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ABSTRACT 

Beelo eejemtloa* end noewrioal reaulte, deeeerlblmc tbo aoallMir letereetloe 
of a weak aodolated olootroa beea with e elaele etetloaeey •oe-dl»ee*lo«el wave, 
•molted la a oold oagaotlo f iold froo plaeaa, or* areeeated «ad dleeaeeed. Too 
effeot of «11 poeelble lrrererelble prooooooa ( « . с pie pea tarbaleaee) «oooa. 
paajrlac tale interaction lo elaalated by a ooaetant offootiTo eeHleiea fre-
qaonoy »>v/ of plaoao olootroa*. Ster tine from tbo nitnllmor Poleooa equetloe, 
expreeeloao for tbo amplitude and pheoe of tbo bo— oxoltod wave ere derived 
aad tboo eolwed awaerioallr, tocether with tbo eaaetiaae of tbe boo» eleetroee 
aotion. Tbo rooulto are ooapaa-ed with thooo of tbo t ie* Model. Reaarkable 
dlffereaoee doteoteblo experimentally «re eetabllehed. 
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х. пганюостюв 
Botb tbooretloal «ad experimental n o t i n U M , « ш и н to boaa-ploaaa «ystea*, 

exhibit reaarbahl o ravlvlfloatloa la «to* laet f*w year*. Tbia la ooanooted ultč 
tba t l * o * w « 4 rolo of tbo otroaaly inn l lwir ofToot of «bo boo* partlolea trap-
pla* lato ta» potential и Ш of o alr*l* qnaelaowi nhrnaatlo «are, oxolt*d Ьт «в 
I n i t i a l l y oold eleotroa Моя (о.«. О'«oil and Vinfroy (197*)| Sbapiro and ЗЬет-
оЛеака (1971)', n x f l ot a l . (1971)). For alaallolty roaaoao tbart-^tloiana prefer 
i iaa to apatlal aodolo. Altbooch tbooo too aodela of ton bar» a lot of ооашоа 
foataroo, v* eball doaoaatrato that tboro aay bo aloo roaarkabla dlffaroaoaa 
botvaaa tboa. Taa «patlal aodol lo obrioaoly tbo approprlato ono tor tba deaorlp-
tloa aad exalaaatloa of axporlaaatal data aaaaurad oa faolUt loo with a poraaaant 
lajootlen of a aro-ewdalated olootroa boaa lato tbo iataraotloa ragloa. Thoao 
exaarlaaata aro not oo frenaaat ao oxporiaaata la wbloh war** ar* epontaneouely 
exoltad froa tb* tbarnal aoioo level by an unaodulated boaa. Tboy bare, however, 
at loaot oao alaalfloaat adraata*-* froa tbo pbyaloal poiat of rlov, by provldlne 
•ore prooloe aad aor* roarodaolble oxparlaantal reeulta. I t lo therefore worth 
dlaowaolae tbo oaoolflo featnree of tbo apatlal prooloa aoro la detail . 

tlaatiaa* oar attoatioa oaly to tbo alaploot model ablo to porfora thla taak 
«a otwdy aa una fllnonolonal aaro ( kx * С ) « l tb a «tatloaary amplitude B.QUL) aad 
fixed froquonoy 6J (dlfforoat la eonoral froa tbo eleotroa plaoaa frequency OJp), 
exalted la a aaometlo f i e ld fro*, oold, bat floaarally 'oolllalonal* plaaaa. (To 
ojrplatn tHo total loao of energy of tho olootroa boaa loaruw tb* Interaction 
rocloa, observed ao a rulo la roal experimental fao l l i t loa , tb* war* abaorpt.ion 
baa to b» roopootod la xeneraJ). Tao oorreepondlne- ooll laloa froquonoy lfy, , of 
oooree, aood aot bo aeoeoaarlly ietemined by binary oolllaloao only. Tb* tlao 
develoaaeat of tba laatabll l ty la a donee plaaaa with dominant binary eolllalone 
j*^ « V ( j(, xa «ъо linear growth rato baa boaa atadlod roooatly by Ivanov *t 

