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Abstract: In this paper we study dust ion acoustic solitary waves (DIASW) based on the dust charge Zd =
nd0
ni0

=

equilibrium density of dust ions
equilibrium density of ions

. Compressive solitons are found to exist in presence of electron’s drift velocity (v′e).

It is observed that compressive solitons exist for smaller values of dust charge Zd and greater values ofv′e.
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1. Introduction

In the study of plasma dust ion acoustic (DIA) waves have created immense impact on research workers. Formation

of solitary waves in plasma is done both in laboratory and space plasma. Any way the presence of dust particle

in plasmas of space environment has created increasing interest in the domain of plasma research and influence the

plasma properties leading to new significant result. By means of reductive perturbation method, Rao et.al (1990) have

reported the existence of dust acoustic waves. The role and theoretical applications [3] of dust particles observed in

earth’s magnetosphere, cometary tail, planetary rings, lower ionosphere of the earth [4–9] have contributed a lot towards

study of dusty plasma. On the otherhand, dust ion acoustic waves (DIAW) are studied by [10–12]. Duan et.al (2003)

have investigated dusty plasma with variable dust charge. EL-Labany and El-Taibany (2003) have investigated the ef-

fects of variable dust charge, dust temperature and an arbitrary streaming ion beam on small amplitude dust acoustic waves.

In their investigation they found both compressive and rarefactive solitons exists. Zhang and Xue (2005) have studied the

effects of dust charge variation and non thermal ions on dust acoustic solitary waves. Das and Chatterjee (2009) have also

investigated the formation of large amplitude double layers in dusty plasma. Recently Tiwari et.al (2011) have investigated

the characteristics of ion acoustic soliton in dusty plasma.

In this paper, we have investigated the drifting effect of electrons on dust-ion acoustic solitary waves. Various substantial

and characteristic changes on solitons amplitude and growth are observed in this investigation due to the presence of the

drifting motion of the electrons.
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2. Dynamics of Motion

In the model of plasma under consideration, we assume it to be composed of negatively charged dust particles in the plasma,

together with ions and electrons. The governing equations in one-dimension are given by

∂nd
∂t

+
∂

∂x
(ndud) = 0 (1)

∂ud
∂t

+ ud
∂ud
∂x

= Zd
∂φ

∂x
(2)

∂ni
∂t

+
∂

∂x
(nivi) = 0 (3)(

∂

∂t
+ vi

∂

∂x

)
(γivi) = −Zd

∂φ

∂x
(4)

∂ne
∂t

+
∂

∂x
(neve) = 0 (5)(

∂

∂t
+ ve

∂

∂x

)
(γeve) =

Zd
Q

(
∂φ

∂x
− 1

ne

∂ne
∂x

) (6)

where Zd stands for dust charges, ‘i’ for positive ions and ‘e’ for electrons respectively, Q = me
mi

= mass of the electrons
mass of the positive ions

and

Zd =
nd0
ni0

= equilibrium density of dust ions
equilibrium density of ions

. In these equations, densities are normalized by the unperturbed densities nd0, ni0

and ne0 respectively; space by electron Debye length λDe =
(

ZdTe

4π ne0e2

) 1
2
; time by ion plasma period ω−1

pi =
(

mi
4π ne0e2

) 1
2
;

velocities by acoustic velocity CS =
(
ZdTe

mi

) 1
2

and the potential φ by Te
e

. Again for charge imbalances these equations are

to be combined by the Poisson equation

∂2φ

∂x2
= ne + Zdnd − ni (7)

3. Derivation of the KdV Equation

To derive the KdV equation from the basic equations (1)-(6), we use the stretched variables

ξ = ε
1
2 (x− Ut) , τ = ε

3
2 t (8)

With phase velocity U and expand the variables asymptotically about the equilibrium state in terms of smallness parameter

ε as follows:

nd = ndo + εnd1 + ε2nd2 + ...

ni = ni0 + εni1 + ε2ni2 + ...

ne = 1 + εne1 + ε2ne2 + ...

ud = εud1 + ε2ud2 + ... (9)

vi = εvi1 + ε2vi2 + ...

ve = v′e + εve1 + ε2ve2 + ...

