Excitation by scattering/total field decomposition and UPML in the
geometric formulation
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The paper presents a general technique to apply excitations in the framework of discrete geometric numerical methods using dual

grids, like DGA and FIT.

Index Terms—Discrete Geometric Approach, Waveguide, Modal Excitation, Port boundary condition.

I. INTRODUCTION

N OUR PREVIOUS works [1], [2] it was shown how a

plane wave excitation can be integrated in the framework
of the Discrete Geometric Approach (DGA). That purpose was
attained by using an impedance boundary condition which al-
lowed to simulate the plane wave. Such excitation, however, is
not adequate for use with waveguides since, in this case, it can
excite only the fundamental mode. Moreover that formulation
does not allow the presence of objects producing scatterings
in the surroundings of the boundary. Therefore, the aim of this
paper is to present a novel and more general technique to apply
excitations, based on a scattered/total field decomposition. That
decomposition is obtained by splitting the simulation domain
Q in two subregions, the scattering field region €5 and the
total field region €);. Excitation is applied in the interface X
between 24 and €); by introducing an additional dual boundary
grid. Therefore, the presented technique is applicable in the
framework of numerical methods involving discretization with
dual cell complexes, like DGA [3] and FIT [4].

In the following the discussion will be focused on a piece
of rectangular waveguide but the technique can be applied to
guides of arbitrary shape. The intuitive idea is to attach to the
waveguide under study, which constitutes the total field region
Q,, an additional region {2, as detailed in (Fig. 1). Moreover,
both Qg and €2; contain a perfectly matched layer subregion,
to absorb the incident waves. In the following sections it will
be described how the scattering field/total field subdivision is
obtained and how the interface between 2 and §2; can be
used to apply the desired mode. Finally, numerical results are
described.

II. ELECTROMAGNETIC WAVE PROPAGATION IN
FREQUENCY DOMAIN
The time-harmonic electromagnetic wave propagation in a
region of space () is described in terms of the usual Maxwell
differential formulation [5] as

V x (VV x e) —w?ee = 0, (1)

where v and € are the material tensors, w is the angular
frequency and e is a complex-valued vector function describing
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Fig. 1. The subregions of the problem: PMLs, scattered field region 25 and
total field region €2;.

the electric field. Numerical treatment of (1) requires the
discretization of {2, which is obtained by means of a primal
tetrahedral grid G and a dual grid G induced by the barycentric
subdivision of G. Some electromagnetic quantities are associ-
ated with these interlocked grids, in particular

o Electromotive force Uy to edges e € G;
o Magnetic flux &y to faces fi € G;

o Magnetomotive force F} to edges €, € Q;
o Electric flux W, to faces fk €q.

Problem (1) is discretized as [2], [4]
CT™™M,CU — w’>M.U =0, )

where C is the face-edge incidence matrix, M, and M, are the
constitutive matrices [6] and U is the array of the electromotive
forces across the edges of the volume elements in which the
entire domain € is discretized.

III. SCATTERED FIELD/TOTAL FIELD FORMULATION

In the ; region the electromagnetic field is due to the
excitation imposed on ¥ and to the reflections that occur
inside ; (Fig. 2). On the other hand, the scattering field in
the region ), is only due to the reflections occurring in €2
and returning back to 2s. In both regions wave propagation
occurs as prescribed by (1), but on X a transition from the
total field to the scattered field happens and thus the tetrahedra
in the (), side touching 3 will require a special treatment,
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Fig. 2. Boundary primal edges e% and dual edges é%

interface between total field and scattered field regions.

introduced in the

whose mathematical details will be given in the full paper. The
intuitive idea is that on 3, electromotive forces Uy, ; on e% eg
can be decomposed in an excitation component Uy ; and a
reflected component Uy, s such that Uy, = Uy ; + Uy s holds.
On the other hand, by introducing an additional boundary
dual grid GZ on 3, magnetomotive forces on éf S GZ are
treated. On the edges of _C’;Z we will show that the condition
Fy ++ Fy i+ Fy s = 0 must hold, where the three contributes to
the circulation are due to the total field, to the excitation and to
the scattered field respectively. Since the excitation is known,
the condition on €’ is rewritten as Fy ; + Fj s = —Fj ;.

IV. APPLICATION OF THE EXCITATION ON THE INTERFACE

At this point, to apply the desired excitation is a matter
of setting the correct values for the electromotive and mag-
netomotive forces on both the primal and dual edges of X by
fixing the values of Uy, ; and F}, ;. In the case of the rectangular
waveguide of the example, these quantities are calculated by
integrating on primal and dual mesh edges the field computed
with closed-form equations for TE and TM modes. Conversely,
in the case of an arbitrary shape of the waveguide, the values
of Uy, and Fy; are computed by solving a 2D eigenvalue
problem.

V. NUMERICAL EXPERIMENTS

The presented technique was implemented in EMT, our
DGA workbench code written in C++11. The simulations were
performed on Mac OS X 10.9.5 running on a Core 17 3615QM
with 16 GB of RAM, Clang/LLVM 3.5 compiler and MKL
PARDISO solver. To test the technique a section of rectangular
waveguide (Fig. 3) was simulated. The mesh included 178280
tetrahedra, which gave rise to a problem of 192242 unknowns.
Problem assembly took 1.84 seconds while solver took 6.44
seconds. The waveguide dimensions were a = 60mm (in x
direction) and b = 30mm (in y direction). PML regions length
was 30mm, scattered field region was 30mm and waveguide
(total field) region length was 100mm. Finally, the operating
frequency was f = 3.8GHz.

As an additional test, power flowing in > was computed for
different mesh sizes (Fig. 4).

Fig. 3. Waveguide subject of the simulation, excited with T'E1¢9 mode on X.
Scale shows the magnitude of the electric field in V/m (solid color region).
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Fig. 4. Mesh size (number of tetrahedra) vs. power flowing in ; towards
positive z. Simulated power is compared with expected theoretical power.

VI. CONCLUSIONS

With this work a new tool was integrated in the DGA
framework. It consists in a novel technique to apply excitations
to the simulation domain €2, in particular it allows to apply the
correct excitations to waveguides. This was not possible with
our previous work [2].
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