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G. Fiscl~era~~er. T. LZ’eiland 
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Ab~tr.agL; h711lt i-cvll linai- .it rucl lirc5 such iw sitlts-c~oilpli~il 
linacs or thr: rcc-<mtl;,, pro)“‘se”l slottrd Iillil<. r~lvil~ic~s for ‘I’(,\ 
collitlcrs 0ft.m (1~3 nut hiiw c ylirldrim: syrillllt%ry. Siricc, l!lt. nw 
~nc~icai izllalysis 8-1f wry l011g warqi~itic~s Imwl~t+ (00 cxpc7isivrh 
in ter:m. of CF11 tinir, it. is it3 appropriate’ iLI)I)rosirn~ttiurl t,o 
cumider t.lw st.r~~ct~uw as irlfinit.cly lonp;. 111 this WSC~ it suf 
iiws to a~ia!ysc it sirigb cell pmvidrd that one: allows for periodic 
hon~~dary condit.ion~. Such capal)ilit.irt: havr hrcn addA 10 the 
fi~<~ipw4’ s~.lll’Pr ir1 Ill< ii”$‘i’ r(‘lc’ac<: Of i.Lw MAt:Ii\ wdt% 91~v?r&l 
C’SilillJllC’S $flc~W t’li’ ~iSr~fll~Ilr+-h of t,JliS ll?LP fl’iltilrc’ ill b~i\~ii~. 

1. Introcluctic~Ii 

II1 vrtl~~r ii, nc~llic~w hieli ilcwli~ri~t i:lg voit,iLges i:~ linear a+ 
rrlrralors, it is *~twss;t:‘y to 11s~‘ nv~rly cavii,irs in a row. As ol 
Lc~l;ry. it is irrlp. ssiSlc. lo c~*aid,l~ ;Lrl;1lyiY sllr~ll sysi (‘!I,’ (.‘IIIS1Si 
ing of (VW);) nw~p identical ~.clli; if t,hc :Init, ccl1 tiow not h;tw ii 
sirnplr g~~omf~l,ry. 11111 c*:icq~I for :htd i:aT;it ii’s n,vr t It<. md? (if t hey 
slrr!~~t~lrv tlit> tit,lds an thfs ii?luc ~4,s i’ I iwri* ww: Irilir,itr~ly ~~l;trij 

sllt>i.c~lls. Il. is 1 I,l~rPlo:~~~ wr> rwf111 iI> ll;i\v~ a c’orrl]“l’c’r dl’ tht 
itll~w!: to al1idj7(, ;ut)il ril:“i lx~riiitl:r~ wavcygiiitl<~ hiI 1lc.1 uwd. Silr.2 
it c~c~dr 1~s l,(,~ ;~d.l~~l 10 ~II(Y llIlk‘I,4 pr~+,r~ns [I]. The* finib 
iiilf4wvlr~c~ rilt’! I!oil :iic,.l iri t.hc,?c, r.o(lc:s Ill:iki’S ;Illrlc~5i li0 ;Ik-hllill:l 
tions iLbOlli, l.ll(. p”‘l’IIw !$L~Olll~‘t~I!’ and allo\r-s t.t1<. ;L11;11~5is 111 

vt~i-:~ p,(w(~i~I prol~lc~IrI~~. tII ~partic r11;1r. lllr urlit, dls may 1)~ lill~d 
wit,h arhit rary t,~lr(~,~-(l,r~ii’rlsi(,lii:l nwt,c~rial tiisir.il~~:tior~s. TI will 
!w shi,wri Il~w. f<>r I’Yill:lpl<~. l,ti<’ IOSS ])cLIiLIII<‘i (>I’ <Jf il <]IliISi])i?l.llll.lif 
strrlc-tllrt~ i‘;!,, jw (~iil~-ll~;ltwi. 

