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Fig. 1. (color online) (a) Schematic view of the thin elastic plate with squarely arranged spring-mass resonator, the

first Brillouin one is also presented; (b) Band structures for system with different lattice constant, the mass and the

resonant frequency of the resonators are set to be 0.3 kg and 200 Hz, respectively; (c) Same as (b) but for resonators

with different mass, the lattice constant and the resonant frequency of the resonators are set to be 0.15 m and 200

Hz, respectively.
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Fig. 2. (color online) acurves of the resonator with

different mass.
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Fig. 3.

(a) Schematic view of the a X 9a supercell, the central resonator marked by black is the defect

resonator. (b) Band structure of the system with different defect resonator, from left to right are for f’ =200,

300 and 100 Hz, respectively. Result for perfect structure (i. e. , left panel, with f’ = 200 Hz) is presented

as comparison. Defect modes in the middle and right panels are marked in red, the field distribution of the

modes labeled by “1” and“2”are given as insets.
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Fig. 5. (color online) (a) Unit cell and the first Brillouin of the honeycomb lattice. (b) Band

structure of system with resonators arranged into the honeycomb lattice.
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Abstract

Taking the flexural wave propagating in elastic thin plate as an example, we investigate the mechanism for gap
opening in the resonator-based acoustic metamaterials. Results show that the band gap in such a kind of structure
depends not only on the abrupt phase change of the wave when it is scattered by the resonators, but also on the retarded
phase of wave when it is propagating in host. This means that the dispersion of wave in the structure can be adjusted
either by the scattering or by the propagating phase. Based on this understanding, we show that the defect state at
subwavelength scale (obtained either by changing locally the resonating property of the resonator or by changing locally
the distance between the resonators) can be understood simply by the band gap condition. We show further in this
paper that, because the dispersion of the metamaterial can be adjusted by the propagating phase, the structures with

negative band at a subwavelength scale can also be achieved by arranging the resonators into a compound lattice.

Keywords: acoustic metamaterials, negative refraction, defect state
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