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Abstract. We consider the action of the ponderomotive force example, the ponderomotive action of geomagnetic pulsa-
of low-frequency Alf\en waves on the distribution of the tions of the Pc 1 type in the Earth’s magnetosphere has been
background plasma. It is assumed that the ponderomotiveonsidered in Guglielmi et al. (1993, 1995), Pokhotelov et
force for traveling waves arises as a result of the backgroundl. (1996), and Feygin et al. (1998). It is known that the Pc 1
inhomogeneity of medium under study. Expressions for thepulsations have the maximum of the magnetic amplitude in
ponderomotive force obtained in this paper differ from pre-the vicinity of the magnetic equator. Therefore, it should
vious analogous results. The induced magnetic moment obe expected that the most essential ponderomotive effect on
medium is taken into account. It is shown that the well- the state of the background plasma could occur in this re-
known Pitayevsky’s formula for the magnetic moment is not gion. In papers by Guglielmi et al. (1993, 1995), it has been
complete. The role of the induced nonlinear thermal pressurelemonstrated that when the amplitude of the Pc 1 pulsations
in the evolution of the background plasma is considered. Weexceeds some critical value the pronounced maximum of the
give estimations for plasma displacement due to the longplasma density is formed in the vicinity of the equator where
and short-acting nonlinear wave perturbations. Some discushe dipole magnetic field has a minimum. Ponderomotive ef-
sion of the ponderomotive action of standing waves is pro-fects in the two-ion plasma (Hand heavy ions, e.g., H&
vided. have been studied in Feygin et al. (1998). We also note that
observations of the plasma density in the plasmapause region
carried out by the paired satellites DE 1 and DE 2 recording
the magnitude of the plasma density at high and low alti-
tudes simultaneously have revealed the existence of the local
minimum of the cold plasma at the magnetic equator (Olsen,

1 Introduction

A study of the ponderomotive forces induced by the geo-
magnetic pulsations in the magnetospheric plasma has at’gggz), )

tracted a great attention in past years (e.g. Allan, 1992, 1994; However, the Pc 1 pulsations are the narrow packets of the
Guglielmi et al., 1993, 1995; Witt et al., 1995; Pokhotelov €lectromagnetic Alfén ion cyclotron waves driven by the
etal., 1996; Feygin et al., 1998). These forces can arise as groton cyclo_tron instability in Earth'_s re}dlatlpn belts. These
result of nonlinear interaction of pulsations with an inhomo- Packets oscillate along the magnetic field lines between the
geneous background plasma. Ponderomotive forces can pldgPniugate points. Itis obvious that such packets can only re-
an important role in the modification of the magnetosphericSult in the finite displacement of plasma due to ponderomo-
plasma. It can be expected that the longitudinal componentiVe action of the forward and backward fronts of the packet.
(along the background magnetic field) of the ponderomotiveTherefor?’ itis d|ff|cullt to wait that this typfa of pulsations
force could significantly influence on the distribution of the ¢an considerably modify the magnetospheric plasma.
magnetospheric plasma along the magnetic field lines, de- T0 cause a considerable modification of the magneto-
spite of the relatively small amplitudes of these pulsationssPheric plasma, a wave must be sufficiently long along the

in the magnetosphere (of the order of nT and less). Foimagnetic field lines and operate a rather long time. Suitable
candidates for such waves are the PC 4-5 pulsations in the

frequency range 1.5-10 mHz. These pulsations appear to be
Correspondence toA. K. Nekrasov a fundamental odd mode of the field line resonances with a
BY (anekrasov@ifz.ru) magnetic node at the equator (Singer and Kivelson, 1979).
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The amplitudes of these pulsations can attain from severa? Basic equations

nT to several dozens nT. In the conjugate points, they are ob-

served simultaneously. Their amplitude at the level of theWWe consider the low-frequency finite amplitude electromag-

