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Abstract— A rigorous theoretical investigation has been made on four components dust-ion-acoustic (DIA) solitary waves (SWs) consisting Maxwelli-
ans negative ions, vortex-like electrons, arbitrarily charged stationary dust particles and cold mobile inertial positive ions in an unmagnetized dusty elec-
tronegative plasma (DENP) system. The properties of small but finite amplitude DIASWs are studied by employing the reductive perturbation technique. 
It has been found that owing to the departure from the Maxwellian electron distribution to a vortex-like one, the dynamics of such DIASWs is governed 
by a modified Korteweg-de Vries (mK-dV) equation which admits solitary wave solution under certain conditions. The basic properties (speed, amplitude, 
width, etc.) of such DIASWs, which are found to be significantly modified by the effects of trapped electrons and arbitrarily charged stationary dust parti-
cles. The implications of our results to space and laboratory dusty electronegative plasmas are briefly discussed. 
 

Index Terms— Plasma, Dusty Plasma, Dust Ion Acoustic Waves, Solitary Waves, Electronegative Plasma, Maxwellians Distribution, Vortex-
like Distribution, etc 

——————————      —————————— 

1 INTRODUCTION                                                                     

HE physics of charged dust particles, which are ubiquitous in 
space [1-4] and laboratory [4-7] plasmas has received a great 
deal of interest in understanding the electrostatic density per-

turbations and potential structures that are observed in space en-
vironments and laboratory devices. The work of Shukla and Silin 
[8] have theoretically shown that due to the conservation of equi-
librium charge density enZenn dodei += 00 , and the strong 

inequality [where 0sn  is the equilibrium particle number density 

of the species s  with dies )(= for electrons (ions) dust, dZ   

is the number of electrons residing onto the dust grains surface, 
and e  is the magnitude of an electron charge], a dusty plasma 
system supports the low frequency (in comparison with the ion 
plasma frequency) dust-ion-acoustic (DIA) waves. The phase 
speed of such DIA waves is much smaller than the electron ther-
mal speed but much larger than the ion thermal speed. The dis-
persion relation of the linear DIA waves is [8] 

)1(/ 22
0

22
0

2
Deeii knCkn λω += , where 

2/12
0 )4/( enTk eeBDe πλ = is the electron Debye radius and 

2/1)/( ieBi mTkC = is the ion-acoustic speed with eT  being the 

electron temperature, im being the mass of ion, and Bk being the 
Boltzmann constant. At long wavelength limit (viz. 

1/ 22 〈〈Dek λ ), the dispersion relation for the DIA waves becomes 

iei kCnn 2/1
00 )/(=ω . Therefore, this relation of DIA waves is 

similar to the usual ion-acoustic (IA) waves [9-11] for plasma 
with 00 ei nn = and ei TT 〈〈  (where iT  is the ion temperature). 

But in dusty plasmas we usually have 00 ei nn 〉〉  and ei TT ≈ . For 
this reason, dusty plasma cannot support the usual IA waves but it 
can support the DIA waves of Shukla and Silin [1]. The nonlinear 
propagation of the DIA waves in the dusty plasma have been 
studied by the several numbers of authors [12-14], but the DIA 
solitary waves in the electronegative plasma system is also the 
important field of attention. The plasma system which consisting 
a significant amount of negative ions [15-18] are called electro-
negative plasmas. The contribution of such negative ions in an 
plasma system cannot be neglected because of their potential 
applications in micro-electronic, photo-electronic industries [19], 
and the occurrence of these plasma system in both laboratory 
devices and space environments [16-22]. Electronegative plasmas 
are also known as dusty electronegative plasmas (DENP) [23-30] 
when dust particles are added to these plasmas. Actually, dust 
particles are not practically neutral but they are charged, i.e., it 
may be either positively or negatively charged [31] by absorbing 
electrons, positive ions as well as negative ions [23-30]. There-
fore, a DENP is simply defined as normal electron-ion plasma 
with an additional charged component of micron/sub-micron 
sized dust particles. This additional component makes the plasma 
system very complex. This is why, a dusty plasma is also referred 
to as a ‘‘complex plasma’’ [32]. Recently, motivated by the labor-
atory experiment [33] Mamun et al. [34-36] have considered a 
dusty electronegative plasma containing Maxwellian electrons, 
Maxwellian negative ions, cold mobile positive ions, and nega-
tively charged stationary dust, and have examined the possibility 
for the formation of IA and DIASWs and double layers in a 
DENP. Very recently, Rahman and Mamun [37] have studied the 
nonlinear propagation of DIASWs in an unmagnetized three 
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component dusty plasma consisting of trapped electrons, cold 
mobile ions, and arbitrarily charged stationary dust. However, in 
our present work, we consider an unmagnetized four component 
DENP system containing trapped electrons, Maxwellian negative 
ions, cold mobile positive ions, and arbitrarily static dust positive 
ions, and arbitrarily charged stationary dust, and study the basic 
properties of the DIASWs. 
 
