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A stability general investigation is carried out.

Analysis

Let us consider electric charge q in magnetic field B
and electric field E. The equation of motion in three-dimensional Euclid's
space is,

(l) mffi:F:q(E+vxB)-2mFV,

where rz, is, the mass of the rnoving charge .q,. ,Y - arL- is the velocity, B is coe'

tficient of dissipation.
Considerihf Eq. (1)'and 'assuming ;1641'11te'':motion is in the plane z:0'

we can.qlite;

For constant magnetic field B:ezBo:corst the cyclotron frequency

(3) rl,o: - 
4Bo '

Taking into aceount Eq. (3), Eqs. (2) larc tl" tort

+: -Hur-roy r-2BVx,

+: -firn+rov*-zPVy'
A solution, corresponding to rotation plus drift is sought in the form

(5) x-Rcos Y*at, Y:,RsinY* bt, Y:atarP,
where R, q, a, D are constants in the stationary regime, o:coflst.

Let us introduce the sign ( ), 'denoting the averaging'by time l. Then
the values a., b can be found from the next equations:

-ff<n.>-arb-2Ba:0t,. .",

- #rurr*r.oa-2tb:o
Integrating'(4), wg can wiite

V* : -H ! f.At-roy-2Bx*const1.

Vr: -P f qat+ro*-zBy+constr.
"U, !1

(4)

(6)

(7)
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Neglecting ff ana ff m^ (5) we obrain

(B)

(e)

V-: H. :-ro,e sin v +#cos'r-ffR sin y+a,

Vn:#: oRcosy -F ff siny+#)nrosy+r.

The substitution of (8) into (7) gives:

(10 a)

(10 b)

From

(ll a)

(11 b)

ff "otv -#R sin y: -+ J' 
Edl-a-aobt

-2Bat+(ul-oro)e sin V_2BR cos yn constl,

ffsinv +#RcosY: -+ I Endt-b+aoat

-2Bbt-('uo-rrro),e cos V-2BR sin y_t consto.

. Considering (9) it gets clear how coro, th;';;rilii b"i,t or the Eqs. (7) ," iljt't"1,119;l;,, 
have to be determined

Considering itso (6) ,n. .Jn ,i,;it.-

ffrotn-#nsiny=-ff (e.riodicat part or Je.at)
+ (o-oo) R sin Y- 2pe cos !,

ffR.o.Y: -+ (Reriodicar part of Jeral
--(rrr--:are)R cos y_2B,e sin y.

Eqr. (10) we have

#: +[-.o.Y(Reriodical part a I n,at)

-sinY (neriodicai part of I urr)]*reR

,#- * 4[""v (Reriodicar part a ! e.at)

-cosy (neriodical part of J n,al]-(ro-coJ.
we consider a plane electromagnetic wave (i. e. E.k_ 0, where /riswave

vector), E-coS 1it - k*x - kry _ k"z i a).
Let us assume that kr:k,:O and ky:k, Then Er:8,:0 and

(12) E*=.-&Ejcos t&-kb) t-kR sin y*ol.
Assuming ftatv:i-kb yd -kEr:,80, Eq. (12) can be rewritten in the

p*:E, cos (vlf a-ftQ sin Y).| .:

f; sin \r+

form

(13)

We assume
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(14) v:N(D, N:1' 2, 3,. , ,

For the sake of solving Eqs. (11) and considering Eq. (13), we derive the

following expansions:

(15) cos Y lperiodical part of f cos (vl - ftR sin v 1 u) d/l\^",, r--- J I

:finite part {#{sin[(N-1)ol+s-q]f sin [(Nf l)co/*o+ql]-t

+ j Jrt @R) {sin 
t(2/+N- 1)ot+(2/- l)qtgltsl-nJ(2/+N+ 1)ol+(2/+1)a+ol

t-t \-- 2(2i*N)a

+ ; tu-t@R) { 
srl t(zi-?-N)or+(2r-_-?9--gllln [(2i-N)ro/+2rrp-ol

j:r 't

_ srnl(2i-2 il,----------4Fi+N)o- tl

(16) sin Y[periodic part ol f cos (vt - kRsinyau)dflJl

- finite e*t {#{cos [(N-l)rrrl-rp*a]-cos [(N+ 1)rol+q+o]]

. 4 .'t@R) 
{

T}
)

+ Z Jnt-r(hnl
J:r t

- 
cos [(2t*N-2)ro/+(2r-2)tp+o]-jos I(21*N)ro/f 2rqtE\\,

@ ff
where -(. ) are Bessel lunctions of first kind.

Using (11) we can write the shortened (averaged) equations;

,#r:-fr r<.ot Y{ neriodical Part

"t [ / cos (vf-ftR sin Yf o) atf]>-zOa,

,#r: + *(sinY {reriodical 
Rart

"t [ / 
c s (vl-,6R sin Y*cl)r, 

]])-(co-oo).