Earth is 3—6 times larger than that in the equatorial plane offetic waves propagating or standing along the geomagnetic
the magnetosphere. A study of the transverse component dfeld lines. We use the ideal magnetohydrodynamics and
the Pc 4-5 pulsations with the satellite OGO 5 has showrMaxwell's equations which have the following form:

that they are mainly observed at magnetic latitudes above 10 Vi

degrees (Kokubun et al., 1976). Consequently, the equatoriak; an__ra +mig+e(Eo+E)+ fvi x (Bo+B) (1)
nj c

plane is a nodal point for these pulsations. These results have

been conformed by observations of the long-period wavesnd

with satellites GOES-8 and GOES-10. Both satellite mea- v

surements were performed near the magnetic equator, whe@= — Pe —e(Eo+E)— fve x (Bo+ B) )
c

the magnetic amplitude of the odd harmonics of the stand- e
ing Alfvén waves has a minimum. The magnetic latitude of e the momentum equations,
GOES-8 was 5 degrees higher than that of GOES-10. The
spectrum amplitude maximum of the transverse waves ob%
served with GOES-8 was 0.25nT above the measurement ofd¢
the second satellite. This fact indicates an increase of th
amplitude of these pulsations with magnetic latitude (Zolo-
tukhina, 2009). ap;
In the present paper, we consider the effect of the pondero-5;

motive force of low-frequency Alfén waves propagating . h . | d . "
along the geomagnetic field lines on the background plasméts the pressure equation. Electrodynamic Maxwell's equa-

+Veanjv;=0 3)
%s the continuity equation,

+v;-Vpj+yp;jV.v;=0 (4)

distribution. We assume that the ponderomotive force arise£ONS &€
due to the background density and magnetic field inhomo- 19B :
geneities. Our expression for the ponderomotive force differs” < E= T )

from analogous results obtained in Guglielmi et al. (1993,
1995). We take into account, as in Guglielmi et al. (1993, 3"
1995), the contribution to the ponderomotive force from the dr . 10E
magnetic moment of medium induced by the high—frequencyV xB= TJ + c ot 6)
electromagnetic field (Pitayevsky, 1960). In particular, we
show that the well-known Pitayevsky’s formula for the in-
duced magnetic moment is not complete. This formula takes.
into account only one part of the quasi-stationary nonlinear’
current and does not include the other part connected withn Eqs. (1)—(7), the indices “i” and “e” denote the ions and
the quasi-stationary nonlinear velocities. We discuss the inelectrons, respectively, =i,e, ¢ andm; are the ion charge
fluence of the induced nonlinear thermal pressure on the evoand mass-+e is the electron charge;e = 0), v; is the hydro-
lution of the background plasma. We give estimations for thedynamic velocityy ; is the number density;; is the thermal
plasma displacement due to the long- and short-acting nonpressurey is the adiabatic constank, and B are the wave
linear wave perturbations. and induced nonlinear electric and magnetic fieligjs the
The paper is organized as follows. In Sect. 2, the ba-packground electric fieldB is the geomagnetic fielg is
sic equations are given. In Sect. 3, we calculate the totathe gravitational force; is the speed of light in vacuum, and

magnetic moment induced by the circularly polarized elec-4/dr =9/ +v;- V. For generality, we take into account the
tromagnetic waves traveling along the background magnetigjisplacement current in Eq. (6).

field. The expression for the ponderomotive force of these

waves is deduced in Sect. 4. In Sect. 5, we discuss the role

of the induced nonlinear thermal pressure in the evolution of3 Diamagnetic field

the background plasma. The plasma displacement due to the

short-acting waves is given in Sect. 6. The ponderomotiveThe first question we would like to discuss is the expression

action of standing waves is shortly discussed in Sect. 7. [H" the quasi-stationary nonlinear magnetic field induced by
Sect. 8. we summarize our results. the electromagnetic wave. This field can be found from the

time-averaged Eqgs. (5) or (6). Let us consider, for example,
the averaged Eq. (6)

where the currenf is

=e (njvj —neve). (7

4

VX<32)=T(J‘2), (8)
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where (B>) is the induced magnetic field (magnetic mo- be obtained from Eq. (10) witlkyj — 0. Calculating the non-
ment),(j2) is the quasi-stationary nonlinear current, the an-linear current(j>1x) and substituting it into Eq. (8), we find
gle bracketg...) denote the time-averaging, and the index 2 expression fok B21)

denotes the nonlinear values. The well-known expression for

the induced magnetic field in a cold plasma is the following 105 (2w —ow) (E2)

