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Abstract. A general nonlinear theory for low-frequency have radial and azimuthal optical depth modulations (Goertz,
electromagnetic field generation due to high-frequency1989).
nonuniform and nonstationary electromagnetic radiations in Dusty plasmas are characterized as an ensemble of
cold, uniform, multicomponent, dusty magnetoplasmas ismicron-sized, extremely massive, charged dust grains, usu-
developed. This theory permits us to consider the nonlin-ally immersed in a fully or partially ionized low-temperature
ear action of all waves that can exist in such plasmas. Thelectron-ion plasma. Dust grains can be one billion times
equations are derived for the dust grain velocities in the low-heavier than protons and have charges up to several thousand
frequency nonlinear electric fields arising due to the pres-times that of the electron charge. Dust grains are charged
ence of electromagnetic cyclotron waves travelling alongboth negatively, due to absorption of electrons from the back-
the background magnetic field. The dust grains are conground plasma (Goertz, 1989; Barkan et al., 1994), and pos-
sidered to be magnetized as well as unmagnetized. Differitively, due to various processes, such as photoionization,
ent regimes for the dust particle dynamics, depending on théhermoionic emission induced by radiative heating, and sec-
spatio-temporal change of the wave amplitudes and plasmandary electron emission (Fortov et al., 1998). For example,
parameters, are discussed. It is shown that induced nonlinedn the Earth’s mesosphere (Havnes et al., 1996) the charge
electric fields can have both an electrostatic and electromagstate can be 20, the dust radius (r8, the ratio of the dust
netic nature. Conditions for maximum dust acceleration areto proton mass 210°, and the ratio of the dust number den-
found. The results obtained may be useful for understandsity to that of the ions can be 0.05.
ing the possible mechanisms of dust grain dynamics in astro- The dynamics of dusty plasmas can considerably differ
physical, cosmic and laboratory plasmas under the action ofrom that of an ordinary electron-ion plasma. The dust par-
nonuniform and nonstationary electromagnetic waves. ticles can change the properties of the plasma itself and also
change the dispersion relations of various waves (Shukla,
1995; Verheest, 2000). The physics of collective processes
in dusty plasmas has attracted much attention, following the
discovery of dust acoustic waves (Rao et al., 1990) and dust
plasma crystals (Chu and Lin, 1994; Thomas et al., 1994).
1 Introduction The theoretical idea for the latter was put forward by lkezi
(1986). When the Coulomb interaction between charged

Dusty plasma physics is a rapidly growing field. The pres-grains is much smaller than their thermal energy, dust grains
ence of charged dust grains is ubiquitous in various low-may, as usual, be treated as a gas of very heavy, multiply
temperature plasmas, in the Earth’s lower ionosphere and igharged, negative and/or positive ions. In the opposite case
astrophysical objects (Shukla et al., 1995). The first detecdust plasma crystals can be formed.

tion of dust particles in the Earth’s mesosphere (height 80 to The dust grain dynamic influences on the cosmic mi-
100 km) by direct rocket probe measurements was reported growave background (Ferrara and Dettmar, 1994; Draine and
few years ago (Havnes et al., 1996). Interstellar dust streambkazarian, 1998). This is a consequence of the interaction of
penetrate into our solar system (Altobelli et al., 2003). Thedust with background electron-ion plasma and electromag-
spatial distribution of dust grains can be nonuniform, for ex- netic fields. One of the important questions of dust grain
ample, comets possess long dust tails. Dust in planetarglynamics is the movement of charged grains as a result of

magnetospheres is concentrated in rings, where some ring§€e action of the high-frequency radiation existing in the en-
vironment. High-frequency waves can produce ponderomo-
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the laboratory (e.g. Fisch and Boozer, 1980; Lee and ParksThen, we deduce the solution of this equation for the case
1983; Abe and Kadoya, 1988; Myra and D’Ippolito, 2000), when the high-frequency waves are circularly polarized elec-
magnetospheric (Li and Temerin, 1993; Allan and Manuel,tromagnetic waves travelling along the background magnetic
1996, and references therein; Shukla et al., 1996; Guglielmfield. In Sect. 3 we obtain the equations for the velocities
and Lundin, 2001; Nekrasov and Feygin, 2005) and solarf magnetized and unmagnetized dust grains, which do not
(Ofman and Davila, 1995; Bnz et al., 2000) electron-ion take part in fast oscillations. The stationary and dynamic
plasmas. The investigations have shown that the ponderomaegimes are considered here. The equation for the dust num-
tive force can considerably modify the plasma state and acber density is given. For all cases considered the conditions
celerate the particles. It is obvious that analogous processdsr neglecting the thermal pressure are presented. In Sect. 4
must also occur in dusty plasmas. The accelerated duswe discuss our results and their possible geophysical appli-
winds and dust fluxes are observed in the cosmic environ€ations. In Sect. 5 the results obtained are summarized.
ment and late-type stars (Spitzer Jr., 1978; Falceta-Goncalves

