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Abstract 

I’artirlr Irr~arrr rlr~>l rorr rrc‘nr a rrrrrrlirirar l)vI atrc,rr rcsonarrcc, in 1 lrr pres 

ww IIC IIIW rrr~~rlulal iorl. i5 rr~l~wwrtlwi Irk I fir rlri\‘r~r fwrrrlrrlurr~ cvtrra 

Liorr. C\‘P rrw air arrnlvt iral approach to slrrtfv i hr brlrnvior of this 

5v2(rm ~li(~rr I lrr rlrivr> FrrvIrrwrcy iii rlirw (0 t br rr;il~rr,rl Trvqrrwr~-~. \\‘I, 

firrrl r bat Iwo slahlc fixrrl poirris may rorxis1. n ph~rromrrrorr which 

rr,rild hr irrvPF1 ifalrd irr rrnrrlirlr’ilr clyrramirs r’xfrr,rirrrrrrIs. LYp nlho rf’ 

port frra)tot vpicJ l,:i7R ~~xpwirr~r~rtal rr5ul!i, tm pcrsisl cnt signal IIISC 

ai ,a willll I,{ 11,,,(’ rrr<~dlll‘lliiur. 

Introduction 

Orrv i~f 111~ ~~bjrr’ii.r-\ of rrwrlirrrwr dirrarrlrrh (~xpr~rirrrt-rrl~ irr tlrc- I’r*r 

nrilab ‘I‘rvalr~~rr is t hr slrrrlv of trarrsvrrcr pha’r sf)acp iri lhcl prr33rw 

d WXJII~J~I~~ I .j21 ‘1’1 IC c~xprrirrwrrtal Irhirrvntiori (rf pvrsistcrrt signals 

aI 13 rrrrllr’~rlcy rlr o.i/ ,(1;‘~’ drrrlrlrr~lr;3lr~ i101rrid p;wI irlr rrro( rorr irr a 

Iifl h ordrr ~csorriirr~r iGland. M hew, in additiori, Ihe tune is mtrdulatrd 

acrlmllllg lli 

(! Q,, I qsiri(L?a(C*,!) (1) 

1 hr wsrrl( irrg ~II:IFP vparr motion and I ire brhavirx of 111~ prrsislrnt 

signal ma) rbnr~p,r dramalicallv, dcpcndi~rg 0rr llrr villi>rs d q md QF,, 
lr I hp phw slmrr nrnl iorr of a rcwrrilr~( parl irlf- is foilrwed sl rcrhrr- 

sropicnll, rvcry fifth turn it appears tqt rota~r nrnund thr wntcv of 

arr i<lilrrrl, Nil h ir small nrnfr!itudr~ rrrrw of 41. lhr rslarrd lurrt~. Sirnplr 

“5ltiw” arrd “rail” I hfkilrrt3 Pwrirrt tfrnl rrr~~lrrntr rirrv:rrg amplrt ride9 

q (1’) no1 signifirnntlv aFr<t Ihr island s:rrrrllrrr atrrrr 11:~ drive frr* 

qrr~rrcv &),‘n, is irrrrrrrrrnrnsrrr;Itr wii h lh? islarlrl lrrrlr WhCII I tw rar i<l 

(i 4)*,/4))i is ricrl rl~rsv to one. Ilowrvrr, whvr: t IIC rrrqurrrriri arf 

r(lrllrrlfrrsrrriftP, iit 2 I, the persistent signals rapicll~ dway. This pnprr 

arlllrl~isl~, thtl cc~rrlrllrrlsllralr Tilh,‘. irr \rhirtr thra ~irrrplt* (trwri<~s break 

dOM1ll 

II iras lrwrr shqwrr 191 that thr rrwtiorr is ad~cl~r~~elv tirsrribvd by t.tw 

c~~rral iorr d rl prvr~lulrirr~ drivrn bg a sirrrrs~7itinl torqrlr, A nrw flnrrlirrrar 

approarh is rrrrrcsary for an ncrrrratr slrrdy d thr conmensuratc rasp. 
III fhii 51 Uris wry rmplr~y thrw npprowhrs, u?irrl; 1 hrorv, nurncrir~l 

sirrlulati~~rrs, and a trarkirrg rode. 

