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Dust-lower-hybrid drift instabilities with dust charge fluctuations
in an inhomogeneous dusty magnetoplasma
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Effects of a uniform magnetic field, the plasma inhomogeneity, and dust charge fluctuations on low-
frequency dust-lower-hybrid drift waves have been investigated. Charging currents of electrons and ions to a
spherical dust grain in a nonuniform magnetized dusty plasma have been calculated to study the charge
fluctuation induced damping or growth of low-frequency drift waves. It is found that for strongly magnetized
electrons and ions, the charge fluctuation damping is reduced significantly from that of an unmagnetized
plasma. For sufficiently hot electrons, the drift wave exhibits instability in the absence of dust charge fluctua-

tion damping.
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[. INTRODUCTION trostatic waves in an inhomogeneous magnetized dusty

Dusty plasmas are frequently found in space and laboraR/asma using the method of guiding center coordinf&¢3.

tory environments where plasmas contain electrons, iond=xpressions for dust charge fluctuations due to perturbed
and extreme'y massive’ h|gh|y Charged dust grd'mg] currents in the presence of electrostatic waves in a nonuni-
Waves and instabilities constitute the major part of basic reform dusty magnetoplasma are derived in Sec. Ill. Using the
search with emphasis on low-frequency electrostatic waveB0isson equation, including dust charge fluctuations, we then
with and/or without the presence of a static magnetic field inobtain in Sec. 1V the dispersion relation which predicts the

dusty plasmas in recent yed@3. It has been shown that in damping or the growth rate of electrostatic drift-kinetic

the presence of low-frequency electrostatic waves, duswaves for two important parameter regimes. The effects of
charge fluctuations lead to an additional damping mechanisrhe external magnetic field and the scale length of plasma
in addition to Landau damping of these modes in a uniformjnhomogeneity are also discussed in Sec. IV. Finally, a brief

unmagnetized dusty plasnjé—6]. discussion of the results is presented in Sec. V.
However, most laboratory and astrophysical dusty plas-

mas are almost invariably nonuniform in density and are
confined by a homogeneous magnetic field either in ambient Il. LINEAR PERTURBED DISTRIBUTION FUNCTION
conditions, or is applied for convenience to control plasma . ) .
confinement. Therefore, it is of much practical interest to e consider small amplitude electrostatic waves propa-
make a rigorous investigation of the low-frequency wavesdating in a_coII|S|aness inhomogeneous plasma in a uniform
and their instability in the presence of a uniform magneticmagnetic fieldBg|1z,
field in an inhomogeneous dusty plasma. Recently, the effect _
of an external uniform magnetic field on equilibrium charg- D(x,1) = poe™ Y, (1)
ing currents to spherical dust grains and consequent dust ) )
charge fluctuation damping of the low-frequency dust-lower-Where ¢ is the amplitude of the wave. The response of the
hybrid waves has been examined in a homogeneous dusg}a;ma particles to this eIec_trostanc perturbation can be de-
plasma[7]. In this paper, we investigate the effects of the SCribed by the Viasov equation,
plasma inhomogeneity and a uniform magnetic field on the
low-frequency dust-lower-hybrid waves and their instability 9 F(y-V)F + gE VE =0 @)
(damping or growthin a nonuniform dusty magnetoplasma. e ln L
In Sec. I, we derive the perturbed distribution function
for plasma particles in the presence of low-frequency elecwhereF; is the total distribution function of thith species,
E=-V®, andq;, m; are the charge and mass of tjie spe-
cies, respectively.
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v X Wi X
X=X ——— (4) no=”8<1+L—>. (11
n

where L,=-nj/n, with nj=alnny(x)/dx. The equilibrium

With wg;=0;Bs/myc, and distribution function can be taken as

m= mjvleZij, X
0=tar(v,/vy), (5 fo= n8<1 + —g> fu(u.py), (12)
pz=mjv;. n

The time-dependent velocity components can be describeffnerefyu can be taken as the Maxwellian,
by

