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Comment on ‘‘Electromagnetic convective cells in a nonuniform dusty plasma’’
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Recently, Saleem and Haque@Phys. Rev. E60, 7612~1999!# concluded 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 is not modified. In the present Comment, the properties of electromagnetic as
well as electrostatic waves in a nonuniform dusty magnetoplasma are reexamined, to demonstrate that Eq.~13!
of the paper by Saleem and Haque as well as their conclusions are erroneous.
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Recently, Saleem and Haque@1# argued that finite paralle

~to ẑB0, whereẑ is the unit vector along thez axis andB0 is
the strength of the external magnetic field! wavelength ef-
fects to the dust-convective cell@2# can be introduced only
by considering electromagnetic effects~viz., by incorporat-
ing the parallel component of the vector potential in the p
allel wave electric field!. This assertion is erroneous, as w
be established in this Comment.

In the following, we reexamine the linear propagation
low-frequency~in comparison with the ion gyrofrequency!,
long-wavelength~in comparison with the ion gyroradius!
electromagnetic waves in a nonuniform dusty magne
plasma that contains equilibrium density gradients. For
purpose, we recapitulate the theory of Pokhotelovet al. @3#,
and discuss how the various dusty plasma modes are line
coupled in a dusty magnetoplasma. We also demons
how it is possible to take the electrostatic limit from th
general dispersion relation@3#, so that one obtains the mod
fication of the Shukla-Varma mode@2# due to the finite elec-
tron flow velocity perturbation parallel to the external ma
netic field in a nonuniform dusty plasma.

Let us consider a multicomponent nonuniform dusty m
netoplasma whose constituents are electrons, singly cha
ions, and negatively charged dust grains immersed in an
ternal magnetic fieldẑB0. The dust grains are considered
point charges and their sizes, as well as the intergrain s
ing, are assumed to be much smaller than the characte
scale lengths~viz., the electron skin length, gyroradii, etc!.
The unperturbed plasma number densitynj 0 is assumed to be
inhomogeneous along thex axis. The charged dust grains a
considered to be immobile due to the very large dust gr
mass. The quasineutrality condition at equilibrium isni0(x)
5ne0(x)1Zd0nd0(x), wherenj 0 is the unperturbed numbe
density of particle speciesj ( j equalse for the electrons,i for
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the ions, andd for the negatively charged dust grains! and
Zd0 is the number of charges residing on the dust grain s
face.

In the low-frequency@in comparison with the ion gyrof-
requencyvci(5eB0 /mic), wheree is the magnitude of the
electron charge,mi is the ion mass, andc is the speed of light
in vacuum#, long-wavelength~in comparison with the ion
gyroradius! electromagnetic fields, the electron and ion flu
velocities are

ve'
c

B0
ẑ3“'f2

cTe

eB0ne0
ẑ3“'ne11vezẑ ~1!

and

vi'
c

B0
ẑ3“'f1

cTi

eB0ni0
ẑ3“ni1

2
c

B0vci
~] t1ui* •“ !“'f, ~2!

wheref is the scalar wave potential,Tj is the temperature
nj 1 (!nj 0) is the particle number density perturbation, a
ui* 5(cTi /eB0ni0) ẑ3“'ni0(x) is the unperturbed ion dia
magnetic drift velocity. The parallel component of the ele
tron fluid velocity is given by

vez'
c

4pne0e
“'

2 Az , ~3!

whereAz is the parallel component of the vector potential.
the above, we have ignored the ion motion parallel toẑ, as
well as neglected the compressional magnetic-field pertu
tion. Thus, the ion-acoustic and magnetosonic waves are
coupled in our low-b (b!1) system.

Substituting Eq.~1! into the electron continuity equation
letting nj5nj 0(x)1nj 1, and using Eq.~3!, we obtain
©2001 The American Physical Society01-1
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] tne12
c

B0
ẑ3“'ne0•“f1

c

4pe
]z“'

2 Az50. ~4!

On the other hand, substitution of the ion fluid veloc
~2! into the ion continuity equation yields

] tni12
c

B0
ẑ3“'ni0•“'f2

cni0

B0vci
~] t1ui* •“'!“'

2 f50.

~5!

