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Abstract— Theoretical investigation of the propagation of ion acoustic solitons in a collisionless plasma consisting of positive ions, 
negative ions and electrons under the drifting effect of electrons is carried out. Both compressive and rarefactive ion-acoustic solitons for 
slow mode and only compressive ion-acoustic solitons for fast mode are found to exist depending on the drift velocity ev′  of electrons for 
different values of Q′ ( ,/ ij mm= negative to positive ion mass ratio) 1> . 
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1 INTRODUCTION                                                                     
HE  propagation of ion-acoustic solitary waves have been 
studied by many researchers both theoretically and exper-
imentally. Washimi and Taniuti [1] were the first to study 

the propagation of ion-acoustic solitary waves in a cold plas-
ma. Karpman and Kadmtsev [2] have discussed the two effects 
of nonlinearity and dispersion that give rise to the solitary 
waves in plasma. On the other hand, total nonlinearity of these 
waves were taken into account by Sagdeev [3] in his derivation 
of energy integral instead of the perturbative technique to 
study solitary waves. Ikezi et al.[4] have first experimentally 
discovered ion-acoustic solitons and double layers in plasma. 
But in most of the investigations, the finite electron inertia is 
neglected leading to the Boltzmann equation for isothermal 
electrons or non-isothermal electrons. However, the characters 
of solitons are found to be substantially changed with the in-
troduction of the complete fluid equation for the electrons 
with initial drift motion rather than the simple Boltzmann dis-
tribution.  Leven and Steinmann [5], Kalita et al. [6], Kalita and 
Devi [7], Kalita and Das [8] and Kalita and Das [9] have stud-
ied ion-acoustic solitary waves with the assumption of drift 
motion of the electrons in a simple composite plasma. In pres-
ence of electron inertia, Das [10] has investigated the effect of 
ion temperature on small amplitude ion acoustic solitons in a 
magnetized ion-beam plasma. Very recently Das and Karmak-
ar [11] have studied the formation of dust ion acoustic solitons 
in a plasma with the electrons' drift velocity through the modi-
fied Korteweg – de Vries (mKdV) equation.  

The role of negative ions, whose presence cannot be ig-
nored, in the formation of ion-acoustic solitons in a plasma is 
another important topic. The existence of ion-acoustic solitons 
in presence of negative ions in a plasma has been discussed by 
Das [12], Watanabe [13], Verheest [14], Baboolal et al. [15],   
Kalita and Kalita [16], Kalita and Devi [7], Kalita and Das [8], 
Kalita and Das [9] and Kalita and Barman [17]. Tagare [18] has 
investigated the modified KdV soliton for isothermal electrons 
with warm positive and negative ions whereas Tagare and 
Reddy [19] have considered the same problem for non-thermal 

electrons. Tajiri and Toda [20] predicts by pseudo potential 
method that solitary waves of large amplitude even can exist 
in a multi-component plasma with negative ions. 

The experimental works in the laboratory with appreciable 
percentage of negative ions was started by Geoller et al.[21]. 
Ludwig et al. [22], Nakamura et al. [23] have observed the rar-
efactive solitons with small amplitudes in a plasma with a sig-
nificant percentage of negative ions. The modified KdV soliton 
has been experimentally observed by Nakamura and Tsu-
kabayashi [24] and Nakamura [25]. Further, Nakamura [26] 
has observed experimentally in a multicomponent plasma 
with negative ions of finite ion temperature that the minimum 
amplitude for a positive pulse to become solitary waves is 
measured as a function of the density of negative ions.       
The present paper deals with the propagation of ion acoustic 
solitary waves in a plasma consisting of positive ions with 
negative ions together with the drift motion of the electrons in 
one dimension. To study the propagation of ion acoustic soli-
tary waves in multispecies plasma we have used perturbation 
method. The organization of the paper is as follows. In Sec. 2 
the basic equations for propagation of ion acoustic waves in an 
unmagnetized plasma system. In Sec. 3 derivation of KdV 
equation and solitary wave solution and Section 4 is kept for 
results and discussion. 

2 BASIC EQUATIONS 
We consider a one dimensional collisionless plasma consist-

ing of both positive and negative ions, together with the usual 
electrons as follows: 
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Again for charge imbalances these equations are to be com-

bined by the Poisson equation  
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where, i, j  and e stand for positive ion, negative ion and elec-
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TkC , and the potential φ  by 
e
Tk eb ; bk  

is the Boltzmann constant. 
 

3 DERIVATION OF KORTEWEG-DE VRIES EQUATION AND ITS 
SOLUTION 

To derive the KdV equation from the set of equations (1) to 
(7), we use the stretched variables      
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with phase velocity U of the wave and the following ex-
pansions of the flow variables in terms of the smallness 
parameter ε :                                                                       
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With the use of of the transformation (8) and the expansion 

(9) in the normalized set of equations (1) – (7), we get the ex-
pression for the phase velocity and the KdV equation as fol-
lows-  
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It is observed that the nonlinear ion-acoustic solitons, in 

this model of plasma, exist when 
Q

vU e
1

≠′− . 

By using the transformation txη V−=  (V is the velocity 
with which the solitary waves travel to the right), the solution 
of the KdV equation (11) can be obtained as  
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where 
p
V3

0 =φ  is the amplitude and 
V
q2=∆  is the width of 

the ion-acoustic soliton. 

