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Summary 
‘I’lli- cncrgy resol~Ition of a T,El’ cxperiIllr~tIl c.olIltl l)e consider- 

ill,ly rllllall(.c~I l,y I1,C<~,lS 01 a l11olIoclll~ollli\jo1. IIIw1~l1011. 7’111W~ 

SC~II;~II~CY Ivork I)y iIl(,lotlucillg opposilc c~orrel;~l ioIls lwi ween CII- 

orgy aII(l vertical posiliuu of parlirlcs al l II<> iIIlerac( ion poinl. 

(II’) iii Mach of llI~ c<,lliding l)eanIs, 111 co118~Y~11v11cc, nurl tlcspilr 

111~ li~i~iiaiiol~s iril 0tIr nl)ility to retlricc 1lIc ilnll~r;11 ellc’rgy ~pre;l(l 
in lhc Iwanrs, tlie spr~~ad in c,enlre-of-rlla<b eliergics aif (he inler- 

nc.1 ions xvc~~Il,l lw consitlerably recluced. f\‘(s explain wily I,F:I’ 

;,~)p~~ai’s to Iw l.lrc first rlrclr~~~i-J~osil ro11 ~ir~rage ring at, wliic-II 

1110st of tlic ol~slnclcs to lhr rta.lisa~.itrn of iilch iI schc>IIIc can lw 

O~~~I‘COIIIC. hlot~~~rr, 1.11~ size of (he maclIi tI(\ gives us the opl ion 

of rcj)litcill,~ the elect roslnt ic q~~~adrrll)ole~ colisitl~~wl ill l)re!~iolts 

~1t~1~10cli1 01riator tlesigms l)y RI-‘-tnag~~c~l ic cjt~a~lrllpolcs. Our {I<>- 

lailml tlesigir iw~iiircs a tl011l~lrt of either kill(l of (1~1 ice on rithcl 
siclc> of tllc 1 I’, elttails tllirlilnal (list urlmnce 10 I.Ile Inyolll. of ol.llCl 

l~;~r~l~va~~ niitl nllo~vs (II{> nor11m1 1.151’ opt ice lo Iw rcs~c~rctl will1 

ca’c. \\‘e cvalI~ili~* (II<, lilltits to its J”‘rf~“‘ttl;ltl(.(~, giving sprc~inl 

alIi*~tIiol~ (0 111~ g(*nftralion of vcrlicnl rtt~il~ai~w l)y c~~~al~~lll~l cx- 

cilalion of c011plml IwtalroII oscil(alion c iI I IIC Il~oI~oclI~on~nloI 

iliirrl ions. 

1 Introduction 

‘1’11~ 1,El’ Innrhine under coIIsl,rrldion a( (‘FRN will provide 

~+i- collisions wit,11 high lunlirlosity focusswl 011 a narrow rc$oii 

of the parliclc mass spedrum. At. the Z(, pdr (2 x 46.5 GrV), 

for example, the inarhinr can be operatrrl in sricll a way [l] that. 

tlic r.1n.s. sprea(l in cent rr-of-mass energies of t.hc irlkractions 

is rT,,, = 52 Me\’ .a~~tl practically the full Irinlinosily is olf.ained. 

Ncvc~rthelrss, if this energy resolution coI11tl Ije ilnproved sl,ill 
fnr(lbcr, (hc answers lo more physics qucslions [a] could be wi(.hiii 

rcacll. As a further lwnus, the runiiirig I.iiiir, ~iretlrtl to obl.ain 

other rcslllts collltl Ix reducctl. 
n’ith R tIornla.1 low-/? insertion, such as iI the nomid J,EJ’ 

up(ics [3], (T,,, is tlrtermined by 1 he energy spread, cc in the 

ImIlls almut ~.hirh lit (Jr can 1,~ done Iw~ond changing thr 

tlnttlpilig partition nltlulwr, J,, in a. range 11n~itrtl I)$ the con- 

coiiii(anf. incrrasr of enlittance. The principles of various iti- 

tr*I~rclalcd schrme5 [4,5,F] for improving thcs <if uation have l>rcn 

known for rnally years Ijut have not yet. Iwen 1,111 ir1t.o practice. 

Tn most previous st,utlirs (i6] is an cxw1~tiou) it was forlntl t.Jtat 

constraink of space, machine opt its and hardware made the po- 

t.ential rcduct.ions of ~7,,, seem barely worth\vllile. We shall SIIOW 

1.ha.t. t,his is not. t,hc case for LEE. 