The manuscript is organized as follows. The governing equations 
are presented in section II. The mK-dV equation is derived by 
employing the reductive perturbation method in section III. The 
solitary wave solution of this mK-dV equation is obtained and the 
properties of these DIA solitary structures are discussed in sec-
tion IV. The numerical analysis of this work is presented in sec-
tion V. A brief discussion is, finally, presented in section VI. 

2   GOVERNING EQUATIONS 
 
We consider an unmagnetized four component collisionless 
DENP containing vortex-like electrons, Maxwellian negative 
ions, cold mobile positive ions, and arbitrarily charged stationary 
dust. Thus, at equilibrium we have, 

0000 =+−− dodnep njZnnn , where 0pn , 0en , 0nn  and 

0dn are, respectively, positive ion, electron, negative ion, and 

dust number density at equilibrium, dZ is the number of elec-
trons residing onto the surface of a stationary dust, and 

)1(1 −+=j for positively (negatively) charged dust. We are 
interested in examining the nonlinear propagation of a low phase 
speed (in comparison with electron and negative ion thermal 
speeds), long wavelength (in comparison with 

2/12
0 )4/( enTk eeBDe πλ = with eT  being the electron tem-

perature, Bk   being the Boltzmann constant, and e  being the 
magnitude of the electric charge) perturbation mode on the time 
scale of the DIA waves. The time scale of the DIA waves is much 
faster than the dust plasma period so that dust can be assumed 
stationary. The nonlinear dynamics of the low frequency electro-
static perturbation mode in such a DENP is described by 
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Where pn  )( nn   is the positive (negative) ion number density 

normalized by 0pn  )( 0nn , up is the positive ion fluid speed 
normalized by the positive ion-acoustic speed 

2/1)/( peBp mTkC = , φ   is the electrostatic wave potential  

normalized by eTk eB / , )1( den jµµµ +−= , 

00 / pddd nnZ=µ , and pm   is the mass of  positive ion. The 
time variable t   is normalized by the positive ion plasma period 

1−
ppω   and the space variable is normalized by Deλ . 

 
The inertialess electron have a non-Maxwellians character, de-
scribe by a vortex-like velocity distribution which leads to a elec-
tron number density of the form [38-43], 
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Where nen TTZ /=α , eT )( nT is the electron (negative ion) 

temperature, and eβ is a parameter which determine the number 
of trapped electrons and it is define by the ratio of the free elec-
tron temperature efT to the trapped electron temperature etT  [44, 

45]. We note that 1=eβ  )0( =eβ  represents a Maxwellian 

(flat-topped) electron distribution, whereas 0〈eβ represents a 
vortex-like excavated trapped electron distribution. We are inter-
ested in 0〈eβ . On the other hand, the inertialess negative ion 
have a Maxwellians character describe by a Maxwellians Boltz-
mann velocity distribution which leads to a negative ion number 
density of the form 
 

22

2
11 φααφ ++=nn     (5)  

3 DERIVATION OF MK-DV EQUATION 
To study the electrostatic DIASWs in the DENP model under 
consideration, we construct a weakly nonlinear theory of the DIA 
waves with small but finite amplitude, which leads to a scaling of 
the independent variables through the stretched coordinates [37, 
38, 40, 46, 47] 
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where ε  is a small parameter measuring the weakness of 
the dispersion, pv  is the unknown phase speed normalized by the 

positive IA speed pC . 
 
We can expand the perturbed quantities pn , pu and φ  as [37, 
46-49] 
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Now, using (4)-(7) into (1)-(3) one can obtain the first order con-
tinuity equation, momentum equation, and Poisson's equation 
which, after simplification, yield 
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Equation (10) represents the linear dispersion relation for DIA 
waves. Putting the values of eqs (4)-(10) into eqs (1)-(3), we ob-
tain the next higher order equations, 
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Now, using eqs. (11)-(13) one can easily eliminate (
x∂

∂ )2(
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), 
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Equation (14) is a modified Korteweg-de Vries (mK-dV) equa-
tion, exhibiting a stronger nonlinearity, smaller width, and larger 
propagation velocity of the nonlinear wave. 
 