- =—- 11
(Pitayevsky, 1960): 212 4w (w—ow)? Bo (11)
1 0¢ex 2 1/2 . .
(Bo1) = ZBTEIO" E1os (9)  Wherewp = (4noe®/m;) " is the ion plasma frequency. It
0

is easy to verify that expression (11) follows from Eq. (9) for

where E1 is the complex amplitude of the wave electric the wave under consideration. Thus, Pitayevsky’'s formula

field, ;1 is the tensor of the dielectric permeability, and the (9),\;[akes onlyl |nt|0ta0t(;10unt tT.e curregby). B id
sign « denotes the complex conjugate. This expression has . ow we fa cu ? € t'e n]?n Inear Cl:jrrel]('jtzt2>' yct(;]na ) d
been used, in particular, in Guglielmi et al. (1993, 1995).erlng equations ormotion forions and electrons in the secon

However, we will show below that Eq. (9) describes only one approximation over the wave amplitude, we obtain

part of (B2). 1
We see from Eq. (7) that the nonlinear curréjyg) can be {vig) — (ve2) = " wiBo {A2) x Bo, (12)
written in the form 7o
where
(J2)=(J21)+(j22), e
A2=vi1- Vi1 — P (vi1 — ve1) X B1.

m
where :

Here B, is the wave magnetic field. In our case, we must
find the valugA»,). Carrying out the necessary calculations
and taking into account Eq. (5), we find

(J21) = e((ni1vi1) — (ne1ve1)),

(J22) =eng((vi2) — (ve2)).

oo E})

— 13
4mi2 wj (a)i—cra))2 dy (13)

Heren 1 andv;; are linear disturbances of the density and (Az,)=
velocity, (v;2) is the nonlinear time-averaged velocity is

the backgrou_n_d number (_jensny (we assume that the_ baCkSubstituting Eq. (13) into Eq. (12), we find the curréby).
ground velocities of species are equal to zero). We find, aUsing Eq. (8), we obtain
first, the current(j»1). Let the background magnetic field

Bg be directed along the z-axis and the electromagnetic wave 1 wgiaw (Ef)
field depend mainly on the z-coordinate and only weakly, {(B222) i " R
say, on the y-coordinate. We here discuss a general physi- wi (@i —ow)® 5o
cal problem which is independent on the specific choice ofThjs term is not taken into account by Eq. (9). Thus, the total

the coordinate system. It can be some local system in théhduced quasi-stationary nonlinear magnetic field is the sum
magnetosphere or laboratory. For simplicity, we only haveof Egs. (11) and (14) and equals to

chosen the y-dependence of the wave amplitude. This does

not exclude a possible x-dependence and has no influence on 1 a)gi
the result obtained below. We further consider equations oft B2z) = (B212) +(B222) = —
motion (1) and (2) and continuity Eq. (3) in the linear ap-

proximation over the wave amplitude. We findy, v;1x, We note that whemw — wj (o > 0) expressions (11) and (14)
and, consequentljnjlvjlx) (the index 1 denotes the lin- are equal to each other. Thus, Pitaevsky’s formula gives in
ear values). We consider the wave which travels along thehis case a result that is a factor of 2 smaller than the one of
background magnetic field and has the circular polarizationEq. (15).

(14)

(ES)

gt NN et 1 15
2 (wi—ow)? Bo (13)

Then, we obtain for the wave with a given frequencthere
and beloww > 0)

e’no o 8<E§)

_ , 10
4mi2 a)(a)i—oa))z dy (10)

(nitvizx) =

wherew; = eBg/mjc is the ion cyclotron frequencyE; is
the wave electric fieldo = +£1 marks the left- ¢ = +1,
Alfvén ion cyclotron waves) or right-o(= —1, magne-
tosonic waves) polarization. The expression{iQfive1x) can

www.nonlin-processes-geophys.net/18/235/2011/

The magnetic field B2;) is negative, i.e. is a diamagnetic
one. The nonlinear currentj22) must be also taken into
account for other kinds of waves. The expression (15) can
be shown to be suitable when, ) < L; andzcy > Ly (),
whereL, ) andL, are typical inhomogeneity lengths of the
wave amplitude across and along the background magnetic
field, 7 is the typical time of the wave amplitude change,
andc, = Bo/ (4po)Y/? is the Alfven velocity, po = mino.
When these inequalities are not satisfied, the magnetic field
(B2z) in a cold plasma is determined by some differential

Nonlin. Processes Geophys., 28123611
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the kinetic expression for the induced magnetic moment inBo= T2, V2787
the thermal plasma has been derived in Nekrasov and Petvi-
ashvili (1979). in some local system of coordinates. The equaWiorBg =