2 Energy resolution and beam parameters 
J)vnote ille phnsr spare coortlina(es of pnrl ic.lrs in rach IxaIn 
l,,v x = (X,1’=, ?/,&, 2, E ) where 7 = rLi + I,~E and y = yi;l + Y~~C 

iti-c t.Jie radial imtl vclrtical displacemrnlz frown l.hc closed orbit., 

E = (Z? - I’T~)/S, is t.hr cuergy dcvia.tiou antI pl, py and t are 

appropriate conjugate va.rial>lrs; 71 tlcno(cs dispersion functions. 

I’:\*rr~ under 1.11c influence of t.hr IW~III-I,MIII effect. t,hr padi- 

clcs in n t,irnrli are tlist.ril,nf.rd according I0 ii phase space tlin- 
(rilrulion which is wt,ll-al,l”o”iIllatetl I)y a gaI1wia.n [8] in Ihc 
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norinal ~notle vnrialdcs. At the II’, it may l>r wrill.en 

j*(I’dyI z) 

jJX) = (2”)3/%TfB”&T~ rxr’ 
i 

(z - ‘I:+ (II - +I2 _ 2 

2fl$ 2u;112 2a,2 I 

wl~ere qtlantitirs rcfcrring t.o the JJ’ are “~larrrtl” n11t1 posilroI~ 

antI c~lcctron l,r~nchc~s are dist.inguishrtl will1 ~IiI)scripts + or -. 

‘J’llc tleI.nils of ,?+ arc of II(~ wnwrn hew IIO(V lhal j* is nor- 

nialised lo unity. 
For any function ,4(X+,X-) (possil,lg tlelwn~ling on varial,lw 

of particles fi-oln l~ot11 I~unclIrs). clrfinc nvcra!zrs over the tlistri- 

bu(ion functions of lhe I~~~nc~l~rs at the II’s as 

w* = 1 f*(X*buX+, x-)dX*, (~1)~ = ((d)+)-. (I) 

~J’hc~n onr nlay evalllatt thct rorrrlirtiorl f\IIIcl ia)lIs of l)osi( ion and 

energy tleviaiion 

(2%)” = g*uj, jr&)* = t,;*up. (2) 
Iii (cr111s of the n~IiIIl~crs of pni~ticks iit (~a(.11 I)\lnclI, ,V*, (he 
niiiiilwr of I)IIII(.~IPS, kb. and the rtvollll ion frq~leIIry jD> the 

IlrrlliIlosit~ is 

c = kr,jo/V+N_ (6(.r+ - .L)h(.y+ - ye,)*. (:I) 

T\‘l~eIi a posit,ron with energy deviation c+ wllitles with an elm- 

(.ron of energy deviation Em. the rentrc~-0FIImss energy is 

‘?,‘= ?ir(E+,E-) !%r 2l!!“~Gq/GF “- /C,,(2 + E+ + EL) 

and the cfiffewrltinl lrlminosily [5.6,9] 01’ ltilliitlosify per unit 

centr~:-of-mass energy is 

A(w) = k(,joN+/V- (lqa, - :t-_)lqy+ - T/-)8 (II’ - lb(E+,E-)))* 

(4) 
<‘Iearly, I, = &;“A(u~)fft~:, and 11% has a gaussinil clislril~utioll 

aImlIt, t.hr mean 2E0 with standard (leviat ioIi (r,, given ljy 

g2 = L-1 11, I 
1’ u?A(w) rllf~ - I I:‘;. (5) .” 

Normal optics 

Jn this case, which we Lx-cat for rcfrwncc-, I)c11 II dispcmion func- 

t ions vauish at. i he II’: yf* = 7);,. = 0 ancl (2) ~IIOWS thaf thcrr is 

no corrcMion between the energy of a. par( iclc and its JlositCon 

in space when hrl~iches collide; (3) and (I) take the canonical 

values 
I = I 
, -” 

= kbjON+N- 

4M,&I 

where T,,, = fi ST, Eo. 

