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Transverse Tails and Higher Order Moments*
\V. I,. SPEN('E, F.-,I. l)l.:cK_:I{ and N1. I), \VoooI,EY

,qlaT_ford Llncar Accchralor ('chi(r, 5'Ian ford l'niv, rsltg, 5'laT_for,l, California 9,[,°?()9 U.N.,,I.

Tlw tails that may I_e engez_dcred in a ])Call]'S I ransv,:rse 1- -si,,(a_,,)((_':_>_,-:_(.:'x'>,,)
phase, sr, ace distril.:ution I% c.g., intrabunch wakefi4(ls .1

lic and ol_jecl, of tuning in linear colli,lcr:;. \\'ire scanners +
or l-,hosplmrcscent screen inOl;ilors yMd om_ dimcnsiollal

a .,.i,,(_¢) ((,' :'projected spalial proliles of su('h beaIns t,lIat are gcricrically + _ >o + ( a'ex )0) (5)asymmetric around their centroids, and therefore require

Cllaracterization by the t,Iiil'd nloment (x3> in ad(tilion to Tl_e second, l"ouricr series expressioll, sllows l,l_at tirst and
the convcntiolla! nman-sqllare or second naoment. A set third /3-Iron harnlollics enter.
of rneasurenlen!s spread cw,'r '_ufl'icient please advance tlwn

to be deduced .....the natural exlenslon of the well.-kllown
'emittance measurement." trcat,nent of sccond moIn:',lts. (X3> + (;i'X'e> = r si,, * (6)

'rh,:,'o,,r,liir,l,,,o,,1,,,,,s,n:,:'I,,,u_¢r,,ll:"d_om,,os,;,Zi,l,o <,:,3>+ (_1,_,>= _,,._, (7)
parts rotating in phase space al l]_e 3-Iron fre,lUoncy and
at its lhird harmonic, each Sl,eciflcd I_y a plJast.-advallCe- trallsfOrll-i analogously Io (a,,.), t.c., qJ -- q_ + _'(, along
itlvariald, alnplil.ude and a l_lJasc. _l'h%v provide a fra_lm- file beamline a_d r >_ 0 is invarial_I. '['l,," co,_l,l,qnontary

work for lho analysis al,d tlllling t,f tl-;iiisvorse, wak,'fi,.l(l linear conll,illations

,,,il._. (,.:'>- 3(_,a:"-'>= -_.<,, + (si
x'a' > _."cos (b (9)Third l_A(,lllOll{S </113> _. 3< " ' -"

The totally sy_ni,,_.,ric te,isor of tl_ir(l tt,o_,wnts (a',a'a.ek) ro/ale at tltrce lib,ms ll,e nort_,al pl_;t.se a,lvanc,,, t.c., _1,--,
(i = 1 .... ,d, I]_,, IlU_,_l-q' ,ff ldtas,' Sl,ace dilt_,,l>i,ms) _l_4-3'._Nff, along tl_,: t,r'an_liIle, wil]_ tc > () iltvarianl.

evolves in a li_,,'ar l,,,an_lit_e [1] witlt _ral_Sfl,r _t_alrix I¢ "l'lwre are _o %'_plo('tic il_varia_tts (like e_liilance) for
according 1o od,l-order mo_l_,.nl.s, hul l ltOl.e at,' us,.flll l]_a.se-atlvanco-

i_variants (t.c., invariants wiil_ roslec't to tit,, rc_tatiorla]

(a'_xjart:)---. l?,,,t?ja,l¢t._.,(x_,a'a,a't., ) (1) sub-groul) of l.]_e full sy_l,lc('lic grOlll,), al_alogous to

,, ,_ a', and are in corresp,n_dencc with t.ll_, irr,,dt_cil,l,* r,'l_r,.soI_tatiol_s
of the rolalic, n groul_ #0(2) co_lail_r.(I iI_ l]_e I_l(,l_Onl.s lon-

(.ri[r2d'k) --- C),i,C)jj'(_)kk, (a'i,d'j,d'l,.,} (2) sot,

wlwr(_ O is a 2 x 2 rot;ll.ioll Ill;til'iX. Tlw COl-nponelll.s ('ali t.lten l)¢. lmral_,.l.(.rize,l

l,,,:l:.,twol,l,as_' SlmCe (li,n,'nsio,,s (xia, ja:a.> l,as .l-co,,,I,O,,e,,ts. (a .3> - __r sin _ - aml sil, _ (10)