and Jatenco-Pereira, 2002; Altobelli et al., 2003). Experi- , . ,

ments are carried out on the interaction of radar beams witi? ~Basic equations and expressions

the mesospherlc_dusty plasma (Havnes_ et al.,_ 1992, 20015.1 General relations

The ponderomotive force can be used, in particular, for re-

moval of impurities (dust grains) from the plasma in labora-\ye start with the equations of motion, continuity and
tqry devices. Thus, the study pf t_he dL.Jst.gram dynamics inpjaxwell’s equations

high-frequency electromagnetic fields is important for both

practical purposes and for the explanation of natural phenomdVi V- VY = ﬂE+£v, x (Bg+ B), 1)
ena. at m; m;c

The dust grain acceleration due to ponderomotive force of 0
electromagnetic cyclotron, lower-hybrid and Adfv waves —L + V. njv; =0, (2)
has been examined (Shukla et al., 2002; Shukla and Stenflo,at
2002; Shukla and Schlickeiser, 2003). Dust grains have beep 19B
shown to be subjected to the action of the low-frequency,’ E= Tt ®)
nonlinear electric field induced by the ponderomotive force. 4o 19E
The high-frequency wave amplitudes have been considere¥ x B = Tj + TR (4)

to depend mainly on the space coordinates. However, in
nature waves exist, as a rule, in nonuniform, nonstationaryHerej= >-;4jn;Vj, q; andm; are the charge and mass of
and/or unstable media, and therefore their amplitudes changspecies;, v; is the hydrodynamic velocity; ; is the num-
dynamically. The nonlinear effects define the dependence ober densityE andB are the perturbed electric and magnetic
large-wave amplitudes on space and time. In experiments thfields, B is the background magnetic field, ani the speed
external radiation, for example, a laser pulse, also has spatiaf light in a vacuum. Here we do not take into account the
temporal variations (e.g. Jha et al., 2004; Liu et al., 2004). Inthermal pressure. The necessary conditions for that omission
a general case the relationship between the spatial and tenill be given below.
poral changes of the wave amplitude may be various. It re- Next, we are going to obtain the equations for the
sults in different dust grain dynamics, which are considerednonoscillatory part of/;. For this purpose we consider, at
here. first, Eqs. (1-4) to the first order in the wave amplitude. The
In the present paper we develop a general nonlinear theorpackground magnetic fieB is supposed to be uniform and
for low-frequency electromagnetic field generation under thedirected along the z-axis, and the background number den-
action of high-frequency electromagnetic radiations in cold,sity n ;q is also uniform. For simplicity, all variables are con-
multicomponent, dusty magnetoplasmas. This theory willsidered to depend only on the coordinateandz. Then,
permit us to consider the nonlinear influence of all waves thatwe first rederive in the linear approximation the well-known
can exist in such plasmas. As an example for high-frequencyFourier expressions for the velocity and number density per-
waves we use electron and ion cyclotron waves travellingturbations
along the background magnetic field. We derive the equa-

. . = = - q;i iwE11r — w:iE1 X bo
tions for the dust grain velocities arising due to the nonlinearV;i1ix = =L =

. . . . . m; a)z — a)z. ’

electric fields. We discuss various cases of dust grain move- / cj
ments. The dust grains are considered to be magnetized as qj i
well as unmagnetized. We find conditions for the stationaryvjict = - = — E1zx (5)
and dynamic regimes, which depend on the spatio-temporal J
changes in the high-frequency wave amplitude. and

In Sect. 2 we derive the general equation for nonlin- K-Vju
ear electric fields in cold, multicomponent magnetoplasmas?jik = 70 P (6)
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where w¢j=g;Bo/mjc is the cyclotron frequency, with

bo=Bo/Bg, index “1" denotes the linear approxima- 2. o

tion, index “L” marks the direction acrosBg, k= {k, w}, Dix = Z % (Fjuk + iiF.,Zk X bo)
andk is the wave vector and is the frequency. Using j O T W @

