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The scattering of electromagnetic waves by a perfect electromagnetic conductor (PEMC) sphere coated with a plasma 
isotropic material is studied in this paper. The extended classical theory of scattering is used to physically model the 
scattering problem. All the fields are expanded in terms of spherical vector wave functions (SVWFs), and then scattering 
matrices are obtained by applying the boundary conditions at each interface i.e., free space/ plasma and plasma/ PEMC. 
 The presented analysis and formulations are general for any perfect conductor cylinder (PEC, PMC, or PEMC) with general 
isotropic material coatings.  After that, the Co and Cross-polarized scattering coefficients are numerically computed and 
used to calculate the radar cross section (RCS). The influence of plasma parameters i.e., plasma density (n) and effective 
collision frequency (v) on RCS is analyzed and reported that radar cross section can be controlled by choosing the 
appropriate plasma parameters. It is also concluded that plasma coating can be used for target protection.The comparisons 
of the computed results of the presented formulations with the published results of some special cases confirm the accuracy 
of the presented analysis.  
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1. Introduction  
 

Metamaterials with unprecedented abilities have 

potential applications in sensing, wave guiding, 

microwave controlling devices, electromagnetic 

invisibility cloak, perfect reflectors, lenses, and in phase 

shifters [1-4]. In addition, recently a new complex 

metamaterial is introduced in 2005 by Lindel and 

sihvolanamed as perfect electromagnetic conductor 

(PEMC), which behaves as perfect reflector [5-6]. It is a 

generalization of perfect electric conductor (PEC) and 

perfect magnetic conductor (PMC). The scalar admittance 

parameter 𝑀 characterizes the PEMC.Unlike the PEC or 

PMC, PEMC contains additional cross polarization 

component which characterizes the PEMC as a bi-

isotropic material.  

Scattering of electromagnetic radiation from PEMC 

objects is main interest of many researchers and 

different geometries of PEMC has been studied in 

literature; Ruppin analyzed the scattering of 

electromagnetic radiation by coated and un-coated 

PEMC sphereand also by infinite length circular 

cylinder [7-9]. Scattering from coated and un-coated 

PEMC elliptical cylinder is also investigated in [10-11]. 

Moreover, the scattering of a radially oriented Hertz 

Dipole field by a PEMC sphere is also discussed by 

Ghaffar et al [12]. In recent years, Scattering of 

electromagnetic radiations from plasma coated perfect 

conducting objects has stimulate great interests of many 

people due to its stealth capability, which is a hot topic in 

defense technology. Plasma is a complex, quasi neutral 

material, can be considered as highly ionized state of a 

gas; having ions, electrons and neutral species. When the 

spacecraft having cylindrical and spherical structures i.e., 

missiles and satellitesenter into the atmosphere, they 

immersed in ionosphere plasma and plasma generated on 

their surfaces. This generated plasma coating can be 

modeled as layers of homogenous thicknesses of plasma 

coating on the perfect conducting missiles. When this 

plasma coated structures come under the influence of an 

external magnetic field like the earth’s magnetic field, then 

it can be modeled as a conducting cylindrical or spherical 

structure coated with plasma in the presence of a magnetic 

field [13]. 

Keeping in view the practical applications of plasma 

coated structures in the field of aerospace sciences and 

defense technology a lot of work has been performed by 

many researchers with different geometries and analogies. 

K. Cheng. et al., discussed the 2-D electromagnetic 

scattering from anisotropic plasma coated perfect electric 

conductor cylinder [14]. The 3-D scattering of 

electromagnetic waves from anisotropic plasma sphere and 

anisotropic plasma coated conducting sphere have been 

reported [15]. In the recent year the analysis of scattered 

electromagnetic wave from eccentric plasma coated 

conducting cylinder is presented by Bo. Yina et aland the 

scattering amplitude is found sensitive to plasma 

parameters i.e., plasma density, effective collision 

frequency and plasma oscillation [16]. 
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Recently, the electromagnetic scattering from 

