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Abstract: Radiation properties of axially slotted elliptical antenna embedded in anisotropic plasma material are studied 

theoretically. The fields are expressed in terms of Fourier series with unknown constants. The radiated field constants 

are obtained using the boundary value method by invoking the boundary conditions at various surfaces. Results are 

plotted graphically for the radiation patterns for different geometries and electrical parameters.  The results show that 

the presence of the anisotropic plasma coating has affected the main beam while elliptic antenna beam is less oscillated 

compared to circular one for the same coating thickness 
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I. INTRODUCTION 

Numerous authors have investigated the radiation 

properties by dielectric coated slotted circular and 

elliptical cylinders [1-7].  Materials possessing both lossy 

and lossless metamaterials as well as chiral material have 

gained considerable attention by several researches [8-10], 
while possessing anisotropic and anisotropic plasma 

materials have been studied by [11-14]. The anisotropic 

plasma material coating is worth to study since the 

presence of the external magnetic field would make the 

plasma exhibits anisotropic behavior and its permittivity 

becomes tensorial form [15-16]. The practical application 

of antennas with anisotropic plasma dielectric coating it 

simulates the environment of the space shuttle or missile 

when enters the earth atmosphere. 

The radiation properties produced by slotted elliptical 

cylinder covered by anisotropic plasma material have not 
been investigated theoretically. The paper presents 

theoretical analysis to the radiation by an axially slotted 

antenna on a conducting elliptic cylinder coated by 

anisotropic plasma material based on the boundary value 

method. The presented numerical results will show the 

effect of anisotropic plasma material coating on the 

radiation pattern properties of slotted circular or elliptical 

antenna. 

II. THEORY 

A Consider an infinite conducting elliptic cylinder with 

axial slot embedded in uniform anisotropic plasma 

material as shown in Fig.1. The parameters ac and bc 
represent the inner conducting elliptic cylinder semi-major 

and semi-minor axes, respectively, while a and b are the 

semi-major and semi-minor axes of the dielectric 

anisotropic plasma coating. The antenna angular edges are 

denoted by 1  and 2 . The elliptical coordinates (u, v, z) 

may be expressed in terms of Cartesian coordinate systems 

(x, y, z) as 
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Figure 1: Cross section of Slotted elliptic antenna 
embedded in uniform anisotropic plasma coating. 

 

where F is the elliptical cylinder semi-focal length.  The 

radiated electric field outside the anisotropic plasma 

region  
1   has the form 
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where em
om

C  are arbitrary radiated field constants to be 

determined later, em
om

S  are the even and odd angular 

Mathieu functions of order m, while 
(4)

em
om

R  are the even and 

odd radial Mathieu functions of the fourth kind, 

cosh u  , cos  , 0c kF , and k   .  

Assuming the anisotropic plasma region has permeability 

equals to free space and permittivity tensor defined as [8] 
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where 1 , 2  and 3  are complex functions of  , 

electron density, collision frequency, and the external 

magnetic field.  
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Similarly, the electric field inside the anisotropic plasma 

dielectric coating 
1c     has the form 
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where 
1 1c k F , 1

kk
m

 , m=
2 2

1 1 2/ ( )   , 

em
om

A  and em
om

B are arbitrary constants, 
(1)

ep
op

R  and 
(2)

ep
op

R are 

the radial Mathieu functions of the first and second kind. 

The magnetic field components in regions (I) and (II) are 

derived using Maxwell’s equations and expressed as 
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where 2 2(cosh cosh F u   , Z is the characteristic 

wave impedance in free space while cZ is the wave 

impedance of the anisotropic plasma medium and given by 

cZ mZ . The prime in equations (6) and (7) indicates 

derivative with respect to u . 

The z axial component of the electric field should to be 

continuous across the anisotropic plasma layer at 1  , 

this leads to 
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where 
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The  angular component of the magnetic field at 1   

should also be continues and require that 
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The z axial component of the electric field on the cylinder 

surface (
c  ) must be zero except between the slot 

edges. This leads to 
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Multiplying both sides of (12) by 1( , )en
on

S c   and 

integrating over 0 2v   , we obtain 
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The integrals in equations (13) may be computed 

numerically by expressing the field between the slot edges 

as [4]  
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The even and odd angular Mathieu functions are written in 

terms of Fourier series as  
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Substituting equations (14)-(18) into equation (13), enF

and onF  can finally be written in terms of the slot field as 

     

 
2

1

1 0  ( , ) cos ( ) / (2 ) cos( )k

en o e

k

F E D c n k d





       
(19) 

 
2

1

1 0  ( , ) cos ( ) / (2 ) sin( )k

on o o

k

F E D c n k d





       
       (20) 

Solving for the constants en
on

B  from equation (13) and 

incorporating the result in equations (8) and (11) by 

eliminating en
on

A , yields the radiated field constants en
on

C .  
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III. NUMERICAL RESULTS 

After computing the radiated field constants
en
on

C , the far-

field radiation pattern, antenna gain, and the aperture 

conductance may be evaluated. The slotted antenna gain is 

expressed as [4] 
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The accuracy of the numerical results is checked against 

published data for slotted circular or elliptic antenna 

embedded in dielectric material. The slotted antenna cross 

section parameters used for comparison are taken to be

ca  , / 2cb  , 
cb b t  , while t is the thickness of 

the anisotropic plasma layer, 
0 90o  and 2.8657o  . 

Figure 2 shows the radiation pattern (solid line) plotted 

against the angle for
1 4  ,

2 0j  ,
3 4  and 1r  , 

and 0.25t   to check the result accuracy [4]. Both 
results are in full agreement. It also shows the effect of 

increasing
2   to 0.5 1.0j and j  where we can see there is 

significant change at the antenna location especially for 

the case of 
2 1.0j   and minor change at other locations. 

Figure 3 shows the same case but for circular antenna. It 

can be seen that the circular antenna is affected by the 

anisotropic plasma coating at all angles and the pattern 

oscillates significantly than that the elliptic antenna case. 

Figure 4 is similar to Figure 2 except for
1 5  .  Figure 5 

is similar to Figure 4 except for several thicknesses and

2 0.5j    

 
Figure 2: Radiation pattern of elliptic antenna covered by 

anisotropic plasma material with
1 4.0   ,

3 4.0  , 1r

=1.0, 
ca  , / 2cb  , 0.25cb b   . 

 
Figure 3: Radiation pattern of circular antenna covered by 

anisotropic plasma material with 
1 4.0   ,

3 4.0  , 
1r

=1.0, 
ca  , 

cb  , 0.25cb b   . 

 
Figure 4: Radiation pattern of elliptic antenna covered by 

anisotropic plasma material with 
1 5.0   ,

3 4.0  , 1r

=1.0, 
ca  , / 2cb  , 0.25cb b   . 

 
Figure 5: Radiation pattern of elliptic antenna covered by 

anisotropic plasma material with
1 5.0  ,

2 0.5j  , 

3 4.0  ,
1r =1.0, 

ca  , / 2cb  , 
cb b t  . 
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IV. CONCLUSION 
 

The The radiation properties of axially slotted circular or 

elliptical antenna covered by uniform anisotropic plasma 

material were studied theoretically. It was shown that the 

presence of anisotropic plasma material layer change the 

radiation pattern of the antenna especially at the antenna 

location for moderate thicknesses. Figure 5 show that the 

antenna main beam may be enhanced for some specific 
parameters. Further, the coated slotted elliptic antenna was 

less oscillated by the presence of the same thickness of 

anisotropic material when compared to the circular 

antenna. 
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