Monochromator optics 

A ~~ionorhrotiiat~or srlicme retlures V,,, \vitlloui reducing 6,. ‘Jb 
arliicve 1 his, oppusilc correlations l,r(u3~c11 spatial posit,ion and 

energy arc intlnrrtl in (he colliding I)ealus. II, Iwalu-oplirs terms, 

l.his rq”ires vcrtiral dispersion fnnc(ionh, of opposite signs for 
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4 Vertical emittance 

‘I’hc Iltniinosily arid X ohfainable tlcpcnd cril ically upon the ver- 

tical rinittnnce. An inipor(.atlt cont,ril)tt(iott to lhis is grttcralrtl 
1~4’ quantlliit cxritation in (.hc dipoles of 1.11(> Ilisprrsion suppres- 

sor (lJrtR.fwl SQl and 3.~2) ii1111 this ~itftfto1 IW cidc-ula.t.rtl in 

ni111p1c analogy with the faini1ia.r rf~sul~~s for (lie radial plane. 

<‘ortsidrr the etttissiott of a single pho(011 of c’llergy u al a poin(. 

s (Pig. I) in OIIC of Ihcsr dipoles, exciliiig a. ratlial betatrott 

oscillation wiih coittl~onettts x&?(s) = (I/~u crtlj = rpo (czC N 
t/t.). ‘I’t~yntitrg tlicl rcgiotl betwcc~n SQI atl<l SQ2 as an nttcouplcd 

(rancfer lint, this oscillatiott propagaics 10 (,IIc cr~t,rance of SQI 

(Inl)cllctl i) according to a 2 x 2 t~rnrisfrr matrix A,f,(i,s). (We 
arc 0f COII~SP frrc 10 esprcss ,lf, in ICI.I~IS d (11r 0pl iral f1tw1 ions 
of t IIC IIII~I~~~ ntnrhitte.) At lhc exit d SQl 1.h~ oscillnt~ion 

lias arq”ircd n vertical rotnponcnl 

y,i(o) = Q&=+(4 = 4?,,.1lf,.r7, (15) 

whcrr Qyx is i hr np1~ropriat.c: off-diagonal 2 x 2 hlork of the 4 x 4 

transfer matrix of SQI. in t,hiii-lrns al’l)r”xitiilitiOii 

Qv = (Iif,,, :> (16) 
lit (PI.IIIE of (IIC ~tnco~~l~lctl olbtirs, (lie l~(iiI roii invnrintil is then 

7-(l) = Y;~4L(~~Y:i(~j, I’,(o) = (a:!;\ ;$j) (17) 

~‘otl~l~irting (I 5) and (I$) i\tld then averaging over all possil,lc 

pli~~lorl c~triissi~)ris, we fintl Ilic, expeclaliott ~a111c of the emit I.attce 

grc,wfll in a single pilSS:“gC of tilt, I~~otl~t~llI.oll~il~ol 

AH, = .I’ ’ / ( 2) A (5) 1, T)? 111~&~1,I‘,(o)Q,,.,,\I,.r)rls/c, (18) 

~vllcrt~ ‘V(S) is lllc local photutt cbniissiott ra(c. 

Well-known nrg~~tt~(~nl.s [l l] can be invoked lo illcorporate (he 
c011 rt(cr-effect of racliation tlntnpittg and il follows that the verti- 

cnl crttit,tancc tlrtc 10 qtta.tilutn txcitatioti ill 1 hc, inc,norttromalor 

iil\crI ions is 

(19) 
\vhere thr rtotaliotis a[r all standad [12] c~sc~~j)l that. ISyr is given 

l)y replacing IV(S) (u”) l)y IG(s)“I in (18); Itr~re G’ = I/p, is thr 
4calf~~l tlipolf~ sl rengt h. Ont, tnltst also nlult il)ly l)y 2iV,, where 
:li,,, is fhc nllnll)cr of unortorlrrotllatc,~s i~~slallc~l. tixplicitly, one 
filld’ 

I.svr = 2.vnrih’t I~~)‘/?,(o)/~.,.(i) .I’ lGl’{ 2 (ro,s t/T + ftr sin 1/‘)’ 

+-qr& sin f/J (co5 $’ + 0, siil 9) + <,:/IX sin’ ql 
1 

ds (20) 

tvli(%re al1 quantities iIt tlie ittlegrattd arc‘ (0 IW c~valrta(ed at (.II(~ 
poi111 s and $ is t,hc horizontal phase ~~lvi~~~~~~~ frotri R to SQI. 

