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Abstract

The interesting acoustic modeling problems often push the prac-
tical limits of full-wave models. For instance, in acoustic tomography
one needs to be able to predict the propagation of an acoustic pulse for
successive realizations of 3D envifonments. For these types of prob-
lems ray methods continue to be attractive because of their speed.
Unfortunately, existing codes are prone to a number of implementa-
tion difficulties which often degrade their accuracy. As a result most
ray models are actually incapable of producing the ray theoretic re-
sult. We discuss a new method for implementing ray theory that uses
a finite-element algorithm. This method is free of numerical artifacts
affecting standard ray models and provides excellent agreement with
more computationally intensive full-wave models.

1 Introduction

Ray tracing is one of the oldest methods for modeling sound propagation in
the ocean. Newer so-called full-wave methods have supplanted ray tracing
in many areas, however, ray models are still widely used. Their principle
problem is a reputation for low-accuracy. Their principle strength is for
high-frequency problems— full-wave models are often intolerably slow for
such problems. Furthermore, the accuracy of ray models tends to improve
at higher-frequencies.
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Another key feature of ray models is their ability to handle broadband

problems efficiently. In full wave models each new frequency usually requires

a new model run. In contrast, for ray methods, many parts of the compu-
tation are independent of frequency, e.g., the ray paths and travel times.
Furthermore, ray theory is directly applicable to range-dependent problems.
Thus, a problem ideally suited to ray tracing might be a one with a high-
frequency, broadband source in a range-dependent environment. This is pre-
cisely the scenario for two areas where ray models dominate: active sonar
modeling and ocean acoustic tomography.
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Gaussian beam tracing has been proposed as a natural replacement for
ray tracing. In this approach beams are associated with the individual rays
in a ray fan. The field at any given point is constructed by adding up the :
contributions of each of the beams. (For a more complete description see

Refs. [1, 2].)

With properly chosen beam width and curvature, the Gaussian beam

method is typically much more accurate. Furthermore, there is no need to
locate eigenrays (rays that connect the source and receiver). Finding eigen-
rays is a nonlinear root-finding problem that tends to cause many problems
in ray models. The key obstacle to the widespread acceptance of Gaussian -

beam tracing has been the difficulty in choosing the beam parameters.

In our work with the Gaussian beam method we often had difficulty
obtaining quality ray solutions for comparison. (McGirr, et al.[3] reached |
a similar conclusion in their comparitive study of existing ray models for .
navy applications.) Most of the existing ray models introduce numerical .
artifacts that make the numerical results significantly worse than what we
might term the ray-theoretical results. Thus, there is an intrinsic accuracy |
limitation in ray theory due to the high-frequency asymptotics. Beyond this, :
implementation difficulties were further degrading the results. Two common |
problems were a failure to incorporate a phase change at a caustic and failure

to locate an eigenray.

In fairness, it should also be pointed out that these flaws in the ray.
models were often not critical because of the way the models were used (i.e.,
to produce illustrative ray paths). In addition, they were often used with'
simple reflection loss tables for the bottom loss. In the absence of detailed:
phase information about the bottom reflection coefficient, a caustic phase.

change is irrelevant for bottom reflected rays.

The ray tracing technique we describe here grew out of an attempt to de-



























