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Abstract— The far field characteristics of an axially slotted elliptical antenna coated with multi-dielectric layers are investigated. The fields in the various regions are expressed in terms of Mathieu functions. The unknown field expansion coefficients in every region are obtained by applying the boundary conditions at various surfaces. Numerical results are obtained for the radiation pattern, aperture conductance and antenna gain for the case of conventional or metamaterials coatings. The obtained numerical results show that slotted antenna coated with multi-dielectric layers could have higher gain and lower side lobes for specific parameters than
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I. Introduction
 Far field characteristics of an axially slotted antenna are very important in communications and airplane industries. Numerous authors in the literature have investigated the radiation by dielectric coated slotted circular and elliptical cylinders. For example, Hurd [1] studied the radiation pattern of a dielectric axially slotted cylinder. The external admittance of an axial slot on a dielectric coated metal cylinder was investigated by Knop [2]. Shafai [3] obtained the radiation properties of an axial slotted antenna coated with a homogenous material. Wong [4,5] investigated the radiation properties of slotted cylinder of elliptical cross section while Richmond [6] studied the radiation from an axial slot antenna on a dielectric coated elliptic cylinder. The analysis is later extended to the radiation by axial slots on a dielectric coated nonconfocal conducting elliptic cylinder by [7]. Hussein and Hamid [8] studied the radiation by N axially slotted cylinder of elliptical cross section coated with a lossy dielectric material,  and recently the analysis is extended to case of  lossy and lossless metamaterials coatings [9-10].

Recently, materials posses both negative permittivity and permeability have gained considerable attention by many researches [11-14]. To the best of our knowledge, the radiation produced by an axially slotted circular or elliptical cylinder coated with multilayer has not been investigated.

This paper presents an analytical solution of the radiation by an axially slotted antenna on a conducting circular or elliptic cylinder coated with multi conventional or metmaterials dielectric layers using the boundary value method. The presented numerical results will show the effect of the multi-dielectric layers on the radiation pattern, aperture conductance and  gain of slotted circular and elliptic antennas.

II. Geometry of the problem
Please The geometry of the perfectly conducting elliptic cylinder with an axially slotted antenna loaded by multi-dielectric layers is shown in Fig.1. The structure is assumed to be infinite along the z-axis. The symbols a1 and b1 correspond to the conducting core semi-major and semi-minor axes, respectively, a2 and b2 are the semi-major and semi-minor axes of the inner dielectric coating layer, while a3 and b3 are the semi-major and semi-minor axes of the external dielectric coating layer. The axial slot coordinates on the conducting elliptic cylinder are denoted by 
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Figure 1: Geometry of an Axially Slotted antenna on elliptic cylinder coated with multi dielectric layers.

III. Numerical Results
 Figure 2 shows the radiation pattern numerical results (gain versus 
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) obtained for four different cases. The solid line represents the case of two conventional dielectric layers of the same material 
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. The dashed line represents  a similar case except for dissimilar layers of 
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. The solid line with circles represents the case of two metamaterials layers of the same type 
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. The solid line with crosses represents a similar case except for dissimilar layers  
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. It can be seen that the presence of two similar layers diverges the antenna main beam  more than the case of dissimilar layers especially at the slot location (
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). On the other hand, the presence of two similar metamaterials layers improves the main beam of the antenna and lowers the side-lobes while the presence of dissimilar metamaterials layers has the same effect on the radiation pattern and lowers also its bandwidth. 
[image: image14.emf]-100 -50 0 50 100 150 200 250 300

-35

-30

-25

-20

-15

-10

-5

0

5

10



 , degrees

Gain(



) dB



r1

=4.0 ,



r2

=4.0, 



r1

=1.0, 



r2

=1.0     



r1

=4.0 ,



r2

=5.0, 



r1

=1.0, 



r2

=1.0     



r1

=-4.0 ,



r2

=-4.0, 



r1

=-1.0, 



r2

=-1.0 



r1

=-4.0 ,



r2

=-5.0, 



r1

=-1.0, 



r2

=-1.0 


Figure 2: Radiation pattern of an axially slotted elliptic cylinder coated with two dielectric layers, ka1=6.3, kb1=3.14, kb2=3.77, kb3 =4.71.
Fig. 3 for the case of ka1=6.30, kb1=3.14, kb2=3.77,
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. Increasing the electrical thickness kb3 from 4.4 to 5.0 results in enhancing the antenna main beam and lowering the side lobes.
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IV. Conclusions
The radiation characteristics of an axially slotted circular or elliptical antenna coated with two dielectric layers were investigated using analytic solution. It was shown that the presence of two conventional or metamaterials layers have changed significantly the characteristics of the antenna. Finally, the numerical results have showed that antenna coated with two dielectric layers have higher gain and lower side-lobes for specific parameters than the single layered antenna. 
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