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ABSTRACT: In this paper we used maxwell equation to solve the wave equations for 

plasma layer. transverse waves in cold, low-density and uniform non-magnetic plasma 

investigated. The plasma layer is steady state and non-steady state, cold. The resulting 

reflected and transmitted waves have an upshifted frequency and these will be labeled as B 

waves Step profiles that are mathematical approximations for fast profiles and provide 

insight into the physical processes as well as serve as reference solutions for a perturbation 

technique we will to consider next a problem that involves simultaneous consideration of 

the effects of a temporal discontinuity and a spatial discontinuity. also, with analysis of 

government equations, the results are obtained. finally, field amplitude of magnetic field 

for different states is studied and variations of them in term of different parameters are 

plotted also, results and optimum conditions are discussed and some suggestions are 

offered. 
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INTRODUCTION 

 

Plasma is a mixture of charged particles and neutral particles. The mixture is quasi neutral. plasma is 

characterized by two independent parameters for each of the particle species. these are particle density 

(N( and temperature (T). Plasma physics deals with such mixtures. There exists a vast amount of 

literature on this topic. they deal with modeling magnetized plasma as an electromagnetic medium. 

the models are adequate in exploring some of the applications where the medium can be considered. 

There are some applications where the thermal effects are unimportant. Such plasma is called cold 

plasma lorentz plasma [1] is a further simplification of the medium. In this model, it is assumed that 

electrons interact with each other only through collective space charge forces and those heavy positive 

ions and neutral particles are at rest. Positive ions serve as a background that ensures overall charge 

neutrality of the mixture. In this paper, the lorentz plasma will be the dominant model used to explore 

the major effects of a no periodically time-varying electron density profile N(t). departure from the 

model will be made only when it is necessary to bring in other relevant effects.  

 

1-waves in Magnetic cold plasma 

If we apply an external magnetic field in a cold plasma, anisotropy in the plasma is created. the 

dispersion relation of the following equation (1) is obtained:
 

    2 2 4 2 2 2sin cos cos 1 cos 0S P n RL SP n PRL        
 
If equation (1) in terms 2n   of permittivity plasma solve, coefficient is calculated by the following 

equation. 
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that in the above equation,   is the angle between the external magnetic  field  and  the plasma 

environment.
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relationship between permittivity and refractive index of plasma factor is calculated by the following 

equation. 

 

                                                             

 

coefficients are calculated using the following formula 

                                             

 

 

 

the real and imaginary coefficients are calculated using the following formula 

       

 

 

 

 

2- Steady-State Solution 

Figure 1 shows the electron density N(t) of a typical transient plasma and its approximation by a step 

profile. Figure 2 shows the geometry of the problem. a plane wave of frequency (ω) is traveling in free 

space in the z-direction when, at t=0 a semi-infinite plasma of electron density N0 is created in the 

upper half of the plane z >0. The reflected wave will have two components denoted by subscripts A 

and B. There is no special significance to the choice of these letters for the subscripts. The A 

component is due to reflection at the spatial discontinuity at z= 0. Subscript S will be used to indicate 

scattering at a spatial boundary 

 
Figure1-electron density N(t)versus time of a typical transient plasma. 
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here, 
0
n  is the characteristic impedance of free space 

0p
n is the characteristic impedance of the 

plasma medium, and the other symbols have the usual meanings [5] 

 
Figure2-geometry of the steady-state problem 

 

The B component arises due to the wave reflected by the temporal discontinuity at  t=0 and say z=z1. 

Jiang [3] showed that this wave is of a new frequency ω 

 

 

 

and has a relative amplitude (relative to the incident wave amplitude) 

 

 

 

 

the subscript t indicates scattering due to the temporal discontinuity. the wave will travel along the 

negative z-axis. When it reaches the spatial boundary at z=0, a part of it will be transmitted into free 

space. The corresponding transmission coefficient is 
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the B component of the reflected waves in free space has a relative amplitude 
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In considering the steady-state values (t→∞), the B component can be ignored since this component 

will be damped out in the traveling from z=z1= ∞ to z=0, even if the plasma is only slightly loss y. a 

quantitative idea of the damping of the B wave will now be given by calculating the damping 

constants for a low-loss plasma. let ν be the collision frequency, and let (ν/ωp)<<1. The attenuation 

constant α of the B wave of frequency  ω is given by equation 14 . 

