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Dynamic mass density and acoustic metamaterials
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2 Department of Physics Wuhan University Wuhan 430072  China

Abstract The mass density of a composite is generally taken as the volume-averaged value of the components’
densities. Moreover the same volume-averaged mass density is usually used to calculate the wave speed in the
long wavelength limit i.e. where the wavelength is much larger than the size of the inhomogeneities. In this pa-
per we show via rigorous derivation that the dynamic mass density used in the calculation of long wavelength

wave speed can differ significantly from the static volume averaged value. This recognition is shown to yield an ex-
cellent explanation of some recent experimental data providing a basis for the realization of acoustic metamateri-

als. The physical reason for the difference between the two mass densities is attributed to the relative motion be-

tween the components. That is the implicit assumption that all components in a composite must move uni-

formly in the long wavelength limit can be violated in the limit of large acoustic impedance contrast between
the components. The dynamic mass density can even be negative for the locally resonant sonic materials as dem-
onstrated both experimentally and theoretically. The implications of this finding in the context of acoustic meta-
materials are discussed.
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