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Abstract

The existence of ultra low-frequency wave modeslusty plasmas has been investigated

over a wide range of dust fugacity [ defined by 4zn /2R, wheren,, is the dust number

density, 4, is the plasma Debye length, amlis the grain size (radius)] and the grain

charging frequency &) by numerically solving the dispersion relation abed from the
kinetic (Vlasov) theory. A detailed comparison betén the numerical and the analytical

results applicable for tenuous ( low fugacify<<1), the dilute (medium fugacity, 1), and
the dense (high fugacityf >>1) [1,2]. In this work, the electrostatic modes ionAdeal

dusty plasmas comprising of electrons, ions and dusns has been studied including the
grain charge variations. The general case of aryitiugacity corresponding to dust charge-
density waves has been discussed.

Introduction

In recent years, there has been a great deal efesitin understanding different types of
collective processes in dusty plasmas. An importeoviel feature of dusty plasmas, when
compared with the usual electron-ion plasmas witfer@nt ion species or with electrons
having different temperatures, is the high chargihthe grains which can fluctuate due to the
collection of plasma_electron and ion.currents d¢héograin surface. In the absence of charge
fluctuations, dusty plasmas support ultra low-freguyewaves which propagate as normal
modes. On the other hand, when the grain chargeufitions are self-consistently included, it
is found that the dust modes are weakly damped.nVgled-gravitational interaction due to
the heavier dust component is included, dusty pdasane subject to macroscopic instabilities
of the Jeans type. In the present paper, we cande&ins instabilities in self-self-gravitating
dusty plasma and specifically at the tenuous fugato study the combined effects dust
charge fluctuation and the non-ideal

Model equations

We consider e three-component dusty plasma havegrens, ions and dust grains, and
include the self-gravitation due to heavier dusimponent. For the ultra low-frequency
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regime, we use the standard dusty plasma modebrd8icgly, the electron and ion humber
densities are given by Boltzmann distributions

n, = nyexpled/T,) (1)

n, = ngexp(—ed/T,) (2)
Heren_ andT, are the respective number densities and tempegtfrelectrons« = ),
ions (e = i), n . represents the respective equilibrium number tensi

The dust grains, on the other hand, being the Bsaeomponent, provide the inertia for the
DAW and therefore the wave dynamics are governedhbyfullest of dust fluid equations
including the Poisson equation. Thus, we have thetimuity, momentum balance and
Poisson equation, respectively,

an, d " '3
- — TN, = U |
at dxr = ¢ (3)

du du q; O T dn, dy

ar % Ay

— - — (4)
mg;dx mngym, dx dx -

where ¢ is the gravitational potential, and the dust gsdmave chargg. with equilibrium

value@... The description is closed by the electrostatis$m equation

— = —4m(g.,n; —~en, —en_) (5)

oy o
30 dmGnymy (6)
The charge fluctuation obey the current balancataopu
dq, dq .

— -y . — =] =1 i
gt ey =T h ()

Where the electron and the ion curreijtand!. respectively are given by

—

I PR R )
I, = —mea“n, 8T./mm_expleq;/aT,) (8)

I, = mea*n/8T./am, (1 —eq,/aT)) (9)

The set equations (1)-(7) is closed with an appatgrchoice of the equation of state for the
dust fluid to describe the non-ideal behaviourhs finite sized grains. To keep the analysis
tractable, we use the van der Waals equation ¢¢ f1h expressed in terms of the dust

numberdensity
(pa + An3)(1 - Bng) = ngkqTy (10)

The constantst andE are given respectivelyk_.T./8n. and 1/3n_, with the subscript ‘c’

indicating the respective values at the criticahpoi
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Egs. (1)-(9) constitute a complete set for dushsplas, by self-consistently including grain
charge fluctuations as well as self-consistentfga@$. Assuming the perturbations to vary as

expilkx — wt), we linearize Egs. (1)-(10) and obtain the disperselation,

€ wrahp . Wiy 1. (2—Bng) :
_ . S S Ly k.T.Bn - — 24n, (11)

k=iz+fA 7 k5 m | "% "T(1—Bng)

kX 1—-k
Here, f = 47n_ A3 a is the dust fugacity parameter,= w- /(w,; —iw), w, andw- are the

charging frequencies [2], w,.,= (47n g9z, /m,): is the dust plasma
frequencyy,, = (476n,, m;-]i is the Jeans frequency..;is the equilibrium dust density,