 

 

 

 

 

 

 

 

 

 

after simplifying the algebra, 

 

 

 

 

 

 

equation 15 shows  that αis large for small values of ω0. when the incident wave frequency ω0 is low, 

the frequency ω of the B wave is only slightly larger than the plasma frequency ωp, and the B wave is 

heavily attenuated due to attenuation, RB is now modified as 

 

 

 

 

a damping distance constant 
p
z  can now be defined:  

 

 

 

 

In traveling this distance 
p
z  the B wave attenuates to e−1 of its original value. The attenuation can be 

expressed in terms of time rather than distance by noting that 

 

 

 

 

 

where tp is the damping time constant of the B wave and vg is the group velocity of propagation of the 

B wave given by 

 

 

 

 

 

from equations 18 and 19 through 20 
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the amplitude of the B wave reduces to e−1 of its original value in time tp.  numerical results are 

discussed in terms of normalized values. let 

 

 

 

 

In terms of these variables, from equations 20, 21, 22 , equations 23 through 24 are obtained: 
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where λp is the free-space wavelength corresponding to the plasma frequency the amplitude of the 

reflected wave generated in the plasma by the temporal discontinuity decreases as the incident wave 

frequency ω0 increases  (plasma frequency ωp being kept constant). This is to be expected since the 

plasma behaves like free space when ω0  ωp. on the other hand, the transmission coefficient TS at the 

spatial discontinuity increases with ω0. Thus, the reflection coefficient of the B wave increases, attains 

a maximum, and then decreases as ω0 is increased. The variation of the two reflection coefficients (RA 

and RB is shown in Figure 3 and is discussed next. 

 
Figure 3 damping time constant tp versus Ω0.  

For Ω0<1,|RA| is 1 and RB reaches a peak value of about 17% at about Ω0=0.5. For Ω0>1,RA falls 

quickly and RB falls slowly, both reaching about 5% at Ω0=2. for Ω0>2, RB/RA≈1.when the incident 

wave frequency is large compared to the plasma frequency, the total reflection coefficient is low, but 

each component contributes significantly to this low value.  figure 3 shows the damping time constant 

tp for Ωc=0. 

Log–log ale is used here. from this graph it is evident that for large ω0, the B component persists for a 

long time in low-loss plasma. for small ω0, this component is damped out rather quickly. figure 4 

shows the damping distance constant zp. 
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figure 4 transient Solution 

 

 
figure 5 magnetic plasma absorption coefficient 

 

 
figure 6 magnetic reflection coefficient 

 
figure 7 magnetic plasma transmission coefficient 
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3  -Transient response 

A perpendicularly polarized plane wave is propagating in the z-direction when, at t=0, a semi-infinite 

plasma of particle density N0 is created in the upper half of the z plane.  Let the electric field of the 

incident wave be aAnd k0=ω0/c. the equations satisfied by Ey are 

 

 
Figure8:effect of switching an isotropic plasma slab. Reflected and transmitted waves 

are sketched in the time domain to show the frequency changes. 

 

 

 

 

 

To solve the partial differential equations, due to the initial conditions can always use the laplace 

transform with ordinary derivatives conversion, then the solution of ordinary differential equation 

which is far easier to deal with. Therefore by applying Laplace transform if: 

 

 

 

 

 

 

equation 29 is transformed into (here, =∂/∂t) 

            

       

 

            

   

 

 

 

 

 

from the initial conditions, 
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   field components in three regions: 

      

 

            

            

                                   

        

 

 

 

            

     

 

 

the boundary conditions are 

 

 

      

field components in three regions: 
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In the above equations, it is assumed that at t=0 the newly created electrons and ions of the plasma are 

stationary so that the tangential components of the electric and magnetic fields are the same at t=0 as 

at t=0 [3]. from equations 40 through 41, 
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The solution of this ordinary differential equation is given by 
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Which DR is calculated from the following equation 

            

       

 

 
Figure9:electric field of reflected waves versust for the case of switching a lossless plasma half-space 

 

. 
Figure10:electric field of transmited waves versust for the case of switching a lossless plasma half-space 

 

The numerical results are considered for 1p  . 1p   (free-space wavelength corresponding to 

plasma frequency). the electric fields of the reflected and transmitted waves are normalized with 

respect to the strength of the electric field (E0) of the incident wave. Figure 5.2 presents reflection 

coefficients at z=0 versus for the semi-infinite problem. the results are obtained by performing 

numerical Laplace inversion of Equations 5.32 and 5.33 shows a frequency of shows a frequency of 

ω1 as it approaches infinity. the parameter ω0is chosen as 0.4 since it is known from previous work [2] 

that RB will have maximum amplitude at about this value ofω0. In this idealized model of lossless 

plasma, RB will persist forever and its amplitude has a nonzero steady-state value. this phenomena can 

be physically explained in the following way  one of the B waves generated at t=0 and z=∞propagates 

in the negative z-direction and emerges into medium 1 at t=∞ 
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