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Abstract: This research 13 devoted to the presentation of the method of moments: brief overview of other
numerical methods, theoretical foundation formulation of integral equations, development of the matrix method
and examples. In this study, we will discuss the detailed study of the Method of Moments (MoM) while making
a brief description of the theoretical basis of some other numerical methods used in solving electromagnetic
problems. For this, we have written a code m Fortran 90 based on the MoM numerical method that we have
applied to some electromagnetic problems and also, a model which is interesting in electronic, the charge

density of conductive wire in this study.
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INTRODUCTION

The method of moments, developed for the first time
n electromagnetic problems by Newman (1988), Gibson
(2008, 2014) and De Doncker (2003). It solves the mntegral
equation by transforming it into a linear equation system
(Miano et al., 1996). To use this method, we must break
down the structure studied in several parts or cells. The
numerical resolution of Maxwell’s equations of the study
structure, allows to write the electric fields or magnetic a
function of a sum of induced currents. Calculating the
current distribution (Zhou et al., 2009) allows to obtain
the parameters [ ]. In the method of moments, we have
the lmear equation to selve: [, ][c.] = [g.] (Harrington,
1993, El-Misilmani et al., 2015). The parameters [1,.] are
calculated from integral equations. The structure 18 excited
with the source [g,]. And consequently the vector [, ]
will be calculated.

Application of MoM to calculate the cross section by
cylinder: Either g(x) a well-defined function on its

domain, one seeks f(x) in the range O<x<1 which
check:

2

g M
f(0)=f1)=0 (2)

For solving I{f) = g or g(x) = 1-4x” and considered a source
function and the operator | = d*/dx’ and the function { to
be determined. By simply calculates we find f(x) using the
1nitial conditions:

f(x)= Balely (3)

10 2 5
To illustrate the procedure, the solution will be
resolved by the method of moments. We choose the

series of power £
£, =1x"" ()

n=1,2, 3, ., N the series of power { will be:

N
f= anlan (1x"") (5)

For a better solution, the probationary function w,
must be in the area of deputy operator. The evaluation of
the coefficients of the matrices given by:

2
lmn — <wn71fn - 41_Xn+1,d7(1_xn+1)> (6)
dx
d? 7
@(10{" = sn@m+Dx"! Q)
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1 = - {lx™"nin + Dx™'dx &)
C=lax™"x""dx
Xn Xm+n+1 !
n mtn+l |
)
oot 1
n (m-+n+1)

1 _ (m+)(n+1)

1, =-n(n+l) l—
n (m+n+1) m+n+1

C

We find, after some calculation steps:

-(m+1X}n+1) (10)

1 =—<w If ==
mn n n m+n+1

By involving the weight function w,, we calculate the

elements g,
g, ==<w,.g-=-Llx"4)dx - (1D
g, = Iy (-ax7ydx- [ (™ -4xdx) (12)
g, = ATB
A= (1-4xMydx = [xx°], = 0 (13)
B= jl (Xm+ 1 '4Xm+3dx _ _(m+4)+4(m+2) _ 3m+12
’ (m+2)m+4)  (m+2)(m+4)
(14)
Finally, we find:
gm<wn,g>:ﬂ (15)
(m+2)(m+4)

For any fixed n (the number of expansion function 1s
given), we calculate ¢, by the above Eq. 15 and the
approximation of the function f by Eq. 5 for finding the
convergence, one makes a successive approximation by
giving different values forn. Forn=1, we have: 1, = -4/3,
g, =1, a,=-3/4. Forn =2, we have:

4 2 1
B EIE as)
5 4

the coefficients «

{ccl } _ {-9075} an
o, 15

For n =3, we have:

4338
1
&y
32 a3 (18)
5 4
o
3 - 3
ERE e E
L 7 | 5
ERERE A
1135 s
0‘“2 = - = -2 _ (19)
2 5 4
“lls a6 (3
L 7] L5
the coefficients o
a ] [-9.75
o,|=| 15 (20)
o, | [-656

f= ZII:I: la‘nfn = G‘(l'xz)+a(l'xj )+O¢(1-X_4) (21)

f = -9.75(1-x*)+15(1-x" 1-6.56(1x") (22)

These results are calculated by via. a numerical code
we realized by using MATLAB:

