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ABSTRACT:  Wave equations that include a loss term are used to model the propagation of sound waves in human tissue.  Since sound waves pass though a heterogeneous porous medium, energy losses are complex, with frequency dependent attenuation.  This attenuation is typically modeled using a power law with index between 0 and 2.   A variety of fractional wave equations have recently been introduced, to capture the complete range of power law attenuation.  One such model, called the power law wave equation [J.F. Kelly and R.J. McGough, M.M. Meerschaert (2008) Time-Domain 3D Green’s Functions for Power Law Media, Journal of the Acoustical Society of America, 124(5), 2861–2872] has an exact analytical solution in terms of stable probability densities.  This presentation will review the literature on fractional lossy wave equations, concluding with a new stochastic model for wave mechanics.  The new model uses a continuous time random walk framework, where packets of sound energy take a random time to traverse each spherical shell, moving outward from a point source.  When travel times follow a power law probability distribution, the scaling limit of this stochastic model is governed by a wave equation that involves fractional derivatives in time.  The stochastic model also explains the appearance of stable densities in the solution of the power law wave equation.  This model can be used to connect the power law attenuation of sound waves with the complex structure of the porous medium.     
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