a l . (1972). Alo* If blaary oolllalona aro necl ic lble , however, ooa* weakly noc-
llnooT prooooooa (Uko laxenetrlo laotabll lt loo) aay prodooo a turbulent a tat* 
af pTaaa aad aaa b* tea* »<eep«aeibl* for tbo abeorptloa of tb* bean-generate ť 
vata energy l a a etatl'ioar* a tat*. For tlao* eborter tboa tba obaraetorlatle tlcw 
of aa effeotiv* boaa txoltod wave energy traneforaatloa da* to woakly nonlinear 
interaction*, tat apeetaneoa* exaltation of tb* war* la praotioally non-dieaipa-
tlT* ( VftfxO )• • !»»• l a tbia oaoo plaaaa olgea^odoe bar* a «oro group veio-
o l ty t aolatloaa of the tlao model bav* ao relation to tbo problem under investi
gation, Zff bowover, a atatloaary rejiae la eatabliebed la a ay a tea with a aodu-
latod boaa, tb* tla» daratloa of tbo latoraotlon froa tbo point of «low of plaea» 
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e loetroae la a ignif loant ly loader and varIowa waalrly nonlinear prooaaaaa ony ba 

f u l l y developed, lbe abeorptioa of tba baan-exolted war* la tben hardly n e c U c l b l * 

l a (aoaral . 

Tbara exlata another dlfferenoe between t in* and «pat la l ад da l a a la* d leove-

eed in to» praaant paper, lb» e x a l t a t i o n of a war* with to* frequency <Ом d i f -

rarant f ree that of the neat ш» table ware ( U x t ^ ) oan ba faroad anon tea 

•yatea by an appropriate pra. nodnlatlon af tba baaa. Mrnot la f loaooa of a f l a l t a 

teaperatnr* of platan eleotrona reau l t inc l a a non-aere area» ra loe l cy af tba 

axol ta ploean e iaen nodae, la a**-l*ot*d, on tit* otbar band, for tba fe l lowlnc 

a) I t baa been doom*traced froa tba o o l l l a l o n l M * aaan»tio-f l a i d froa hot 

nedal by Sbaplro, Sherobeako (1972) aad O'bai l , Vlnfrwy (1972) that th* 

ay aten af diaaaalonlaaa equation* deaorlbo* tba exa l ta t ion af tba aaat una* 

tab le aadaa beta l a the t i e» aad a pa t la l nodal , tba aatoal phyeloal quantIt lee 

d i f far in* only by a oonetent a e a l i a t faotor . 

b) l b * tennarutur* of plana* e lee tron* aoaaorad by а . с ffiaihn and Jwn*wirth 

(197*) l a e inn l f l oaa t ly lower then i t would be aaooaoary far tea «reap raid» 

c i t y of tea axoitad war* t* baeoaa ooaparabl* with taw) baaa r e l o o l t y v. * 

tba obeerrad vain» of tba l l aoar a p a t l a l growth rata t o bo exnllonbl* by tba 

plaaaa teuparatur* a f feot only, Al*o other re lat ion* bet wait ttoa W M i u i d 

obaraotariatioa of toe Interact ion d i f fer • l a a l f l o a a t l y froa «be** pradlotad 

froa tba o o l l i e l o o l e e a bot plaaaa nodal. 

2 . BafZC ОДАТХСЮ 

l b * lntene l ty at tba wave e l e o t r l o f i e l d , E(*,t)m.- - — baria* a e tat loaary 

0 (.*) , aay be wri t ten aa 

(2-х) £(*.,*). 2 e £ ř w e * ' 

l a tba r a d o n , where a eln*-le a trou*- one-diaeaelonal war* l a exol ted by ta* b 

pre nodulated a t a fraqnanoy (0M . к0(Д) U tba rea l part of the war» veotor 

fcC») «ad ~ 

r r , v 'I*W& r 
(a.2) E0Wbio(o)e> . *(л)*1тЦм). 
(Vltbout any loee of nanaraUty w* further ebooae *.*, i £ (*)< 0 ) . 



