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PLASMA

• Introduces the state of matter that resembles a gas but has certain unique 

properties. 

• Plasma comes Greek which means something molded.

• 99.9% of all visible matter in the universe exist in the state of plasma.

• Gases turn into plasma as they reach a thermal heat and ionize.

• Plasma is a superheated matter in which a gas-like substances consisting 

of particles such as positive ions and electrons.

• Partially or fully ionized space plasmas have the usually the same number 

of positive (ions) and negative (electrons) charges and therefore behave 

quasineutral.



Fourth state of matter 

Matter can exist in other than the three property recognizes states solid, 

liquid and gas. The plasma state is a medium comprising positive and 

negative particles and ions (mainly ions form) that is charge-neutral overall. 

Instead of engaging with sorrounding  approximately equal numbers of 

postivly charged ions and negatively charged electrons. The characteristics 

of plasma are significantly different from those of ordinary neutral gases so 

that plasmas are considered as distinct “Fourth state of matter” 



Plasma around us 

• The sun and other stars consist of 

plasma. Plasma is also found naturally

in lightning and in the 

northern and southern lights. 

• Plasma consist of charged particles 

called ions, so it conducts electric current and

glows when electricity passes through

it. Sothat’s why plasma is used in 

artificial lights. 



• Human made plasmas are found in

fluorescent lights, plasma TV screens

and Plasma shperes.

• In the night sky, plasma glows in the 

form of stars, nebulas, and in 

the auroras. 



• Neon signs along the city streetsare made up of plasma.

• Fireballs are discharge phenomena 

in ionize low temperature plasmas.



Dusty plasma

A dusty plasma contains tiny charged particles of dust (typically found in 

space). The dust particles accquire high charges and interact with each 

other. A plasma that contains larger particles is called grain plasma. 

A dust grains can be either negatively or positively charged and mostly in 

astrophysical and laboratory negatively charged polarity are observed. 

However in some of the space, plasma regimes for example in the upper 

portion of the ionosphere or in the lower portion of the magnetosphere in 

which (the dust number density rangesobserv ~10 to 100 cm -3  and dust size 

ranges from ~0.1 to 1um), dust of positive charge polarity are also observed.



Dusty plasma are interesting because presence of particles significantly alters 
the charged particle equilibrium leading to different phenomena. It is a field of 
current research. Electrostatic coupling between the grains can vary over a 
wide range so that the states of the dusty plasma can change from weakly 
coupled (gaseous) to crystalline. Such plasmas are of interest as non-
Hamiltonian system of interacting particles and as a means to study generic 
fundamental physics of self-organization pattern formation, phase transition 
and scaling. 

As we know that plasma include comets, planetary rings, exposed dusty 
surface etc but we have also some man made plasma which are Rocket 
exhaust, Dust on surface in space, Dust in fusion devices thermonuclear 
fireballs and in some laboratories and technologies. Also the temperature of 
dust in a plasma may be quite different from its environment. 



Linear waves
Linear waves are described by linear equations, i.e those where in each term of 

equation the depantant variable and it’s derivative are at most first degree. This means 

that the superposition principle applies and linear combinations of simple solutions can 

be used to form more complex solution. 

Nonlinear waves
Non linear waves are described by nonlinear equations, and therefore superposition 

principle does not generally apply. Generally three types of nonlinearities are studied in 

plasma 

1. Scalar type nonlinearities (e.g solitons or solitory waves, solitons envelope etc) 

2. Vector or rotational type nonlinearaties (e.g vortices etc) 

3. Chaotic evaloution of instabilities. 



Solitons

Solitons are nonlinear waves. A soliton is considered as solitary wave solution 

of

nolinear partial differential equation (PDE). A soliton is a localized wave 

solution of 

a nonlinear PDE which is remarkably stable. One PDE that has such a solution 

is the

korteweg-deVries (kDV) equation. Which are stable and do not disperse with 

time.



Normalized model equations
Plasma composed  of dust and electrons\ions



First order in ε: first harmonic and dispersion 

relation 
Let’s begin with l=1 and n=1, i.e the first harmonic in the first order of 

perturbation. 