(l/ a)

(17 b)
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From (1S), (16) and (17) we obtain

(lB) (cosv{periodical part of I f .o.(v/_ft,esinr'' -LJ ;: r i
I

= - , /r(hR) sin {,ruo-a)1

(19) (siny{ periodical part of | /'.o. (vt-kesinv+u) dtll)t- ,LJ I
- # JN@R)eos (Ne__o) 

:

where J"(.) is the first derivative of the Bessel function of the first kind.Taking into account'(1s) and (19) Eqi. (r7) can be rewritt€n as

(#)=f(R,,,p), :

<ff):s(R; w),'

,f(R, q) : * * t;(A,Q) sin (Np-c)-2Bre,

s(R, o):fr * # t-rftR) cos (Nrp-o)-(ro-or).

stationary solution corresponds to the conditions

;+1i 
ai])r

(20 a)

(20 b)

where

(2r a)

(21 b)

The

(22)

For the sake

(23)

(25)

<ff):0, ,(ff1=0.'

analysis we vary
^dP Af ! Ard#:;nbR+#a,p;

u#= #ue* #ur.

of stability

Using fn, f*, g* and g, to denotel :" dr a:f du ' 'ai'

Eqs- (28) for constanl 
,(stationarul "",r* "rt*'l"jtfl."'r"*rrTrilJ ,T;:

..s-tedVlstate 
oscillations, the s.!ltitiii ."l,;;ti"; .i' G *J:iit["

(24) ,Re(x1,u)<O, : :

where

since the time he ations of e and rp from theirsteady-state val b loni 6R:Ar;;i; ir;;i ";;A
Ee- Bp\'n.+ B.2e?" Br constants.uonstoeflng dit (24,) can,be re,wJitten ras, : .
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(26 a)

(26 b)

The partial derivatives can

f n* g,p10,

f nlr-f ,gn>0'
be expressed:

(28)

/,:* + rl- #t;(eR) + (#-r )"''rna)],

(27)
ft-+ E;Nt;Wn> 

cos (A/<p-c,),

e":# + #[- # rN(kR)+ h(ftR)] cos (Nq-o),

8,p : - + + k#h- JN(hR)sin (Ntp-o).

Considering Eqs. (22) and (21), Eqs. (27) become

f n: -a1t* * u(#k-l) /,v(ftR) sin (Ne-u),

/, :* fitu;tnnl cos (Ns-u),

en: -f tr,l-.,) + + + Nk';Fh(hR) cos(N<p-o),

s,p: - + *uffinlnalsin(Nrp-*).

Combining, from (28) we can write

(29) In-t 9,p: -4p-Fohu(p) sin y,

(30) fne,-f,sa:Ft#[(t-#) &ril-ry@)]

+ i', 
[+n # r*rrlsin y f 2 (ro - oo) # r;tO cos y] + (Nr - peXro- roo;r -; 4paN2,

where the following designations are introduced:

* ftn- ,o, kR: P, NrP-o: 
"7'

First we consider the case of small amplitudes, i... lpl<1. In this cas_e

we can use the following assimptotical expressions for the Bessel functions [8]

(3r) 4v(p):(+)" E .fi+-(+)"=.#(+f +

(42) +(p) :zrnl;r(+)*'+ ' ' '

From (20), (21) and (22) we find
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(33 a)

(33 b)

(34)

FrJiG) sin y- 29p,

rr# h@cos 1,:61-6y0.

Substituting (31) and (32) into (33) we determine

cos r/:0, or

sin y:1- l)*, rn:O ; I
are possible, e. g. with adding n to y).
is not of essential significance, for the sake of simplifying

From (34) it is evident that the spectrum of the possible amplitudes is
uninterrupted and that there are no conditions for the ailplitude discretization
in this case.

When lpl<l and N>1, from (29) and (30) we find

(35) 
"fn*B,p: -4p<0,

(36) f ngr-f,ogn=Na(ro-crro)2-F 4Br1r'z=0,

i. e. the condition (26) is satisfied and in this case the system motion is
stable.

Let us now consider the resonance case, which means

(37) {D-o)o-0,
or considering Eq. (33 b) this is equivelent to

(38) lF,l # > l'-'o l,

Two possibilities follow from Eqs, (33):

a) /n(p):0 and cosyfO oi b) cosy:Q.
We show that when the amplitudes are large (p>l) the motion in the

case a) is unstable as long as in the case 6) motioh is stable.
Case a),

(39) 4,,(p):o and cosyfo.
Then .rr(p)*O. In Eq. (30) we neglect (rrr-o) and "rr(p) in correspondance

with (37) and (39). We find : fpg,p-f,pgp-.-fi#Ji@)+AqrNr. However from
(33 a) it follows

tgy.:o+,

I n 1"-' =.4t 
",1L-Pl- 

[(2B)a1(o-.,x]f,.