Olar a l e ta *o determine K(Jt) , end the development of the d i a t r . ; _ :;.o^ 

funct ion of beeje e lectron*. Aeaualag that the unperturbed d e s a l t / of -.-.i . i . i s . 1 - : -

oold e leotron Ьееш Tl^im a u f f i o i e n t l y lov i f compared with t i» p i a o » dtb i i sy 

•TI» » tto»t the unperturbed bama ve loo l ty /y-- exceed» a o f f i c i e a t l y int thermal 

v e l o c i t y of jila a a* eleotrona /Ví. and alsult .t ing a l l poaaible weakJ.; ^inli-aeer 

prooeaaee by Introducing a oonatant 1Л»» , tbe Poiaaon aquation ш*.. 

where 

la tha l inear p l a n » d l e l e e t r t o conetent and ř, ( i ( i ) tbe aotual beam t v - ^ i i y 

For tbe iiiaaar InaT ca lcu la t ion i t la ootnrenient to auba .Itute a se t of equal 

lie— eheete , auoeeedlng eaeh other aftap tba aaiee t ine in terva l 6J , for 

the unperturbed bean. I f , further, the actuation of continuity 

dt OX ' 
l a raapaotad and 

<Ty = íJ-{Jř «. 0p . иец << Qř 

la aeeuned to be v a l i d , the aq. (2 .3) gat» tba fora 

(a 

t.(l) being the traneit tin* of tba j-th aha at through a given Z -pxaae 
Th» «oaemtioa on tba right-head aid* of aq. (2.6) ia performed over *ll l\ 

oluatara that enter the intaraotloa region during, the a ana period of the vî .i.'j' 

By Introeuoing the olaanalonleaa variable 
A U*1-

(a.S) ^ 5 - * л » * А - ^ Г 
end the dlneaeionloee phaee «nd amplitude of the exoited wave 

(a.«) ^(.) г--£АШ 2.ЙШ^ 
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th» real «Ad tas senary part of *q. (2 .3) load to tbo «щлчкл» 

«* _ . 2 ^ (2•X1) "5- ̂ "Ф" - "jv £ ^ (#Ctj" ^ °̂  
(2.12) 

X 

«bor* 

(2.13) * S ^ £ 2 - . *N H^^r ^ , ; - / л с г ' ^ г ' 

The quant i t ies "Эб̂  , 3£v and Ж л . (autual ly dependent, of oeurae) h**a 

tha f ol lowiac physical aaaning i Xt la tb* aotual s p a t i a l growth rat* of the 

boaa-axoitsd war») 3ÍV I s the hypotetloal s p a t i a l «rowth rat* of th* аави v e r s , 

but l a a o o l l i s i o o l o o s plaaaa and Ufa l a tba s p a t i a l growth rat* of a vara 

with Oh) • 0 , axoltod l a tba studied sys tea with tba oo—an fyt . I t l a 

worth Motioning- that l a th* H a l t s 

(2.Ню) fu} ~> 0 =* #t — * *-Л> } &„—*+• — 

oqs. (2.11) and (2.12) ar* ooapletely independent on tba boaa and plaaam para-
•stars. In «aaaral, bovarsr, tb* ralatlooa between 3řj flf^ and Sřj- ar* rathor 
o*aplioat*d. Va us*, tberefora, another aparoaeb to retain only tb* independent 
paraaatars. (It proras to b* only a single «aob paraastar м. tfaa linear vain* 
of М.Ц0) 1» oquation* for Fty) and M. £<*) . 

By using tb* aqs. (2.13), (2.1fca), it e n M anally provsd that tb* aquation 

of notion of tb* i.th sh**t 

О 

•ay ь* traasfonasd into th* following diasnsionlsss form 
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Suoto a, traaaf и гамtlap la la feot ideatloel with that perforated by O'Kail and 
Winfrey (197>). Va have retained, however, ala o tha tan proportional to 
^A^*fjId.*l end it» higher powere on tha right-band «Ida of th* «q. (2.16). 
Sine* w* veru not prooood to oalt eueh terae even in tha equation* (2.11) and 
(2.12), we have tbua oonaerved tha prinoipial poaaibility to ohaok up their actu
al algnlfloanoe. 

The eqo. (2.11), (2.12) and (2.16) fora a oloaad «at that, t..«v«i, can be 
integrated analytically in the linear radon \<f.- —rf I « • j only. To get toe 
oorreaponding non-trivial aolutloa 

FL i\) - Fu» e ' ; fL cy - ^ со) 

tha following equation* have to be v a l i d . (Their r e l a t i o n to tha l inear dieper-

aion equation l e obvloue). 

