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Abstract 

In this investigation, only compressive solitons are seen to exist in a 
dusty plasma consisting of positive ions, electrons and immobile 
negatively charged dust grains in presence of electrons’ drift velocity 
( ).ev′  The compressive mKdV solitons of small amplitude exist in a 

small region .30 <′≤ ev  The amplitude becomes higher for smaller 

values of 
e
i

T
T

=σ  (= ion to electron temperature ratio). 

1. Introduction 

Several authors have studied the propagation of ion acoustic solitary 
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waves in dusty plasmas both theoretically [1-16] and experimentally [17, 18]. 
The occurrence of dusty plasma in cometary tails, asteroid zones, interstellar 
clouds, planetary rings, earth’s ionosphere and magnetosphere [19-28] make 
the subject attractive. The wave in dusty plasma is different from that of 
ordinary plasma and the presence of dust charge in plasma influences the 
plasma properties leading to new significant results. The waves in dusty 
plasma is different from that of ordinary plasma and the presence of dust 
charge in plasma influences the plasma properties leading to new significant 
results and generating many new problems to study [20, 35-37]. The dust ion 
acoustic waves have been observed in laboratory experiments [29, 30]. By 
using reductive perturbative method, Rao et al. [31] have first reported the 
existence of the dust acoustic waves for low frequency in unmagnetized dust 
plasma and experimentally verified in a laboratory by Barkan et al. [17]. 
Ikezi [38] in his investigations predicted that dust particles in plasma could 
acquire enough charge to produce a large (ratio of electrostatic to kinetic 
energy) which results in making a strongly coupled plasma. The ability to 
image dusty plasmas at the particle level allowed many researchers [39, 40] 
to study the melting phase transition, phonons and other condensed matter 
phenomena with unprecedented directness. 

In all the above investigation, the initial drift motion of the mobile 
electrons is not considered. However, it is found that the characters of the 
dust ion acoustic waves are considerably affected with the introduction          
of electron inertia and its initial drift motion. Kalita and Das [32] have made 
a comparative study of mKdV and KdV solitons in a cold plasma with 
negative ions for different values of electrons’ drift velocity and mass ratio 

.ratiomassionpositivetonegative, 







=′

i

j
m
m

Q  Singh and Bora [41] have 

studied the instabilities of ion acoustic waves in a dusty plasma by 
considering electron-drift, collisional, and dust charge fluctuation effects. In 
their investigation, they found that electron thermal conductivity and charged 
grains concentration enhance the growth of the ion acoustic mode whereas 
ion- viscosity, ion-thermal conductivity, and dust charge fluctuations have a 
stabilizing effect. Kalita and Das [33] have investigated the existence of KdV 
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and modified KdV solitons in a plasma with negative ions and drifting effect 
of electrons. Liu and Du [42] have investigated the instability of the dust-
acoustic waves driven by drifting electrons and ions in a dusty plasma 
through kinetic theory. Das and Karmakar [34] have studied the formation          
of dust ion acoustic solitons in a plasma with the electrons’ drift velocity 
through the mKdV equation. 

In this paper, we investigate the drifting effect of electrons in the 
formation of ion-acoustic solitons in a collisionless dusty plasma including 
electron inertia. 

2. Basic Equation and Derivation of mKdV Equation 

We consider an unmagnetized dusty plasma consisting of positive ions, 
electrons and immobile negatively charged dust grains. The fluid equations 
of motion, governing the collisionless dusty plasma in one dimension are: 

( ) ,0=
∂
∂+

∂
∂

ii
i vnxt
n  (1) 

,0=
∂
φ∂+

∂
∂σ+







∂
∂+

∂
∂

xx
p

nvxvt
i

i
ii  (2) 

,03 =
∂
∂

+






∂
∂+

∂
∂

x
vpvxvt
i

iii  (3) 

( ) ,0=
∂
∂+

∂
∂

ee
e vnxt
n  (4) 

,011 =







∂
∂

−
∂
φ∂=







∂
∂+

∂
∂

x
p

nxQvxvt
e

e
ee  (5) 

,03 =
∂
∂

+






∂
∂+

∂
∂

x
vpvxvt
e

eee  (6) 

,12

2
α−+−α=

∂
φ∂

ie nn
x

 (7) 



R. Das and K. C. Nath 544 

where i and e stand for positive ion and electron, respectively, 
i
e
m
mQ =       

(= electron to ion mass ratio), 
e
i
T
T

=σ  (= ion to electron temperature ratio) 

and 
0

0
0
0 1

i
dd

i
e

n
nz

n
n

−==α  dz(  is the number of elementary charges residing 

on the dust grain). 

