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We have studied the propagation of the dust acoustic solitary waves in two different directions for a non-magnetized,
two dimensional dusty plasma including the variation of dust charges. We extend the reductive perturbation method
and obtain two KdV equations for a nonlinear wave in two different directions. We also compare our results with the

case of constant dust charge.
PACS: 52.27.Lw; 52.35.Sb; 52.65.Vv

1. INTRODUCTION

Complex (dusty) plasma has received much interest
due to its importance in the space and earth environment
and in the laboratory plasma.

The dust acoustic waves (DAW) in un-magnetized
dusty plasma were first predicted, theoretically, by Rao et
al. Later, the existence of dust ion acoustic wave (DIAW)
at higher frequency was shown by Shukla and Silin. So
far, the existence of DAW and DIAW has been strongly
verified in laboratory experiments on complex (dusty)
plasma. Generally, the problem of nonlinear wave
propagation can be described by fundamental set of
equations. However, for simplicity, a number of
approximate models have been introduced to describe
either propagation of the wave itself or propagation of
slowly varying wave envelopes. As an example for the
latter case we can name KdV equation. Solitons and their
interactions have been observed in most nonlinear dusty
plasma waves [1,2].

Most previous works on dust acoustic waves have
often assumed that the dust charge is constant. The
contemporary research studies have included impacts of
resonant interactions of solitons within themselves and
the interactions of two KdV solitons in one dimensional
systems with each other [2]. Nejoh [3] has pointed out
that the dust charge variation with some parameters would
affect the characteristic collective motion of the plasma.
Therefore, the variation of dust charge plays an important
role in investigating the behavior of the system. Although,
most of these works are mainly focused on 1D systems.

Based on the work of Sh. Ch Li and W. Sh Duan et al.
we have studied the propagation of the dust acoustic
solitary waves in 2D un-magnetized dusty plasma. The
key point is that we have considered the variation of dust
charges. We have extended the reductive perturbation
method and obtained two KdV equations to describe
solitons. This method can be used not only for studying
the interaction of two solitons with an arbitrary
propagation angle, but also for general circumstances in
studying soliton interaction.

The organization of this manuscript is as follows. In
Sec. 2 we bring up a set of normalized equations of

motion for complex (dusty) plasma and in Sec. 3 we
obtain the two KdV equations. A brief discussion has
been brought at the end.

2. BASIC EQUATIONS

The complex plasma studied here consists of three
components, extremely massive negatively charged dust
grains, electrons and ions. The charge neutrality at

equilibrium gives 7y; = My, 1 Zg My, , Where 7o;,79, and gy
are ions, electrons and dust unperturbed number of
densities, respectively. Z(q is the charges residing on the
dust grain measured in units of electron charge. The

dimensionless basic equations for this system are as
follows:

Ing , 0(ngvya) | 9 (ngvya) _

0

0t 0x dy
vy v vy 2

=+ vy tv, = —_—

[T R T I
iv, 9 iv, ()
Vyd vy Vyd | Vo Vid daﬂ

0t 0x iy dy
120y, 004 _

72 t 0y2 Szgngt n,-on;

The electrons and ions are all assumed Boltzman
distributed 7, = vexp(fs@,),n; = wexp(-sgq), with
vang , u=ng and p = T/T, , s= 1/ +vp)MT,
and T; denote temperatures for electrons and ions,
respectively. Electron and ion densities are normalized by
Zy4Myq - The space coordinates, time, velocities and the
electrical potential are normalized by the effective Debye

length 4 p, = T, /(41 neae’)"? , the inverse of dust

12 effective

plasma frequency w,,d'l = my [(4mngy 7g4°¢”)
dust acoustic speed ¢, = (zoaTy; /my)" and (T, /e),

= (TT, /T, + uT,).
We now use reductive perturbation technique to obtain
two Korteweg de Vries (KdV) equations that govern the

respectively. We note also that T, eff
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behavior of the small amplitude dust acoustic waves. We
take the following asymptotic expansions:
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where z = 191,25 = 719, + 720, (see ref [4]), and € is a small
parameter characterizing the strength of nonlinearity.
Now we assume that”a>Vxa>Vya-%a are functions of
multiple-scaled variables defined by:
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where¢s = €1,¢, = ¢
3. KdV EQUATIONS

Substituting Egs.(2) into Egs.(1), collecting terms in
different powers of €, and by assuming:
ngy = ng(S,7) + ng, (n,7),

Ved = Vaae (€, T) + Vg (1,7),

Vay = Vyae (E,0) 1 vy, (1,7),

a1 = ¢d§(§> T) + (ﬂdn(rl,f),
we obtain the following relations between different

physical quantities at the lowest order:
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By eliminating secular terms (e.g. ), we obtain:

= 0’
(6)
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where
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The stationary solution of KdV equations is obtained by
transforming the independent variables ¢ and 7 to
(=& - uyt =0 -u,l and T =7 (see Ref[5] for

example), where %, and U, are constant speeds
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and

normalized by ¢, and c,, respectively. Imposing the
appropriate boundary condition

