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Comment on “Electromagnetic convective cells in a nonuniform dusty plasma”
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Recently, Saleem and Haqliehys. 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 demonstratéitBat Eq.
of the paper by Saleem and Haque as well as their conclusions are erroneous.
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Recently, Saleem and Hag[e argued that finite parallel the ions, andd for the negatively charged dust grajirend
(to ZB,, wherez is the unit vector along theaxis andB, is ~ Zdo IS the number of charges residing on the dust grain sur-
the strength of the external magnetic fleldavelength ef- face. _ _ _ .
fects to the dust-convective cél] can be introduced only [N the low-frequencyfin comparison with the ion gyrof-
by considering electromagnetic effedisz., by incorporat- €duencyw.;(=eBy/m;c), wheree is the magnitude of the

ing the parallel component of the vector potential in the par-.eIeCtron chargen; is the ion mass, andlis the speed of light

allel wave electric fieldd This assertion is erroneous, as will in vacu_uni, Iong-wavelen_gth_(ln comparison with th_e lon.
be established in this Comment. gyroradiug electromagnetic fields, the electron and ion fluid

. : . . velocities are
In the following, we reexamine the linear propagation of

low-frequency(in comparison with the ion gyrofrequengy

long-wavelength(in comparison with the ion gyroradius Ve~ ingid,_ C—Teixvineﬁvezi (1)
electromagnetic waves in a nonuniform dusty magneto- Bo eBoneo

plasma that contains equilibrium density gradients. For this

purpose, we recapitulate the theory of Pokhotedowal.[3],  and

and discuss how the various dusty plasma modes are linearly

coupled in a dusty magnetoplasma. We also demonstrate _Cc. V ot cTi . v

how it is possible to take the electrostatic limit from the ViNB_OZ>< L9 eBOniOZ>< Ni1

general dispersion relatidi3], so that one obtains the modi-

S i L ) c

fication of the S_hukla Varm_a mode] due to the finite elec _ (dtu, VIV, b, %)
tron flow velocity perturbation parallel to the external mag- Bowgi

netic field in a nonuniform dusty plasma.

Let us consider a multicomponent nonuniform dusty magwhere ¢ is the scalar wave potentidl, is the temperature,
netoplasma whose constituents are electrons, singly charged, (<n;,) is the particle number density perturbation, and
ions, and negatlverAcharged dust grains immersed in an e>&-i* =(cTi/eBoni0)2>< V , nio(x) is the unperturbed ion dia-
ternal magnetic fieldB,. The dust grains are considered asmagnetic drift velocity. The parallel component of the elec-
point charges and their sizes, as well as the intergrain spagron fluid velocity is given by
ing, are assumed to be much smaller than the characteristic
scale lengthgviz., the electron skin length, gyroradii, ¢tc
The unperturbed plasma number densifyis assumed to be Ves
inhomogeneous along theaxis. The charged dust grains are
considered to be immobile due to the very large dust grain
mass. The quasineutrality condition at equilibriunmig(x) whereA, is the parallel component of the vector poteptial. In
=Neo(X) +Zgongo(X), wheren;, is the unperturbed number the above, we have ignored the ion motion parallet,tas
density of particle specigqj equalse for the electrons, for ~ well as neglected the compressional magnetic-field perturba-

tion. Thus, the ion-acoustic and magnetosonic waves are de-
coupled in our lowB (B<1) system.
*Also at the Department of Plasma Physics, Uniéiversity, Substituting Eq(1) into the electron continuity equation,
S-90187 UmeaSweden. letting n; =n;o(x) +n;j1, and using Eq(3), we obtain

ViA,, 3)
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C. c ) quency of the inertial Alfve waves [4], wgy

TiNer ~ 2% Vineo Vot 2 d:ViA=0. (4 = 84rqlk, is the Shukla-Varma frequendi2] of the
dust-convective cells in a nonuniform dusty magnetoplasma,
On the other hand, substitution of the ion fluid velocity ps=vs/w.; the ion Larmor radius at the electron tempera-

(2) into the ion continuity equation yields ture, andv s= (Njo/Neg) ¥4 Te/m;) /?= 6c is the ion-acoustic

velocity [5] in a dusty plasma. Heré= (n;o/ne)*>>1 and

cs=(To/m))¥2 In deriving Eq.(8), we have assumed that

(KIky) X (@il wpi)?<1, wherek?=KZ+ k.

