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We present a hybrid analytic-numeric method to calculate the transmission and reflection of light that is
fluxed into a bounded complicated optical structure surrounded by air. The solution is obtained by numerically
calculations inside a square containing the structure and by analytical calculations outside the square. For
solving the 2D Helmholtz equation we formulate Transparent-Influx Boundary Conditions (TIBC’s) on the
boundaries of the square; these are incorporated into a variational formulation of the Helmholtz equation to
obtain a FEM-implementation for the interior calculations. We illustrate the method for a two-dimensional
finite photonic crystal formed by dielectric rods with a defect, and study the response of the structure for
given influx.
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Usually, when numerically computing the solution of optical problems in an unbounded domain,
artificial boundaries are introduced to confine the infinite domain to a finite computational window.
For reasons of efficiency, this window should be as small as possible. The corresponding boundary
conditions must be chosen such that reflectionless propagation of waves through this boundary can
be modelled and that arbitrary influx can be prescribed. In the past two decades, much research
has been done to develop TIBC’s. Concerning nonlocal TIBC’s, the main issue is the Dirichlet-to-
Neumann operator [1,2] which is typically exact. Bérenger [3] proposed a technique called Perfectly
Matched Layers (PMLs) which is widely employed.
We present a hybrid analytic-numeric method for computing solutions of the Helmholtz problem with
rectangular shape of the artificial boundary. Our approach [1] uses plane wave decomposition to ex-
press the DtN operators. The solution in the exterior can then be found using the boundary values
of the numerically calculated interior solution. The boundary conditions for the confined problem
are incorporated into a variational formulation of the Helmholtz problem and are then implemented
using standard FEM discretization.
For many scattering problems applications including diffractive optics application such as guided
mode grating resonance filters and photonic crystal [5,6], we need to solve the scattering of a dielec-
tric obstacle embedded in a homogeneous domain. For numerical purposes, we truncate the domain
into a computational window dressed up with appropriate boundary conditions that guarantee re-
flectionless though these boundaries.
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