We have normalized densities in  and en  by the unperturbed densities 

,0en  ion pressures by characteristic ion pressure ,0 eeb Tnk  time t by the 

inverse of the characteristic ion plasma frequency, i.e., ,
4
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2
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en
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i
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distance x by the electron Debye length ,
4
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en
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e

eb
De  velocities by 

the ion-acoustic speed ,2
1







=

i
eb

s m
TkC  and the potential φ by ;e

Tk eb  bk  is 

the Boltzmann constant. 

Introducing the stretched variables 

( ) tUtx 3, ε=τ−ε=ξ  (8) 

with phase velocity U of the wave and using the following expansions of the 
flow variables in terms of the smallness parameter ε: 

,1 2
2

1 +ε+ε+= iii nnn  

,1 2
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1 +ε+ε+= eee nnn  

,2
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1 +ε+ε= iii vvv  

,2
2

1 +ε+ε+′= eeee vvvv  
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,2
2

10 +ε+ε+= iiii pppp  

,2
2

10 +ε+ε+= eeee pppp  

.2
2

1 +φε+εφ=φ  (9) 

(1)-(7) can be simplified to give the expression for the phase velocity and the 
KdV equation as follows: 

( )
.

3
1

3 22 σ−
=

′−−
α

UvUQ e
 (10) 

This gives 

,2
42

x
xzyyU −±−=  (11) 

where 

( )13,2, 2 +ασ−′=′−=+α= ee vQzQvyQx  (12) 

and the KdV equation as 
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For higher order nonlinearity, we set the nonlinear coefficient of (13)            
to zero, which gives the critical density. Consequently, we can determine            
the modified KdV equation with cubic nonlinearity, which is expected to 
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describe the dust ion-acoustic wave at the critical density ,cα  given by 
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The modified KdV equation is applicable only at the critical density .cα  

To derive the modified KdV equation, we consider the stretched variables 

( ) ., 3tUtx ε=τ−ε=ξ  (16) 

From (1)-(7), (9), (14) and (16), the modified KdV equation can be 
written as 
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3. Condition for Existence of Solution and Solitary Wave Solution 

From the expression given in (10), we observe that U is real if 

( ) ( ) .132
Q

Qve α
+ασ+α≤′  
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The soliton solution of the mKdV equation (17) is possible if A and B are 
positive and finite for which we find that 

( ) 32 ≠′− evUQ  and 

{ ( ) ( ) }.93059305 2426224 +′−+′−α>σ+σ+ ee vUQvUQUU  

To find solitary wave solution of the mKdV equation (17), we introduce 
the variable ,τ−η=χ V  where V is the soliton speed in the linear χ-space. 

Using the boundary condition 02
1

2
1

1 =
χ∂

φ∂=
χ∂
φ∂=φ  as ,∞→χ  equation 

(17) can be integrated to give 

.sec6
1 







 η=φ q
Vhp

V  

The amplitude and the width of the solitary waves are given, 

respectively, by p
V6

0 =φ  and .V
q=∆  

4. Results and Discussion 

In this unmagnetized dusty plasma under variable pressure with the 
drifting effect of the electrons, only compressive mKdV solitons of small 
amplitude are seen to exist. Investigation is made on how the electrons            
drift velocity affect in the formation of mKdV solitons. It is found that             
the compressive mKdV solitons of small amplitude exists in a small region 

.30 <′≤ ev  Figure 1 shows the amplitudes with variation in α for fixed 

02.0=V  and 05.0=σ  for different values of ( ),195.1=′ev  ( ),200.2  

( ).305.2  It further reveals that though there is imperceptible variation in 

amplitude for a large region of α, it becomes prominent in the higher range 
and the amplitude increases with increase in α. The amplitude Figure 2 of the 
fast compressive solitons are found to decrease with α for fixed 01.0=V  
and 05.0=′ev  for different values of .15.0,10.0,05.0=σ  The amplitude 
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(Figure 3(a)) of the fast compressive mKdV solitons is seen to remain almost 
constant throughout the lower range of ev′  but decrease very slowly in                                      

the narrow upper range of ( )1<′ev  for fixed 05.0=V  and 30.0=α  for 

different values of ( ) ( ) ( ).325.0,215.0,105.0=σ  The corresponding widths 

of the compressive solitons exhibit their linear increase (Figure 3(b)). It is 
seen from Figure 4(a) that the amplitude of the mKdV solitons decrease             
with σ for fixed 02.0=V  and 1=′ev  for different values of ( ),11.0=α  

( ) ( ).33.0,22.0  The corresponding widths (Figure 4(b)) of the compressive 

soliton decreases linearly and very slowly with σ. The amplitude (Figure 
5(a)) of the mKdV solitons decrease slowly with ev′  for fixed 01.0=V           

and 10.0=α  for different values of ( ),105.0=σ  ( ),210.0  ( ).315.0  But the 

corresponding widths (Figure 5(b)) of the mKdV solitons increase linearly 
with σ. 