I t followe f ree the eqe. (2.13) end (2 .18a,b) that м.^ t (0,4) la a monotonie 

funotion oř O CO /\>tft , being un i ty for oW * 0 and и г о for ^ „ » J . 

The expreeelon for tA (,»jj deteralnee the boundary oonditlona at у *0 

for the meaerloel oe lou la t loae , whereae the re la t ione (2 .18a ,b) enable ue to 

emolude the exoeee pereaetere frea eqe. (2 .11) and ( 2 . 1 2 ) . Ve thue get 

(2.18a) 

(2.18b) 

<a*l9) U*tfV F ( l l ) Ш Ы Ъ Ш ^ c v ~ a c v ) 
(2,20) Jjfbp-^'ifa **(«•<!>-**). 
Tneee equation* are ldentloal with tboee derived under leee ree trie tire aeeveap-
tleae frees «be energy моноида» ooneervetlon l»we (Jungwlrth, 1973). 

By excluding/^«J '*>•• *be laet two equation* we get the iaplielt equation 
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Multiplying eq. U . 1 9 ) bj J'^L) •*»<» "4- (2-20) by j > u t end в' 

reanlta, «a e«t 

1 . I At ,-

Differentiat ing tne aq. U . S l ) with r e e ^ c t to <£ and reapaetlag eqe. ( 2 . 2 1 ) , 

( 2 . 22 ) , we can derive ь вхтлХаг eipre»sioo lor M, C*l) , too 

Soaja preliminary nuaei-ioal reaulta derived fro» aqa. ( 2 . l 6 ) , (2 .21-3) tea* baa» 

raportad by Jungwlrth, Krlia (1973). In what followa mora oaaylete and d e t a i l e d 

data are prevented and diaouaaad. 

NUMERICAL RESULTS 

TraJaotoTlea of 300 beaa-partiolea par on* waTw-length have bean oe loulated 

with the atap Д 11 s 0,05. ViaaarloaJ. oaloulatlona haw* bean perforaad f a r 

А. (О) г 0[ F(o) = l A ( H e » , a) vhioh oorreepoade to a doaťaant *f*eot of tb* 

negative plaeam die 1в о tr io oonatant - the off-reeonanoe oaao, SOTM(O) * /fb f 

F(0) ж 1/6 (Fig*, b) whloh oorreaponde to the M i i a w vain* of tb* l inear apat la l 

growth rata 3řt = ^ W V K oaloulatad formally for а given ooaataat V^rt and tor 

Jť[0) = i f F{0) a 1/4 (Fig*, o) whloh oorraaponda t o • dominant abaorption. 

Solving the eq. (2 .16) the value А з 0 ,0* of tha aoal iag faotor ( r e l a t i n g the 

dimenaionleea and aotual paraaetera of the eyaten) baa been uaed. By t h i s obolea 

the numerioal reeulta are rwry wel l applloabla at l eaa t to eya terna with A £. 

(Of 0 ,08 ) , whloh ia the typioal region of operation of beam-plaema ay a t e n s . To 

be fbla to compare the dynaaiioa of the in terac t ion with that of the t ine a o d e l , 

a lao aone reaulta obtained by Jnngwirth, (1971») (Fig. Id) bav* been laoluded. 

In the l a t t e r oaae 

Tvtm Flga, l a - d the oao i l l a t ing oharaotar of the eqnared «алла u p U t a d i И 

(«ol id l i n e ) ia obvious. Thaae o a o i l l a t i ona are , however, f a r leaa regular i a the 

• p a t l a l aodola than In the temporal one. Xf the fundamental war* abeerptloa aJLff* 
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•в 1—ort—t rolo la «ba lator—«i—, «to flrot and partially tho ooeoad pooka 

of Г* ( ^ ) ого Дг~|-Л№т( Г1*о. lb,o). Tblo o— bo ее— elno froa tto OTOIO-

«1— of tk* b i f l o l —owt of o—ray transferred from Ыи «о tho oxoltod «ото 

ÁW S _^-£—pafit (dotted 11—). nte eaeorptl— of tbo fiaid—atol «ото reoulte 

la tbo prepar«lioaU«y of FHf) to ok* flrot derlTotlTe of 4 Ц, . Хш tbo ti— 

probl— tbo eoolUetlo— of ř*(^) ото at—ot reaalar »ln. Id. «bo oerreepondlz* 

loeeea oro prepertlo—1 to F («J (/"*(•> rg- ? } ~ T J " ) «о* ото not, 

его, ladlooted la tbo fleoaro. 

