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Abstract
Finite amplitude localised electrostatic solitoms a multi-component dusty plasma are
presented. Assuming that the constituents of dpEtgma are warm electrons, nonthermal
ions, and an admixture of cold dust grains withatisg and positive charges ,it is shown that
stationary solutions of the fluid equation combinéth Poisson's equation can be expressed
in terms of the energy integral of a classicaltipkr with a Sagdeev Potential. Furthermore,
the fore-fluid dusty plasma system, with both negaand positively charged dust grains, and
nonthermal ions, also provides the possibility ofible layers.
Introduction
Since the discovery of dust acoustic waves (DAWRaypet al., [1], there has been a great
deal of interest in understanding different typesallective presses in dusty plasma, because
of its vital roles in the study of astrophysicatlaspace environments. In their paper Rao et al.
also introduced a theory for dust acoustic solitonghree-component dusty plasma with
negatively charged dust grains. They pointed o@ plossibility of a finite-amplitude
rarefactive dust-acoustic potential, in contrasatocompressional potential that is associated
with the usual ion-acoustic soliton in plasma withthe dust component. Recently it has
been suggested that positively and negatively @thdyist grains can co-exist in spé2d]
and laboratory plasma. On the other hand, it has lbeund that the presence of nonthermal
ions provides the possibility of co-existence obipjwe and negative dust-acoustic solitary
waves [5] .The present study has assumed dustynalaonsisting of warm electrons,
nonthermal ions, and an admixture of cold dustngravith negative and positive charges and
has investigated the pseudo-potential approackghnikivalid for arbitrary amplitude solitary
waves. It has been found that the plasma systedgruconsideration, gives rise to such
interesting features of the nonlinear structurethascompressional DA potential distribution
and the monotonic double layer, which otherwiseatsent.
Model equations
We consider four-component dusty plasma with exélgmmassive, micron-sized, negatively
and positively charged inertial dust grains, bokmman electrons and nonthermally

distributed ions. Thus at equilibrium, we havBl,+Z N ,=N;,+Z N, where,
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N, Ngare the ions, electrons number densities,,, Z, are the positive and negative
dust particle chargeN ,,, N, dust particle number densities respectively.

The dust particles are assumed to be point chagddheir sizes are much smaller than the
Debye length. For low velocity dust ion acousticves, electrons are Boltzmann distributed

and the ions are nonthermaly distributed.

N, = Neoeeq:/Te ; N, = Neoee(F/Te .The dynamics of dust grains are governing by

e

n+—(N,V,)=0, N, +V, Ny 2,809y, negative dust grains
ot ox M, ox

n

oN Y ov Ze
and —2* +i(NpVp ):o , ——+V, —2 = 5009 for positive grains.
ot ox ot ox M, ox

Here are the fluid velocities and mass of thetpady and negatively charged dust grains,

respectively.The system of equations is closechbyPoisson’s equation

0°p _
67—4]7(Ne - Ni +ZnNn _Zpr )
Nor malization

Where n, is the dust particle number density normalizedg; 1, is the dust fluid velocity
normalized to the dust acoustic speed= (Zd'l'i/md )]/2, with T, being the ion temperature
in units of the Boltzmann constant amd, being the mass of negatively charged dust
particles;¢ is the electrostatic wave potential normalized:tée, with e being the magnitude

of the electron charge. The time space variablesirathe units of dust plasma period
Wy = (md /anz}e? )1/2 and the Debye length,, = (Ti /4nz, ndoez)l/z, we define then

N N. T T
(D:ﬂ’andv(cp):m’neoz_eo’ niO:_'O’ae:_o’ai:_o
T ATiN, T, N, N, T, T
Arbitrary large amplitude non-linear dust acoustic waves
In this section we’ll be looking for arbitrary laag@mplitude solutions of the nonlinear

equations in the stationary frame=x—V,t (unnormalized). With the conditions that at

§ - -, N, - N, andV, - 0, we obtain For positive (resp. Positive) dusttipkr

- 2Z e _ 2Z.e
number denS|tyNp = Np/ -1 p\p/f ®:N, = Nno/ 1- M.V 2 >

Inserting densities expressions in equation (Pajssee obtain, in the stationary frame
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o= retonf |- 18- 2 ] oof -2 w20,