, ., 1 1

<,.:'>,(_.,:"-'>,(_-':'>.(.,.-',> (ai <_.a:'->= a_.<,,¢ + a,,._,,+ (,_)

and sutt'icient 1o dc, erl,,ine 11,,, fot,r i,,d,'l,,'nde,,t co,ni,o- (a":4> = a r cos @ + _,,-cosq, (12)
n(mls ()i:i'2a._,.>o at so_,_, r-f,.r,._c_, poi,_t ,l,.fi_,.d ;,s I,.illg

1 1

( ' : : ' > = C_)_:'( Z _ r' ' ) ('':' >,, + :_ ('_'_( _ _'' )_ i'' _ (_ '. / ' ) (''.''' _ >,, I 1

+ si,l:_(A_ !') (,":'), 4-3 si,,(At',),:',,s='(A(,)(x "ca,'>(, (.t)

: -_-,.,_:___,)((,.:'>,,-:_(a._"-'>,,) -:_,;_,-t:('':'> /]4,t
., ] d

(x'.,,') = :i ,-],-7(a':') ( 15
• \Vork SUlq_orl(,_] [,v the ]),'p;tl'|lllelt{ of ['_ll_,rgy, ('ol({fil(t

I)[':-A('I)3-7t;S]"i / .515. anal()IU_tlS lc) 1]1,, .)n,I Ill()lll('lll i',,];tl i.t_ (a'a"> = r,

Contributed to the Panicle Accelerator _o,_,_,,z,,¢_........... "_*",_v.,a_, _tl,._l..; ...... rv" l_a_ ,, 1"/_on.---, IQQ1.._

_,., _,:_, _l_, 'f' , ,. ,,_,e,d,a _."a,• :_.,_,,,t,_ g '- £}if{;'T'.,:!,t-_U!-!Of4 GW "r_..a{¢ __.C)Ci Jf,:'irf!',]T I,q. UNI.._IM!TED



J ,

Saml)lin_ tlm c,l,s(.rvabl,, A_ylm_l_,tric Gmlssiall-like Fllllcii(m

(,2'al 3 1 A .'-,illiph:_an(l ils('l'ul 1.'anl l)rotil, , ti(i.illg t'lllJCli()ll call }),.= -r si,_(.50 + q_) - -J,si,,(:_;AC-)- 4,) (Irl) c(aIlstrxlclo_t hy all,>wing _ll,, wi,l_l_ (,f :x (;;_lssi:x,i fi,n,'_i,>ll
;jal'-' 4 .I to I),.. _lifI','rent oil ill<' ri/lht, fr,)iil ,)Ii _li,, l,'fl

at ai. I(.ast ,1 at',I>r,>i)ria(,' l)lla_('s tile, li Illakc's I,Ossil)l,' lhc' tri. -=:m,(1 - F), a'_<= a",(1+ L') (IS)
,t(.ter,_inalion <.,f(1_,' _wc, inx'arianls a_l iwo t-,l_as,'s Ileal.
are c,q_livalo_( 1o l.:ncvvi_g 11_(,1 i_d,,pcnde_t n_(>_,_,mlsat (ct!. + tri?)2 -_ (TIl (tS fOl" ;I (.'SVIIIIlI_"II'i(') (;;tllS_i;tll, ;tli(]

"........",n_nc.irv(,T/,,- _-.)/(,-rh,+ _].)---1-'i._l',(_Ind,"d'a point. ".... - -
-i < 1:.'< I. l:ilting (l"ig. I)to 11),:Ii;(.'.l>ara_('t,"r fl_nct.icm

A 'sin_l,h'" asy,,,,_,,tric l,l_as(" si>aco tail is cl_aract('riz,,(l as (inclu,ling a l)acl,:grou_id off._(.l)
havi_g,I(l_ird_,v._,n,.:.I_tsv,i(l_the l,r(q>,':'rtytl_a((h(.reis