At first sigltt one tttigltt i~lso cspc~cl. a ~ott~~.il~ution from I.hc 
diagonal I)lock Q,, of the skew quadrttpl~~ IIMI rix I,ccause a 
I)ctal rott oscillatiott is generated itI the vcr( ical plane. This is at 
t IIC root of art es(inlalr by false nt~alog~~ \vitll 111~ radial pIa.ne. 

III filCI this hc~laI.ron oscillnlion Itl~lic~S 110 c.oiilril~rttiott 1.0 tug, 
Sitlcc 1 h~*re arc no v<srl ical I)cnds the nl~trlrifc vertical trajectory 

of (ltc pai‘liclc iq iincltattged (neglecting ~irlall chrotita.l.ir effect,s) 

ntl(l 1 IIC clisp‘rsive pltas(‘mnli.xirtg rfqltirml (0 produm etnittnttce 

(Ions not take place! 

I’)valllating (10) anti (20) f or 111~ It~oi~oc~l~l~o~~~;ttor inserl,ion 
1)) Iltlttti~rical ittlc>gra(ion o\‘er Ihc~ 6 (lilmlm of I IIV dispersion 
~~~p~~wss.or aittl tlsitlg Tal)lr 2. we fiocl 

< 1,9 = 5.32 x lo-“N,,l n-Ill. (21) 

intleper~rlcnt,ly of &:,. For 1.1~~ t0ta.l vetdiral c~ttrit.t~anc~e, we inclutle 

A cont.ril,ut~ion front residual rmplittg (duct (0 errors clc.) 

cyc = CY’, + h?f,,, ii = 0.1. (22) 

Siticr c,, 3: Ei, the coupling contrilnttiott will tlOltlill~~t~ a.1. high 

etioitgh ettergy. 

5 Performance 
To avoi(l it co~nplicatc~tl opiinlicatiori of ~)i1r:?IllPlCI.S, we a’slltne 

Ihat fhr hrn1r1,s RI’C .scparafctf in tlrosc II’5 rrifl1orrf rtlorlorhro- 

ittnfors. Then (II? cant ribiltion of 17; to tlict Iwnni height h, tlom- 

inates over the Lrtalrott sixc and (!i) ~110~~~ (Itat IT,, is essentially 

intlc~l~entleni of gr and is tnittit~iised by tttittiliiising cyc. Arcor& 

iitaly, we ttsc the Itigh tuttc (WY phase ad\.aItcc per arc cell) of 

the 1,RP lat ticc and set, the damping par(.iI.ioli iiunilwr .T, = O.S. 
Sinw h, is incrmsrd lhc wr,erity of verfic;,/ /warn-bram rffeci.5 

‘I’&le 4: Pcrforlnancr of J,EP with 2 tnottocltromators 

is rrtfurrd as flq, Illfl,Sl /Jr [In] if f/ IC rttortoc~t~otrlalicify is not 

lo br Id. One *nay ruti itt il rrginte where ti~)rttial Irtttiinosily is 

rctli~crtl by a fnctoi N X and there is lit tie I~eatii-ljratn blow-up. 

I:innl results for J,ICP wil.11 2 ntottorl~rot~tal.o~s installrd arc 
given itt Table 4. Thr vertical aprrt.urcb liuiifa.tiou [9] would 

occur in t.he quadrupole QS4 where the acrepba.nce is 33 mtn. 

The values of h, at, QS4 (wiih full coupling) show that the beam 
is still coinfortnhly accoiniiiotlated. 

If the lwniris are allowrtl t.0 rollitlr a.l (Ire r)tltcbr intcract~ion 
points. we expect, a. drgrada(.ion of X and r,,. lq at least a factor 

of 2. 
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il1r Iwo lmlll~. to lw crCat?d at ttw II’. HPc~nllsc fl$j = a< 

nf,; it is ~110~~ efficirnf to tlo lltis itt lltc vcr(icitl pl;~ttc. Ill addition 

wf (ITR~ a horizonlal di~l)rrsiou (possii)l>- (111c> lo rrrors) wliidl 

