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Abstract –The paper presented a new design of a 
corner reflector antenna, fed through a dielectric 
coated slotted cylinder. An exact solution to a two 
dimensional problem is developed using the modal 
expansion solution for TM case. Computer 
program was developed to evaluate the radiation 
pattern, aperture conductance, and antenna gain.  
This antenna structure finds many applications on 
ships and airplanes in which the antenna is buried 
at corners of horizontal and vertical conducting 
planes. The radiation from this antenna showed 
many new features, which could not be achieved 
by the conventional corner reflector antenna. 
 
Index Terms – Corner reflector antenna and 
dielectric coated slot antenna.  
 

I. INTRODUCTION 
Corner reflector antenna has been extensively 

investigated by many authors. The feed is usually 
considered as line source or dipole antenna. 
Various methods were employed to obtain the 
radiation characteristics of this antenna. For 
instance, analytical analysis [1], numerical 
analysis [2], and analysis using the geometrical 
theory of diffraction [3] were presented.  
Meanwhile, axial and circumferential slots of 
circular conducting cylinders were also examined 
by many investigators and different methods. The 
geometrical optics along with the residual series 
was represented in [4]. Green’s function 
developed formulation was also introduced in [5]. 
In addition, an analytical development based on 
Fourier integral representation was presented in 
[6] and [7]. The combined slotted cylinder with 
reflecting corner was introduced in [8], to study 
the radiation from a transverse slot on a 

cylindrically tipped wedge. The wedge walls were 
considered infinite and analytical solution was 
obtained using Green’s function method. Also 
radiation from an axial slot on a conducting 
circular cylinder with reflector wings was 
investigated in [9]. Integral equation for both TE 
and TM cases were developed using Green’s 
functions. The resulting integral equation was 
numerically solved using moment method. A new 
geometry for cylindrically dielectric coated slotted 
antenna imbedded in a ground plane was the 
subject of the investigation in [10]. The radiation 
characteristic of this geometry was studied and 
showed that the ground plane can improve the 
antenna characteristics. Recently Romo et. al. [11], 
introduced an optimum design for cylindrical 
corner reflector antenna. Their results showed 
enhanced directive gain in the UHF bandwidth. 

In this paper the dielectric coated slotted 
cylinder is assumed to be buried in a perfectly 
conducting corner of angle . The electric and 
magnetic fields for the TM case are assumed in 
terms of modal expansion of Fourier Bessel 
functions of unknown coefficients. The unknown 
coefficients were calculated by enforcing the 
boundary conditions. The formulation results in 
matrix equation of infinite dimensions, which can 
be truncated to a limited number of terms that 
satisfies the series convergence. A computer 
program was developed to calculate the antenna 
radiation pattern, aperture conductance, and 
antenna gain.  
  
II. ANALYTICAL DEVELOPMENT (TM 

CASE) 
A cross-sectional area of a conducting slotted 

circular cylinder of radius a coated with a 

203

1054-4887 © 2013 ACES

ACES JOURNAL, VOL. 28, NO. 3, MARCH 2013

Submitted On: June 10, 2012
Accepted  On: Nov. 23, 2012



 

 

concentric dielectric of outer radius b, permittivity 
, and permeability  is illustrated in Fig. 1. The 
coated slotted cylinder is buried in a perfectly 
conducting corner as shown. The conducting 
corner planes are assumed to be infinitely long at  
= 0/2 and  = 0/2. The axial slot is centered at  
= 0 and has an angular angle equals to 2. The 
space surrounding the conducting slotted cylinder 
is divided into two regions, region I (a <  < b) 
inside the dielectric coating, while region II ( > 
b, 0/2    0/2) is outside the dielectric coated 
slotted cylinder in the space suspended by the 
corner conductors.  
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Fig. 1. Geometry of the problem. 
 