2
fi, = e—(,uwc+pz/2m)/T, 13
. qE M (2m)%¥%} (19
v=—+u X o, (6) _ . :
m, with v,=(T/m)*2. Using Eq.(7), Eq. (1) can be written as
yvhere the overdot denotes the time derivative of the quantity d(x,t) = ¢Oe—i(wt—l_<->_<g)2 J,(k, )&=, (14)
involved. n
Using the identity,
and Eq.(9) can be written withF=f3+f as
e—i(wt—l_(->_<) — e—i(wt—l_<->_<g) J(k ein(ﬂ—é), 7
zn“”(“o) @) gf of ot oty ot afd
- tu -t _+Xg$+:“{9_+pza_zo- (15
and Eqs(4)—(6), one obtaing8,9] oz b 9 K Pz
ik, Expressing the perturbed distribution function in the pres-
Xg== HJ—wLOE Jn(k  p)en-dgritetkxg ence of the potentiab,
e f= E fnein(f)—(?)e—i(wt—l_(-)_(g)’ (16)
. |qk ¢0 i —i(wt—k- "
= —12XON 3 (k, p)@n(P-dgrilot=kxg)
Yg W zn" ki) we solve Eq(15) to obtain
. ngdcodn(k  p) X3\ ([ o K dfy
L4=1 fp=—-———| | 1+— || n—+——
o~ K, — Nwg L du M v,
. oH k f
== — y'm
PPE + } . (17)
mw.L,
- oH
p=2" Thus
o

_ Ji(k p)In(k .
f=-— n8q¢oe—|(wt—l_<->_<)$ 2 u [ <1 + é)

n w—Kup,~ Nog

P2 = mi, = — ko] Jn(k p)e e, ()
" o koot Kfm
X +—

n—+——

]ei(n—l)(ﬂ—ﬁ)_ (18)
Juw  mMov,

where H=pwg+ps/2m+q;®, p=v,/w, 6 is the angle
made byv ; with thex axis, § is the angle made blg, with
the x axis, and the symbal denotes a quantity perpendicu-

Mol

It is noticed from Eqs(4) and (6) that the guiding center

lar to thez axis. L . . coordinatesx, are a function of the wave potential. Hence,
Th? Vlasov'e'quatlon In 'th.e guiding center coordinates Ca'i’inally, the linearized perturbed distribution function for the
be written(omitting subscripy) as jth species in terms of the Maxwellian distribution function
GF . F . OF g - F fwj is given by
L Rl il —=0. 9 N
a g amp, w90 ngj q;P(w,k) = |
In equilibrium, 9/t=0, E=0, u=0, p,=0, X4=0, 6=wy;, filwk T, 2 ; ! 0=k, ~ Ny
and the distribution function is a constant of motion, .
X Ji(k; p)Jn(k, p)e Iy (19
F= fg(/-Lr pzyxgvyg)- (10)

Wherew]f:kyTj/mijjLnj is the diamagnetic drift frequency
We consider only one-dimensional inhomogeneity in theandL,; is the scale length of inhomogeneity of tita spe-
equilibrium particle density, cies.
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I1l. DUST CHARGE FLUCTUATIONS IN NONUNIFORM dust grain surface potential is constant. Hebg,=Qyo/a is
DUSTY MAGNETOPLASMAS the grain surface potential, aif@},; is the equilibrium charge

of a spherical dust grain of radius

It should be mentioned here that for a sufficiently large

agnetic field, the electrons and ions of a plasma may be

constrained to move in one dimension as if the gyrating par-

dQq1 = e + i1, (20) ticles are glued to the magnetic fie!d. .I.n this case where

] ) ] pei<a, the shadow effect may be significant and the dust

whereQyg; is perturbation of th_e dust charge in the pr_esence-gr’ainS will not collect the same currens0]. For a highly

of the perturbed electron and ion currehis, are associated  cojjisional unmagnetized plasma with small mean-free path

with the pertur_beq plasma particle distribution functions |n)\mfp compared to the intergrain distancg (\pp=<ro), the

the electrostatic field of the low-frequency wave. Hes®, shadow effect may also be neglected and the dust grains will

andk are the frequency and the wave vector, respectively. cqject the same currents. However, for a moderately strong

To calcqlate ?he_ perturbed currents of magnetized elecmagnetic field withpe;=a, the three-dimensional motion of

trons and ions in inhomogeneous plasma, we asspiié  the gyrating electrons and ions in velocity space must be

=a, wherea is the average radius of the dust grains s axen’into account with an appropriate distribution function.

the Larmor radius of the specigq is equal toe for elec- oy main aim in the present paper is to derive the distribu-

trons, i for ions andd for dust graing We employ the guid-  tjon function by solving the Viasov equation for an inhomo-

mg_center c.oort'jlnateﬁ,g] and obtain the perturbed dlSt”'_ eneous magnetoplasma and calculate the charging currents.

bution function in t_he presence of the electrostatic potentiakne results obtained are analyzed to find the instability or

D(x,1), fa(x,v,1) given by Eq.(19). o damping of very low-frequency electrostatic waves in the

In the presence of low-frequency electrostatic fields, thg,qnuniform dusty magnetoplasma.
charging current perturbations are