anisotropic plasma coated PEMC cylinders has been 

investigated and reported that the PEMC helps to reduce 

the scattering amplitude. This work presents the more 

general formulation for any type of perfect conductor 

cylinder (PEC, PMC and PEMC) with plasma coating 

[17]. Further extended to the scattering of electromagnetic 

radiation from PEMC cylinder placed in un-magnetized 

plasma and reported that the PEMC cylinder has more 

stealth capability as compared to other perfect cylinders 

[18]. Moreover the electromagnetic scattering from plasma 

coated PEMC cylinder placed in the chiral metamaterial is 

also investigated [19-20]. 

In the literature, the scattering of electromagnetic 

radiations from plasma coated PEC sphere has been 

studiedwhile the more general and complex problem of 

electromagnetic scattering from anisotropic plasma-coated 

PEMC sphere has not been studied yet. Here we carried 

out analytical scattering study for the isotropic plasma 

coated PEMC sphere due to its practical importance as 

narrated in the above discussion. This study is a 

generalization of the classical scattering from PEC coated 

spheres and it reveals an extra field term which is the cross 

polarized component in the scattered field. In the whole 

study the time dependence of fields are taken as 𝑒−𝑗𝜔𝑡 .   

The organization of this paper is as follows: Section 2 

contains the analytical formulation of scattering theory 

for isotropic plasma coated perfect electromagnetic 

conductor sphere. Section 3 presents numerical results 

and discussion, whereas conclusion is presented in 

section 4. 

 

 

2. Analytical formulation 
 

2.1. Isotropic plasma coated PEMC sphere 

       geometry  

 

The whole space is divided into three regions i.e.,  

region I is free space, region II is isotropic plasma coating 

and region III represents the PEMC sphere as depicted in 

the Fig. 1. Where the radius of the PEMC sphere is 𝑎 and 

𝑏 is the radius of the isotropic plasma coated PEMC 

sphere. The thickness of the isotropic, homogeneous 

plasma coating/layer is 𝑏 − 𝑎. The wavenumber in region I 

is 𝑘0 = 𝜔√𝜀0𝜇0and,in region II i.e., isotropic plasma 

region is 𝑘1 which is equal to 𝑘 =  𝑘𝑜(𝜀𝑝)
1/2 as given in 

[19], where 𝑘𝑜 is the wave number in free space and 

𝜀𝑝 = 1 −
𝑖𝜔𝑜

2

(𝑣+𝑖𝜔)𝜔
is the relative permittivity of plasma 

medium, which is the function of (electron) plasma 

frequency𝜔𝑜 = √
𝑛𝑒2

𝑚𝜀𝑜
, effective collision frequency 𝑣 and 

the incident field frequency 𝜔.  

 

 

Fig. 1. Schematic view of the electromagnetic scattering  

from isotropic plasma-coated PEMC sphere. 

 

 

2.2 Spherical Wave Excitation from isotropic  

      plasma coated PEMC sphere  

 

The incident electromagnetic fields are expanded in 

terms of spherical coordinate system (𝑟, 𝜃, 𝜑) and the 

spherical vector wave functions are as given [7-8].  

 

�⃗⃗� 𝜎𝑚𝑛𝛾
(𝑙)

= ∇⃗⃗  × [𝑟 𝑌𝜎𝑚𝑛(𝜃, 𝜑)𝑅𝑛
(𝑙)(𝑘𝛾𝑟)]             (1) 

�⃗⃗� 𝜎𝑚𝑛𝛾
(𝑙)

=
1

𝑘𝛾
[∇⃗⃗  × �⃗⃗� 𝜎𝑚𝑛𝛾

(𝑙)
]                 (2) 

 
The spherical harmonic𝑌𝜎𝑚𝑛(𝜃, 𝜑) is characterized by 

the subscript 𝜎 = 𝑒  or 𝑜. For𝜎 = 𝑒 (even) and 𝜎 = 𝑜 

(odd) the spherical harmonic𝑌𝜎𝑚𝑛(𝜃, 𝜑) will be even and 

odd respectively. Where radial function  𝑅𝑛
(𝑙)

