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anisotropic medium has attracted a lot of attention due to the most of the
materials that we deal with in reality are anisotropic and are used a lot in
optical signal processing, radar cross section control, antennas and different
types of radar absorbers. In recent years, the problems of scattering from an
anisotropic medium have been investigated and studied a lot, but because of
the structural parameters of an anisotropic material are in the form of tensors,
it is basically difficult or impossible to find an analytical solution for them.
Therefore, different numerical methods have been introduced to solve these
problems.

The local meshless finite difference method based on radial basis functions
(FD-RBF), is an efficient local method, a combination of meshless and finite
difference methods, which has attracted the attention of many researchers due
to its advantages in reducing the amount of calculations. This method is
investigated and evaluated by some numerical examples.

Electromagnetic scattering problem

Let D SR?denotes the cross-section of an infinitely long anisotropic dielectric
cylindrical scatterer located in the free space with outward normal vector n.
Moreover, we assume that the scatterer is excited by the e/t time-harmonic
incident plane wave with TMz polarization where w is the angular frequency.
Let A is a symmetric and positive definite 2 X2 matrix whose entries are the
relative magnetic permeability inside the scatterer. The direct scattering
problem for an anisotropic medium is formulated as follows
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where v is the scalar total electric field inside the scatterer, us and ui are the
scalar scattered and incident electric fields respectively. ky = 2771 = w,/€glp
is the wave number of the free space ( 4 is the wavelength), where €0 and u0

are the constant electric permittivity and the magnetic permeability of free
space. er is the relative electric permittivity inside the scatterer. A is of the

form
1 Hxx uyx
A=——|H1 2 .
HxxHyy —HxyHyx i 4
Numerical method

The foundation of the RBF-FD method are radial basis functions. They are
defined over a set of nodes X = {x1,..., xn} generated by a radial function ¢:
[0,0) — R as {¢i = ¢ (]| - —xil|), for xi € X}.in this paper, the standard
generalized multiquadric (GMQ) functions will be used which are defined as
&(r) = (r? + £2)9 where r = ||x — xi|| and & is the shape parameter.

Consider an elliptic boundary value problem with Dirichlet boundary
conditions

Lu=f in Q
u=1u, on 049,

where f'and u0 are known functions. In order to obtain a discrete representation
of the PDE, the domain is populated with N nodes. Ni nodes are placed in the
interior of the domain and Nb on its boundary. Each node x* is assigned n
neighbors, denoted N(x*), that constitute its support domain or neighborhood.

RBD-FD is a natural generalization of the FD method. When using the FD
method, stencil weights for operator L are known in advance. Assembling the
weights gives a global sparse system, whose solution is an approximation of u
in points x*. RBF-FD works the same way, except the stencil weights cannot
be known in advance, as different neighborhoods have different arrangements,
hence computing the weights becomes a part of the solution procedure.
Moreover the operator L is approximated as a linear combination of function
values at support points

(L) (") = T jencery wiu(x)),

weights wj* are computed by imposing exactness of above equation for a set
of radial basis functions. This gives a set of equations

CeIED = D widly)  xeeNG)
xjeN(x*)
Rewriting in matrix form, one obtains
fpjl(le) ijl(sz) fpjl(xjn) Wi _(Lff’jl)(X*)
bin(x1) Bin(x2) - Sin(xm)| [Win]  1(Lbn) ()

¢jm(xjn) = q,’)(ll Xjm — Xjn II) and jk are indices of nodes in the
neighborhood N(x*) of node x*. This is a system of n linear equations and can
be compactly written as A* w * = b*. Matrix A* is symmetric. After the




weight vectors w * for all nodes n are computed, they are assembled in a sparse
matrix, and f and u0 are used to obtain the right hand side of the system. The
system is then solved to give an approximation of u. Boundary conditions that
include differential operators, such as Neumann or Sommerfeld boundary
conditions are discretized using RBF-FD analogously to operator L.
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