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1. Introduction
In the method-of-moments (MOM) [1] and the fast-multiple-method (FMM) [2] solutions
of the electromagnetic scattering problems modeled by arbitrary planar triangulations, the
magnetic-field integral equation (MFIE) can be observed to give less accurate results
compared to the electric-field integral equation (EFIE), if the current is expanded with the
Rao-Wilton-Glisson (RWG) [3] basis functions. The inaccuracy is more evident for
problem geometries with sharp edges or tips [4]. This paper shows that the accuracy of
the MFIE depends strongly on the quality of the current modeling and that the accuracy
can be significantly improved by the choice of the basis functions. Comparisons are
performed for four different basis functions.

2. The Use of Basis Functions in the MFIE
Application of the MOM on the MFIE requires the evaluation of the impedance matrix
elements

Z mn = − ∫ dr t m (r ) ⋅ nˆ × ∫ dr ′ bn (r ′) × ∇ ′g (r , r ′),
Sm
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where t m and bn represent the testing and basis functions, respectively. Different from the
interaction expression for the EFIE [3], calculation of Equation (1) does not put any
restriction on the choice of the basis and testing functions. Therefore, both divergenceconforming and curl-conforming functions can be used to expand the current, if the
interactions will be calculated by this equation. On the other hand, replacement of the ∇'
operator on the basis leads to a new expression as

Z mn = ∫ dr t m (r ) ⋅ nˆ × ∫ dr ′ g (r , r ′)∇ ′S × bn (r ′)
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where the basis is restricted to be curl-conforming. Similarly, the operator can be put on
the testing function, and this time the testing function is restricted to be curl-conforming.
In order to investigate the accuracy of the MFIE, we used four different basis functions;
RWG, TL, n × RWG and n × TL defined on the planar triangles. The TL functions are
proposed in [5] to obtain better representation of the current distributions calculated by
the EFIE formulation, and they are divergence-conforming similar to the RWG functions.
The latter two functions are simply obtained by performing the cross product of the
surface normal with the RWG and TL functions, and these are curl-conforming functions.
TL and n × TL functions are more inefficient than the RWG and n × RWG functions in
terms of the problem size, since two of these functions are located at each edge of the
triangulation.
For the divergence-conforming functions, Equation (1) is used with the application of the
singularity extraction for the basis integral as given in [6]. For the curl-conforming
functions, Equation (2) is preferred since the second integral turns into a line integral and
the singularity extraction becomes easier for the overall calculation. For all of the
implementations, Galerkin method is applied and testing functions are chosen to be the
same as the basis functions.
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Figure 1. (a) Cube with 1λ edge, (b) triangulation with λ/10 mesh size.

2. Results
Figure 1(a) shows a scattering problem that involves a cube with 1λ edge. The cube is
triangulated with λ/10 mesh size (Figure 1(b)) and an incident field propagates in the –x
direction with a y-polarized electric field. Figure 2(a) represents the magnitude of the y
(dominant) component of the induced current on the x = 0.5 (front) surface found by the
FMM implementations using the MFIE formulation and different basis functions. It can
be observed that the current is not modeled sufficiently with the RWG functions. The
curl-conforming n × RWG gives better representation; but the TL and n × TL functions
have even better performances. The singularity of the current near the edges can be
observed to be significantly better modeled with the latter two functions.

Figure 3 shows the total radar cross section (RCS) values on the x-y plane for the cube
geometry in Figure 1(a). For all types of the basis functions, the mesh size is changed
from λ/5 to λ/20. It can be observed that the RCS curves are converging faster for the TL
or n × TL basis functions. The RCS values obtained by the λ/10 mesh size is more
reliable for these functions as compared to the RWG function that leads to very slow
convergence.
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Figure 2. Magnitude of the y component of the induced current on the front surface of the cube in
Figure 1(a) represented by (a) RWG, (b) n × RWG, (c) TL and (d) n × TL functions.

4. Conclusion
The accuracy of the MFIE for the MOM and FMM solutions of the electromagnetic
scattering problems modeled by arbitrary planar triangulations can be significantly
improved by the choice of basis functions. The current distribution and the RCS results
can be observed to be more accurate for the TL and n × TL functions. With the usual
choice of the mesh size as λ/10, the values obtained by the MFIE with RWG basis
functions are not very reliable if the geometry of the problem has sharp edges and tips.
For these problems, TL and n × TL functions can be used to improve the efficiency in
spite of the increased computational cost.
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Figure 3. RCS values on the x-y plane for the cube geometry with different mesh sizes obtained
by the use of (a) RWG, (b) n × RWG, (c) TL and (d) n × TL functions in MFIE formulation.
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