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Abstract

In this paper a new technique has been proposed to model the current across a monopole
antenna and thereby the radiation fields of the antenna can be calculated. Generally, the
method of Moments (MOM) techniques is used for this purpose whereby the integral
equations are discretised to find the fields of an antenna. The proposed model requires only
the knowledge of three parameters (Initial Current /,, Damping coefficient « and the radial
parameter 7) and hence considerably reduces the computational time and space as its results
does not depend on the number of functions involved. The new technique has also been
developed to take account of the conductivity property of the surrounding medium. Hence this
technique can be used in field prediction for antennas employed in medical imaging

application. Initial results obtained from the new technique shows good correlation in
comparison with MOM technique.

1. Introduction

One of the fundamental problems in predicting the electromagnetic field generated by a semi
rigid co-axial wire “monopole antenna” at a particular point in space has been addressed in
this paper. This requires, in particular, the knowledge of the current density across the wire,
Conventionally Method of Moments (MOM) techniques are used for this purpose whereby
integral equations are discretised to predict the current across the wire[1, 2]. Although this
technique is versatile it requires large amount of computation (N x N) as the accuracy of the
numerical result directly proportional to the number of basis functions N involved [3]. In
addition, the MOM techniques cannot be easily employed for application involving medium
other than free space such as medical imaging application which require the use of coupling
medium [4, 5]. Because of the conductive nature of the coupling medium the current
prediction along the wire using MOM technique becomes very laborious. More specifically
(N x N)° computations are required. ;

In this paper a new technique has been proposed to model the current across a monopole
antenna. The proposed model requires only the knowledge of three parameters for the
prediction of the current along the wire; hence, reducing the computational time drastically as
its results does not depend on the number of function involved. Also the new model will be
useful to predict the antenna fields and impedance in different coupling media easily.
Consequently this technique can be used in field prediction for antennas employed in medical
imaging application.

This paper is organised as follows: The next section details the method of moment's
procedures to calculate the current across the monopole antenna involving the pocklington
integral equations. Section 3 describes the new mathematical model. In Section 4 the results
of the integral equation method is compared with the results obtained through our new
mathematical model. Finally the conclusions on the model obtained are presented.

2. Method of Moment technique

In this section the so-called Method of Moment (MOM) technique is recalled. Consider an
equation of the form: -



if =y M)
where L is a continuous linear operator such as the integral operators or the differential
operators, function fis the unknown to be determined and g represents a known excitation. If
a unique solution exists, it is given by /= L”g, where Lis the inverse operator. L™ cannot be
determined analytically and thereby numerical solution is sorted [1]. MOM is one such
numerical solution in which the continuous equation is discretised into matrices. The specific
discretisation places a limit on the accuracy of a numerical result for a fixed number of basis
functions and determines whether or not the numerical result will converge to the exact
solution as the number of basis function increased. The solution to the above equation (1) can

be given as
N
f=) aw =

n=1
Where the functions B, are known basis functions defined on the domain of L and the scalars
a, are unknown coefficients to be determined. In what follows the MOM technique will be
employed to calculate the current across the monopole.

2.1. Current along the wire using MOM technique

Consider a straight wire of length ! and of radius a, the wire is placed along the z axis as
shown in Figure 1.
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Figure 1: Segmented Wire.
A linear charge distribution p(ry creates an electric potential V() across the wire[6] which is

given by
IP(};‘ )dl’ (3)
0

Where r(x, ¥, z) denotes the source coordinates, r(x, y, z) denotes the observation
coordinates 4/’ is the path of integration and the R is the distance from any point on the source
to the observation point, which is given by

— @
RGr—r)=|r—r| =J(x—x')2+(y—3f)2+(2—2)

The unknown charge distribution pfz¢) can be approximated by an expansion of N known
terms with constant, but unknown coefficients, that is,
