(𝑘𝛾𝑟) 

presents appropriate kind of spherical Bessel 

function  𝐽𝑛(𝑘𝛾𝑟), spherical Neumann function 𝑛𝑛(𝑘𝛾𝑟) 

and spherical Hankel function  ℎ𝑛(𝑘𝛾𝑟) for l =1, 2 and 3 

respectively. The subscript 𝛾 in 𝑘𝛾 is to characterize the 

wavenumber in different regions i.e., 𝛾 = 0 for free space 

region, and𝛾 = 1 for isotropic plasma region respectively.  

 

�⃗� 𝑖 = 𝐸0 ∑ 𝑖𝑛
2𝑛+1

𝑛(𝑛+1)
(�⃗⃗� 𝑜1𝑛0

(1)
− 𝑖�⃗⃗� 𝑒1𝑛0

(1)
)∞

𝑛=1              (3) 

�⃗⃗� 𝑖 = −
𝐸0

𝜂0
∑ 𝑖𝑛

2𝑛+1

𝑛(𝑛+1)
(�⃗⃗� 𝑒1𝑛0

(1)
+ 𝑖�⃗⃗� 1𝑛0

(1)
)∞

𝑛=1           (4)    

    

where 𝜂0 = √𝜇0/𝜀0 is the impedance of free space and 

scattered fields in region I are given as 

 

�⃗� 𝑠 = 𝐸0 ∑ 𝑖𝑛
2𝑛+1

𝑛(𝑛+1)
(𝑎𝑛

𝑠 �⃗⃗� 𝑜1𝑛0
(3)

+ 𝑐𝑛
𝑠�⃗⃗� 𝑒1𝑛0

(3)
−∞

𝑛=1

𝑖𝑏𝑛
𝑠 �⃗⃗� 𝑒1𝑛0

(1)
− 𝑖𝑑𝑛

𝑠 �⃗⃗� 𝑜1𝑛0
(1)

)                                                     (5)         

�⃗⃗� 𝑠 = −
𝐸0

𝜂0
∑ 𝑖𝑛

2𝑛+1

𝑛(𝑛+1)
(𝑏𝑛

𝑠�⃗⃗� 𝑒1𝑛0
(3)

+ 𝑑𝑛
𝑠 �⃗⃗� 𝑜1𝑛0

(3)
+∞

𝑛=1

𝑖𝑎𝑛
𝑠 �⃗⃗� 𝑜1𝑛0

(1)
+ 𝑖𝑐𝑛

𝑠 �⃗⃗� 𝑒1𝑛0
(1)

)                                                    (6) 

 

where 𝑎𝑛
𝑠and 𝑏𝑛

𝑠
 are co-polarized scattering coefficients 

and 𝑐𝑛
𝑠and 𝑑𝑛

𝑠
are cross polarized field scattering 

coefficient. The transmitted fields in region II i.e., 

isotropic plasma coating are  
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�⃗� 𝑡 = 𝐸0 ∑ 𝑖𝑛
2𝑛+1

𝑛(𝑛+1)
(𝑎𝑛

𝑡1�⃗⃗� 𝑜1𝑛1
(1)

+ 𝑎𝑛
𝑡2�⃗⃗� 𝑜1𝑛1

(2)
+∞

𝑛=1

𝑐𝑛
𝑡1�⃗⃗� 𝑒1𝑛2

(1)
+ 𝑐𝑛

𝑡2�⃗⃗� 𝑒1𝑛2
(2)

− 𝑖𝑏𝑛
𝑡1�⃗⃗� 𝑒1𝑛1

(1)
− 𝑖𝑏𝑛

𝑡2�⃗⃗� 𝑒1𝑛1
(2)

−

𝑖𝑑𝑛
𝑡1�⃗⃗� 𝑜1𝑛2

(1)
− 𝑖𝑑𝑛

𝑡2�⃗⃗� 𝑜1𝑛2
(1)