III I’ie. I tvrl sh0* a rirr11p;,r170rr d t tit- Ihr(7% ~L~~IW;W~IPS i,i t tlr 
(q, C),,,) span-, nxd notr that thr agrrrrnrnt brtwrrrr thr “slow” thr~ 

ory (dashrtl linr) and thP nnrrwriral integration of thr fwr~rlulrrrn using 

l)l’f*‘i\;I) (tloxps) i\ VPTY gocd. The dtviati(ui OC f lw tracking rrrrtlts 

using I’\‘OI. (rrozws ) indicates that Lhr wpwwnlatirln by a prndulum 

is ru)1 prrfwt thf islands are large’- and clther rcsorrwrccs are present 

(third n&-r). 

Theory and Simulations 

‘l’hr prndulrrrrr rqrlal ion frrr one of (hr rr small islands with ~trm- 

rnr~rlulaliorr as in I<q. (1 ) is 

dZll 
dtl t (‘hrQ~)~sirt ti - ( sin(2kQ,vl), 

with tit nQ and c .- n(2~)‘qQ~~ where n is 111~ ordw of the integer 

resowmr~ and 4 ..he horizontal h6~tatron phasr.;3] Tn obtain analytical 

‘Oprrslrd by thr Irnivrrnrlrrn Rrrrsrrh Alwrintion undrr ronlrnrl vlth thr 11 
s. Drparlmrnt of Ewrgy 

Q, = 0.0061. resonance order = 6 
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Figure 1: Stability diagram in the (q, QM) planr for R sixth order 

resoriarrrr. Far d~lnils , see 11~x1. 

irlk)rr~di~~~l on 111~ prnti~i~~n-i islr~>d s#.rrlrl ~rrt‘ w i~~,~k f‘#r p~~rrdul~~r~ 

oscillations that arc locked to thr driving torqor.‘ll \%‘ith the as~umf)- 

I iorr 

tit/! nsirr(2?rYnf[) I r(,t) (3) 

wp obtain to lrwrsl nwlirrcar ordrr 

(IL2 t 2J,(n) C” (4) 

“;y * (2aQ,)21Jo(C~) / 2Jz(n) ros(4xQ)ilft)jl4(1) n (5) 

where Jo. J, and Jz drnotr RPsscl funr~irms and f. r/(2*Q,)2. 

Equations (4) and (5) describe thr pendulum fixed Puints and their 

stability fuopwtirs, rrsftwtively. M’r &lain morr intiritivr rrsulls by 

vnploying a “small hut nonlinrar” angle approximation In Kqrrs. (4) 

and (a), which is rquivalrnt to approximating sin f/~ - t/3 Q”/fi in Kqn, 

(2). AlXrr SOIIIP sirnplv ralrulaticv~s: 

(2 H[l l&Y t x<,)2 0 (61 

d26j&) t (2*Q[)*[(l ~- a2 t 02 

dt2 
4 cos(4xQMt)16(t) 0 (7) 

‘I% real solr~tior~s crl’lh~ cubic irl Eqn. (6) rrprrspnt f&d points of the 

driven perrdulurn or, if they arc stable, islands in thr piraw spare that 

ran trap beam particles. The stability of these fixed points is givrn in 

Ott- pwsrnt formulation by Eqn. (7), in which WP recognize the Xfalhieu 

equalion. The real solutions of the cubic and their stability are plotted 

in Fig. 2 as a function of the dimensionless driving frequency r~. Also 

in th? figure WC plot DPEND simulation results, cros~cs and boxes. 

that rcpresrnt, respectively stable and un$tablc pendulum fixed points 

for to -- 0.1. We note that Ihe cubic approximation is valid for angles 

in the rengr * < j iJ2 1 moz 2 2 beyond which it breaks down. A study 

of’ the romplelr Eqn. (4) is then necessary. 



1754 

I , , , , 1 T r’--‘” 

UNSTABLE 

-4 
0 025 05 0 75 1 125 I5 

Dlrnensionless tune, w 

I’ixl~rr 2: I’rnd~rl~~r~i likv,i pcli,,!s rrrr i,~~n~ilbinq valiw~ <if cl,. (a) O.t1111. 

[II) 0.01. (r) 0.1, (,I) (1 :I, (1,) tl.ti, (r) 1.0. and tllur slnllilitv rilagran, 

Krar ~PSI,:IR,I,~~~ 1 t,rr,~ arr t wu st atllt~ lisrcl j,oi,,l >. 