5 We now examine Eq(8) in various limiting cases. First,

in a homogeneous dusty plasma, E).correctly reproduces

the frequency of the dispersive Alfwevaves[4], namely,

C . chig )
dnjp— _BOZX Vinj V, ¢- Bow -(dyt+ Uiy - V)V ¢=0.
Cl

Subtracting Eq(5) from Eg. (4) and making use of Pois-
son’s equation[viz., V2¢=4me(ns, —n;;) for stationary

dust graing we obtain the modified ion vorticity equation w:wlA(lJrk)z/pé)l/z' 9)
2
g 2,2 ; -
(0"t+Ui0<?y)Vf¢+%o7tV2¢ We2 r;o;[/e2 thqt fqr kiAe<1, Eg. (9) gives _w—_kaA(l
wpi +kips) ™S ,WhICh is the frequency of the kinetior the
) sheay Alfven waves in an intermediatd (m./m,<B<1)
+ wei gk gdyp+ U—A(?ZVfAfO, (6) pla.'_sma; the paralle_ﬁto 2) phase velocity @/k,) of the ki-
c netic Alfven waves is much smaller than the electron thermal

velocity vie=(To/me)*2 On the other hand, forw/k,
>v, We can neglect thé(pZ term in comparison with
unity, and obtain from Eq(9) w=wa=kva/(1+ki\ 5™,
which is the frequency of the dispersive inertial Alfve
waves in a very lows plasma <mg/m;).

Second, foro> WO, 0y, WE observe from Eq(8) that
the dispersive Alfve waves are linearly coupled with the
Shukla-Varma mod¢2], o= wgy. Specifically, in a cold
(T;—0) dusty plasma withv/k,>v. and 0> w;, , we ob-
tain from Eq.(8)

=0, (7 ) kZvi 0
1+k2AZ

whereu;o=(cT,/eByn;p) dn;o/dx is they component of the
unperturbed ion diamagnetic  drift  velocity, w;
=(4mn;pe’/m,)? is the ion plasma frequencypa
=Bo/(4mniom;) ¥=cwi/w,; is the Alfven velocity, &
=ZgoNgo/Nig, and  kyg=23aIn[Zpng(X)1/ox. The term
w¢idgkqdy is associated with the Shukla-Varma mda@e
in a nonuniform dusty magnetoplasma.

By using Egs.(1) and (4), the parallel component of the
electron momentum equation can be written as

T
+Ugody)A,— N20, V2 A+ -~ —>n
((9t Ueo y) z e(ytvj_ z Cé’z ¢’ eNe el

(10

W —wWwhgy—
whereugy= — (cTg/eByngg) Ingo(X)/ X is they component

of the unperturbed electron diamagnetic drift veloci,  which clearly shows that the coupling between the Shukla-
=C/wpe is the electron skin deptiy,e=(4mNe€/Me) IS Varma modg2] and the inertial Alfive wave[4] arises due
the electron plasma frequency, amg is the electron mass. to the parallel electron motion in the wave electric and mag-

We note that in Eq(7), in contrast to Ref[1], we have also netic fields, which ar€= —V¢—c’1atAZE andB, =VA,

retained the parallel component of the electron pressure gra- ~ . 20 2 ;
dient force[viz., the last term on the left-hand side of Eq. Xz, respectively. However, fok A e>1, Eq.(10) gives

(7)]. The latter is very important for low parallel phase ve-

. . . . " -1 1 2 2\1/2
locity (in comparison with the electron thermal velogif- 0= 3 wsyT ; (wgy+4we)™, 11
netic Alfven waves for which we have to neglect the o )
\23,V2 A, term. where wc.= (Neo /Njo) (K, /Ky) 0y is the frequency of the