 

Figure 1. Amplitudes of fast compressive mKdV solitons versus α for           
fixed 02.0=V  and 05.0=σ  for different values of ( ),195.1=′ev  ( ),200.2  

( ).305.2  
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Figure 2. Amplitudes of fast compressive mKdV solitons versus α for fixed 
01.0=V  and 05.0=′ev  for different values of .15.0,10.0,05.0=σ  

  

Figure 3. Amplitudes (a) and widths (b) of fast compressive mKdV solitons 
versus ev′  for fixed 05.0=V  and 30.0=α  for different values of =σ  

( ) ( ) ( ).325.0,215.0,105.0  
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Figure 4. Amplitudes (a) and widths (b) of fast compressive mKdV solitons 
versus σ for fixed 02.0=V  and 1=′ev  for different values of ( ),11.0=α  

( ) ( ).33.0,22.0  

   

Figure 5. Amplitudes (a) and widths (b) of fast compressive mKdV solitons 
versus ev′  for fixed 01.0=V  and 10.0=α  for different values of =σ  

( ) ( ) ( ).315.0,210.0,105.0  



Modified Korteweg-de Vries Solitons on Dust Ion Acoustic … 551 

References 

 [1] P. K. Shukla and V. P. Silin, Dust ion-acoustic wave, Phys. Scr. 45 (1992), 508. 

 [2] R. Bharuthram and P. K. Shukla, Large amplitude ion-acoustic solitons in a dusty 
plasma, Planet. Space Sci. 40 (1992), 973-977. 

 [3] M. Rosenberg, Ion- and dust-acoustic instabilities in dusty plasmas, Planet. Space 
Sci. 41 (1993), 229-233. 

 [4] F. Verheest, Waves in Dusty Space Plasmas, Kluwer, Dordrecht, 2000. 

 [5] A. A. Mamun and P. K. Shukla, Electrostatic solitary and shock structures in 
dusty plasmas, Phys. Scr. T 98 (2002), 107-114. 

 [6] F. Verheest, T. Cattaert and M. A. Hellberg, Ion- and dust-acoustic solitons in 
dusty plasmas: existence conditions for positive and negative potential solutions, 
Phys. Plasmas 12 (2005), 082308. 

 [7] J. F. McKenzie, F. Verheest, T. B. Doyle and M. A. Hellberg, Note on rarefactive 
and compressive ion-acoustic solitons in a plasma containing two ion species, 
Phys. Plasmas 12 (2005), 102305. 

 [8] M. A. Hellberg, F. Verheest and T. Cattaert, Existence domains for nonlinear 
structures in complex two-ion-temperature plasmas, J. Phys. A Math. Gen.                
39 (2006), 3137-3146. 

 [9] A. A. Mamun and N. Jahan, Roles of adiabaticity and dynamics of electrons and 
ions on dust-ion-acoustic K-dV solitons, Europhys. Lett. 84 (2008), 35001. 

 [10] F. Sayed, M. M. Haider, A. A. Mamun, P. K. Shukla, B. Eliasson and                     
N. Adhikary, Dust ion-acoustic solitary waves in a dusty plasma with positive and 
negative ions, Phys. Plasmas 15 (2008), 063701. 

 [11] M. G. M. Anowar and A. A. Mamun, Multi-dimensional instability of dust-ion-
acoustic solitary waves in a multi-ion dusty plasma, J. Plasma Physics 75 (2009), 
475-493. 

 [12] T. K. Baluku, M. A. Hellberg, I. Kourakis and S. N. Saini, Dust ion acoustic 
solitons in a plasma with kappa-distributed electrons, Phys. Plasmas 17 (2010), 
053702. 

 [13] S. N. Paul, G. Pakira, B. Paul and B. Ghosh, Ion-acoustic solitary waves in a self-
gravitating dusty plasma having two-temperature electrons, World Academy of 
Sciences, Engineering and Technology 58 (2011), 563-568. 



R. Das and K. C. Nath 552 

 [14] R. Gogoi, R. Roychoudhury and M. Khan, Arbitrary amplitude dust ion acoustic 
solitary waves and double layers in a kappa distributed electron plasmas, Indian J. 
Pure Appl. Phys. 49 (2011), 173-179. 

 [15] R. S. Tiwari, S. L. Jain and M. K. Mishra, Large amplitude ion-acoustic solitons 
in dusty plasmas, Phys. Plasmas 18 (2011), 083702. 

 [16] N. R. Kundu, M. M. Masud, K. S. Ashrafi and A. A. Mamun, Dust-ion-acoustic 
solitary waves and their multi-dimensional instability in a magnetized nonthermal 
dusty electronegative plasma, Astrophysics Space Sci. 343 (2013), 279-287. 