In Fig, 2 tilrr,, are I ilo familirh of li,,rc, co,,c rrprrirnt i,,g ;,pprn~i,,,at~~ 

p~~~rrlr~liim lixrd p11,1l5 liltbl’l<ld Iii dilf~n~nl vaI~,c\ iiftllc iiriviiig l<)r,tl,r 

aniplitud~ ,, ai14l tlrr othrr (ldd !i,ws) rcprrsc,,li,,g tl,,,ir stal)ilil,. ‘l’hr 

f,mmrr fa,,,ily CI,,IS~~~ 5 g,f thr rllipl irallv shnpr,l linri ,I,, I tit, ,,pp,‘r t,dC 

of t hP (I,‘~.cJ) plnrw, and a rtrrrr~pc~,~di,~~ ,~ons~rrm~rt ,ic srt in t hr I~~w,~r 

half plnrw. I~or a givrn rlriviril; frrqt,,wc~ 4 t trr*v 15 cil hrr I hrw or 

one rlwl ro,,t. I’u.0 Insit ivf n)trts maltw-c to R ilnglr rlr~,,l,ltr mot at 

w d*(r) U_,* 

7 hr faniil\ of ImId II,II*S 15 ol~iai,,,4 frii,,, II,,, ~mrimlrl ric- ~i~rillnl~~r 

or k7athieu rq,i.*t ics,l ,,f F:q,,. (ii. ‘1’11~ Inng:,,- rhal,tYl it,,-as cmanxting 

from I tlr p,li,,l\ d I i?. I, .., art r/qion.~ 0: rn.~ir~hrlrly for I Iii* drivm 

prnd~,lllm TTICII i<>,l. ‘l‘tbr paramctrlc ,,,statliiity at d I IL? is nn rxnrnplr 

of a whhnrmonir instnh,ll/y ,ij. 
-I’aking i,,lr, iirrc*u,,l 1 II,% ,I~b,,iii,a,il u,,rt;lt,l,. \I;11 lii(9, I r~,,~i,r, al t t,<, 

rr?lo,lR,,CI’ w I IPP 011wr~~c lhai itnly oi~c ,slnhlr lisrtl trlai,,t vxizts filr 

frwlumrim far from -3’. lliiuc~vc~r, ,IP;LT hiIt 1Wl~lW t hr rPS”,lR,,rP rrg,w 

l&l 5 d’(f) thr? prpvi~lu\lv uiislai,lr nrqat ivr fix,-if l~i,i,,l I~,*ro,,,,~b s/n/J/r, 

and Iwo ctahl? ro(~Is riwsr.st. As w inrrrilsc\ flirt ‘,vr I !I,’ scc,,n,l fixer! 

prG,,t grnws im,i fi,~aI/v drmirlatm over the original nw, fnr frrq,,r,,ric-s 

Inrgrr tt,a,, w*(f). h<),r, tl,.~l i he ,,,l)ir- r,~rll lraniit ic,,, frnr-1 (XVII rral a,,,i 

positiw to two c,m~~Icx rrtrljugatr nnrs or~,fr~ rx:lctIy iw It,,- critical 

Rlathiw linr o,i rhr srn;~ll frvq,~~v~c~ iid0 of thr ,~w,,a,,w 

‘t’h? TIITVC Iwatcd al thr rlrr,~hlc~ rmds iIf thr culaic has t t,v fc~li~rei,,~ 

forr,,: 
I $2 

( I, 
3 ;n 

(’ u”)l - I.ORA( I d)l/2 (8) 

‘IX7 is v;tlid Hhrrl u’ ‘, I an11 II ii I hr. c-il:c,ll rrrrv,r,o,i/ I,o,rrrd,2r!j 

that srpxrnlrs t hr. r,yy,lar frrvl tt,v rlmbtir rrfiinw wilhi,, thr rtit>i, 

npy,r,lxi,n~ti,)rl. ‘T‘hr rnrrripw~dir,g I1011nrinrv tir,ivrd from tlw thr, 

lirlwri7t-4l p~~rlri~:l~~rn wjuatis3,r ffrr (2 41 -I Q, iii:{ 

((1 1 uz (!‘I 

For frtY~“P*LcY VRIIICS c11rh tIlEIt w 3 I Ihr riitf,~r<Ylrt~ IwLwcr,, 1:rps. 

(8) and (!a) iq surpriiingl~ 91nall thr “si~iw” f heori prows I,) hr q,,ilr* 

ii good approxima!ior: fvt-,I in this rrgin,, (I’ig. I). 