II. ~I’tlcYry 

Dq- Floqu~~t’s t,liwr~-Il1. t,hc iivltl:: srlpport,c~tl by pwiodic~ sl,r,~~c. 
tllvh iirw lwlGo:lic. l,ir~~:ii~~~iw,i up to an c~sponcr~:.i~~i fdctor. ‘l’u l!th 
r110w spcac-ifiv. Ir~l, 118 1:011sid~~r a st ruct.iIr? I)eriodic in z altd having 
u11if wlls of lw~gt 11 I,. III the follrbllg 2~ tilrlv dry~~w+i~nr~~ nf c w 
is u~ltlr~rstiiotl ;trld .iu;~prrswd. Then t hr clcct ric: !ici!cl will lr;tv<* 
the forr11 

f?$, y. z) = E,>(.r,y> Z)f 
+,hz 

(1) 

WhYi, 1;: ,,a is sbrlic jrc’llw *I‘ vwtor. ‘I’ I.c, 

f$(s.y,,7 -t f,) := Ep(z,J,,z) (2) 

and k. is t,hr waw nulrlt)c,r. ‘I’hca upper (~Iowc~r) sip in rquation (1) 
c~c~rwsp~llil~ i<i ii M‘ii\‘l % t,r;~~.vliiip; ill pwit iv<’ (71qai i:.t.) ,2 tlitc+..tivli 

Rwaust- of wl~i.( I), ewr;;thing i.3 known about, t,ht field iI1 a 
pcl-ic)dic sln~(t~~r~t* PI~CV Ihc fic~lcl in it rlllit, ~11 is krlown. l’11c 
prohiem ia, t,hcrcfox>, to ~01~~~ for tlie c~l~ctrorriagrll:tic fields in 3 
linit wll sl~lljc~ct ii) t limb 11011r:clil:j~ corldiliim 

d(r, 1, , z,,:,,) = iit& y, f”&*J~J (2) 

whcrc by drfiuitior: 1;’ := kl,, u~d qnln ;md z,,,,~ - z,~,?,$ t I, ilIt> 
tlic, IwuntLrric5 of tlic~ ur:it. crll cl~oscrl. 

It is otJ:‘iorls thai. 01~~: ha:. to tw i- gc1lc~~a.l liillJlt’l.iSi;l IlK~l hd 
if ant’ air115 it!, st ild;iill;2, gm~~ral fwrictllc. si.rr.:c~l.llr~% Esp&“ll:,~ 

finite diifcrerlce tecluliqucs hi~vi’ prvvc’r~ very useful ill t,hi:: rt’- 
spcc:t. In thcb FIT (lcinit,ct IntcgriLliw ‘li:cllnic~uf~) rlwtliid uxd 
in LIti, hl:2FIh propaw cudw, thca Illr<v ciilwlisioilill viilllll~~~ in 
quAinn is cowrcd by ii grid i2, 31. l’l~us. t.hi, volurw is ~liviclc~c! 
1111 int,c! ii set, ‘3f Clc~fnwlt i~rj’ (.~I15 wlli~% :\I(’ right, i”l”illc~!c~i,il”.~ls 
il ii r<~c~tilIl,~uliil’ f:ll11 1s Ilst’c!. 4s sl~trwn in I>$ t 1 t/i<. c~lc,c.t rill 
lii~l~l ~~c~r~~pt~~~~.-rits iii,- ;iIIcrittvd ai :.Li- niirl p~~iids . ..1 t Ii<. :;;ili-; (>I’ 
i jlp rwt a~y)liiar cells alld tile ii~3grwti~ field i.ctlrl~~~mcnI s ii: t Iw 
c entt:r of rw,h lac t*. ‘Tllis clc%firicss CL i!llii: gl,id wit 11 I Iif, 01 il!,ili of 
<~a<:11 duill CC11 lyiilg at the CeIlt [‘I’ of Xl Origillitl c’?ll. ‘I’bcx Iilil$J- 