 [17] A. Barkan, R. L. Merlino and N. D. Angelo, Laboratory observation of the dust-
acoustic wave mode, Phys. Plasmas 2 (1995), 3563-3565. 

 [18] Y. Nakamura and A. Sarma, Observation of ion-acoustic solitary waves in a dusty 
plasma, Phys. Plasmas 8 (2001), 3921-3926. 

 [19] F. Verheest, Waves in Dusty Plasma, Kluwer Academic, Dordrecht, 2000. 

 [20] P. K. Shukla and A. A. Mamun, Introduction to Dusty Plasma, Institute of Physics 
Publishing Ltd., 2002. 

 [21] C. K. Goertz, Dusty plasmas in the solar system, Rev Geophys. 27 (1989),          
271-292. 

 [22] T. G. Northrop, Dusty plasmas, Phys. Scripta 45 (1992), 475-490. 

 [23] P. Bliokh, V. Sinitsin and V. Yaroshenko, Dusty and Self Gravitational Plasmas in 
Space, Kluwer Acad. Publ., Dordrecht, 1995. 

 [24] F. C. Whipple, Potentials of surfaces in space, Rep. Prog. Phys. 44 (1981), 1197. 

 [25] M. Horanyi and D. A. Mendis, Trajectories of charged dust grains in the cometary 
environment, Astrophys. J. 294 (1985), 357-368. 

 [26] M. Horanyi and D. A. Mendis, The effects of electrostatic charging on the dust 
distribution at Halley’s comet, Astrophys. J. 307 (1986a), 800-807. 

 [27] D. A. Mendis and M. Rosenberg, Some aspects of dust-plasma interactions in the 
cosmic environment, IEEE Trans. Plasma Sci. 20 (1992), 929-934. 

 [28] D. A. Mendis and M. Rosenberg, Cosmic dusty plasma, Ann. Rev. Astron. 
Astrophys. 32 (1994), 419-463. 

 [29] A. Barkan, N. D. Angelo and R. L. Merlino, Experiments on ion-acoustic waves 
in dusty plasmas, Planet. Space Sci. 44 (1996), 239-242. 

 [30] Y. Nakamura, H. Bailung and P. K. Shukla, Observation of ion-acoustic shocks in 
a dusty plasma, Phys. Rev. Lett. 83 (1999), 1602-1605. 



Modified Korteweg-de Vries Solitons on Dust Ion Acoustic … 553 

 [31] N. N. Rao, P. K. Shukla and M. Y. Yu, Dust-acoustic waves in dusty plasmas, 
Planet. Space Sci. 38 (1990), 543-546. 

 [32] B. C. Kalita and R. Das, A comparative study of modified Korteweg-de Vries 
(MKdV) and Korteweg-de Vries (KdV) solitons in plasmas with negative ions 
under the influence of electrons’ drift motion, Phys. Plasmas 5 (1998), 3588-3594. 

 [33] B. C. Kalita and R. Das, Modified Korteweg de Vries (MKdV) and Korteweg de 
Vries (KdV) solitons in a warm plasma with negative ions and electrons’ drift 
motion, J. Phys. Soc. Japan 71 (2002), 2918-2924. 

 [34] R. Das and K. Karmakar, Modified Korteweg-de Vries solitons in a dusty plasma 
with electron inertia and drifting effect of electrons, Can. J. Phys. 91 (2013),        
839-843. 

 [35] B. Walch, M. Horanyi and S. Robertson, Charging of dust grains in plasma with 
energetic electrons, Phys. Rev. Lett. 75 (1995), 838-841. 

 [36] R. L. Merlino, A. Barkan, C. Thompson and N. D’Angelo, Laboratory studies of 
waves and instabilities in dusty plasmas, Phys. Plasmas 5 (1998), 1607-1614. 

 [37] A. Piel and A. Melzer, Dynamical processes in complex plasmas, Plasma Phys. 
Controlled Fusion 44 (2002), R1. 

 [38] H. Ikezi, Coulomb solid of small particles in plasmas, Phys. Fluids 29 (1986), 
1764-1766. 

 [39] A. Melzer, A. Homann and A. Piel, Experimental investigation of the melting 
transition of the plasma crystal, Phys. Rev. E 53 (1996), 2757-2766. 

 [40] H. Thomas and G. Morfill, The solid/liquid/gaseous phase transitions in plasma 
crystals, J. Vac. Sci. Technol. 14 (1996), 490-495. 

 [41] R. Singh and M. P. Bora, Electron-drift driven ion-acoustic mode in a dusty 
plasma with collisional effects, Phys. Plasmas 7 (2000), 2335-2339. 

 [42] Z. Liu and J. Du, Dust acoustic instability driven by drifting ions and electrons in 
the dust plasma with Lorentzian kappa distribution, Phys. Plasmas 16 (2009), 
123707. 