O - 0, (dgg /dé)- 0, (dpy /dE?)~ 0 at & - £l
and also

Oy - 0.(dg,, /di) - 0, (d%,, /d]?) -~ 0at] - to,
stationary solutions of KdV equations are emerged as:
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¢n and A; (1= &,n) are the amplitude and the width
of the soliton, respectively. It is noted that both amplitude

and the width are functions of arbitrary constants ¥ and
uOn .
For the case of constant dust charge, we find that
amplitude of the soliton is larger than amplitude of soliton
for a variable charge.
Substituting Egs. (6) into (7) we obtain the following
functions
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And after carrying out the integrations, we have
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For considering interaction between two solitons
described by Eqs.(6), we put
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in which Pl(o) denotes the value of the phase of soliton 1

before the interaction with soliton 2, while PZ(O) denotes

the value after the interaction with soliton 2. So the phase
shift of soliton 1 due to the interaction can be written as
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Similarly, the phase shift of soliton 2 reads
A0© = Q,0 - @, = _4¢m5w501(7 -t oyy) . (14)
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We consider following cases:
1. Dust charges are constant (i.e. ¥; = 7, = 0).
(I’ququV
c| cosa
Pumid iy
c,cos0

APO = p O pO -y

A Q(ﬂ) - Qz(o) _ Q](O) = -4 (15)

AP and AQ(O) are functions of both amplitude and
width of soliton, angle @ and also the soliton velocities

¢, and c,.

2. For @ = @ we have:
A c Asc
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is spatial case of our 2D situation.

3. When amplitudes of the two solitons are the same,

¢, = cyanduy = uy , wefind AP© = AQ©

It shows that the value of phase shift is inversely

- 49,4y
cosa

proportional with cos(a), AP = AQ® = We

have a singularity at a = 7/2.
4. In the case ¥, ~ 711+ y1)> 0 we see that

AP® and AQ” are larger than the case in which the
charge dust is constant, otherwise they are smaller.

4. CONCLUSIONS

We have studied the propagation of the dust acoustic
solitary waves in two different directions in un-
magnetized dusty plasma. We have incorporated the
variation of dust charges and extended the reductive
perturbation method to obtain two KdV equations for
describing solitons. Our results suggest that the value of
phase shift is inversely proportional with COS# | There is
a singularity for a= /2.

The effect of variable dust charge makes the
amplitude of soliton smaller compared with constant dust
charge case. We find that the amplitude is a function of
dust charge variations. Also both the amplitude and the
width are functions of the soliton velocities, angle® and

arbitrary constants %o and %oy .
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B3AUMOJIEICTBUE MEXKY ABYMSI COJIJMUTOHAMM B IBYMEPHOIH KOMIIJIEKCHOM IJIA3ME
C NEPEMEHHBIM IbLJIEBBIM 3APSIJJOM

N. Mahdizadeh, M. Aslaninejad

I/I3yqan001> paciopoCTpaHCHUEC MbUICBBIX aKyCTUYCCKUX COJMTOHHBIX BOJIH B JIBYX PA3JIMYHBIX HAIIPABJIICHUAX IJISA
HEHaMarHUYCHHOMN ,IlByMepHOﬁ MBLICBOM IJIa3Mbl, BKJIIOYasgd HW3MCHCHHS IIBUICBBIX PA3pAA0B. beir mcnonp3oBan

pe}IyKTI/IBHHﬁ MCTO BO3MyI.[IeHP[I71 U TOJYYCHO PpCUHICHUC

nByx ypaBHenuit KopreBera-me Bpuza (KdV) ms

HEJIMHEWHBIX BOJIH B JABYX Pa3/IMYHbIX HalpaBJICHUAX. HOJ’Iy‘-IeHHI)Ie PE3YIbTAaTbl CPABHUBAJIUCH C TAKOBBIMU [JId

ClIydasi IOCTOSHHOTO TTBUIEBOTO pa3psja.

B3AEMO/IIAA MIK IBOMA COJITOHAMH B IBOMIPHIN KOMILJIEKCHIM IIJTA3MI 31 3SMIHHUM
IIUJIOBUM 3APAJTOM

N. Mahdizadeh, M. Aslaninejad

BuB4anocst MoOmMpeHHsT MUJIOBUX aKyCTUYHHMX COJITOHHHMX XBWJIb Y ABOX PI3HMX HampsMKax Ul HeHaMarHiuyeHoi
JBOMIpHOI TNWJIOBOI IJIa3MH, BKJIIOYAIOYM 3MiHM NHJIOBUX po3psniB. ByB BHKOpHCTaHMI pENyKTHBHUH METOX
30yproBaHb 1 OTpUMaHO pillleHHS ABOX piBHsHb Kopresera-ne Bpiza (Kd) anms HenmiHIHHMX XBHJIb y JIBOX PI3HHX
HarpsiMkax. OTpuMaHi pe3yJIbTaTH OPIBHIOBAIKMCS 3 TAKUMH JJIsl BUIIAJIKY TIOCTIHHOTO MTUIJIOBOTO PO3PSIAY.

133