In the Appendixy we show that the magnetic fielBh1,) 0 is satisfied. SUbStltUtlng eXpreSSiOﬂ (20) in this term, we
is produced by the circular microcurrents across the backobtain
ground magnetic field generated by waves under considera- 19Bo
tion. However, this conclusion has a general physical sens€(Jj1x Bo);)= 53_Z<xilfly — YitJjx)- (21)
and can be applied to other kinds of waves.

equation (see Nekrasov and Feygin, 2006). We note that 19Bg 19Bo
¥, Bo(2) (20)

Accomplishing calculations of expression in the angle brack-

ets of Eq. (21), we find in our case
4 Ponderomotive force

Sno  (E)

. 22
m2wi (0 — o) (22)

In this section, we will find the ponderomotive force along (¥i1/j1y = Yirjix) = —
the background magnetic fielBlo. Let us add Egs. (1) and
(2) and take into account Egs. (6) and (7). Having in mind  Let us now substitute expressions (18), (19), (21), and (22)

thatnj ~ne =n for waves under consideration, we obtain into Eq. (17). As a result, we obtain the following equation:

(¥ vy 1 d(vizz) | 3(p2)
mln(g-l-vpr) Z—VP-I—mi”g—i-E(VXB) (16) p0%+ BI; —mig;{ni2) (23)
1 0E 10 1 dBo
Bo+B)——— x(Bo+B =——— (N2 Ay — -
x(Bot+B) 4c Ot x(BotB), 8r 9z (N +1)<E1>+4n (B2:) 9z’
wherep = pi+ pe. where (By.) is defined by Eq. (15). This equation is ap-

We are interested in a s_Iow nor_mscill_atory motion of propriate in the regiory(x) < Ly, because we have not
plasma along the magnetic fieKb. It is obvious that such  taken into account the contribution ¢f5) in Eq. (17). The
a motion is possible under the action of the nonlinear forcefjrst term of the ponderomotive forcép, in Eq. (23) is
in Eq. (16). Projecting this equation on thedirection and  tne high-frequency pressure and the second term appears in

averaging over fast oscillations, we obtain the magnetic medium embedded in an external inhomoge-
0(vizz) = 0(p2) neous magnetic field. This specific term is the well-known
PO T g (niz) (17)  Ppitayevsky’s force (Pitayevsky, 1960). We note that this

1 force can be written in the vector form & = (M - V) B,

B X Bl> >+—<(jlx Bo).). where M = (1/47)(B2). The last form is a general one
8r 9z Amci\ o od € for a force acting on medium with the magnetic momaht

In Eq. (17), the equilibrium conditiog, = dpo/p0dz and  in the inhomogeneous magnetic fiekh (Landau and Lif-

equalitiesvi1z; = B1; =~ 0 satisfied in our case have been taken shits, 1982). In our caséM = Mbg, wherebg is the unit

into account. The last term on the right-hand side of Eq. (17)vector alongBgo. Therefore, we havé” p = M3 Bo/dbg or

is connected with the curvature of the magnetic field linesFpp, = bo-F p =M -3 Bg/dbo. This is a general expression

(see below). The right-hand side of Eq. (17) is the longitudi- available for the arbitrary curve magnetic field. We see that

19(B3) 1 <<@

nal ponderomotive forcép,. important is the inhomogeneity of the magnetic field along
It is followed from Eq. (5) that, for example, for the trav- its direction to have the longitudinal force. In the vicin-
eling wave~ COS(kazdz—wt) we have the relation ity of some point, where we calculate the forfe, a lo-
cal magnetic force line has in a general case the form (20).
<B§>:N2<E§>, (18)  An inhomogeneity of the magnetic field along only the x-

or y-directions does not influence on the valHge. We
where N2 = k2c?/w? is the refractive index. Here, we do also note that if we take the inhomogeneous magnetic field
not consider the time-dependence of the wave amplitudewith straight field linesBo =[0,0, Bo(x, )], then we obtain
supposing thad(E2)/dz > (k,/w)d(E2)/at (Washimi and  F p = MV Bo(x, y).
Karpman, 1976). Then, the second term on the right-hand The expression foFy; in Eq. (23) can be rewritten through

side of Eq. (17) can be represented in the form only the gradient of the electric field amplitude. To show this,
2 we note that the wave electric field amplitude in a weakly
IE1 1 9(E3) . e : 1/2
—~xB1) )==c ) (19) inhomogeneous medium is proportionalNo /<. Thus, we
dt Jd 2 0z have that E2) ~ N~1. Using this relation and taking into

