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Electromagnetic scattering from perfect electromagnetic
conductor (PEMC) sphere placed in isotropic plasma
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The electromagnetic scattering from PEMC sphere placed in isotropic plasma medium is investigated theoretically. The
analytical formulation of the problem is done in extended Mie theory. To secure the symmetry, all the electromagnetic fields
i.e., incident and scattered are expanded in terms of spherical vector wave functions (SVWFs). The influence of plasma
parameters i.e., plasma density and effective collision frequency on RCS is analyzed and presented graphically. It is
concluded that, the plasma medium can be used to control the scattering amplitude and RCS. Further, the effects of plasma
parameters on Co and Cross polarized components are also presented. The numerical results are compared with the
published literature under special conditions and good agreement is found.
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1. Introduction

Plasma is a quasi-neutral, highly ionic state of matter
comprising free electrons and ions [1]. Plasma, recently
realized as metamaterial and found potential applications
in the field of communication, defense technology,
negative refractive index materials and plasma photonic
crystals [2-4]. Further, the plasma based composites
metamaterials excite many researchers and scientists by
their extraordinary properties [5]. In addition to these,
some of the researcher are engaged in the plasma coated
perfectly conducting objects and reported that plasma
coating helps to protect the target. The plasma coated
conducting objects can be modeled as; when space crafts
(missiles and spaceships) immersed in the ionosphere or
come back to earth’s atmosphere then plasma produced
around them due to violent collisions, and modeled as
plasma coated cylinder for missile or plasma coated sphere
for spaceship [6]. Recently, the problem on scattering of
electromagnetic radiation form anisotropic plasma coated
perfect electromagnetic conductor (PEMC) circular
Cylinder is formulated and reported that the plasma coated
PEMC circular cylinder has more stealth capability as
compared to perfect electric conductor (PEC) or perfect
magnetic conductor (PMC) cylinder [7]. The PEMC is a
newly realized metamaterial [8], and gives the
generalization of all types of perfect conductors i.e., PEC
and PMC [9-10]. It is characterized by the scalar
admittance parameter i.e, M, if M is equal to zero or M
approaches to infinity, it will behave as PMC or PEC
respectively. The scattering from plasma coated PEMC
cylinder problem is further extended as, electromagnetic
scattering from PEMC cylinder placed in un-

magnetized/isotropic plasma medium and analyzed that
the radar cross section can be controlled by the appropriate
plasma parameters as well as the type of perfect cylinder
[11]. Yaqoob et al., studied the more general case of
scattering i.e, scattering of electromagnetic radiation from
plasma coated PEMC cylinder placed in chiral
metamaterial and reported the effects on scattering
amplitude due to different hot media and cylinder types
[12]. In literature, very few research work has been done
on the electromagnetic scattering form PEMC spherical
geometries as compared to cylindrical. The
electromagnetic scattering from coated and uncoated
PEMC sphere has been discussed by Ruppin [13-14].
Ghaffar et al., extended the Ruppin’s work and formulated
the scattering problem for PEMC sphere placed in chiral
medium [15]. It was reported that the radar cross section
strongly depends upon the chirality, for strong chirality the
radar cross section can be minimized. Up till now, no
research work has been done on the electromagnetic
scattering from plasma hosted PEMC sphere, to fill this
gap, the scattering of electromagnetic radiation from
PEMC sphere placed in plasma is discussed. The
influences of plasma parameters i.e., plasma density,
collisional frequency on scattering amplitude of Co and
Cross polarizations are studied and presented. This work
has potential applications in plasma based composite
metamaterials, target protection, space sciences, which
shows the novelty of work. The organization of the paper
is as follow; in section 2, the physical modeling in the
frame work of extended Mie theory is presented while
the section 3 contains the numerical solution and
graphical description of the analytical formulation. At
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the end, conclusion of this research work is discussed in
section 4.

2. Analytical formulation

2.1. PEMC sphere placed in Isotropic plasma
medium

In this section, the scattering problem is physical
modeled by mean of analytical formulation i.e., extended
Mie theory. The figure 1 shows the schematic view of the
scattering problem. The region | represents the plasma
region. In which, the plasma medium is considered as an
isotropic, homogenous and un-magnetized medium.
While, the region Il represents the PEMC sphere of
radiusr = a.

Incident wave

Isotropic plasma medium

Fig.1 PEMC Sphere placed in homogenous
isotropic plasma medium

The incident plane wave is expanded in terms of
spherical coordinate system (r,8, ) and written in the
spherical wave functions as [13-15]
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and the incident field frequency w. The incident and
scattered fields in each region is written below as [13]
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where a,,® and b,,° are co-polarized scattering coefficients
and c,® and d,° are cross polarized field scattering
coefficient. The PEMC is realized as a perfect reflector
[13], which does not permit the flow of electromagnetic
energy through itself. So, the transmission through PEMC
sphere is zero.

