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a b s t r a c t

Coupled electro-elastic SH waves propagating oblique to the lamination of a one dimen-
sional piezoelectric periodic structure are considered in the framework of the full system
ofMaxwell’s electrodynamic equations. The dispersion equation has been obtained and nu-
merical analyses carried out for two kinds of composites both consisting of two different
piezoelectric materials. The results demonstrate the significant effect of piezoelectricity on
thewidths of band gaps at acoustic frequencies and confirm that it does not affect the band
gaps at optical frequencies.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Photonic crystals are periodic structures consisting of materials with different elastic properties. Many smart structures
such as piezoelectric or piezomagnetic composites are made up of two or more different constituents periodically arranged.
Compared with the purely elastic crystals they exhibit electric or magnetic effects and thus new acoustic properties. The
investigation of acoustic waves in piezoelectric phononic crystals has recently attracted much attention. Hou et al. [1]
investigated the elastic band gap structure of a two-dimensional phononic crystal containing piezoelectric material and
analyzed the effects of piezoelectricity on the band gaps. Other problems concerning the propagation of acoustic waves
in both two and three dimensional piezoelectric periodic structures are considered in [2–14]. In particular, Qian et al. [15]
studied the dispersion relations for SH-wave propagation in a periodic layered piezoelectric structurewith elastic inclusions
for the cases of wave propagation in the directions normal or tangential to the interfaces.

In most of these studies, the quasi-static approximation is adopted for the electromagnetic field. Under this assumption,
both the optical effect and the effect from the rotational part of the electric field are neglected. Although it is believed that
the optical effect is not significant it might be useful in some applications to accurately predict the piezoelectricity induced
electromagnetic radiation. Such applications can for example include optical detection or nondestructive evaluation [16,17].

The problem of electromagneto-acoustic surface waves in a piezoelectric non-periodic medium in a dynamic setting is
considered in [18], where the exact solution for the fully coupled SH electromagneto-acoustic surface wave is obtained
in a simple closed form. The propagation of electromagnetic and elastic waves in a periodic piezoelectric structure for
partial interfacial boundary conditions is discussed in [19], where the interfacial effects are investigatedwithin piezoelectric
phononic crystals. Electromagnetic and elastic waves in piezoelectric–piezomagnetic superlattice are investigated in [20].

The purpose of this paper is to investigate the propagation of SH electromagneto-acoustic waves in a one dimensional
piezoelectric phononic crystal in a dynamic setting for full contact interface boundary conditions. Taking into account

∗ Corresponding author. Tel.: +44 01517944010.
E-mail address: gayane@liv.ac.uk (G.T. Piliposian).

0165-2125/$ – see front matter© 2011 Elsevier B.V. All rights reserved.
doi:10.1016/j.wavemoti.2011.08.001

http://dx.doi.org/10.1016/j.wavemoti.2011.08.001
http://www.elsevier.com/locate/wavemoti
http://www.elsevier.com/locate/wavemoti
mailto:gayane@liv.ac.uk
http://dx.doi.org/10.1016/j.wavemoti.2011.08.001


126 G.T. Piliposian et al. / Wave Motion 49 (2012) 125–134

both optical effects and the contribution from the rotational part of electric field the solutions obtained can be valid for
any wave speed range. They will also provide accurate formulae for acousto-optic interaction in piezoelectric phononic
crystals.

2. Statement of the problem

We consider the prorogation of electro-magneto-elastic coupled SH wave in a one dimensional infinite periodic
piezoelectric hexagonal media. The problem will be considered in the framework of the full system of Maxwell’s equations
(non quasi stationary) which will give an opportunity to study the wave dispersion equation in both acoustic and optic
wave frequency regions. The interconnected elastic and electro-magnetic excitations in a transversely isotropic piezoelectric
crystal with crystallographic axes directed along the OZ direction are described by the following equations and constitutive
relations [21]
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where ui are the components of the displacement vector, σik and sik the stress and strain tensors, Dk and Ek the electric
displacement and electric field intensity, andHk andBk themagnetic field intensity andmagnetic induction. Themass density
ρ, the elastic, piezoelectric, dielectric and magnetic constants cik, eik, εik and µik are assumed to be periodic functions with
respect to x.

In the case of a two dimensional problem (when ∂/∂z = 0) equations and relations (1)–(5) separate into plane and
anti-plane problems. The plane problem is with respect to ux, uy, Ez,Hx,Hy and is described by the following equations and
relations:
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The following equations and relations describe the anti-plane problem with respect to uz, Ex, Ey,Hz
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