Egs. (5), we thus deduce the linear currgnt assuming
that the background velocity i8;0=0. Substituting this 2

current into the linearized versions of the Maxwell Egs. (3) Do, — Z ©pj ” (13)
and (4), we obtain in the Fourier representation the ordinary < w2 1=k

equations for the wave electric field components (see, for

and

example, Akhiezer et al., 1974) All expressions obtained above have been Writtgn in a gen-
. eral form and are suitable for various waves, which can ex-
ArEw =0, (7) ist in cold, uniform, multicomponent magnetoplasmas. Note

that by using Egs. (3) and (11), we can also find the induced
magnetic moment of medium in various cases, for example,
n2— g, —ieo, 0 those considered below.

where the matri>Ak is

A

A = ieo, n?—sl, —nyng |. (8)

2.2 Circularly polarized waves
0, —nyng, n§ — &3 yp

Below, as an example, we will focus our attention on cir-
cularly polarized electromagnetic waves travelling along the
background magnetic fiel@o, i.e. nZ>n2 and ez>n2.

Heren?=n?+n?, ny=kyc/w, n;=k.c/w, whereag, e, and
e3 are the components of the dielectric permeability tensor

€. These waves are used, in particular, for investigation of the
wf,/ mesospheric dusty plasma (Havnes et al., 1992, 2001). In
e1=1- Z - 3 this case the dispersion relation has the form
j YT T Y
nf =1+ 0252, (14)
a)ija)cj 12
€2=— Z (2—2 and the relationship between field components is
i o — wCJ-)a)
E1 = iOiElvk, (15)
w?. lw| ™
e3=1— Z =, (9)  wheres=+1, and the sigr| denotes the absolute value.
F Wheno=+1(—1) the wave is left- (right-) polarized. The

1o contribution of the particle oscillations along the background
wherew,,;= (4nn/0q]2/mj> / is the plasma frequency. magnetic field to the dispersion relation (14) can obviously
: be neglected.
Let us consider plasma motions varying slowly with re-
spect to the wave frequencies. For this purpose we average

Let us now consider the equation of motion (1) up to the
second order in the wave amplitude, introducing the nonlin-

ear force e .
Eq. (11) over fast oscillations, supposing that the wave am-
Fio= _ﬂv_l Vv + }v 1 x By. (10) plitudes depend on the coordinates; and timer, and that
! qj ! ’ ¢’ the wave phases do not depend on the coordinate then

obtain from Eq. (11):
Note that the ponderomotive force (B;2), where (and be- a- (11)

low) the angle brackets..) denote time-averaging over fast (Eay); = <n2 _ 81) (Cohi + 2 ((C}) _ nyng (Cz)k>
—\z )k s

oscillations. Index “2” denotes here and below the quantities €3
of the second order. Then, for the velooity, we obtain the
H H H H T R . 2 nynz
same equation as forj1, if we make the substitutions: “1” & (Ez,), = —iea (Cy)y + (n - 81) (Cy), — CHi ) s
— 2", and E;—E>+F ;. Therefore, the solution for; €3
has a form which is similar to Egs. (5). Substituting the non-e3 (E2.); = — (C;); (16)

linear currents into Maxwell’'s equations, we then obtain the
equation for the nonlinear electric fietth;

2 2 2
AEy = Cy, ay °7 (” - 81) (”Z - 81) ~ o
The wave vectok and frequencw in Egs. (16) characterize
the inhomogeneity and nonstationarity of the wave ampli-
Cr Ari (12) tude. For the components of the nonlinear “driving force”

0 - 41V i1 = Pk (C)x we obtain the expressions

where

where
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2
ky qj “pi 2
(Cade = (£3) .
® S 2m o (5o — wcj)z k
(), = ik qj @ |00 (200 — ) <1 We;j kza)’) wej n_’z2 (E2>
Yk ’ F 4mja)3j w'? (0’ — o)) ow —w wkl ) o ey [V e
[ qj a)ij wg k] E2 17
Cy, =54 k = < > .
(Cade wz;ijaw’(aw’—wcj)<Z+cra)’—a)cjw’w> Yk (A7)

Here and below the index™denotes the wave number 3 Nonlinear dynamics of dust grains
and frequency of the linear wave. The frequengyis as-
sumed to be fixed. The wave numbi¢ris determined from 3.1 Magnetized dust grains
Eq. (14). When calculating Egs. (17) the relationship (15)

has been used. We suppose thé& »?2, for particle species In this section we consider the case when the dust grains
that participate in the fast oscillations. are magnetized, i.e?<w?,. This inequality means that the

amplitude of the high-frequency field changes sufficiently
slowly, and/or the background magnetic field is sufficiently