We consider electrostatic perturbatiofs, k) accounting
for dust charge fluctuations. The charging equation for dus}n
particles in a dusty plasma is

IV. DISPERSION RELATIONS
lj1(x,0) Ejg J;-dS
We now consider two different parameter regimes of prac-
5 ] tical interest of our nonuniform dusty magnetoplasma to ob-
= 2ma‘q; f (v, cosf+u, sind+v)fjdv, (21)  tain the low-frequency dust-lower-hybrid drift wave disper-
sion relations and their damping or growth in Secs. IV A and
wheref;, is given by Eq(19). Using Eq.(21) and following IV B.
Ref.[7], we then obtain, after straightforward calculation, the
charging currentd;; of electrons and iongj=e,i) in the

. A. Strongly magnetized electrons and ions
inhomogeneous dusty magnetoplasma as

12 For the low-frequency dust-lower-hybrid drift waves, we
) qP(x,1) qPs T assume that the electrons and ions are strongly magnetized,
lj1(x,1) = — 4ma“qjn;o exp| - Yi,
j

and that the dust component is cold and unmagnetized:

(22) ©<og =6
where
klvtj < wcj,
Y=Y+ YA+ Y?, (23)
with k\lvtj < |(1)|, |w - anj| . (27)
« Since the drift wave frequency is typically much larger than
T N W~ the dust plasma and dust gyrofrequencies, ez w,q, ®
;L: — —bh . N / - 1 -1 Wpdr Weds
Y; [ . lhnexpi—b)| 1+ = Z(&)) |, the dust grains can be considered immobile.
n Kivy V2kjuyj

By integrating Eq(19) within proper limits one can easily
(24)  obtain the charge number density perturbationw,k)
E—Xjkzdb(w,k)quj. Thus, we calculate the electron and
ion susceptibilities in view of the approximations in Eg7),

K vy ) d
Y]-2 =—j+[— >Sl1+ —Z(&y) J[ln exp-bj)],  and obtain
|

2 wC] n VZk“Utj y
25 1 W— W, [ ®—Nwe
Xe = 5 ) 1 + — Z — (1 - be) ’
* K“\pe V2kpe \ VZ2Kre
Tw— o] . .
V=G o D e b1 2. (20 S i ol B
- | o\ w2, KRao?)
and  &,=(w-nwc) \2kpy,  bj=klvfleg,  with vy e R

=(T;/m)2 In obtaining Eq(22), we have assumed that the For k’ <k

026404-3



SALIMULLAH et al. PHYSICAL REVIEW E 70, 026404(2004

Wy O W W, 2o k2D + 4mr(nege — njye g Quo ~ NuoQar) =0, (35)
= + —. . . .
Xe wk27\2|3e o wge (29 where Qg is given by Eqg. (31). Inserting negj;
o _ =+k2x,,®/4me, Ny =0, andQy, given by Eq.(31), we ob-
Similarly, for the ions we have tain e(w,k)®(w,k)=0, where
o 0-w oy i4mNg0f
Xi = 2 + —2 (308) E(wak)=1+Xe+Xi+
ook27\Di 0w Kw
Neglecting the inhomogeneities and considering the cold wy o, p| NeoMe| @ Whe
magnetized electrons and ions and unmagnetized cold dust =1+ 2 + ) ) 1+ B
component, one readily obtains the usual dust-lower-hybrid KApew K 7\Diw W Niomy; W Wee
wave[11] propagating nearly transverse to the external mag- o o2 4mn 8
netic field direction frome=1+ye+ xi+ xq=0. We have i Ay
2 2 o o Kw
2 R 1+ e 30b ]
@ Cdin K w?,)’ (305 w;2)i o] ‘U;Zai Temeng Ly \ 47Ny
Lpd =1+—-——|1+———— | +i :
WherEwdlh > nd@e /wpl, w2 >wC|, andk2 >k12 a)gi 0} wgi T, m; Nig Lje K2w
We write nj=n;o+n;; and Qq= QdO+Qd1 where the quan- (36)

tities with subscript 1 denote perturbed quantities due to the
presence of any low-frequency wate, k). Thus, from Eq.  In the above k?<k’ and w2 /wce,>1/k2)\2De, have been