(;m(:cmsly (,:)/. 'r,). 'II ' rot ai i<>)_can l>ecl_osens,,<'l_ tl_a( (l_e f(.r) = A + B,'×I) -2 C'(I +sg,_(,r- D) I-.') (19)
,ion-va,)i.-,l)i,)g ,,,__,,_..",,;is (._:,a), an_l (.Ilo associa(ed l,oam-

fill(:' [)II'IS(' I'(?_;ll'(l('(I _,s ,-III ('Ii'('ctivo I)]i{,so /.ll.. _A'IIicII I.]l(" sk0v,,' vi(']ds ((,..T- <.,u>) 3) -- _ [l JF-( I(._._ __ _)[L'2] [L'(,':,3.or a.,y)-nm(:_tric )ail originato_l in an i)np,,lse or kick. In i,)- "
varia_l tor_n_ a "sil_l)l(" tail l_as I-,"- 7 and sonw I,l)as(' Phenomonolc)gy of 'IYansve.rse Wrakefi(d(1 Tails
wl_('r_"(I) = • = (), J.('.. <I)-- 3q_ (moduh_ 2,-T).

In the case of wakefields (lw asy_l_(:.lry arises fi'ou_ (h("
Xlor(' g(,l_,'ra]ly il is useful to id(q_(ify a 'I)ri_cilml facL thai kicks are lor_gil)_dil_ally (litl',>r(._)lial. i.(.. A.H_.=

axis" l)l)ase 1) at. which (a,'a) is maximized, and ',or, ce (c'2/E)fdAL, olI't(:"- ro)(./',,,-,_), v,'l)er(, rh(' i_))lmlsix',,
(.r2."'-')_,- 0 II,(" rnagnii.'ud,' of the ('/':_)r' a,,(.l (a"-'a"), < l_,::,i,,(dipol(" v,';,k,'fi('l¢l II'_L(..Xr)(Iol',<',,(ls c>,, 11,o lone, it,,,li-
!d" 3 , .x }_, ))_o),)(.,_Is (I_o)) ,)_,.as_Ir(,s l)ow si,ni>h" tl_,:' fail is. _al coordinai,, dill',.r,,I_('e '.57. '_, is il_,. I)_,_,'I) l_<)l>ulatio,l.

l.,,r a ".'<i,,_l,h'"t.'.,il (.r':_)p -- _ = r. I..' rh," t)eam ,-.,_,','._,..a,,,l £ (1,(' ...:t,'_<:(,_,'(.,)ft'._,,t. A 'sin_l>l('"
(ail corrospo)ld> l,.:)a si_g;lo i,l,l),llsiv,' ,.x,'itati,.>)_ <>rs(.rl(,_

I_ .1-,li_n<._i,)n;_l l',l_asc'._pac(, (i_,'r("arc 1'2 a<l,liti,)),;,I )}_ir,t (,f t_ul(it,l," ,,xcitali(,l_s tl,;,1 at,. s_lfli,'i(.l_(l',, v,',,ak ll_a(. I;,.-
),;,:,,,_,.))ts ((._.'-'!/), (.r.r'u), (/(.), tl,at at,' i,,pri,,Cil)l(' acc(.s- i,_g ,lo,,_inantly firs( c,',l,,r or "rv,,> l_:,,'(icl,' lil,:(,, tl,,,,,,. ,fl>(,v
._iI,l(' 1l)r,>_,_,h II,(' _,I,..<(,)'v;)l)l,' v,,cto)' ad,li(i, )), i), l_},a.,<,' si>:,,',' (l"i.a;.2;,).

., 1 [(,,,:,) _ ))] ll"' ("xac( r"I a ( i'"'"<l' iI, l)`'iw''(''' t }'ir`I '''_)))'''''t'< ,)r taiI' a''`l+ - -T ((":')+ (¢ ,.,,,i,(;,,,<.,. ,),,,,I,
s,','(:,nd arid (l_ir_l _,_(:,_n,')_isaro a 1)ri,,ri in,t,'l>(',_l,'nt. I,_

,:',:)l_(ai_i,_ l"o_ri,'r c(.,_,_l>On(',_tsfor ,'x_.,.., ::X),",,,,2-XC.,. :::k 11)(' sill_l)l(' 11_<_,_1_,i_,alituti\',.lv r,.l,r,.s('l)t;_)iv(' ))),:>,1,'1i,_
...X_,,,,,al,(l ,.XC'.,.+ 2...X),'5.,,,a),d corr(.Sl>Ol_,..lingtc.>irr(,,.lucil)l(, v,'l_icl_ ii,(> v,'al,:,.fi,.l,l c(),.tti,'i(;,_l ,1,'1,,'I_<1.'.<li)_(";_rly,:',n I,mgi-
r,,pr,'s(,n(atiol_s of.",'O(2) × 5'0(2). Thus ol)servatio)_s _us( tudi_al distant,' ll'__ = ll'_. 0(r - n>)(r- "n_).tl_,' _a_('h,,<l-
I>(. _na(le at at l,,asi 12 I)I_aso-advance-incomn_el_s_lrate cq_ivalcltt (,ill]li;iii('(! ( [2] O["ii '.',i_'l)le' wak,.ti(,ld tail

