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Abstract − In this paper, the method of moments (MoM) is 
employed to solve the electromagnetic field integral 
equation for characterizing slotted waveguide antenna 
covered by a dielectric radome. Different from those 
existing practical examples discussed in literature, these 
structures consist of mixed conducting and homogeneous 
dielectric objects. Both basis functions and testing 
functions are chosen as the well-established 
Rao-Wilton-Glisson (RWG) basis functions. Effects of the 
radome on the slotted antenna’s radiation patterns are 
analyzed and discussed. 
 
Keywords: Slot antenna, radiation pattern, method of 
moments, and radome.  
 

I. INTRODUCTION 
 

Omnidirectional waveguide slot array antennas are 
widely used in communication systems and beacon radar 
systems. This kind antenna arrays are easily designed and 
manufactured. They also have low profiles and high gains.  
The omnidirectional waveguide-slot array antennas have 
been used in practice for many years since the first 
experimental work [1]. Later, Lyon and Sangster [2] and 
Lü [3] theoretically analyzed waveguide slots and a 
slot-pair by employing the method of moments (MoM) to 
solve the resultant integral equations for the equivalence 
magnetic currents. An analysis of omnidirectional 
waveguide slot-pair in a standard rectangular (both 
air-filled and dielectric-filled) waveguide was carried out 
by Sangster and Wang [4]. Recently, Li [5] introduced a 
way to compute the radiation pattern of the 
omnidirectional waveguide slot-pair. 

Usually, this type antenna must be covered by a 
radome in the communication system. Then, the radiation 
pattern of the slot antenna will degrade due to the effects 
of the radome. The RCS of dielectric material objects is 
analyzed by [6]. The scattering problems of mixture of 
conducting and dielectric objects are analyzed in [7-8]. 
Characterization of radiation by waveguide slot antenna 
with an arbitrarily shaped radome is an important subject for 
the communication systems, but it is also a difficult task. In 
this paper, radiation patterns of a slot-pair array covered 

by a radome are studied. The integral equation consisting 
of electric field integral equation and magnetic field 
integral equation is solved directly using the method of 
moment with Rao-Wilton-Glisson (RWG) basis functions 
[9].  

The paper is organized as follows. In the next section, 
we will briefly present necessary mathematical 
formulations for the problem with mixed conducting and 
dielectric objects located in an isotropic free space 
medium at first. We outline how the method of moments is 
applied to solve the problem of waveguide slot antenna 
covered by a cylindrical radome. The RWG functions [9] 
are used as the basis and testing functions in the present 
the Galerkin’s procedure. In the third section, numerical 
examples are presented so as to depict radiation patterns of 
several selected examples and the results of these 
examples are obtained and compared with available data. 

 
 II. DESCRIPTION OF FORMULATION 

 
The equations defined here for electromagnetic 

scattering by mixed dielectric and electric conducting 
objects of arbitrary shapes are quite well established.  As 
shown in Fig. 1, an example of an arbitrarily shaped 
homogeneous scatterer next to a conducting object is 
considered. 

 

 
 
Fig. 1.  Geometry of a dielectric scatterer and a conducting 
scatterer in an isotropic free space medium as a general 
configuration for the later radome analysis applications. 
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 The permittivity and permeability of the dielectric 
scatterer are represented by ε2 and µ2, respectively. The 
scatterer is immersed in an infinite and homogeneous 
medium of permittivity ε1, and permeability µ1. In most 
applications, this infinite medium is free space.  

 Let ( )rJ1  and ( )rM1  represent equivalent electric 
and magnetic currents on the surface of the homogeneous 
object. ( )rJ 0  represents the equivalent electric surface 
current on the conducting object. Applying the equivalent 
principle to this electromagnetic problem, and considering 
the boundary condition, we obtain the electric and 
magnetic field integral equations below, 
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for r on the surface S1; 
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for r on the surface S0, 
 

where ( )rE1 , ( )rH 1  and ( )rE 0  stand for the incident 
electric and magnetic fields in region 1 and the subscript 
“tan” refer to tangential components on the surfaces, S1 and 
S0. The vector potentials, ( ) 1 rAi and ( )rFi1  for 2,1=i , 

and the scalar potentials, ( )rVi1  and ( )rU i1 , are given by, 
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The Green’s functions, ( )rrGi ′,  where 2,1=i , 

have the following form, 
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where rrR ′−=  and,  
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Equations (1a-1c) are solved by applying the method of 

moments. In this work, all the surfaces of scatterers are 
approximated by planar triangular patches and thus the 
RWG functions [9] are chosen as both basis functions and 
testing functions. As in a conventional MoM solution, the 
unknown surface electric and magnetic current distributions 