Za tbo off • мои—na ом* «itb —eligible abeorptloa ( ^ * 0 ) tbo oToraged 

•мгодг i—lni ala—t «libo •!id la tbo atatlenary o toto. Tbo», tbo laterao-

«1— tatoa— tbo boaa and «bo «are lo Halted «o tbo o—boago of ao—ur— only. 

«bio дао— to bo tbo eaffloloat r o — f— tbo vare o—11 «ado oad phooo to bo 

apotlally dee—d—t Га—«lo—. To oboob «bo aaaerloal ооацгвот, «o bóro aaloala-

«od eoparaontr «bo о юг—of boaa o—ray aloe la tbo oaoo M-*Q , Tbo oo— tonoy 

of «bio ml— bottor «boa porooato of «bo «apertarbed boaa o—rgy boa 

booa Л t u ala H «Itala «bo «bele interval of law—«lga«ed ^ 6 (0, 9,2). Galileo 

«bo flrot oaala— of F*Í*J roaobod for ^« 3,1 , tbo ooooad a r i a o ot ^ * 6, Ъ 

1* во l i t t l e ezare—1-re «bot «о вот. oo—idor F (\) to bo ol—ot ooaotoat lna Ido 

«bo latorral k,4<-\ <• ?,l . for * >?, 3 «bo aa—nd eaplltudo a tor to «o «row 

beinc ooaporoMo with «bo flrot o—. 

Lpt of tato popor «o horo boooao oooalatod vití» 

«bo fao« «ba« aaenaabom ot ol. (1*73) baro oolTod o opoolal oxoaplo of tbo «ото 

oaoltBtl— obi ob obrald bo iarolred la o— off^—o—a— aodol. Tbolr dl——lon-

looo nturifliaiti r lo rolotod «o J elaply u f « Т/д . Tbo following opo

olal obol— of «ba vare, boaa and plaoaa. freoa—ol— -—É-. в l , 6 | 0.01 

ladloatoo «ba* A a 0,13 boa «o bo obaooa la oar approoob tbo aaao oooo to bo 

ataonod an bevb popor». Borortboloaa, «o bam dot—«od elgalfio—t dlfforono— 

la «bo «o— oapllfrodo orolotloa. Tbo ooaonbat blcbor ml— of «во aoeolute —xi-

aan af F*0l) ж 2,9 and «bo ala—t aaao min— of aaal Irani at «bo ooooad 

ano) «ba «ana* aaaaa— a— «rploal for tbolr rooolto. OaVty «bo dlatoaooa between 

«bo п—щиИиа- —ni— of F\^) bar* r a i l m l pr—«loally vaofaaaged. Soor-

obotoa af «bo initial o—dHlo— dlfforoat In erery oaoo. Zn onr approoob wo 

b*a» «aban «bo panely ar—In» aolfao—lo«on« — la«loa af «bo liaearl—d prob-

loa — Initial i—l i« l—, tbo onplltovto of «bo relooity portarbatloa belu* 0,03 

• b fо* д о 0,13 »t « o 0. Tbo «жpoaoatlal arowtb of F*l%) •« m*o« tor 

m 4tl i* obrlo— 71*. la. oy obooolnf a blcbor ml— of «bo Initial bo— 
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velocity parvorbatlon v • cb( l • oi CH bit ) , o(. • 0,1 aot M O M M C Í M by tne 