1o I>(' ,,,a,I('. 'I'l,(,,'(' are 5 .I')' mon,e,,ts i,, '2 l)l,asc _I)aC(' ( _ .i/I') / 2 _-II_LC {rc) (2(.)),:li,m',_sio,_s, and :',5 in .1 ,.li,,wnsio,_s.

B = 8'18.8 -/- 18._8 _II',TH = 1_2.4 */- :_.721

C X_l_l 99.17 .1- 2.286 AREA = 2.1_354E.BS*/- 8736,

DE,_.)- -1_:38.((,2421E..)-04_'I-.).i..=14[_.494eB49E_e2141:_..._UQ._'3rdId01i== B.5(_32E.)@_.)/.47.42e2-:'.I876"B6'('4E*I)6"/'3"286eE+_85'l'II(' IIpl)('r _('OIll('l. ric [';_('t(,I' (',:)rr(..,<I )l_(]s 1()n (', a_Issiall ;_ii(]_ RhfS"_ERR_W- _7 .ge ' CHTSQ= 1_.53

_lI UBTRACTED= .9 tlm lower _o a u_ifl)r_)l (st,.l,) lo_il_(Iil_aI (li.,(ril,_li<::)l_ a,_,t_SIGUA TH 41_ WICRDN WIRE SIZES 101 ,

- _.,--_ _ {r'-') i._(I,(' _(:.a,_ _(lUar,' I)_,,_'I_ I,,_,I_.

Z ._ - "_) +2c0i, grov,il_g st ill t'ur(l_c.r 1,-)}"-(()+( it'filaxne_ta-
tion SIII)SC(IIIenIIv. oc('_rs. 'l'lw....,<ig_ilic;,_,'(. of r('laling 11_(.

i .6-- / 5, " olr_ittanc(, (I_i(' (o wak,.fi,,Ids t(> tl_,. thir, l i__om(.llis is )flat3 .(-- ,.I "_,_" i1 connects ol)serval,l(. (luantiti(.s- tlm tl_ir(I n,o)n,,nt, ul,-
-- like (]lc SCCOI|,|, Call ]>ceXl)('c(,"(I ((:, ]),. ,]_m (.n(ir,'ly (.o tj,,'

transverse wakc'ti('ld.
._-- . _ _ __,,_ -,w_,,_,._.__'2_..,'_,_.,-

Tlm I.,orc,n(z i,_v;-).rianls ?:q'-' (.r,.J'22a.), a,_,l 5:q'-'r. 53/_+," are
.. . _ . , .. , us,_ally most co)_x'('i_i,,,_(to (I(:,_l wi)l_. Ii is _ls('t'_l tc>n(>l('

-' .' "=" -:_'" ":"° -'_,,g' (l_a(.For-_:v"(.>::_) = . "' ,, ",> 10-l,_ :_/- = 1() (l_,,_-yr;vl) :_/-
WSY! L'_ll 4(( PO$ E-Y I

7-APR-93 27:31): _._ IlIIIX

3:_/? (.r,:_) ()a/_ i_lvarial_l ilta_(.(. -,;t'/(_ = 1 f,.,r a,_ ,,,,_ ,
FIG. 1 An "asymlnetric (J_mssian" tit to SL(' wire scanner da(a, '2.15 • 1()-'_' _n, a_d tlla! ";._ _ 0.,ql - 10-.5 I_ for a "si)l_t,l,-."
indicaling a wakefield ta.ii.