4 SW SOLUTION OF MK-DV EQUATION 
The stationary solution of this mK-dV equation can be obtained 
by transforming the independent variables x and 

t to tx 0uX −= , t =t , where 0u is a constant velocity. 
Now using the appropriate boundary conditions for localized 
disturbances, 
viz. 0)1( →φ , 0)/( )1( →dXdφ , 0)/( 2)1(2 →dXd φ ,  at 

±∞→X . Thus, one can express the stationary solution of this 
mK-dV equation as 
 

]/)[(sec 0
4)1( ∆−= txφφ uhm    (17) 

Where the amplitude mφ  and width ∆  are given by 
2

0 )8/15( Aum =φ  and 0/16 uB=∆ , respectively 

 
 Figure 1: Showing the variation of the phase speed (vp) of soli-
tary waves with dµ for j=+1, nµ =0.5 and α =10. 

 
Figure 2: Showing the variation of the phase speed (vp) of soli-
tary waves with dµ for j=-1, nµ =0.5 and α =10. 
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Figure 3: Showing the variation of the amplitude ( mφ ) of soli-

tary waves with α for j=±1, 0u =0.1, nµ =0.3, dµ =0.2, and 

eβ =─0.7. 

 
Figure 4 Showing the variation of the amplitude ( mφ ) of solitary 

waves with eβ for j=±1, 0u =0.1, nµ =0.2, dµ =0.02, and 
α =5. 

 
Figure 5: Showing the variation of the amplitude ( mφ ) of soli-

tary waves with dµ for j=+1, 0u =0.1, nµ =0.3, eβ =-0.9, and 
α =5. 
 

 

 
Figure 6: Showing the variation of the amplitude ( mφ ) of soli-

tary waves with dµ for j=-1, 0u =0.1, nµ =0.3, eβ =-0.9, and 
α =5. 

 
Figure 7: Showing the variation of the amplitude ( mφ ) of soli-

tary waves with nµ for j=+1, 0u =0.1, dµ =0.7, eβ =-0.9, and 
α =3. 

 
Figure 8: Showing the variation of the amplitude ( mφ ) of soli-

tary waves with nµ for j=-1, 0u =0.1, dµ =0.09, eβ =-0.7, and 
α =3. 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research, Volume 5, Issue 8,August-2014                                                                                                      229 
ISSN 2229-5518   

IJSER © 2014 
http://www.ijser.org  

 
Figure 9: Showing the variation of the width (∆ ) of solitary 
waves with nµ for j=±1, 0u =0.1, dµ =0.2, and α =7. 

 
Figure 10: Showing the variation of the width (∆ ) of solitary 
waves with dµ for j=+1(-1), 0u =0.1, nµ =0.2, and α =6(7). 

5 NUMERICAL ANALYSIS 
Figure 1 shows the variation of the phase speed pv  of solitary 

wave with dµ  for α =10, nµ =0.5, and j=+1. Figure 2 shows 

the variation of the phase speed pv  of solitary wave with dµ  for 

α =10, nµ =0.5, and j=-1. From figure 1, it has been found that 

the phase speed of the solitary wave decreases with dµ  in case 

of positively charged dust but it increases with dµ  for negatively 
charged dust which is shown in figure 2. Figure 3 shows the vari-
ation of the amplitude of solitary wave potential mφ  with α  for 

0u =0.1, nµ =0.3, dµ =0.2, eβ =-0.7, and j=±1. In this figure, 

the dotted curve shows the variation of mφ  with α  for positively 
charged dust and solid curve for negatively charged dust. This 
figure indicates that the amplitude increases with increasing the 
value ofα  either dust particle is positive or negative but the am-
plitude is higher for positively charged dust than for negatively 
charged dust. Figure 4 shows the variation of the amplitude of 
solitary wave potential mφ with eβ for 0u =0.1, nµ =0.2, 

dµ =0.02, α =5, and j=±1. In this figure, the dotted curve shows 

the variation of mφ  with eβ  for positively charged dust and sol-
id curve for negatively charged dust. This figure also indicates 
that the amplitude increases with increasing the value of eβ  ei-
ther dust particle is positive or negative but the amplitude is 
slightly larger for negatively charged dust than for positively 
charged dust. Figure 5 shows the variation of the amplitude of 
solitary wave potential mφ  with dµ  for 0u =0.1, α =5, eβ =-