We see from Egs. (16) that the magnitude of the nonlin—lf”lrge' In this case thg valug, t.a_kmg into account the equi-
librium quasi-neutrality conditiom.o=n;o (1+34), where

ear electric field(E2>, ) depends, to a large extent, on the 5 AR h ller th d

quantitys, (see Eqgs. 9). When all particle species are mag-h"_q‘r’1’1dﬁc’/6"’o ( qe_qé_e)’ 2 ml:f smaller thahy ar

netized with respect to (v*<w?)), thene, is very small as the formez=3_; o), j0/w;;, !\;Zereagl IS e1=c®/cy,

(e1>e2~w). However, if, for example, the dust grains are wherec,=Bo/ [471 (Z/ njomj)] is the Alfvén velocity

unmagnetized, therp can be largesp~w™"). Therefore, (e1>>1). Further, as can be seen from Egs. (16), we can con-

we consider these two cases separately. sider two various cases in the dependence on the relation be-
tweenn? ande;.

In our analysis here we do not take into account the ther3.1.1 Stationary regime
mal pressure of plasma. The necessary condition for such an
approximation for fast oscillations in the case;~Tj; has ~We now suppose that w2<<k226i. In this case
the form (7} /mj)k/?/w', whereTy(; is the temper-  (Ez.), = (Cx)y /n? and(Ez,), = —ie2 (Cx)y /n®nZ— (ky/k-)
ature of the specieg j=e, i represents electrons and ions, (C;); /3. Inthe expression fo{C.), the second (nonstation-
respectively, and indicesl"” and “||” mark directions rela-  ary) term in the brackets (see Egs. 17) can be neglected.
tively to Bg. We suppose that the dust grains do not partici- Let us now present the equations for the velogity,) of
pate in fast oscillations, i.eu’2>>a)f_d, a)id, whered denotes  the dust grains. In the expressions (5), written for the val-
the dust grains. The conditions for neglecting the thermalues of the second order<{42), we must then use the electric

motion for slow movements will be given below. field (E2). As a result, from Eqgs. (17) and a3>>>1 we find
2 / 2
qj “pj ow — W) @pe €. |2
(azhe = Y 52 - — ik, (E3) .
JZ#;J 2m w{z)g (Ua)’ _ wcj)z ocw a)cda)cjnz By k

( ) Z q; wﬁj ow — w; wf,ewcd c w L <E2>
Vd2y), = P - ——ky ,

Yk i3 2mj w2, (00 — wcj)z oo wej@2n2 | Boweg \ Mk
0 (vg2;) _ __Yae 1 i Wee k_;i <E2> (18)

ot 2mgm, o (0w — wee) | 02 00 — wee @ Ot -
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The equation for{vs2.) is given in a general form. In the k;/w>k. /o’ in the equation fofvsz.) (see Egs. 18). Then
stationary regime /w>>k. /o' we have(j=e, i)

When the second term in the square brackets in the ex- )
pression fovsz,), is larger than the first term in the square (Vaze)  @ea C4; Kz @)

. . . S 2 .
brackets in the expression fdwg2.);, i.€. k2c§i<<a)wc,~ <Ud2.v) wei ¢ ky o

(with @'~cw; for this inequality), wherek’=kZ+k? and  comparing these velocities we see that the transverse ve-
cai=Bo/ (4niom;)Y/? is the ion Alfven velocity, we have locity of the dust grains in the dynamic regime, when
from EQs. (18):(1)[12},) = —(¢/Bo) (E2y), (vd2y> > (vg2¢) and njom;>nqgomg (j=e), is, roughly,w.; /w.4>>1 times larger
5 ) 5 - than the longitudinal one. In the opposite case, when
3_+3_ ; _ 1 Wpi 9% (E9) (19) nijom; <nqomgq, this relation depends on the valdg, and
ay2 972 dZV_ZBg = (Ua)’—a)cj)z dyor

stays the same if;<«1. We note that the particle inertia in
the slow movements containing éa must be taken into ac-
Note that in this regime the electric fiel@2) has an elec-  count for the dynamic regime.
tromagnetic nature. And finally, for the purely stationary = The conditions for neglecting the thermal motion in the
regime, wherk?c3;>>wa,;, we obtain dynamic regime are similar to those above, except for the
last inequality, which now is o (T ./ me)k k. /ww'.
e 1 c d <E§> ¢