ThPsi~ ap1,nui,r,a,r itni~litiri~l pr~rlirlinr,~ ,I,, 1 tlr lirr~l t,,,iiir *iI,,,< 

I ~IJP rrrar t hi, rfwmi~t~w hnvr nlcn herI Irslrd ,~~~,,wr~rilll~. I,, Fig. 3 

we piol r),,c phaw qpace point p,‘r drier prricrd fc,r i,,crr,asirtg driving: 

frrqutwcy. iVr (~ctlc t tkr appraranrr of 1 tvc SP~OIIII ihliwd i,, I‘irz. 33, 

its auhwquml growth ovm the original isln,,,l in i,‘ig. 3h.r a,14 its fi 

nil1 do,,~i,,~‘io,i i,, I‘ir? %I. ‘I‘lli IS i.1 c4vrlplr~lr ;~~rrr,~w,il with tl,,, 

tllr,,r~tiral nrgII,,lt~,it c illl,liP. 

Angle, $ 
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t2igurtx 3, f’rli,,c.iiw i,i,fi,ccs irf ,I-( t io:l Irbr I tip firi%,‘,, j,e,~d,,l~r,,, for f<b,,r 

dilfrrrnl ririving frrcjI,rrlrirc *iIt, q rt.lll)n I and (3: II nnfl. onr 

lisrtl pninl diiiap~ar\ ;I,,,1 ,i ,,,‘v oiiv l;,k~~s i”i’t’r ai tl,r> p4~rdl,lll,ll g(Irs 

t ilr~lll~h r~~l~*lR,ICi’. 

Experimental Data 

I)i,ri,,g It,,. .JI,,,c- I!189 r,,*i rj< tlic t:i?iP c~n~~eri,i,c~,,l 1 I l,v i,,li\ll a,,ipIi 

t udr h~~ri~0nt.d t,,,,,’ of thr ‘lvvnlr,,,~ was ict ,jl,\l at,<,ve il,c I!4 t Z/5 

WLO,,R,lC,‘, \vit h a ur~galivv ,j,,n,iral ic ric,t rinir,:: nil I, a,,iplil ,,,I(- (‘~I11 

srtl,,wtl~. whrr, a I,II,IC~I -ai kirkrd t,~mi7c~nt.~llv in .L <i,,glr~ t ,,,,I. w,,w 

Fritr! io,i i,f I trv IIt1 id cliargr wil\ I ral~j~v,i it, .L fiP I, cir~i,‘, ,t’\ir,iil~l,-~~ i\ 

land. ‘I’his pl,;lsr lorkfd ri,nrg,‘ C,LIIF,Y~ a “l~~rGs,c’,,, iifi,,;,l”, whi-I, sacs 

rrrordrd on tlw tur,,~I,v turn data lakr,n fro,,, IWRIII tueii im ,r,cl,,it<lrk. 

,Ift w : t,,, rapi,l fifa,,,~~,llilti~,,, grf t t,,x ,,,‘I rappd ,-hixr~r I,, nlbc>,,l I (ItI 

~urrrs. tills sip,,,al a~,prar,‘,I a\ n s,,lit;trv ,,arrow I‘~r~,*wr ttr,ak. I’VIJ 

irally, ,jat;r wt.r,> tnkrn fcrr c~l),~~~~ 2,~,0,~1l1ll I,,,-,,\. <lJ .tt,~rlrt r> WTll,ld5. 

itllt 0i the t ~‘0 rrlinute prriodir rvclr d t 11.7 ‘I‘i~ii~l r,w. l)i,r,ri~ 1 it,% ~FH 

<,.,.r,,,ds in H Iii, t, (l;~ta wer,~ taktlrl. i IIV II:,,~’ ,,~~~,l~,ln~io,, a,,iplit~~,l,* ;,n,l 

frt~~~,v,,~ v w,arr srnn,d, .\c.,-~~rili,,c lo 

I 
Y ‘it1 

‘I 
U”J 

f 
c? k, ~r),m ., (11) 

xhrr,- ‘I’ is thr, ,lt,rat ii),, of ttiv scil,,. 

I’ig. 1 sh~~ivs It,,* ~,rotril~‘pical ,vipo,,4c 0 fa p(-r,i~t~-,,l i,~:;ia lo sllcti is 

tllllr ,riorlulnli~l,l scan ‘~IIP I 01) lqft t)i,-t ,,rv \/,II\v\ t t,<, raw rlar;t t akcr, at 

011~ r,f t t,? Iwo I,,~rilonlal t)ca,,l p4’5it ill,, iliorllt i,r\. oi(‘, i~l~l,r~~ki,,l;~lt~l\ 

2x1. lHll) I ,1r,,s, ,,r 5 srrlmris. In the top right pirlr,rr, a ,,u,,,,,t.ain 

range display of rnulliplr ,lisrrp,v I:*,uricr trnilsfclrms, ovt’r a ,,arro!v 

t11nr ranyr, ShO\VS n JJ,TSiStPllt signal aI (2 0 4. I hf. rt‘so,,a,,rr l1111P. 