appropriate deneity perturbation, the transition from aba linear to the nonli

near rafion hea aot baan eohleved la taa aaaa ettadlod by коетеакете at e l . (1973). 
(Им replon of as Initial, exponential jprowth la eleeinc In their reamlte). Slnaa 
In the off-reaonanoe oaaa baan and раме velooltlee ara тагу eloaa eae another, 
• lee toe farther nonlinear ateae of interaction amy be atr mealy laflneaeed by 
the daeper noonlatloa of tne baan Telocity. Thay ara, therefore, worth ц а ц 
rlns eleo WM bean partiolee veloolty dlatrlbetiene Па». Жп, as «oil aa aha 
phase (danalty) dietrltmtlono Ft*. За. Where at , follnwiag; Mea^eneva at «1. 
(1973) t *be bean epllte into two elwetere eetetlnc l a ana pbaaa apaoa «at 
dletrlbntlon belac aa a rale a doable 1аамИ fwnotlon with an expreeelvs 
at T > ть (axoeptlac -a/ *2,S; ftt; f,i where thaae tee pánka fane tsnpsrarlly), 

oar diatribution fwaottoas have throe aaxiaa (onu at т » * b ) If the velocity 
epread «f the baan la net too aanll. lino the dameaty deetrlbetloas indteat* 
that in oir oaaa the portion of bean eleetrone aaar aha botton of the wave potea-
t ia l wall raamlae ateadUy at a relatively hlah level . Va amy eoaolade that far 
the instability etartia» at lower i n i t i a l lavela (within taw reálen o* validity 

of the linear aparoxlaatIon) the bona do*» aot apl l t lata two separate alas» 

taca, ааИиа thaa aadoratandable the relative ewppressloa of the spatial oeoll> 
latloao of the exolted wave aaplltudVa. 

** far aa the anrtana vale» of the aevoal wave elootrlo f la id lataaalty la 
ooaoaraad, wo amy an* «uly qualitative lafomation i f 4>ц, ф 0 . (lbe aetael 
v a l a . f P í f f i . . . f * t г а а ь . ^ и ^ и ^ а ж н л - . ь м » . » . 
taken free experineat). nevertheleaa, the aaaarioal reealte and seeling eqa. 
(2-to), (3.X) inply that for 

O.a) Ъ % >S*'fr 
«ha amplitude of the atatloaary wave reeebee higher valnoo / £ » ь ^ Ы £ , Wj aiaee 

i t la reasonable to aoaoaa that %» *<• ft, , the inequality (3.«) laWM bo 

eatlefled i f plasma elgea modes ara exalted at aot too hi«n prsssnre». It, 

however, la the off-raaoaaaoa oase/*J^4>f | > ( ^ , 1£/Л, taa laeowellty (3.a) ia aa 
mere ralid. Therefore, lower f ie ld iatoaaltioa are then attained than la 
adeametely daaoribed by the tine aodol. 

Za f la t . 1 alee the aoranlleed differeaoe batwaaa «bo 

leei ty vb aad the instantaneous рама releeity 1^^, la platted. Za the eff-

«reaonaaoe aaaa the phase veloolty raaaiaa vary elooe ta vb (thay aeiaaida 



- i i -

e a a e t l y 1» tn» l inear region *аЛми(ц)<.<.4 i n l a t t e r etagea of In terac t ion) . The 

ebeorptlon af tba wave m r p reeu l t e l a expreeelve abrupt ohangee of £*-Ст) 

(Flge . l b , o ) - wbiob ara apparently greater then tboaa In tfaa t i e * problaa 

(F ie . X ) - aunerpoaod an tba eyetematie м. ( * ) inoreaae. Tba abrupt l o c a l ehor-

tne wave-length near aaah nliiln—i of tba s ta t ionery wave amplitude i» 

nmee of tba axel tad пата to «row «gain downetreem i n tba diaaipat iva 

»1. 

