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a b s t r a c t

The experimental observation of the pressure in the cavity of a 2-D sonic crystal is presented. The sonic

crystal consists of the polymethyl methacrylate cylinders in air background. The full band gap and

defect mode are demonstrated experimentally and compared with the calculating results. The spectra in

the cavity are measured for different sizes of the sonic crystal. The pressure in the cavity and quality

factor of the cavity can be enhanced as the sonic crystal is enclosed by the cylinders. The numerical

results are confirmed by the experiment.

Crown Copyright & 2009 Published by Elsevier B.V. All rights reserved.

1. Introduction

The propagation of acoustic and elastic waves in the periodic
media known as sonic crystals is a problem of increasing interest
in recent years [1–14]. Such artificial crystals can exhibit band
gaps in which sound and vibration are all forbidden, giving rise to
prospective applications such as elastic/acoustic filters, noise/
vibration isolations, as well as improvement in transducer design.
The existence of the elastic/acoustic wave band gaps is significant
to better understand localization in inhomogeneous media. One
particularly interesting aspect of sonic crystals is the possibility of
creating crystal defects to confine the elastic/acoustic waves in
localized modes [5–14]. Because of locally breaking the periodi-
city of the structure, the defect modes can be created within the
band gaps, which are strongly localized around the local defect.

The propagation of sound through a 1-D periodic array of
water and perspex plates was studied theoretically and experi-
mentally [5]. The transmission coefficient of various finite
structures was calculated and measured as a function of
frequency. Narrow pass bands can be placed in the band gaps by
introducing a simple defect into the crystal. Moreover, for 2-D
sonic crystals, point defects can act as acoustical filters and line

defects can be used as a wave-guide [6–13]. Point defect modes of
acoustic wave in 2-D square arrays of water rods in mercury host
were studied [9–11]. The defects are created by three kinds of
geometry, that is, square defect, circular defect, and rectangular
defect [10]. The numerical results show that for both the square
and circular defects, the defect modes are only related to the
defect filling fraction, but not with the geometry of the defects
(circular or square) as well as the orientations of the square defect.
For the rectangular defect, the defect modes could be tuned by
varying the ratio of the edge width. The symmetric property and
coupling efficiency of the defect modes in a 2-D sonic crystal had
been studied by calculating band structures, field distributions,
and transmission coefficients of the defect modes [11]. The results
have shown that the coupling efficiency of defect modes strongly
depends on the thickness of the composite layers surrounding the
cavity. Furthermore, acoustic point defect states in the 3-D
simple-cubic arrays of water spheres embedded in a mercury
host had been studied [14]. Their results are similar to 2-D case,
namely, the defect band is only related to the defect filling
fraction, not the geometry of defect (sphere or cube).

For the experiments, several cases of the 2-D sonic crystal were
reported [3,4,12,13]. The band gaps had been measured for the
rigid rods in air [3] and steel cylinders immersed in water [4].
Khelif et al. had investigated experimentally the acoustic band-
gap effect in a 2-D sonic crystal composed of steel rods immersed
in water [12]. The full band gap and defect modes in the band gap
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had been observed by removing one or more rods from the lattice.
The result of the experimental development of the wave-guide
with sharp bend to a pair of coupled wave-guides constructed in a
sonic crystal had been reported [13]. The intensities of the sound
waves that traveled along the wave-guide and the leaky waves
which propagated straight without turning the bend had been
measured. But, the pressure in the point defect of a sonic crystal
has not been experimentally studied.

In this paper, we study the point defect in the 2-D sonic
crystals composed of polymethyl methacrylate (PMMA) cylinders
with square array embedded in air background. The calculations
of band structures are based on the plane wave expansion (PWE)
and the defect mode is determined by using the supercell
calculation. The pressure in the point defect is dependent on
incident frequencies, and it reaches the maximum at the resonant
frequency. The point defect can act as the resonant cavity. We find
that the quality factors of the cavity and pressures in the cavity at
the resonant frequency can be enhanced by using the cylinders
enclosed in an original 5�5 sonic crystal. Experimental measured
data are presented and compared with the numerical and
simulated results.

2. Numerical modelling

A 2-D periodic system that comprises rods immersed in fluid
background is studied. Since the fluid cannot support the
propagation of a transverse wave, the longitudinal wave is only
allowed to propagate. The wave propagation along such a sonic
crystal is predominant only in the fluid. It is a good approximation
to consider the solid rods as fluid inclusions with very high
stiffness and specific mass. Then, the wave equation is simplified
as follows [2]:
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¼ r � ðr�1rpÞ, (1)

where p is the pressure, r is the mass density, C11 ¼ rc2
l is the

longitudinal elastic constant, and cl is the sound speed. By
applying the Bloch theorem and Fourier series, the eigenvalue
equation was obtained as follows [2]:
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where G is the 2D reciprocal lattice vectors, and K is a 2D Bloch
vector. o(K) and pK(G) are the eigenvalues and eigenvectors,
respectively.

For the rods with radius r0 in the system, structure factor F(G)
can be obtained as below [2]:

FðGÞ ¼ 2f
J1ðGr0Þ

Gr0
, (3)

where f ¼ pr2
0=a2

0 is the filling fraction of rods with lattice
constant a0 is the square lattice, and J1(x) is the Bessel function
of the first kind of order one. The band structures are obtained by
solving the eigenvalue equation, Eq. (2). Moreover, the supercell
calculation can be employed to obtain the defect band for the
sonic crystal with a defect [9].

The COMSOL Multiphysicss software is used to simulate the
acoustic wave propagation in the sonic crystals [15]. The equation
used to analyze the acoustic wave problems is expressed as

�r �
rp

r ¼
o2

rc2
l

p. (4)

By solving Eq. (4), the pressure field in the sonic crystal can be
obtained.

3. Numerical results

We consider a 2-D sonic crystal consisting of PMMA cylinders
in air background with square lattice. The cylinders have a
radius r0 ¼ 17.5 mm. The lattice constant is a0 ¼ 39 mm. This
results in a filling ratio of approximately 63%. The material
parameters employed in the calculations and simulations are rair

¼ 1.2 kg/m3, rPMMA ¼ 1190 kg/m3, cair ¼ 343 m/s, and cPMMA ¼

2694 m/s. Fig. 1(a) shows the band structure calculated by the
PWE method. We find that the partial band gap is from 2.3 to
6.22 kHz and 3.69 to 6.22 kHz for the G–X direction and G–M

direction, respectively. There exists a full band gap between 3.69
and 6.22 kHz. The point defect is created by removing a single rod
from the middle of the perfect periodic structure. In order to
calculate the band structure of the sonic crystal with a point
defect, the PWE method and supercell calculation are adopted.
By using two methods, the band structure of 5�5 supercell
with a point defect is shown in Fig. 1(b). We can see that there
exist two defect bands in the band gap. The defect bands can act
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Fig. 1. (a) The band structure of the 2-D sonic crystal consisting of the PMMA

cylinder in air background. The inset shows the sonic crystal arranged in a square

lattice and the irreducible Brillouin zone. (b) The band structures of the 5�5

supercell with a point defect. The inset shows the 5�5 supercell arranged in a

square lattice and the irreducible Brillouin zone. A rod is removed from the middle

of the supercell.
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