1i4 ic ficyltl c~c~it~po~~~~rd,s arc .~ll~:i~i~lv.l 0:) the- tlud g,riil ill 1.t t* si*r~i<’ 
way as i.hc clwtrir~ fith~l rorap~~~wt,~ 03 t hc orlgir;;ii grid ISy t Iris 
i1~lil('il~ iuil, t,llc: tr;i,bsit,ic~l: fir)ri. oils’ ~-1:ll ti, t,I!ls I!r,rt r,id;,, ii!:?~l\~c+ 
wIlLiJlllulls u.~IrlpUIl~:“ts. ‘1‘111, ‘c c~r.al~lvs 0IIc to fill eaclI ct~ll wi:li 
i\:l nrhit:~ary Iri;ltc%di witl~~iul li,iv:iIp, 111 wc,I-ry ,klk:irlt c i~nlnli~it~ 
conditions. r,y grid 

I-----.‘----- (.Inti 

CZ ’ P-r 
1 I Kz 

i’Igi.:Il’ I. fc;e~~IIwtr:y ililli ~i.lil~~<i~ iOIl of t :io f:<,iil Lill/Al!.<~I.i.7 to: 

t1iv FI’I’ rl-lc~thotl 

O!I .\I(’ gnri, hl;lxiw:l~ll’s t’l;llill ,r>,ii ih rliiiir illl+(~;Ltl to.~r:l :1/c’ 

iiisvi-etiztd t,y a sirilplcs li:lca;ir ;~~~l~r~~:~irr;;lt,i~~l~ tu tire Iill,, iincl sur 
t‘ii(.t% inkgrals. k‘or Et I <' :~i~xm;tlw~ ~~wl~lr~ris. i:l wllii h tilt, mlut ions 
of ttrcs tlorrlogcrlc.o’is \Iauwt~ll cquat ions arts witri.l~d EI)I,; t IIY ai 
gorlt,hril leilds to ii. ma!,rix eigcnvaillc p~~blrrrl of t llc forlu 

..jg ~ (“r f(d, ( ‘I ] 

\Vc, ci~~~si(ltv c311ly los-;l~w rilati~rials. ;~rl<i tli(~11 .*4 i; ,i i.(.iil h,i~flll:Ic’t 
ri$- ill:ltri2:. or’ ~lclli,t!5 iircs rlii!Jill:ii i’wq~~~*nc:; i~iifi c’ thus v<40( it,!. 
I,[ light iIi viiclium. ‘I’IIC~ \‘(‘I t,Or C* I~ljlltii~ll s t,licJ s(,ll;ll‘~’ 1wot 5 l,f 
t,ilf: c~lact,ric cncrgy clcwsIl,ic~s rtshot.irItvd wit,lI lxwli of t,lic. c’liv 1 Irk<’ 
firld COIllJ,OIWIit s allw:ll cd 011 L’l<! g’.itl. ‘1’lLV i’c’itSoI1 for (.hOOhiIl~ 
tlic energy clenFity as 11111triciwi iIIstrad of the: rlwt,ric iicltl ikll 
is that, ir: the firsi, casr, the rnat,rix ,4 is synnxtzir wl~crras t.his 
would not bc trrlc in t.h<~ latter c’iiw. 

