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Application of On-Surface MEI Method
on Wire Antennas

Yaowu Liu, Kang Lan, and Kenneth K. Mekellow, IEEE

Abstract—In this paper, the formulas of on-surface measured such a relationship. Since the real current at the feed-region
equation of invariance (OSMEI) for wire antennas are derived. and the ends-region has a very rapid variation [12], [13],
The unknowns of each node on the antenna surface are expressed; get of metrons satisfying the end conditions of the zero
by the vector potential function and surface current density. . . . . . .
The unknowns in the vicinity of each node are coupled in currents should include hlgh-prder sm_usmdal _functlons. Slr_lce
a linear equation and the coefficients of the linear equation the unknown at each node is only linked with those of its
are determined by the measured equation of invariance (MEI) neighbors, a highly sparse matrix are generated. Furthermore,
method. The final impedance matrix obtained by the OSMEIl is if we let the vector potentials in the MEI equations satisfy the
a highly sparse matrix. It demonstrates that the currents on thin a4 houndary conditions produced by a real excitation source,
wire antennas may also be solved by a differential equation-based the current distributions of the wire antennas can be directly
formulation in addition to the conventional integral equations. - ) ’

obtained by solving the sparse matrix.

The MoM is the most efficient numerical methods to solve
wire antenna problems. This paper shows that the OSMEI
method can also work well in this region with a highly sparse
matrix rather than a dense matrix in the MoM. Although

S a fast algorithm, the measured equation of invariantene-saving of the OSMEI approach compared with the MoM
(MEI) method has been successfully used in electris not obvious in a single linear antenna problem in this
magnetic computational problems [1]-[7]. The developmepfper, it is expected that great time-saving can be obtained
of the MEI method makes it possible to solve very largean large-scale wire arrays. It should be noted that the OSMEI
scale scattering problems [8] that are not so practical falso uses the same approximation of the Green’s function
method of moment (MoM). However, there is difficult totraditionally used by the MoM for the thin wire antennas, i.e.,
apply MEI with the frequency-domain (FD) mesh in theé7 — 7| ~ [a® + (z — 2/)?]Y/2.
thin wire antenna problems. The reason is that the thin
wire structures cannot be accurately simulated by the FD
mesh in their radial directions. In order to overcome this II. OSME| FORMULAS FOR WIRE ANTENNAS
difficulty, one of the possible methods is to use the recently
developed on-surface MEI method (OSMEI) [9]-[10] Wher?ni
the FD mesh is no longer required so that the thin wir . .
t%e > axis, the two ends of the wire are locatedzat 0 and
antennas can be accurately modeled by the nodes samp eLfL d th di f the wire is thi h that
on the wire surface. However, it is found that the OSME] =" and fhe radiusy of the wire 1S thin enough so tha

formulas for the two-dimensional (2-D) scattering probIerr%l ly z-direction component of the vector potentil and z-

[9], [10], which describe the relationship of electric fiel rection °°r.“p°”?”t of the cur_red; need to b_e considered.
P . . e start to discretize the following wave equation of the vector
and magnetic fieldH, are not numerically suitable for the

thin wire antennas, hence, the relationship of vector potentﬁaﬁtem"’:ll in cylindrical coordinate system:

function A and its normal derivativé A/dn is formulated to

meet our need in this paper. Following the procedure used <1 £<p2> N 92 +RQ>A’(p 2) =0 (1)

for deriving the OSMEI formulas for the scattering problems p 9o\ Op 022 =

in [10], the novel formulas for the thin wire antennas are

deduced. These formulas describe such a fact that there exisigare is the coordinate in radial direction. For ti node
linear relationship of the vector potential functions and Surfa@@nong the totalV discretized nodes, the second-order partial

current densities between each node and its neighboring nodgfserential with respect te in (1) can be approximated as
and the MEI method can be used to numerically determine

2
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Index Terms—Absorbing boundary conditions, wire antennas.

I. INTRODUCTION

For simplicity, only linear wire antennas are discussed in
s paper. The symmetrical axis of the wire is placed along
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Fig. 2. Input impedance of a center-fed linear antenna with versus (solid
line: real part; dashed line: image part).

wheren is the intrinsic impedance of the free-spadéi™ is

the driving field in the feed region; and d are constants to
be determined. Equation (5) is the boundary conditions that
(4) should satisfy. Substituting (5) into (4), we obtain the

following linear system of equations:
Fig. 1. The highly sparse impedance matrix obtained by the OSMEI methog. 9 y q
Z]-I=U (6)

The second-order partial differential with respectgtan (1)

