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Abstract

Se pasar‡ revista a  las propiedades de aglomer ados bidimensionales (2D)  de crista-
les de sonido en el l’mite de grandes longitudes de onda  (homogenizaci—n). En par -
ticular, se presentar‡n formulas anal’ticas para sus par‡metros efectivos (densidad  y 
velocidad  del  sonido),  que han sido obtenidos mediante el mŽtodo  de dispersi—n 
mœltiple. Resultados exper imentales realizados sobre aglomer ados de cilindros de 
madera en aire avalan la  validez  de las formulas obtenidas. TambiŽn, se presenta-
ran evidencias te—ricas y exper imentales de la existencia de aglomer ados Òm‡gicosÓ 
que dispersan el sonido  como si fueran cilindros de tipo  ßuido con par‡metros efec-
tivos iguales a los de la red inÞnita subyacente. Los aglomer ados m‡gicos represen-
tan un tipo de metamaterial  ßuido que hemos empleado  como unidades de cons-
trucci—n para  fabr icar composites 2D con propiedades  de dispersi—n similares a las 
de una mezcla r eal ßuido-ßuido.
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wooden cylinders 1 m long and radius 1 cm arranged in an
hexagonal distribution with a ! 3 cm (f ! 0:40).
Measurements have been performed in an echo-free cham-
ber as follows. A white sound generated by an acoustic
column speaker within a wide range of frequencies was
employed as incident sound. Pressure maps were obtained
by a set of two microphones. The first microphone was
located at a distance r 0 ! 170 cm from the center of the
cluster, hanging from a robotic arm that allows its move-
ment on the polar angle ! , and it is computer controlled
using a stepper motor within a maximum resolution of 1"

per step. The second microphone was fixed at approxi-
mately 2.2 m from the loudspeaker, and it was used as a
reference to get the phase of the pressure. Pressure mea-
surements are automatically taken by means of a two
channel fast-Fourier transform dynamic signal analyzer
board, type NI-4551B. Both the cross spectrum and the
auto spectra were simultaneously obtained at each ! i .

A total of 256 spectra have been taken to generate the
averaged spectrum finally assigned to ! i . Thus, for a given
frequency, the root-mean-square (rms) pressure Prms#r 0; ! i $
is obtained. Pressure maps are obtained with a resolution of
10 Hz in " and 2" in ! . The total time elapsed to get a

pressure map is about 3 h. Two separated measurements
were performed. The one without sample allows one to
obtain the sound pressure of the external beam,
Pext
rms#ro; ! ; " $. Here, the sound amplification (SA) along

the circle surrounding the sample will be presented:

SA#r 0; ! ; " $#dB$! 20log10

!jPrms#r0; ! ; " $j
jPext

rms#r0; ! ; " $j

"
: (11)

Figures 2(a) and 2(b) plot the SA maps corresponding to
the two high symmetry directions of the hexagonal lattice
! X and ! J, respectively, with respect to the impinging
wave. Only angles 0" % ! % 180" are represented because
of the mirror symmetry of the problem. Three main phe-
nomena are noticeable in these maps. First, both maps
show a wavy background that is produced by the interfer-
ence between incident and scattered waves. Second, at
large enough frequencies, SAs are shown along certain
directions that are related to diffraction effects produced
by lattice planes. For example, sound amplification at
backscattering (! ! 180" ) is observed in Fig. 2(a) in the
region enclosed by the horizontal lines. This feature de-
fines the pseudogap produced at these frequencies by the
planes (10) of the crystal lattice. Third, for large enough
wavelengths the sound cannot distinguish the inner struc-
ture of the cluster, and consequently, the map obtained for
the cluster oriented along the ! X direction is the same as
that obtained along the ! J orientation. This is the effect
concerning this work. To determine the cutoff frequency
(" c) under the one where this phenomenon appears, we
have analyzed the difference between those maps.

FIG. 2 (color). (a) Sound amplification map SA#" ; ! i $ mea-
sured at 170 cm around the center of the cluster for the case in
which the external sound wave impinging the hexagonal lattice
is oriented along the ! X direction. The horizontal lines define the
bottom (4.6 kHz) and top (7.1 kHz) edges of the pseudogap
associated with the acoustic crystal embedded in the cluster.
(b) The corresponding map taken when the cluster is oriented
along the ! J direction. (c) Difference (in dB) of sound pressures
measured along the two high symmetry directions at forward
scattering, ! ! 0" . The SAs along ! X and ! J are represented by
the red and blue lines, respectively.

FIG. 3 (color). The corresponding sound amplification maps
obtained by multiple scattering theory applied to the cluster
experimentally studied in Fig. 2.
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