_Zme ow' (0w —wee) Bo 0y

. (20)

(va2x) == (E2y)=

Bo 3.2 Unmagnetized dust grains

with (va2y) < (vg2r). Here the electric fieldEs, ) is related  Here we suppose tha@s>o?2,. Then
to (E2.), i.e. 9(E2y)/0z=0 (E2;) /dy. Thus, the induced

electric field has an electrostatic nature in the purely station- wf,l. wf,d
ary regime. Note that the fielt£>,) is only determined by 1= PR
the electron motion (see Egs. 16 and 17). We see that the “
transverse fieldE, | ) has different directions in the two con- w2
sidered caselc? K (>)wwg. g2 = —8g—2—.
wWWej

The relationship between transverse and longitudinal ve-
locities depends on the concrete spatio-temporal inhomofor simplicity, we considem; >8,m.). The second term on

geneity of the high-frequency wave amplitude. the right-hand side in the equality fef is less thar, by a
The equation for the dust grain number density evolutiontactor ofw/we>>1.
here and below is If e3>¢3, we return to the cases considered in Sect. 3.1,
ith g1 ~c2 /2 i ime:2
3 (ng2) 8<vd2y) 3 (va2:) but now withei~c/c4;. In the stationary regime;Z>¢1,
iy —ndo 3y + 9z . the frequencyw must be much smaller thak,c,; and
kaC§i/5dwci- In the dynamic regimen?«e1, we have

The conditions for neglecting the thermal pres- @>kca; andéswci. This regime is possible fof; <1, as
sure in the slow movements are>>ITLj/mj)k§:/wL2,j; far aso<w.;. In Eq. (21) for(vszy) the Alfvén velocityca
Toi/m k2 /w2 c2/c2. and T k2 /02, where must be replaced byy; .
(T /m ks s ci/ey; 1/2»“1( Le/me)kz /e Let us now 100K at2>3>n2—e1 O 800 >3k [8gwei
Cy= [(Z/ njoTLj) /n,-omi] is the ion sound speed, This regime can be considered as a quasi-dynamic one. In

aj~wej/o (/< Of ~w,;, o is the frequency of corre- this case the inequalitietyomy>niom; (as far asw>wcq)

sponding waves). and$ >>kcai /w.; must be fulfilled. Then, we obtain from
Eqgs. (16)Ez,), =i (Cx)i /€2 and(E2, ), < (Ezy), . We thus
3.1.2 Dynamic regime find
2
Suppose thatw?»k2c2. In this case we obtain from 9 {v2ay) _ 1 @pj d <E§> (22)
Egs. (16): (E2,) =—(Cy) /a1 anq (E2y) < (E2y) . Using ot 8mngomy i (oo — wc.,')z dy
Egs. (5), (1 2), we find the equation for the transverse dust
grain velocity The equation foKvy,,) remains the same as above. It is fol-
5 lowed that the fieldE>2) is the electromagnetic one.
3 (vazy) _i 3 W, 3 (E3) 1) We see from Egs. (21) and (22) that fegoma>>niom;
or 238 = (Gw/ — a)cj)z dy the transverse acceleration of magnetized dust grains in the

dynamic regime coincides with the acceleration of unmag-
In the dynamic regime the equations for accelerationsnetized grains, wheb,w.;>>w (quasi-dynamic regime). In

along and across the background magnetic field can havéhe opposite casé,w.; <w (dynamic regime), the accelera-

the same form i’/ k.>>c4. In this case it is possible that tion of unmagnetized grainsigoma/n;om;>1 times larger.
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Whenng omg<nijom;, the accelerations of magnetized and stationary regime, see Eq. 20) and can be directed both across

unmagnetized grains coincide in the dynamic regimes. (cases 19, 21) and along (cases 20, 22) the wave amplitude
The thermal pressure in the quasi-dynamic regime carinhomogeneity.
be neglected if $T 4k%/my0? ands3>k%c? /w?, where One more important issue of our calculations concerns