^ /.,v(p) 29ro --l--: ,fir , i. e, fng, - f *1n-4pzt11z (t - *h) =O
apparently in this case the motion is unstable.
Case D),

(40)

and

(41)

(42)

(the two cases
As here B

we put



(43) g-0.
From Eq. (33 a) it follows

(44) {n(o)-0'

, . The condition (44)_determine the possibre discrete spectrum of ampli-
tudes p..'l"hese amplitudes go n.ot depend on the force En^(or 4).Taking into account Eqs. (BT), (41), (43) and (44), from eq.'iaO; we find

f nl,p-f ,pe a:ry #( t - #) r*@).(45)

When

(46) p>N
from^(45) it .!qllows that the stability condition (26 b) is satisfied : f rg,r-f,rg*>0,From (29) and (42) ve obtain-

(47) f n-f gr:-40.(- D*.Folw0).

- Sele_cting tle values ior m, it is possible to satisfy also the second stabi-ity condition (26 a): f n)-gr<0, or

(48) Fn sin y-ll,(p)>0.

Conclusions

of the system 
"onriall"?,analysis 

shows the folowi'g two essential features

ry stable amplitudes is existing, which
g the eq. (44) under the conditions ex-

.(X1lprituae, determined by the condi-
the discrete states are stable.

" Tll. phenomenon of continuous oscillations excitation with amplitude
Irom discrete value set of stationary amplitudes has been demonstrated'orr the
basis of a common model - oscillatoi'under w.ave action., It is shown that
p,henomenon manifestation conditions are realized in a natutal way in an os-
cillator _system.'interacting with a continuous electromagnetic w&V€;
- Modelling system of oscillating charge under wave action has been consi-
dered, It has been shown that theiontinuous u'ave with spectrai components,
consider.ably higher than the oscillator charge natural freqirency, excifes char-
ge oscillations with quasinatural frequency and amplitude beionging to dis-
crete value set of possible stationary amplitudes, dependent only-on the ini-
tial conditions. The considered mod"el may be used for phenomehological in-
vestigation of plasma particles with
waves in the Earth ionosphere and p
adaptive non-linear parariretric wave
wind control of Jovian heterometric r
sions and Uranian auroral kilometric radiations. The mechanism is connected
with natural interaction inhomogeneity and its ty.pe can be delined as cyclo-
tron instability in the generation processes,
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en researchers that planetary radiation
4ser cy.clotron process and all celestial
c electron source are strong radioemit-
We hope'that the effect, presented in
rich the concept of generation mecha-

ntsms.
f cyclotron processes that might prove

agnetosphere radioemission. It can be
ise to radioemission not onlv in narrow
to the magnetic field in source region,
ls upon the charged particle oscillator.
lor excitation of low-freouencv conti-

itude set under the influence of wave
in that number fall waves from the
and the radioband. Possiblv. this me-

re-emission with frequency downward
ms are accompanied by radioemission
waves transformation into electromag-
'wave - wave" interactions,

bined with maser cyclotron processes,
ions) in the presence of magneiic field,
lectromagnetic background is adcled.
tics might be determined by the pro-

r re quen cy p ar amet er m ay exct e os 
"i 

l 1 at?:f; t"'#liJtll"H:ft? 
(ilffil'lf 

3'?i;l
ierent amplitudes; on the other hand - waves with different irequency para-
meters may excite.oscillations with same frequency (e. g,, in gyroresonance
frequency area and 1ocal plasma frequency, due tb ihe"re.ona]ice effects).
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f,rzcNperngar{rzfl,,paAr.rycoB rlr4KrrorpoHr{oro, ABH-
Ko,rp SapnAa B IIofle
BOlHbr

Bttadunup !,a.nLeoe, IIemp leopeuee

(Pesrove) i

PaccuorpeHo ABr.rlKerrue eJrer(rpuqecr(ofo sap,flAa no Kpy-
roeorl; ,op5ure,B HeoAHopoAHoM, MarHnrHoM noJre, .llpra o6,nyueHr,ur ,s,apflAa rr,Jro:
cNorl., eleNr,poMafHr4THofi , ee,rrHorl,,c Anzuoli cpanuuuoft _c paAr4ycoM op6r4rbr,
ua6.rrcAaerca e$Sexr Ar,rcKperr4sarlr4u Bo3Mo)KHbrx ycrofiuznrrx pa1r{ycoB op-
OI4TbI.,

Bnne,neuo peKyppeHrHoe BbrpaxeHlze AJrs: Bo3MoXHblx ycrofiguelrx sHalre-
nuft. paywyca (coornercrBeHHo, AJrr Bo3Mo{rHbrx sHaqeHr.t ft cxopoctu nparqeHran),
lloxasaHo, r{ro cy4ecrByer ttopofoBoe..BrraqeHr4e paAuyca, erirue.Koropono Bo3-
FIIIKa€r Ar.rcKpeTr43arlrzfl'Berr{qr4H BosMo)KH,br4. yctorl,uvrebrx paAr4ycoB.

llpogeaeuo o6qee uccJreAoBar{He ycroft.rzBoclplr i
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