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Abstract — A conducting device could either radiate or
scatter Electromagnetic fields depending on the pdsin of
the external source feeding it. In either case, thEngineering
parameters of the device can be determined by numieal
methods. For linear structures, the Method of Momets is a
typical approach that is applied for this analysisand is based
on the formulation of the integro/differential equaions of
Pocklington’s or Hallen's equation. The equations &
described based on the choice of the Kernel in theumerical
solution. In this paper, the implication of the kenel
formulation for analysis of wire antenna, with emplasis on
the approximate kernel is presented. The result shosvthe
current distribution responsible for Electromagnetic
radiation from an antenna and the difficulties assoiated with
it.

Keywords — Approximate Kernel, Integro/Differential
Equation, Method of Moment, Thin Wire Formulation.

|. INTRODUCTION

Wire antennas are the most versatile antennas
application. They are used in diverse communicati
process, ranging from TV, FM Broadcast, satellisa]ar

and other forms of wireless communication. There ai

different forms of wire antenna and they are catiegd
according to the geometry of the linear structuseme of
which include; the diploes, monopoles, arbitraridgnt
wires, folded dipoles, linear arrays etc. Wire angs have
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interest can be obtained by numerically evaluating
formulas. A powerful technique that ensures
computational analysis of wire antennas and seatds
the Method of Moment. This numerical method for the
solution of wire antennas was initially investigatey Ma,
Harrington and Richmond [2]. Several works havenbee
done ever since by many authors leading [3]-[6]tHe
development/implementation of wire antenna analyZgr
and commercial softwares. The softwares include REC
NEC 4, MININEC, FEKO, HFSS etc.

Solutions arising from the problems of radiatiordan
scattering properties of linear antennas are egptedy
two basic integral/integrodifferential equationsmdy;
Hallen's equation and Pocklington’s equation. These
equations can be analyzed based on two distingteker
formulations;

- Approximate kernel
approximation and

- Exact kernel analysis

. The approximate kernel is the most popular fornmtat

the

analysis or thin wire

0gﬂat finds more application in wire antenna analysid is

iscussed in this work. The criterion for its usél \Wwe

rdescribed.

Section 2 & 3 describes the different Kernel
formulations for analysis of linear antennas. Sectd
gives the different source model and the implicatiof
exceeding the thin wire formulation. Section v dades

good conductivity, unique radiation pattern and lowh® Work.
bandwidth application. It is extremely flexible in

application because a change in the geometry of the Il. THIN WIRE APPROXIMATION

structure results in a device whose performance
acceptable and useful. It is cost effective forcpical
application. These thin wires when excited by apgaeth
voltage source at one or more points along thenaate
length are capable of radiating electromagnetic Ei&Ad.
The thin wire is characterized by having its radigsng
far less than its length. As a scatterer, the soigéocated
some distance away from the antenna. In Electrogtagn

is

Due to the cylindrical symmetry of the wire antesings
analysis is carried out in the cylindrical coordaa
especially in determining the fields near the anéerAt
far distances, the radiated fields are best destriim
spherical coordinate because any finite currentrcsou
appears as a point source from far distances. fier t
reason, It is necessary to note that as point ssuithe

theory however, there is physically no fundamentangular distribution of the radiation pattern idependent
differences between the scattering problem and tid the linear distance.

radiation problems of antenna. [1] The antennalprobs
merely an extreme example of near field scattering.
The incident field or source voltage induces curmnthe
antenna. The current in turn generates fields rthdiates
and propagates into space. The total field becdhgesum
of the incident and radiated field which must vahnat the
boundary of a perfect electric conductor. This wamg
condition is necessary to determine the currerttibligion
induced on the antenna

E+E=0

Considering a straight thin wire antenna excitedhat
mid point by an arbitrary source, the thin wire
approximation involves the following conditions;

- The wire radius () is far less than the lengthadf the
antenna (a << L). This ensures that the electetd fi
boundary conditions are enforced in the axial dioec

- The wire is directed along the z axis and theeisir
material is a perfect conductar = . This conforms
well to practical application of antenna matersish as
copper, silver etc.

