Electromagnetic Axisymmetric Analysis of
Monopole Antenna Over a Perfectly Electric
Ground Plane by a Meshless Local Petrov-Galerki

Method

Ramon Dornelas Soares Renato Cardoso Mesquita Fernando J. S. Moreira
Postgraduate Program in Electrical Engineering Dept. Electrical Engineering Dept. Electronics Engineering
Federal University of Minas Gerais Federal University of Minas GeraisFederal University of Minas Gerais
Av. Antonio Carlos 6627, 31270-901  Av. Antonio Carlos 6627, 31270-90Av. Antonio Carlos 6627, 31270-901
Belo Horizonte, MG, Brazil Belo Horizonte, MG, Brazil Belo Horizonte, MG, Brazil
Email: ramondornelas@yahoo.com.br Email: renato@ufmg.br Email: fernandomoreira@ufmg.br

Abstract—This work describes a meshless method to obtain the governing partial differential equations (PDE). Thessth-
the electromagnetic characteristics of a monopole placed over gods have a simple implementation and are computationally ef
a perfectly electric ground plane. The Meshless Local Petrov- fisiant The collocation techniques are generally impleteen
Galerkin is used with shape functions generated by Moving . . . .

Least Squares. Boundary conditions are imposed by a collocation using radial b_aS'S functions [9], [10]’_[11] or Smoothedtm

method that does not require any numerical integration. The Hydrodynamics for Electromagnetics (SPEM) formulations

proposed axisymmetric analysis has a simple implementation and [12].

reduced computational effort. The results are in agreement with In weak-form methods, the PDE are converted in a weak

theoretical data and simulations found in the literature. formulation using a residual method, and afterward it is
discretized with Galerkin or Petrov-Galerkin method. Ele-
ment Free Galerkin Method (EFGM) uses a global weak-

Monopole antennas have been vastly used due to its simfdemulation and has been successfully applied in the swiuti
structure and attractive characteristics. Airborne arsligd of wave scattering problems [13]. This method requires a
based systems are some of the most common applications Beckground mesh to perform the numerical integration, and
Several specific applications can also be listed, where thbeit is not considered a truly meshless method. The Meshless
antenna is partially submerged in non-homogeneous envirdimcal Petrov-Galerkin (MLPG) method, used in this work,
ments like oil and water [2], or involved by different medism does not require any mesh and has a local weak-formulation,
as in the coated monopole antenna [3], [4]. resulting in sparse matrices minimizing the computational

In [4], the effects of cavities on monopoles are determinexffort. MLPG has been used to solve wave propagation [8],
using integral equations solved by the Method of Momen[$4] and 3D static problems [7].

(MoM), which is known to yield accurate results but with The MLPG analysis proposed in this paper, differently from
a costly computational effort [2]. The Finite Element Matho([7], [8] and [14], uses axisymmetric formulations, as in [3]
(FEM) was used in [3] and [5]. The simulations are precisé, band [5], generating a 2D formulation. Also, it is a weak form
FEM needs a mesh with several constraints for its constnucti method and has advantages when compared to collocation
Modal expansion techniques are used in [1], [2] and [4]. €hemethods in regard to the results precision and numerical
works use models with a perfectly conductor plane above thbility [15]. The present work extends a previous regearc
antenna and parallel to ground plane, therefore their aaterj6], where the resonant frequencies and field distributibn o
analyses can be influenced by the waves reflected by it. Bre@gisymmetric cavities were evaluated. Herein, a monopole
results are found due to the particular characteristicsseflu antenna over a perfectly electric ground plane is analyzed.
antenna (that have the main radiation in horizontal dioeti The axisymmetric monopole model is shown in Fig. 1, which
and the far position of the perfectly conductor plane. presents the antenna lengthand its radiusa. The inner

Meshless methods have been used in mechanic, hydrodgd outer coaxial radii are and b, respectively. Figure 1
namic, and recently, in electromagnetic area [6]-[14].eBalv also presents the boundaries of the MPLG model, where
meshless methods are reported in literature, which can #&@. denotes the surface of perfectly electric conduchsi,
classified in two categories: the methods based on strongsfordenotes the symmetry axis € 0), 992, denotes the radiation
and the ones based on weak forms. Methods based on strbogndary, and$2; denotes the feed region. The union of all
formulations use collocation techniques to directly disize these boundaries are representedby(see Fig. 2).

