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It is shown that Wangt al.[Phys. Plasma8, 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 presente20030
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In a recent paper, Wargf al presented an investigation 2
of low-frequency plasma waves in a magnetized dusty x;(w,k)= —D2'
plasma ignoring dust charge fluctuations. For this purpose, k

+iv,
1+ 3 Fn<bj>‘°f2k—\”/'2<§i>l
n=-« zVTj

they derived the dispersion relatigh6) which includes the o - -1
unmagnetized dust susceptibilltyhe second term in the left- x| 1+ z Fn(bj)AZ(gj)} )
hand side of Eq(16)], as well as the electron and ion sus- n=—o \/szVTj

ceptibilities which are the third and fourth terms in E46). 2 2 _ , :
However, the electron and ion susceptibilities are inconsis\-’.vhere Kpj=4mn;oQj/T;, Z is the plasma dispersion func-

tent with the magneto-ionic and kinetic theories, and the sublion, &= (@ +ivj,—nwc)/\2k, V1, » and k(=2k,+k,)
sequent wave modes in the intermediate and low-frequenc§'® the frequency and wave vectors, respectivély,
ranges are not reliable. =(T;/m;)¥2is the thermal speed of specied; is the tem-
Our objective here is to present correct susceptibilitie?erature,m; is the masswe;=|Q;Bo/mjc| is the gyrofre-
and associated low-frequency wave modes in a magnetizetH€ncy,Q; is the charge¢ is the speed of light in vacuum,
dusty plasma. The constituents of the latter are electrondjn IS the collision frequengy betwe_en the SPGQ'?ﬂd neu-
ions, charged dust grains, and neutrals. The external madf@!s.I'n=1n(bj)exp(~by), with |, being the modified Bessel
netic field is?B,, whereZ is the unit vector along theaxis ~ Unction of ordem, b;=Kki p’, andp;=Vr;/wc; is the ther-
and By, is the strength of the magnetic field. At equilibrium, mal gyroradius. . .
we haveen,=en,— Qngo, Whereeis the magnitude of the We stress that high-frequency Langmuir and upper-

electron chargey;, is the unperturbed number density of the gyb”d WEV?‘? are not_ affected bB:] tlhe prers]encE ofllons andd
particle specie$ (j equalse for the electronsi for the ions, ~ 9USt as their frequencies are much larger than the plasma an

and d for the dust grains and Q is the dust chargeQ gyrofrequencies of ions and charged dust grains. However,
— — ez, for negatively charged dust grains a@d- eZ, for low-frequency waves are indeed affected by ion and dust

positively charged dust grains, wherg is the number of motions, as shown below.

electronic charges residing on the dust grain sujfathe For the electrons, we consider the lingg>1, with b,

dispersion properties of electrostatic waves in a dusty mag§1 and w<wge, SO thatl'o~1—b,. Then, from Eq.(2)

: S 12\/2 L2
netoplasma are govemed by \évlj-:-sce%tiit;ll% for b>kiViJ(w+ive)? the electron

e(wk)=1+ > xj(0k)=0, (1) w2,
j=el.d Xelw, k)~ —5° ——L —
wge w+ivenhe k2

: 2

w+ive, KI

(©)

where the plasma susceptibility’i4

where w,e=(4mnge?/mg)*? is the electron plasma fre-
2\/2 L2
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i 1/2
which reduces to K wsekg
2 L2 W= @dih}— 22| (13
O~ @pe Kz 5 1 wpgK
Xe(w: )NI WVen k2! ( ) _
Wherewdm— WpdWcj /wpi .