In ordrr l,o rrcxt a pric,dic strl~(.:t.urv, llic~ vu:urIu’ uf il :lrli( 
1~~~11 is disrwt izi:(l aii<l tlic- vipJvl~va,l(~ Pqt.ati\311 (4) ib svi :lp a. 
usui~l. 111 l,liis procc3s, it. has t,c lx: t.itkf7i cart that int.cpals owr 
fi<,ld rx~~r~po~~~~~~ts all 8~i~atwl 21 1111. pc,ricxlicT l~~iIIIIili~I.ic~s of tl1(1 tyifl 
arc’ CiLl~~illitt<~<i [?‘.opds’. .AI,,v p’Lrt 0. ’ ii.11 int.egral Illat wi,illii il;ivc~ 
to I-w ~~rrfor111c4 out citir l,lie grid is subsi ii uli~d llj- dn irlt *‘srckI 
c~alciilatetl at the ot,h<>r rnti of t hr grid. Once’ t,lic niztrix Cgc71- 
value quat iori has Lecn set up, the pmiudicity of the prol-,lanI iq 
~iscd t,n eiiinirlatc all firld compor~rnt 5 allocaLcd at z := zlllczJ h) 
using the tmundq umtlition (3). T!IIIS> if t>hc grid rcrisists oi' 

r\i; ~jlanes ~wr~~ndicnlar to l,tc- dirc*Aic,ii of pxiodic.it,r, 111~ iic,lrl:; 
ctf only N, 1 plu~t~i arv s..>lvrvl fclr Tl IiS ],ImwhY~ ~i~~l<lS ii 111’1V 
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rrialrix c(Iuation of the forIn 

f]F = (k)Q. (5) 
c 

wl~c~c~ 17 is in 4~~i~pl~~u Ilc,n~iit iitri lilal,rix. ‘l’hc eigc~l~vdu~r (d/c)’ 
~w!l still 111s rc,al, lout I tic tGgw~v~~(.l,0rs i: i,~~W arc con:pl~~x i:1 ,$<!I,- 
WA; 

lnstmti bf sotvilip: <‘(III (,?I) diicctly, ii. \VilS ~~hOSCli lo t1 ar:si;)r III 
ii ~rito l,l~ca qli\‘dlt III rciil j)rol~l(‘n: 

Nctie t11at t,ll~s 111;dris on tt.c 1Pft hand siclc, of this equation IS 
1~x1 ;md sy~~~.~i~tr!c, thus givin g r(‘ill c~i~““v’tlurs ibllij mtl (‘igF’I1 
vr~~t~~rs. ‘I’hv c+y~~va.luc~s d*c’ i!cqt~nel~at,c-, howc~vc~r, \)c:c-ausc> I,tlc- 
~~0111]11(~.” c~:;rlji:gidc~ <>I tT(;ll (,5) leads to t~llc Sil.r11? WiLl prObl(~i~> il.‘? 
t,‘iics civgiri;tl ~Y~ll:Lt,ii~rk. III view of 1,11~ I~loc~uc~t clmiliticrn (l), this 
1;,,‘;1,,s t traj t t1r sc3lrltioIl of :l:r, rr;tl pwl,lCn: will yiPId tx~lli it.? 
f4,jrw;trtl allti *hc l;iiCk\h’iil’(l Ir;tvc:lirig \vavPS :lt t.!lP SillllC’ t im(?. 

l“rl,lrl i, lily;:‘.itl pain! (ii‘ VIC’W, i. w<Nllc! ‘iw atl~,~alitil~~~~oliZ Ii’ <,I,<’ 
Wllil cl1oos~~ a !k{:I“““:J (iritlelmldmt \~i~riTLhlrj antI c~d~~lllai~’ 
I l/I. \v;li’i’ i1,ir ,I>~.1 b ()I’ 1 Ill’ ,I ‘,i’,‘:- aI i.ht, f:!“~ll“l~“~ I~l10RCI1. 13111. I, 
is I~iiliicr~ irl 111~3 s>.s!;~rll r~lat rix. iii\< 1 ill? ;Ll,o~;c~ ;‘q’]“.““‘~lL \ViJlil~l 
ri.f%it~r tin 3 1101 lirlt,;~:~ ~-4rj,<-ilV:illl4~ I)r~ltbl8vri lkt*, (11 Ix. >olvwl. I*‘LJ! 
t,hv prq~~:rat iori of disj)c&,ln ( urvc~ it, is t.llw~4on~ ItiTt’swry t.0 
fir:,l c Ill)<i!iC~ !‘iiII!f’ A, anrl 1 lIlYI C.;:lnIlilt- lull? c~or~c~s~lol!tlill~ f1.S. 
i~u~~rl(~jt5 it!: I ‘It/ <4rr)c::i\.alilPs of ii lirics;t~ c*igc~i~v;illw ])Wl;l~~rn. 