To calculate the last term on the right-hand side of @ccountEq. (18), we obtain
Eq. (17), we take into account that the magnetic fifdcan 3

0 9
have a curvature. LeBg have the form 8_z< §> = a—zN2<E§> = —N28—Z<E§>. (24)

Nonlin. Processes Geophys., 18, 235% 2011 www.nonlin-processes-geophys.net/18/235/2011/
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We also see thdB2) ~ N. Thus, we havéB?)(E2)=const. 5 Nonlinear density and pressure evolution
For low-frequency electromagnetic waves traveling along the
background magnetic field, the refractive indaxis, as  We further consider the equation for the mass density evolu-

known, equal to tion {(p2) = mi (n2). Applying the operatob/dr to the corre-
sponding equation derived from Eq. (3) and using Eqs. (17)
“’Si and (28), we obtain
N?=1+ (25)

wi(wi—ow)’

(p2) _9%(p2)  dlpa)g: _ 0 ((BY)olnpo (29)
For our purpose, we don't need the small thermal cor- §¢2 972 9z dz\16r a3z |’

rections toN. As is known (e.g. Hasegawa and Uberoi,

1982; Voitenko and Goossens, 2004), this contribution forwhereg, = 2goy/L?, 8/9z = (1/ReL)d/dy, ¥ <1 is the
Alfvén waveso < wj and N2> 1 is the following: o=  geomagnetic latitude in the vicinity of the equatgg =
k.ca (1+kip§)1/2, wherep; is the ion acoustic gyroradius 9.8 ms2, L is Mclllwain’s parameter, an® is the Earth’s
andk, is the wave number across the background magneti¢adius. It is followed from Eq. (29) that the thermal pres-
field. In the casé&? p2 < 1 which is here considered, this sure(pz) can have a considerable influence on the evolution
term can be neglected in our calculations for the real valueof density. We see from Eq. (17) that the signdapz) /dz
NZ> 1. Using Egs. (15), (24), and (25), we can express thecoincides with the sign of the ponderomotive force and is

ponderomotive forcé); in the following form: negative (see Eq. 28). Therefore, the growthdop,) /dz
will hinder the movement of plasma due to the ponderomo-
1 ) a(E@ wi 5\ 8InBo tive force and lead to the establishment of a stationary state
Fpz= 8r (N - 1) ( 3z o _0w<E1> 9z (26) in which (vi2z) =0. The pressure equation for ions (Eq. 4)

can be written by using Eq. (17) in the form

In Eg. (23), the inhomogeneity of the electric field ampli- 42, 20, _ ,
tude can be defined by the inhomogeneity of medium, non% — 2c§i% 2<c§i 3;;0 — apéo ) 8(;).2)
linearity, finite spectral width of the linear harmonics with the ! ¢ 09z - P02 ¢
different weight, and wavelength for standing waves. Below, _ _29G: ( 2 90 _ @) G (30)
we examine the first case. Considering the WKB-solution for S 9z Spodz  podz)

the stationary wave electric field amplitude and substituting

expression (25) into Eq. (26), we obtain wherecZ = ypio/po andG; = g (p2) + Fpz. For simplicity,

we assume thaie ~ pj that results in pe2) ~ (pi2).

(N2—1) (EE) From Eq. (30), we can conclude that the typical time

Fpz = N2 16r for the stationary state to be established is of the order of
, 3N o cw ) 3In Bo 7 ~ H /cs, WhereH is the typical inhomogeneity scale length
[(N - 1) ot po— (N - 1) PR andcs~ [(Te+T;) /mi]*? is the sound velocity. During this

time, the plasma displaces by the distanee~ (vi2;) 7. The
27) typical velocity (vipz) is (vizz) ~ Fpzt/po. Thus, we obtain
an estimation

2w; dInBg
wi—ow 9z |

The expression (27) differs from the analogous one obtainedAz H

by Guglielmi et al. (1995) by the coefficient in the second g % pz:
term in the square brackets. For the cHEé ~ Bo/N con-

sidered in Guglielmi et al. (1993, 1995), we also have a dif- Substituting expression (28) fdf,; into Eqg. (31), we find
ferent result. Note that for magnetosonic wayes= —1),

the second term in the square brackets in Eq. (27) change$? _ <Bi) (32)
the sign. In the cas&/2>» 1 andw; > o, expression (27) H  16xypo’

takes the form

(31)

Depending on the relatiofB2)/po, the valueAz/H can be
N?(E2)[dlnpy [(ow 2\ dInBo smaller, of the order of or larger than unity.

