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Introduction   



Ion-acoustic waves (IAWs)

• They are a type of longitudinal oscillations of the ions and 

electrons in a plasma much like acoustic (sound) waves 

travelling in a neutral gas.



Aim of the work

• Investigation of the Properties of fully nonlinear
ion-acoustic solitary waves at Martian dayside
ionosphere ,to achieve this purpose :

(I)-we use the observed data by The Mars 
Atmosphere and Volatile Evolution mission 
(MAVEN) .

(II)-we used different mathematical approaches 
based on the amplitude of these IAWs





Normalized basic equations

Basic equations based on Fluid model are:

(For  positive ions)

i here refers to             and            ions.

for simplicity we donate them as a , b and c respectively.

Continuity equation

Momentum 
equations

Where :



the expression for the normalized super-
thermal electron number density, ne, is 
obtained by integrating the kappa distribution 
function over the velocity space

𝐰𝒉𝒆𝒓𝒆 𝜿 𝒊𝒔 𝒂 𝒓𝒆𝒂𝒍 𝒊𝒏𝒅𝒆𝒙 𝒆𝒔𝒕𝒊𝒎𝒂𝒕𝒊𝒏𝒈 𝒕𝒉𝒆 𝒗𝒂𝒓𝒊𝒂𝒕𝒊𝒐𝒏 𝒇𝒓𝒐𝒎 𝒕𝒉𝒆

𝑩𝒐𝒍𝒕𝒛𝒎𝒂𝒏𝒏 𝒅𝒊𝒔𝒕𝒓𝒊𝒃𝒖𝒕𝒊𝒐𝒏.



Normalized Poisson Equation

Where :

N-oa, n-ob, n-oc and n-oe are the unperturbed densities
While na , nb , nc and ne are the densities normalized by nao,
ϕ is an electrostatic potential normalized by (kB Te/e)



Small but finite amplitude
• According to the reductive perturbation technique (RPT), we 

introduce stretched space – time coordinate as follow :

• The physical variables ni, ui and 𝜙 can be expanded about their 
equilibrium values in power series of 𝜀 such that :



Employing the stretching space–time coordinates with the aid of the

expansions into the basic equations. The lowest – order equations in 𝜀 read



•The next-higher order in ε gives the following system 
of equations;



the next – order provides the compatibility condition as

The first – order in ε from Poisson equation 
gives the charge – neutrality condition 

Solving this equation numerically gives the roots of phase velocity 𝜆. 

The higher – order in ε order gives 



Making use of the first and second order in ε resultswe obtain a 
nonlinear partial differential equation in the form of the 
Korteweg-de Vries (KdV) equation

Where the second term represent nonlinearity term and the third term 
represent dispersion term. 



• K-dv equation has a localized soliton solution is given by:

Χ is a transformed coordinate with respect to a frame moving with constant speed U.

Where:

The soliton solution is the toolbox that we use to obtain the soliton energy and 
the normalized electric field E



Small but finite amplitude

Soliton potential profiles for 𝜆1 versus 𝜒 at different 
values of k for 𝜎 = 0.18



Small but finite amplitude

Behavior of the electric field versus 𝜒 at different values of  k for 𝜎 = 0.18



Behavior of soliton energy 𝐸𝑠 against α



• To examine the behavior of large amplitude IASWs, we assume that all 
fluid variables depend on a single variable 𝜂 = 𝑥 − 𝑀𝑡

• To study stationary soliton solutions, we use the steady state 
condition (𝑛𝑖 → 1, 𝑢𝑖 → 0, 𝜙 → 0, and 𝑑𝜙/𝑑𝜂 → 0 at 𝜂 → ±∞).

• From Poisson equation

Large amplitude IAWs



• Multiplying both sides of previous equation by 𝑑𝜙/𝑑𝜂, integrating and 
imposing the appropriate boundary conditions (𝜙 → 0 and 𝑑𝜙/𝑑𝜂 → 0 at 
𝜂 → ±∞), gives

Large amplitude IAWs

Where: V(Φ) is the Sagdeev potential .



largeAmplitude IAWs

The existence of soliton wave solution is possible if the 
Sagdeev potential satisfies the following conditions:

(i) 𝑉 ′′ 𝜙 ≤ 0 at 𝜙 = 0. 

(ii) 𝑉 𝜙𝑚𝑎𝑥 ≥ 0 where 𝜙𝑚𝑎𝑥 ≈ µ1(H4) ^2/2.

(iii) 𝑉 𝜙 < 0 where 0 < 𝜙 < 𝜙𝑚𝑎𝑥.



We plot the minimum and maximum Mach numbers (𝑀𝑚𝑖𝑛 , 𝑀𝑚𝑎𝑥) against 
the density ratio γ at different k values. 

Large amplitude IAWs



Large amplitude IAWs

Dependence of Sagdeev Potential on k



Large amplitude IAWs

Dependence of Sagdeev Potential on Mach no.



Large amplitude IAWs

Dependence of Soliton 
Potential on Mach no.

Dependence of Solitons 
profiles on kappa



summary

•we have presented a study of small but finite / large
amplitude ion-acoustic solitary waves at Martian dayside
ionosphere for a plasma system consists of three positive ions
and super-thermal electrons.

• By employing the multi-fluid equations for the ions and a
super thermal electron distribution (kappa)

• We used the perturbation approach to describe weakly nonlinear
behavior of small – but finite amplitude IAWs and a non-
perturbation approach to describes fully nonlinear behavior of
large amplitude IAWs



•The solitary excitations are strongly depending on
the density ratios (α, β and γ ) ,temperature ratios,
and the superthermal electron parameter (𝒌) .