11, Illi, /lt,y/! o- t1llm.s 0111‘ iii [Jill 1 ic ~rl:rrl>. illti.l.i-4t~~~1 iit t.li(b lc,i-. 
ihir i~r:lr’-,br ii iv tiii+ ilt,s~.rllxV th:w \vc,ll it p,iva*II stl,urt ill,’ ~.oiij)l~+ 
<‘II, rp,y 1’11,111 ,iI/ 1:tp rvi<,rl,ttL,r Il:lNi< t<, ‘1 Im.si~~~ J,Xtil+ l)li:ll.ll. 

I’~JI 8 sti.ilt I lrc’ ro:iiisl.:ly2, of A’ iii<al:tic-.il ccxlls of lwgt.il 1. (‘iU.!l. 
i hf ti,t;.1 I’0,IIpli.Y :Ir~STlCT<It in,, 3 \~<,I1 i’“;” il“‘,l !I!. ,i pMG-I<~ rnir\‘ill!! 

CL’. bpf’J :’ ,i, :> ,’ ;it,,rl~ Ihc* 1.IEl,jLYlI,I’~ ,’ ~~ “;,%$9 ‘P,>, z IS 

#I\Wl I)) 
‘V.I. 

L1.y = 
i 

!1,( i’,,, VP, z I(’ 
3 ( yr$ ,- ‘b ) 

c 112 (71 ii 
~IICTC~ Lb is i.tiv pl:;m- of this II I2 w~~il’itli~~~ nt t,he t,inw whm t tic 
part iclv (‘1ltr.I.s t iI? st rllri ,1r(‘. The tola! fidtl cmcqy stored in t IIc 
c,kvlt,ic:s is 

N 1. 
fri r 

i Ii 
f-l&,$5 

. A(z) 4 
. 2) l’Ltl.4 0’; (8) 

.u 

wlt,tl .4(2‘1 11cq11g the L d~p~~ndrnt, (pridic) cross icdiiiil of t,llc 
’ ,]/ st,rllctrlrt~. jr> Loss par;t~m~(cr riT is now drfillc~tl 115 

I- l&rl’+* 
p;,,q = ---- 

4 t-.7,, (911 

‘l’h? qumiprriodic~ Si,:llCttlT? Slli)l)Oi.t’i \I’itV?S tllitt tiaY? 8. [)hilX’ 

ilil\-iLIl(~P j”“‘ wit (.?I1 !lr 

71 
&b,Y,,, = 71 -- TL = 1,2,. .,A ‘,A’ 

A’ 
i IO) 

I<! trmtiilg SII~I a sl,ructurr as irlfinit.dy long but using oni) 
pi~x~ advanws cilwyirig c*qn.(lO), a straight.forvvard ca.lrulirli0Ii 
S~IOWS t.lrat t,hc loss p:::amd t? is !rq~~al io 

sirl rv,, 
K,, = K; ;;. (,-; “.)A 

5111 ” 
(11) 

L 

w I, 
(1 = --- - +,~,,i 

pc 
(12) 

a..~~d IC, is the loss parameter asxxiated with a si:lglc llnit cell 
of the infinite pcriodic~ st,rucl,urc:. I1 cm be calculated from that 
ki~owlctlgc of the field insitic% ii ullit cdl by srlting A’ = 1 iti (7), 
(8) and (9). 