2.2 Scattering Coefficients and Radar Cross
section (RCS)

After the field expansion, the scattering coefficient are
computed by applying the appropriate boundary conditions
at the interface between PEMC sphere boundary and
isotropic plasma. The generally PEMC boundary realized
as
nx(ﬁ+ME)=0} *

n- (l_)) - ME) =0
above, n is the unit normal and M is the scalar
admittance parameter, which characterizes the PEMC.
For tangential field components the boundary condition
is

Hi + ME{ + Hf + ME§ =0 (8

and the boundary condition for the radial field
components is

0B} — M puoHy + &0ES — M poHy = 9

By applying the tangential boundary condition on equation
3-4, the following scattering coefficients are obtained
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After the check of accuracy, the further analysis and
effects on scattering amplitude with respect to plasma
o 2 parameters are discussed. Figure 3 depicts the influence of
Z ( + l) b, +a,%) plasma density (n) on the Co-polarized radar cross section
nT5)n T an of PEMC sphere placed in plasma medium, and one can
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3. Numerical Results and Discussion

In this section, some numerically calculated results of
scattering of electromagnetic radiation from PEMC sphere
placed in plasma medium, are presented. To get the better
and more understanding about the physical aspects of the
said scattering problem, the graphical description is used
for these numerical results. In the whole results, the
incident frequency is kept f = 1 GHz and the radius of the
sphere is taken asa = 0.21,. First of all, the above
formulated scattering theory is verified by comparing with
the already published literature, and good comparison is
found. The figure 2 shows this comparison. If the plasma
medium is replaced by the free space then the results of
Co-polarized, Cross- polarized and total radar cross
section (RCS) are same as found in [13]. Which shows the
accuracy in our formulation and work.

RCS is reducing. Which shows that, by appropriate choice
of plasma density, the Co-polarized component RCS can
be controlled. Similar analysis is given in figure 4 for the
Cross-polarized component of RCS for different plasma
densities. It is observed that with the increase in plasma
density, the cross polarized component of RCS is also
increasing, which confirms the opposite behavior of Co
and Cross polarized component of PEMC. Such behavior
is also observed in [11] for a PEMC cylinder placed in un-
magnetized/isotropic plasma medium, which further
confirms the accuracy of our work.

a=10x10"15m-3
n=210x 10"15m-3
n=50x 10°15m-3
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Fig. 3 Comparison between CO0-polarized RCS
components of PEMC sphere placed in plasma medium
at different values of  plasma density
(a=021, f=1GHzand v=1.0x10Hz )
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Fig. 4 Comparison between Cross-polarized RCS

components of PEMC sphere placed in plasma medium

at different values of plasma density (a = 0.2A,,

f=1GHzand v=1.0x 10'°Hz )

In Figs. 5 and 6 shows the comparison between Co
and Cross polarized components of RCS under different
plasma effective collision frequencies and it is clear from
these figures that with the increase in the collision
frequency, the scattering amplitude also increases.
Actually the plasma permittivity of plasma medium is

iwg?

£ , Which consists of two parts, one is real

A _(v+iw)w
(transmission) and second one is imaginary (absorption)
part. By increasing the value of effective collision
frequency (v), the imaginary part (absorption) is
decreasing and scattering amplitude is increasing.
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Fig. 5 Comparison between Co-polarized RCS
components of PEMC sphere placed in plasma medium
at different values of effective collision frequency
(a=02p,f=1GHzandn = 1.0 x 10m=3)
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Fig. 6. Comparison between Cross-polarized RCS

components of PEMC sphere placed in plasma medium

at different values of effective collision frequency
(a=02,f=1GHzandn = 1.0 x 10>m=3 )

4. Concluding remarks

In this research work, the electromagnetic scattering
from PEMC sphere placed in isotropic plasma medium is
discussed. The following conclusions can be made by the
previous numerical results;

e The Co and Cross polarized components always
show opposite behavior for PEMC, and their
behavior is independent to the geometry either
cylindrical or spherical.

e The RCS of PEMC sphere can be controlled by
the appropriate choice of the host plasma
medium’s parameters i.e., plasma density and
effective collision frequency.

e The scattering response of electromagnetic
radiation from PEMC spherical geometry is
similar to the cylindrical one.

e  Further, the plasma medium can be used to tune
or control the electromagnetic scattering
amplitude.
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