Third, for w,g, vin<|w| andT;=0, we obtain from Egs.

whenv.>|w|. For|w|> , we have the usual collision-
Ven |(,U| |w| Ven (1), (7), and(8)

less fluid result

K 02 olk2 (0°—0f)(0?—k:CZ) = w?k{C}, (14
1 Ype pe™z
Xe(“’*k)“F w_z_ w2k (6)  which shows the coupling between the ion-cyclotron waves
ce

and dust ion-acoustic waves. Hef®, = w,;/Kpe is the dust
Furthermore, foré.<1, b.<1 and |w|<ve,<k,V1o we ion-acoustic speed. Foow|<w;, Eq.(14) reduces to
have

szA

k2 0= 2 2172
Yo~ —2. (7) (1+kIps)

(15

whereps=Cuplwg; -
For &>1 andb;<1 the ion susceptibility is of the form Fourth, for|w|> ven, v4, We have from Eqs(1), (9) and
(12) the modified dust acoustic wave frequehcy
a),z)i(a)—l— i Vin)ki

Xi(o,k)~— — > 3 : PN Kwpg
+ivig)?— w2 ]-3(w+iv,)k? V21K w= : 16)
{w[(a) Vin)“— wgil (w+ivink] T|} (k%i+k2+w,zjeki/w§i)1/2 (
2,2
_ @piKz ®) Fifth, for v4,<|w| andk<kp, we obtain from Eqs(1),
[w(w+ivi)—3k3V2 K2’ (7), (9) and (10) the dispersion relation
where w,;=(47n;0e?/m;)*? is the ion plasma frequency, (02— 029 (0> —K2CE)=w?k?p3, 17)

andV+y; is the ion thermal speed. On the other hand,for
>1 andvy;,,0<k,Vyi, the ions follow the straight-line orbit
and the corresponding susceptibility is

which shows the coupling between the dust-cyclotron and
dust acoustic waves in a magnetoplasma. Here, we have de-
notedkp = (k3.+k3;) Y2 as the effective Debye wave num-
K2 ber of a dusty plasmaCp=w,q/kp is the dust acoustic
Xi~ b (9)  speed, anghp=Cp/wcg.
k2 Sixth, for vj,<|w| < w.; we have from Eqs(1), (6), and

Finally, for ¢4>1 andby<1 the susceptibility of the (8) the modified convective cell frequency

cold dust fluid is 12 2 5\ 12
W=~ E (w ® ,)1/2& 1+ andO mek (18)
T kg e’ng mgk?)

W2y 0+ ivgnk? W2 k2 fio
w[(w+ivdn)2—w§d]k2 w(w+ivdn)k2’ We observe that the dusty plasma modes, given by Egs.
(10) (12—(18) suffer collisional damping.
Finally, inserting Eqs(5), (9) and(11) into (1) we obtain
for vyp,<|w=w,+iw;| andk/kp;<1 the real and imaginary
parts of the wave frequenty

Xd((i),k)%_

wherew, 4= (47n40Q3/ my) *? is the dust plasma frequency.
When the wave frequency is much larger thagy, Eq.(10)

reduces to
kw d
wgd wr% kp 1 (19)
X ot e + }
dn and
Let us now discuss the properties of numerous dusty 5 210
plasma modes that can be deduced from @g. First, we o wy wpk; _ Vdn 20
focus on long wavelengtfin comparison with the electron @i 2Venw;2)dk2 2

and ion gyroradji waves with|w|> ve,, ¢, vqn. Here, we _ _
obtain from Eqgs(1), (6), (8), and(11) the frequency of the In summary, we have presented appropriate electron, ion and

lower-hybrid waves® dust susceptibilities that are required for studying the prop-
o erties of low-frequencyin comparison with the electron gy-

GINTOIN wgekg (12 rofrequency electrostatic modes in a dusty magnetoplasma.

(w§e+ wgeki/kZ)llz wszikz We have presented conditions under which the general

plasma susceptibilities reduce in simple forms that are useful
Second, we consider the limity,,v;,<|w|<w. and for analytical studies. The simplified susceptibilities are then

obtain from Egs.(1), (6) and (11) the dust lower-hybrid used to investigate the frequency of the dusty plasma wave

frequency for a high density plasma with,;> w,; modes, some of which are already known in the literatufe.
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Thus, we have an improved physical picture of the variousx. wang, Z. X. Wang, C. H. Wang, and B. Guo, Phys. Plas®a4396
low-frequency dusty plasma modes in a uniform magnetic_(2002.
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