If a particle moves with t,h(a S~IIW ~:r~loc.it~y as t 11~ pha.se of t hc 
elr~k-omngnd ic wavcl t,rn.vc~liltg, tiow11 t lit’ pa.:rioadic, st ruc?,rirc~. t 11~1 
anglc~ 0 vnnisllrs, ariel wjri.(l I ) sinil)Iific5 tcl 

6fv, :-z Xr;, fur syllclin,nisnl Ixd ww*1 wii:;c :t:ld Iblrt il.:<, [ 13) 

011~. cm1 dso SC><’ f’ro~~: ( I I I (h;lt b:,,j tw~onies arl.~~tr;diIy small 
if .4: gds wr,y litrg:cT ;tllti 0 i: ilot sew at, 111~ J:L*~ILT t.illw. 11, 
is t,ht:reforr iirlportmlt to dmign iL mrliti-cell linx strut-t,ure in 
such a way t,ltat. tllp phase velocit,y of the accelerating mode 
mat d1c5 lhc pilrtic.lc: spud very wc~ll. I+‘or u!tr;trc~lntivist ic part.- 
CICS lilw rl~i.rons or Ewil n)rlR t,llis mt?:il~s that. i!lr, ;twc~lrrst,ing 
rowdy niusl ilaw t,tlcs plmz~~ kxslrkt;; c. 

111. l+Gl.lllj~lPs 

[I) .s-bnvrl li!/trc~ s/mir~!nrr 
‘1’11~ lirsi. ~~~.dr~~jil<* <l<~il-; \Vil ti d SI,A(’ lili:i~, st.riI,,llirc r.~~ii~.i~t iii!: 
of S4 cclk. .Alt lr*,ue,li t tic’ 11~11s i~r~- 1101 Itic-riti?:ii I, tiw t;qwr IS Q, 
s111;-111 i,hat, 01)t* (‘i~il lnkr, *,IIP + cwtcr VII ,tlid rx~rlGt!r~r ii, as p;Lrt, ot 
~I.II irlfinitr pwiotlic~ st.rllc I Ilrt: 1r1 R. first, iIpl)rosiiri;lt,iilrl. this will 
j;ivr> tllv dis;lwsi~il! ~‘IIrvvs iif thl, r:‘i~l 51 rl:ct,lk:r~. Fig, :I shows tilts 
tlisi~rc~timtl v(‘r5ib11 of this ~~~~itc~r r,csll wtltsrt’ only 729 111i~sh Imint s 
,IC’I‘” 11S~Vl. l’lua ili:sle*r:iirill c Ir:‘r :: .‘<)I tilts ‘O\V< s1 Illo~lii~~~.:1<’ Xiii 
tiip)lix rri+xlw arc’ shc)ivr~ iii I‘ip, :i -y- _ .-*. -.-.\ ,, -. 

,-,I , 
~- - .- _ -_,_ _-- <.\,, _-._- :‘-,* - - -_ ..- ‘k ~,, ‘. ‘., _ \\::<b,\ \ _ _. --_- 34.991nrt1 \ 

\-I 

<jJ_:-- 
\- --A 
\ 
--.-_ 
--_. ---- __------ 

ICiguie 2: Discrctizatiol~ 0:‘ OIK: quatlrdui of it11 S-baud cayiiy. 
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Phase advance per umt cell in degrees 
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‘I’t:c%P SY!Sillt.S il?~V? hfYl1 ~OITIpW<!tl 10 C.iLl~~Lll~lti~~Il~ willi Ilfil!l)’ 

IllOre points Ulii iLIT iL(.(.?II.ilt,? t,O iLbOLlt I ‘%;. 011 it SI.‘N Sl’Alt(1 
wctrkstation, tlrr: C!l’lJ tilrle needed to ronlpul,~ l,h(> first frw 

lrwdcs was less than 3 minutes. This shows thitt it, is possi 
blc: t.o produ~ dispersion r‘urves quitme fast if t.hcrc: UC not. t,oo 
1nitll.y mesh points nr&d to model t hc geometry in q~esti011. 

