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Application of Spatial Bandwidth Concepts to MAS Pole v

Location for Dielectric Cylinders L Ago-.._“...__ TM?

James E. RichieSenior Member, IEEE

Abstract—In this work, the concept of effective spatial bandwidth S ~
(EBW) is extended from the case of an MAS solution for perfecy 7 E L
conducting (PEC) cylinders to dielectric cylinders. It is siown that the 3 R - .
ideas and results for the conducting cylinder apply in a straghtforward : : B Y P Lox
manner to the dielectric case. : : e} : : o

For the dielectric case, there are two auxiliary surfaces. Bcause the
EBW calculations are independent of the scatterer materialthe auxiliary
surface for the scattered field will follow the same guidelies for both the
PEC and dielectric cases. The guidelines for the second aligry surface
are described and verified here. Guidelines for both a plane wae incident
field and a monopole line source incident field are provided.

Index Terms—Electromagnetic scattering, boundary value problems

I. INTRODUCTION

. . . . o ig. 1. Geometry of the two-dimensional scattering problemteNihe
The Generalized Multipole Technique (GMT) [1] and its Va”at'ongacgations of AS angAS, relative to the cylinder boundgryp@tz o
can be used to compute the scattering from objects in a variety of

scenarios. GMT and related methods compute the scattering from

$i:lectric objg(;t_slc;:)y placcijn? ganqnical sources ﬁ_rouﬂd tfll)? objeﬁ'n‘\'/estigated by analytically deriving and inverting the MAS matrix.
e_ scattere_ |e_ IS mocele _usmg sources W't in the 9 ject, aﬁqen, the condition number for the matrix is studied to ascertain
the internal field is modeled using sources outside the object. Oﬁ?ﬁ'e accuracy of the MAS solution. In [11], the methods of [9] are

discrete multipoles are used for this purpose. extended to the dielectric cylinder. In [12], a similar analytic treatment

The Me_thod of Au?qllary Sources (MAS) is one variation on th(?s performed on the MAS solution to oblique plane wave incidence
GMT family of techniques [2]. In MAS, the sources are placed %8 a dielectric cylinder

one or more auxmgry surfaces_(AS)._ Fig. 1 shows a typical two Recently, the concept of effective spatial bandwidth (EBW) was
dimensional scenario. For two dimensional scatterers, monopoles are . . . . :

: pplied to the scattering from conducting circular cylinders to develop
placed on surface ASo model the scattered field; monopoles place

on AS, model the internal field. pole plgce_ment gwdellnes [13]. By measuring the spat_lal_ bandwldth
) . . of the incident field on the surface of the scatterer, it is possible
For TM” _two-dlmensmnal problems, MAS defines a model for th?o develop insight toward suitable placement of poles in the MAS
scattered field: method. The results reported in [13] agree in principle with the
. @) oL conclusions drawn in [9].
E2(p) = Z amHg (ko | 7= P'm ) 1) This paper is an application of the tools and techniques developed
m=1 in [13] for dielectric scatterers. For the dielectric case, the internal
where M, is the number of poles (located on ASk, is the field is modeled as
wavenumber outside the(%bjeu,;n is the amplitude of polen (or M,
the pole coefficient); andl,’ () is the Hankel function of the second d/ (2) S L
kind of order zero. The v((]act(q;’;@ is a vector from the origin to the E:(p) = Z by (ka [ 7= P'm 1) @
location of polem and g points from the origin to some observation
location on or outside the object. where k, is the wavenumber within the object agd,, is a vector
For both the GMT and MAS methods, the best number and locatifnom the origin to the location of pole: on AS,, as shown in Fig.
for the canonical sources is often not clear. One approach to determiin
the number and location of the poles is to develop rules based orFor the dielectric problem, the additional poles used to model
qualitative observations. In [3], an empirical scheme is providefle internal field must also have an effective spatial bandwidth that
for the location and number in two-dimensional problems based awatches or exceeds the bandwidth of the field on the boundary.
a packing-number concept. In [4], appropriate GMT pole origins The intention of this work is to add insight toward the effective
are determined using rule based algorithms. In all cases, it is wigplementation of MAS methods for more general problems by
known that the auxiliary surface must enclose the singularities of thderstanding the relationship between pole placement and spatial
scattered field [1, Chapter 5] and [5]. The location and number pandwidth of the fields. The concepts developed here can be easily
poles for GMT and related techniques are also discussed in [6], [éktended to more general scatterer geometries.
and [2].
A second approach to determine the number and location of the
poles is to investigate the convergence and accuracy of solutions using Il. EFFECTIVE SPATIAL BANDWIDTH
well-known scatteri_ng problems. The results of such investigations#1n this section, the method used to compute the effective spatial
can _then be applied to more ge_neral cases. Examples of SP3hdwidth of some field quantity along a boundary is explained.
studies for GMT and MAS appear in [8], [9], and [10]. In [9], theThen, a review of the results for the perfectly conducting cylinder