(20), we obtain, following Varmaet al. [4], assumed. By equating the real and imaginary parts feom
] =0, we obtain the dispersion relation for the dust-lower-
Qa1 =~ 1B(w)Plw, (31) hybrid drift waves agwith w= wg+ivy)
where
x T, Lo

e e " R R I
Blw) = — [—P—‘* xp( ) Vel >+—E(1 G)Yi(w)] | 1 Bote

2 Ape Te Api Ti and the damping rate of this drift wave due to the dust charge

(32) fluctuation as

Here, Npj=vgj/ wpj, wp=(4mnioqf/m)¥2 and Yei(w) i ee 47Ny 39)

given by Eq.(23) depending on conditions of the wave per—

kz(wgi/wg
turbation and plasma parameters. For the conditions here in ] o
Sec. IV, e.g., in Eq(27), we have for wp > wZ. Comparing this with Eq(20) of Ref. [7] w

find that the dust charge fluctuation damping of the low-

T Kivg| o= w; frequency drift wave is less than that of the usual dust-lower-
Y= (1-by hybrid wave or the dust-acoustic wave by a facigy/ w3,
W) Wc;j which is greater than 1. Hence, the low-frequency dust-
_ - w; kHvt] - w}‘ Ky Iower-hybrld drift wave is more stable than the usual dust-
+il1- - acoustic and dust-lower-hybrid waves.
w w2 w w
(33 B. Hot electrons
If we assume/k, </ w}; and neglect the small imagi-  Here, we study the dust-lower-hybrid drift instability in

nary term, the factol; (j=e,i) that modify the charge fluc-  the presence of dust-charge fluctuation damping in a nonuni-
tuation factorg of the magnetized plasma turns out to be  form magnetized dusty plasma where the electrons are ther-

« mal, the ions are strongly magnetized, and the dust grains are
V. ~ \/;(1 B )kLUtJ W~ (34) immobile (cold and unmagnetizeds w> wyg, weg. Conse-
0 g quently, the following conditions are valid for this case:
Let us now demonstrate how the external magnetic field Wed < W < 0 < Wey
and the scale length of plasma inhomogeneity affect the X
damping of a drift-kinetic wave propagating perpendicular to ke > ||, |0 = @4, |0 = nNwd,
the magnetic field direction. Fabeg, kv, Kpy, Kpe<|ol
< Wi < Wge, |0]> wpg, woq @Ndbg; <1, the electrons and ions kg < ||, |o - nogl,
are strongly magnetized, while the cold and unmagnetized
dust grains are considered immobile. b <1 (39)
. . . el "
The Poisson equation in the presence of a low-frequency
mode and dust charge fluctuations is Thus, we have
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! [1+i ’F( “’_w;ﬂ
Xe= 55 V7| = ,
‘ kz)\%e V2Kvie

1 a)i* W= w: k. w'zji ?w%i
Xi=— % — | (40)

Xd= 0.
Using the conditions given by Eq&9) and following the
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V. DISCUSSION

We have investigated the effects of an external uniform
magnetic field and the plasma inhomogeneity on low-
frequency dust-lower-hybrid drift waves in the presence of
dust charge fluctuations in a nonuniform dusty magneto-
plasma. In the presence of low-frequency electrostatic
waves, the dust charging current perturbations were calcu-
lated explicitly to examine the dust charge fluctuation effects.
To calculate the dust charging currents, we employed the

procedures in Sec. IV A, we obtain the dispersion relatiof€thod of guiding center coordinates to solve the Viasov

for the dust-lower-hybrid drift wave and the damping rate in

the presence of charge fluctuation dampiag= wg+ivy)

nio Te (,L)I*
== , 41
R Neo T; 1 +k2Lp§ 0
_ T wg K,CkgTe d 2 }
= /2 REEE LT (g ng) — 4mgoBNce |
Y |:\/;kvte Noe?B, (dgoNdo) — 47N goBNpe
(42)

wherek? p2 <1 with ps=wyikpe/ ;. For this case, Eq$39),
the modification factors inB(w), given by Eq.(33), upon
simplification reduce to

e (B2 ]
2 Kivte Wee

K v w-
v \Eﬁu(l_m_
Wej Wi

Thus, Yo~ 7/ 2wg/ ke and Y, = 7/ 2(k v/ 0g)(wr! o)

(43)

(44)

equation and obtained the perturbed distribution function in
the presence of low-frequency drift waves. We assumed
spherical dust grains and obtained the dust charge fluctua-
tions. Effects of a homogeneous magnetic field and the dust
density inhomogeneity were included in the dispersion rela-
tion and damping or growth of the drift waves was investi-
gated. It was found that for strongly magnetized electrons
and ions, the charge fluctuation induced damping is reduced
significantly from that of an unmagnetized plasifich Eq.
(38)]. Thus, it was noticed that low-frequency dust-lower-
hybrid drift waves are relatively more stable than usual dust-
acoustic and dust-lower-hybrid waves. For sufficiently hot
electrons, the drift wave exhibits instability in the absence of
charge fluctuation dampingf. Eq. (42)].
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