-1.333333 -1.5 -1.6

1=| -15 -1.8 2 (23)
16 2 2028571
1
g =|7.5e-001 24
6.0e-001

-9.750000000000014e+000
o =| 1.500000000000004e+001 (25)
-6.562500000000021e+000

We notice from Fig. 1 and 2a, b that more n is large,
more the results obtained by method of moments
approach the results of the analytical solution.
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Fig. 1. Curves representative of the results obtained by
the method of moments and those analytical
forn=1
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Fig. 2: Curves representative of the results obtamed by
the method of moments and those analytical
forn=2andn=3

| 5 L {

28 D =X

T

Fig. 3: Thin wire brought to the potential V

MATERIALS AND METHODS

Application of the method of moments to calculate the
charge density of conductive wire brought to the potential
V: One considers a thin thread of length T. and radius a
oriented along the axis OX as illustrated n Fig. 3. If the
radius of the wire 13 very small compared to the length, the
electric potential on the wire can be expressed by the
mtegral (De Doncker, 2003):

@ (1) = jL q(x) (26)

= Yy Hyy @7

| rm\

aaaacEaadaaael

X1 X2 Xs r”

Xn1 Xn
Fig. 4: Segmentation of thin wire
With the mtenton to convert Eq. 26 mn a
system of linear equations, we cut out the wire into N
sub-segments, each of length A, as shown n Fig. 4.
Within each sub-segment, we assume that the charge
density of has a constant value, so that, q.(x') is constant
piecewise along the length of the wire.
Mathematically, we write:

N
q.(x) = Zn:

ENACY (28)

where, a, are unknown weighting coefficients and
f,(x7) a set of pulse functions which are constant over a

segment but no on all other segments, they are defined
by:

0 x<(n-DA,
[(x)=41(n-DA, <x'<nA, (29)
0 X'>nA

were fixed to the potential V 1 and replacing Eq. 29 into
Eq. 26
a,f,(x)————dx’ (30)

N
1=17
IU Z dme ‘r r‘
Using the above definition, of the pulse function, we

can rewrite:
1 N 1
1=— P g A (31)
4nezn:1 n e (n-l)4, |r_IJ‘

where, we have now a sum of mtegrals, on each the
domain of a single pulse function. Now, let us fix the
source points on the wire axis and observation pomts
onto the surface of the canvas. This choice ensures that
there 1s no singularity in the mtegral.

The denominator of the integral becomes now:

|r—r'| = -\}(X—x')z +a’ (32)

And Eq. 31 can be written:
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dx' +a (%D

aph =a, @ —— =

% N2
\/(x-x +a
N-1)Dy

a1 Qno)p,
Ji
(33)

Which includes an equation in N unknowns. We can

\/(xx +a’
———dx'+a
v 8o m

solve this equation by ordinary routines of the matrix
algebra if we can get N equations with N unknowns.
We choose N independent observation points x, on
the wire surface:

1

Nd\lj\ll md}(

N 1
apl =a, @ ——— —dx’
' ,}(XN-X')2+a e =g ,} -x) +a
(34
Which includes the matrix system [Z][a] = [b]
20 ZpZys o oy || &y by
ZopnZopZigsm=vs s Loy || By b,
: =| (35)
VAVYANPYANSILREL VAN by
Individual matrix elements z,, are:
Py N S (36)
B
and the right lateral vector elements b, are:
b =4ns (37)

RESULTS AND DISCUSSION

Evaluation of matrix elements: The integral of the
elements of the matrix [7] for this problem can be

assessed m closed form. The execution of this integration

gives:
2 2
7, = log) TS WX Xy ) 70 (38)
(x,x_ )-5-\/(xa—xm)2+a2
where, x, = nA, and x, = (n-1)A,. This gives a symmetric

matrix called Toeplitz, namely:

©

- N
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Fig. 5: Load distribution straight varn: a) Methode of
momnet N = 6; b) Methode of momnet N = 15 and
¢) Methode of momnet N = 100

A A A 7
Z, Z, Z, - e Zoi
Z3 Zz Zl ) ZN—Z
[z]=] ° , ' (39)
_ZN Zer ZNVZ ...... Zl |

In Fig. 5a-c, we show the charge density calculated
on the wire by using progressively 5, 15 and 100
segments. We notice that switching to 100 unknown
considerably improves the results.

CONCLUSION

This study has enabled us to learn about the
numerical simulation of physical problems who 1s here,
calculating the cross section by cylinder homogeneous
and dielectric and undefined, the realization of computer
programs based on the numerical method known: Method
of Moments (MoM).
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