MAS solution to normal incidence scattering by a PEC cylinder Rill be provided.
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by performing the convolution &%,V
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the scatterer boundaryy(¢) is the distance from the origin to the 10—

point on the scatterer at angfe and By (¢, &) is .

sin[(N + 3)(¢ = )]
Br(p.) = T @ oo FEEEEHE I
sin[5 (¢ — €)] oL
The effective spatial bandwidth or EBW fe(¢) is defined as the ' ) l)5 1‘1 . ‘15 1‘2 L ;5
smallestN such thatA y < 0.1%, where ' ’ ' ’ : AS
Ee)—¢&
An = M x 100% (5)  Fig. 2. Error (+) and measure values (x), Vy (x) for a = 1, po = 1.1,
() using fixedAS; = 0.95A and varyingAS,. Results are shown fa¥/, from
where&(e) is the energy ok, given by 100 to 130.
27
E(e) = / | e(9) |2 p(p)do (6) for the electric field, and
9 M,
i _ s d
The EBW for a field along a boundary is an integer due to the periodic Hy = Z[ m H g m + bm H . m] 11)
m=1

nature of the field along the boundary. o _ )
Consider a perfectly conducting circular cylinder of radiusThe  for the magnetic field. Eqns. (10) and (11) can be cast into matrix

MAS model for the scattered field is given by (1). The auxiliar§orm A X = B whereA is 2M, x 2M,, andx and B are vectors
surface AS is a circle with radius’ < a. The EBW for each pole of length2M,. The vectorx holds the unknown coefficients and the
is governed by the radiug’. vector B has the known incident field values.
If the incident field is a monopole line source at radjys it is ~ 1he quality of the solution is typically measured by finding the
well known thatp’ > a?/p, will lead to acceptable results [8]. If @verage boundary condition error (in percent) using:
the incident field is a plane wave, thehis chosen so that the EBW 360° i s d
for the MAS poles is equal to or larger than the incident field EBW. z5% — 1 Z | E=(9) + E?(¢) — Bz (9) | x 100%  (12)
These results are demonstrated in [13]. 360 <= | E2(9) |
The preceding analysis can be extended for a dielectric cylinder.
This is due to the fact that the computation of EBW is independe%?d
of the composition of the cylinder. Values for EBW are the same for 1 3607 | Hé(cﬁ) + Hj3(¢) — Hg(Cb) |
Eu% = — Z
360 o

the perfectly conducting and dielectric cases. x 100%  (13)

| Hy(9) |
I1l. M ETHOD OF AUXILIARY SOURCES The total error is computed using
To solve the scattering problems, MAS shall be used. The scattered &% = \/(Ee%)? + (Fu%)? (14)

field is written as in (1) and the internal field is written as in (2). ) )

There is an incident fieldz! that scatters from the cylinder. The N [13], it was demonstrated that poor pole locations often result
coefficients .. andb,,) are computed by satisfying the boundary" Very large coefficients with almost80® phase differences. A
conditions atM,, points on the surface of the scatterer. Generally, 1j€asure for the stability of the solution based on the coefficients
points per wavelength of circumference are more than sufficient fér Was defined. This measure was shown to illustrate the suitability
plane wave incidence; however, in the case of a monopole line soufgghumerical st_ablllty of the solution. For the scattered field poles,
incident field, more matching points may be needed. Ther@afe the measurd’; is am |

unknowns,M, matching locations, and two boundary conditions at Vo= 7 (15)

. . . 1 o
each matching location: = am
m=1
We shall defind/; for the internal field poles similarly, replacing,
Because the scatterer is a circular cylinder, the second boundary(15) with b.,.

condition can be written as

E.+E:=E! ax[H +H)=nxH" (7)

i s IV. RESULTS

Hy + Hj = Hj (®) _ . . . .

Consider the scattering of a monopole line source by a dielectric
where 1 8E cylinder, as shown in Fig. 1. The cylinder has a relative permittivity

6= = (9) of ¢, =4 and a radius of I\. Fora = 1), the spatial bandwidth of
jwp Op . . .
' . - . a monopole line source is equal to the plane wave bandwidth on the
After some manlpulatlons, the conditions are written as: Cy|inder Whenpo > 1.3\. Thus, we choose the mon0p0|e source to
M, be atp, along thex axis 1.1\ from the origin.