,lIlrr ahout 1 ill. 1100 trrr3is, 111~ pcrii~trnt sig,ial rli~aptl,‘.?r\ fro,,, \igtlt. 

‘I’hr t~oltom left pirtlirr plrlls IlIt- n,,lplil,~,lr rbf tllc prrsiitrnt sigunl, 

wrsu~ tinrt. Ir~iliallv, Ii,,> pprFi<t wit sig,ial ,lrvps ~‘~i)~~,~,~,,li;~ll~. xsilil 

ii rir~cn~ linlc of ahnlrt 6 1,001l i,ir,,s ,Ir ;Ihnl,t I ‘,ll,1l11(1 t llT,li. x tli’ll 

lhc drivr tune and I hr isla,,rl t unc are ~i,,,,,,,r,,sr,r,,lr, tllr ,i~>rav rntr 

IIICTP~SPB hy ET~IJI’ rl~ x,, ,d~r d ,,,ng,,it iid,* ‘I’hp Iorali~~:l in 1 t,c 

(q,&,) plane of thf transition from stahiiitv lo irl~lnl~ilitv is thrri 
drtr~r!,,ir,t*,l. k,,,rwina 40, Q,,,, and ‘I‘, IIV i,,ir~rtir,g 1 his cvrili,d t i,,w 

into t’:cj,,s. (I II) a,,$1 (I I ). ‘l‘hr phasr of i hr p,-riislvl ~ifi2:~l ir pI~lilr~,i 
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l‘umr alter k,Ck (k) Tune c&l 

1st hi-n rn Fl (k) trt turn ,n Fr (k) 

I‘igrirr I: t’frsiFlc*rtl siqrlal I t1i5 as R rc5rrit c)f I i~rit’ r~rc~dr~lali~~rr. ‘ftw 

dala arr frilrli r~~ft’rc~rrrP l(i 

in +tlc hollrrrrl ri;;h’ pirtllrr, ~ho~ring th;lf t trv t)h;~w lcwking hvgins 10 

hf. ~t~~~lrmi~vl ill ahr~lil I trr rriliral I irw. 

I ig. 5 Silrllrr,ari/c’5 olir arlalvsir ofa t~wlirilitl;ir\ wmpI(~ ~‘f t‘i7* dnfn. 

;parirling rrl~lrc 1 II.W a~i ordrr of wagrril udc in lll~ rrll icill lrrrrr rrwdli~ 

lit1 ion l)~rilnlt.lvr~, 111 I lw rryicw tw1 wwii ‘l~l~in I’ arid “I ~Itllrrl~‘llhlirillf’~. 

I hr- data arca *r’l liltrd hy ilw sotrd thrc~rt~rir;il I‘~~Tv(>, after vrul~irical 

.rfIj1151 IIIPJI~ uf I>,, 111~ sillglt* frw :.ariiJ)/<-. ‘l‘hvv ;~I~cI .tliaw Il:r 5arr1v 

\lrob~p al 4mil’ L, 1, rxtlilhilrcl irl l’ig. I 

Conclusions 

‘I hr Iti~wrrl ical ;irlci practical Ilrl~tl,rztarlllillg c~f;i tligli cnrrg:v collide 

in 111~ t~rcht~ncc aaf r~~~~lr~~ttrtl florlIirli.arili~~s ib vcr\ ~rrlt~c~rl;rr~t. r1(11 onI\ 

rr~r acct’tvrat or dv>igrl ;Ind ~yrralinrl, hill al50 f<br l.he gcncrai analviii 

0C r~irnplrr dvrlnnlicat l ~.lrrns. OJI I hc 1 trtvbwl ical 3idt.. t ht. ~ir~d~r 

stan,lir:,q *)f I urw ri~i~llrlali~~~~ l~hc~ll~irrwrra rcduws lib I hr 5t udy of if g~r\ 

eraI Ila~rliili~ni;~r~ ~~‘~lrrn x par-ili pc-r~duturn drivrn hv a sirnisoidal 

lcvr(t11v. ‘I tics drl:.h’r1 pc11driturri rql~aliorl clvccrillvc ~rli~rly t~l~orlr~rr~~~r~a in 