)                                               (7)                                

�⃗⃗� 𝑡 = −
𝐸0

𝜂
∑ 𝑖𝑛

2𝑛+1

𝑛(𝑛+1)
(𝑏𝑛

𝑡1�⃗⃗� 𝑒1𝑛1
(1)

+ 𝑏𝑛
𝑡2�⃗⃗� 𝑒1𝑛1

(2)
+∞

𝑛=1

𝑑𝑛
𝑡1�⃗⃗� 𝑜1𝑛2

(1)
+ 𝑑𝑛

𝑡2�⃗⃗� 𝑜1𝑛2
(2)

+ 𝑖𝑎𝑛
𝑡1�⃗⃗� 𝑜1𝑛1

(1)
+ 𝑖𝑎𝑛

𝑡2�⃗⃗� 𝑜1𝑛1
(2)

+

𝑖𝑐𝑛
𝑡1�⃗⃗� 𝑒1𝑛2

(1)
+ 𝑖𝑐𝑛

𝑡2�⃗⃗� 𝑒1𝑛2
(1)

)                     (8)                      

where 𝜂 = √𝜇0/𝜀𝑝𝜀0 is the intrinsic impedance of 

isotropic plasma coating. 

2.3 Boundary conditions and Scattering matrices 

 

The boundary condition at the surface of PEMC 

sphere (𝑟 = 𝑎) is given as [7-8, 10] 
 𝒏 × (�⃗⃗⃗� + 𝑀�⃗⃗� ) = 0

𝒏 ∙ (�⃗⃗� − 𝑀�⃗⃗� ) = 0
}                                              (9) 

In above, n is the unit normal and 𝑀 is the scalar 

admittance parameter, which characterizes the PEMC. 

For tangential field components the boundary condition 

is𝐻𝑡
𝑖 + 𝑀𝐸𝑡

𝑖 + 𝐻𝑡
𝑠 + 𝑀𝐸𝑡

𝑠 = 0                                   (10) 

 

and the boundary condition for the radial field 

components is  

𝜀0𝐸𝑟
𝑖 − 𝑀 𝜇0𝐻𝑟

𝑖 + 𝜀0𝐸𝑟
𝑠 − 𝑀 𝜇0𝐻𝑟

𝑠 = 0 (11) 

 

The boundary conditions at the interface of plasma and 

free space at 𝑟 = 𝑏are given below  

𝐸𝑡
𝑖 + 𝐸𝑡

𝑠 = 𝐸𝑡
𝑡            𝑟 = 𝑏 ,          0 ≤ 𝜑 ≤ 2𝜋  (12) 

𝐻𝑡
𝑖 + 𝐻𝑡

𝑠 = 𝐻𝑡
𝑡        𝑟 = 𝑏 ,          0 ≤ 𝜑 ≤ 2𝜋    (13) 

 

Implementing the above boundary conditions to fields 

from (3)-(8), the two sets of six linear equations are 

obtained, which are written in the following matricesform. 

By numerical computation the transmittedcoefficients 

(𝑎𝑛
𝑡1, 𝑎𝑛

𝑡2, 𝑏𝑛
𝑡1, 𝑏𝑛

𝑡2, 𝑐𝑛
𝑡1, 𝑐𝑛

𝑡2, 𝑑𝑛
𝑡1, 𝑑𝑛

𝑡2) and scattered 

coefficients (𝑎𝑛
𝑠 , 𝑏𝑛

𝑠 , 𝑐𝑛
𝑠 , 𝑑𝑛

𝑠 ) are extracted from these 

matrices. 