; , where the impedance matrj%] is determined by (4) and (5),
can be approximately written as

the exciting voltage vecto/' comes from the last term in

1 0 /[ 0A, (5). The unknown vectod includes the surface current on
p 9p <p dp ) each node with the zero current conditions at the ends and the
L+(M+1/2) constantsc and d. At first glance, (6) is very similar to that
_1 i(pH ) ~ Z aiH.: obtained by the MoM for Hallen’s equation [13]. However, the
pp 9p i i (M —1/2) e computation of the matrixZ] is significantly different from
M>3, i= 17127/_ . N. 3) that of the MoM in that matriXZ] is highly sparse, while the

matrix for the MoM is full.
In (3), H = V x A is used andIH,/dp is approximately
substituted by a linear combination éf, and nearby fields I1l. M ETRONS TODETERMINE THE MEI COEEFICIENTS
[11]. Substituting (2) and (3) into (1) and considerifig z) =
H,(z) on the surface of the wire antenna, we get the on.
surface MEI equation as follows:

Finding the MEI coefficients is the key for the OSMEI
ethod. The MEI coefficients in (4) are determined by a series
of the measuring function pairs df4.,.} and {J..,} - Jom

i+(M+1/2) i+(M+1/2) in (4) are directly approximated by the assumed metrons,
Z a;J.; + Z bjA.,; =0 L, = 2ral,,, and{A.,,} can be found by
j=i—(M—1/2) j=i—(M—1/2) L
M>3, i=12---N. 4) An(2) = / G(z, V(7)) d7’ (7)
0

The coefficientda;} and{b,;}(j = (M -1)/2,--- , (M+1)/2 . ) , .
andi = 1,2,--%,%) in E4J)}:Elre tr(1e ME)I/coeffic(ients. )(/)nly where G(z, 2') = (c J,kf/47r2}?/2's the Green's function in
(2M — 1) coefficients are independent for eactBy means [re€-SPaceft = ((z—2')"+a")"'*, k is the wavenumber, and
of T(T > (2M — 1)) possible currentd called metrons, * IS the_ permeabm_ty of free-spa_ce._ . .
solutions of.J, and A, which are called measuring functions A Seres O.f possible current_d_|str|but|0|{§m} IS ghosen
can be obtained, as stated in Section Il1. If follow that the MEP" detgrmmmg the ME' coefflc!ent:fgaj} and {b;} in (_4)'
coefficients{a,} and {b;} can be determined. The prmuple_(_)f choosindg J..,,,} is that{J.,,} must satisfy
What remains is to impose the boundary conditionsdof the end conditions of.,,(0) = 0 and.J..,,(L) = 0. Thus, the
in (4) for solving the real currentg.. An existing analytical metrons should be
solution for A. with two unknown constants can be used for Jom(z) = sin (@7) 8)
this purpose [12] L
Since the real currents in the ends and feed region vary
K rapidly [14], we have to represent this behavior in the set of
_J / E™e(Ysink(z — 2') d2’ (5) Metrons. The simplest way is to include high order sinusoidal
m Jo functions. One technique we have used for choog$ing (the

A.(z) =ccoskz+ dsinkz
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20 in Fig. 1. Fig. 2 gives the input impedance of a center-fed
linear antenna with./L = 0.001 versusL/A. Because of the
rapid variation of the current densities near the driving point,
it is difficult to model the current in this region accurately.
L=1.772 However, the impedances calculated by the MEI method are
T o at 22U still reasonable compared with those of the MoM except
near the anti-resonant frequency. Fig. 3 shows the comparison
of the current distribution of the OSMEI with that of the
MoM for an off-center fed dipole antenna with/A = 1.77,
a/A = 0.0001, and feeding at = L/4.

MoM
--=--OSME!
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z () In this paper, the OSMEI is used to analyze the wire anten-
(a) nas. The FD mesh is no longer necessary, the wire structures
can be accurately modeled by the nodes sampled on the wire
surface. The MEI equations, which describe the relationship
MoM between the surface currents and vector potential functions, are
== OSME! applied to characterize the electromagnetic property of the wire
surface. The examples of center-fed and off-center-fed dipoles
show that reasonable numerical results can be obtained by the
OSMEI method.

The formulas presented in this paper are limited to the
straight wires, however, they can be directly extended to the
-100 - case of a general curved wire, as long as the generalized
integral formulas are used [12]. It is noted that the same thin
wire approximation of the Green'’s function is used in MEI as
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e oz os o8 o8 10 12 14 18 18 in the MoM, there is no need for more accurate integration
z() of the Green'’s function near its singularity. The method can
(b) also be applied for the case of wires with series distributed

oads if the analogous modifications have been done as in the
Fig. 3. Current distributions on a off-center fed linear antenna wit
L = 1.77A, a = 0.0001A, and feeding point: = L/4. (a) Amplitude. €Xtension of Hallen’s integral equation [13].
(b) Phase. The advantage of the method discussed in this paper com-
pared with the MoM is that the highly sparse matrix can be

order of metrons) is to combine a sequence of the lowest ord@tained. It should be pointed out that although time-saving

{m;} with a few of the discretely high ordgtmy,}, i.e., is not observed in the computations presented in this paper,
it is expected that great time-saving can be obtained in large-
{m} = {mu} & {mn} 9  scale wire arrays or computer-aided antenna synthesis using
Whel‘e{ml} _ {1’ 2.3, ml}7 {mh} C {ml’ e mh}- optimization procedure.
For a more exacting theoretic consideration, we choose the
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