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I .  

In this paper we  show that  the use of the method of moments [l] 
together with the exact solution for the scattering by a single scatterer can be 
combined to produce an efficient solution for the scattering by multiple 
bodies without any restriction. The total scattered field is divided into two 
components, namely a non-interaction term and a term due  to al l  interactions 
between the scatterers. The non-interaction term is expressed  exactly, 
whereas the interaction field is evaluated using the ordinary method of 
moments. The method is applied here to two circular conducting cylinders 
although it can be employed for any arbitrary number of cylinders. 

Consider the scattering by two parallel conducting circular cylinders due 
to an incident plane wave as shown in Fig. 1. For the E-polarization case, the 
integral equation obtained from the boundary condition on the conductor 
surface is given  by [2], 

E = E i  + E S  = O  (1) 
where E and E denote  the incident plane wave and scattered fields, respec- 
tively, and are given  by 

E' = ,PP cos (+ - +e) 

where C is the total contour of the cylinders. The z -directed current den- 
sity J can be divided into two parts, i.e. 

J = J ' + J "  (4) 

where J *  is the current on the surfaces of the cylinders when  each of the 
cylindm is illuminated by the plane wave (or any other original source of 
excitation) in isolation, while J is the additional surface current due  to  the 
multiple interaction between the cylinders. 

Using-Eqs. (la), we can obtain an integral equation whose only unk- 
nown is J , i.e. 
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w h m  C1 and Cz are the contours of the cylinders 1 and 2, respectively. 

It is obvious from the physical view point that  the first integral on the 
right hand si& of (5) cancels the incident plane wave when F represents a 
point on  contour C1. whereas the incident plane wave is cancelled by the 
second integral if represents a point on C 2  The remaining integral in each 
case ( p  on C1 or p on Cd represents the scattered field from one cylinder at 
a point on the surface of the other cylinder. As a result (5)  reduces to a 
matrix for-m  by applying the ordinary method of mo_ments where the unknown 
current J can be determined. After solv@g for J , the scattered field due  to 
the interaction betweep the cylinders, E , is evaluated using (3), While the 
non-interaction field E is given  exactly  by 

The scattered field pattern F can be defined as 

where F may represent,the scattered field pattern of E' or E" or  the total 
scattered field pattern E + E . 

The total scattered field pattern from the two cylinders is compared with 
the numerical results obtained from the available boundary value solution for 
different cases [3,4]. One of these cases is shown in Fig. 2, where ka=kb=6, 
k s 1 = k s p 8  and +,e. It is clear from the figure that the squares which 
represent the proposed solution are in complete agreement with the solid 
cum evaluated using the boundary value solution of the scattering by two 
cylinders. It is to be noticed that the execution time of the program based on 
the boundary value solution was 15 times greater. It is also worth mentioning 
that the same scattered field pattern is obtained by using the ordmary 
moment method, however the execution time was 2.1 t ima the that of the 
proposed technique. Sice the interaction component of the scattered field is 
an important quantity in the multiple scattering, we further investigate the 
effect of the electrical separation between the centers of the two cylinders on 
E ,. in Fig. 3 for ke =kb =l and +o =9OO. The E pattern is found to be 
decaying in an oscillatory fashion with  respect to ks and tends to ze~o when 
ks tends to Mnity. It is also noticed that the peak value of the E pattern 
in the forward direction is larger than the corresponding peak value in the 
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backward direction. Furthermore, it is found that the oscillations are similar 
in both the forward and backward directions and the period of oscilfations is 
very  close to lr. 

It is found that the proposed technique yields a rapidly convergent solu- 
tion witbout the use  of large size computer memory. Furthermore, the saving 
in  execution time by applying this technique over the ordinary method of 
moments or even the exact boundary value solution increases  with the electri- 
cal dimensions of the scatterers. An inadent plane wave  is assumed in the 
present analysis, dthough the extension to more practical typcs of excitations 
(ea. line source field) is simple and straightforward. 
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Incident  plane  wave 

Fig. 1 : Two parallel conducting  cylinders  geometry. 
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