[
 
 
 
 
 
 

0
0
0

𝐽𝑛(𝑘0𝑏)
𝜂

𝑘0𝑏
[𝑘0𝑏 𝐽𝑛(𝑘0𝑏)]′

0 ]
 
 
 
 
 
 

=

[
 
 
 
 
 
 
 
 

𝑀𝜂 𝐽𝑛(𝑘1𝑎) 𝑀𝜂 𝑛𝑛(𝑘1𝑎) −𝐽𝑛(𝑘1𝑎) −𝑛𝑛(𝑘1𝑎) 0 0

[𝑘1𝑎 𝐽𝑛(𝑘1𝑎)]′ [𝑘1𝑎 𝑛𝑛(𝑘1𝑎)]′ 𝑀𝜂[𝑘1𝑎 𝐽𝑛(𝑘1𝑎)]′ 𝑀𝜂[𝑘1𝑎 𝑛𝑛(𝑘1𝑎)]′ 0 0

0 0 𝜂0 𝐽𝑛(𝑘1𝑏) 𝜂0 𝑛𝑛(𝑘1𝑏) 0 −𝜂ℎ𝑛(𝑘0𝑏)

𝐽𝑛(𝑘1𝑏) 𝑛𝑛(𝑘1𝑏) 0 0 − ℎ𝑛(𝑘0𝑏) 0
𝜂0

𝑘1𝑏
[𝑘1𝑏 𝐽𝑛(𝑘1𝑏)]′

𝜂0

𝑘1𝑏
[𝑘1𝑏 𝑛𝑛(𝑘1𝑏)]′ 0 0

𝜂

𝑘1𝑏
[𝑘1𝑏 ℎ𝑛(𝑘1𝑏)]′ 0

0 0
1

𝑘1𝑏
[𝑘1𝑏 𝐽𝑛(𝑘1𝑏)]′

1

𝑘1𝑏
[𝑘1𝑏 𝑛𝑛(𝑘1𝑏)]′ 0

−1

𝑘0𝑏
[𝑘0𝑏 ℎ𝑛(𝑘0𝑏)]′

]
 
 
 
 
 
 
 
 

[
 
 
 
 
 
 
𝑎𝑛

𝑡1

𝑎𝑛
𝑡2

𝑑𝑛
𝑡1

𝑑𝑛
𝑡2

𝑎𝑛
𝑠

𝑑𝑛
𝑠 ]
 
 
 
 
 
 

 

and 

[
 
 
 
 
 
 

0
0
0

𝐽𝑛(𝑘0𝑏)
𝜂

𝑘0𝑏
[𝑘0𝑏 𝐽𝑛(𝑘0𝑏)]′

0 ]
 
 
 
 
 
 

=

[
 
 
 
 
 
 
 
 

 𝐽𝑛(𝑘1𝑎)  𝑛𝑛(𝑘1𝑎) −𝑀𝜂 𝐽𝑛(𝑘1𝑎) −𝑀𝜂 𝑛𝑛(𝑘1𝑎) 0 0

𝑀𝜂[𝑘1𝑎 𝐽𝑛(𝑘1𝑎)]′ 𝑀𝜂[𝑘1𝑎 𝑛𝑛(𝑘1𝑎)]′ [𝑘1𝑎 𝐽𝑛(𝑘1𝑎)]′ [𝑘1𝑎 𝑛𝑛(𝑘1𝑎)]′ 0 0

0 0  𝐽𝑛(𝑘1𝑏)  𝑛𝑛(𝑘1𝑏) 0 −ℎ𝑛(𝑘0𝑏)

1

𝑘1𝑏
[𝑘1𝑏 𝐽𝑛(𝑘1𝑏)]′

1

𝑘1𝑏
[𝑘1𝑏 𝑛𝑛(𝑘1𝑏)]′ 0 0

−1

𝑘0𝑏
[𝑘0𝑏 ℎ𝑛(𝑘0𝑏)]′ 0

𝜂0 𝐽𝑛(𝑘1𝑏) 𝜂0 𝐽𝑛(𝑘1𝑏) 0 0 −𝜂ℎ𝑛(𝑘0𝑏) 0

0 0
𝜂0

𝑘1𝑏
[𝑘1𝑏 𝐽𝑛(𝑘1𝑏)]′

𝜂0

𝑘1𝑏
[𝑘1𝑏 𝑛𝑛(𝑘1𝑏)]′ 0

−𝜂

𝑘0𝑏
[𝑘0𝑏 ℎ𝑛(𝑘0𝑏)]′

]
 
