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ABSTRACT 

Band structures that link spatial and temporal frequencies are key to understanding of the dynamic 

characteristics of the phononic crystals and metamaterials. Band structure computation involves solution 

of eigenvalue problems for a fine grid over a wide range of temporal or spatial frequencies (ω or k). This 

leads to significant demands on computational resources, especially when needed for large number of 

configurations, e.g. for design of such phononic crystals and metamaterials. Methods such as Bloch Mode 

Synthesis (BMS) [1] and Reduced Bloch Mode Expansion (RBME) [2] reduce the computational cost 

through reduced order modeling based on underlying modal expansion.  We present in this talk an 

alternative approach to reducing the computational cost, for multilayered phononic crystals and 

metamaterials, based on a recently developed method of Complex-length Finite Elements (CFEM) [3].  

Unlike BMS and RBME that depend on modal expansion, CFEM directly reduces the size of the 

discretization and thus the eigenvalue problem, eliminating the need for modal expansion and reduction. 

As the name indicates, CFEM involves a finite element discretization of homogeneous layer with 

complex-valued element lengths specially chosen by linking to the Padé  approximants of two-sided 

Dirichlet-to-Neumann (DtN) map. At the end, CFEM, which involves only linear finite element 

interpolation, achieves exponential convergence at the mesh edges. Since layered phonic crystals typically 

consist of homogeneous layers, CFEM is naturally applicable for these systems. Given its exponential 

convergence, the system size is expected to be small. Based on these observations, we developed the 

CFEM methodology for computing band structures for layered phononic crystals. Through application to 

various structures with low to high contrast in layer stiffnesses, CFEM, although has more limited 

applicability, is superior to BMS and RBME in computing the band structures of multilayered phononic 

crystals. This talk would detail the theory of CFEM as applied to phononic crystals, ensuing analysis and 

numerical example clearly illustrating the effectiveness of the approach. 
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