4., = [A':T:_.fmiji is the dust thermal speed ailis a plasma Debye length defined hrough

1/ =1/23,~1/i3, = 4me™ (n,,/T,+ n,/T;). The characteristic grain charging
i — . e [ #4de f fqdp o E gy fGgp |
frequenciess, = y = /(87)a—Lexp (=) w, = y(1- - )+ V(Br)a <2 exp ==
5 Mgl wELg T o e Ty L #T,

Substituting for the parameteksandB, the dispersion relation (11) may be expressed as,

(L1 \_D-‘ﬂ - - "-u?d i

— = — +vi + 805 — =5 (12)
k= 1—-k-iz+fA i K-

with e=¢ +=c., C;=C;,~0. and C;,= w;.A;. Furthermore, we define,
B =198%/Cy, n=ng/n,, a=T,/T,, and write the guantities

£ =Bn(6—n)/(3—n) and &, =-9Ffan/4. These denote, respectively, the
contributions due to the volume reduction coeffitiand the molecular cohesive forl&.
Considering the terms on the right- hand side of (E8), we note that the first term comes
from the usual dust acoustic response, the semwndare the thermal effects for ideal gas
case, whilst the last term introduces the correstare to the non-ideal gas.

Discussion

The dispersion laWl12) governs the propagation of low-frequency dust rsaodehe presence
of self-gravitational effects. To discuss the etise of Jeans type instability, first of all we
consider the low-frequency case< «,, when the grains have sufficient time to achiene a
equilibrium charge and hence the wave damping duehtirge fluctuation and thermal
effects. Accordinglytr — & = w. /w,, a parameter which is of order unity over a widege

of dust fugacity. Thus the dispersion low (12) &k form

2 3 -
[ = 7 [y
_ DA e S . "
1—‘ - "I!'.f ‘:CD _— [13.-‘

kKT 1-kiib+f6 PE

Neglecting thermal effects — 0), we obtain the dispersion relation given by Rao and

Verheest [4] in the cases of tenuous dusty plaswiasn the fugacity is lowfd << 1) .
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As pointed out earlier, the Jeans instability isuaely growing instability which arise when
the system is subjected to perturbations havingewambersk < k_, when the critical
wavenumberk_ is determined by equilibrium parameters. An anedytexpression fok_can
be derived in the general case, without any appraton, by rewriting (12)
NP1+ k2A5) — 0w, (1 kP25 = F6) = [k, + (1 + k2A3) (k785 — ek7C5 — wha )]

—wy [k + (1= k2L = f6) (k0% + ek Cl — wl )] =0 (13)
Where we have denoted, for convenierftes —iw. Since the perturbations have assumed to
vary asexpilkx —wt), the Jeans instability occurs whenever (13) adputstive real root
for 1. EQ. (13) is a cubic . In particular, it follows that (13) always has cared only one
positive real root whenevérsatisfies the condition given,

k*Cos

— = — kvl + k05 < wiy (14)
1+ k~Az +f0 '

The critical wavenumbek .is thus determined by the bi-quadratic equation

k8L (1 +2) + 205, )i + kZ[05(1 +2)(1+£8) + (1 + =(1 + £8) )C5, — @]y 23]
—wi:(1+fd)=0 (15)

Which obviously has only one positive root fr.

For the case whela- 17, << 1 = £4, the critical wavenumber is given by this expressi

1

: Coa g2 pn e vaope ] ,
k. =wy; | —=+0,(1+¢)+:=C5, (16)

The critical wavenumber for tenuous regiri£g << 1) is given by
1

ke = wpalCoa + 05 (14 2) + 205,172 (17)

In summary, we have analysed the behaviour of deatidusty plasma, including grain
charge Fluctuation effects over a range of dusaditg. We point out that the wavenumber is
proportional to the term of fugacity.
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