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Acoustic waves cause changes in the index of refraction (n) of medium through
which they travel. If the acoustic waves are of sufficient amplitude, they will
form shock waves. These shock waves will create corresponding sharp changes
in n. These sharp changes in n will cause some energy from passing electromag-
netic waves to reflect. This principle is applied in radio-acoustic sounding systems
(RASS) for measuring atmospheric temperature profiles, but is useful for other
applications as well.

The nonlinear acoustic waves are simulated using the sonicFoam solver. Acoustic
sources are modeled with oscillating uniform pressure patches, and multiple sources
with differing phases are used to create and steer acoustic beams. The farfield
boundary conditions are set to waveTransmissive. From the acoustic pressure
and temperature fields, the index of refraction is calculated using Equation 1.
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where p0, T0, and n0 are the properties of air at reference conditions.

A custom wave equation solver is used to propagate the electromagnetic waves
through the varying index of refraction field. The electric field is split into a
base and perturbation component assuming that the index of refraction can be
written as n = n̄ + δn where n̄ is constant and δn is small. Figure 1 shows the
n field from a beam-formed acoustic wave field on the left, the base electric field
from a transmitter in the center, and the resulting perturbation electric field from
interaction with only one acoustic wave on the right. The results of this interaction
are used to verify a faster ray-tracing code that will be used for design purposes.

Figure 1: Field of n (left), base electric field (center), and perturbation electric
field from one acoustic wave (right).