φ = εφ1 + ε2φ2 + ε3φ3 + ...
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For unidirectional transformation related to solitary waves in our plasma model, we need to use Equation (9) and the

stretched variables in the set of Equations (1)-(7). Equating the coefficients of ε1, we get from the first order perturbed

quantities, the equation for the phase velocity U namely,

1

Zd −Q(U − v′e)2
(

1 +
3v′2e
2c2

) − Zd
U2
− 1

U2
= 0 (10)

Using ni1 = ne1 = nd1 = 0, vi1 = ve1 = vd1 = 0, φ1 = 0 at |ξ| → ∞. This can be solved for the phase velocity U in terms of

the equilibrium quantities in it and dust charge Zd and C for relativistic effects. Again equating the coefficients of ε2 from

(1)-(7) and eliminating ∂ud2
∂ξ

, ∂vi2
∂ξ

, ∂ve2
∂ξ

we get

∂φ1

∂τ
+ pφ1

∂φ1

∂ξ
+ q

∂3φ1

∂ξ3
= 0 (11)

Where p = B
A

and q = 1
A

with A and B given by

A =

 (Zd − 1)

(v′e − U)
{
zd −Q(v′e − U)2

(
1 + 3v′e2

2c2

)} − (Zd − 1)

(v′e − U)
{
zd −Q(v′e − U)2

(
1 +

3v′
e2

2c2

)}2

−
QZd(v

′
e − U)

(
1 + 3v′e

2

2c2

)
{
Zd −Q(v′e − U)2

(
1 + 3v′e2

2c2

)}2 +
4Zd
U3

 (12)

B =

 (
Zd

4 − Zd3
)

2Q(v/e − U)
2
(

1 + 3v′e2

2c2

){
Zd −Q(v′e − U)2

(
1 + 3v′e2

2c2

)}3

+

(
Zd

2 − Zd
)

2Q(v′e − U)2
(

1 + 3v′e2

2c2

){
Zd −Q(v′e − U)2

(
1 +

3v′
e2

2c2

)}
+

3v′e
(
Zd

4 − Zd3
)

2Qc2 (v′e − U)
(

1 + 3v′e2

2c2

)2{
Zd −Q(v′e − U)2

(
1 + 3v′e2

2c2

)}3

+
3v′e

(
Zd

2 − Zd
)

2Qc2 (v′e − U)
(

1 + 3v′e2

2c2

)2 {
Zd −Q(v′e − U)2

(
1 + 3v′e2

2c2

)}
+

(
Zd

3 − Zd2
){

Zd −Q(v′e − U)2
(

1 + 3v′e2

2c2

)}3 −
(
Zd

2 − Zd
){

Zd −Q(v′e − U)2
(

1 + 3v′e2

2c2

)}2

−
3v′e

(
Zd

3 − Zd2
)

Qc2 (v′e − U)
(

1 + 3v′e2

2c2

){
Zd −Q(v′e − U)2

(
1 + 3v′e2

2c2

)}2

−
(
Zd

3 − Zd2
)

Q(v′e − U)2
(

1 + 3v′e2

2c2

){
Zd −Q(v′e − U)2

(
1 + 3v′e2

2c2

)}2 −
(
Zd

3 − Zd2
)

2
{
Zd −Q(v′e − U)2

(
1 + 3v′e2

2c2

)}3

 (13)

The KdV equation (11) will give the soliton solution for real suitable values of p and q based on the parameters involved

in (12) and (13). For the desired soliton solution,we consider the transformation η = ξ − V τ . Using the transformation

η = ξ − V τ , for solitary wave solution, we integrate once and use the boundary conditions φ1 = 0, d2φ1
dη2

= 0 as η → ∞ to

get d2φ1
dη2

=
(
V
q

)
φ1 −

(
p
2q

)
φ2
1.

Multiplying both sides by 2 dφ1
dη

and again integrating we get dφ1
dη

= ±
√(

V
q

)
φ1

√{(
1− p

3V
φ1

)}
. Integrating again we get

φ1 =
(

3V
p

)
sech2

(
1
2

√
V
q
η
)

. Where V is the velocity with which the solitary waves travel to the right. The corresponding

amplitudes (φ0) and width (∆) of the soliton are respectively φ0 =
(

3V
p

)
and ∆ = 2

√
q
V

.
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4. Discussion

Using relativistic effects in electrons, only compressive solitons are established depending on the dust charge Zd and drift

velocity v′e with the real acceptable Values of U. Here we have considered V = 0.2, Q = 0.0054, C = 300 (normalized).

(a) Amplitude of dust acoustic compressive solitons
versus dust charge Zd

(b) Width ∆ of dust acoustic compressive solitons
versus dust charge Zd

Figure 1:

(a) Amplitude φ of dust acoustic compressive
solitons versus drift velocity v′e.

(b) Width ∆ of dust acoustic compressive solitons
versus drift velocity v′e.

Figure 2:
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