Fpz=~— 167 [ 9z <Z ﬁ) 8—2] (28) The amount of plasma per unit of area, which displaces
into the region of the equator, kp ~ poAz. If the pon-

For the modelBg ~ pg, the last term in square brackets of deromotive force acts from both sides of the equator, then

this expression can be omitted. We see from Eqgs. (27) or (28)he plasma will be accumulated in this region. The change

that for the low-frequency Alfén and magnetosonic waves of the densitysp will be equal todp/po ~ Az/1, wherel

the ponderomotive force has a negative sign (the equator pds the dimension of the region, where plasma is accumu-

sition is atz = 0). Therefore, it is directed to the equator of lated. We note that the stationary state can be achieved, if

the geomagnetic field and can drive the plasma upward.  AL/c4 = H/cs, whereA L is the length of the wave packet.

www.nonlin-processes-geophys.net/18/235/2011/ Nonlin. Processes Geophys., 284123611



240 A. K. Nekrasov and F. Z. Feygin: Effect of thermal pressure on upward plasma fluxes

If the stationary state is not achieved, the displacement isnduced by the electromagnetic field has been taken into ac-
determined by the duration of the ponderomotive force ac-count. We have shown that Pitayevsky’s formula for the mag-
tion. netic moment does not include the additional magnetic mo-

ment induced by the nonlinear current which is connected

) . with the quasi-stationary nonlinear particle velocities. The

6 Displacement of plasma under the action of narmow 45| magnetic moment has a negative sign, i.e. it is directed

packets against the background magnetic field. This diamagnetic
field results, in particular, in the nonlinear shift of the cy-

The Pc 1 pulsations are sufficiently narrow wave packets iNlotron frequency (Nekrasov and Petviashvili, 1979).

space, dimension of which is much smaller than the length ' ) )
of magnetic field force lines in the region of their generation e have obtained the expression for the ponderomotive

(e.g. Gendrin et al., 1971; Arnoldy et al., 2005; Loto'aniu force for the quasi-monochromatic wave packets which are
et al., 2005, and references therein). The group velocity offonuniform due to the background inhomogeneity. Our
these waves is equal to the Adfiw velocity. The forward front ~ €xpression differs from the analogous result obtained by
of the wave accelerates the plasma under the action of th&uglielmi etal. (1993, 1995). In our consideration, we also

ponderomotive force and the backward front decelerates if'@ve taken into account the right-polarized magnetosonic
leading to a finite plasma displacement. AL is the typi- ~ Waves. We have shown that in this case one term which is

cal dimension of the packet, then the time of interaction with Proportional to the magnetic field inhomogeneity in the ex-

plasma, through which the packet travels Ais~ AL /cy. pression for the ponderomotive force changes the sign (see
The typical nonlinear velocity igviz;) ~ FpzAt/po. The — EG- 27 foro = —1).
plasma displacement sz ~ (viz) At. For the ponderomo- The equation for the plasma density evolution under the
tive force of the form action of the induced thermal pressure and ponderomotive
force has been considered. We have shown that the nonlin-
_ i LB%) ear thermal pressure decelerates the plasma flux and can lead
P27 " 8r oz to the establishment of a stationary state in which the flux is

{aqual to zero. This important effect of the nonlinear thermal
pressure for traveling pulsations has not been considered in
papers cited above. For this case, we have obtained the esti-
Az (Bf) mation fo.r the plasmg displacement to the'equator (Eq: 32).
—~— <1 (33) If the stationary state is not achieved, the displacement is de-
AL By termined by the duration of the ponderomotive force action.

If we take the ponderomotive force defined by Eq. (28), then We have also obtained an estimation for the plasma dis-
we obtain the same estimation as Eq. (33). Thus, Pc 1 pulsalacement under the action of the narrow wave packets such

tions do not modify the background plasma distribution. ~ @s Pc 1 pulsations. In this case, the displacement is much
smaller than the space dimension of the packet. Thus, Pc 1

pulsations can not modify the background plasma distribu-
7 Plasma displacement under the action of standing tion. This conclusion considerably differs from the previous
waves results according to which the Pc 1 pulsations lead to accu-

) _ ) mulation of plasma in the equatorial region.

