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On the Transparent Boundary Conditions (TBC) for the

Parabolic Wave Equation

Abstract. For the simulation of the propagation of electromagnetic waves is in certain situations the parabolic approximation of the scalar wave
equation commonly used. It is important to have well-performing transparent boundary conditions applied on the boundaries of the finite computa-
tional window, to enable the superfluous portion of the propagating wave to radiate away from the e.g. wave guiding structure. Four different formula-
tions (continuous, two kinds of semi-discrete and one fully-discrete) of the non-local transparent boundary conditions are described and their per-

formance compared.

Introduction

For the computer modelling of the propagation of
electromagnetic waves in open wave guiding structures
often the scalar parabolic wave equation is used. For an
accurate solution it is of paramount importance to have
appropriate transparent boundary conditions (TBC) formu-
lated on the boundaries of the computational window, which
enable the superfluous portion of the propagating wave to
radiate away from the computational window.

For the two-dimensional parabolic equation (planar
wave guiding structures) usually the continuous transparent
boundary condition [1] with its subsequent discretisation
has been used. However, by the ad hoc discretisation of the
continuous formula an extra error is introduced. The semi-
discrete formulation [2,3] may improve the situation. Re-
cently published fully-discrete formulation of the transparent
boundary conditions [4] is naturally compatible with the fully
discrete finite-differences Crank-Nicolson method of solving
the parabolic wave equation.

Transparent boundary conditions
The pertaining wave equation in parabolic approxima-
tion (sometimes called the Fresnel equation) reads
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where y(x,y) is the slowly-varying-amplitude of the wave.

If the equation (1) should be solved numerically then the
transversal variable x must be bounded to some interval,
say xe€(0,x,,,) called the computational window. In course

of wave propagation the wave front changes due to the self-
diffraction, the wave diverges and will be out-radiated
throughout the computational window. The problem of
transparent boundaries consists in formulating such bound-
ary conditions for y(x,y) that on the "left" boundary x=0
only the wave propagating to the left, and on the "right"
boundary x=x,,, only the wave propagating to the right

exists, i.e. no reflections on the boundaries occur.

The transparent boundary conditions are commonly
solved using transform domain with respect to the longitudi-
nal variable y. In case of the continuous formulation the
Laplace transform is used, and in case of the discrete for-
mulation the Z-transform domain is used.

For continuous equation (1) the TBC in Laplace trans-
form domain reads
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For the numerical simulation using digital computers the

wave amplitude profile y(x,y) has to be calculated on the

()

discrete mesh of values y(x,,y,)=v, , and (1) is discre-

tised accordingly using the first and second difference quo-
tients. One can also discretise (1) either in transversal co-
ordinate x only, taking y(x,,,»)=wv,,(»), or in the longitu-

dinal coordinate y only, taking w(x,y,)=vy,(x). For
v,,(») one obtains the TBC in the Laplace domain
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For v, (x) one obtains the TBC in the Z-transform domain
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and for v, , the TBC in the Z-transform domain reads
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As it can be easily seen all these formulas are inherently
closely mutually congenial.

Conclusions

The performance of the respective formulations of the
TBC has been tested using the propagating Gaussian beam
wave and the fundamental modus of the dielectric slab
waveguide. The differences in performance using these
benchmark tests will be thoroughly discussed in the full pa-
per.
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