 
 
 
 
 
 
 

[
 
 
 
 
 
 
𝑏𝑛

𝑡1

𝑏𝑛
𝑡2

𝑐𝑛
𝑡1

𝑐𝑛
𝑡2

𝑏𝑛
𝑠

𝑐𝑛
𝑠 ]
 
 
 
 
 
 

 

 

After the numerical computation of scattering 

coefficients, the normalized forward and backward radar 

cross sections (RCS) are calculated by the following 

formulas as 
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𝜎(180°) = (
2

𝜌
)
2
[|∑ (−1)𝑛∞

𝑛=1 (𝑛 +
1

2
) (𝑏𝑛

𝑠 − 𝑎𝑛
𝑠)|

2
+

|∑ (−1)𝑛∞
𝑛=1 (𝑛 +

1

2
) (𝑐𝑛

𝑠 + 𝑑𝑛
𝑠)|

2
]                                        (14) 

𝜎(0°) = (
2

𝜌
)

2

[|∑ (𝑛 +
1

2
) (𝑏𝑛

𝑠 + 𝑎𝑛
𝑠)∞

𝑛=1 |
2

+

|∑ (𝑛 +
1

2
) (𝑐𝑛

𝑠 − 𝑑𝑛
𝑠)∞

𝑛=1 |
2

]                                        (15) 

 
3. Results and discussion                                                                                                   
 

In this section, numerical results of above formulated 

analytical solutions are presented. The influence of plasma 

parameters on radar cross section (RCS) is discussed and 

analyzed graphically. Throughout all the numerical results 

and graphs, the incident frequency is kept 𝑓 = 2 𝐺𝐻𝑧, the 

radius of the sphere is taken as 𝑎 = 0.1𝜆𝑜 and the Co and 

Cross polarized scattering coefficients are plotted against 

the alpha (𝛼), where the relation between alpha (𝛼) and 

admittance parameters is 𝑀𝜂 = tan𝛼 [7-8]. The scattering 

problem i.e., electromagnetic scattering from plasma 

coated PEMC sphere is verified and checked under special 

conditions. First the plasma coating is replaced by the 

dielectric coating and problem transformed into the 

scattering of electromagnetic radiations from dielectric 

coated PEMC sphere and good agreement is found [8], as 

shown in Fig. 2. Further the present scattering theory is 

compared with the scattering problem of un-coated PEMC 

sphere [8], by taking the thickness of the coating𝑏 − 𝑎 = 0 

as given in Fig. 3. 

 

 

 
 

Fig. 2. Comparison between total RCS, Co polarized and 

Cross polarized contribution to RCS of dielectric coated 

PEMC sphere (𝑏 𝑎⁄ = 1.1 , 𝜌 = 3, 𝜖𝑟 = 𝜇𝑟 = 0.01 ). 

 

Fig. 3. Comparison between total RCS, Co polarized and Cross 

polarized contribution to RCS of un-coated PEMC sphere. 

 

 

All these comparisons show the correctness and 

generalization of our recently developed scattering 

problem. This check on analytical theory, allow us to 

proceedfurther and get more results concerning the plasma 

coated PEMC sphere i.e., the influence of plasma 

parameters on RCS. Fig.4 shows the comparison between 

Co and Cross polarized RCS of plasma coated PEMC 

sphere, which clearly shows that the Co and Cross 

polarized coefficients have opposite behavior to each 

other. Further, it is also shown that the cross polarized 

component vanishes at extreme values of the alpha (𝛼) i.e., 

𝛼 = 0.0 radian and 𝛼 = 1.5 radian which shows that the 

cross polarization component is only associated with the 

PEMC neither PEC nor PMC.  