Csi=(neOTJ_e+niOTJ_i)/niOmi, and if the same conditions as With the longitudinal electron and ion accelerations under the
those for magnetized grains in the stationary and dynamidction of the circularly polarized waves. It can be shown that
regimes are fulfilled (except T, 4k?/myw?,). (1+8a)9 (ve2r) /01=0 (viz;) /0t= —(e/m;)((Fe2z) — (Fi2z)).
Thus, the electrons can accelerate, if the ions are mobile. If
3.3 \Velocity expressions for electron and ion cyclotron one considers the ions to be immobile (for high-frequency
waves electron waves), so then the electrons do not accelerate due
to the ponderomotive forcg,o,), because this force is com-
Finally, we present the velocity expressions in the cases opensated for by the action of the electric fiékb, ).
electromagnetic electron and ion cyclotron waves. From (Qne of the most direct ways to investigate the dust grain
Eq. (14) we obtain the dispersion relation for electron cy- gynamics under the action of the high-frequency radiation

clotron waves¢=—1, o’>w;) are active experiments in the Earth’s mesosphere (Havnes et
2 al., 2001). Parameters of radar beams, such as the power, du-

W2 =1+ @pe ) ration, inhomogeneity, can be controlled. The displacement
‘ @' (|wce| — @) of dust layers under the radar beam action can be detected

via the Polar Mesospheric Summer Echo.

The stationary ponderomotive force of A#fm waves is
popular at the explanation of the ion acceleration along the
Earth’s geomagnetic field (see, e.g. Allan and Manuel, 1996;
Guglielmi and Lundin, 2001, and references therein). How-

2 _ , ever, such an approach is not suitable for sufficiently short

=14 —2>r <1 — 84 w) , wave packets, the size of which is less than the inhomogene-
@i (@i — o) ity length of medium. In this case it is necessary to use the
nonstationary ponderomotive force considered in the present

In the equations for the velocities it is necessary to put
o=-1,and in Egs. (21) and (22) to talie-e, i.

In the case of ion cyclotron waves the dispersion relation
is (' < lwcel)

whereo==1. In the equations for velocities we must put
o' < |we| and in Egs. (21) and (22) taki=i, because the PaPer:

contribution of the electrons is very small (Wheps>8,m.). Itis possible that the temporal evolution of At waves
can contribute to the interpretation of the creation of mag-

netic holes and magnetic decreases observed in the interplan-
4 Discussion — possible geophysical applications etary magnetic field by means of the ponderomotive force
(Tsurutani et al., 2002).

The main goal of the present investigation is the consider-
ation of the dust grain dynamics due to the spatio-temporal
inhomogeneity of the ponderomotive force. Usually, the pon-5 Conclusions
deromotive force is considered to be stationary, and only the
spatial gradients of the high-frequency wave amplitude ardn this paper we have developed a general theory for the gen-
taken into account. In this case one should suppose thatration of nonlinear, low-frequency, electromagnetic fields,
waves do not suffer linear and nonlinear instabilities andinduced by the ponderomotive force of high-frequency radi-
maintain their regular shape (e.g. Shukla and Schlickeiserations in cold, uniform, multicomponent, dusty magnetoplas-
2003). In other words, the processes must be stationary. Bunas. The high-frequency electromagnetic radiations have
it is clear that these conditions are far from always being ful-been considered to be both nonuniform in space and non-
filled in real situations, such as magnetospheric storms, Sustationary in time. Taking into account the high-frequency
flares, generation of impulsive radiations, plasma instabili-wave amplitude nonstationarity is important in the consid-
ties, nonstationary nonlinear processes and turbulence, areration of the plasma particle dynamics due to the pondero-
so on. Accordingly, the rise of charged particle fluxes, in motive force. We have shown that depending on the charac-
particular, dust winds, has a dynamical character. ter of the spatio-temporal inhomogeneity, the nonlinear elec-

Two consequences are followed from our considerationitromagnetic fields induced by the ponderomotive force can
1) depending on the spatio-temporal inhomogeneity of thechange their direction, leading to the corresponding change
high-frequency wave amplitude the transverse dust grain vein the particle velocity direction.
locity can be directed both along (Egs. 19, 21, 22) and across As a concrete example for high-frequency waves the elec-
(Eq. 20) the amplitude inhomogeneity; 2) the induced nonlin-tromagnetic cyclotron waves travelling along the background
ear electric field driving the dust grains has mainly an electro-magnetic field have been considered. We have studied in de-
magnetic nature (this field is electrostatic only in the purelytail the dynamics of dust grains under the action of the non-
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linear electromagnetic field induced by the cyclotron waves.ics in astrophysical, cosmic and laboratory plasmas, under

Dust grains were considered to be magnetized and unmagnéhe action of nonuniform and nonstationary electromagnetic
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