Sve lnt len af ttoa wave oaloulated In tba t i a a and In tba « p a t l a l d iao ipe t ive 

and off ream—a» nadala baa, thue, oar t a i n oomnon faaturaa ( o a o i l l a t l n g charac

t er of tbe wave amplitud*, deereaee of the pbaae v e l o c i t y ) . Thar* a r e , however, 

a laо a ign l f loant dlfferenoee whiob i t ehould be poaaibla to d le t laguleh experl» 

nan t a l l y . (Seta a. ( . tba apparently larger ohangee i n tba poena v e l o o i t y e a t a b -

liahad i n a p a t i a l d l ee ipa t lve nadala or tba dlfferenoea i n tbe diatanoe between 

Ma» f i r e t and tba oooend aexlmva jof the wave amplitude. Following П с а . l b , o , d 

the** n l e t n n e n are r e l a t e d roughly aa 1 t 2 / 3 i 2 for a eoanon -value of tba 

l inear apat ia l growth r a t a ) . Deta i led oonparieon between nonerioal and experimen

t a l reaulta baa bean perfomed by Snaka and Jungwirth (197%). Тагу food agree

ment wltb tba apat ia l diaaipatiTe nodel baa been found i n tbe invoet igated oaae 

of a x o l t a t i o n of tba upper branob of e leotron oao i l l a t lona of a aegnetiaed p l a a -

na by a nodulated bean. 

To got a more eonplete i n e l g b t i n t o tba pbyaioal naobanian of tbe in terac 

t i o n , «o torn now tba a t t e n t i o n to tbe pbaee-apmoe diagrame deaoribing tbe bean 

evolut ion. In f l g a . 3a,b tbe dlmenalonleee v e l o o i t y — •."* and pbaee re la ted 

to tbe ware ( /9 " j i ) of oaob tblrd beaa-aheet are p lo t ted . I t i e a ooamos 

feature of a l l aingle«wave nodala that bean p a r t i o l e e booone e f f e o t l r e l y trapped 

by tbe exa l ted wave i n tba nonlinear region. Alao tbe formation of a beavi ly 

populated bunob of bean p a r t i o l e t proceeding tbe f i r a t naxinun of tbe wave ampli

tudo elwaye take* plaoe ( « • 2 , 8 i n the off-reeonenoe nodal r i g . 3», Iя 2,6 

in tne d laalpat lvo model F ig . 5b), Fur«bar, however, e i g n l f l e a n t difference» 

In tba beam evolut ion' ooonr. 

Xn the time nodol a lnoet a l l bean par t lo l ea are trapped by tbe exc i ted m n 

and a dominant part of tbon parféme quaaipariodio oao l l l a t i ono near tbe bottom 

of tba p o t e n t i a l wa l l (Sbnpiro, thevohenko, 1972). ТЫ* reaulta i n quaelper io-

d ianl M o U U t t M of the fwndanontal wave amplitude. During eaoh period the 

w e l l trapped part io lea per fom a oonplete oyole oonalating of the dece lerat ing 

and the aoooloratlng pbeae, tba beam energy varying tb ie oomplenentary to tb->t 

of the 
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In tho off^Moouo* оам aXaMt «XL М м partial** ar* trapped by th* vav*f 

too. Slno*, how*v*r, М м partlola* bar» to oonaarva tbalr *a*r*r l a i w n a « , 
tb* aoaantua tran*f*rr*d by ta* M M partlolM daor—aaa with ta* lanr—la» 
•pr*ad la b*aa parti*!** vwleeltl** and vlo* -varam, iMdlap- t* о**1И**1<им «Г 
tb* *т.*ш aaplltuo*. a* I t oaa b* ***a fr*a Г1*. 5a trappad м и portlelM **ol l -
lat* within ta* «bol* p*t*atlal trap (they ar* a*t wall trappad la амега! ) , 
tb* MolUatlon» of ta* aaplltvd* Mlac, tb*r*f*r*, far Жам reamlar thaa la ta» 
tla* aod*l. Notation of trapped partlolM la tb* рвам арам 1* nharantertMd 
by tb* *oo*l*r*tl*a of *a* half of tb* trapped partlo!** a***apaaj*d by th* * ! • 
aaltana*iwj «*o*l*ratloa of th* **ooad half la «aoh веема t . 