The z-component of the electric field in region 
I can be written as, 
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(1) 
The time dependence is assumed as ejt and 
omitted throughout. The wave number k0 = 2/ 
where  is the wavelength. Also, Jn(x) and Nn(x) 
are Bessel functions of the first and second kind, 
respectively of order n and argument x. Equation 
(1) is a solution of Helmholtz wave equation in 
cylindrical coordinates in region I, where An

TM and 
Bn

TM are unknown coefficients, which can be 
calculated from the boundary conditions. In a 
similar way one can write the z-component in 
region II as, 
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Here Hn
(2)(x) is the Hankel function of second kind 

with order n and argument x. Cn
TM are unknown 

coefficients that can be calculated from the 
boundary conditions. Furthermore, the boundary 
condition of vanishing Ez

(II) at  = 0/2 and  = 
0/2 are satisfied in equation (2). The application 
of the boundary condition of vanishing Ez

(I) on the 
surface of the conducting axially slotted cylinder 
results in, 
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The z-component of the electric field on the axial 
slot aperture can be assumed as, 
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If one multiply both sides of equation (3) by e-jm 
and integrates over  from 0 to 2, with some 
mathematical manipulations obtains, 
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The boundary condition at  = b is given as, 
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Applying the above boundary condition, one can 
get, 
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Multiplying both sides of equation (7) by e-jm 
where (m = …, -3, -2, -1, 0, 1, 2, 3, … ), and 
integrating over  from 0 to 2, we obtain, 
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It can be re-arranged as, 
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where n = 0, 1, 2, 3, … and m = …,-3, -2, -1, 0, 1, 
2, 3, …. The magnetic fields in regions I and II 
can then be obtained from H = (1/j)(dEz/dr) as,         
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The boundary condition of the continuous 
magnetic field H at  = b and 0/2 <  < 0/2 
results in, 
 
































0

)2( cos)(
1

)()(

)(

n
o

TM
n

r

jn

n n

TM
n

TM
njn

n n

jn
n

TM
n

bkHC

e
kaN

YA
e

kaN

ekbNX o

(14)

 

where 

)()()()( kbNkaJkaNkbJY nnnn
TM

n   .   (15)  

 

Expanding equation (14) as, 
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Then, one can obtain, 
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Substituting from equations (10) and (18) into 
equation (16), one obtains,    
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Equation (19) can be simplified as, 
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Multiplying both sides of equation (20) by cos m 
(m = 0, 1, 2, 3, …), and integrating over  from 
0/2 to 0/2 to obtain,  
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where n= 0, 1, 2,… and m = 0, 1, 2,… Rearranging 
equation (21) takes the form, 
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where n is 1 for n = 0 and 2 otherwise. Equations 
(23) can be written in a matrix form, 
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III. RADIATION PATTERN AND SLOT 

CONDUCTANCE 
The far zone radiation pattern for the electric 

field of the TM case can be calculated using the 
asymptotic expression of the Hankel function, i.e., 
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The antenna gain and the aperture conductance are 
quantities of interest. Following the definition of 
Richmond [10], one can obtain the antenna gain 
as,  
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and the aperture conductance is 
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IV. RESULTS AND DISCUSSION 

The accuracy of our computations will be 
verified first through two different methods. In the 
first, the integral equation formulation along with 
the moment method is employed to solve the 
problem when r  = 1. Figure 2, illustrates the far 
field pattern due to IEF and the present method. 
An excellent agreement is found in the range of 
39o to 39o while the discrepancy in the rest is due 
to the finite size of the corner reflector considered 
in IEF (MoM).  The second verification is through 
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some special cases published in [12]. The example 
shown in Fig. 3, illustrates the far field radiation 
pattern of a dielectric coated slotted cylinder 
embedded in a conducting ground plane. In this 
case the corner angle is considered as  = 180o. 
The far field pattern obtained using the current 
formulation is compared with the corresponding 
published pattern [12] obtained for the same 
example. An excellent agreement is found. The 
parameters of both examples are given in the 
figure caption.   