0.9, nµ =0.5, and j=+1 . Figure 6 shows the variation of the am-

plitude of solitary wave potential mφ  with dµ  for 0u =0.1, 

α =5, eβ =-0.9, nµ =0.5, and j=-1. From figure 5 it has been 
found that the amplitude of the solitary wave decreases linearly 
with dµ  in case of positively charged dust but it increases linear-

ly with dµ  for negatively charged dust which is shown in figure 
6. Figure 7 shows the variation of the amplitude of solitary wave 
potential mφ  with nµ  for 0u =0.1, dµ =0.7, α =3, eβ =-0.9, 
and j=+1. From figure 7, it has been seen that the amplitude in-
creases with increasing the value of nµ . Figure 8 shows the vari-

ation of the amplitude of solitary wave potential mφ  with nµ  for 

0u =0.1, dµ =0.09, α =3, eβ =-0.7, and j=-1.  From figure 8, it 
has been seen that the amplitude increases with increasing the 
value of nµ  and in that case amplitude is very large compared 
with positively charged dust. Figure 9 shows the variation of the 
width ∆  of solitary wave with nµ  for 0u =0.1, dµ =0.2, α =7, 
and j=±1. In this figure, the dotted curve shows the variation of 
∆  with nµ for positively charged dust and solid curve for nega-
tively charged dust. This figure indicates that the width decreases 
with increasing the value of nµ either dust particle is positive or 
negative but the width is slightly lower for positively charged 
dust than for negatively charged dust. Figure 10 shows the varia-
tion of the width ∆ of solitary wave with dµ  for 0u =0.1, 

nµ =0.2, α =6(7), and j=+1(-1). This figure shows how the 

width ∆  of solitary wave varies with dµ for positively (nega-
tively) charged dust dotted curve (solid curve). From this figure it 
is clear that the width decreases with increasing the value of 

dµ for positively charged dust but it increases for negatively 
charged dust. 

6 DISCUSSION 
We have considered an unmagnetized four component DENP 
system consisting of electrons which obeying vortex-like distri-
bution, negative ions satisfying Maxwellian distribution, cold 
mobile positive ions, and arbitrarily charged stationary dust, and 
have studied the basic properties of DIASWs by deriving mK-dV 
equation. It has been observed that the effect of dissipation in this 
case is negligible in comparison with those of the nonlinearity 
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and dispersion. The basic features (phase speed, amplitude, and 
width) of such DIA solitary waves are significantly modified by 
the presence of trapped electron, and arbitrarily charged station-
ary dust particles. The results which have been obtained from this 
investigation can be summarized as follows: 
 

I. Dusty plasma system, whose constituents are cold mo-
bile positive ions,  trapped electrons, Maxwellian nega-
tive ions, and arbitrarily charged stationary dust of dif-
ferent constant temperatures, are found to support soli-
tary waves associated with the non-linear DIA waves. 

 
II. In the presence of the trapped electron distribution, the 

dynamics of weakly dispersive non-linear DIA waves is 
governed by the mK-dV equation, the stationary solu-
tion of which is represented in the form of an inverted 
secant hyperbolic fourth profile. Thus, the potential po-
larity of the DIA solitary waves in our dusty plasma is 
different from the usual IA solitary waves in an electron-
ion plasma. 

 
III. The profile of this wave can be represented in the form 

of )/(sec 4 ∆Xh , instead of )/(sec 2 ∆Xh  which is 
the stationary solution of the standard K-dV equation for 
isothermal electrons. 

 
IV. The dusty plasma system under consideration supports 

the DIA solitary waves that are associated with positive 
potential only. The fixed polarity of the potential struc-
tures is due to the effect of trapped electron distribution. 

 
V. It has been found that the effect of trapped electron 

gives rise to a stronger nonlinearity (i.e., we have soli-
tary structures with larger amplitude, smaller width, and 
higher propagation velocity). 

 
VI. From these above figures (1-10), it has been also found 

that the phase speed of the solitary wave decreases with 
increasing the values of dµ if dust particles are positive 

on the other hand it increases with dµ  if dust particles 
are negative. The amplitude of the solitary wave in-
creases with increasing the values of α  and eβ  either 
dust particles are positive or negative. Whereas, the 
width of the solitary waves decreases with increasing the 
value of nµ  either dust particles are positive or negative 

and it increases with dµ  when dust particles are nega-
tive. 

We hope that our present results should help to modify to under-
stand the basic features of the electrostatic disturbances in space 
and laboratory devices. The present work can also provide a 
guideline for interpreting the most recent numerical simulation 
results, which exhibit the simultaneous presence of non-thermal 
ion distributions and associated DIA localized wave packets. 
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