El = Z[_amH(()Q)(ko | 5= \)+bmH(()2)(kd | 775 )] (10) Fig. 2 shows t.he boundary condition errgf; (+),. Vs (x) and
Va (%) for an auxiliary surfacedS; at 0.95) and varyingAS, from

m=1
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Fig. 3. Error(+) and measure values (x), Vg () for a = 1A, po = 1.1},
using fixedAS, = 1.05X\ and varyingAS;. Results are shown fa¥/, from
100 to 130.

1.05 to 1.25\. Each simulation was performed with/, from 100

to 130 in steps of 10. The number of points is chosen quite large to

illustrate stable error convergence in the results.

First conside/;(x) in Fig. 2. Because the radius of A& within
the appropriate range (betweeranda?/p,), Vs remains low as AS
increases. In addition, a&/, increases); remains constant. Note

that eachx symbol is actually four symbols on top of each other in

the figure.

Next, consider the boundary condition er&¥ (+) in Fig. 2. As
AS, increases, the error remains fairly constant. s increases,
£% decreases as illustrated by the vertical setstafymbols. The
behavior ofV; and&% appears quite favorable.

Finally, considei/; () in Fig. 2. For small values of AS(roughly

less than 1.1)\), V; remains small and shows little variation with

increasing M,. However, as AS increases further); increases
dramatically. In addition, as\/, increases,V; also increases dra-
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Fig. 4. Error(+) and measure values (x), Vg () for a = 1, po = 1.1},
using variableAS, and AS; where AS, + AS; = 2)\. Results are shown
for M, from 100 to 130.
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matically. This increase i indicates a less stable solution. Thusfig: 5. Error(+) and measure valugs (x), Vy (x) for a plane wave incident

the exterior poles should lie on an AS with radius betweemd p,.
Fig. 3 showse%, Vs, and V; for an auxiliary surfaceAsS, at

1.05 )\ and varyingAS; from 0.75 to 0.95\. In this caseV, does

not change with increasing/,. The value of A$ does not affect

n aa = 1\ cylinder with AS; fixed at 0.95\ and various AS. Note that
V, does not increase dramatically with either increasig or increasing
AS,.

V,; except neardS; = 0.88)\. Again, the boundary condition error isas before (compare the vertical scale of Fig. 2 with Fig. 5).

consistent for the entire range of A&nd decreases &4, increases.
For AS; < 0.85), Vs increases greatly as A$lecreases and ad,

Using a radius AS over 2.5\ is not recommended; however,
the results in Fig. 5 indicate that reasonably acceptable solutions are

increases, illustrating the instability of the solution for these casé¥tained even for very large ASThus, the limit for AS with plane

The guideline thap’ > a*/p, indicates thaip’ > 0.909\ and Fig.
3 indicates thaty’ should be roughly 0.85 or greater. Thus, the
results are roughly consistent.

wave incidence is not clear and is not crucial to the solution.

V. CONCLUSIONS

If both AS; and AS, are varied at the same time, the results In this work, the concept of effective spatial bandwidth has been

shown in Fig. 4 are obtained. The results are plottedAS;; AS,
is found by taking2A — AS; = AS,, i.e., if AS; is 0.95 ), then
AS, =2X —0.95) = 1.05)\.

extended from the perfectly conducting case [13] to dielectric cylin-
ders. It has been found that the ideas and results for the conducting
cylinder apply in a straightforward manner to the dielectric case.

Fig. 4 shows that there is an optimum placement for the poles,Auxiliary surface locations for the dielectric case can be sum-
near AS; = 0.90A. Not only is the error minimized, but the valuesmarized as follows. For a monopole line source incident field at

of Vi andV; are quite favorable.

po, AS; must be between?/p, and a; AS, must be betweem

The characteristics of the solution for the case of a plane wased p,. For a plane wave incident field, ASnust be large enough
incident field and increasing ASis now considered. Fig. 5 showsfor the monopoles to have a spatial bandwidth matching the plane

the results foe% andV for a plane wave incident on aXcylinder
with AS; at 0.95). The radius of AS varies from 1.05 to 10\.. The
range of M, for this data is also from 100 to 130 in steps of 10.

First, note that the values fdr; and % are quite stable for all
simulations.

wave variation; AS has no clear limit based on spatial bandwidth
considerations.

It is expected that the insight developed in this work using spatial
bandwidth concepts can be utilized to solve more general scattering
problems. Using EBW as a guide for source placement shall lead

For AS, = 1.05), V; is quite small indicating a stable solution. Asto more stable solutions that also admit an acceptable boundary
AS, increases to 3 and 10X, V; increases, but not as dramaticallycondition error.
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