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Introduction 
 

The creation of a plane wave region over a prescribed area is important for 
antenna measurement applications. The phase and amplitude variations of an 
electromagnetic wave through the antenna under test (AUT) must be within 
specified tolerances. The IEEE standard for non-low sidelobe antennas requires a 
separation distance of 22 /ffR D λ=  between the transmitting antenna and the 
AUT [1], for a maximum phase error of π/8, where λ is the wavelength and D is 
the maximum dimension of the antenna. An antenna of maximum dimension of 
10λ requires the separation of the transmit antenna to be Rff =200λ. Since it is 
impractical to go far away from the transmit antenna to satisfy that, therefore 
other methods are needed to approximate a plane wave in the near field of the 
AUT. One possibility is to build an array of radiating elements that can project a 
plane wave at a prescribed distance [2]. Another method is to design an array of 
line sources that creates an approximate plane wave over a prescribed area [3]. A 
new method to generate a plane wave in the near field using only one line source 
is to place an array of cylinders in front of the line source. The positions, 
spacings, and diameters of these cylinders are to be optimized to minimize the 
amplitude and phase variations at a certain prescribed plane wave area. The 
genetic algorithm (GA) [4-5] is used here to optimize the array configuration of 
this new approach.  
 

Array Formulation 
 
The model used for plane wave generation in this paper is an array of conducting 
cylinders in front of a line source. The formulation is based on the TMz scattering 
from an array of M cylinders parallel to each other and to the z-axis of a global 
coordinate system (ρ , φ , z) due to electric line source excitation and j te ω time 
dependence. In terms of the cylindrical coordinates of the ith cylinder, whose 
center is located at (ρi′ ,φi′ ) as shown in Fig. 1, the incident electric field can be 
expressed as:  
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Fig. 1   The problem configuration. 

Where the parameter k is the free space wave number, (ρ0i , φ0i) is the position of 
the line source relative to the coordinate system of cylinder “i”, Jn(ξ) is the Bessel 
function of order n and argument ξ, and the Hn

(2) (ξ) is the Hankel function of the 
second type of order n and argument ξ. The resulting z component of the scattered 
electric field from the ith cylinder and can be expressed as: 
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The solution of the unknown coefficient Ain can be obtained by applying the 
appropriate boundary conditions on the surface of all cylinders. For example the 
boundary conditions on the surface of the ith cylinder are given by: 
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The details of this semi analytical solution are obtained as a special case of the 
more general solution presented in [6]. In order to create a plane wave over a 
prescribed area, binary genetic algorithm optimization [5] is used to find the 
configuration of the cylinders that produces minimal amplitude and phase 
variations over the AUT. The objective function for minimizing the phase and 
amplitude is: 
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where the weighting constants a and b are used to determine the shape of the 
plane wave. 
  

Numerical Results 
 
Figure 2 shows an array of 7 conducting cylinders parallel to the z axis, and the 
middle cylinder is located at origin. The line source is placed on the negative x 
axis at a distance of one λ from the cylinders. Genetic algorithm optimization is 
used to find the optimum diameters and positions of the centers of the cylinders to 
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construct a plane wave of width 10λ at a distance of 20λ along the x axis from the 
cylinders. The goal of the optimization is to get minimum variation in the 
amplitude and phase of the electric field in the specified positions. The optimized 
diameter and position for each cylinder relative to the line source position are 
shown in Fig. 2. Figure 3 shows the optimized amplitude and phase of the electric 
field relative to the amplitude and phase of a single line source. It is clear that the 
single line source field has less amplitude variation at the AUT than that of the 
array of cylinders, while the array has less phase variation than the single line 
source. To get a better plane wave representation, more degrees of freedom are 
needed for the optimization. Figure 4 shows an array of 10 conducting cylinders. 
The cylinders are parallel to the z axis, and the centers of the cylinders are on the 
y axis and another line parallel to the y axis. The line source is placed on the 
negative x axis at a distance λ from the y axis. The optimized diameters and 
positions of the cylinders relative to line source are shown in Fig. 4. Figure 5 
shows the optimized amplitude and phase of the electric field. The amplitude 
variation in this case is less than 1 dB, and the phase variation is smaller than π/8 
as required according to [1]. 

 
Fig. 2 The size and position of the optimized array of 7 conducting cylinders. 

 

 
    (a)                                                           (b) 

Fig. 3  (a) Field amplitude and (b) field phase of an optimized seven element array 
of conducting cylinders at a distance of 20λ. 
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Fig. 4 The size and position of the optimized array of 10 conducting cylinders. 

 

 
    (a)                                              (b) 

Fig. 5 (a) Field amplitude and (b) field phase of an optimized ten element array of 
conducting cylinders at a distance of 20λ. 

 
Conclusions 

 
An array of conducting cylinders was used to generate a plane wave in the near 
field of a line source. The sizes and positions of the array elements are optimized 
using the genetic algorithm. A good approximation of a plane wave was achieved 
with less than 1dB magnitude variation and less than π/8 phase variation.   
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