With knowledge of the current distribution on the- Integrations over the flat end surface of theeware
antenna surface, all other parameters of Engingerin neglected since the wire radius is very small.
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- The circumferential component of the surface entrr  Equation 4 is the vector potential expression fdhia
density is neglected. wire using the approximate kernel. It is appliedwtives

- The axial component £J is considered to be with small dimension compared to their wave lengthe
independent of field in the direction. This is because, radiated field resulting from an incident electfield is
in perfect conductors EM fields vanish inside thand given by

due to skin effect current tends to pile up on cmar —j 92 A,
surface. This gives rise to thin current coat wiépth of E - JaA, —— (5)
penetratiord equal to we 0z°
Enforcing the boundary condition for a zero tangent
%JJJ electric fi\.eld inat?e surface of the wire
Were N | Ey = | 25+ K2 |A, (6)
U = Permeability of the medium e | 0z°
O = Conductivity of material ;
_ Hetivity ' \/r =(z-7) +a?
@ = 271 ) J 1/2 62 efjkr
 Ez f E=—— [1L(@)|+K dz @)
L wWE ;) 0z 4
T 1 From the expression, equation 7 is known as
Pocklington’s integro differential equation. It babs to
z— 7' z— the general class of fredholm Integral equatiotheffirst
Ly - kind. The Iattgr is characterized. by the preseripehe
& / | unknown function only under the integral whose {grare
Zla| —— constant. It is described by a matrix condition bemthat
tends to increase rapidly as the segment size aerse
X The approximate kernel is also well defined at@ =
Analysis involving the approximate kernel usuallyes
i —» |le— 2 1 rise to the presence of oscillation. These oswmltst are
E— &> LY unphysical and unnatural [8]. A technique has been
Fig. 1. Geometry of a linear wire antenna proposed to handle this anomaly by generating a new

current from the magnetic field produced by thegioal
For a perfectly conducting z directed thin wire, amscillating current.
incident field () excites on this wire a surface current,, = 21 X log

density J which depends on the z orientation This method is also analogous to the method oflianyi
_ 1,(2) sources which is an approximate method for thetismlu
—Zm @ of electromagnetic scattering problems. Electroreign
" . scattering problems are not confined to one dinoeragi
2T
I (z) e’ problem alone. They can also be extended to twihree
A (P27 = _[ AT d¢/ dz @ dimensional problems [9].
-1/2 0
r = |r —r'| = J(z-z') +(p-p)? [Il. E XACT KERNEL FORMULATION
|p— p'|: p?+a’-2pe p' = p* +a’ - 2pacos The exact kernel formulation is used where the

approximate kernel fails. It is applied principalbr wires
with large diameter of which the thin wire approaiion
can no longer be in use. Other method of moment

(¢'—¢). ¢ —¢ is replaced by¢' since the result is
cylindrically symmetric using p = a

+/2 kr . .
I (Z) g’ approach can also be applied for the analysis fela
A(p 2) = j _[ d(d dz ®3) diameter antennas [10]. The use of the exact keeselts
-2 in well posed solutions devoid of instabilitiesptigh it is
_ 1 not devoid of the existence of singularity at thiel moint
= - + +a‘ -
r \/ (z Z) p a’ 2pacosy of the antenna (z = 0) [11].
2”e_jkr The electric vectlczr potential is given by
d¢/ = Approximate cylindrical wire kernel A7T 2
) am — A (p2) = [k(z-2) 1(2)dz (®)
If a is very small Ho -7z

_ /(Z—Z')+ p? With the exact kernek(z) = Kk, (2)

4112 _,kr 1 Texp[-jk \/(z -7)? + 4a’sin’ ¢/2 ©)

k, (2)=—
Hence A, (p,2) = U jl (Z) =(2) 27T_'[, \/(z—z’)+4azsin2 (@/2)
-2

(4)
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The resulting electric field expression is thusegias z

. 1 (02+K*\'F
E' = - k, (z—2)1(Z)dZ (10) /
14770)5( 0z° J-J/z

+1
For? <zZ< 7 M and € are permeability and

permittivity of homogeneous space outside the wire.
Equation 10 is Pocklington’s equation with the exac
kernel. It can be seen that a major set back imsleeof the
exact kernel is the extra numerical effort required
evaluate the unknown current due to the presendbeof
extra integral in the kernel. !t is worth notmgscalthat. Figure 2 shows fields scattered by a wire objegilafie
accuracy should not be given off for mathematical