is tlic sa11w for IwIll lwarlts: 

?I,;+ = + I,:- = II:* ‘I,+ = -II* j, = 11;. (8) 

T’:v;tlltnling (3) anal (6) givw 

wliilr (4) i\tlfl (7) give 

;I( w) = A 0 ( 2 I;.‘” ) -.,,<~xiJ{ - ($ + I,) !$gg}. II()) 

\i 
1.u 

Cl? 

A(ZfCfl) = A(](‘tFO) 

d-- ,+ll::‘Jj‘ TY/3z 
(‘1) 

j., lllrl cliff~~fc~~lii~l 111111i1rosit.y al tllr ccnt~f‘c~f the> tlislril~~rl.iolt ill 

WII~ rc~-or-rrlass t,ttcrgiw is IYY~UW~I by t h e radial clibjwrsion wllilc 
tllc staIj(lar(I (Irviation of II’ i’; r(dllc(Yl l)y vit,lltc of llt(, vt-Vti*“al 

(lispcrsioll only: 

J;z I&n, 
IT,,, = *2 2 

r- 
, + I!+ 

ff6L 

(12) 

‘I lli’: cIfrf1 is q~iat~l.ific*rl l)y tlcfiltiltg I II 1’ ~~rrll;,rrc~r~lllc’rl/ of PIICI’gJ 

rcwlnl ion 

Jz IT, I:‘” 
x=---= 

,f:T& 

fl,,, r------ - 

, r L-i’. 
n1 (13) 

g 4 

‘l‘llrre is no corwlatiorl IIctwWtl Ii’ and 1.11~~ r,cbriicaI posil iolt of 

tltc itttrraction vc%rtex. The horizontal tlislwrsiolt IIIRY Itell’ (‘X- 

lwrllncnlrrs I)y corwlating 2( ) rvith tltrx position of tI(e ittt.pracbiotl 

vrrtex p]. 
l)islwrsior~s <vhiclt at-f oplwsite at t Ilcs I I’ ~~ItlIilIt(.C energy l’CS- 

01111 ion \*;itItottt tlctrimcnt t.0 A while clislwr~iotts which ItaW fllP 

sa111p sign Jcgr;ltjr lmth difffrcnlinl anti ioial Irtrrlinositim. In 

eilltcbr caw, total lutninosity for the Satllt‘ IWlllll IlItcrlsltIrs IS ‘. 
SOIIIPW~IR~ rrtlllced 

3 Monochromator optics 

‘1’0 prod~~cr 0pposit.r tlisl)crsions for t ltc II\-0 lwil~~ts, tlcviccs cx- 

rrt itlg oppositr forces Ott the clcctrtrt~s anal posilrorts itrt rc- 

(lltir,>(l. ~\‘e follow tllc princjplc [6.7] of It<iltg a skrw clrctrost.atic 

cl~~;dr~ip~lc (SQ2) in (lit dispkott ,s,t1~]~twsur 4.0 gertcrnk 7jy 

fro111 11,~; sfe Fig. I, A wcontl sltrlr qlla~lrltl)olc (SCJI) is ItstY 10 

arc disprrsion supl)ressor , .‘I{ 1:” and low-p 

- SQ2 - dipolc - .. +Z\------+ 

t t + t t 

i, s i 0 IP 

IJignre 1 : Schcnmt ic Inyont of utolloc~llrolrlat~~r 

11tt11,j the hchlron cotll)littg crt~atrtl I)y lhc first. The scheme irti- 

paws very st.rittgrltt, corttliliolts 011 tltf, Iwtalrtrtt pha.sr advanws. 

ITI ~ltin-lc~~~s al’l)t,(~.YitttaIiolr, tltc, intcgratr~cl ~IWI~~:(~S of thr skr\v 

c~rta~lr~~l~~~l~s arc‘ wlafctl I)y 

K,L,J~ = -li~~qJX& (IfI) 

and 71; tlrpentls 011 tttc initial qz 

I),; = J@q?& = Jjpqih.2 bvr? 

,A vrrt.iral tlislwrsion cxisls only irt the inwrlioo ancl tttcrc is 110 

c.or~~~ling bclaerrt \,erfiritl and radial hcfitfrort 1110drs it1 t ttc rest 

of the machinr. 
‘I’lic authors linvc ntatlr a variety of colrll)lc(c retiial,chiltgs of 

the l,EP insfbrtions which satisfy all thr tllorlocltrolrlator contli- 

I ions id the most. ilnportant co11stra.ittls ~tot~rnally imposed on 
t ltc dispersion s;upptY5sor ant1 lam-/? inscrl ioIls. One sltctl so- 