Za th* dlaeipetlwe aod*l ( /t » 4/ff ) W*. Jh ealy th* Ц и П и Н а ц Ь а Н 

of th* trapped pmrtlolM o*elll*tloa* м м »1ам at th* d l í t — o *f м * «patlal 
•ввгВ>4 dhaa1 вЫа* ^̂ вввЪ *aaat4fa> aaaaarhU в^ваФан 'aBraaa аЪЯва*вввй4 авв^вввев^ММв4 айаТ aha* £вввв> BBBVaVaB^blálBBBVt^B РавваШа* 

•aoh в1Шаи of th* wave aaplltnd* r* ta* i aaaely thM* partlelM lat* ta» r i f l w 
of d***l*ratlaa whloh r**rat* l a a par—naat daar*— of амгау of tb* trapped 
partlolea, a* w*ll a* l a aa laor*a**d portloa of th* watrapp*d partial** (1/3 
арргох. ) . 

k. COKLDBI» 

Zt WM th* ala óf thl* pap*r to dwnaetrat* that tbeeretleal м п 1 и чае or
ala*- th* tla* evolution of th* htaa »1маш lataraotlaa a*v •«aotlaw* Irrelevant 
to ta* *patlal proMaa, Pooh «ltwatlon ooeor* i f *lth*r tar вемр veleel ty *f 
th* war» d*t*raln*d l a th* аЬмам of th* М и 1* far лмшш thaa It* phat* ve l e -
oity or If th* M M 1* aodulat*d at м off г м пиано* Ггмимоу. Za th* feasor 
oao* *a*rey ab**rptl«a of th* *xelt*d war* o—of by w*ahly nimi 1 мат aara—>rli 
- l lk* proo***** aay Mooa* doalaaat for th* tuaa plaoM lataraotlea, вмееве l a 
th* latter th* *a*rgy traa*f*r 1* MfUdlble aad ta* whol* lateeaesle» 1* Ua*t*d 
to th* exebaa*e of IOOMUH M t w w М м partlolM aad th* olaal* «selted «tread 

V* bav* farther proved by o napař li»: th* uiiarloal reealta of a l l M i l l s e 
del* (th* t lM-l lke aod*l, th* dlaelpatlve sedel and «bo nff n i n i a i i i «a») 
«hat m a at a ooaaoa wain* of th* llnoar «patlal growth rat* «ho i n H w i r eva-
l a t l M of tb* «mlted war* aapUtod* and рвам, a* wall м tho Май IIJMBÍM 

dlffor oldBtfloaatly. I t 1«, *f м а г м , poMlbl* t* dlotUamlah «ha»» diffotaa 
M* a u * osporlaaatally. Moreover, н е » appropriate M t t t l w ими —do* « y 
MOOM tb* adeowate oa* f*r dooerlptloa *f ta* el&fle «troše war* «Mávati** l a 
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га* ! •жршПмалЫ! f a o i l i t l a a . 

дсквоишяшшпг 

I t 1* * pi»—•г» to лска/втХтЛщл ЧЛхчА part nr—aii,i# of ц — n l — J oa4oala.tiona 

by Or. I . Кот-bal «ad atlajulAtijic dlaouaaiona with Dr. P. iwriam. 
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rXOUHE САРТКЯВ 

(_•») (ao l id l i n a ) and pbaae vaXooity At-C*) 

(daebed l i n e ) for м ~0 

х_й I - Squared wave aaplltud* p 1 í-и) (ao l id l i n a ) , to ta l beam energy loaeea 

Л.К', » г—*— ^dotted l i n e ) , and pbaae valooity u. ^« )̂ Idaahed 

l i n e ) f c r 4/ , * — 

.•;--,. - v. Squared wave amplitude Г [•)£) (aolid llna), total baam *n«rr/ loaaaa 
Avj. » г—*~ l**tted Una), and phaae velocity /4^,) (daahad 
lina) for At,-* "< 

/ i S . 1,d. Squared wave aaplitude Г ( . О (upper curve) and normalised phaae 

v e l o c i t y (lower aarf) i n tiaie problea 

Fig 2.a, Averaged Ьааш-partlolaa v e l o c i t y dietr ibutiona oaloulated for AL'0 

r i g . 2.a? Baaa-partlolea pbaae (denei ty) d i s tr ibut ion* oaloulated for U^*0 

tig. Э-*. Phaae-apaoe dlagraaa of beaa part io lea oaloulatad for > ^ * 0 

Tig. 3 .b. Pnaae-epaoe dlaeraaw of bean pex t lo l ee oaloulated for Xi.--j=r 
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tig. 1 . * . 

Fig. l , b . 
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