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Correcting thetreatment of the scattering problem in
Section 3.2

This replaces a previous posting, dated June 2005, which offered an alternative
approach in an attempt to improve on the results in [1, Fig. 3.15]. It transpires
that the actual problem was abug in the original code, dueto an error in the upper
limits of the indices of the E, and £, matrices. The code has been corrected, and
posted on the website!. The point is quite subtle, and worth elucidating. If the /7,
field is defined on agrid of IV, by IV, points, because of the offset |ocations of the
field componentsasin [1, Fig. 3.1], the corresponding dimensions of both £, and
E, will be N, +1by N, + 1. Thisis because the H fields are located at the cell
centres, whereas the E fields are at cell boundaries. This must be explicitly taken
into account in both the matrix dimensioning and the update equations.

The correct treatment removes the “glitch” noted in [1, Fig. 3.11] at around
6ns, described in the text as a computational artifact [1, p.88]). Results computed
using this corrected formulation are given in the figure below, which can be com-
pared with [1, Fig. 3.15]. Onefindsthat alarger computational region isnecessary
to obtain good results — the reasonably good resultsin Fig. 3.15 may have been
rather fortuitous — and in the figure shown here, the computational region has
been doubled in size relative to that of the computations shown in the book. The
results do show rather better agreement with the eigenfunction solution than did
thosein Fig. 3.15.

If time domain results are compared, one finds that the coarser the mesh, the
more the creeping wave is over-estimated, corresponding to the inaccurate results

1Comments from K Kaczmarski, Univ Illinois at Chicago, are gratefully acknowledged in this
regard.
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Figure 1: Normalized echo width for the PEC cylinder showing two different
FDTD results (computed using the corrected formulation discussed here) com-
pared with the eigenfunction solution.

at higher frequenciesfor the coarser mesh solutions. Thisisquite possibly aresult
of the stair-step approximation of the cylinder.

Extending the treatment of the scattering problemin
Section 3.2

It is possible to extend the approach described in [1, Section 3.2]. Instead of zon-
ing the computational region only asin Fig. 3.2 — with fields on the left of the
fictitious interface being scattered fields, and those on the right being total — in-
troduce three additional such interfaces, one on the right-hand side of the figure,
and one each on the upper and lower sides. Hence, there is now a “buffer” re-
gion right around the scatterer, consisting entirely of scattered fields, before one
reaches the outer boundaries. This permits the incident field to be introduced
cleanly for other angles of incidence of the plane wave excitation. One needs to



derive additional formulas similar to Egs. (3.22)—(3.23); the derivation is straight-
forward. As an example, for the “mirror-image”’ interface in cell N, — L, at
distancexg = N, — L — 1/2, the update equation for H, becomes:

H(ip + %,j + %n + %)
= H"(ip+ %,j + %n - %)
b Bt g+ L) = Gt g
_ﬁT’; {E;Cﬂt(iR +1,5+ %,n) + EX(ig+1,j+ %ﬂl)
B ing + o)

(1)

Again, fields on the interface are taken as total fields. Note that, compared to

Eqg. (3.22), thefield on theright of the interface is now the scattered field, and that
on the left, the total field.
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