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Electromagnetic convective cells in a nonuniform dusty plasma
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It is noticed that in the presence of a perturbed electron current parallel to an external magnetic field, the
dispersion relation of the electrostatic convective cell and the magnetostatic modes are not modified, contrary
to the result quoted in the literature. Instead, the electrostatic and magnetostatic modes are coupled if the
propagation parallel to the magnetic field is taken into account in both dusty and electron-ion plasmas.
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A few years ago, the convective cell mode was studied irand ions in the perpendicular direction are, respectively,
magnetized nonuniform dusty plasifid. It was pointed out given by[1]
that in the presence of static dust particles, the electrostatic
convective cell mode can have a nonvanishing real part of C.
frequency due to the presence of a density gradient. This is Veil%vEl:B_OZX Viéi, 2
unlike the electron-ion plasma case, in which the electro-
static convective cell modf2] cannot have a real part of c
frequency even in the presence of inhomogeneity. On the Vi 1=Vg1+Vp1=Ve— matvi b1, (3)
other hand, for the magnetostatic mddg the real part of o™i
';]heemfjrse[iiency becomes finite if the plasma is not homoge\;yhere the subscript 1 denotes the linearly perturbed quanti-
Recently it has been shown that the propagation parallet’es' L .
S . ; . If the parallel motion is also taken into account, then the
to the external magnetic field can modify the dispersion re- : : .
lation of convective cell modes in nonuniform dust Iasmascomponent of the electron equation of motion can be written
yp
even in the electrostatic limj6]. In our opinion, the electron
parallel motion can introduce magnetic-field perturbation e e
and hence in the pure electrostatic limit the electron inertia O Ven=——E,;— — (Vg X Bl)~2, (4
does not contribute to the low-frequency electrostatic con- Me Me
vective cell mode. Therefore, the dispersion relation of the .
electrostatic convective cell mode is not modified; rather, itwhereVeo=—(cTeo/€By)zX Vinn_, cis the speed of light,
couples with the magnetostatic drift mode. Teo is the equilibrium electron temperature,is the elec-
Both the fundamental electrostatic and magnetostatigronic charge, andn, is the mass of an electron.
modes are flutelike, and neither one propagates parallel to [et the electric field be expressed in the usual way as
the external magnetic field. However, in the plasmas, the
parallel component of the wave vector can be nonzero as 1 R
well. We notice that the oblique propagation introduces a Ei=-V¢1— dAnz )
coupling of the electrostatic convective cell with the magne-

tostatic drift que. . .whereA | =0 has been assumed.
Let us consider the uniform constant external magnetic The linear perturbations are assumed to “bexpi(kyy
field along thez axis (Bo=Byz) of the inhomogeneous slab +k z—wt). Therefore, the parallel components of the equa-

of a dusty plasma. N S tions of motion of hot electrons and cold ions yield, respec-
The quasineutrality condition at equilibrium is given by tjyely,

Nig=Neg+ZgNyo, 1 ek *\ e
i0 e0 d''do ( ) Vezl:_me; ¢l+<l_ e)meA21 (6)
where the subscripts i, andd denote the electron, ion, and and
dust fluids, respectively, whila,, (Wwherea=e,i,d) is the
equilibrium number density which is assumed to be along the ek e
negativgx axis. ' Vi21:;¢1_ — Ay, (7)
The ions have been assumed to be singly chargedZand m;w cm

is the assumed constant charge number on dust particles. For
simplicity, charge variation on dust particles is ignored. where wg =K Ve, -

In the limit pck<1 (wherep, is the electron gyroradius In the limit of quasineutrality with the assumption of
andk is the wave numbeéy the linear velocities of electrons static dust, one obtains
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292 +4wecQ$A vz v BoQ;i [ ik,
Vg 8—0sz (ZNngo) - V1 — cn_ | &re
k 1 k
X wﬁi(;ﬂm— gAzl)—wée — =
wi\ A
+ 1——6)—“]:0, 8)
) C

whereQ ,=eBy/cm, and w,,=47n,0e%/m,.

In the limit A,;=0 it reduces to equatiok65) of [5].
However, we thinkA,;#0 should also be consideredkf
#0.

In the low-frequency limit, Ampere’s law gives

* 2 2

w Wi w W i
<1+>‘§kf_je+w—§' o Aa= 1+w—§' ¢1, (9

pe pe

where\ = ¢/ wpe.
If ¢1=0 and w}/wj.—0 is assumed, it reduces to the
magnetostatic drift modgt]

(10

wherea=1+\3k?.
Equationg8) and(9) give the coupled dispersion relation

of electromagnetic low-frequency modes in a nonuniform

dusty plasma with static dust as
[0(0—0g)~ wi(l+ag)][a0— 0f +ago]

_ 2
- _wcc[w_w: + agiw][1+ agil,

(11)
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where aei= ol whe, wg, = (47edBg) (Qf/ w})
X[kydy(Zanao) /K2 1, and 3= (Neo/Nio) (K3/KT) Qi Q.
In the limit 3 <w}e, Eq. (11) reduces to
[w(w—ws\,)—wgc][(1+}\gkf)w—w’e‘]=—wgc[w—w’e;].)
12

It should be noticed that the first bracket on the left-hand
side is not the dispersion relation of the electrostatic convec-
tive cell mode as quoted if6]. One term on the left-hand
side cancels with the right-hand side and it becomes

(0— 0 ) [(1+ AP o—0X =7\ w2,. (13

This equation shows clearly th&j#0 gives a coupling
between the electrostatic convective cell and the magneto-
static modes both in dusty as well as electron-ion plasmas,
wherewg,=0.

It is important to note that in the homogeneous plasma
Eqg. (13) gives the shear Alfven wave dispersion relation as
w?=V3kZ/1+\2k?, where V,=(B3/4mnom,)¥? is the
Alfven speed. The parallel electron current introduces the
propagation of shear Alfven waves in the system. The linear
perturbation cannot remain electrostatic in the presence of
parallel electron motion. Therefore, the electrostatic convec-
tive cell is not modified due t&,# 0, as has been gouted in
Ref. [5]. However, the shear Alfven waves can be coupled
with electrostatic and magnetostatic modes duk,t60.

One of us(H.S) would like to thank the Japan Society
for the Promotion of SciencddSP$ for financial support and
Professor T. Sato for hospitality at the National Institute for
Fusion SciencéNIFS), Toki, Japan, where this work was
initiated.

[1] P.K. Shukla and R.K. Varma, Phys. Fluids53236 (1993.

[2] H. Okuda and J.M. Dawson, Phys. Fluiti§, 408 (1973.

[3] C. Chu, M.S. Chu, and T. Ohkawa, Phys. Rev. Létt. 653
(1978.

[4] P.K. Shukla and P.K. Kaw, Phys. Rev.39, 2115(1984.

[5] The Physics of Dusty Plasmasdited by P.K. Shukla, D.A.
Mendis, and V.W. ChowWorld Scientific, Singapore, 1996
p. 107.