4 RESULTS AND DISCUSSION 
In presence of negative ions under the drifting effect of the 

electrons in this model of plasma, both fast and slow modes 
are found to exist for 1>′Q  subject to the sound mathematical 

condition ( ) ( )
( ) QQr

QrQQrve ′−
′++′−

≤′
1

1 . In this multi-component 

plasma, both compressive and rarefactive ion-acoustic solitons 
for slow mode and only compressive ion-acoustic solitons for 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research, Volume 5, Issue 7, July-2014                                                                                                      597 
ISSN 2229-5518   

IJSER © 2014 
http://www.ijser.org  

fast mode are found to exist with high amplitudes for small 
ev′ . The variations of phase velocities U for slow and fast ion 

acoustic solitons are shown in the figure 1. It is evident from 
figure that phase velocity is influenced both by electrons drift 
velocity and concentration of negative ions. With the increas-
ing ev′ , the phase velocity for fast mode is seen to vary almost 
parabolically (continuous curves) and  for slow mode it is in-
creases very sharply (dotted curves) but at the upper regime of 

ev′  for fixed 4.0=r  and for different values of 
( ) ( ) ( )330,225,120=′Q . The amplitude [Fig. 2(a)] of the slow 

compressive ion-acoustic solitons decreases sharply in the 
lower region of ev′  and slowly in the upper region of ev′  for 
fixed 30.0=V  and 5.18=′Q . The corresponding width [Fig. 
2(b)] of slow compressive ion-acoustic solitons decreases con-
vexly for the same parametric values. For 1>′Q , the ampli-
tudes [Fig. 3(a)] of the compressive KdV solitons diminish to 
zero at the upper existence region of ev′  for fixed 10.0=V  and 

5=′Q  for ( ) ( ) ( ) ( )420.0,315.0,210.0,105.0=r . But these solitons 
were non-existent in the investigation of Kalita and Das [8]. Of 
course, these solitons attain high amplitudes at the lower re-
gion of ev′  which are higher for higher r . Noticeably, the am-
plitudes of the compressive KdV solitons are found to be con-
siderably greater for higher values of r  in presence of the 
electrons’ drift motion in contrast to the works (without elec-
trons drift motion) of Kalita and Barman [17](figure 1). Inter-
estingly, the corresponding widths of KdV solitons with ig-
norable difference [Fig. 3(b)] for 

( ) ( ) ( ) ( )420.0,315.0,210.0,105.0=r  sharply and convexly diminish. 
On the other hand, the amplitude [Fig. 4(a)] of the fast com-
pressive soliton decreases sharply in the lower existence re-
gion of Q′  and very slowly in upper existence region of Q′  for 
fixed 10.0=V  and 05.0=r  for different values of 

( ) ( ) ( )315,210,15=′ev . But corresponding width [Fig. 4(a)] of the 
solitons are of constant magnitude. It is to be mentioned that 
the compressive fast ion-acoustic solitons exists [Fig. 5 (a)] 
only for higher values of ( )1>′Q  and for very small 002.0=V  
and its amplitude decreases as Q′ increases. Further they are 
found to exist only in upper regime of Q′  for very small V  
and for different values of ( ) ( ) ( )310,28,16=′ev . On the other 
hand, rarefactive fast ion-acoustic solitons exist [Fig. 5 (a)] on-
ly in the lower regime of ( )1>′Q  for the same set of smallV . 
However, the character of the fast rarefactive solitons changes 
to fast compressive solitons after certain ∗′Q characterizing an 
uncountable region. The corresponding widths [Fig. 5(b)] of 
the fast (compressive and rarefactive) increases very slowly 
and linearly for fixed 002.0=V  and 4.0=r  for different val-
ues of ( ) ( ) ( )310,28,16=′ev .  

5 FIGURES 

 
FIG.1. Phase velocity of slow (dotted curve) and fast (continu-
ous curve) ion-acoustic solitons versus ev′  for fixed 4.0=r  
for different values of ( ) ( ) ( )330,225,120=′Q . 
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FIG.2. Amplitudes (a) and widths (b) of slow compressive ion-
acoustic solitons versus ev′  for fixed 30.0=V and 5.18=′Q   
for different values of ( ) ( ) ( )36.0,24.0,12.0=r . 

0

0.25

0.5

1 9 17 25 33 41

0φ
↑

→′ev

( )a

( )1

( )2
( )3

)4(

                  

1.5

2.5

3.5

4.5

1 9 17 25 33 41

∆
↑

→′ev

( )b( )2
( )3

)4(

( )1

 
FIG.3. Amplitudes (a) and widths (b) of fast compressive ion-

acoustic solitons versus ev′  for fixed 10.0=V  and 5=′Q   for 

different values of ( ) ( ) ( ) ( )420.0,315.0,210.0,105.0=r . 
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FIG.4. Amplitudes (a) and widths (b) of fast compressive ion-

acoustic solitons versus Q′  for fixed 10.0=V  and 05.0=r  

for different values of ( ) ( ) ( )315,210,15=′ev . 

 

    

       

FIG.5. Amplitudes (a) and widths (b) of slow compressive 
and rarefactive ion-acoustic solitons versus Q′  for fixed 

002.0=V  and 4.0=r  for different values of ( ) ( ) ( )310,28,16=′ev . 
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