Subtracting Eq.~5! from Eq. ~4! and making use of Pois
son’s equation@viz., “

2f54pe(ne12ni1) for stationary
dust grains#, we obtain the modified ion vorticity equation

~] t1ui0]y!“'
2 f1

vci
2

vpi
2

] t“
2f

1vciddkd]yf1
vA

2

c
]z“'

2 Az50, ~6!

whereui05(cTi /eB0ni0)]ni0 /]x is they component of the
unperturbed ion diamagnetic drift velocity, vpi
5(4pni0e2/mi)

1/2 is the ion plasma frequency,vA
5B0 /(4pni0mi)

1/2[cvci /vpi is the Alfvén velocity, dd
5Zd0nd0 /ni0, and kd5] ln@Zd0nd0(x)#/]x. The term
vciddkd]yf is associated with the Shukla-Varma mode@2#
in a nonuniform dusty magnetoplasma.

By using Eqs.~1! and ~4!, the parallel component of th
electron momentum equation can be written as

~] t1ue0]y!Az2le
2] t“'

2 Az1c]zS f2
Te

ene0
ne1D50, ~7!

whereue052(cTe /eB0ne0)]ne0(x)/]x is they component
of the unperturbed electron diamagnetic drift velocity,le
5c/vpe is the electron skin depth,vpe5(4pne0e2/me)

1/2 is
the electron plasma frequency, andme is the electron mass
We note that in Eq.~7!, in contrast to Ref.@1#, we have also
retained the parallel component of the electron pressure
dient force@viz., the last term on the left-hand side of E
~7!#. The latter is very important for low parallel phase v
locity ~in comparison with the electron thermal velocity! ki-
netic Alfvén waves for which we have to neglect th
le

2] t“'
2 Az term.

Equations~4!, ~6!, and ~7! are the desired equations fo
the coupled drift-Alfvén-Shukla-Varma modes@3# in a non-
uniform dusty magnetoplasma. The local dispersion rela
can be derived by supposing thatne1 , f, andAz are propor-
tional to exp(ikyy1ikzz2ivt), wherek5kyŷ1kzẑ is the wave
vector andv is the frequency. Accordingly, in the local ap
proximation, when the wavelength is much smaller than
scale length of the density gradient, we can Fourier-ana
Eqs.~4!, ~6!, and~7! and combine them to obtain the gene
dispersion relation@3#

~v22vvm2v IA
2 ky

2rs
2!~v2v i* 2vSV!5v IA

2 ~v2ve* !, ~8!

wherevm5ve* /(11ky
2le

2) is the magnetic drift wave fre
quency, v j* 5kyuj 0 , v IA5kzvA /(11ky

2le
2)1/2 is the fre-
04840
ra-

n

e
e

l

quency of the inertial Alfve´n waves @4#, vSV
52vciddkd /ky is the Shukla-Varma frequency@2# of the
dust-convective cells in a nonuniform dusty magnetoplas
rs5vs /vci the ion Larmor radius at the electron temper
ture, andvs5(ni0 /ne0)1/2(Te /mi)

1/2[dcs is the ion-acoustic
velocity @5# in a dusty plasma. Here,d5(ni0 /ne0)1/2.1 and
cs5(Te /mi)

1/2. In deriving Eq.~8!, we have assumed tha
(k/ky)

2(vci /vpi)
2!1, wherek25ky

21kz
2 .

We now examine Eq.~8! in various limiting cases. First
in a homogeneous dusty plasma, Eq.~8! correctly reproduces
the frequency of the dispersive Alfve´n waves@4#, namely,

v5v IA~11ky
2rs

2!1/2. ~9!

We note that for ky
2le

2!1, Eq. ~9! gives v5kzvA(1
1ky

2rs
2)1/2, which is the frequency of the kinetic~or the

shear! Alfvén waves in an intermediateb (me /mi!b!1)
plasma; the parallel~to ẑ) phase velocity (v/kz) of the ki-
netic Alfvén waves is much smaller than the electron therm
velocity v te5(Te /me)

1/2. On the other hand, forv/kz

@v te , we can neglect theky
2rs

2 term in comparison with
unity, and obtain from Eq.~9! v5v IA[kzvA /(11ky

2le
2)1/2,

which is the frequency of the dispersive inertial Alfve´n
waves in a very low-b plasma (b!me /mi).