pllvsirs. s11ct1 ,I\ .Icw~ptlsor~ ,jlllI( lion5 ilrld ol>l icnl ml111 ist;ll)ililv. ‘l‘tlcl 

rrrrlttL Jlrr~rrrtrvi t~cri~ arc ills<r rdid fcfr 1 llo<r pr~~t~lr~rrls. 011r ilrlalv\i\ 

atlovr wai. rr~lri~l~vl 1~1 5rnnli drvint Ions ~ar~w~~d (he rruilirw of x pw 

d1al11rn 5% hi< II i\ I~IICLSI~ l~~ckvct ICI it+ dri’rr fr~~q~~rr~t-v, in a \nlatt :~rl~;lr 

;1I~Ilr~~x1rrl~tir~tI \+‘cB onI\. strlditvl lx~rldut:lrll IiOri~liwi, INI: rhr r~wltio~l 

Carl hc rrtrvlrlvc! ro irrcllldv rot;ili.~rl~, as wf*tt t1 tlrlrlirlg phaw trrrkrd 

5~1111lior~s ~~~rw~p~~r~~i 1~1 isli1ucl sirlrhands. ‘l’tlvir 9t11cly %,ilt hr prr,rv,irvl 

rlwwhrrr. 

Oil I II<, l)racI Iv LI iiill,. I tit* I:;78 vxtwrirltcrrl tlriiv~d~i ir.fr,rmatiun rt’ 

garrlilig t tw itrilct Itrr of rlorllirwar phaw +parr. I’rrtitnin;rry aniii~sih of 

I,lrlr nwdl1lati4~n data ‘rlte)ws t hill parliclc5 1 rappwi in ;I rwonar~~~ is 

t.triri cmrrlpc* I\ tr(lli I hr. r~101l11lal iorl I urir npprnnrhrc ttlt- iilar~d t unv ‘l‘hv 

rrsp,~nw r,f x lwrsislrnt rixnal to a rhirpcd illrlr rnod~~l~linr~ ttwrrforr 

prcrv~dr. a dii~gr~osi ir wilh which i5land :UI~PS ran 1,~ rrw:tc~~rc~l, irl cu,p 

Iriln%vrr+c ililrlflllhic80. .l’tlis, c~~lllt~ir~wl rri~tr a krl,l\vlrrlg:r r,f I tlr tllrlc* 

vcnrrs ;xrrlt~lit~~rli~ (cnr~~. provitlw ,I r~vnI~lrl P rnr‘a’iun- III‘ t 1113 EI wngl h 

<d a TCSO,,ill,CP. 

\\‘r- fr~~lrl~l t tliu 1x11 ~I,~ll/t~ fi.iwt p~irlt i c,xiit ~lrlllllt;lllt’lrilsl~ for ;x 

rang,’ 4 drivr frfy1wnci<%5 near I htx i\lan,l lilrr~ (z, l’lir rocxist rn4-r of 

100 --- 7.-7 ,,,T, ---T-.1 T7T-TTrr777TT 
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1,’ ,K,,r,~ 5: (‘~unpariwnl 4 IUIW r~i~d~( ~)ii Ma t;rkrti frilr~~ r,-f(xrcriri- 16’ 

with I hrorv. 

I WC, stnhlr islnnd~ raiws souw irltcwct irlg qlwsl inns for I unc morlula- 

t ion rnlwrinwrll h. If Ihr modulat iori frcqurncv rhengrh rapi~ili rrl~>ugtl. 

il mav br lxxsiblr 10 trnrlsrrr pnrtictrs from orw i&wd tn lhr 01 twr. 

without srltwtant iai losses. hlorr gr-nrrallv. t hct rrprrinwrits ciw llr&r 

the tirrw sl ru~lur~ of t hr prrsislrnl signal response in this region. The 

rnodr~lalion of qr~adrr~polrs in the F:77H rntwrirrwr~t also CRUSW a smnll 

appartwt pnrarnrt rir rn<)dlllat ion rrf t hr nwlirlcilr ,lrrnqlti, in addi 

’ ilui ($1 causing a turw morfulat iorl. \I’r Ilxit~ not diwlls,ril paramrt ric 

rnociutat ion rffwts hrrc. mainly lwra115r in wsi igat ions art- al a vrry 

prrlirnirlary st afy. Trnt ativrtv, howcwr, parnrrwlrir rnud~llnr inn doffs 

rIoI sorx~ lo tlnvr as piw~~rful iu infhlericc, a5 I u1w rrlodllliit ion. 
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