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Dynamic mass density may be defined &s <<a>, where £ denotes the spatial averaged force density anxdtke averaged
acceleration. In a multicomponent composite, ér¢ghcan beelative motions between the components, then it is entirely possible
to have dynamic mass density that differs fromsitic counterpart. A well-known example is thealby-resonant sonic
materials [1], where the structural unit consista theavy spherical mass wrapped in a soft rubbatiy. Since the structural
units have an intrinsic resonance, it is not ssipg that at frequencies higher than the resonfnecgiency, the heavy core
particle will moveagainst the matrix displacement of the incident waveth# density of these structural units is suffidighigh,
then the spatially-averaged mass density can batimegat such frequencies.

Negative mass density (NMD) metamaterials can ledubign attenuating low frequency sound, which kiasy high penetrating
power through solid walls because of the mass tletzi that states the sound transmission amplitlidé (pax)_l, wheret

denotes the wall thickness. By moving out of phaih the incident wave, NMD metamaterials can exgugially attenuate the
low frequency sound within its effective frequen@ange, thus breaking the mass density law. Inultimmate limit of such
materials it would be desirable to have a thin kgit-weight membrane that can operate effectivelthe 100 - 1,000 Hz range.
However, stopping low frequency sound with a thienmbrane is against simple intuition, as total wften requires the
formation of anode (i.e., no motion) at the reflecting surface, anch@mbrane with weak elastic restoring force is alikaly
candidate to be a low frequency sound reflector.

We show that precisely because of the weak elastiduli of the membrane, there can be various |l@gtfency oscillation
patterns even within a small and finite sample wiited boundaries as defined by a rigid grid. Suititational eigenmodes can
be tuned by placing a small mass at the centeheofitembrane sample, and near-total reflectionhgesed at a frequency in-
between two eigenmodes where the in-plamerage displacement (normal to the membrane) is zero, leading to egptally
small far-field transmission [2].

The fact that the effective mass density can beatheg at finite frequencies does not answer thestijpe about whether the
dynamic mass density always has to equal its statioterpart, i.e., the volume average value, énlithit of frequencyw - 0.
Mathematically, this is equivalent to asking thesfion about homogenization of the elastic waveaipgequation
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whereU denotes displacement, the shear modulug, the longitudinal Lame constant aBdthe dynamic mass density. It can

be seen that usually the homogenization is don&aking the limit of w — 0 first, so that the homogenization is just on the
Laplace operator only. We have shown that for mpmsite with a fluid matrix [3,4], one can obtainddferent limiting

expression (compared to the static volume averagesyfor the effective mass by letting/ pa)éz — O first, wherep denotes

the static mass density arfdthe typical feature size in the composite. Howglle= p asw — 0 for the solid matrix [4]. The
difference in the static and dynamic mass denggishown to explain some puzzling experimentallteg3].
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