( )rJ1 , ( )rM1 , and ( )rJ 0  are expanded into three sets of 

basis functions ( ){ }rf n
1 , ( ){ }rf n

1  and ( ){ }rf n
0  as follows, 
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where Nd and Nc stand for the numbers of edges on the 
dielectric and conducting surfaces of the triangular model, 
respectively. After applying the method of moments to 
equations (1a-1c), the equations are converted into a 
system of N  linear equations and are further written in 
matrix form as follows, 
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where the impedance matrix is of dimension NxN  with       
N = Nd + Nc, and all the elements in equation (6) are 
sub-matrixes [8].   

For a scattering problem, the right-hand side of 
equation (6) may be written, 
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For the radiation problem, one can set a voltage 

source in the excitation port. However, only a few 
elements of E0 in equation (6) are assigned to be nonzero 
values.  

For the geometry of slotted waveguide antennas 
covered by a cylinder radome in this paper, a short dipole 
is placed in the waveguide as the exciting source when we 
analyze the radiation characteristics of the 
slotted-waveguide antennas. 

 
III. NUMERICAL RESULTS 

 
Based on the theoretical formulas and MoM, a code is 

written in fortran language for simulating the waveguide 

slot array with radome and scattering from hybrid 
metallic-dielectric objects. To examine the correctness of 
the code, we first investigate bistatic radar cross sections 
(RCSs) of a conducting sphere next to an air-filled 
dielectric sphere. The RCS results are obtained for a plane 
wave of θθ-polarization, with an incidence angle of θ = 0o 
and ϕ = 90o. The results are shown in Fig. 2 where the 
“Conducting sphere only” results were obtained using the 
EFIE in the absence of the dielectric objects. Two cases are 
considered here, one (with 1,200 unknowns) for a 
conducting sphere of 1 meter radius only, and the other 
(with 3,600 unknowns) for a conducting sphere of 1 meter 
radius next to a dielectric sphere of 1-meter radius (which is 
also considered as a special case, we considered εr = 1, µr = 
1, and σ = 0, and the distance is 3 meters in the y-direction). 
A good agreement between the numerical results for both 
cases is observed in Fig. 2; and certainly the agreement is 
expected. This indicates that the results produced by the 
code are reducible to those of special cases, partially 
verifying the correctness of the code.  
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Fig. 2.  Bistatic RCS of a sphere at f = 0.3 GHz. 

 
The geometer of radome and slotted waveguide are 

shown in Figs. 3 (a) and (b). The axis of cylinder radome is 
along z direction. The slotted waveguide is put in the 
center of the radome along the axis. The radome is open in 
the bottom and is closed on the top. The height of cylinder 
radome is 90mm. The radii (R), the depth (D) and the 
permittivity (εr) of the radome are chosen with different 
values for analyzing the effect of the radome.  The slotted 
waveguide with radome is analyzed as following. 

The selected working frequency is 9.375 GHz here. 
The width of the waveguide is 22.86 mm. The height of 
waveguide is 1 mm. The total length of waveguide is 1.3 
λg. The depth of waveguide is 1 mm. One end of the 
waveguide is shorted, and the dipole is placed near another 
end (0.25 λg , λg = 44.8036 mm). The width of the slots is 
1.00 mm. Two slot-pairs are cut on the waveguide walls. 
The distance between the two slot-pairs is 0.5 λg.. The 
length of the slot is 13.90 mm, the offset of the slot-pair is 
1.00 mm, the slot center located at 0.25 λg away from the 
shorted plug. 
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(a) Radome. 
                                    

   
 

 (b) slotted waveguide. 
 
Fig. 3.  Radome and slotted waveguide antenna. 

 
To further verify the correctness and capability of our 

code and the idea for analyzing the slotted waveguide, the 
radiation patterns of the waveguide slot antenna (with 
air-filled radome, set  ε2=1.0) are computed first.  The 
results are presented in Fig. 4 where both the E- and H-plane 
patterns are shown. The E-plane and H-plane patterns are in 
x-y plane (θ=90o, φ turns from 0o to 360o) and y-z plane 
(φ=90o, θ turns from 0o to 360o), respectively. All the 
radiation patterns are normalized.  