I. INTRODUCTION
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VA | In order to numerically solve (4) and determine the unknown
> variable pHy (here, represented by functiar), a meshless
approach is adopted. This approach begins by spreadingnode
(field nodes) inside the problem domaih (interior nodes)
and at its boundary2 (boundary nodes), as shown in Fig.
2. Every node has its coordinates definedspy= [p,z] and
o8y has an associated shape functiop which presents values
different from zero only in a small region near the noble
This region is known as nodekinfluence domains2r, (see
Fig. 1). The local approximation af at a pointx is given by

4

ek

Fig. 1. The axisymmetric monopole model and the MLPG boundaries.

N
In this work, we present the problem formulation, from u(x) = ngl(x)ul , 5)
which the weak form is derived. The MLPG analysis, its local =1
weak formulation, and its discretized expressions arespitesl \yhere7 — 1,..., N are the nodes whose influence domains
and the numerical analyses of a monopole antenna (see Figjude point x (defined by = [p,2)T), and u; are the
1) is shown and discussed. corresponding nodal values. The setMfnodes is known as
the support domaif, (see Fig. 2). The numerical construc-
Il. PROBLEM FORMULATION tion of shape functiony and their derivatives are performed

The vectorial Helmholtz equation for a source-free regiotlt?ml_‘gh the MLS a_lpproximatior_l a”‘?' involves_several matrix
inanipulations, which are detailed in [15]. Figure 3 shows

a MLS shape function for a node located -at = [0, 0]
obtained using 25 nodes uniformly spread (h Figure 4
shows a example of derivative shape function, which is the
first derivative ( ,) with respect top.

permittivity €. and permeability.,. is given by [16]

V x <1v x ﬁ) — k3 H =0, 1)
o IV. THE MLPG ANALYSIS
where ko = w?uoeo is the free-space wavenumber. The function approximation by MLS (5) is applied to
We first make the assumption that material proprieties approximatepH, in (4). The proposed analysis is similar to
and . are both independent af. So, the field distribution MLPG4 [17], but it differs in what concerns the imposition
is axisymmetric and the magnetic field in (1) has only #Re of boundary conditions. We follows some ideas found in [7],
component and varies only withandz (i.e. H = Hy(p, 2)¢). which adopts a simple technique known as the meshless
This assumption is applied in (1) and results in: collocation scheme to deal with the interface conditionghe
MLPG, interior nodes use the test functign, which acts in
a local region near nodg (the node’s test domaifls,) where
] + kgprHy = 0. the integrations are carried out. In MLPGA4g, is generally
@) a circle centered at the interior node | and the correspgndin
test functiony; must satisfy the following requirements:
The weak form is obtained by the weighted residual method, g2, _ —0(x — x1), a delta function ak;,  (6)
multiplying (2) by a test function)(p, z) and integrating it _
over the problem domaif: Yy =0, at a test domain boundafls,. (7)

2 [Lop], 2 [ L2t

dp | per Op 0z | pe, 0z
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Fig. 3. Shape functiorp.
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Fig. 2. A computational domaif and its boundarie®2. The horizontal "',"'::.:o:o:o:‘:‘:‘
striped regions are the influence domatdgs, andQp, of the nodes<; and SIS
x2, respectively. The non-striped regions are test domgigs and g, of )
the nodesxs andx4, respectively. The vertical striped region is the suppor

domain{2« of a pointx.