Multiplying both sides of equation bdp/0& and integrating once from o to& , with the

conditions ¢ — Oand d@/d¢ — 0 at & — -0, we obtain the energy integral equation’s

2
100 +V(®) =0 . Where
2\ o0&
~v(o)=" : o (exp(a,® 1)) + ;(exp( a,®)[1+33 - Ba,® - aZ ®2]- (1+3p))+ . M ( [1+ 22, -1)
n
+- P /1-2a ® -1
(25
dVv () n n,
= - Ny expla,P)-n,exp—aP)+ = -
dob { oexpla.®)=n, expl-a.0) J1+2a,0 [1+2a,0®
Results and figures of large amplitude solutions
Condition under which soliton allows Condition under which Double Lag#iows:
i/ V(P)=V'(P )=0pour d=0; i/ V(®)=V'(P )=0pour ®=0;
ii/ V(®) =0 pour =D, #0 ; i/ V(®)=V'(®P)=0pour P=P, #0 ;
iii/ V(®) < 0 pour 0<|®|<|d|. iii/ V(@) < 0 pour 0<|®|<|®,|.
0005 Of«f ; . i » @
Potentiel de Sagdeev V (CD) vs. @, Potentiel de Sagdeev V(CD) vs. .
M =140, a, =0.102a, =00163,, = 0.200 for @ = 020, a, =0.100. a,, =0.163 a,, = 0.200

Small amplitude limit: K dV solutions
To study the dynamics of small amplitude dust-atos®litary waves, we derive the

Korteweg de Vries equation (k-dv) equation from basic equation by employing
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the reductive perturbation technique and the siegtcoordinaté = ¥2? (x-V,t)

andt =¢ ¥?twhere ¢ is a smallness parameter measuring the weakneiss amplitude or
dispension and, is the soliton velocity (normalized to: Ve can then expend our variables

about the unperturbed states in power seriesaofl develop the equations in various power
ofe; p=e@; +£2@, +£3@3 +.... ;s Ngy =Ngog +ENgoq +E°N g+ €Ny +..0

N; =Njg +&N;; +€2N 5 +€3N 3 +.., s Vigy =€Vgn1 +€Vgno +€Vgns + -

Resultsand figuresfor small amplitude solutions

For K-Dv equation For mK-dV equation
E=g¥2 (x-Vyt),1=e¥2t, E=¢g(x-V,t)and 7= £%,

3 3 3
6¢1+Q¢16¢1+10 @1:0. a¢1+z¢16¢1+K6<D1 +16 CD1:
or 2 & 2 9é3 or 2 o0& o0& 2 9é&3

2 2 —E(n a+n 313(1—3,6’2))+
1| (385,10, + a0y (1+28)) + 1] TN o
,725 (32n + 2n) K=§ 5
atinl dn ae e0 +§(ndnad3n+ndpad3p)
3M 2 ~ D
©, == ~sech [(2 - Wit )/ ]| @, (8)=— [1- tanh(eE )]
25 1]
2 5
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-DWD -5 DI 5 10 72-560 -40 =20 5 ZID Ab B0
4 g
CDVSZ:E—MT CDVSZ:E—MT
for M =140, a, =0.102, a4, = 0.016, a = 020, a, =0.100, a,, = 0.163
a,, = 0.200et a = 020. a,, = 0.200et M =1.690
References

[1] Angelis,U. de,Bingham,R. and Tsytovich,., J. Plasihy.42, 445. (1989)

[2] P.H. Sakanaka and |.Spassovka,Braz.Jour.of BBy&003)

[3] N. N. Rao, P. K. Shukla, and M. Y. Yu, Planet Sp&ce38, 543 (1990).

[4] Barkan, A., Merlino, R.L. and D’Angelo, N., PhydaP.2, 3563 (1995)

[5] Mamun, A. A, Cains, R. A. and Shukla, P. K. y®Hlasma8, 2610, (1996).



