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The linear transformation of the source Gaussian pulse electromagnetic
wave, with propagating in a free space along an external static magnetic
field, due to the sudden creation of cold linear plasma, is studied. This
transformation has been analyzed by using the first order perturbation
theory in radio approximation. Spatial distribution of the new created
static magnetic field mode is presented in corresponding diagram.
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1. INTRODUCTION

Rapidly created plasmas appear practically in all pulse
gas discharges, laser created plasmas, lightning, and
plasmas created by nuclear explosions. If the rise time
of plasma is much smaller than the decay time, it is
possible to approximate the time variation of plasma
parameters with the Heaviside step function. Linear
transformation of the plane electromagnetic wave
(EMW) in suddenly created plasma was investigated in
[1]. Tt was shown that for ¢ < 0, the source EMW
propagating along the z-direction in free space with
wave number k and angular frequency w, transforms in
the suddenly created plasma having an infinite extent
into two new modes propagating in opposite directions

with identical upshifted frequencies :Ja)g +o?
with electron plasma angular frequency

wp :\INOqz/gOm zl8n-N(1)/2, where N, is electron

plasma density. The basic results of the transformation
of EMW in such time varying linear media have been
summarized by Kalluri [2]. Some of these results have
been verified by Particle In Cell simulation [3] and by
experimentally created microwave plasma previously
illuminated by stationary microwave source [4]. By the
use of second-order perturbation technique, the
transformation of the source EMW in the nonlinear
media was done in [5-10]. The process of third
harmonic generation (THG) [11,12] is caused by the
coupling of the transverse first harmonic and
longitudinal second harmonic modes through Lorentz
force and convective term in the equation of electron
fluid motion and could have respectable values for the
specific values of source wave frequencies. In spite of
THG being a weak process, it is dipole allowed and
therefore occurs in all materials, including materials
with inversion symmetry. When using focused high-
intensity ultra-short laser pulses, this normally weak
THG process becomes highly operative at a simple air-
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dielectric interface and is much stronger than in the bulk
of most dielectric materials. In all previous papers the
transformation of a plane or a circular polarized source
EMW has been analyzed.

In this paper it is assumed that, for ¢ < 0, the
Gaussian pulse EMW, for the first time in the theory of
interaction of a EMW with time-varying media , with
angular frequency wo, and wave number kg, is
propagating in free space along the static magnetic field
By = B, - z, where z is unit vector in positive z-direction.
At ¢ = 0 the entire free space is ionized with an electron
plasma density N,y. The transformation of source EMW
into plasma stationary and traveling waves have been
analyzed by the use of first order perturbation theory.
The efficiency of excitation of static spatially-varying
magnetic mode has been obtained in a closed form and
studied for specific values of angular frequency of the
source wave, electron plasma density and time duration
of the plasma medium.

2. PROBLEM FORMULATION AND SOLUTION

Electric and magnetic fields of the source EMW
propagating in free space for ¢ < 0 are given by:

2
t—k
eg(z,t)=x-Eyexp [%J cos(mpt —kyz), (1)
0
ot — ki 2
- z
ho(z,t) =y-Hyexp (%J cos(ayt —koz) , (2)
0

where x and y are unit vectors in positive direction of x

and y-axis, with Hy = /& /o Eq , where & and p, are
electric permittivity and magnetic permeability of the
free space, respectively.

The EM and electron velocity fields e (z,f), h (z,f)
and u (z,7) in magnetoplasma medium have to satisfy the
following equations:

h
Ve (z,t)=—py —8 1(=1) ) (3)
ot
Vxhy(z,t) ==Nyquy(z,1) + &, % ] (4)
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aul (Z,t) _

> —%el(z,m. (5)

In order to solve the system of partial differential
equations (3) to (5) we have applied Laplace transform
in time:

L(f(z,1)= jf(z,t) exp(—st)dt = F(z,s). (6)
0

and, as the plasma is unbound, Fourier transform in
space:

+00

F(f(z,5)) = f f(z,8)exp(=jk)dz = F(k,s).  (7)