"_(a)-[-_] .... ] .... ] _'--" ,--'-V-"--_ ill<_ <)IVs¢_tof tl_,, c,.ntr,,id r,.l;xl ix,', t,)til,, ,",.lltc.r of cylindri-- G_ ,:;iii svtilnwlrv of tlw st rlictll ',.. tll_, tnil will deviate froni

0.00 llle '..;illll,l(," f_rll'. (1"i_.'21)). N,'``'_'rlll,'l,'._s fi,r a (lintmrly)

-_ ill"'l'C;lS, illg; I,oiIll w:_lu'fi,'ld flin,"i i_,n, I lw l,.lis,_ r ,;f third ni,.:,-
nimits will al)l,¢,ar 'siliJt)lc" irl us tttu<']l ;is IIi,'i liit'<l moments

_" will be (h:>liaii_:_l,-:<lI,v l):trlic],','-; tlial _4,'I (l,'tt,'ct,,,t t.<)larg<,x -0.02 - _
I- l_]la..,-;esl_ac_ ,lislalic_.s - far fi'olii Iii,' I;lllk ¢,ftil,' _'llarg,e

_" f all¢l ar,' tlllis il_s(:llsilix'e 1¢_ its l>v,,(:i..,('<lislril_litiozl rolai.;v,_
--0.04 F--- _ l(i 111¢"ct"lll,_l" ;)f ltle ..-;lr llcl li r,.. ll,_w,.ver, llie clilillllaliv,.

___ ._ Irl,,,.'-;,'( i's(: l,l,;,se adva,,('o (liti',.r,.,,t i;,] li,ai will arise ii, ii,<'.,__, , , t , , , , I _ , , • I .... L_._.L l,rc's_'lice of Illas4n('lic l:Ltli,'e clirolllali,i!.v if lilt" I)unch has
-0.04 -0.02 0 0.02 0.04 ;_n energy sl)r<,nd ccwrc.lnie,l willl ]ol:git_l(lilinl posit.ion (as

?,t/2x / m 1/e in li:NS dainl_il_g [.1]), Cl'OitlOg signiticalti. ,t<,l_arturos ['ronl

._. 0.02 r_-_--,', I''-'-' I ,,' '-T-'---'-"--_-3--_-_ tile' 'siml:,lc" I'¢,rlil (l"ig.2c). 'l'h(' il,ir,l II)OIIIF'IIIR ',','iii I_(,.-, ___ l,;:til(l;lll ,l:_l_e_l. allliollgh wlioll ln],:,-li al)t_lit lhc beani

0.00 I_f/.. .- _-- - _ _- celitroi_l they liiav nialii|'osi trnnsionl incrc.asos as t.lw first

O --0.0P" -- "" IllOIfl¢,lll. VC'f'ltH" (i.('. |ho c-litroi,l) danll,S The FouriCu".,,-.'4 /* ¢*" _

-0.04 tOnal)On,lit r" > _ (l_e<,oliiing r ;>> _C) is cli;iraclprim.ic of
"_ this f, rocess, since t.lic. _ colnl-,oneiit oscillatc.s and hence

-0.06 _7,, , I , ,., I , , ,_ I _ , , , _._, _ , I , ,-_ ¢:tallll,S at. tlirec' till,,s tile rat(. for r (i.e.. tllreo times lhc-0.04 -0.0_ 0 0.02 0.04 ....

7.1/__x / rn_/:_ /7-trort |'re,lilt.hey ).

(_) _'--r-r-_-V-r--r-_ l' ' '_'-'-T --_--_ At lll_. SI,(' xx.e lin,,,,, r_,<',.lltly ilnl)l,,nwnied oll-line ail;-.tl-ysi_ _,l'll_ir<l I_,_ti<,i_ls lis_t4 ii," til (19) lt> wir(_ scanl_m"
0.04 - _ ._ - l,r(dil_,.,.;, ail,l ,.,ll_.(l_;). 'l'll_' lis,, <d" Illiac oi'l_il I)_lnps lo

./ \

: ,, iil._l-',',l all<l _'lN<'ncv I_y kit<Jwiliglll_, 'lull l_lias, ' an(l aln-
.'2-- 0.02 - / \ -
x ,, l,liiu,.l_, cliallt4,'s r_.sllllillg l'l',>lll t_,sl v:lriaiiollsin lhc orl)il.

i l,,:ll,:>wl,.dg(, c)f (.li(' l;lil Ilgtltll'!' ('siilll)l(" c,r liot':) is impc, r-
.N. I _ \\..q . l:tlll iii lllgtl, t>lilill's Ill:ii. fail l(, ,lriv(' (l,(, (;iii clos('r loward