Conditions (6) and (7) are satisfied by the following tes
function:

1 Sr
Yr=5-In (> ; (8)
2 |X - XI| Fig. 4. First derivative of shape functiop (,) with respect top.

wheres; is the radius of the circular domafs,, chosen such
that g, does not intersect the global boundal§ (see Fig.
2) [7]. The MLPG local weak form can be obtained replacin
¢ by ¢r and pHy by u” in (4), where the boundary integral
vanishes due to (7), resulting in:

Boundary conditions id2 are imposed through the boun-
8ary nodes using the meshless collocation scheme thatesqui
no integration [7]. Boundary conditions are expressed in
general form as:

Vor-Vu' e pprel dul (x
[, e ] s @ () + ) 25— p. o)

This local formulation is versatile; it can be used to analgz wherec = 1 andd = 0 if z; is at a Dirichlet boundary
medium with different layers of permittivities or permelgiés or ¢ = 0 andd = 1 if it is at a Neumann boundaryf is

(as evaluated in [2] and [3] and [4]). In these cases it & known imposed value (i.¢/(z;) = 0 for homogeneous or
necessary to deal with the discontinuity present in the mradi f(x;) # 0 non-homogeneous case). In the monopole geometry
which can be done using the techniques described in [18ee Fig. 2), the homogeneous Neumann condition must be
The proposed formulation also can be employed to analyzéngosed along the perfect conducting boundary and the field
monopole placed over a non perfectly electric ground planaust satisfy homogeneous Dirichlet condition along the axi
This analyses may be accomplished by using an impedasyenmetry(p = 0). In addition, we impose 02, a first-order
boundary condition (IBC) when imposing boundary condiiorradiation boundary condition adapted from [16], which can b
over the metallic surface. expressed by specifying= jkp=t, d = p~!, and f = 0 in
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(11). The excitation at the coaxial waveguide end-wall; is

imposed by a Dirichlet condition as: 10

- - -real part
——imaginary parnt

E, .
pH, =~ ve It (11)

whereEj is the electric field amplitude imposed@® ¢ (here
Ey =1 V/m) andn is the intrinsic impedance of the coaxial
waveguide dielectric (herey ~ 12072).

The numerical solution of the problem was obtained t
transforming (9) and (10) into a set of linear equations,clvhi
results in the following matrix equation:

[P [ur] = [F], (12)

current distribution (mA)

where, for interior nodes, the matrix elements are

, 0 02 04 06 08 1
Py = / VO1L-No7 44 2 / / HVIPT 44 (13) distance along antenna (z/h)
Qs; PEr Qs, p

Fr =0, (14) Fig. 5. Current distribution for a monopole over the grounangl.

and, for boundary nodes, they are

0py(x1) for the admittance of the monopole as function of its length.
Pry = c(xt)es(xr) +d(x1) on (15)  The results are in good agreement with [3] and [19].
Fr = f(x). (16) VI. CONCLUSION

It can be observed that the matrix is sparse but asymmetric. This work discussed the numerical analysis of a monopole
The non-zero columns in the line of the P matrix depend antenna over a perfectly electric ground plane by a Meshless
upon all nodes/ whose influence domains include the nodeocal Petrov-Galerkin (MLPG) method. The axisymmetric
I (if I is a boundary node) or the evaluation points used {@eak formulation is simple and versatile. The proposed MLPG
perform numerical integration ddg, (if I is a interior node). analysis uses collocation method to impose boundary condi-
The nodal values:; can be obtained solving the linearions that simplifies the algorithm. The employed method is a
system (12), and afterward they are used to deterrpidg, local weak form method, which produce sparse matrices and

at a pointx in the domain, as follows: does not require a background mesh.
N Two antenna characteristics were numerically evaluated:
pHy(x) = Zﬁpl(x)m. (17) the superficial current and the admittance. The results are
=1 in agreement with theoretical data and simulations found

in the literature. The model is easily adaptable to differen
axially symmetric geometries and can be used to analyze

The monopole antenna (see Fig.1) is analyzed by th§ated monopoles. Implementations with monopoles ineblve
proposed technique and compared with models based OB\Adielectric materials are being investigated.
transmission line analogy [19] and with FEM results presént

V. NUMERICAL RESULTS

in [3]. Two important antenna characteristics were investi ACKNOWLEDGMENT
gated: the electric current density along the monopole hed t This work was partially supported by CAPES, CNPq, and
input impedance for different monopole lengths. FAPEMIG.

The current distribution is derived from the obtained field
pH 4 along the antenna surface and the boundary conditions for

a perfect conductor) x H’ — j'S_ Figure 5 shows results for [1] Z. Shen and R. H. MacPhie, “Sleeve monopole on circularugdo
Plane”, International Journal of Modeling: Electronic Network Devices
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