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Abstract: Several numerical methods such as Method of
moments, finite element method has been used in various
fields. The moment method is used in electromagnetic and
electricity and so on. This research consists of solving the
uni-dimensional Poisson equation and calculating the
surface charge density of a square plate brought to a
potential by the moments method. Also, a detailed
discussion and study of the Method of Moments (MoM)
and briefly describing the theoretical basis for calculating
the charge density o (X, y) unknown on a metal plate
maintained at a constant potential. For this, we wrote a
numerical code in MATLAB based on the MoMs method
that we applied to the study of load distribution, stability
in circular and square conductors. The final results shows
a charge distribution along the circular and rectangular
conductor.

INTRODUCTION

In research literature a various methods has been
used to solve the problem caused by complexity of
electromagnetic field. The method of moments are used to
solve the electromagnetic field problems. So with the
development of technology in computer the computational
electromagnetic and the moment method have followed
closely behind.

Moreover, the use of the MOM moment method in
electromagnetism has become popular, since, the research
of Richmond in 1965 (Sadiku, 2000) and Harrington in
1967. This method has been successfully applied to a
wide variety of electromagnetic problems of practical
interest such as radiation due to thin elements such as
wires and networks (Polycarpou, 2005), the diffusion of
electromagnetic waves by dielectric bodies, magnetic and
drivers, micro-ribbons analysis, propagation on a
homogeneous land and radiation pattern of an antenna
(LeVeque, 2002; Simons et al., 1991). In this research
study a moment method is used to study the
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electromagnetic charge into different conductor. The
square plate conductor are charged with length L and the
potential fixed at 1V. This conductor is subdivided into N
square patches of side length 2a and area to 4a? and
assume the charge to be of constant value within each
patch. We then choose (independent observation points,
each at the center of a patch. In order to use this method,
it is necessary to break down the studied structure into
several parts or cells (De Doncker, 2003). As a result, the
diffuser is replaced by a set of equivalent sources (current
and charge density).

An adequate formulation of the integral equations
allows to calculate the electric and magnetic fields
(electric field methods of integral equation EFIE,
Magnetic Field methods of Integral Equation MFIE). The
obtained results shows the surface charge densities on the
patches along the diagonal of the plate. As in the case of
the thin wire, the electric charge accumulates near the
corners and the edges of the plate and our solution could
benefit from additional discretization density in those
areas.
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MATERIALS AND METHODS

Theoretical background

One-dimensional cable by Poisson equation: The
uni- dimensional Poisson equation can be writing Eq. 1
with ¢ is the potential, described in the interval (Sadiku,
2000):

@)

We are interesting to find (x) that satisfied the
boundary conditions for the potential as follow:
0(0)=0(1)=0 )

In one filed we resolve I (¢) = g where g(x) = -x, this
problem is easily solved by direct integration, one finds:

1
o(x) =5X g%

@)

By the method of moments, we start with the choice
of the basic functions ¢, as:

n+l

P, = X-X (4)
with n =1, 2, 3, ..., N. It should be noted that these
functions satisfy the boundary conditions and the solution
is written in the following form:

0y = 20 o (XX™) ()

By choosing the weighting function that is the test
function and using the following scalar product:

<0.9> = [o(x)g(x)dx (6)

The integrals are evaluated as follows:
| _ | _ m+1 62 n+l 7
== W, e, = = < X=X R(X-X )~ (7
a—z(x-x””) =n(n+1)x"™* (8)

ox?

oy = I:(x-xm*l)n(n+l)x”'1dx 9)

mn

I, = A =

m =S Wil == (10)

And to calculate g, we use the following integral:
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Fig. 1(a, b): The obtained results by the MOM compared
to the theoretical results obtained by the
exact solution

O, =<W,,g>= J.:(x—x’"*l)(x)dx
m
3(m+3)

(11)

gm :-<Wﬂ’g>:

We start with a single polynomial expression; this
corresponds to the case where n = 1, the use of Eg. 6 and
7 gives a single equation for:

1 1
{5}{0‘1} = {ﬁ} (12)
The solution is a, = 1/4 which leads to the solution:
0= X, 100, = (1) ra(lx’) (13)

If we replace the values of Eq. 12 in the last equation,
we obtain: The obtained results previously by MoM, for
different values of n are represented in the Fig. 1. These
results are calculated via. a numerical code realized using
MATLAB Software. From n = 2 the results obtained by
MoM coincide perfectly with those obtained theoretically
(Exact solution) (Fig. 1).
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Fig. 2: Square conductive plate divided into a number
NxN As,,

Conductive plate loaded (square): The problem studied
is to find the charge density o (X, y) unknown on a metal
plate maintained at a constant potential (Mishra et al.,
2009). So, let consider a square conductive plate 2a
Meters long and lying on the z = 0 plane with a center at
the origin (Fig. 2). The potential on the plate is given by
the integral (Gibson, 2008):

2(uy.2) =] [ 22D axay (14)
Where:
R =(xx')" +(yy')’