Equations(4), (6), and (7) are the desired equations for electrostatic convective celfECC) [6,7] in a dusty plasma,

the coupled drift-Alfve-Shukla-Varma mode8] in a non- “’gmz(‘”cea’ci)l_/2 is the geometric mean frequency, and
uniform dusty magnetoplasma. The local dispersion relatio’ce=€Bo/MC is the electron gyrofrequency. Equaticit)
can be derived by supposing that;, ¢, andA, are propor- explicity exhibits the modification of the Shukla-Varma fre-

tional to explk,y-+ik,z—iwt), wherek = ky§/+ kzi is the wave quency[2] (wgy) in the presence of the electrostatic wave

vector andw is the frequency. Accordingly, in the local ap- field E (=—V @), where the parallelto z) electrostatic
proximation, when the wavelength is much smaller than thdi€ld (E;=—d,#) produces magnet!c-fleld—_allgr;ed electron
scale length of the density gradient, we can Fourier-analyz&Cceleration. We emphasize that in the likfnz>1, the

Egs.(4), (6), and(7) and combine them to obtain the general Wave loses its electromagnetic characteristics. In fact, in the
dispersion relatiofi3] electrostatic limit, one must replace the last term on the left-

hand side of Eq(5) by ngyd,ve,, and derive the correspond-
(02— wwn— wpkipd)(0— 0, —wsy) = 0x(0—we), (8  ing modified ion vorticity equatiorié) by replacing the last

term on the left-hand side by (ngpBowei/C)dve,, With
where wy,=we, /(1+ kf,)\g) is the magnetic drift wave fre- g,v,,=(e/m,)d,¢, and Fourier-transform the resultant equa-
quency, wj, =kyUjg, oa=kpal(1l+ k§)\§)1’2 is the fre- tions to derive Eq(11). In a uniform dusty magnetoplasma,
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Eq. (11) yields o= w. The authors of Ref.1] have failed (0°— 0w, —KvR) (0~ we, ) =K pZkivA(w— wiy),

to recognize that there is a parallel electron current 14
—Neo€ e, = (Nepe?/Mew) K, even in the electrostatic limit,
and that this parallel electron current is associated with th
ECC. Hence, contrary to the assertion of R&f, the parallel
wave-number modification of the Shukla-Varma md@gé
arises even in the electrostatic limit, and the statement
Ref.[1] on p. 7613 after Eq.(13)] with regard to the role of
the parallel electron current is fallacious because(Eg). of
Ref.[1] is erroneous. Specifically, we observe that E)
of Ref.[1] is incompatible with

@hich is the dispersion relation of the coupled drift-kinetic
Alfvén waves in a warm electron-ion magnetoplasma with-
?ut charged dust grains.
O To summarize, we have reexamined the general disper-
sion relation(8) for low-frequency(in comparison with the
ion gyrofrequency, long-wavelength(in comparison with
the ion gyroradiuselectromagnetic waves in a lo@-non-
uniform dusty magnetoplasma. We have stressed that the
general dispersion relatiof8) yields the frequencies of the
(12) well known _electrostatic and electromagnetic waves in ap-
propriate limits, contrary to the statements made in REf.
which is obtained from Eq(8) in the limits kyps—0 (or with regard to the modification of the dispersion relation of
vanishing parallel electron pressure gradient fpiaed w;, the electrostatic convective cells and the magnetostatic
=0; the latter have been assumed in R&f.from the outset. modes due to a perturbed magnetic-field—aligned electron
Our Eq.(12) shows that the magnetostatic drifo € w,,), the ~ current. Furthermore, we have also identified an error in Eq.
Shukla-Varma mode = ws,), the inertial Alfven wave (13 of Ref.[1], which is incompatible with our Eq12),
(w: wIA)! and the electron drift Waveu(: we*) are |inear|y which follows from our general dispersion reIati(R) when
coupled. the parallel component of the electron pressure gradient force
Third, when the parallel electron motion is completelyis ignored and when the ions are assumed to be cold, as
neglectedviz., k,ve,=0), we see from Eq®) that flutelike ~ supposed in Eqg3) and (4) of Ref. [1]. In conclusion, we
magnetostati¢8] (w= w,,) and modified Shukla-Varmas(  Stress that we have rectified the errors of Réf.and have
= w;, + wsy) Modes appear as independent normal modes diresented the correct description of dusty plasma waves in a
a nonuniform, dusty magnetoplasma with warm ions. Fourthnonuniform dusty magnetoplasma composed of warm elec-
when the perpendicular wavelength is much larger thgn  trons, warm ions, and immobile massive charged dust grains.
we obtain from Eq(8) for o> w;,

[(1+KAD) 0~ wey (00— wgy) 0=kvA(0— 0y ),
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