lution [?I] is sitn~~nariwtl in Tablr I I)isrirl)l iuii of tltc ttorinal 

la1 t,ice layottt Iras 11cc11 Ininimisrd in I hat t lte1.c’ art It0 clt;lIlgcs 
of tlic gwntct ry and 110 ntagntt ncwl IIr tlw\ ccl ot’ IIavc its po\V 

crittg cllnnged. ‘Tltprc is tllorcfow no tliflicltlly in rrvcrting I,0 

111~ itorlnal on(,ics. 

11.7 I’# 
I;l~~ttlrtlt. /aI /27r ft 

FJrJji:‘F. 

‘~~~~ 

Table 1: Mono~ltrolttnlor optics for l,Ia:l’ at 45 (:c,V 

11. proved possil)lc to tiiat~~lt 1 hc% t~toito~~l~~~ott~al~~r L-cry wc~ll lo 
tllr rmt. of the machine. ‘I’ltis is a conwqit~*l~~~~ of t 11(x ntodulnr iia- 
turns of the I,EP inwrtiotts (whcrr t.hr fttucl iolw of r.“. tltc IoH’-/? 

~rttl disparsion sttpprcs.sion sections arc ’ ndbic~\ccl q111(e irtclepcrt- 
tlrr~il~) ~IIE relativrly largr rti~rr~t)cr of ~n~lcl~~~ndrtll quatlrttpolr 
fairiilirs ant1 tltr availal)ilily of spncck for l11c c~l~~cl.rosta1ic quads. 

Stilallcr lttacltincs [5,f?37] do Itol cbttjtry ttlc*w ;rtlv;~tllagc~s. 

Installation and hardware 

H4~alistic~ paranwtrr~ for illaxitlllllll cfTtv~1. (lilblilwl 1)s SCJZ) \vit,ll 
c~lwtrostalir c~rlatlri~~~oIf3 arc givrlll in ‘I’al)lr 2. 

____- 
pdr *potcttt in-1 

~-- XI”0-- 

radiii /kV /n-*Gr\’ 

sq1 ‘2 x 5 5 (‘Lll 53.G 

SQ2 5 3 c-111 75 
__. 

‘Ibl)lr 2: Liinitiltg pramctcrs of flc,ct r~bt;~lic q~~adrupoles 

Since a vertical clislwrsiort in t It? 13 I: (‘it\ il if’ ~voltld lead tu 

severe ,~,vIICJIrO-I)f~tatron wsonancc C~fTcTls. tlrotlocllt.olllator in- 
wrtiom cannot I)r in4allrtl in the 2 st raighl wrl ions which cow 

la111 RF in Phase 1 [:!I. II olvrvrr I,EP ittiglil I)<> I)rottglrt rrp to 
71: E 180 C;c\’ with .‘;rll)Cr”“L(IIt(.(illC: 111: Illcw~ illwrliuus [IO], 

Iraviug 111~ ot.hrr Lwo Ircw for ttlullo~ltrottli~lc,I.s. 

Another harclwarr option which ib olwtt lo l,I~:l’ ii lo ttw 13 F 

tllagrtct.ic q~~adrttlwlcs; tlte fwcltt0l~dc+ au- cl~owtt 50 tllaf tltc 

fields llavr opposifc signs whctt l)IittcItc5 of ol)l)oiiIIg llc~nrns go 114’. 

Tllr ring is so large I11al. Lllcb frcq~tcnrics IIcw IrYl arc low t,lloUgll 

‘I‘nl)le 3: Solul,ions wilt1 RF Ittagnct ic cluaclrup0lcs 

for (lirrc to be litllp tlificully in coristrlictillg sliital)lc Ilartlsvarc. 
‘raljlc 3 givrs SOIII~ possible harltlorlic 1111111l)(*rs (pwscrving l,llct 
pwsil~ility of 4-l~l111ch operation), frcqilenc.i(,s anti frarl ions of 

t ttc peak gradif~rlt Ii,,,,, ax:ailnl)le IO act 01t 111~ parliclts as t,lIPj 

pass [!‘]. 

Slich quaclrlipolrs co11lcl 11c Illtill ;IIICI 1)roc11t(.(’ ficltls of t.ltt, 

oulrr of 500 gaits ;tltliottgl~ il tlclnilctl cup,ilrwrittg st tl(ly is still 

rr(lllirftl to conlparr ttlc~111 with tht c~lrctrc~~latic‘ clcvirrs. 
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