Iii + Iif < I,;-’ 

Tilt, fo1111u <~ritt*rir~ll ii il.~lt;ill~~ li,qfif*ir tllii:i tll(s l;itt<*r.. 
I:ikhtiiis coil(~l~~~t 11rw11-hnln 1cs01mnw.1 ;\itli il fi~c~il-l)ai% b~‘b- 

tt.xu ii di%iic,lilt 10: two :‘i’woiih: (i) ‘T’llC c,i‘s \V1 Ii Viii*’ is r<~l;~ti\-~~l:i 

I;II~c‘ (41. si) I,llat tlita j2iiin iii tlw fw!l-lm~~l; .\>‘5tl7il ~icwl<~tl is ;rl<r) 
lal~g:t’. iii 1 Tll(i 511111 rl’iOIliilll’<’ l~‘iltl> to IUll’1 ulict;ll)!<T IllCbti011. It 

u:il; nli:lw tlic, ,li$,n 8,f tlii, f(Ttl-IKtC’li syhtc'!lli Imm diffic,lil!. 
Thew <lilfi<~rlltit~s (‘zlu 1~. lv+t ;ivoil-icytl lb!- ~~lt~ii-iiiug (li, I<.. ! .- 

Il. 1 ). i.ii. 1)~ i~~iil;i~i,g thr, c,irc-l:irlf(,rl~lI~.rs of tllcx tu7) r!~i!q i~lwit ic.;il. 
I:1 ttii; CilbC, tlit, lwiull-l~~~i~lll rfft,<,t ~Yb111)1(“5 (,;I\,11 I ~1111(.11 in (,II(* rilq 
to o:iiy t)nt’ II~II~I iu t:iis othc‘r. rin&% t‘\~‘il if tllcl~ is :I large, l)LlI 

rYp”l uil~ulw~ of lil111i,11< “i in I>c&it ringh. :III~I titi~ii~ is 01115. r,fi(’ 
Slllll I‘csolI~,lIc<‘, at I’+ -1 I’- 2 illtr*gc~r.. vv~lli~~ll is cvsily i:~;c?i<l~~rl 1,” 
2x1 :il)~)rol~riiitc~ ~.l~~Gct~ (if tl1(, tilrii,i: i/i 
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