The condition at the limit is @ = V (constant) on
plate, the Eqg. 10 becomes:

o(x.y)
xX')" +(yy)

where, |x|<a and |y|<a the important thing here is to
determine the charge density of the plate. Its capacity is
given by Harrington (1993):

-yl

The plate is subdivided into N*N square divisions of
lateral length 2b and area As, = 4b® and we assume the
constant charge in each division. We then choose N*N
observation points (X, ¥,,) independent, each one is at the
center of a division m =1, 2, 3, ..., N. The unknown
charge density on the conductive surface develops as:

G(X'y) = Z:‘:l

With unknown coefficients a,, to be determined and ¢, are
basic functions known as:

v=["" dx'dy’
L L 4758\/( i

(15)

(x,y)dxdy (16)

o0, 17
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1 onAS,

(pn = {O else where (18)

By replacing Eqg. 17 in Eq. 15 and satisfying the
resulting equation at the middle point (X, y,,) of each of
the elementary surfaces As.,, we obtain the set of
equations:

l.o0.m=123,.

—1 mn“n

N

v=>" (19)

Where:

I = jdx'j dy’
AX,

AYn

N (20)

1
41'|:s\/(xm-x')2
L = IAx"dx’

We take note that I, is the potential at the center of
As,, for a uniform charge density and unit amplitude. A
solution to the series (Eg. 19) gives the a,, who in their
turns and by using Eq. 17, give the load densities on each
element as,,. The corresponding capacity of the plate is
calculated by (16) and given as:

C

%z:‘:fxﬂAsn = Zmnlmn.lASn (21)

This result shows the capacity of an object is the sum
of the capacities between each pair of subsections. To
translate the above results into the language of the linear
spaces and the method of moments, we proceed as
follows:

o(xy) =o(xy) (22)
a(x,y) = V|x|<aand|y|<a (23)
I(e) = f f e \/ o )(yy) dx'dy’ (24)

An appropriate scalar product is described in the
following:

<¢,9 >:_[:'[_j(p(x,y)g(x,y)dxdy (25)

To apply the method of moments, one uses the
functions (18) and one defines the functions test
(Renvoize, 2010):

W, :S(X_Xm)_s(y'ym) (26)

Which is a two-dimensional Dirac function. The

matrix of [g] is:
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\Y
\%
[gm] = : (27)
\%
The capacity (1.16) can be written as:
c- <o,J> (28)

VZ

As @ =V on plate, Eq. 28 is the classical stationary
formula for the capacity of a conductive body.

Evaluation of the matrix of elements: When the
observation point coincides with the center of the
considered element, we then have m = n, the integral in
that case, presents a singularity and must be evaluated
analytically. These elements of the matrix (m = n) are the
most dominant and are called auto-terms. The integral of
self-term for the loaded plate is:

dx’dy' (2 9)

o =[5 =
o7+ )

where, |, is the potential in the center of the element As,,
for a unit charge density. The first integration gives:

65(a)

(30)

b =% Iog{v b*+(y)’ +b]dy'

-b 2
b +(y)'b

The second gives. Which reduces to (for m=n).
For = n, we use a simple approximation of the integral
(1.29):

As, b?

Imn ~ -
4meR ng\/(xm-xn)2+(ym-yn)2

n

31)

where, X, and y, or (X, and y,,) are chosen to be at the
center of the source cells.

RESULTS AND DISCUSSION

Recall that to study the density o (X, y) of the square
plate by the MoM method, we divided the sides of it into
N intervals, so, its surface will be divided into NxN
elemental surfaces AS,. We represent here, as results, the
charge densities of N elements AS,, aligned in the
direction of the x (Fig. 3) and lying in the middle of the
plate. As well, we made a representation of the results in
three dimensions, giving the charge density as a function
of x and y (Fig. 4). In these figures, the influence of the
number N of elements AS, in the chosen model on the
results obtained is perfectly noted. Let us also note, taking
advantage of the results obtained for the charge density,
that we have calculated the capacitance C of this plate.
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Fig. 3: Density of charge along the cells As,, in the direction of the x, located in the middle of the conductive square

plate. For N =14, N=20and N =28
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Densite de charge (Pc/m?)

Fig. 4: Representation of the charge density o (X, y) of the conductive plate as a function of x and y

CONCLUSION

The Method of Moments (MoM) is routinely used for
the numerical solution of electromagnetic surface
integral equations. This method is used to find the charge
distribution in square plat conductor in it surface. So,
this solution errors are inherent to any numerical
computational method and error estimators N = 14, 20, 28
can be used to reduce these errors. The study conducted
in this research is characterized by the use of numerical
methods in two dimensions to find the charge density o
(X, y) unknown on a metal plate maintained at a constant
potential. We will study, in the first time, the Poisson
equation and then we will expose in the second time to
calculate the surface charge density of a square plate
brought to a given potential. The obtained results shows
the charge are distributed in the medium and be low in the
board.
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