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Comment on ‘‘Low frequency dusty plasma modes in a uniform magnetic
field’’ †Phys. Plasmas 9, 4396 „2002…‡
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It is shown that Wanget al. @Phys. Plasmas9, 4396~2002!# have not properly treated low-frequency
dusty plasma waves in a uniform magnetic field. Their electron and ion susceptibilities are dubious.
An improved description of the low-frequency dusty plasma wave spectra is presented. ©2003
American Institute of Physics.@DOI: 10.1063/1.1532341#
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In a recent paper, Wanget al.1 presented an investigatio
of low-frequency plasma waves in a magnetized du
plasma ignoring dust charge fluctuations. For this purpo
they derived the dispersion relation~16! which includes the
unmagnetized dust susceptibility@the second term in the left
hand side of Eq.~16!#, as well as the electron and ion su
ceptibilities which are the third and fourth terms in Eq.~16!.
However, the electron and ion susceptibilities are incon
tent with the magneto-ionic and kinetic theories, and the s
sequent wave modes in the intermediate and low-freque
ranges are not reliable.

Our objective here is to present correct susceptibilit
and associated low-frequency wave modes in a magnet
dusty plasma. The constituents of the latter are electr
ions, charged dust grains, and neutrals. The external m
netic field isẑB0, whereẑ is the unit vector along thez axis
andB0 is the strength of the magnetic field. At equilibrium
we haveeni05ene02Qnd0, wheree is the magnitude of the
electron charge,nj 0 is the unperturbed number density of th
particle speciesj ( j equalse for the electrons,i for the ions,
and d for the dust grains!, and Q is the dust charge (Q
52eZd for negatively charged dust grains andQ5eZd for
positively charged dust grains, whereZd is the number of
electronic charges residing on the dust grain surface!. The
dispersion properties of electrostatic waves in a dusty m
netoplasma are governed by

e~v,k![11 (
j 5e,i ,d

x j~v,k!50, ~1!

where the plasma susceptibility is2–4
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x j~v,k!5
kD j

2

k2 F11 (
n52`

`

Gn~bj !
v1 in jn

A2kzVT j

Z~j j !G
3F11 (

n52`

`

Gn~bj !
in jn

A2kzVT j

Z~j j !G21

, ~2!

wherekD j
2 54pnj 0Qj

2/Tj , Z is the plasma dispersion func
tion, j j5(v1 in jn2nvc j)/A2kzVT j , v and k(5 ẑkz1k')
are the frequency and wave vectors, respectively,VT j

5(Tj /mj )
1/2 is the thermal speed of speciesj, Tj is the tem-

perature,mj is the mass,vc j5uQjB0 /mjcu is the gyrofre-
quency,Qj is the charge,c is the speed of light in vacuum
n jn is the collision frequency between the speciesj and neu-
trals,Gn5I n(bj )exp(2bj), with I n being the modified Besse
function of ordern, bj5k'

2 r j
2 , andr j5VT j /vc j is the ther-

mal gyroradius.
We stress that high-frequency Langmuir and upp

hybrid waves are not affected by the presence of ions
dust as their frequencies are much larger than the plasma
gyrofrequencies of ions and charged dust grains. Howe
low-frequency waves are indeed affected by ion and d
motions, as shown below.

For the electrons, we consider the limitje@1, with be

!1 and v!vce , so thatG0'12be . Then, from Eq.~2!
we obtain3 for be@kz

2VTe
2 /(v1 inen)

2 the electron
susceptibility3

xe~v,k!'
vpe

2

vce
2

v1 inen

v1 inenbe

k'
2

k2
, ~3!

where vpe5(4pne0e2/me)
1/2 is the electron plasma fre

quency. On the other hand, forbe!kz
2VTe

2 /(v1 inen)
2 and

unenvu@kz
2VTe

2 , we have3

xe~v,k!'2
vpe

2

v~v1 inen!

kz
2

k2
, ~4!
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which reduces to

xe~v,k!' i
vpe

2

vnen

kz
2

k2
, ~5!

whennen@uvu. For uvu@nen , we have the usual collision
less fluid result

xe~v,k!'
k'

2

k2

vpe
2

vce
2

2
vpe

2 kz
2

v2k2
. ~6!

Furthermore, forje!1, be!1 and uvu!nen!kzVTe we
have

xe'
kDe

2

k2
. ~7!

