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In this paper, a model for calculating the reflection and absorption powers of electromagnetic wave
(EM wave) in nonuniform magnetized plasma slab is given out based on layer propagation theory. The
effects of various plasma parameters and different values of magnetic field intensity on the reflected

and absorbed powers are discussed. The results illustrate that the thickness of plasma seldom affects the
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Absorption band is about 2 GHz.

reflection of radar wave, but it can broaden or reduce the absorption width. Meanwhile, the background
magnetic field intensity has an influence upon the results, and it could change the resonance spectrum
of magnetized plasma. We also find out that, with appropriate plasma density, collision frequency and
magnetic field intensity, more than 90% of radar wave power can be absorbed and the resonant absorption
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1. Introduction

In recent years, people have been interested in using plasma
as absorbers or reflectors of EM wave [1,2], because plasmas can
attenuate the energy of incident EM wave. There have been numer-
ous investigations of propagation and absorption of EM wave in
inhomogeneous plasma. Vidmar has already discussed that the
absorption of EM wave depends on incident wave’s frequency,
plasma density and momentum-transfer collision rate [3]. Laroussi
and Roth studied the reflection, absorption and transmission of EM
wave by a magnetized nonuniform plasma slab. They give numeri-
cal results by using a subslabs model [4]. Based on scattering matrix
method, Hu et al. present an analytical technique for obtaining a
complete set of reflection and transmission coefficients for a strat-
ified plasma slab, when the EM waves are vertically incident [5]. In
letter [6-8], the propagation characteristic of EM wave has been
studied in collisionless nonuniform plasma slabs as well as the
reflection and transmission coefficients have been obtained.

In this paper, the plasma model we study is cold, steady-state,
nonuniform, collisional and magnetized. The effects of the colli-
sion frequency, magnetic field intensity, plasma density and plasma
slab thickness on the reflection and absorption of EM wave are dis-
cussed by using a numerical method. We find that the thickness
of plasma seldom affects the reflection of radar wave, but it can
broaden or shrink the absorption width. It is expected that the
stealth of a broad-band radar wave can be realized by changing
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the plasma slab thickness. The collision frequency and the plasma
density affect remarkably on absorption effect, and there exist opti-
mum values of the collision frequency and the plasma density.
However, extremely higher collision frequency and plasma den-
sity will lead to weak absorption. In addition, the different magnetic
field intensity relates to the different resonant absorption peaks.

2. Formulation

A plane wave vertically propagates to the surface of the plasma
(see Fig. 1).

P;, Pr, and P, are, respectively, the incident power, the reflected
power, and the absorbed power. The direction of the background
magnetic field B is parallel to z axis. The plasma density equation is
given below

npexpl2(1 —2z/L)/3]
{ ngexp[2(2z/L —1)/3]

(L/2<z<l)

(0<z<L/2) M

n(z) =

where L is the plasma slab thickness, ng is the plasma density at
z=L[2.

A plane wave propagating in each subslab, obeys the following
Maxwell’s equations

V x E = —jouoH, (2)
V x H= (0 + jwereg)E. 3)

Assume a plane wave has a time dependence exp(jwt), Eq. (3)
can be written as

V x H = jwé&egE, (4)
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here &, is the complex dielectric constant, and &, = &, — jo/(weg).
As v-E=0, the resulting wave equation is

A plane wave propagating in the z-direction through a cold
plasma at an arbitrary angle of incidence was derived by Appleton
[9]. &; is given by (10) below

(10)

. B/ ?
&=1-
[1 = j(Ven/ @) = (@2 sin* /@?)/2(1 — (2 | @?) = j(Ven /)))] = \/ (ke sin* 6/w*)/(4(1 = (@Fe/@?) = j(ven/@))")) + (@ cOS2 0/ w2)
where wpe, Wee, Wen, and O are, respectively, the plasma frequency,
V2E — _ Zraw? E (5) the cyclotron frequency, the collision frequency, and the angle of

2
where c is the speed of light. A plane wave propagating in the z-

direction with a phase dependence exp(jwt — $z) is a solution to
(5), we have

E = Egexp(jot — ¥z) (6)

where ¥ is the complex propagation constant. Substituting (6) into
(5), the dispersion characteristic of a plane wave in magnetized cold
plasma is obtained

5 Brw?

7 =-25 (7

7 can be written as ¥ = « +jf. Where « is the attenuation coeffi-
cient and B is the phase coefficient. We have

= —ZIn(V/), (8)
ﬂ:%&( a) (9)

The plasma is modeled as 10 subslabs which are adjacent and
homogeneous. We assume that the plasma density is constant in
each subslab. The wave propagating in plasma subslabs is shown in
Fig. 2. The wave travels from one slab to the other with a reflection
at each interface. The complex dielectric function is calculated for
each slab and the reflection coefficient at each interface is deduced.
The total transmitted, reflected and absorbed powers are then com-
puted. The total reflected power is computed neglecting multiple
reflections between slab interfaces.
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Fig. 1. Wave propagation in plasma.
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Fig. 2. Wave absorption, transmission and reflection at an arbitrary angle of inci-
dence.

propagation with respect to the static background magnetic field.
The — sign is for a right-hand polarization, and the + sign is for a
left-hand polarization. In this paper, only the right-hand polarized
EM wave is considered, for §=0° (10) becomes

W}/ w?
1 —j(Ven/ @) — (wce/w)

Br=1- (11)

The reflection coefficient at z=0 is given by

R(]): 7V§r(1)_l, (]2)
VE(1) +1

&:(1)denotes a complex dielectric constant of the first layer plasma.

The reflection coefficient of a wave traveling from a slab located
at i with a complex dielectric constant &:(i) to a slab located at
i+ 1with a complex dielectric constant &:(i + 1) is

7 Er(D)— /& (1 +1) (13)
«/Sr(l)+\/8r(l+1)

The total reflected power is given by the reflection coefficients at
each boundary

R(i+1)=

{\R(1)| +Z [|R H[(l—‘R(m)| )exp!( 4a(m)d)]]}

(14)

where d is the each subslab thickness. The total transmitted power
P is given by

10
Pe= P[0 - [ROm)|*) exp(~2a(m)d)]. (15)

m=1
The total absorbed power is thus

Py =P, —P; - P,. (16)

3. Numerical results

In this section, the computer simulation results are presented
and discussed. We choose the radar wave frequency f=1-20 GHz,
the plasma density ng=1x 101>, 1x 106, 1x 1017, 1 x 10'8 and
5x 1018 m=3 at z=L/2, the collision frequency ve; =0.1, 0.5, 1.0 and
5.0 GHz, the plasma slab thickness L=0.1, 0.2, 0.3 and 0.4 m, and
the magnetic field intensity B=0.1, 0.2,0.3,0.4 and 0.5T.

3.1. The impact of the collision frequency on the reflected and
absorbed powers of EM wave

Fig. 3 plots the reflected and absorbed powers fraction versus
frequency for a center density of ng=1x 107 m—3 and for vari-
ous collision frequencies. The collision frequencies ve, are assumed
to be 0.1, 0.5, 1.0 and 5.0 GHz, respectively. The magnetic field is
assumed constant throughout the plasma with a value of B=0.3T
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