Second, forv@vm ,v j* , we observe from Eq.~8! that
the dispersive Alfve´n waves are linearly coupled with th
Shukla-Varma mode@2#, v5vSV. Specifically, in a cold
(Tj→0) dusty plasma withv/kz@v te andv@v i* , we ob-
tain from Eq.~8!

v22vvSV2
kz

2vA
2

11ky
2le

2
50, ~10!

which clearly shows that the coupling between the Shuk
Varma mode@2# and the inertial Alfve´n wave@4# arises due
to the parallel electron motion in the wave electric and m
netic fields, which areE52“f2c21] tAzẑ and B'5“Az

3 ẑ, respectively. However, forky
2le

2@1, Eq. ~10! gives

v5 1
2 vSV6 1

2 ~vSV
2 14vcc

2 !1/2, ~11!

wherevcc5(ne0 /ni0)1/2(kz /ky)vgm is the frequency of the
electrostatic convective cell~ECC! @6,7# in a dusty plasma,
vgm5(vcevci)

1/2 is the geometric mean frequency, an
vce5eB0 /mec is the electron gyrofrequency. Equation~11!
explicity exhibits the modification of the Shukla-Varma fr
quency@2# (vSV) in the presence of the electrostatic wa
field E (52“f), where the parallel~to ẑ) electrostatic
field (Ez52]zf) produces magnetic-field–aligned electro
acceleration. We emphasize that in the limitky

2le
2@1, the

wave loses its electromagnetic characteristics. In fact, in
electrostatic limit, one must replace the last term on the l
hand side of Eq.~5! by ne0]zvez, and derive the correspond
ing modified ion vorticity equation~6! by replacing the last
term on the left-hand side by2(ne0B0vci /c)]zvez, with
] tvez5(e/me)]zf, and Fourier-transform the resultant equ
tions to derive Eq.~11!. In a uniform dusty magnetoplasma
1-2
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Eq. ~11! yields v5vcc. The authors of Ref.@1# have failed
to recognize that there is a parallel electron curr
2ne0evez[(ne0e2/mev)kzf even in the electrostatic limit
and that this parallel electron current is associated with
ECC. Hence, contrary to the assertion of Ref.@1#, the parallel
wave-number modification of the Shukla-Varma mode@2#
arises even in the electrostatic limit, and the statemen
Ref. @1# on p. 7613@after Eq.~13!# with regard to the role of
the parallel electron current is fallacious because Eq.~13! of
Ref. @1# is erroneous. Specifically, we observe that Eq.~13!
of Ref. @1# is incompatible with

@~11ky
2le

2!v2ve* #~v2vSV!v5kz
2vA

2~v2ve* !,
~12!

which is obtained from Eq.~8! in the limits kyrs→0 ~or
vanishing parallel electron pressure gradient force! andv i*
50; the latter have been assumed in Ref.@1# from the outset.
Our Eq.~12! shows that the magnetostatic drift (v5vm), the
Shukla-Varma mode (v5vSV), the inertial Alfvén wave
(v5v IA), and the electron drift wave (v5ve* ) are linearly
coupled.

Third, when the parallel electron motion is complete
neglected~viz., kzvez50), we see from Eq.~8! that flutelike
magnetostatic@8# (v5vm) and modified Shukla-Varma (v
5v i* 1vSV) modes appear as independent normal mode
a nonuniform, dusty magnetoplasma with warm ions. Fou
when the perpendicular wavelength is much larger thanle ,
we obtain from Eq.~8! for v@v i*

~v22vvSV2kz
2vA

2 !~v2ve* !5ky
2rs

2kz
2vA

2~v2vSV!,
~13!

which exhibits the coupling between the drift-kinetic Alfve´n
waves and the Shukla-Varma mode due to finite Larmor
dius correction of the ions at the electron temperature i
dusty plasma. Equation~13! resembles@9#
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~v22vv i* 2kz
2vA

2 !~v2ve* !5ky
2rs

2kz
2vA

2~v2v i* !,
~14!

which is the dispersion relation of the coupled drift-kine
Alfvén waves in a warm electron-ion magnetoplasma wi
out charged dust grains.

To summarize, we have reexamined the general dis
sion relation~8! for low-frequency~in comparison with the
ion gyrofrequency!, long-wavelength~in comparison with
the ion gyroradius! electromagnetic waves in a low-b non-
uniform dusty magnetoplasma. We have stressed that
general dispersion relation~8! yields the frequencies of the
well known electrostatic and electromagnetic waves in
propriate limits, contrary to the statements made in Ref.@1#
with regard to the modification of the dispersion relation
the electrostatic convective cells and the magnetost
modes due to a perturbed magnetic-field–aligned elec
current. Furthermore, we have also identified an error in
~13! of Ref. @1#, which is incompatible with our Eq.~12!,
which follows from our general dispersion relation~8! when
the parallel component of the electron pressure gradient fo
is ignored and when the ions are assumed to be cold
supposed in Eqs.~3! and ~4! of Ref. @1#. In conclusion, we
stress that we have rectified the errors of Ref.@1# and have
presented the correct description of dusty plasma waves
nonuniform dusty magnetoplasma composed of warm e
trons, warm ions, and immobile massive charged dust gra
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