0.00 - _ _sillll_licity" :lr_' Ioo _listalil (,l_.,wlisir_.;llll) fr<ml file solirce

t,> r,.lllove ii l'_]l',', l:irsl. _,ll'c>l'l.,-;at ;lillOlll;ilillg rho lunilig

, , , I ,_,_..,__,__L-__,.__,_., , , I .... ,__J___ l,rOC<',llli.' usilig <ligital l','('(ll>;i,'l.: ;-ii,' iii l'_rogres.,.;.
-0.04 -0.02 0 0.02 0.04 \V( > tl_alil_ (.'l_,'i.-, A,loll,l_s,,i_, 'l'oli_ lli_(.l, an,l .Ic, l_i_ S,_,'_Inan

TI/2x / m 1/2 for useful (lisc_lssioiis tlirougli_,ul, t lle c(->tirse of i.liis work.

I:I¢;. :2 Phase spat(: distril_ulions iii beani ct,ntr<tid sul_t ra('led

uornial coordin;tlc.s iii which the transverse cent folds for d,,finile 1. There are no wak,.ficht or chronlaticily _,[f_.<ts iii lhc
lc>n_iludilial 'slices' are iildicaled hy dashed lines, and lontAilu- l>eamline conshlert.d here, a..,-;is usually true to ii good

dinal segments, each coni;tini,14 1/9 of llie toted be;tni cliarg<,, apl_roximaiion iii a. high _:_,_l'g',' linac if ii is .suffich.nily
are shown a.s circles corresponding, lo a transverse t:nlitt;ince short.
"r_o = 3. 10 -5 iii. .,

- ' }(a) ? r, =- _:q r = 2.3. 1() 7m.'s/,,. 7(__ 1..1. 10- '_'',, a,l(I " 7- ) _ 7- here. ().l_ rt,pr('se,,ts a

:lr,, iii,, Ionl4ilu,lill;ll <sli<'(" c,,ntrohls, anti (lr lilt lon14i-(1_)_31'2#; _ ]:_t/'->.r _ 1_. 10-7 ni:s/'-'., _7 = 5._s. 1()-'_lll, and
ill(till;ii I)oanl avr'r,'lg,(,.

_c = 0.02. 1()-sm.
"S " - 3. "['h¢; ellliitance due. to wak(_'fi<d<ls,or enlii.iance if the(c) _"/-r -- -'1.8- lt)-v,u :sl'-', _:_/"tc = 0.9. 10 _'_, :V<>._< =

'_.4 l0 -5 I11, illld "_,( : '2.:/" 10 -n 111. ('lllillaliCC iii lira a.l).'-;(m('(:til w,ik,'liehis is zero, ¢ =

') :},,-,-")]_ .,:')]_ - ((_). (.,")l) _<'. _,,_,,',,-
i;,.il l:rat, l.ional skew and elilillallCO ,_tl'Oiii g/,llOl'n[ i'(,l:lt_:.(l r r
by eral the li('l, ])ronilfl elllitt;lliC(. ¢ -_ '_ni- 2r(+i(+ ,f2,

and t -- ( under II, intlii_!iicc of fila.nieiilalion.

C 0'''9()10 ) [ _3/_(_''3)f' 21:_ ((_')) ,t. V. l_lalakin, A. Novokhat._kii, ai,,I V. Sniirnov, i'roc.7f)/67)'-'/:_,,1/5 (_C):_/'-' : '_ c_ 7 l,ii. ¢'<mt: l#i_h #';n<,r_v A,<-,,#., I", ,,,,ii,l>. l_m_'.

(;-+0)/(,, i:--_(j (< (<_ 5. A. (_hao, li. IIi<hter, a,,I (;. "Fao, .'Vu<l. In,t. :ll<'th.
-- ('77) 178( I fi_fl)l

G. J. 'F..c;('elil;in, 1:.-.I. l)<.ck<.r, alltl 1. ll.-,il, l>r,, ". hill. ("oll[;

li" llie [l'allSVC'l'S_>c)tl;_>etsr_q;lli,,_, io i,]i_' I>ililCli C('lill'Oi,l (.ii' Ili_]l l';nolgy Aftw.]., ][aliltiiil'g, 1992.
sigiiilicnlil, frii,:'lic)iis (JP lii_! ,'li;li'g,, I_,colli<' coliil,:li';il,l_' l<l
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