 
 

Fig. 2. Far field pattern of an axial slot on a 
dielectric coated conducting circular cylinder 
embedded in ground plane ( = 900, a = 0.4 , b = 
0.69 , 2 = 100, 0 = 00, r = 1, and r = 1).         

 

 
 

Fig. 3. Far field pattern of an axial slot on a 
dielectric coated conducting circular cylinder 
embedded in ground plane (( = 1800, a = 0.51 , 
b = 0.63 , 2 = 100, 0 = 900, r = 3.1, and r = 1) 

           
 Figure 4, shows the antenna gain versus the 
dielectric thickness. The results obtained from the 
present formulation are compared with the 
corresponding results in [12], where an excellent 
agreement is noticed. Aperture conductance is also 

compared with same example presented in [12]. 
Our results showed in Fig. 5 are in typical 
agreement with the corresponding ones in [12]. 
 

 
 

Fig. 4. Gain at 900 of an axial slot on a dielectric 
coated conducting circular cylinder embedded in 
ground plane ( = 1800, a = 0.51 , b = 0.63 , 2 
= 100, 0 = 900, r = 3.1, and r = 1). 
 

 

 
 

Fig. 5. Aperture conductance of an axial slot on a 
dielectric coated conducting circular cylinder 
embedded in ground plane ( = 1800, a = 0.51 , b 
= 0.63 , 2 = 100, 0 = 900, r = 3.1, and r = 1). 
 

In the following examples the corner reflector 
angle is considered as  = 900. In Fig. 6, the far 
field pattern corresponding to different values of 
dielectric coating are presented. As can be seen 
from Fig. 6, as the coating radius increases, the 
main beam gets narrower and side lobes starts to 
appear. 

Another case is also presented in Fig. 7 for the 
far field patterns due to different dielectric 
thicknesses. A similar behavior is noticed in which 
the main beam gets narrower as the dielectric 
thickness increases. Increasing the dielectric 
thickness more creates side lobes. 
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Fig. 6. Far field pattern of an axial slot on a 
dielectric coated conducting circular cylinder 
embedded in conducting corner ( = 900, a = 0.51 
, b = 0.72 , 2 = 100, 0 = 00, and r = 1).  
         

 
 

Fig. 7. Far field pattern of an axial slot on a 
dielectric coated conducting circular cylinder 
embedded in conducting corner ( = 900, a = 0.51 
, 2 = 100, r = 3.6, 0 = 00, and r = 1).   
           

The antenna gain at  = 450 versus the 
dielectric coating thickness for different dielectric 
permittivity is illustrated in Fig. 8. As one can see 
from Fig. 8, the gain at 450 angle, decreases as the 
dielectric permittivity increases. In addition, the 
higher the dielectric permittivity, the lower is the 
dielectric thickness before the gain drops. 

Finally the aperture conductance at different 
dielectric permittivity versus dielectric thickness is 
shown in Fig. 9. It is noticed that the peak of the 
conductance occurs at lower thickness as the 
dielectric permittivity increases. 

 

 

 
 

Fig. 8. Gain at 00 of an axial slot on a dielectric 
coated conducting circular cylinder embedded in 
conducting corner ( = 900, a = 0.45 , 2 = 100, 
0 = 00, and r = 1). 
  
 

 
 

Fig. 9. Aperture conductance of an axial slot on a 
dielectric coated conducting circular cylinder 
embedded in conducting corner ( = 900, a = 0.45 
, 2 = 100, 0 = 00, and r = 1).  
 
 

V. CONCLUSUON 
New design of a corner reflector antenna, fed 

through a dielectric coated slotted cylinder was 
analyzed. The radiation pattern, aperture 
conductance and antenna gain was calculated. The 
study showed that for a constant gain at the bi-
sector angle, the dielectric thickness decreases as 
the dielectric permittivity increases. Also the 
maximum conductance occurs at lower dielectric 
thickness as permittivity increases.    
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