A good agreement between the numerical results of 
both the air-filled radome case and no radome case is 
observed. This indicates that the results produced by the 
code are reducible to those of special cases, partially 
verifying the correctness of the code and the analysis way.  

Different parameters of the radome, namely, the radii 
(R), the depth (D) and the permittivity (εr), are chosen 
subsequently for analyzing the effects of the radome. The 
radii (R) are chosen to be: (1) 0.5λ; (2) 0.6λ; (3) 0.65λ; and 
(4) 0.75λ. The depths (D/λ) are assumed to be (1) 0.125; (2) 
0.1764; (3) 0.25. The relative permittivities of ε2 are 
chosen as (1) 2; (2) 3; and (3) 4. 
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(a) E-plane (θ=90o, φ changes from 0o to 360o). 
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 (b) H-plane (φ=90o, θ changes from 0o to 360o).   
 
Fig. 4. The computed far field patterns of slot-pair. 
 

First of all, we consider the variation of the relative 
permittivity of the dielectric radome and the radome’s 
radius. The computed results are presented in Figs. 5-7 
where the radii (R) and the permittivities (εr) of the radome 
are different, and the depth is chosen as 0.125λ.  When the 
radius (R) are half a wavelength (i.e., 0.5λ), the E-plane and 
H-plane far-zone patterns are both poor. It is however 
realized that if the radii (R) are chosen as 0.6λ and 0.65λ, 
respectively, the roundness of E-plane pattern is better when 
different permittivities (εr) are used. The effects due to 
permittivity changes are apparently very significant.  If       
εr = 2, effects of radii (R) becomes less important, but if εr 
increases to be higher in value, we must be very careful to 
choose appropriate radii of the radome to maintain the 
generally overall good performance of the antenna. 
Therefore, it is very important for a radome designer to 
know clearly what kind of effects will be caused by 
changing the configurations of the whole system during the 
antenna and its dielectric radome designs.  
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(b) H-plane. 
 
 Fig. 5. The computed far field patterns of the slot-pair.  
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(b)  H-plane. 
 

Fig. 6. The computed far field patterns of the slot-pair. 
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Fig. 7. The computed far field patterns of the slot-pair.  
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Subsequently, computed results (when the depth is 
chosen as 0.1764λ) are presented in Figs. 8-10 where the 
radii (R) and the permittivities (εr) of the radome vary.  
When the radii (R) are chosen to be 0.5λ and 0.75λ, 
respectively, the E-plane and H-plane antenna patterns are 
both poor. If the radii (R) are chosen as 0.6λ and 0.65λ, 
respectively, the E-plane pattern is apparently improved 
when the different permittivity (εr) values are used.  
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(b) H-plane. 
 

Fig. 8. The computed far field patterns of the slot-pair.  
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Fig. 9. The computed far field patterns of the slot-pair.  
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Fig. 10. The computed far field patterns of the slot-pair.  
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Finally, the radiation patterns are obtained for a depth 
of 0.25 λ and different radii (R) and permittivity (εr) values. 
The obtained results are shown in Fig. 11. The E-plane and 
H-plane patterns are found both very good and the 
distortion due to the radome is very minimal. It is shown 
that when the radome is designed, the radii (R) of the 
cylindrical radome are preferably chosen as 0.6λ and 0.65λ 
so as to provide desired antenna patterns. 
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(b) H-plane. 
 

Fig. 11. The computed far field patterns of the slot-pair 
where Er denotes permittivity. 
 

IV. CONCLUSION 
 

In this paper, the method of moments is employed to 
analyze waveguide slot antenna in the presence of a 
dielectric radome. The detailed electromagnetic field 
integral equation formulations for radiation (and scattering) 
by these antennas (and scatterer) of arbitrarily shaped 3D 
geometry are carried out. The Galerkin’s MoM procedure 
is utilized to solve the integrate equations. Some numerical 
examples are considered and their results are shown to 
verify the correctness of formulations and capability of our 
numerical codes. The waveguide slot antennas with 
radome (as the examples) are analyzed in detail. 
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