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Acoustic gap solitons in layered media
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Wave propagation is common to many fields of
physics such as mechanics, optics or acoustics. In
the case of acoustics, high intensity waves present
specific features such as distortion, shock formation
or harmonic generation. These phenomena have
been studied since the second half of 18th century[1].
Common acoustic media are characterized by a qua-
dratic nonlinearity and very weak dispersion. Dur-
ing last decades a class of artificial materials, the so-
called sonic crystals, have received increasing inter-
est, owing to their ability of manipulating sound wave
propagation. They consist of a periodic arrangement
of scatterers embedded in a host medium. Due to
periodicity, sonic crystals present band gaps, that is,
ranges of frequency where waves are not allowed to
propagate. At the edges of the bands near the band
gaps, waves propagate but experience high disper-
sion. There is a recent interest in studying the prop-
agation of intense waves through periodic acoustic
media [2]. The interplay between nonlinearity and
dispersion leads to several phenomena including se-
lective harmonic generation and propagation of soli-
tary waves. In fact, in the band gap, waves are not
allowed to propagate in linear regime, but under cer-
tain conditions, solitary waves can propagate with-
out changing its shape. These waves have been called
gap solitons. In the case of quadratic media, such so-
lutions take the name of simultons, since localization
affects both to the fundamental wave and its second
harmonic. In this work, we study a 1D periodic sys-
tem, formed by the periodic repetition of a set of two
layers of different fluid materials, producing a 1D pe-
riodic modulation of the physical properties.

The propagation of acoustic waves in the multi-
layered media is described by a second-order non-
linear wave equation, also known as the lossless-
Westervelt equation [1],

B_o%p?

c2dt2  pct arz’

where p is the acoustic pressure field, c is the space-
dependent sound velocity, p is the fluid density and
B the nonlinearity parameter. From (19), we have
derived a set of coupled-mode equations for the en-
velopes of the acoustic pressure profiles, analogous
to the ones that appear in the optical case [3].

In this work, we demonstrate numerically the ex-
istence of acoustic gap solitons (simultons) in a 1D
layered acoustic media in the frame of the coupled-
mode theory, and discuss the physical parameters
corresponding to a realistic acoustic medium where

such solitary waves could be observed experimen-
tally.
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