 

 

 
Fig. 4. Comparison between Co and Cross polarized RCS 

( 𝑎 = 0.1𝜆0, 𝑏 = 1.5 𝑎 , 𝑓 = 1 𝐺𝐻𝑧, 𝑛 = 1.0 × 1015𝑚−3& 𝑣 =
1.0 × 1010𝐻𝑧 ). 

 

 

The Fig. 5 shows the comparison between Co-

polarized RCS at different values of plasma density (n), 

which clear from this comparison that with the increase of 

plasma density the RCS is decreasing.Similar behavior in 

the comparison of Cross-polarized RCS is given in Fig.6. 

This density dependent behavior of Co and Cross 

polarized RCS allows us to take plasma coating as a target 
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protector for PEMC spherical geometries. The effect of 

effective collision frequency (v) on Co and Cross polarized 

contribution in RCS is depicted in Fig. 7 and 8 

respectively. In which clearly shown that with the increase 

in the effective collision frequency the RCS in also 

increasing because of the permittivity of the plasma 

medium which consists of two parts i.e., real 

(transmission) and imaginary (absorption) part, the 

imaginary part is inversely proportional to the effective 

collision frequency (v). With the increase in effective 

collision frequency the absorption decreases and 

transmission increases, which is responsible for the 

increase in the RCS in these comparisons.  

 

 

Fig. 5. Comparison between C0-polarized RCS components of 

plasma-coated PEMC sphere at different values of plasma 

density ( 𝑎 = 0.1𝜆0, 𝑏 = 1.5 𝑎 , 𝑓 = 2 𝐺𝐻𝑧, & 𝑣 = 1.0 ×
1010𝐻𝑧 ). 

 

 

 

Fig. 6. Comparison between Cross-polarized RCS components of 

plasma-coated PEMC sphere at different values of plasma 

density ( 𝑎 = 0.1𝜆0, 𝑏 = 1.5 𝑎 , 𝑓 = 2 𝐺𝐻𝑧, & 𝑣 = 1.0 ×
1010𝐻𝑧 ). 

 

 

Fig. 7.Comparison between Co-polarized RCS 

components of plasma-coated PEMC sphere at different 

values of effective collision frequency ( 𝑎 = 0.1𝜆0, 𝑏 = 

1.5 𝑎, 𝑓 = 2 𝐺𝐻𝑧 &𝑛 = 5.0 × 1015𝑚−3). 

 

 

 
 

Fig. 8. Comparison between Cross-polarized RCS 

components of plasma-coated PEMC sphere at different 

values of effective collision frequency ( 𝑎 = 0.1𝜆0, 𝑏 = 

1.5 𝑎, 𝑓 = 2 𝐺𝐻𝑧 &𝑛 = 5.0 × 1015𝑚−3). 

 

 

4. Concluding remarks 
 

Electromagnetic scattering from plasma coated perfect 

electromagnetic conductor sphere is formulated, in the 

frame work of extended classical scattering theory. The 

spherical wave excitation is considered. Scattering 

coefficients are computed from the scattering matrices. To 

get more insight physics and studies, the Co and Cross 

polarized contributions in RCS are plotted against the 

different values of alpha (𝛼)as well as the effect of 

different values of plasma parameters is also presented. 

The following conclusions can be drawn from the 

previously demonstrated numerical results; 

 The Co and Cross polarized scattering coefficients 

are only associated with the PEMC and   independent 

of type of the coating either dielectric or plasma.   

 The presently formulated scattering theory for 

plasma coated PEMC sphere, is applicable on any 

type of coating i.e., plasma, plasmonics and 

metamaterial. 
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 The RCS can be controlled and tuned by choosing 

the appropriate plasma parameters i.e., plasma 

density (n) and effective collision frequency (v). 

 The dense isotropic, homogenous plasma coatings 

can be used for the protection of PEMC spherical 

objects. 

 

 

Acknowledgment 

 

The authors would like to extend their sincere 

appreciation to the Deanship of Scientific Research (DSR) 

at King Saud University for its funding of this research 

through the Research Group Project noRGP-VPP-312. 

