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Abstract  
The investigation of the existence of arbitrarily large amplitude electrostatic double 

layers is conducted in a four-components plasma consisting of electrons, two distinct positive 

ion species of different temperatures, and massive negatively-charged dust particles that are 

assumed spheres of different radii, which are distributed according to a power-law1,2. 

Comparison is conducted between plasmas containing size-distributed dust grains and those 

containing monosize dust grains3, while examining the criteria for the existence of double 

layers alongwith the dependence of their amplitudes and Mach numbers on plasma 

parameters. It is reveled that not only supersonic double layers are possible, but also subsonic 

ones when the size distribution of dust grains is taken into account.  

 
1. Introduction  

A double-layer (DL) is a structure consisting of two space-charge layers of opposite 

charges. Consequently, the potential experiences a drop which is necessarily greater than the 

thermal energy per unit of charge of the coldest plasmas bordering the layer. Hence, the 

electric field is stronger within the double layer where as, quasi-neutrality is violated in the 

space-charge layers4. These electrostatic structures (DLs) have a tremendous role to play in 

space plasmas as well as laboratory plasmas. Indeed, double layers are considered the 

appropriate candidate to interpret charged particles acceleration to high energies in plasmas, 

e.g., the auroral region of the ionosphere. The characteristics along with the existence criteria 

of the DLs may be affected by the presence of dust particulates having high charge and mass 

in the plasma. This type of plasmas is believed to be the rule, as they are encountered almost 

every where in situations spanning from astrophysical to industrial ones. Sofar, the dust 

particulates have been taken monosized, whereas in real situations they present a size 

distribution due to grain-grain collisions leading to fragmentation and coalescence. Hence, 

grain size-distribution is an additional element to be taken into account while modeling a 

plasma. Indeed, Ishak-Boushaki, et al, have investigated dust-acoustic solitons when ions are 

adiabatically heated and dust grains are size-distributed, and found that the solutions 

experienced translation from a solitary wave to a Cnoidal wave2. Moreover, the grain size-

37th EPS Conference on Plasma Physics P2.329



distribution affects the modes supported by the plasma alongwith the growth rate of some 

parametric instabilities5. In this paper, we consider  a collisionless, unmagnetized plasma 

consisting of Boltzmannian electrons, size-distributed dust grains, and two types of 

Boltzmannian positive ions having different temperatures Tc  (for the cool species) and Th  (for 

the hot species), where double layers formation is investigated. 

 

II. Basic Equations 
The number densities of electrons and ions are given by the Boltzmann distribution,  

 ( eeoe Tenn )φexp=   (1),          ( )ccoc Tenn φ−= exp  (2),             ( hhoh Tenn )φ−= exp  (3).       

where, nco , nho , njo and neo , are the unperturbed, cold ion, hot ion, jth dust grain and electron 

number densities respectively, whereas Zjo  is the unperturbed charge number of the  jth dust 

grain. The quasi-neutrality condition is given by 6,  ∑ =
+=+

N
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(4).  

Let us adopt the following normalization, viz., the space coordinate x is normalized by 

the effective Debye length ( 2/124 enZT totoeffDd πλ = ) , the dust velocity uj is normalized by the 

effective dust acoustic speed defined by  ( ) 2/1
oeffod mTZC = , time t is normalized by the 

effective dusty plasma period defined as ( )[ ] 2/1221 4 enZm totoopd πω =− , the ion and electron 

densities  are normalized by , the dust density is normalized by , ( total 

number density of all dust grains), and the electrostatic potential 

otot Zn ∑ =
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Φ  is normalized by 

( ), where eZT oeff / ][)( 2
hhoccoeeoefftoto TnTnTnTnZ ++=  and ioeffi TZT=α . Moreover, 

the dust charge  and mass  are normalized by the charge and mass corresponding to the 

grain of the most probable radius , viz., 

jZ jm

or )( oo rZZ =  and )( oo rmm = . The quasi-neutrality 

reads then, 1=++ hohcoeeoe NNN ααα . The dynamics of the grains is governed by the 

continuity and momentum equations, closed by Poisson’s equation, namely, 
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       Assuming the physical quantities to depend on Mtx −=ξ , where M is the Mach number,  

the boundary conditions, 0,)/(, →judd ξφφ   and , corresponding to unperturbed joj nn →

plasmas at ∞→ξ . The stationary solutions of Eqs.(5,6) are given by, 
)/(22
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Substituting for the particle number densities from Eqs.(1–3) and Eq.(8) into Eq.(7), then 
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 integrating the resulting equation, we obtain,  0),(
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is the Sagdeev potential with size-distributed grains according to a power-law 

distribution , where p
pd rCrf −=)( 4=p  (for meteor plasma). 

The formation of a double layer, demands3,  
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The condition a) in Eqs.(11.a-11.c) is clearly satisfied by the Sagdeev potential 

),( MV φ , as the quasi-neutrality is retrieved, namely,   
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Applying the conditions b) (with p = 4), we obtain:  
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For a given set of density and temperature, the resolution of Eqs.[13a, 13b] yields the 

value of mφ  alongwith the associated Mach number M. Furthermore, the limiting condition 
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the following inequalities,  
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-0,5 0,0 0,5 1,0 1,5 2,0 2,5 3,0

-0,015

-0,010

-0,005

0,000

0,005

0.05

0.04

0.03ψ
 ( 
φ 

) 

φ    
0 5 10 15 20 25 30 35

0,0

0,5

1,0

1,5

2,0

2,5

3,0

c

b

a

 a (Tc/Th) = 0.03
 b (Tc/Th) = 0.04
 c (Tc/Th) = 0.05

φ 
( ξ

 )

ξ   
0,030 0,035 0,040 0,045 0,050

1,0

1,2

1,4

1,6

1,8

2,0

2,2

φ m
 a

nd
 M

 

Tc / Th

 B Mach (Monosized)
 C Mach (Power law distrib.)
 D φm  (Monosized)
 E φm  (Power law distrib.)

 
 
                                   
        

 

                  

Fig. 2.  The DL potential  
 profile )(ξφ  versus ξ   
 associated with the Sagdeev 
 potential in Fig.1 
   

Fig. 1.  Sagdeev potential (DL ) 
V(φ ,M)  versusφ  for Ne0 = 0  
and (Nc0 / Nh0)=0,11. The 
parameter hc T

Fig. 3. variation of  the DLs amplitude 

mφ and the corresponding Mach 

number M versus the ratio hc TT /=α , 
for Power-Law size-distribution by 
opposition to the monosized one.  

T /=α  labeling 
the curves is the ratio of cool  to 
hot  ion temperatures.  

Conclusion :  
In this work, we have presented the possible existence of arbitrary amplitude dust acoustic 

double layers in an unmagnetised dusty plasma with Boltzmann distributed double species of 

ions having different temperatures, ( Tc and Th ), a cold fluid of dust grains of N different sizes 

described by a continues Power Law distribution, The variation of the DL amplitude mφ and 

the Mach number M with the ratio(α =Tc/Th ) are depicted in Fig.3, where a comparison is 

made between the monosized case and the power law distribution case. It is shown that 

subsonic solutions are allowed in this model, whereas in the monosized case only supersonic 

solution are predicted. 
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