(2) Jhckward UmIw: s/mdu7~c: 
Nuw c~oIlsi~lt~: :I ~:‘wc WII(W ~IICYC* :tr~~ c:~,uplill;l slits ix tlif* Ifi+ 
phragrr~s srparat irig the diffrrcant. riL\~it,ics (F’ig. 4’~ ‘I‘h~9c slits 
lrat to im irl~luc~tivr~ iorrplili, 1) of th!- fiel~l~ ill il~Gg,lllmring ccalls 
wijicli 11~s tli~> iriirwsting rfirbt t i hat, llic sl,ruc~i.ilrc~ now suppor1s 
barkward wavy-‘!: Ii,<,,> WHW~S wh~oic, group illlll ]h;Lsc~ vi?lor.it,ic3 

point ill cq)posit,t- dirc:ctions) of low cdcr. ‘l’hc: dispc.rsiun din 
grarrl in Fie,. 5 CIIIIM’S 1 li;it. t,llrs I~~\vi~sl lilcb~I<,q ilIlt iI1 [)ilrl i~.ulili. lll~, 
itWrleri~t,iIlg 111OC!1’ UC !lil(.liWilI.d Vv’i!,V!‘>. 

,, r.’ 1.’ I. -.--K-‘ - 

i- ;I; ‘%nl’ 

\I \, c $:::- -y 

I 

Ii 

\‘;. _ --\& _ 

tern- .-- -- \ 

\ 

1‘ :: 5,%h!iIll 

1, 

-;-\ ;‘-\\\ 

-~ 

‘I- \ 
‘\ 

\ 
\ 

\,- \‘\ 

‘\ 
‘) 

Figure 4: i)iscrcliaatior. of on<’ qu;tdra.nl 01 a urlit. ccl1 of a txxk- 
ward wavr ,slx,-ture. 

,n 

l:igurc 5: l)ii- 0 
pcrsion diagr;tln -2 v 
for t1w tEici\v;rr~l 3 

5 
wave strxcturr. >,” 
‘I‘h~ fundmwrltal 2” 

5 mode (solid line) g 
;liltl :t,C first di- &X 
pole modrs xi: slic~wrl. In Pi /r-.. -----* --- * -- -m-p- 

0.0 3o.o BO,i, 500 Iai;" 15w 

Phase advance per linlt cell in degr-ecs 

In the almv~ ~~alrulal i01m. bhc mrsh grid consistc~d of 4446 
Ijoillts. Ag;ii:l 01, ;i SLln 7 works* ill ion, t llc i,r,t ;11 i into II~YY~CY! f~)x 
matrix Frt,\!j) ;Lr,Cl Wli;l i(tli (iili’lutliilg itll IjO) W?lS tyl?iriLll!, 40 
[lliiirlt L’s f01, t,l.t* !ow( st 7 rllosl?s 11f 8. give-ri t,>-pf’ i~nd a gi\Y,rl pllitS~s 

id\~ilnw pri‘ c(~ll. ‘I’llis Ili~‘ilns thai, thr pr[~przl,ioIi of ii dingliL:il 

like t.‘ig. ‘i invol ~,ily t IIIYY% 111~1(1(~ t.yJxs ;~nil 7 diffcr~~lil phase’ a(1 
Y;1I,“W t dkW alK~ll1, 14 lIWli-s. All,ho~lgtl Oil<’ call hardly Sp?‘ik 
of ii i’i11) t<rol iirlti<,r t hc>sc> (.iri.‘lr!lst,iiIl(.(‘i; it. is still possihlc LCJ 
qit inlizcs single Ijarx~~~l.c~rs as I hc? gn0!p 01 l)l~iibi* x:r:locity oi :1 
giwn irdt~ in 1i r~;rsonat~!t~ tjitnch. 