It is followed from Eg. (17) that the standing wave displaces . .
. . . The long standing wave having node only at the equator

the plasma to its nodes. In this case, the wave amplitude
. o : : €an cause an upward movement of plasma.
inhomogeneity is defined by its wavelength. If the stand-
ing wave would have a node at the equator and an amplitude
maximum in the conjugate points of the ionosphere, then the
wave could cause a movement of plasma only upward. ItAppendixA
would be possible, if a quarter of the wavelength would con-

tain between the Earth and the magnetic equator. In a general ) ) )
case, the wave equation must be solved for an inhomoge¥Ve here show that expression (11) can be obtained, using
neous medium with the boundary conditions. the magnetic moment of the circular current of the charged

species. Under the action of the circularly polarized Atfv
wave, the electrons and ions move over circle in the direction
8 Conclusion of the wave polarization around the magnetic fidlgl The

current]; of one particle; is equal to
In the present paper, we have considered the ponderomotive

action of the low-frequency Alfen waves traveling along qjw
the nonuniform geomagnetic field. The magnetic moment/; =05 (A1)

(see Eq. 17, where the contribution of the magnetic momen
is neglected), the valugz is estimated as
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whereg; is the charge of specigs The magnetic moment Gendrin, R., Lacourly, S., Roux, A., Solomon, J., Feygin, F. Z.,
I of this current is given by Gokhberg, M. B., and Troitskaya, V. A.: Wave packet propa-
gation in an amplifying medium and its applications to the dis-
I; persion characteristics and to the generation mechanisms of Pc1

wj=pjbo= _?Sibo’ (A2) events, Planet. Space Sci., 19, 165-194, 1971.

Guglielmi, A. V., Pokhotelov, O. A., Stenflo, L., and Shukla, P. K.:
whereS; is the circle area (e.g. Sivukhin, 2002). It can be  Modification of the magnetospheric plasma due to ponderomo-
shown (e.g. Nekrasov and Feygin, 2006) that the radius of tive forces, Astrophys. Space Sci., 200, 91-96, 1993.

the CirCIeaj is Guglielmi, A. V., Pokhotelov, O. A., Feygin, F. Z., Kurchashov, Yu.
P., McKenzie, J. F., Shukla, P. K., Stenflo, L., and Potapov, A. S.:
|q,- | 1 Ponderomotive wave forces in longitudinal MHD waveguides, J.
aj=——-———Eqo, (A3) Geophys. Res., 100, 79978002, 1995.

mj oloj—ool Hasegawa, A. and Uberoi, C.: The Al Wave, DOE Review

Series-Advances in Fusion Science and Engineering, US Depart-
ment of Energy, Washington, D.C., 1982.
kubun, S., McPherron, R. L., and Russel, C. T.: OGO 5 Obser-
vations of Pc 5 waves: Ground-Magnetosphere correlations, J.
3 Geophys. Res., 81, 5141-5149, 1976.
_ q; o (A4) Landau, L. D. and Lifshits, E. M.: Electrodynamics of continious
2m2c a)(a) —o’a)) media, Nauka, Moscow, p. 185, 1982.

/ / Loto’aniu, T. M., Fraser, B. J., and Waters, C. L.. Prop-

The total magnetic moment of the unit of volume is equal to  agation of electromagnetic ion cyclotron wave energy
M =no(pe+ ui). Using expression (A4), we find in the magnetosphere, J. Geophys. Res., 110, A07214,
doi:10.1029/2004JA010812005.

2 o 2 Nekrasov, A. K. and Feygin, F. Z.: Dust grain dynamics
1 wpi(zwl ow) E : . . .
M=——_P " ~710 (A5) due to nonuniform and nonstationary high-frequency radia-

87 wi(wi—ow)? Bo tions in cold magnetoplasmas, Ann. Geophys., 24, 467-474,

o , doi:10.5194/ange0-24-467-2008006.
We See.frc_)m Eq. (A5) that the valuerd4/ coincides with  Nekrasov, A. K. and Petviashvili, V. I.: Diamagnetism of cyclotron
(B21;) within a factor ¥2. waves in plasma, Sov. Phys. JETP, 50(2), 305-310, 1979.
] ~ Olsen, R. C.: The density minimum at Earth’s magnetic equator, J.
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2
Hj= 5 Eo-
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