4 ) . . wave incidence. A vital parameter of interest when
complexity. The solution to the equation will thiene be L . . o )
well defined, unique and devoid of instabilities. considering scattering property is the bistaticttscag
Further analysis involving asymptotic approach aith cross section. It is defined by that area for whtbhk

. ; : C incident wave contains sufficient power to prodube
in the analysis and understanding of finite anterjha]. field by an ominidirectional radiator.plt is givebtyp

Fig. 2. Scattering property of wire antenna

IV. SOURCE MODELS AND | MPLICATION O = 4772|Er|2
Where;
The delta gap model, magnetic frill generator alRth@® ] = Ristatic radar cross section

wave incidence are the main source modeling for wWire o
antennas [13]. The thin wire approximate kernelitess E, = Electricfi eld
from taking an axis to surface distance. This isase of r = Far field distance.
the difficulty in establishing the far field radian on the It can also be concluded that the angle of scateis
antenna surface. Although with the approximate Kkrn equal to the angle of incidence.
reliable results have been produced so long adthine  For a z oriented wire illuminated by a the@ ¢riented

wire criteria are not exceeded. The effect of edoepthe plane wave of unit amplitude, the scattered fisldjiven
thin wire criteria leaves the graph of the currenpy

distributions with oscillations. These oscillatiorere Es=Sng eifcosa
actually due to Round off errors which results wienge

segmentation is applied on the linear conductois klso current, a phi@) polarized incident wave will induce no
seen in this work that the thin wire approximatiorfurrenton the wire.

detoriates as the segment length approaches thesraf

It has no azimuthally excited

the wire.  These oscillations are not peculiar to V. RESULTS/DISCUSSIONS
Pocklington’s equation alone. It is also applicateits
Hallen’s counterpart. Another form of oscillatiomuid The graph of fig 3 shows large no of subsectionthén

exist in the current distribution of an antenna. [Bhis basis function used in determining the currentritistion,
time it is as a result of the non solvability iss@ssociated applying pocklington’s equation. The graph is
with approximate Kernel. characterized by the presence of large oscillativvisen

The problems arising from the current distributiare the thin wire approximation is considered for large
not common to the delta function generator alomkabso antenna radius, the current distribution is irraguhnd
apply to other source models. It is therefore irafiee to cannot be used to obtain other relevant radiation
state that the oscillations are not as a resulheftype of parameters of the antenna. The result is said to be

source model in use. associated with high level of singularity as shawfigure
The thin wire approximations detoriates as the ssgm 4.
length approaches the radius of the wire. Fig. 6 shows oscillations in the current distributi

Equations for expressing radiation and scatteringsing Hallen’ equation. It justifies the fact th#te
analysis are not only expressed in electric fieldf. They oscillations are not peculiar to Pocklingon’s edprat
are also expressed with magnetic field integralatiqn alone
(MFIE). The use of MFIE is associated with well
conditioned matrix whose current distributions deoid
of instabilities. This implies that the simulaticarves are
smooth and insensitive to oscillations. MFIE is not
suitable for analysis involving open or thin sugadut is
applied mostly in closed surfaces.
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Fig. 3. Current distribution for large number ofjsents
in Pocklington’s equation.
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Fig. 4. current distribution with large antennaiuzd
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Fig. 5. Current distribution for various wire radiu
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Fig. 6. Current distribution showing oscillationsing
Hallen’s equation.

VI. CONCLUSION

Radiation and scattering properties of metallic ewir
structures are described by electromagnetic fib&bty.
The antenna as a scatterer is usually excited apepl
waves. While as a radiator, the delta gap or magfrét
generators are the most applicable feed models.nWhe
Pocklington’s or Hallen's equation is applied withe
approximate kernel, the result of the current tistion is
noticed to have oscillations under certain condgioT his
oscillation occurs when the number of segmentshim t
basis functions is too large. But With the exaanké all
thin wire approximations and assumptions does dd h
but leaves the solution well defined. This is comgated
for with dense mathematical complexity in the aredyof
the solution. It is also seen from the result thpplying
the approximate kernel in the analysis of the curre
distribution for wires with large radius yields weaptable
plots (fig.4) with high peaks at interval. This uédepicts
high level of singularity. The approximate kernel
formulation is accurate for the solution of wirdermas so
long as the thin wire criteria are not exceeded.
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