 

 

References  
 

  [1] Cai, Wenshan, Uday K. Chettiar, Alexander V.  

  [2] Kildishev, Vladimir M. Shalaev, Nature  

         photonics 1(4), 224 (2007). 

  [3] V. Kabashin, P. Evans, S. Pastkovsky, W. Hendren,  

        G. A. Wurtz, R. Atkinson, R. Pollard, V. A.  

        Podolskiy, A. V. Zayats, Nature materials, 8(11),  

867 (2009). 

  [4] Hrabar, Silvio, Juraj Bartolic, Zvonimir Sipus,  

        Antennas and Propagation, IEEE Transactions  

        on 53(1), 110 (2005). 

  [5] Driscoll, Tom, D. N. Basov, A. F. Starr, P. M. Rye,  

        S. Nemat-Nasser, David Schurig, D. R. Smith,  

        Applied Physics Letters 88(8), 081101 (2006). 

  [6] I. V. Lindell, Ari H. Sihvola, Journal of  

        Electromagnetic Waves and Applications 7(19), 

        861(2005). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  [7] I. V. Lindell, A. H. Shivola, IEEE Trans. On Antenas  

        and  Propagat, 53(9), 3012 (2005). 

  [8] R. Ruppin, Journal of Electromagnetic Waves and  

        Applications 12(20), 1569 (2006). 

  [9] R. Ruppin, Progress in Electromagnetics Research  

        Letters, 8, 53(2009). 

[10] R. Ruppin, Journal of Electromagnetic Waves and  

        Applications 13(20), 1853 (2006). 

[11] A. Ghaffar, N. Mehmood, M. Shoaib.  

[12] M. Yasin Naz, A. Illahi, Q. A.Naqvi, Progress In  

        Electromagnetics Research B, 42, 163(2012). 

[13] A. K. Hamid, In Applied Electrical Engineering and  

        Computing Technologies (AEECT), 2011 IEEE  

        Jordan Conference on, pp. 1-5. IEEE(2011). 

[14] A. K. Hamid, Abdul-Kadir, F. R. Cooray, Progress In  

        Electromagnetics Research Letters, 10, 59 (2009). 

[15] O. Sakai, (2011, August), In General Assembly and  

        Scientific Symposium, 2011 XXXth URSI (pp. 1-4).  

        IEEE. 

[16] H. C. Chen, D. K. Cheng, IEEE Transactionson 

         Antennasand Propagation, 12(3), 348 (1964). 

[17] Y. L. Geng, X. B. Wu, L. W. Li, Radio Science,  

         38(6), (2003), Article ID 1104.  

[18] Y. L. Geng, (2011), international journal of Antennas 

        and Propagation, Article ID 409764. 

[19] A. Ghaffar, M. Z. Yaqoob, Majeed A. S. Alkanhal,  

        M. Sharif, Q. A. Naqvi, AEU-International Journal  

        of Electronics and Communications 68(8), 767  

        (2014). 

[19] A. Ghaffar, M. Z. Yaqoob, Majeed AS Alkanhal, S.  

        Ahmed, Q. A. Naqvi, M. A. Kalyar, Optik-   

        International Journal for Light and Electron  

        Optics 125(17), 4779 (2014). 

[20] M. Z. Yaqoob, A. Ghaffar, I. Shakir, M. Y. Naz, S. 

        Ahmed, Q. A. Naqvi, Optoelectron. Adv. Mater. – 

        Rapid Comm. 8(5-6), 488 (2014). 

[21] M. Z. Yaqoob, A. Ghaffar, I. Shakir, M. Y. Naz, 

        M. Sarfraz, S. Ahmed, Q. A. Naqvi, Optoelectron. 

        Adv. Mater.- Rapid Comm. 8(11-12), (2014).  

. 

 

 

_______________ 
 *Corresponding author: zeeshaan32@yahoo.com 