For j i@1 andbi!1 the ion susceptibility is of the form

x i~v,k!'2
vpi

2 ~v1 in in!k'
2

$v@~v1 in in!22vci
2 #23~v1 in in!k'

2 VTi
2 %k2

2
vpi

2 kz
2

@v~v1 in in!23kz
2VTi

2 #k2
, ~8!

where vpi5(4pni0e2/mi)
1/2 is the ion plasma frequency

andVTi is the ion thermal speed. On the other hand, forbi

@1 andn in ,v!kzVTi , the ions follow the straight-line orbi
and the corresponding susceptibility is

x i'
kDi

2

k2
. ~9!

Finally, for jd@1 and bd!1 the susceptibility of the
cold dust fluid is

xd~v,k!'2
vpd

2 ~v1 indn!k'
2

v@~v1 indn!
22vcd

2 #k2
2

vpd
2 kz

2

v~v1 indn!k
2

,

~10!

wherevpd5(4pnd0Qd
2/md)1/2 is the dust plasma frequenc

When the wave frequency is much larger thanvcd , Eq. ~10!
reduces to

xd'2
vpd

2

v~v1 indn!
. ~11!

Let us now discuss the properties of numerous du
plasma modes that can be deduced from Eq.~1!. First, we
focus on long wavelength~in comparison with the electron
and ion gyroradii! waves withuvu@nen ,vci ,ndn . Here, we
obtain from Eqs.~1!, ~6!, ~8!, and~11! the frequency of the
lower-hybrid waves5,6

v'
vpivce

~vce
2 1vpe

2 k'
2 /k2!1/2S 11

vpe
2 kz

2

vpi
2 k2 D 1/2

. ~12!

Second, we consider the limitnen ,n in!uvu!vci and
obtain from Eqs.~1!, ~6! and ~11! the dust lower-hybrid
frequency7 for a high density plasma withvpi@vci
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v5vdlh

k

k'
S 11

vpe
2 kz

2

vpd
2 k2D 1/2

, ~13!

wherevdlh5vpdvci /vpi .
Third, for vpd ,n in!uvu andTi50, we obtain from Eqs.

~1!, ~7!, and~8!

~v22vci
2 !~v22kz

2CA
2 !5v2k'

2 CA
2 , ~14!

which shows the coupling between the ion-cyclotron wav
and dust ion-acoustic waves. Here,CA5vpi /kDe is the dust
ion-acoustic speed. Foruvu!vci , Eq. ~14! reduces to

v5
kzCA

~11k'
2 rs

2!1/2
, ~15!

wherers5CA /vci .
Fourth, foruvu@nen ,ndn we have from Eqs.~1!, ~9! and

~11! the modified dust acoustic wave frequency3

v5
kvpd

~kDi
2 1k21vpe

2 k'
2 /vci

2 !1/2
. ~16!

Fifth, for ndn!uvu andk!kD , we obtain from Eqs.~1!,
~7!, ~9! and ~10! the dispersion relation

~v22vcd
2 !~v22kz

2CD
2 !5v2k'

2 rD
2 , ~17!

which shows the coupling between the dust-cyclotron a
dust acoustic waves in a magnetoplasma. Here, we have
notedkD5(kDe

2 1kDi
2 )1/2 as the effective Debye wave num

ber of a dusty plasma,CD5vpd /kD is the dust acoustic
speed, andrD5CD /vcd .

Sixth, for n in!uvu!vci we have from Eqs.~1!, ~6!, and
~8! the modified convective cell frequency

v'S ne0

ni0
D 1/2

~vcevci!
1/2

kz

k'
S 11

Qd
2nd0

e2ne0

mek
2

mdkz
2D 1/2

. ~18!

We observe that the dusty plasma modes, given by E
~12!–~18! suffer collisional damping.

Finally, inserting Eqs.~5!, ~9! and~11! into ~1! we obtain
for ndn!uv5v r1 iv i u andk/kDi!1 the real and imaginary
parts of the wave frequency3

v r'
kvpd

kDi
, ~19!

and

v i'2
v r

2vpe
2 kz

2

2nenvpd
2 k2

2
ndn

2
. ~20!

In summary, we have presented appropriate electron, ion
dust susceptibilities that are required for studying the pr
erties of low-frequency~in comparison with the electron gy
rofrequency! electrostatic modes in a dusty magnetoplasm
We have presented conditions under which the gen
plasma susceptibilities reduce in simple forms that are us
for analytical studies. The simplified susceptibilities are th
used to investigate the frequency of the dusty plasma w
modes, some of which are already known in the literature5–8
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Thus, we have an improved physical picture of the vario
low-frequency dusty plasma modes in a uniform magne
field, contrary to those reported in Ref. 1.
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