(3) wnkf”firh! trnns~omcr: 
‘1’111. last c~s;t~:~pl,: di,i~ls with i* wakc~5c~!tl t.r;lnsi;xiii<Cr wlric,ll 1iz 
twt~i prc~poscvd as a. mc’itns ol i~~:hicvir~~ very high \YAtagr grad- 
tmts ~1). Ii’ig (i shows a sr3c.t io:l of’ t hi: l,rarlsiorlri~~r. Our sl1ould 

Fisurc fi: Ilis- 
crctizcd quad- 
rant, of a unit cell 
O! tht: wakefield 
ti..LIlSfMIll<~i’. 

I- 

(1~1rlli t.ha.l t,hc m~ali :;I.r.ip ,j;Jiriinp, the irlnc*r disk III tt,<, ouL9 
(jiic~ pl;iy alll,ost no r0ha. 13111 tlj<, cillcllliltiolls stli)\:. 111;t: Cliik 
ii far front t.rutl. 13’~~ inst,anc CT. willio~~t. stril)s Ihi. rullti~lrIlc~Itid 
Ir,o(jsh is a forwilrd witvc with t.llcb pixslz~ntl liniils 1 .TOfi (:Il% 
(7/l = 00) and 3 X61 G117. ($ = 150”). T3 II wit,11 t hc> small ships, t 
the ~~assl)antl lintits aft 1.706 (.:I17 (t/j 0”) antI O.RWi Gllz (?,iJ - 
1 H(P). sIlowing t,hn.t, now this rrlotl(~ has turnrtl int,o a hackward 
\Y il\‘t 

‘I‘lii~ t,ransf~)rn~~x works wit,11 t.htl stn2nd quasi rnonc)I~olc Ill~>de 
iI’ al)o:rt .I (:lJz (which is illlllobt not affWict1 by t.hY ht.l’ll)h ;irLl! 
$1 ilyh a rorwilrcl ivaW ill t,hcir pr~‘s~~nW). ‘I‘11c I0rs I)z:mit’tc-r 
i.,ilc~c!;lt,it,ns f:,I- prt ic.le5 tlla( n10xY wilt! H 1 t:iw Vil’li<Y ot 
h’ F=c (l.!)301’jp~’ for 3 C?llS Wld i: N 3:1x;Iqpi’ fur 12 WllS. ‘I‘IIC 
r;lt.io of i tic, t.wo valuc~s is 3.72 w1lic.h says tfizrt lt.ik r11ot11~ i IIOWII 
is irllrlost l)ul, not quit.c> syr~~l~:~oricbl~s wilh t.11~. pitrti(.l(5 (itl<5rll! 
it si~oulil 11c I:!/:{ =- 1 ) 

IV. <hmc~lusio~i 

A new cvtir~ 11;:s I,rc~rl pr(~s~~r~l,r~tl which illlows 1 IIC~ riuliic~ric~al 
Ltllalysis i)f ;ttbit,rar;; Ix,riociic 81 :u(.luri:i:. WiCli 1,1x, li?ll) 01’ t,hrc*cy 
illuhatiw r~x;tlr~ple,s it wits tlclrlollsl~at,~,tl t,ll;il t IIc progran1 (‘aI1 
!w a vdlllal)lc 1.001 for CiilCilliL’,;?~, tlisp~rsioll curv<‘s alicl loss ] iiL 
:~articttt*r+ ~VC’*I if 011~’ dC*nls Ilot wit11 illfililic yric,ilic, strut-t ui~‘i 
hut, with systt’llls consist,ing of il. nulrr1)c.r of itlrnticiil sillxc~ll<. 

Ii] we, fol, inslimc~~, S c:.\,l:ipf (~1 ill.. “St.al~Ils iiIll1 Fl11.1!r<~ <lf 1 h<S 
31-l MAI~‘l4 (h‘,l,,l trr (‘tr,lr;“. I)l?SY hf H? Ii, r)i~i.~~~l~i.: 
I!HH. 
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