The poisson equation of first order in ε as 



Substituting the first harmonic and first order perturbation densities in the 

poisson equation, we obtained following dispersion relation: 

The Havnes function (h) dependant phase speed can be easily resorted in 

following way from equation (19). 





The equation of dispersion (19) can be written as a physical units (dimensional) 

form as: 

Above Eqs. is called h-dependant effective Debye screening length effective acoustic 

speed and show that the process of the charge screening is affected by the Havnes

function (h). The effective Debye length λh
d,eff reduced to zero when h → 0





3rd order and derivation of the nonlinear 

Schrodinger equation
we replace l=1 and n=3 and putting previous developed expressions for 

various variables, we get the nonlinear Schrodinger equation as follow: 

For simplicity Φ1
(1) = Φ, where P is the group dispersion coefficient Γ is the 

dissipative coefficient, and Q is nonlinearty coefficient. 



Linear oscillatory solution and modulation 

instability of DA waves 
Now we turn to the linear MI of oscillatory wave investigation solutions for the 

dissipative NLS equation (38). First of all, we notice that’s Eq (38) holding the 

following solution for a plane wave: 

leads the following linearized time-dependant frequency Ω(τ) 





It is evident from Eq. (46) that for negative values of PQ i.e. PQ<0, the time-

dependant frequency Ω(τ) will be real function of for any wavenumber K of the 

perturbation and oscillatory wave solution (41) will be stable on modulation. 

Conversely, with a positive value of P Q  i.e. PQ>0  then the time-dependant 

frequency Ω(τ) would keep a nonzero real value. Instability sets for K below the 

critical value i.e. for wavelengths above a threshold frequency wavelength 

defining the instability growth rate by the following relation:



As Kc decreases exponentially with time τ, the rate of instability γ decreases 

with time in case (PQ>0). As a result there is also time limit to observe MI 

instability τmax maximum time above that MW completely damped and instability 

will cease. To observe instability the time must be τ < τmax where maximum time 

τmax can be calculated from Eq (46) 





Modulated envelope solitons

Here we calculate the existence of modulated envelope solitons. The 

dissipative nonlinear Schrodinger equation (38) allows the appearances of 

localized pulses in the form of modulated envelope solitons of either bright or 

dark type, depending upon the sign of the product PQ or of the ratio Q/P. 



Bright envelope solitons

When the product if PQ or P/Q ratio is positive i.e. PQ > 0 or P/Q > 0

then bright envelope solitons will be formed. In this case amplitude of phase 

are given by the following equations: 



In the case of when coefficient of dissipation is not equal to zero then 

dissipative bright envelope solitons write in the following equation:  





Dark envelope solitons

When PQ product or the ratio of P and Q is negative i.e. PQ < 0 or P/Q < 0 then 

the dark type solitons are formed. In this case the amplitude and phase are 

determined by the following equations in the absence of  Γ= 0 



But when dissipative if coefficient is not equal to zero we have the following 

dark type solitons: 





Rogue waves solution of dissipative NLS equation

In order to demonstrate and explain rogue waves solution of NLS equation (38) 

in the region of (PQ > 0). First of all transform variable Φ into new variable. So 

after this the new variable has been set the equation (38) will be modified as 



we get following solution of dust-acoustic rogue waves of equation (38). 





Conclusion
The Dissipative nonlinear Schrodinger equation modifeid contribution of 

Havnes function h shows modulation instability. The instability region 

identified by PQ > 0 with contour plot of PQ on the (k,h) plane. Instability 

region begins at k= 2 and get expended with increasing dust concentration. 

Critical value Kcr for instabity decreases exponentially with time interval and 

also decrease with increased dust concentration. The growth rate of the 

instability indicates a similar effects for both Havnes function (h) and time 

interval. The higher concentration of dust and the higher time interval effects 

decrease the growth rate. 

The numerical solution of the dessipative NLS equation with condition PQ > 

0 amplitude of solitons decreases with time interval. In the absence of 

dessipation width and amplitude of the solitons decreases and increases 

respectively with increasing h value. The bright and dark solitons width 

increases with the h effects. Both effects are behaving in a similar way. It is 

observed that the amplitude of the dessipative dust-acoustic rogue waves 

increases with increased Havnes function h and collision parameter. It is 
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