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Electromagnetic convective cells in a nonuniform dusty plasma
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~Received 21 April 1999; revised manuscript received 21 June 1999!

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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PACS number~s!: 52.35.Lv, 52.35.Kt
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A few years ago, the convective cell mode was studied
magnetized nonuniform dusty plasma@1#. It was pointed out
that in the presence of static dust particles, the electros
convective cell mode can have a nonvanishing real par
frequency due to the presence of a density gradient. Th
unlike the electron-ion plasma case, in which the elec
static convective cell mode@2# cannot have a real part o
frequency even in the presence of inhomogeneity. On
other hand, for the magnetostatic mode@3# the real part of
the frequency becomes finite if the plasma is not homo
neous@4#.

Recently it has been shown that the propagation para
to the external magnetic field can modify the dispersion
lation of convective cell modes in nonuniform dusty plasm
even in the electrostatic limit@5#. In our opinion, the electron
parallel motion can introduce magnetic-field perturbat
and hence in the pure electrostatic limit the electron ine
does not contribute to the low-frequency electrostatic c
vective cell mode. Therefore, the dispersion relation of
electrostatic convective cell mode is not modified; rather
couples with the magnetostatic drift mode.

Both the fundamental electrostatic and magnetost
modes are flutelike, and neither one propagates paralle
the external magnetic field. However, in the plasmas,
parallel component of the wave vector can be nonzero
well. We notice that the oblique propagation introduces
coupling of the electrostatic convective cell with the magn
tostatic drift mode.

Let us consider the uniform constant external magn
field along thez axis (B05B0ẑ) of the inhomogeneous sla
of a dusty plasma.

The quasineutrality condition at equilibrium is given by

ni05ne01Zdnd0 , ~1!

where the subscriptse, i, andd denote the electron, ion, an
dust fluids, respectively, whilena0 ~wherea5e,i ,d) is the
equilibrium number density which is assumed to be along
negativex axis.

The ions have been assumed to be singly charged anZd
is the assumed constant charge number on dust particles
simplicity, charge variation on dust particles is ignored.

In the limit rek!1 ~wherere is the electron gyroradius
andk is the wave number!, the linear velocities of electron
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and ions in the perpendicular direction are, respective
given by @1#

Ve'1'VE15
c

B0
ẑ3“'f1 , ~2!

V i'1'VE11Vp15VE12
c

BoV i
] t“'f1 , ~3!

where the subscript 1 denotes the linearly perturbed qua
ties.

If the parallel motion is also taken into account, then t
component of the electron equation of motion can be writ
as

] tVez152
e

me
Ez12

e

cme
~Ve03B1!• ẑ, ~4!

whereVe052(cTe0 /eBo) ẑ3“ ln n
e0

, c is the speed of light,

Teo is the equilibrium electron temperature,e is the elec-
tronic charge, andme is the mass of an electron.

Let the electric field be expressed in the usual way as

E152“f12
1

c
] tAz1ẑ, ~5!

whereA'50 has been assumed.
The linear perturbations are assumed to be}expi(kyy

1kzz2vt). Therefore, the parallel components of the equ
tions of motion of hot electrons and cold ions yield, respe
tively,

Vez152
ekz

mev
f11S 12

ve*

v D e

cme
Az1 ~6!

and

Viz15
ekz

miv
f12

e

cmi
Az1 , ~7!

whereve* 5k•Ve0'
.

In the limit of quasineutrality with the assumption o
static dust, one obtains
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4pec

B0

V i
2

vpi
2

ẑ3“~Znd0!•“f12
B0V i

cn
i0

S ikz

4peD
3H vpi

2 S kz

v
f12

1

c
Az1D2vpe

2 F2
kz

v
f1

1S 12
ve*

v D Az1

c G J 50, ~8!

whereVa5eB0 /cma andvpa54pna0e2/ma .
In the limit Az150 it reduces to equation~65! of @5#.

However, we thinkAz1Þ0 should also be considered ifkz
Þ0.

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

S 11le
2k'

2 2
ve*

v
1

vpi
2

vpe
2 D v

ckz
Az15S 11

vpi
2

vpe
2 D f1 , ~9!

wherele5c/vpe .
If f150 andvpi

2 /vpe
2 →0 is assumed, it reduces to th

magnetostatic drift mode@4#

v5
1

a
ve* , ~10!

wherea511le
2k'

2 .
Equations~8! and~9! give the coupled dispersion relatio

of electromagnetic low-frequency modes in a nonunifo
dusty plasma with static dust as

@v~v2vsv!2vcc
2 ~11aei!#@av2ve* 1aeiv#

52vcc
2 @v2ve* 1aeiv#@11aei#, ~11!
where aei5vpi
2 /vpe

2 , vsv5(4pec/B0)(V i
2/vpi

2 )
3@kydx(Zdnd0)/k'

2 #, andvcc
2 5(ne0 /ni0)(kz

2/k'
2 )V iVe .

In the limit vpi
2 !vpe

2 , Eq. ~11! reduces to

@v~v2vsv!2vcc
2 #@~11le

2k'
2 !v2ve* #52vcc

2 @v2ve* #.
~12!

It should be noticed that the first bracket on the left-ha
side is not the dispersion relation of the electrostatic conv
tive cell mode as quoted in@5#. One term on the left-hand
side cancels with the right-hand side and it becomes

~v2vsv!@~11le
2k'

2 !v2ve* #5le
2k'

2 vcc
2 . ~13!

This equation shows clearly thatkzÞ0 gives a coupling
between the electrostatic convective cell and the magn
static modes both in dusty as well as electron-ion plasm
wherevsv50.

It is important to note that in the homogeneous plas
Eq. ~13! gives the shear Alfven wave dispersion relation
v25VA

2kz
2/11le

2k'
2 , where VA5(B0

2/4pn0mi)
1/2 is the

Alfven speed. The parallel electron current introduces
propagation of shear Alfven waves in the system. The lin
perturbation cannot remain electrostatic in the presence
parallel electron motion. Therefore, the electrostatic conv
tive cell is not modified due tokzÞ0, as has been qouted i
Ref. @5#. However, the shear Alfven waves can be coup
with electrostatic and magnetostatic modes due tokzÞ0.
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