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The presence of charged grains plays an important role irastrephysical and space envi-
ronment. For example, the spoke formation in the Saturrgs tire Jovian ring formation and
formation of the protoplanetary disks are but a few examplesre dust dynamics plays an
important role. The planets are understood to have forned & disk of gas and dust orbiting
around the protostars.

The parametric instability of finite amplitude, circulagglarized Alfvén wave has been stud-
ied in the space and astrophysical plasmas for last fourdgsocgdollweg, 1974; Derby, 1978;
Goldstein, 1978; Nariyuki & Hada, 2006). Such an investagain a dusty medium is relatively
recent phenomena (Hertzberg et al, 2003). It should be ¢xgbérat the role of the plasma-dust
collision may as well be important for the parametric ingigb It is known that the collision
between the plasma particles and the grain are responsibkoie of the novel features in
dusty plasma. As an example, the new collective behavickmasvn to exist in such a plasma
due to the charge fluctuations - an offshoot of collision (ikairov, 1994; Bhatt & Pandey,
1994).

The present work investigates the parametric instabifigotlisonal dusty plasma. By dusty
plasmas a three component plasma consisting of electrons,and charged grains will be
implied. The simplest description of dusty plasma is giveterms of continuity and momentum
equations for respective species with a suitable closurgeimwiz., an equation of state. We
shall define mass density of the bulk fluid @s= pe + pi + pq = pg. Then the bulk velocity
V = (piVi+ PeVe+ PgVd)/P = Vg. The continuity and the momentum equations for the bulk

fluid becomes

op B
E“H]'([)V)—O (1)
dv JxB

pg = —OP+—. )

HereP = P.+ R + Py is the total plasma pressure.
Making use of plasma quasi-neutrality conditioa= nj +Znq, in the expression for the cur-
rent densityd = e (n; vi — NeVe), and assuminge ~ vj, and taking curl of the electron momen-

tum equation and making use of the Maxwell’'s equation, indke>> vy limit, the induction
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equation can be written as

0B JxB
dt——Dx hvde)—-<Zend)}. 3

One can investigate the dusty plasma dynamics with the Helfgs. (1), (2) and (3) along

with an isothermal equation of state. In what follows, anfemn background magnetic field
B = (0,0,B) is assumed along thedirection. It will be assumed that all physical quantities
depend on z only. Then an exact solution of the resultingtespusis finite amplitude circularly

polarized Alfvénwave

Bx = Ag cosg, By = Ag sing,
Vx =Vp cosp, Vy = Vg sing. (4)

Heregp = ko z— wpt. The wavenumbéiy and frequencyy of the pump wave are related by the

following dispersion relation
o
§—1gvE (1522 ). ®)
Wed
WhereVA2 = B?/upp is the Alfvén speed andyy = ZeB/my is the dust-cyclotron frequency.

The amplitude#y andVy of the pump waves are relateg/ Ao = —VA2 Ko/Bwy. After linearizing
Egs. (1), (2) and (3) witdB, = 0, and defining

0B, = 8By cosp+ 0By sing, 0B_ = 0By sing — dBy cosg,
OV4 = OVy COSP + OVy SiN@, OV_ = OVy Sing — dVy COSP, (6)

the linearized equations can be reduced to following setjofons with constant coefficient.
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Figure 1: The growth rate of left-circularly polarized (Fitfa)) and right-circularly polarized

(Fig. 1(b)) is shown in the figure.

Herea = B/(LpZeng). Fourier analysing the spatial and temporal dependendeedfuctua-
tions as~ exp(i wt —ikz) and denotingo = w/wp, k=k/ko, Fx = 1/(1+ w/wxg), B =CZ/V?
andC2 = k? BF following 8" order dispersion relation is derived from Eq. (7).

wt+arw’ +...tarw+ay=0. (8)
The transition from stability to instability will proceetiroughw = 0. In thew — O limit,

ao
w:—a—l 9

In the long wavelength limit retaining onk O(k), O(k?) terms in the coefficienta; andag

one may write

2 2
k% :_2% {1_& (1+ %)} +k%(1+&), (10)
a Wy A o
2plon) oFno2)]

Recall that for the left-circularly polarized (LCP) pumpwes,F,. = 1/(1+ wn/wq) and hence,
from EqQ. (11),ap = 0. Thus in view of Eqg. (9), one should anticipate that theahbsity will
disappear in the vicinity dt = 0.

The dependence of the growth rate on the ratio of the lefularty polarized pump wave to
the dust-cyclotron frequency is shown in Fig. 1(a) for theregponding physical parameters in
the box. In the vicinity ok = 0, wave does not grow. This is caused by the dissipation of the
long wavelength fluctuations by the plasma-dust collisidin increase i/ w.y implies the
increasing importance of the Hall ter X B), which appears due to the relative drift between
the plasma and the dust. This drift is caused entirely by tikésonal momentum exchange.
Therefore, the increase iy /wy implies the increased dissipation of the free energy. Hence
with the increasingw/w, one would expect a decrease in the growth rate. With decreas

ing ap/wegy, the growth rate is due to non-dispersive Alfvénpump and edfrespond to a
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non-dissipative, ideal regime. Hence one sees the satnrmatithe growth rate with decreasing

o/ Cd -
For the right-circularly polarized (RCP) pump waves, wkenr=1/(1— wp/wy), the growth

_E A A
Im[w]_?§<[3—? : (12)
As is clear from above Eq. (12), the growth rate is inversetypprtional to the factof1 —

rate can be written as

o/ Weg). This implies that neaty ~ w4, When pump is operating near the dust-cyclotron
frequency, the instability can grow resonantly.

The dependence of the growth rate on the amplitude of theé iggnded circularly polarized
pump wave is shown in the Fig. 1(b). Whep/w.y = 0.9, the growth rate becomes very large.
The relative drift between the plasma and the dust causedl di¢td over the dust-cyclotron
time. If the Alfvén wave propagation timeo‘l becomes comparable to the dust-cyclotron time,
the energy is freely fed to the fluctuation by the pump to thatyyg dust particles. The resonant
driving is indirectly related to the dust-plasma collissoitherefore, the growth of the paramet-
ric instability is quite different for the left and rightrcularly polarized pump. Whereas for the
left-circularly polarized waves, the instability does eatst in the neighbourhood &f= 0, for
the right-circularly polarized pump, the instability magdome large neddc = 0. Clearly, for
the right circularly polarized pump, unbounded growth d# thstability is not possible. The
linear approximation in which the dispersion relation (8 een derived breaks down for any
dependent physical variabfeoncedf < f.

To summarize, the collision of the dust with other plasmaigseresults in the dispersive na-
ture of the pump waves. By using a mathematical transfoonathe linearized equations with
periodic coefficients can reduced to equations with constaefficient permitting the normal
mode analysis at all wavelengths. The parametric instglidisensitive to the change in the
ratio of the pump to the cyclotron frequencies. However,gtavth rate is not sensitive to the
plasmag. Furthermore, the instability can become an order of mageitarger for the right

hand circularly polarized pump particularly near the resae, i.e. whetwy ~ wy.
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