—00

In a domain of complex frequency s=jw
(collisionless plasma), j = J-1 , and wave number k the

EM and velocity fields are defined by the following
system of linear algebraic equations:

JEE (k,$)— posH (k,s) = poH, (k,t =0), ®)

]kH] (k,S)+¢90SE1 (k,S)—Nqu] (k,S) =
=gyE(k,t=0), ©)

LB, (k,s)+sU,(k,5) =0, (10)
m

where
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Solving the algebraic equations (8) to (10) one
obtains the transformed EM and electron velocity fields
in the form:

s — jke
Ej(k.s)=—5——L5— E(kt=0), (12)
s“+k“c +w,
ke s — jke | P
Hy(k,s)=| 2 5 212 St =2 |-
HoS s° +k“c +w, S\VHo
Ey(k,t =0), (13)
Uy (k,s) = —2 SE, (k, 5) . (14)
Nogq

After performing an inverse Laplace and Fourier
transform to (12) and (13), the following EM
components are obtained:
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e (z,0) = X[Ef cos(wyt —kgz—0))+
+E cos(wlt—l-koz—@l)J , (15)
h(z0) =y -[Hm cos(kyz —0y) + H! cos(ayt —kyz —05) +
+HI cos(wlt+koz—.93)] (16)

Amplitudes and phase shift of the electric field
components have the following form:

Elt,l' — f(Alt,r)2 +(A£,V)2 ,
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The new created EM wave in plasma has the angular

frequency @y =, la)g + (0127 . Amplitudes and phase shifts

of the magnetic field components have the following
form:

(18)

In the above equations the superscript ¢ and upper
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sign refer to transmitted and superscript » and lower
sign to the reflected wave.

Spatial distribution of the new created static
magnetic mode-the first term in (16), see Figure 1, has
made with specific values of following parameters:
wo ~ 10° Hz, the source wave is in a radio frequency
range, Ny~ 10" m~, rapidly created plasma is
generated by lightning and 7 ~ IOS/wp, plasma time
duration is about 100 ps.
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Figure 1. Spatial distribution of the new creted static
magnetic field mode, normalized on the source wave
magnetic field amplitude

3. CONCLUSION

For the first time in the theory of the interaction of a
EMW with time-varying media, the initial value
problem of interaction of the Gaussian pulse EM source
wave with suddenly created cold magnetoplasma
medium, in the particular case of longitudinal
propagation, is solved in the closed form. The source
wave, due to sudden generation of the cold plasma,
splits into two traveling EM waves (one transmitted and
one reflected with the same upshifted angular
frequency) and one spatial-varying static magnetic
mode with the peak value the same as the amplitude of
the magnetic field of the source EM wave and spatial
period koz = 3.2.
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NHTEPAKIIUJA T'AYCHO-UMITYJICHOI'
EJIEKTPOMAT'HETCKOI' TAJIACA CA HAT'JIO
CTBOPEHOM XJUIAJJTHOM
MAT'HETHU30BAHOM IIJIASMOM

3opan M. Tpudxosuh

ITo IPBU myT y TEOpHjU MHTEpaKIHje
€JIEKTPOMarHeTCKUX Tajaca ca BPEMEHCKO
MIPOMEHJBUBUM IIPOCTOPUMA MpoTaramyje aHajIn3upaHa
je TpaHcopMmanuja H3BOpHOr Tajgaca y oOmuKy
laycoBor wummynca. Kao BpeMEHCKH NPOMCHJBHB
NPOCTOp y3eTa je Harjo CTBOPEHa MAarHeTH30BaHA
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mia3Ma. AHamu3a je CHpoBeleHa KOpHIIhemeM 1a3Mu cy noOujeHa y 3aTBOpeHoj GpopMu M mpuKazaHa
nepryOalyioHe TeopHwje MpBOI pela y  Pajauo j€ TpOCTOpHA pacrojiesia CTATHYKOT MarHeTCKOT MoJba
anpokcuManuju. Peniema HOBOHACTAJIMX IOJba Y JOOHjEHOT Kao MOCIeIiIa OBE HHTEPAKLH]e.
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