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Abstract. Taking into account dust size distributiove study the effect of two-temperature electramshe dust
acoustic soliton in multi-component dusty plasma Mge reductive perturbation method to derive gieescal
Kadomtsev-Petviashvili (SKP) equation that desailtee propagation of dust acoustic solitary wavdse
modification in the amplitude and the width of thaitary wave structure due to the inclusion of tiypes of
isothermal electrons are investigated.

Introduction
Nowadays, there has been a great deal of interestderstanding different types of collective
processes in dusty plasmas, which are very commmonaboratory and astrophysical
environmentg1-7]. It has been found that the presence of chargedgtasts modifies the
existing plasma wave spectra, whereas the dustnugsamay even introduce new
eigenmodes in the plasi®l7]. Raoet al. [18] were the first to predict theoretically the
existence of extremely low-phase velocity dust atouwaves in unmagnetized dusty
plasmas whose constituents are inertial chargetl gtagis and Boltzmann distributed ions
and electrons. These waves have been reportedimegogally and their nonlinear features
investigated by Barkamt al. [19]. Recently, it has been proved that the solitary evav
characteristic may be modified by taking into asgdogome parameters and the most
important of them is indubitably «temperature».ded, the effect of dust temperature in hot
dusty plasma was studied by several authg@s21,22], effect of ion temperature was also
investigated[23,24]. Although, just a little work is concerned with tledfect of electrons
temperaturg25]. In addition, due to their importance, the solitavgves in unmagnetized
plasma without geometry distorsion and the disgpateffects have been extensively
investigated and found to be described by the Kgtde Vries (KdV) equation or
Kadomtesv-Petviashvili (KP) equati@®-28]. However, new theoretical studies indicate that
the properties of solitary waves in bounded norgaiapherical geometry differ from that in
unbounded planar geometfg29]. It is well known that the transverse perturbat{@rich
always exist in the higher dimensional system) may only introduce anisotropy into the

system but also modify the structure and stabilltye combined effects of both nonplanar
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geometry and the transverse perturbation on the BAWve been considered by some
authors, but most of them have paid attention teen@opagation in mono-sized dust grains
because it is easier to stid§9-33]. Although, in real case, the dust grains have many
different sizes both in space and laboratory plagB3d.
Motivated by all those previous works and trying study a more realistic dusty plasma, in
this paper, dust acoustic waves DAWSs are invasayby including four effects, namely;
two-temperature electromi/ dust size distribution (by considering the diéier dust size
distribution, viz., power law distribution)ji/ nonplanar spherical geometry and the
transverse perturbation. A spherical Kadomtsevw&stvili equation is obtained analytically
by using the well-known reductive perturbation noetf35].

Formulation
We consider dusty plasma with extremely massivgh megatively charge dust grain,
Boltzmann distributed ions and two types of elewdravith different temperaturg, (lower)

and T, (higher). We assume that there are N differentt dyains whose masses are

m;, (j=12...N), whose sizes are different. Charge neutrality aflliegum requires that

%mw:qo_zzmndowhere No» Nyo» Ny andn, are the unperturbed ions densifh dust

grains number densities, and electrons number tiehsit two different temperaturg and
T, respectively.z,, is the unperturbed number of charges residinghenjth dust grain

measured in the unit of electron charge. So, thmludusty fluid equations govern the dust
acoustic waves in spherical geometry is
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Wherer, 0 are the radial and angle coordinates afdy are the dust fluid velocity inandé

N
:zzdjndj +n,+n,-n.
=

directions, respectivelyng, n,, ¢ represent the dust density and the electrostatiengal.

The variables t,r,n,,u,,v,, and ¢ are normalilized to the dust plasma frequency

Wit =,/4m,,z2€e? /m, , Debye radiug, =./k,T /4rm,z2e* , unperturbed equilibrium dust

densityn, , effective dust acoustic veloctty =./z k,T,/m, , andk,T/e , respectively.

1 ] . . ..
Here we have denot¢d=/2dondo(r¥’+n;“°+r$°j The dimensionless number densities are
eff i h |
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ny = 4 exp(sd) ,n, = 1, exp(BsP) ,n = pexp(-9/5,) .
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To study the dynamics of small amplitude dust-atowsolitary waves, we use the so-called
reductive perturbation meth@86]. We can then expend the variables u, andg about the
unperturbed states in power seriesof¢ is a small parameter) that means, we let,

Ny =1+ Eng, +E Ny, +.. Uy = Uy +E Uy, +... Q=@+ E°Q +... Z, =14 624, + €7, + . ©
We can rewriteEQs.(1-4) taking into accountEqs.(5-7) and the stretched coordinates
E=£"(r-vt),1=e¥%t, n=£7"%0, wherey, is the wave velocity, to get the following

system equations, to the lowest ordegiwe have
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To the next order iz we get the following set of equations;
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UsingEgs. (2), (3) and eliminaten, ,u,,and ¢, from (4), we obtain the SKP equation,
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It is important to point out, that if the wave pagate without the transverse perturbation, the

z: v?
A= va|:3 &+ﬂ182+'u232'812+ 4dj :|B= O!C: 1

last term in the left side d&q. (5) disappear and the SKP equat{&hreduce to the ordinary
spherical KdV equation. We can find an exact sofitgave solution for the SKP equati{)
by using a suitable variable transformationEmn (5), the two terms with variable coefficient,

can be canceled if we assue E—VEOOZT, ¢, =®(¢,7). Then the SKHEQ.(5) is reduced to the

0P (0P, 0%
ndard KdV n —+Ad——+ =0 (6 = 2 (Yo
standard KdV equatio Y. 053 6) = cp(z)_A%cﬂ Iy
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U, is a constant represent wave velocity. Thus weugetxact solitary wave solution of the

Uy Vo
\/48{E (U”ZJT

On one hand we can notice that the amplitude andewelocity of our solitary wave

SKPEQ.(6) o(7)= 3J

7O$Ch2
A

(7)

described by SKHEQ.(5 ) are exclusively determined by the parameterthefsystem and
only depending on the initial conditionkq.(7) indicates that the phase velocity of the
solitary wave is angle dependent in the phase. M@ans that the spherical wave described
by the SKPEQ.(5) will slightly deform as time goes on. The sauatof Eq.(7) gives us an
additional information; a spherical soliton witbnstant amplitude can exist if the transverse
perturbation is considered.
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